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ANNOTATION

Mokienko A.V. Chlorine dioxide. Volume 2.
Microbiology. Monograph. 2025.

The book is a logical continuation of the previous one on
the chemistry of chlorine dioxide as a means of water
purification and disinfection (Mokienko A.V. Chlorine dioxide.
Volume 1. Chemistry. Monograph. 2025. 611 p. URL
https://eprints.oa.edu.ua/id/eprint/9664/1/Dioksyd _hloru_T.1.p
df).

Chapter 1 is devoted to modeling the dynamic kinetics of
inactivation of microorganisms by chemical disinfectants. The
analysis focuses on the mathematical properties of traditional
kinetic models of chemical disinfection and options for their
replacement in the study of dynamic disinfection using
dispersive/volatile disinfectants. The main conclusions of the
work are as follows.

The static version of the Chick-Watson-Hom model can
be viewed as a cumulative distribution (CDF) of the
inactivation-time distribution of the target microbe. The
exponent m in the equation of this model is the shape coefficient
of the distribution, and the rate parameter, b(C) = kC or kCp,
represents its scaling factor.

Despite the confirmation of published experimental data,
the universality of the power-law relationship between the rate
parameter and the disinfectant concentration cannot be taken for
granted. Two alternatives and their justifications are proposed.

There is a mathematical problem with the published
dynamic and static versions of the CWH model that can be
eliminated by replacing it with a dynamic version of the Weibull
model. The result is an ordinary differential equation (ODE) that
can be solved numerically for almost every possible realistic
concentration profile.
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Similar disinfection models can be constructed based on
alternative basis distribution functions. An example is the Fermi
distribution, which can account for survival curves that resemble
a step function and/or have significant delay times with a log-
linear continuation.

The same modeling approach can be used for the
disinfectant replenishment regime and to account for what
happens until it reaches its initial concentration. Despite the
complexity of the resulting rate equations, they are also ordinary
differential equations (ODEs) and can be quickly solved
numerically.

Section 2 is devoted to the characterization of the
bactericidal action of chlorine dioxide (CD or C10y).

Due to its high oxidizing power and monomolecular
state, CD can easily penetrate the bacterial membrane,
disrupting the transmembrane gradient and membrane
permeability by inhibiting phosphate transferases. During the
inactivation of bacteria, CD affects the enzyme chain of glucose
oxidase, in particular the mercaptogroups (-SH), oxidizing them
to -S-S- groups, which leads to a loss of enzyme activity.

The study of the influence of bacterial structure on the
effectiveness of chlorine dioxide has led to the opinion that the
basis of the difference between bacteria is the structure of the
peptidoglycan or mucopeptide of the cell membrane.

For example, gram-negative Escherichia coli have a one-
dimensional structure of a mucopeptide chain with four
peptides, as a result of which the disinfectant effectively breaks
the chemical bonds of bacteria with subsequent inactivation.
Gram-positive Staphylococcus aureus is characterized by a
three-dimensional spatial structure of the chain, which causes
greater resistance to disinfectants. In this regard, St. aureus has
greater resistance to drugs.

Analysis of the kinetics and mechanisms of bacterial
disinfection by chlorine dioxide has shown the presence of
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several possibilities, for example, inhibition of the formation of
aminoacyladenylate or inhibition of the activation of amino
acids. These two steps can be considered as follows.

Amino acid + adenosine triphosphate — adenosine
monophosphate * amino acid; ribonucleic acid (SRNA) + amino
acid — sRNAeamino acid.

The second possibility may occur at the ribosomal level,
represented by the expression SRNA ¢ amino acid + ribosomal
transferase /enzymes — specific protein.

The third possibility may be the inactivation of
messenger RNA, which prevents the translation of the encoded
information.

The fourth explanation is structural, not functional:
destruction of the ribosome by C10,. However, the destruction
of ribosomes should lead to the loss of cellular content, which
did not occur. Thus, the inactivation of protein synthesis is most
likely.

The study of the resistance of bacterial subpopulations to
chlorine dioxide showed that, since the resistant fraction creates
the potential for recolonization of water distribution systems, the
effectiveness of treatment processes should be assessed by
monitoring this population, in addition to the usual control of
initial inactivation rates used to evaluate disinfectants and
microbial contaminants of public health concern.

The results of the study of the kinetics and mechanism of
inactivation by chlorine dioxide of Pseudomonas aeruginosa
and St. aureus during water disinfection showed the following.
Chlorine dioxide inactivates bacterial cells not by lysis, but by
diffusion through the outer and cytoplasmic membranes,
increasing their permeability and causing the release of vital cell
components, which leads to their inactivation.

A synergistic effect of inactivation of E. coli by
sequential disinfection with low doses of chlorine dioxide
followed by chlorination has been established. In summary, the
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mechanism of synergy of low CIO: levels on the inactivation of
E. coli by chlorine can be described as a sequential procedure.
First, low CIO; levels react with components of the E. coli cell
wall, leading to an increase in its permeability. Second, the
increased permeability of the cell wall accelerates the
penetration of chlorine and residual CIO> into the cytoplasm, and
then the disinfectant reacts with the cytoplasm and causes cell
death. In addition, the coexistence of residual CIO2 and free
chlorine also plays an active synergistic role.

Concerns about the safety of drinking water have led to
the collection of data on the effectiveness of disinfectants against
bioterrorism (BT) agents in drinking water. Previously
published data have been published on the efficacy of free
available chlorine (FAC), monochloramine, and ultraviolet light
against various strains of Bacillus anthracis spores, Francisella
tularensis, Yersinia pestis, Burkholderia pseudomallei,
Burkholderia mallei, Brucella suis and Brucella melitensis. It
has been shown that ClO2 can be equal to, if not superior to, FAC
as a primary disinfectant for the Gram-negative microorganisms
tested and has advantages over the use of FAC in situations
where the contact time of FAC is insufficient for effectiveness
and when there is concern about the formation of halogenated
disinfection by-products (trihalomethanes and haloacetic acids)
or when the pH of the water is >8. CIO was found to be slightly
more effective than FAC against B. anthracis spores in water at
25°C and against F. tularensis and B. pseudomallei strains under
all conditions tested.

The practical experience of using chlorine dioxide for
Legionella control in hospital water systems has shown the
following. During a 17-month evaluation, no cases of
nosocomial Legionella infection were detected in a building
with a chlorine dioxide system. During this time, one case of
nosocomial Legionella pneumonia was reported in a building
without a water treatment system. Compared with chlorine,
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chlorine dioxide demonstrated a longer residual activity in
stagnant zones of the system and a greater ability to reduce the
concentration of Legionella in this part below the detection level
after the start of flushing. However, when a single flush was
used, recolonization of stagnant zones occurred within 24 hours.
Therefore, in real systems, they should be flushed together with
the outlets (faucets, showers) with disinfected water at least once
a day. Outlets and associated piping that are rarely used and not
required should be removed or isolated. This confirms that
microbial contamination control requires the continuous
maintenance of a disinfectant residue throughout the water
system. While “shock’ doses of disinfectant may be effective for
short-term growth control or emergency decontamination, long-
term control requires continuous disinfectant application and
flushing to ensure effective concentrations of disinfectant are
circulated throughout the system. A corrective measure of CIO>
shock dosing for 8 hours reduced the number of bacteria in the
planktonic phase, and although the procedure did not completely
remove the biofilm during this time, there was significantly less
bacterial biofilm after the disinfection program was completed.
However, all biofilms detected before and after ClO- treatment
showed viability.

Studies of the bactericidal and mycocidal effects of
chlorine dioxide on pathogens of nosocomial infections P.
aeruginosa, S. aureus, and fungi of the genus Candida showed
the following.

1. Reference (P. aeruginosa, St. aureus, C. albicans) and
multiresistant (P. aeruginosa, S. aureus, and fungi of the genus
Candida) strains of pathogens of nosocomial infections have
different resistance to antimicrobial drugs, which is more
pronounced in multiresistant strains.

2. The study of the dose-time-effect relationships in the
disinfection of water containing reference strains of P.
aeruginosa, S. aureus, and C. albicans showed a high degree of
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reliability in reducing the number of grown colonies with an
increase in the dose of CD to 0.89 mg/l at the maximum dose:
10° CFU/ml: y>=11.2599; 7.4446; 53.0632, respectively. At the
same time, the minimum dose of CD 0.32+0.05 mg/1 completely
inactivates all three microorganisms if the infection dose is 10*
CFU/ml; when the infection dose is increased to 102-10°
CFU/ml CD significantly and statistically highly reliably
inhibits the growth of the studied reference strains of
microorganisms.

3. Multiresistant strains of P. aeruginosa, S. aureus and
fungi of the genus Candida have significantly lower sensitivity
to CD than the reference ones, which is consistent with the
literature data. The general trend of the dependence of the effect
of CD on the studied multiresistant strains is identical to the
reference ones, but more pronounced in comparison with them.

4. A high reliability of the difference between the effect
of the minimum (0.31 mg/l) and two maximum (0.98; 1.52 mg/I)
doses of CD on the studied microorganisms was established: y*=
14.1907; 14.0675; 25.4983 and 26.7086; 16.2025; 22.6384,
respectively.

5. For the inactivation of multiresistant strains of P.
aeruginosa, S. aureus and fungi of the genus Candida, the most
effective are doses of CD in the range of 0.98 - 1.52 mg/I.

6. Resistance to CD in the studied doses of reference and
hospital strains increases in the series P. aeruginosa < S. aureus
< (C. albicans) fungi of the genus Candida.

7. CD in doses of 0.98 - 1.52 mg / | is an effective and
reliable means of water disinfection as a possible source of
nosocomial infections.

8. The obtained data indicate the need for studies to
assess the effectiveness of CD in the disinfection of medical
instruments, equipment and surfaces.

The general characteristics of the virucidal action of
chlorine dioxide (section 3.1) indicate that the inactivation of the
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invasive ability of the hepatitis A virus (HAV) by chlorine
dioxide was accompanied by the destruction of antigenicity and
damage to the 5’NTR of the genome. It is likely that chlorine
dioxide not only disrupts the re-replication of the virus inside the
host cell, damaging the HAV genome, but also reacts with the
viral capsid protein with subsequent inhibition of HAV adhesion
to host cells.

These results suggest that the mechanism of HAV
inactivation by chlorine dioxide is related to the mechanisms of
nucleic acid damage and/or destruction of HAV antigenicity.
Perhaps this criterion should be used in the development of new
effective disinfectants and in the study of the mechanisms of
inactivation of other viruses by disinfectants.

A review of the kinetics and mechanisms of virus
inactivation by ClO2 has shown the following. The inactivation
efficiency varies greatly between different virus species. The
inactivation rate for different virus serotypes can vary by more
than 284%. Typically, to achieve 4-log virus removal (Ct value
as ClO2 concentration multiplied by contact time), the CIO2 dose
varies in the range of 0.06-10 mg/L-min. The kinetics of virus
inactivation has two phases: an initial rapid inactivation phase,
followed by a “tail” phase. The rate of virus inactivation
increases with increasing pH or temperature, but shows different
trends with increasing dissolved organic matter (DOM)
concentration. Damage to viral proteins and the 5'-noncoding
region (5'NTR) in the genome contribute to virus inactivation
after ClO; disinfection.

Further studies should focus on the causes of the "tail"
phenomenon and the influence of real water treatment
conditions on virus inactivation.

Our own studies of the virucidal effect of chlorine
dioxide allowed us to draw the following conclusions.

The dose-time-effect dependence of the virucidal effect
of CD was studied in relation to significant viral contaminants
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of drinking water (polioviruses /PV/, adenoviruses /AdV/,
Coxsackie viruses /VC/ and ECHO viruses). Provided that the
required titer (1x10°") was observed in the initial (control) virus
suspension, a complete absence of signs of virus reproduction
was established when CD was used in the following doses:

« on PV with a titer of 1x10%, 1x10° — 1.03+0.09 -
1.02+0.04 mg/I,

+ on AdV with a titer of 1x10°, 1x10° — 1.01+0.07 -
1.03+0.07 mg/l;

+ on VC with a titer of 1x10®° — 1.03+0.05 mg/I;

» on ECHO with a titer of 1x107° — 1.51+0.06 mg/I.

The reliability of the difference in the virucidal effect on
the studied viruses of CD from its dose and the timing of
recording the CPD (compared to the control) in all cases should
be considered high (x* = 16.200).

Virus resistance increases in the series poliovirus ~
adenovirus < Coxsackie virus < ECHO virus.

Considering that such high titers of viruses are not found
in drinking water (for wastewater this is possible only taking into
account its concentration 50 times), it can be concluded that
doses of CD in the range of 1.0-1.5 mg/l are effective for
disinfection of drinking water from the indicated viruses.

It was established that the avian influenza virus with
hemagglutinin Hs exhibits a certain sensitivity to CD at different
temperature regimes: at +4 °C the minimum effective dose was
1.514£0.04 mg/1, while at +36 °C CD had a virucidal effect at a
dose of 1.0+£0.02 mg/I.

Considering the above, further research into the virucidal
efficiency of CD at other concentrations, temperature regimes
and exposures is promising.

Hygienic assessment of the virucidal effect of chlorine
dioxide in drinking water preparation technologies showed the
following.
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1. Disinfection with chlorine dioxide at doses of 0.15-
0.30 mg/l of water from the centralized domestic drinking water
supply of the city of Pivdennyi ensured the absence of
adenovirus and rotavirus antigens, i.e. epidemic safety of water,
in cases where the source water supplied to the Dniester Water
Treatment Plant contained antigens of these viruses.

2. During the pre-oxidation of water from the
Izobilnensky reservoir, which is characterized by turbidity up to
30 mg/l and E. coli of up to 2000-3000 CFU/I, chlorine dioxide
at concentrations of 0.5 mg/l had a virucidal effect on the
detected rotaviruses.

3. During virological research of natural water of the
Ingulets River and the Iskrivsky reservoir, rotavirus antigens
were identified. Disinfection of water after filters and water from
the clean water reservoir (PWR) with chlorine dioxide at a dose
of 0.3 mg/l ensured the absence of rotavirus antigens.

4. During virological research of natural water of the
Kremenchuk reservoir, hepatitis A virus antigens were detected
in natural water and filtrate. After disinfection of the filtrate with
chlorine dioxide at a dose of 0.5 mg/l, these antigens were not
detected.

The established high virucidal efficiency of chlorine
dioxide corresponds to the results of our own epidemiological
studies of the effectiveness of chlorine dioxide as a means of
minimizing the incidence of water-borne viral hepatitis A in the
population. It was established that the most pronounced negative
trend for HAV (-91.544) in the city of Chornomorsk
significantly (by 2.1 - 3.5 times) exceeded the similar indicator
for other territories and Ukraine as a whole. The obtained data
are indirect confirmation of the high and reliable virucidal
efficiency of CD.

The second indirect confirmation of the virucidal
efficiency of CD is the close correlation of the obtained data
with the results of virological studies: during the studied period,
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HAYV antigens were not detected in the tap water of the city of
Chornomorsk. Thus, CD is an effective means of reducing the
incidence of water-borne hepatitis A in the population. Analysis
of the trend of changes in non-infectious morbidity in the
population of Chornomorsk showed the absence of any impact
on the studied indicators of all categories of the population.

Chapter 4 is devoted to the characterization of the
protozoocidal action of chlorine dioxide. It was found that the
activation energy of chlorine dioxide exceeded the values
previously found for ozone by six units. This observation
suggests that the levels of inactivation of Cryptosporidium
parvum oocysts by chlorine dioxide and ozone may be identical.
Comparative data on the effectiveness of chlorine dioxide and
other disinfectants against Naegleria gruberi indicate that
chlorine dioxide at pH=9 and 25°C approaches ozone in terms
of effectiveness.

The sporocidal action of chlorine dioxide (Chapter 5)
consists in the fact that in spores inactivated by chlorine dioxide,
metabolism and germination change due to inhibition of the
LuxA and/or B enzymes. Effective inactivation of Bacillus and
Clostridium spores by C10> has been established. In sanitary
applications, smaller populations of spores are encountered than
those investigated in this work, but other organic or inorganic
residues are present. C10; is currently used successfully for
water purification and other situations, although information on
spore inactivation has been limited.

The algicidal action of chlorine dioxide (Chapter 6)
shows the discoloration of chlorophyll after oxidation, which
clearly indicates damage to the photosynthetic apparatus. This is
accompanied by an increase in dissolved organic matter (DOC),
reflecting the extracellular removal of intracellular contents.

Chlorine dioxide is an effective disinfectant against
fungal spores (Chapter 7). The Ct value that achieved 99%
inactivation efficiency in groundwater was 1.845 mg/L min. The
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spores of different fungal species were ranked in the following
order of resistance to chlorine dioxide: Cladosporium
sp.>Trichoderma sp.>Penicillium sp.

The results show that in the tested ranges the influence
of chlorine dioxide concentration and temperature is positive,
while the influence of humic acids and water matrices is
negative on the inactivation of fungi.

After inactivation with chlorine dioxide, leakage of
intracellular substances, an increase in the content of ATP, DNA
and proteins, as well as changes in the morphology of spores
were observed. Chlorine dioxide showed a strong oxidizing
ability and destroyed the cell wall and membrane of fungal
spores, which led to their inactivation.

When studying the effectiveness of chlorine dioxide in
removing biofilms (chapter 8), the ineffectiveness of chlorite in
inactivating heterotrophic bacteria, suspended and in biofilm,
regardless of the pipe material, was established. Chlorine
dioxide at a low concentration of 0.25 mg/I provided inactivation
of heterotrophic bacteria at a level of 1.6-1.8 log for suspended
bacteria and 1 log in biofilm. The practical implementation of
these data is the need to ensure a residual concentration of
chlorine dioxide in drinking water from water distribution
systems.

In Chapter 9, the mechanisms of the biocidal action of
chlorine dioxide are considered. It is shown that chlorine dioxide
has different mechanisms of inactivation of different types of
microorganisms, taking into account their different structural
morphology, cellular composition, volume and stability. For
bacteria and fungi, the lethal target of chlorine dioxide is the
destruction of the structure of the cell membrane, changing its
permeability for intracellular substances, damage to lipid
peroxidation and genetic material. The lethal target of chlorine
dioxide for viruses is the destruction of the viral capsid protein
and RNA defragmentation.
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The perspective of further research is as follows.

Further research is needed to fully understand the
mechanisms of inactivation of pathogenic microorganisms,
antibiotic resistance genes (ARGs) and toxins.

Chlorine dioxide is unstable and tends to decompose
when heated or exposed to light, requiring on-site preparation
for immediate use. The development of disinfectants with slow
release of chlorine dioxide has attracted considerable attention
from researchers, but the problem of achieving a stable release
rate remains and requires further resolution.

It should be recognized as necessary to continue research
into the impact of real concentrations of chlorine dioxide and its
derivatives (chlorites and chlorates), which arise during the
purification and disinfection of drinking water, on the health of
consumers, taking into account the real conditions of drinking
water consumption.

ITEPEJIMOBA
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L{s KkHUTA € JIOTTYHUM TPOJOBXKEHHSAM mepioi [1], sika
Oyna mpucBAYeHa XiMii JIOKCHIy XJIOpYy SIK 3aco0y
3HE3apa)keHHs MUTHOI Boju. [Iucanace BOHA JemIo IIBUILIE Y
MOpIBHAHHI 13 monepenHpor0. Ilepir 3a Bce ToMy, 10 XiMis, 5K
«Uapuls HayK», CTBOpMJIA POJIOYE MIAIPYHTS AJS aHaJi3y
MikpoOionoriunux igeil ta mnomykiB. Ilo-mpyre, KigbKICTH
HornepeIHb0 00poOIEHOr0 MaTepialy y TpbOX MUHYJIMX KHUrax
[2-4] Oyna mopiBHSHO 13 XiMil0 OUIbIIOW. Y OYAb-IKOMY
BUMNAJKY aBTOpP BB@XKaB 3a HEOOXiJHE IPOJOBXKEHHS L€l
aHATITHYHOI npari. Sk 3’gcyBanock y il KHH31, TOCTiIOBHICTh
BUKJIAJly BHSBUJIACh NPAaBUIBHOIO Yy TOMY CeHcl, 1o 0e3
(dyHIaMEHTATBHHUX XIMIYHHX JTOCIIIHKEHB XiMii TIOKCHTY XJIOPY
PO3yMiHHSI HOro MiKpoOioJorii y KOHTEKCTI OOIpyHTyBaHHS
OlonnaHOI e()eKTHBHOCTI MOTJIO 3aJUIIATUCS TIEBHOKO MIpOIO
EMITIPUYHUM.

3 KOXHHMM KpOKOM Ti3HaHHS JIOKCUAY XJIOpY SK
HAJ3BUYAITHO I[IKaBOi XIMIYHOI CIIOJIYKH CTa€ 3PO3YMIJIUM, 110
y Oy IKOMY acnekTi HOoro JOoCiKeHb CTaBUTH Kparnky Oyzae
pano. TyT aBTOp ILIJIKOM 1 MOBHICTIO 3rOJIeH 13  Maiixke
OJIHOCTAWHOIO TYMKOIO ITPOBIIHUX €KCIIEPTIB y i cdepi, 110,
HE3BAXKAIOUM HA BHUKOPUCTAHHS HAJCYy4aCHHUX  METOJIIB
JOCITIJKEHb 1 €KCIOHEHINIAIBHUN pICT MyOiKaiii, JIOKCU
XJIOpY € HalfMEHIIl BUBUEHUM pEareHTOM.

B wmiif kHU31 aBTOp HamaraBcsl y3arajJbHUTH CBITOBHI
JIOCB1J1 BUBUEHHS O101IMIHOT (B HAUIIMPIIIOMY PO3yMiHHI IIHOTO
cioBa) e(eKTHUBHOCTI AIOKCUIY XJIOPY IO BIJHOIIEHHIO 0
PI3HOMaHITHUX MIKpOOpraHiamiB. SIk i1 y BCiX MoOmepenHix
mpamsx He 3poOJeHO IKOJHOTO HATSIKy Ha BHYEPIHICTDH
3pobneHoro anamizy. Lle 3HOBY *k Taku, 4yeproBa BepxiBKa
Mi3HABAJILHOTO aiicOepry. AJie, HaBiTh, SKIIO BOHA MOOAMHOKA,
B Hill, 6€3CyMHIBHO, € CEHC.
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IHAKTHUBALII MIKPOOPI'AHI3MIB
XIMIYHUMU JE3IHOEKTAHTAMU

Kineruka mikpoOHOi XiMiyHOT He3iH(EKIlii Mae JOBry
icropiro 1 Oyna omwcaHa MaTeMaTHMYHO 3a JOIOMOTOIO
pi3HOMaHITHHX Mojenel, Hanpukian, Ganguly et al. (2018),
Gyurek and Finch (1998), Luukkonen et al. (2015), Santoro et
al. (2007), Younas et al. (2014) [1-5]. Haituacrime
BUKOPUCTOBYBAaHUMHU MOJICTSIMU OYyJIM OpHUTiHajIbHAa MOJIENb
Chick-Watson Ta Hom (Chick 1908; Watson 1908; Hom 1972)
[6-9]. Maremarnuni BIACTMBOCTI LUX Mozeled Ta ix
3aCTOCYBaHHSA A0 Je3iH(IKYIOUHX 3aco0iB, TakuX SK XJIOp,
TIOKCHJ XJIOPY, O30H, MEPEKUC BOJHIO, MEPOLTOBA KHUCIOTA,
MiZlb Ta €TaHoj, Oyau omucaHi Ta OOTOBOPEHI B YMCIEHHUX
nyomikarisx [1-3, 9-23].

Maiike He3MIHHO iX BIJNPaBHOIO TOUYKOIO Oyia
«CTaTUYHA» BEpCid MOJETI, /Ie KOHIIEHTpaIlisl Je31H(PIKyro4oro
3aco0y, a TaKoXX TeMIlepaTypa Ta iHII (PaKTOpH 3aJTUIIAIOTHCS
noctiitHuMHU. «J{nHaMiuH1» a00 MBHUAKICHI Bepcii Moaei, TOOTO
Ti, J€ KOHIEHTpalis Ae31H(IKyouoro 3acol0y 3MIHIOETHCH,
TOJIOBHHM YHHOM 4epe3 Horo posciroBaHHs, Oylu OTpHMaHi
LUIIXOM BHUPaXEHHS KOE(IIIEHTa BHKUBAHHS K IMOXIJIHOI 3a
4acoM CTaTUYHOI HAaMmiBIOTapu(pMIYHOI KPUBOI BUKHBAHHS.
OckIbKH, 3a TyK€ PIIKICHUMH BUHSTKaMU (30Kpema, cpioiio),
ne3indikyroui 3aco0H € SIK BUCOKOPEAKTUBHUMH XIMIYHO, TaK 1
JETKUMH, MATPUMKA IXHBOI IOCTIHOI KOHIICHTpAIlii MOKe
Oyt nmpobnemoro. ToMy nHHaAMIYHI MOJIEN € HE3aMIHHUMH JJIS
OLIIHKM  AaHTUMIKpPOOHOI €(QEeKTUBHOCTI OJHOPA30BHX Ta
MOBTOPHUX 00pPOOOK TaKUMH Je31H(PIKYIOUNMH 3aC00aMu.

1.1 Kineruka inaxkrusauii 3a Chick-Watson-Hom
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Crarnuna monens Chick-Watson, ciouatky po3po6iieHa
JUTSL XJIOPYBAHHS BOJIM, 3a3BUYAN TIPEIICTABISIETHCS Y BUTIISI:
N (1)

"'R}';]"- = —kC"t { 1 )

Log,o[S(1)] = Logg

ae S(t) = N(t)/No — me murTeBHil KOCOII[IEHT BHIKHBAHHS
1iboBoro Mikpoda, N(t) Ta No — 1ie #ioro MUTTEBA KUIBKICTh
micis yacy t ta ioro modaTkoBa KUIBKICTh BiAmoBigHo, a C —
KOHIIEHTpallisg JAe3iHdikyrodoro 3aco0y. JlBa perynpoBaHi
mapamMeTpu Mojeli, K Ta N, xapakTepHi I MiJILOBOTO MiKpooOa
(sxuii Moke OyTH Bipycom, OakTepiero abo IHIIUM BHIOM
Mikpo0a) Ta KOHKPETHOrO THITY Je31H(IKyro4oro 3acooy.
BennumHn 1ux mapameTpiB TakoXX 3ajexaTh BiJl YMOB
HABKOJIMIIIHBOTO ~ CEpPEJIOBUINA, TaKUX SK  TeMIeparypa
cepenopuma Ta PH. Crmig 3BepHYTH yBary, OO OCHOBa
norapudma koedirieHTa BIYKUBaHHS B I1ild poO0Ti HopiBHIOE 10,
10 CTOCY€EThCS KIIBKOCTI JA€KaJ 3MEHIIEHHS PO3Mipy LUIbOBOI
MiKpoOHOi ~ momyssuii.  BukopucTaHHS ~ HaTypaJlbHOTO
norapudma B PiBHSIHHSX BIUIMHE JIMIIE Ha YMCI0BE 3HAUYCHHS K.

Monenr Hom, a6o CWH, e posmmpeHor Bepciero
mozen Chick-Watson, sxy juist cratuuHoi Ae3iHdexIii MoxHa
3aInucaTH sK

Logyq[S(8)] = —kC"e" 2)

JIe TIOKa3HUK CTETICHs] M — I1e JOJaHMH mapaMeTp.

3rigHO 3 UMHU BU3HAYEHHSMH, OpPUTIHAIBHA MOJIENb
Chick-Watson € numie okpemuMm Bunagkom mozaeai CWH, te m
= 1, Ta opurinansHoi mozeni Chick, ie m=n = 1.

3rimHo 3 pi3HUMH myOJiKailisiMu, Hanpukian, Gyurek
and Finch (1998), Haas and Joffe (1994), Jessen et al. (2008),
Mounaouer and Abdennaceur (2016) ta Santoro et al. (2007) [2,
4,13, 16, 20], nunamiyna abo mBuakicHa Bepcis moaeni Chick-
Watson €
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dLogo[(7)]
R n 3
dt B @)
1 moemmto CWH, piBHsHHS 3 IKOT € OKpEMHUM BUIIAJKOM,
_____dLog‘;f[{U} = —kmC" ! (4)

OpnHak 1i JBa pIBHSHHS IIBHIKOCTI (piBHSHHSA 3 Ta
piBHAHHA 4) MOXYTb ONUCYBAaTH IIBUIKICTh BIKMBAaHHA a0o0
1HAKTHBAIIIT JIUTIIE 32 YMOBH, 1[0 KOHIIEHTPALIS 1e31HPIKYIOUOTO
3aco0y 3anumiaeTbes He3MiHHOI, ToOTO ne C 1, oTxke, Cph €
MOCTIHHUMH TIPOTSITOM YCHOTO TpoIiecy. SIKII0 KOHIEHTPAILis
ne3in(dikyrouoro 3acody 3MiHIOEThCS 3 yacom, T00To 11e C = C(t)
/ constant, TO TNpaBWIGHUN BHCHOBOK AH(epeHIiaIbHOTO
PIBHSHHS IIBUIKOCTI, HE3aJeXKHO Big Toro,m =1 yum/ 1, €
takuii (Peleg, 2020) [24].

dLog,[S(7)]

di

dC(1)
dt

— —kC ()" " [m‘ + mC{r)] (5)

[{to mMaTremaTu4Hy MpoOiieMy HE BUPILIYIOTh, Oepyduu
piBHAHHSA 3 a00 piBHSAHHA 4 3a BIANIPaBHY TOUKY, 1 B TAKOMY pasi
IHTEerpyBaHHs MIPU3BEJIE 10 PIBHAHHS

Logo[S(1)] = —J':ch.'nC(F)"I"'_'df (6)

sike, ko C(t) = koHcTaHTa, He 30iraeThes 3 piBHAHHAM 1 460
PIBHSHHSAM 2.

Haas Ta Joffe (1994) [13] yHukHynu 11i€i mpooiemu,
BupasuBi C(f) y piBHSHHI 6 K YWIEH EKCIOHEHI[IATBLHOTO
crnany, To0To,

Log,[S(1)] = —k'mCy" Iy Exp[-nk )" di (7)

1110 J03BOJIKIIO M JIOCATTH MPHOIU3HOTO PO3PAXyHKY IHTErpaia
(muB. Takox Falsanisi et al. (2006) Ta Chang et al. (2018) [10,
12]).

3 Cy4aCHUM MaTeMaTUYHUM IIpOrpaMHUM
3abe3neueHHsM, TakuM sk Mathematica® (Wolfram Research,
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Champaign IL, USA), a TakoX 3 IHIIMMH KOMEPIIIHO
JOCTYIHUMHM ~ MaTeMaTWYHHUMH  [pPOrpaMaMH,  YHCIOBUHU
PO3paxyHOK CKOpPHMroBaHoro amHamiunoro LoOQio[S(t)], sx
BH3HAYCHO B piBHSAHHI 7, HE € mpobiemoro. Te came MOXHa
CKa3aTu Ipo MOAIOHI, ajie OUIBII CKJIaJHI CXEMH PO3CIFOBAHHS
koHI1eHTparii. [Ipo6iieMa 3 piBHSIHHSAM 5 K MOJIET BUKHBAHHS
HOJISITa€ B TOMY, 110 BOHA JI03BOJISIE KOE(DILIEHTY BUKMBAHHSA
3pocTaTH 31 3MEHIIEHHSM KOHIEHTpamii Ae3iH(iKyrouoro
3aco0y HaBiTh Ha JeTadbHOMY piBHI. Jlo 1mi€i Temu MoxHA
MMOBEPHYTHCS IMi]1 9ac ooroBopeHHs moseneir Weibull Ta iHImmx
MO/ICJICH, 3aCHOBAaHUX Ha PO3ITOILII.

3riano 3 moaensamu Ty CWH, komu C(t) = 0, uisiboBuii
MIKpOO 3aJIMLIA€THCS HEYLIKO/KEHUM HEOoOMEKeHHH uac,
100TO LOQ10[S(t)] = 0 y Oynb-sikuii yac. 3BMUYAIHO, MBUIKICTH
1HaKTHBAIlli, 110 BUHUKAE BHACTIIOK ne3iHdeKIli e)eKTUBHUM
AHTUMIKPOOHUM XIMIYHHM areHTOM, 3HAUYHO MEPEBUIIYE TY, KA
BiJOYBa€ThCS MPUPOAHUM IIIAXOM. TOMY BB@)KaTH OCTaHHIN
HE3HAYHUM € PO3YMHHUM Yy OUIBLIOCTI MPAaKTUYHUX CUTYallH Ta
IrHOpYyBaTH Horo mpu moOy 0Bl MOJIEN1 MOBHICTIO BUIIPaB/IaHO.
TeopernuHo, ofHak, 1€ MOXe OYTHM HE 3aBXKIU Tak, K MpU
MapriHajgpHiil 00poOLl NPUPOAHO HECTAOUIBHOTO MAaTOTreHY
Ta/abo B KiHILI 00pOOKH BHCOKOJETKUM XIMIYHHUM areHToMm. Y
TaKUX BUMNAJKaX, NpPUHANMHI B MPHUHLUII, ePEeKTUBHA
KOHIEHTpalisd  Je3iH]ikyrodoro 3acody, sKmo i He
MOTIOBHIOBATH, MOXE PI3KO 3MEHIIUTHUCS Ta JIOCATTH PIBHS, J€
oOuJBl MIBUAKOCTI MOXYTh CTaTH TOPIBHSAHHUMH 32
BEJTMYUHOIO. SIKII0 KOpPEKIis sl TAKOTO, UMOBIPHO, PiAKICHOTO
CcIieHapiro ailicHO motpidHa, To Moaens CWH, chopmymnboBany
piBHSHHAM 3, MOXHa Oyno O 3MIHUTH Ta 3amucatv y ¢opwmi,
TaKii K

Logyy[S(1)] = —kot™—kC" " (8)

ne Ko Ta Mo — e mapaMeTp MPUPOIHOTO PO3MAAY ILILOBOTO
MiKpo0a 3a TUX CaMUX YMOB HaBKOJIMIIIHBOT'O CEPEIOBHIIIA.
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AGo, K10 Mo = M, TO1

Log[S(#)] = —(ko + kC™)" (9)

Hapixxanm xamenem opurinansaoi mogeni Chick Oymo
Te, IO IHAKTUBALlsl MIKpOOiB BiOYBAa€ThCS 3a KIHETHKOIO
MEPIIOTO MOPSIIKY, PIBHSIHHS IIBHIKOCTI SIKOT Ma€ BUTJIIS

dN(t)

i
ne K — koHcraHTa mBUAKOCTI. L[ KOHCTaHTa MIBHIKOCTI, ab0
eKCroHeHIianbHoro  cnany, K, 3a Chick, mnponopuiiina
KOHIIEHTpallii Jae3iHdikyodoro 3acody, 1to6to k = KcC. V
mogeni Chick-Watson TOHSTTS KIHETHKM TIEPIIOTO TMOPSIKY
30epiraeThCs, ajie KOHCTAHTa IIBUAKOCTI CTAa€ MPOIOPIIIHHOIO
KOHIIEHTpalii ne3iH}ikyrodoro 3aco0y, 3BEJCHIH 10 CTereHs N,
10610 K = KcwC". Mogenp Chick-Watson-Hom (CWH)
1M030aBIIAE€THCS KIHETHUKU TIEPIIOTO MOPSIKY, 3aMiHIOIOYHN yac t
Ha t", ane 30epirae 3anexHicTh KoHCTaHTH mBHAKOCTI Chick-
Watson Bix kounentparii y Burisiai K = kewHC".

Be3cyMHiIBHO, KOHCTAHTa IBUAKOCTI Ae3indexiii K, sk
O0u BoHa He Oyna BHU3HAu€Ha, NMOBMHHA OyTHU 3aJ€KHUM BIJ
KOHIIEHTpaLlli 4IEeHOM. AJjle YoMy L 3aJeKHICTh Mae OyTu
YHIBEpCATIBHOIO y cTerneHeBoMy Bursiai, Too6to KC abo KC",
30BciM He oueBugHO. Ochb JBI TINOTETHYHI, aJle HE
HEepeaTiCTUYHI CUTYaIlli, KOJIU 3aMiHa CTENIEHEBOr0 YWIEHA MOXKe
Oyt BumpasgaHoro. CTemneHeBUIl wieH, SKIO0 BiH He
CYNPOBOJUKYETBCS YTOUHIOIOUUM OTIepaTopoM «SIKmo», He
BKa3ye Ha Te, IO MOXE ICHyBaTH e(eKTHBHa IOpOroBa
KOHIICHTpaIlis Ae31H(]iKyro4doro 3acody, abo He Mo3Hava€e piBEeHb
ne3iHdiKyouoro 3acody, Mpu AKOMY 1HaKTHUBAIisl TOYMHAETHCS
MO-CIIPaBXHbOMY. 3 1HIIOIO OOKYy, CTENeHEeBHIl BUpa3 He
Moka3ye, 110 MOXE ICHyBaTW piBeHb  KOHIEHTpamii
ne3iHgikyrodoro 3acoly, TpH SKOMY HOTO e(EeKTHBHICTh
NoYnHae BUpiBHIOBAaTHCS. Tam, 1€ Take 3aCTepeKeHHs TOpEUHe,
BigmoBiguicte Moxmeni CWH, ormineHa 3a CcTaTUCTUYHUMU

= —kN(f) (10)
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KPHUTEPisMH, CTOCYBaTUMETHCS JvIe KOHKPETHOTO
JOCITiIKYBAHOT'O niama3ony EKCIePUMEHTATIBHUX
KOHIICHTpAITIH.

1.2 BeiiOysuiBcokuii (Weibull) migxin no kiHeTuku
BIKMBAHHSA Ta iHaKTUBaNII MikpoOiB

PosrisiHemo momynsmio Bipycy, Oakrepii, muctu ado
OyIb-SIKOTO 1HIIOTO MIKpOOPTaHi3My, IO MiJJAa€ThCS BIUITUBY
JETAILHOTO XIMIYHOTO Je3iH(IKyr4oro 3aco0y y Boji abo
1HIIIOMY CEpEeNOBUIIII, 1 MPUITYCTUMO, L0 OKPEMHIl UJieH i€l
MOMyJISIii MoXke TmiepeOyBaTk B OJHOMY 3 JIBOX CTaHIB:
KUTTE3ATHUN/ )KUBUK a00 i1HAKTHBOBaHWU/MepTBUi. Jlms
CIPOIICHHS TaKOX MPUITYCTUMO, IO KOJIU I[IThOBHM MiKPOOOM
€ Oakrtepis abo 1uCTa, MOMIT KIITHUH HE BiIOYBa€ThCA Y
BIIMOBIIHOMY  4YacoOBOMY  MacmTabi, 1 MPOITHOPYEMO
MOXKJIUBICTD TOIIKOJKEHHS Ta BIIHOBJICHHS a00 amanTairii. L1i
0COOJIMBOCTI MOKHa BpaxyBaTu IIpu 10OyA0BI MOJel
BIDKMBAHHS, ajie JaHOi CUTyallii BOHM HE CTOCYIOThCA. SAKOu
JIeTaJIbHUN areHT 3aCTOCOBYBABCS 171€alIbHO PIBHOMIPHO, 1 IKOU
BCi OKpemi MikpoOu Oynu TEeHETUYHO 1IEHTUYHHMH, B
aOCOJIIOTHO OJTHAKOBOMY (D1310JIOTIYHOMY CTaHI Ta TOMOT€HHO
PO3MOMIICHUMH, TO TEOPETUYHO BCI BOHM O Mifmamucs
JIETATbHOMY areHTy OJHOYACHO, 4 KpWBA BHKMBAHHS 1XHBOI
nomyisnii HaragyBana O cryminvacty ¢ynkuiro (Peleg 1996,
2006; Peleg and Cole, 1998) [25-27]. HacnipaBi, 3aBxau icHY€
NEBHUH CTYMIHb MIHJIIMBOCTI B MEXax MOMYJALIT MiKpoOiB, 110
3a3HaJIM BIUIMBY, TaK II0 OKpeMi MIKpOOW 1HAKTUBYIOTHCS Ta
CTalOTh HE3NMIYeHHUMH B pi3HUI "ac. CriocTepexyBaHa KpuBa
BIDKMBAHHS, TAKUM YHHOM, € 3aITUCOM CIIEKTPY YyTINUBOCTI (200
PE3UCTEHTHOCTI) MIKpOOIB 70 areHra, BUPAXKEHOIO SK
kymynsatuBHa — popma  (CDF)  wacoBoro  posmominy
1HAKTHBAIIi/TeTABHOCTI. 3aleXHO B IUIHOBOTO MiKpoOa,
BHIY JAe3iH(]iKyrouoro 3aco0y Ta yMOB HaBKOJHUIITHHOTO
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CepelIOBHUINA, IIEH pO3MOIil MOXe HaOyBaTh pi3HHX (opMm,
CUMETPUYHHX a00 aCUMETPHUYHHUX, BY3bKHX a00 IIMPOKUX
tomo. JIOKaNbHUI HaxXWi KyMYJISTHBHOI (OpMH IBOTO
po3MoAiNy, He3alekHO Bix #Horo (opMu, € MHTTEBOIO
IIBUJIKICTIO BM)KMBaHHS a00 1HaKTHBAIlli, sika Mae oOepHEHY
PO3MIpHICTh Yy 4Yaci Ta OJHWHHWII BUMIPIOBaHHS. [HITUMEU
CJIOBaMH, TIOHATTSI 0a30BOT0 CIIEKTPY OMOPIB a00 YYTIMBOCTI,
0 XapaKTePU3YEThCS (PYHKINEI PO3MOAUTY, Ta KIHCTHKH
1HaKTHBAIIli € JBOMA CTOPOHAMH OJTHI€T Meai.

1.3 Poznoaiit Weibull

Oyukiis posnoainy Weibull — e ruyuka maremaruyHa
MOJIETIb, SIKa 3aCTOCOBYETHCS O 0araThOX HEIMOB’SI3aHUX SBHUII]
B1IMOBH/BHKUBAHHS, CEPE]T IKUX 1HAKTUBALIISI MIKpOOiB TETJIOM
Ta IHIIMMH 3aco0aMu, BKJIIOYAIOUN XIMIUHY J€31H(PEKIII0 BOIU
[26, 28]. Ockinbku MpH MOJCITIOBAHHI KiHETHKU Ae3iH(EKIIil
MOBa i€ IepeBa)KHO MPO MIBUAKOCTI IHAKTUBAIII] Ta TapaMeTpH
IIBUAKOCTI, Jalli JOUITbHO BHUKOPUCTOBYBAaTH OPHUTIHAIBHY
BepCito Iiei Moeri, BiomMy sk po3noait Rosin-Rammler, 1106
30epertu ananorito 3 mogemto Chick-Watson-Hom.

Meroro 1poro gociipkeHas [29] Oyno gocmiauTu Ta
BHUCBITIIUTH MaTeMaTWyHi BiactuBocTi Mojaeneil Tumy Chick-
Watson-Hom (CWH), 3anporionyBaTu po3imupeHy Bepciro, sKa
0 ycyHyna iXHI TEOPETHYHI HEJOMIKU, Ta JOCTIANTA TOTEHITiaT
QIBTEPHATHBHUX KIHCTUYHHX MOJIEJICH JJIS OMHCY JTUHAMITHOI
XIMIYHOI Ae3iH(eKIIii.

[Ipu craTuuHid XimiuHiA fge3iH¢ekuii, ToOTO 3a
MOCTIHOI KOHIEHTpauii Ae3iH(ikyoyoro 3acoly, MOCTIHHOI
teMneparypu, PH tomo, kymynasatusny moaens Weibull moxHa
3arMcaTH K

Logo[S(1)] = ~b(C)"© (11)

ne b(C) — me mapamerp IIBHAKOCTI, IO 3alCKHUTh Bia
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KOHIICHTpAIlii, TOB'SI3aHU 3  OOCPHCHOI  BEIMYMHOIO
macmtabHoro koeoimienra Weibull, a m(C) — creminb,
koedirient Gopmu Weibull. Skmo creniae M(C) He mae abo
Mae ciabKy 3aJIeKHICTh BiJl KOHIEHTpAIii 1 MOKE BBaXKaTHCS
npakTuyHo moctinoro [28, 30], Tomi crarmuHa MoOIENb
B KMBaHHA MikpoOiB Weibull crae

Log;o[S(1)] = —b(C)" (12)

TakuM unHOM, 3 popManbHOI TOUKH 30py, Mogens CWH
MOKHa PpO3TIIAJATH SK OKpPeMHU BUIANOK PIBHSAHHS 12, 1e
napametp mBuakocti mogeni Weibull b(C) = kC.

3rigHo 3 monemto Weibull, pakrop ¢popmu Oinbiimii 3a
omuammo (M > 1), TOOTO HamiBaorapupmMiuyHa KpHBa
BIDKWBAHHS 3 YBITHYTICTIO BHH3, BKa3y€ Ha TE, 110 HAKOTTMYCHHSI
MOLIKO/OKEHb MOCHA0IIOE CTIHKICTh THX, XTO BM)KHUB, IO
MIPOrPECUBHO CKOpPOUYy€E dYac, HEOOXIMHMUH AJi IX 3HUILIEHHS.
Bepxus yBirHyticts (M < 1), BijoMa SIK «XBICT», MMOBIpHO,
BKa3zye Ha Te, 110 OUIBIN BPa3duBl WICHH I[IJILOBOI MOMYJISIIIT
IIBUAKO 3HUIIYIOTHCS, 3QIHMIIAIOYN OUTHII CTIMKUX THX, XTO
BIDKUB, JUIS 1HAKTUBALIl AKUX MOTPIOHO MPOTPECUBHO OLIbIIE
yacy. JloriuyHo-miHiiiHa KkpuBa abo0 Te, IO HA3UBAETHCA
KIHETUKOIO MEpPIIOro MOpsIKY, 3TiHO 3 Mozaemao Weibull, €
JIMILE OKPEMHUM BUIA/IKOM, KOJIH (hakTop popmu m = 1.

CrnoctepexyBaHMi 4ac 3aTPUMKHU Ha 1HAKIIE YBITHYTIH
HUBXITHIN KpUBIiM BUKUBAHHS, BIJOMIM SK TUIOCKE «IUIEUE»,
MOXKHAa PpO3TJISAATH SK O3HAKy TOTO, IO MOJAA PO3TOALTY
CHPUMHATINBOCTI Habararo OibIa 3a HOoro IUCHepCito, 1 TOMy
HeMae oTpedu B oriepaTopi «SKmo» y hopMymroBaHHI MOJIENI,
mo6 BKa3aTu Ha ioro icHyBaHHA [24, 26]. CurmoigHa KpuBa
BIDKMBaHHS MpU XIMIYHIN Je3iHdekii, mo JeMOHCTpYeE SK
IUIOCKE TUIeYe, TaK 1 XBICT, moaAioHuiA 1o onmcaHoro Ganguly et
al. [1], MoXxe po3riIsimaTHCS SK O3HaKa TOTO, IO IMOIYJISIis,
HailiMOBipHime, € cyMmimimio. J[uHamiuHi Bepcii CUTMOITHUX
MojIeJIel 1HaKTHBAIlli MOYKHA OTPUMATH Tak caMo, sik 1 Weibull
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[26], ane BoHM nani oOroBoproBaTHCs B IIii poOoTi [29] He
OyIyTh.

1.4 BupaxeHHs1 3aJ1e5KHOCTI MapaMeTpa MIBHAKOCTI
Weibull Bin koHuenTpanii

TeopernuHo icHye Oe€371i4 MOXIHMBHX CIOCOOIB
MaTematuaHoro omwucy 3anexnocti b(C) Bix C, oHUM 3 SIKHX €
creneHeBuii 3akoH CWH. JIBi Taki TimoTeTHYHI KpuBIi
creriedeBoro 3akoHy D(C) mporu C mokasaHi Ha BepxHIX
rpadikax Ha puc. 1.1 Ta 1.2, a 1Bi, 3reHepoBaHi 3a JOMOMOTOKO
b TEpHATUBHUX MOJEJICH, — y BepXHiil yacTuHi puc. 1.3.

1.5 Po3TsirnyTa ekcnnoHeHuiajJbHa Moje/b

PosrnsiHemMo TinoTeTHYHUN cleHapi, KOJIM XIMIYHUN
nesiHgikyrounii  3aci®0  HeeeKTMBHHH  NpU  HHU3BKHUX
KOHIICHTpAIlisIX, a PIBEHb HOT0 JIETAIbHOCTI «3MEHIIYETHCS
MpH BHUCOKMX KOHIIEHTpalisix. MK HHUMH € Jiana3oH
KOHIEHTpALl, /1€ JeTaJbHICTh CIIOYATKy 3POCTA€ 31 MIBUAKUM
3pOCTaHHSM KOHIIEHTpalli, a MOTIM 3 MEHIIOK MIBUIKICTIO,
Mi3HIIIE HAOMMKAIOUUCh N0 TUIaTo. Takuid clieHapid MOXHa
omucatd curmomnoaionow 3anexuictio b(C) mporu C, sk
MMOKA3aHO Y BUTJISAI CHHBOI KpUBOT Y BEpXHIN yacTuHi puc. 1.3.

['Hyuka MaTeMaTH4YHa MOJENb, sIKA MOXKE ONMUCATH TaKy
3alIeXKHICTh, — II€ PO3TATHYTAa EKCIOHEHIIaJdbHa MOJENb 3
TpbOMa MapaMeTpaMH, Ky MO>KHA 3aIIMCATH Y BUTJISAAI

Cv .{,
h(C) = bm_m,{ I—Exp[(—{-‘-—») ] } (13)
el

ne basym — acumnrormynmii piBeHb Db(C), Cc — mapkep
KOHIEHTpaLlli TOYKU NEPETUHY, a P > 1 — moka3HUK cTeneHs (e
p < 1, 3anexwnicts b(C) Bix C marume dopmy xpuBoi Monod,
TOOTO KPUBOi 3 MPOTPECUBHO CIAAI0UMM HAXUJIOM 0€3 TOYKH
IIEPETUHY ).
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Hom's b(C) vs. C
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Survival curves

LogIS(t)]

I n L T

Puc. 1.1 3MonensoBaHi KpHBiI BHXKHBAHHS ITiJT
€KCITIOHECHIIATbHO  PO3CIIOI0YMM  XIMIYHAM  areHTOM,

10 20 30 40 50
Time (a.u.)

sC

yac ne3iHdekmii 3

3reHepoBaHi 3a

JIOTIOMOTO10 TiHaMiuHOi Bepcii Momeni Weibull (pisasaus 15), me b(C) =
kC", sk y Tpamumiiiniii momeni Chick-Watson-Hom. 3Bepxy - 3a1exHiCTh
b(C) Bix C, mocepeauui - aBa mpodisi po3ciror0Y0i KOHIEHTPAIIT, a 3HU3Y -
IBI BiAMOBiMHI KpWBi BrkuBaHHA. CKIaaHICTh AU(EpPEHITIAEHUX PiBHAHD
MIBUKOCTI HE € MEePEIKO00 IS X YHCIOBOTO PO3B'SI3aHHA.
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b(C) vs. C

b(C) (a.u.)
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Dissipating concentration curves

Concentration (a.u.)
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Survival curves

Log[S(t)]

o “.10 -20" 30 ..‘40 SOIIY 80
Time (a.11)

Puc. 1.2 3momenboBaHi KpWBi BIKUBAHHS Tia 4ac ne3iH(pexii 3
HEPETyIAPHO PO3CIIOI0UYMM XIMIYHHM areHTOM, 3r€HEpOBaHi 3a JIOTIOMOT0I0
nuHamivHo1 Bepeii mMoxermi Weibull (piBusiaus 15), me b(C) = kC", sk y
tpauiiitaiit Mmogeni Chick-Watson-Hom. 3Bepxy - 3anexnicts b(C) Bix C,
nocepenuHi - aBa npodini poscitorouoi KOHLEHTpalii, a 3HU3Yy - JBi
BIINOBiMHI KpuBi BrkuBaHHA. CKIAmHICTh IU(CpPEHINANbHUX PIBHIHB
IIBUJIKOCTI HE € TIEPEIIKOIOK0 IS iX YHCIOBOTO PO3B'sI3aHHS.
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b(C)vs. C
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Puc. 1.3 MopensoBaHi KpUBI BYKMBAHHS MiJ Yac jae3iH(eKmii 3
HEepIBHOMIPHO PO3CIIOI0UMM XiMIYHHUM areHTOM, 3reHepOBaHi 3a JJONOMOT0I0
nuHamivaol Bepeii moxemi Weibull (piBusiaas 15), me b(C) Biamosinae
IbTEPHATHBHAM MOJIENIAM PiBHAHHSA 13 (3eneHuil) Ta piBHAHHA 14 (cHHIiIL).
3Bepxy - 3anexuicts D(C) Bing C, mocepemuti - mpodins HEPiBHOMIPHO
po3cirorouoi KOHIEHTpamii, a 3HW3Y - IBI BIAMOBIMHI KPWBI BIKHUBAHHS.
CxiagHicTh qudepeHiaaTbHIX PiBHIHD MIBUAKOCTI HE € IEPENTKOI0I0 I iX
YHUCIIOBOTO PO3B'SI3aHHS.
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1.6 Log-exkcnoHeHIiaJJbHA MO/Ie]b

[HmM  TrimOTEeTHYHHWI  CLIeHapid, TpeICTaBICHUM
senenoro kpuBoto D(C) Bim C y BepxHiit yactuni puc. 1.3,
OMHCY€E CUTYyaIio, KoM Ae3iH(IKyroUril 3acid IpaKkTUYHO
Hee()eKTUBHHMI  HWXK4YE TIEBHOTO PIiBHS  KOHIICHTpAIIii,
no3HaueHoro Ce, 10610 mpu C < < Ceo, b(C) ~ 0, a ipu C > >
Cc2, b(C) niniifino 3pocrae 3 KOHIEHTpAIE€l (IK y MOJEIi
Chick). lns onucy Takoro CrieHapito MOXHa BUKOPHUCTOBYBATH
norapuMiuHy  eKCIIOHCHIIaTbHYy  MOJCIb 3  JBOMA
napameTpamu [24, 26].

b(C) = Log[l + Exp[ks(C—Ce2)]] (14)

3rigno 3 miero moxemto, pu C > > Ce, b(C) = kb(C-
CCZ)

1.7 Innamiuna ge3ingexuis

JlokanpbHMH HaXWi CTATMYHOI HamiBIOrapupMivyHOi
KpUBO1 BUJKUBAHHS € MMOCTIMHUM, TOOTO HE3aJEKHUM BiJ Yacy,
JUIIE SKIIO 1HAKTUBAIliS B1IOYBa€ThCA 32 KIHETHKOO MEPIIOTo
nopsiAKy (To6bto M = 1 Ta N = KOHCTaHTa, BUKOPUCTOBYIOUH
tepminosorito  mozaeni CWH). Tomy, npu nuHamiuHii
nesindexii, 1e m # 1, i xe C(t) 3MiHIOETHCS 3 YaCOM, MUTTEBA
IIBUAKICTh IHAKTUBAIIIT - I[€ CTATUYHA IIBUIKICTh TPH MUTTEBIH
KOHIEHTpalli B MOMEHT dYacy, IO BIJIMNOBIIA€E MHUTTEBOMY
koedinienty BmwxkuBanHs [28, 31]. lle mnepeknamaeTbcs B
nudepeHLiagbHe pIBHIHHS HIIBUAKOCTI,

dLog;o[S(1)] L Mﬂ (m=1)/m
el zagcm]m[ e ]

— —b[C(1)]" " m[-Log,o[S(1)]) "™ ™ (15)

ske asg M = 1, To0TO Ui KIHETUKHU TEPIIOTO MOPSIKY,
3BoAMTHCs 10 dLogio/dt = - b[C(1)].
He3Bakarouu Ha CBiil TPOMI3IKUN BUTTISA, PIBHSHHS 15
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€ 3BUYaiiHUM qudepeniiaabauM piBHSIHHAM (3/1P), sike MokHA
LIBUJIKO PO3B'S3aTH YUCENBHO JIJIsI MaiKe OYy/1b-KO1 MOXKIUBOT
peanictruHoi icropii konueHrparii C(t), 30kpeMa, KOJIH HOro
MIPEJICTABJICHO SIK IHTEPHOJAIINHY (QYHKIIIIO.

Ha puc. 1.1 (BHM3Y) mMmoka3aHO JBi 3MOJIEIhOBaHI
IUHAMIYHI KpUBI BIDKHBaAHHS, e KOHIIEHTpAITis
ne31HIKYIoUoro  3aco0y  PO3CIIOETBCS  €KCIIOHEHITIaTbHO
(cepenni rpadiku). Boru Oymu 3reHepoBaHi 3a JIOTIOMOTOIO
auHamivHoi mozenti Weibull (piBasiaus 15), ne 3anexHicts b(C)
Big C Bupaxaerncs cremeneBoro mouemmo, b(C) = kC", sk y
mozem CWH. Ha puc. 1.2 onucano ABi Taki KpYBi BH)KUBaHHS,
3r€HepoBaHi Il JBOX TIMOTETHUYHHX  CLEHapiiB, e
KOHIIEHTpalia Ae3iH(iKyro4oro 3acoly, M0 PO3CIIOETHCH,
JIEMOHCTPYE HEperyJsipHi KoimBaHHA. SIK 1 ouikyBasocsd,
CKJIaIH1 MpodiIi KOJMBaHb KOHIIEHTpaIlii (ToKa3aH1 MocepeanHi
pUCYHKA) HE Oy MEePemKo00 ISl BiJIMOBITHUX YHCIOBUX
PO3B'sI3KIB AM(EepeHLiaIbHUX PIBHSAHb HIBHJKOCTI, SIKI Maixke
MUTTEBO JAJIA BIAMOBIIHI KPUBI BH>KUBAHHSI.

JIBa momaTKoBi MPUKIAAW BUKOPUCTAHHS PIBHSAHHS 15
JUTSL MOJISJTFOBAHHS JIe31H(EKIIT 3a TOMOMOTOI0 HEPETYJISIPHO
PO3CIIOI0YOro XiMIYHOrO areHTa mnoka3aHo Ha puc. 1.3. JIBi
3reHepoBaH1 KpHUB1 BUKUBAHHS, TOKa3aH1 BHU3Y IIbOI'O PUCYHKa,
Oynu 3reHepoBaHi 3a JOMOMOTOI0 Ti€i K MOJENi IMIBHUAKOCTI
Weibull, 3a BuHATKOM TOro, IO 3aJe€XHICTH IapaMmerpa
mBukocti, b(C), Big koHIIEHTpallii BU3HAYaIacs piBHIHHAM 13
(cunim) abo piBHSHHSIM 14 (3eneHum). TyT 3HOBY X Takw,
CKJIaJHICTh TMPO(]IUII0 KOJIMBAHb KOHIEHTpallii, IOKa3aHa
MOCEPEeIMHI PUCYHKA, Ta CKJIAJHICTh BIIMOBIIHUX WICHIB
b[C(t)] He Oyna mepemKkoaor0 Ik YUCIOBOTO PO3B'I3aHHS JIBOX
BIIMOBIAHUX PIBHAHb MIBUAKOCTI. | TyT Takox KpuBi
BIKMBAHHSA OyNu BioOpakeH1 Maii’ke MUTTEBO.

Cnig 3a3HAaUUTH, 10O 3alliKaBJICHHM YUTa4 MOXKE
3reHepyBaTH  BJACHI ~ JUHAMIYHI  KpHMBI  BIJKMBAHHS,
BHUKOPHUCTOBYIOUH DIBHAHHSA 14 SK MOIEIh 3aJekKHOCTI Bif
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KOHIEHTpallili, BHUKOPUCTOBYIOYM BIJIbHO 3aBaHTa)XyBaHy
IHTepaKTHUBHY JIEMOHCTPALII0 Wolfram
https://demonstrations.wolfram.com/MicrobialSurvivalWithDis
sipatingDisinfectant/.

[Tokazani KOJIMBAJIbHI npodim pO3CitOBaHHS
KoHIeHTpauii Ha puc. 1.2 ta 1.3 Oynam 3reHepoBaHi TaKUM
YUHOM, IO KOHIEHTpAIis Je31H(PIKYIUOoro 3aco0y HE MOXKe
3pocTaTH, SKIIO ii HE TOMOBHIOBATH, 1 IO (OPMYIIOBAHHS
piBHAHHA 15 rapanTye, 1m0 KOe(IIieHT BU>KUBAHHS MOKE JIMIIE
3HIKYBaTHCA a00 3aiumiatucs CTaOUTBHHUM, aie HIKOIH He
3poctatu [26], Ko He BiAOYAETbCS MOBTOPHE 3a0pyIHEHHS
ab0 pICT MOXe BITHOBUTHCS IPH TyXKe HU3BKiM 3aJUIIKOBIN
KOHIEeHTpalii ne31H(}iKyrouoro 3aco0y (3a BUHSITKOM BipyCiB).

Junamiuna Bepcis moneni Weibull mns BmkuBaHHS
Mikpo0OiB Oyna cmo4atky po3poOsieHa s TepMidyHOI
1HaKTHBAIlli Ta HEOJHOPA30BO mepeBipsuiacsa. Jlume mizHimIe
BOHa Oyna mepeBipeHa s JAe3iH(EKIii BOIM JETKUMHU
nesindikyrounmu  3acobamu [28]. Ilim «mepeBipeHOIO» HE
Ma€eTbCsl Ha yBa3l A00pYy BIANOBIAHICTH €KCIEPUMEHTAIbHUM
JaHUM BW)KMBAHHS, OLIHEHUM 33 CTAaTHCTUYHUMHU KPHUTEPisIMU
ab0 YCIIITHOI IHTEPHOJAIIEI0, a Te, 0 MOJEIbh MPaBUIHHO
nependaunia eKCIIEpUMEHTAJIbH1 TaHi, AK1 HE
BUKOPHUCTOBYBAJIUCS MPH PO3PaxyHKY ii mapamMeTpiB.

1.8 AubTepHATHBHI OCHOBHI (PyHKIII po3moaiay

Xoua rHyuky Mozaenb Weibull MoxxHa posrasgatu sk
MPUPOAHUN BUOIp A7 ONMUCY OUIBIIOCTI YBITHYTUX BHCX1JHUX
Ta HU3X1IHUX HaMiBIOrapu(MIYHUX KPUBHX BH)KUBAHHSI, BOHA
HE OOOB'SI3KOBO Ma€ OyTH YHIKAIBHOIO JUISl JCIKUX THITIB
KpUBUX BWKMBAHHS Ta HEIOCTATHHOIO JUTsl iHIIKX. Hampuknan,
MOXXHa TIPOJIEMOHCTpPYBaTH, 1 1e Oylno ToKa3aHo 3
OnyOJIKOBaHUMH JaHUMH TIpO BIDKMBAaHHS MIKpOOiB 3
HEMUHYYUM €KCIIEPUMEHTAILHUM PO3KUIOM, 10


https://demonstrations.wolfram.com/MicrobialSurvivalWithDissipatingDisinfectant/
https://demonstrations.wolfram.com/MicrobialSurvivalWithDissipatingDisinfectant/
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norapuMIYHUN HOPMAIbHUN PpO3MOAUT MpAIOE TaK CaMo
n00pe, KOJIM 3aCTOCOBYETHCS 10 YBITHYTHUX HHU3XITHUX KPUBUX
[32]. IlepeBara moaeni Weibull Tyt monsrae B TOMy, IO TIPH
¢ikcoBanomy koedimienti popmu, M[C(t)] = koHCcTaHTa, NHIIE
b[C(t)] cmix Bupaxkarn MareMaTHYHO, TOAI 5K IIPHU
BUKOPUCTAHHI JIOTapU(YMIYHO HOPMAIBHOTO DPO3MOILTY CIiJT
BHU3HA4YaTU K Horo cepeaHe jorapumiuHe 3HAYEHHS, Tak 1
CTaHJapTHE BIIXWICHHS Ta BUPAXKATH K (QYHKIIT KOHIICHTpaLii
ne3ingdikyrouoro 3acody ta yacy. Te came MokHa cKa3aTH PO
YHCJICHHI 1HII YHIMOAanbHI (yHKHIi po3momiiry, sIKi MOXKHa
posrnsnytu [33]. Lle He mpoOrnema, KOIM eKCIepUMEHTaIbHI
HamiBiorapuMiyHi KpuBI BW)XKMBAaHHS YBITHYTI Bropy, i B
bOMY BHUIAJKY JIOTapU(MIYHII HOPMAIbHUNA PO3MOIiT HABITh
HE MOXXHa pO3rsAaTé (ane eKCHOHEHIaNbHYy (QYHKIIIO
po3noniiny MoxHa). AGo, SIKII0 Mae Miclle 3MiHa acUMeTpii,
jJorapu@miuHuii  Oera-po3noAil  Moxe OyTh  0coOJIMBO
MPUJATHOIO MOJAEILIIO.

IcHye nBa TUTIM MOJIeNel BIYKUBAHHS, JUTS SIKUX (QYHKITiS
posnoainy Weibull ta Oyap-sika 3 ii anpTepHaTUBHUX (DYHKITIH
PO3MOALUTY IBHO HE € KOPUCHOIO MO0, O/1HA 3 HUX TOJISITae
B TOMY, L0 HANpHUKIHLI MOMITHOTO MJIOCKOTO «Ilie4ya» (dacy
3aTPUMKH) KOe(IIEHT BUKMBAHHSA MaJja€ HACTUIbKU KPYTO, L0
KpHUBa BI)KUBAaHHS Haraaye cTymiHyacTy GpyHkuito [25]. [nma —
11€ KOJIW Ta/IIHHS 32 TTOMITHUM IIJICYEM € YITKO JIoTapuPpMidHUM
[34]. TeopeTruHO, OCTaHHE MOKHA CIIOCTEPIraTH MPU HU3BKHX
KOHILEHTpaLIAX 1e31H(PIKyr04oro 3aco0y, To/1 K nepiie — Mpu
BHCOKHX KOHIIEHTpAIIisiX, IK CXeMaTHYHO MOKa3aHo Ha puc. 1.4.
BiH neMoHCTpYE, IO B TAKOMY BHITAIKY IJIEUe CTA€ KOPOTIIHM
31 30UTBIIIEHHSIM KOHIIGHTpAIii e31H]iKyro4oro 3acody.

L1i 1Ba THIHM KPUBHUX BUKUBAHHS Ta MTEPEXOM MK HUIMHA
MO>KHa omnucatu QyHkuiero posnoniny Fermi [25], ssky moxHa
3amucaTH y BUTIISII
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Isothermal survival curves
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Puc. 1.4 [3oTepMiuHi KpHUB1 B)KUBAHHS, 3T€HEPOBaH1 3
BUKOPUCTaHHSM po3noauty Fermi sk moxeni. 3Bepxy - 3a
JTHIMHUMHU KOOPJMHATAMH, a 3HU3Y - 32 HAIIBJIOrapu(PMIYHUMHU
KOOp/IMHATAMH.
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S(t) = _ or Log,[S(#)]

= —Log;, [1 + Exp Fk;((g))] (16)

ne t(C) mosnawae TpuBaJiCTh III€Ya, IO 3AJEKHTH Bi
konueHrpauii, a Kr(C) - naxwun niniliHOI HamiBIorapudMigHOl
KPHUBOI BYDKUBAHHS, 10 3HAXOIUTHCS JTAJIIEKO 32 HOTO MEKaAMH.
3rigHo 3 miero moaeto, ko Kr(C) < <t - t, kpuBa crae
MPAKTUYHO HEPO3PI3HEHOI0 BiJ CTymiHYacTol (yHKIi, TOOTO
mpu t < t;, S(t) ~ 0, a mpu t > tc, S(t) ~ 0. Ognax S(t) abo
Log1o[S(t)], sk BH3HAaYeHO pIBHAHHAM 16, € HEMEePEPBHOIO
GbyHKIi€I0, sIKa Ma€ TIWCHI TTOX1THi.

1.9 Iunamiuna Bepcist Moaei po3noginy Fermi

VaBieHHS TIPO Te, 110 MUTTEBA MIBUAKICTH 1HAKTHUBAIIIT
(a00 BMXKMBaHHS) € CTAaTUYHOK IIBUAKICTIO NPH MUTTEBIN
KOHILEHTpalli B MOMEHT Yacy, IO BIJIINOBIJA€E MHUTTEBOMY
KOoe(ilieHTy B)KUBAHHS, MOJKHA MOLIMPUTH Ha Mozenb Fermi,
a TakoX Ha Oy/ib-Ky 1HIIY AMHAMIYHY MOJENb BUKUBAHHS.

VY Bunajaky mozeni Fermi piBHSHHS IIBUAKOCTI MOXHA
3amucaTH y BUTTISIAL

= -f*{"}"""-r{")
dlog[S()] *““"[ i a7
dt e [0 \
(i + Exp {7;”:'[!.' ])k(r}fm[i(}]

e dYac, M0 BIANOBIIa€ MHUTTEBOMY Koe(illieHTY
BIDKUBaHH, t*(t), nopiBHIOE

(0 = 1.(1) + k ,::-(I)Ln[!() "f’g“‘r"“”!—l] (18)
3HOBY X TaKW, HE3BAYKAIOUW HA CBIM TPOMI3IKHI BUTIIS,

piBusHHS 17 € 3/IP i Moxxe OyTH pO3B'A3aHE YUCENTBHO JUIS
Maiike KOKHOTO MOKIHBOTrO peaiictuuroro npodimo C(t). Le
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PIBHSHHS IIBHJIKOCTI BiApi3HAeTbcs Big Mozaem Weibull,
OINMHCAHOT PIBHSAHHAM 15, He nuIIe 6a30BUM PiBHIHHSIM MO,
sIKe MiCTUTh JIBa 3aJIeKHI B yacy wienw, te(t) = tc[C(t)] Ta K[ (t)
= [C(V)], 3amicth omnoro, b[C(t)], ne M = koHcTaHTa, ane u
rpaHrYHOI0 YMOBOI. Ha BimMminy Bix posnoainy Weibull (a6o
JIOTHOPMAJTBHOT0) 3 007acTIO BUu3HaueHHs Big 0 10 oo, 061acTh
BH3HAYCHHs po3moauly Fermi 3HaXoguThCcs Bim - ©© 10 o, 1,
orxke, mpu t = 0 Lo0gwo[S(t)] < O 3a BuzHaueHusm. Lo
HEBIAMOBIIHICTh YCYBAIOTh, IPU3HAYAIOYN TPAHUYHY YMOBY HE
sk L0g10[S(0)] =0, a qy>xe mase cratruHe 3HadeHHs L0g10[S(0)]
MIPH MOYATKOBIM KOHIIEHTpallli ne31H(}iKy0uoro 3aco0y.

JlBa mpukinaam BUKOpHCTaHHS wMoxeni Fermi st
reHeparii KpUBUX BW)KMBAHHS 32 HEPIBHOMIPHO PO3CIFOBAHUX
KOHIICHTpaLii ae3iHdikyrodoro 3aco0y HaBeaeHO HaA puc. 1.5.
[Tokazani kpuBI BW)XKHMBaHHS Oylud  3re€HEpOBaHI Ui
TIMOTETUYHOTO JIe31H(DIKYI0YOro 3aco0y, IBa mapamMeTpu MOJIe1
Fermi sikoro, tc ta Kr y piBHsHHI 16, eKCIOHEHIIAIBHO
3MEHIIYIOTHCS 3 HOTO KOHIICHTPAIII€0 (BEpXHIN Kpail pucyHkKa).
Cami KkpuBi BIKMBaHHS OyjiaM po3paxoBaHi Ta NoOyJOBaHI
MPaKTUYHO MUTTEBO, SIK 1 ouiKyBasiocs. ToOTO, CKIaAHICTb
JBOX pIBHSHb IIBUJAKOCTI He Oyla MepemKkoaorn s iX
YHCJIOBUX PIIICHb.

1.10 IlomoBHeHHs pae3iHpikyo4oro 3acody Ta
BPaxXyBaHHS 4acy iioro AMCnepryBaHHs

CxemH BWKMBaHHS, NpeacTaBieHi Ha puc. 1.1-1.5, a
TaKOX y OUIBIIOCTI, SIKIIO HE y BCIX LIUTOBaHUX MyOJiKallifX,
OIUCYIOTh PEe3yJIbTaT TIMOTETUYHOI 0OpOOKH e31H(DIKYIOUMMHU
3aco0aMu, 10 PO3CIIIOTHCS, 3 BIJOMOIO ITOYATKOBOIO
KoHIeHTpamiero, Tooro mpu t = 0, C(t) = Co. Opnnak
3ampOIOHOBAHI MOJENI IIBHAKOCTI TaKOX 3aCTOCOBHI 10
IpoIieciB, Ae Ae3iHdikyrounii 3acid nomnoBHIOeThCs (pHc. 1.6).
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tc(C) & kF(C) vs. Concentration
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Puc. 1.5 3monenboBaHi KpWBiI BWDKMBAaHHA IIiJ 4ac Je3iH(exiii
HEpIBHOMIPHO PO3CIIOI0YMM XIMIYHHUM areHTOM, 3TE€HEpOBaHHM 3a
JOIIOMOTOI0 TMHAMIYHOI Bepcii ¢yHkuii posmoxainy Fermi (piBHsHHS 17 Ta
18), mapametpu sikoi tc(C) (cyuinpna 3enena kpusa) Ta Ke(C) (myHKTHpHA
3eJieHa KpHBa) CKCIIOHCHIIaNbHO MaJatoTh. 3BepXy - 3anexHocTi 1(C) Ta
ke(C) Bim C, mocepeauni - aBa mnpodimi HEPiBHOMIPHO pPO3CIFOIOUHX
KOHLICHTpALii, a 3HU3y - Bl BiANOBiAHI KpHBi BxkuBaHHA. CKiagHICTh
JudepeHnianbHIX PiBHSAHB IIBUIKOCTI HE € MEPEIIKO/I0I0 IS iX YHCIOBOTO
PO3B'I3aHHS.
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Hom's b(C) vs. C
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Puc. 1.6 3mozmenpoBaHi KpHMBI  BW)KMBaHHS, 3TE€HEpPOBaHI
nuHaMigHOK Bepciero momeni CWH-Weibull ans ngBiui monmoBHEHOTO
ne3ingikyrodoro 3aco0y. Oneparop "Skmio" B piBHSIHHI MIBUAKOCTI MOJEINI
HE € TMEePEIIKOI0I0 ISl ii YMCIOBOTO PO3B'SI3aHHS.
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Tyt onrcaHo ifieani30BaHN TIMMOTETUYHUH CIICHAPIH, J1e
ne3ingikyrounii 3acid0 monoBHIOEThCS Bivi. [lpunyrienns
HOJISATAI0Th Y TOMY, 1O MOINIOBHEHHS BiJIOYBAa€ThCS MUTTEBO, a
moTiM  BiOYBA€TbCs  EKCIIOHEHLIATbHE  PO3CIIOBaHHA
ne3iHdikyrodoro 3aco0y. MareMaTHyHUN BHpa3, SIKHA OIMKCYE
noka3aHui Mpo¢inb KOHIEHTpalii, Mae JBa OmepaTopu
«Axmo», a nTuHaMivHa Mojenb BrkuBaHHA Weibull (piBHSHHS
15) mae b(C), onucany creneneBuM wieHoM, sk y mojaeai CWH.,
Sk 1 paHile, CKJIATHICTh Pe3ylbTYIOUOro MuepeHIiabHOTO
pIBHSHHS IIBUAKOCTI He Oyna TNepemKoJor IS HOTo
YHCIIOBOrO pO3B'si3aHHsi 3a jgomomoror Mathematica®, i
BIANOBITHUIA Trpadik KpUBOi BIKMBAHHA OYyB BigoOpaKeHUN
Maibbke MUTTEBO. binbln peanicTHuHUIl cueHapiii mossrae B
TOMY, IO SIK TIOYaTKOBE 3aCTOCYBaHHS JIe31H(iKyI040oro 3aco0y,
TaK 1 MOro MONOBHEHHs HE € MUTTEBUMM, a HOTO PO3CIFOBaHHS €
HEPETYISIPHUM, a HE 1/1eaTbHO €KCITOHEHIIaIbHIM, SIK TIOKa3aHO
Ha puc. 1.7. Bupas, sxkuili BUKOPUCTOBYBABCS Ul CTBOPEHHS
MIOKa3aHOTo MpodiIo, MaB JIMILIE OJUH omneparop «Skio», a
MoJiesIb Koe(illieHTa BU)KMBAaHHS 3HOBY Oyiia BeiOysU1iBCbKOIO
3 b(C), omucaHoro cremeneBuM uieHoM, sk y moaeni CWH.
3HOBY X TaKH, CKJIaHICTb Pe3yJbTYIOUOro JU(epeHIiaTbHOro
PIBHSIHHSI IIBUIKOCTI HE CTaja TMEpPenIKoAo JJisi HOro
YHCIIOBOTO PO3B'sI3aHHS, 1, SIK 1 paHillle, KpUBa BIKUBaHHS Oya
B1JI00OpakeHa MUTTEBO I BCIX MPAKTUYHUX LILIEH.

Ha puc. 1.6 Ta 1.7 giTko moka3aHo, 110 HasiBHE Ha TaHUH
MOMEHT MaTeMaTHYHE MporpamMHe 3a0e3ledeHHs] MPONOHYE
3py4YHM  1HCTpYMEHT /sl CTBOPEHHS Ta  BUBYEHHS
pealicTHYHUX cXeM Je3lH(eKiii, $KI BKJIOYalOTh €Tanu
MOTIOBHEHHSI Ta pO3CiIOBaHHA Je3iHdekiiiHoro 3acoly. 3a
JOTIOMOT OO TIPOTPAaMH, TAKOT SIK Ta, IO BUKOPUCTOBYETHCS IS
CTBOPEHHS IIMX JIBOX PUCYHKIB, MOKHA ITOPIBHATH Pi3HI MOJENI
BIKMBAHHSA Ta PEKUMHU 3aCTOCYBaHHS 3a Ay»Ke KOPOTKHIL Hac.
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Hom's b(C) vs. C
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Puc. 1.7 3momenboBaHa KpuWBa BHXXKHBaHHS, 3TeHEpOBaHa
nuHamigHoro  Bepciero  momeni  CWH-Weibull mns  momoBHEHOro
ne3iH(iKyrUoro 3acoly, AUCIEPCis SKOr0 B 0OPOOIIOBAHOMY CEpEIOBHII
3aiimMae 3HayHMH yac. CKIagHicTh IU(EpeHIiabHUX PIBHSHb LIBHIKOCTI
(slka TakoX BKIIOYAE oOmeparop «SIKIO») HE € MepemKoIor It iX
YHCIIOBOTO PO3B'SI3aHHS.
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Tako MOKHA IMIBHJKO JOCITIIMTH BIUIMB Bapialiid abo
HEBM3HAUEHOCTEH Yy TMapamerpax BIIKUBAaHHS IUTLOBOTO
MiKpo0a, BJIACTUBOCTAX Je3iH(eKIiiHOTrO 3aco0y Ta mpodiii
KOHIICHTpALlii, a TAKOXK OLIHUTH IXHii BIJIMB Ha €(PEKTHUBHICTH
00poOku. Taki cumynsamii  JOMOMOXYTh y  BHOOpi
ne3indexiiitHoro 3aco0y, HOro moyaTKoBOI KOHIIEHTpAIlii Ta
Croco0y HOro 3acTOCyBaHHS, IO MOXE BKJIIOYATH 4Yac HOro
MTOTIOBHEHHS.

1.11 3axkur04Hi 3ayBakeHHS

I[ls  pobora 30cepemkeHa Ha  MaTeMaTHYHHUX
BJIACTUBOCTSAX TPATUIIMHUX KIHETUYHUX MOJEICH XIMIYHOT
nesindekimii Ta BapiaHTaX iX 3aMiHM TPU JTOCIIDKCHHI
JTUHAMIYHO1 J1e31H(EKIliT 3a JOTOMOTOK PO3CIFOIOUNX/ICTKUX
ne3idekimiitaux 3aco0iB. ToMy He Oyno MOKIAIEHO >KOTHUX
3YCHJIb JJISl TIOPIBHSHHA €(EKTUBHOCTI Ta JOLULIBHOCTI Pi3HUX
ne3iHdexiitHux 3aco0iB ad0 B1AMOBITHOCTI PI3HUX KIHETHUHUX
MoJiesiell  eKCIIepUMEHTANbHUM JaHuM. OCHOBHI BHCHOBKH
poOOTH HACTYTIHI.

Cratuuny Bepcito mozeni Chick-Watson-Hom moxna
posrmsimatin sik  kymynstuBHy (CDF) ¢opmy posmominy
1HaKTHBalii-4acy HiIb0BOro MikpoOa. [Toka3HuK cTyneHs m y
piBHSHHI 11i€i Mozem € koedimieHToM (GOpMH PO3MOALTY, a
napametp mBuakocti, b(C) = KC a6o KC", mpezncrasise #oro
MacIITaOHUIN KOePIIlieHT.

He3Baxaroun Ha MiATBEpKEHHS  OMYyOJIIKOBaHUX
eKCIIEPUMEHTAJIbHUX JaHUX, YHIBEPCaJIbHICTh CTEIEHEBOIO
CMIBBIAHOIIEHHS  MDK  IapaMeTpoM  IIBUAKOCTI  Ta
KOHIICHTpAIi€l0 Ae31H(IKyrouoro 3aco0y HE MOXKHAa BBa)KaTH
camMo co0oro 3po3yminoro. [IpuHaiiMHI TeopeTudyHo, MHOro
MOXHA 3aMIHUTH I1HIIUMH BHpa3aMH, 1 TPOMOHYIOTHCSA [IBi
aJIbTEPHATHBH Ta 1X OOIPYHTYBaHHS.

Icnye w™arematnuna mpoOiieMa 3  OIyOJIIKOBAHOIO
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JUHAMIYHOIO Ta CTaTHYHOIO Bepcisimu mojeni CWH, sky MoxHa
YCYHYTH, 3aMIHMBILH ii TUHaMi4HOIO Bepciero moaeni Weibull.
Pesynbrarom € 3Buuaitne qudepeniiansae pisHsHHA (3P), saxe
MO>KHA PO3B'A3aTH YUCENBHO JJISl Maike KOKHOTO MOXKIIMBOTO
peaicTUYHOro MpoiI0 KOHIICHTPAIII].

[Toni6Hi Moxmenmi ne3iHdeKIii MOXKHA MOOYyIyBaTH Ha
OCHOBI ~ aJbTEPHATHBHUX 0a30BUX (YHKIH PO3MOALTY.
[Tpuknagom € posnoain depmi, sIKUi MOKE BPaXOBYBaTH KPUBI
BIDKMBAHHS, II0 HAarajaymTh CTyHiHYacTy (QyHKIi0 Ta/abo
MalOTh 3HAYHUM dYac 3aTPUMKU 3 JIOTapU(PMIYHO-TIHITHUM
MIPOJIOBKEHHSIM.

Toii camuii maxXigx A0 MOJICITIOBAHHS  MOXHA
BUKOPUCTOBYBATH ISl PEXKHUMY MOIMOBHEHHS N1€31H(IKYIOUOTr0o
3aco0y Ta JUI BpaXyBaHHS TOTO, IO BiJOYBA€ETHCS, IOKH BiH HE
JOCSITHE CBOET IMOYaTKOBOI KOHIeHTparlii. He3Baxaroun Ha
CKJIQ/IHICTh PE3yJbTYIOUUX PIBHSHb LIBUAKOCTI, BOHH TAKOX €
3BHYAHUMU JudepeHniaabHuMu piBHIHHIMHU (3/IP) 1 MOXyTh
OyTH IIBUJIKO PO3B'sI3aH1 UHUCENBHO.
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PO3JILI 2
BAKTEPALIIHA JISI JIOKCHAY XJIOPY

2.1 3aranbHa XapaKTepuCTHKA

PerpocnekruBHwmit anami3 [ 1] qociimkeHb eheKTUBHOCTI
niokeuny xnopy (AX) sk aHTHMIKpOOHOTO areHra IT0Ka3aB
HACTYIIHE.

Y 1940-ti poku 3'SBUIMCS JaHi, IO CBIAYMIN IIPO
epextuBHicTh X sk OakrepuimmHoro 3acoOy. B oxwiii 3
nepmux poOiT [2] mokaszano, mo X edexTuBHUE 11010
Escherichia coli Ta Bacillus anthracoides y nozax 0,6 Ta 1 mr/n
BIJIMOBIAHO HABITH MPH BUCOKIN KaJIaMyTHOCTI (y MPUCYTHOCTI
cycneH3ii mmHM). 3rigHO 3 IHIIMMH JaHUMH, 301TBIICHHS
BMICTy OpraHiku B 0OOpoONIOBaHii BOAI  3MEHIIYBajo
edextuBHicTh X [2]. YV poborti [3] BcTanoBieHO, mo X y 1031
0,1 mr/n iHribyBaB pict E. coli Ta iHIIMX HecneruQpiuHUX
NpUPOIHUX  OakTepiasibHUX momynsamii. Jlemo mi3Hime
noBigomiieHo [5], mo AX B mo3i 0,1 mr/a edekTuBHUN 1010
Eberthella typhosa, Shigella dysenteriea ta Salmonella
paratyphi B. Ilpu ananoriunux pH i Temneparypi znemo Oiibiia
kuipkicth JIX Oyna moTpiOHa [uist iHakTuBauli Pseudomonas
aeruginosa 1 Staphylococus.

Iame panne pocmipkeHHST [6] TIOKa3alo  BEIUKY
edpexTuBHICTh JIX mopiBHAHO 3 XJopoM Mmon0 S. typhosa 1 S.
paratyphi.

VY 1960-x pokax Oyn0 CyTT€BO ONTUMI30BaHO METOANKHU
IoCHipKeHb [7, 8], 1m0 T03BOJWIIO OJEP)KYBaTH «UHCTIII
po3unHn JIX 1 OUIbII TOYHO JO3yBaTH iX y Boay. Y IIi POKH
anpoOoBaHU# CHEKTPOPOTOMETPUUESCKUNA METOJl BU3HAUYCHHS
7103 1 3aJIMIIKOBUX KOHIIeHTpauii JIX, po3paxoBaHa MIBUAKICTb
iHakTHBarii JIX, sika BUSBUJIACS BUIIE y TOPIBHSIHHI 13 XJIOPOM
[9, 10].

Y 70-80-T1 poku MpomoBKEHHS gocaipkeHb J(X
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iHTeHCH(]iKyBasoCs  4epe3  KOHCTATaIlil0  B3a€EMO3B'S3KY
XJIODYBaHHS THTHOI BOAU 3 YTBOPCHHSIM TPUTAIOMETAHIB.
Pesynbratu nocnimkens [11 - 15] 103BoOMMIN BCTAHOBUTH, IO
IX — edexkruBHUil OGakTepunuAHUN 3acid npu 3BuuaiiHux pH
nutHOi Bomu (6,0-8,5), Mae BHCOKY MIBHJAKICTh 1HAKTHBAIIil
OakTepil 1 IepeBepIIye XJIOP Y THX Ke J03aX.

IMutotHi Ta moBHOMACIITAOHI IOCHIIHKEHHS IIOIO
3HE3apKCHHS IMUTHOI BOAM Ta CTIYHUX BOJ ITiITBEPIUIH
epextuBHicTh [IX sk Oakrepunuay [16 - 20]. 3okpema, 1e
CTOCYBJIOCS BOIH, SIKA BHUKOPHCTOBYETHCS Y TEXHOJOTIUHHX
mpolecax Xap4yoBoi MPOMUCIOBOCTI [21], y TomMy uuciai mpu
KOHTaMiHaIli 0akrepisimu pony Salmonellae [22].

VY nepuriii nuceprauiiiniii podori [2], Bukonaniii y CPCP
Ta MPUCBAYCHIH 3aCTOCYBAHHIO JIOKCHTY (IBOOKHUCY) XIIOPY JUIS
3HE3apa)KEHHS BOAM, BCTAHOBIIEHO HACTYIIHE.

1. JIBoOKHC XJIOpYy B KOHLEHTpalii 5 MI/JI MNpOTArom
OJTHI€T XBUJIMHU BUSBJIISE CTIMKUI OaKTepUIIMAHUN e(eKT 1m010
0HOA000BOI KynbTypu E. coli npu KoHueHTpamii 1 MIiH.
MIKPOOHHX T1JI/MIL.

2. JIBookuc xyopy y n03i 0,2-0,4 mr/n 3HMXKYE piBEHb
3apaxkeHHs E. coli muctunvoBanoi Boau Big 500 000-900 000
MIKPOOHUX T1JI/MJI IO OJUHUIIL/MJI, @ TIPU MIABUIICHH] 103U J10
0,6 mr/n 3abe3neuye xomi-tutp nonaza 300/1. Ilpu nmopiBHAHHI
Ji1 TBOOKHCY XJIOPY Ta XJIOPHOTO BalTHA aBTOP 3a3HaumJIa, Mo
ne3iHdikyoda Aisi ABOOKUCY XJIOPY MEHIIOI0 MIpOIO 3aJIeKHUTh
B1JI TPUBAJIOCT1 KOHTAKTY, HIK il XJIOPHOTO BaIlHa.

3. Sxmo xiHueBud OaktepuruaHuii edexr mpu 30-
XBWIMHHIA Jii JBOOKHUCY XJIOpY 1 XJIODHOTO BalHa Maibke
OJTHAKOBUM, 3alUIIAI0YNCh BCE K TaKH JEMI0 OUIBIIUM st
JIBOOKHCY XJIOPY, TO TIPH 5-XBUJIMHHOMY KOHTAKTI BUSBIISETHCS
3HAYHO OUTBIINI OaKTePUIIUIHUN €PEKT TBOOKUCY XIIOPY.

4. 3 nmocmiZiiB 3 XJIOPYBaHHS HEOCBITICHUX BOJI aBTOP
pOOUTH BUCHOBOK, III0 HASIBHICTH BEJIHMKOI KUTBKOCTI 3aBUCIIHUX
pedoBuH (Bim 0,3 mo 1,5 r rimHm Ha | 11 BOIM) 3MEHIIye
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OaKTEepULUIHY [0 JIBOOKUCY XJIOPY, IPOTE MIABUILEHHS 103U
Bix 0,5 mo 1 mr/n 3a0e3nedye OaKTEPHUIMIHY JiF0 HABITH MPHU
TaKii BEJTUKIN KaJaMyTHOCTI.

5. JlaHi eKCIEpUMEHTY JO3BOJISIOTH KOHCTATyBaTH, IO
BIANOBIAHO [0 3HWXKEeHHd pH 3MeHIIyeThCs BelMUYMHA
OKHCIIOBAIbHO-B1THOBHOTO noTeHIiany (En) nBookucy xiopy i
MIOMIYA€THCS OJTHOYACHE 3MEHUICHHS 0aKTEPUIMIHOTO e(EeKTy.
3naune 3HMxKeHHS En npu pH = 9,0 cynpoBoKyeTbCs TaKOX
3HaYHUM 3MEHIIEHHSIM OaKTepUIUIHOCTI ABOOKHCY XJIOPY.

6. Ilpm po3rnsai BIUIMBY OPraHIYHUX PEYOBHH Ha
CTYIiHb OakTepiuAHOro e(eKTy IBOOKHCY XJIOPY CIiJ
3a3HAYMTH, 10 BEJUKA KIJIBKICTh OPraHiYHUX PEUYOBHH CYTTEBO
3HIKYe ii ne3indikyrouy airo. Lle, oueBHIHO, MOSCHIOETHCS
aKTHUBHOIO B3a€EMOJIEI0 JIBOOKHCY XJIOPY 3 OpraHiYHHUMH
pEUOBHHAMH.

7. Bucoka kapOoHaTHa >XOPCTKICTb BOJM HETATUBHO
BINIMBAaE Ha JAe3iH(DIKyHUy dif0 JIBOOKHCY XJOpY. ABTOp
MOSICHIOE 1€, TPYHTYIOUHCH Ha JITEpaTypHUX JaHUX Ta Ha
pe3yabTaTax BIACHUX JOCIHIJIIB, PEaKIi€0 JIBOOKUCY XJIOPY 3
KapOOHaTaMu 3 YTBOPEHHSM XJIOPUTIB Ta xisopartiB. lle
HIATBEPIKYETbCS  JAaHUMU TEepeBipkH  e(eKTUBHOCTI  Jii
JIBOOKHCY XJIOPY Ha HEOCBITJIEHY BOJAY BIAKPUTHUX BOJONM
(plukM Ta CTaBKa): HAasABHICTh OPraHIYHUX PEYOBUH y BOJI Ta
TTi/IBUIIICHA KapOoHaTHA AKOPCTKICTh 30UTBIITYIOTh
OaKTepUIIMIHY 103y ABOOKHUCY XJIOPY 10 4-5 MI/1I.

8. JIBookwuc xyopy B koHIeHTparii 0,5-1 mr/n He Hamae
BOJI, 1O MICTUTh (eHonmu y po3BeaeHHi 1 : 1 wiH,
XJIOpQEHONbHUX 3alaxiB, TOAl SIK BIIOMO, 11O BMICT (GeHOIy
HaBiTh y po3BeneHHi 1 : 200 MJIH. MOXXe 3'SBUTHCS IPUYUHOIO
MOsIBH XJIOP(EHOIBHUX 3amaxiB pH 00POOITl BOAN XJIOPOM.

ABTop mocunaerbess Ha pobotu Rudolf E. Tompson,
omyOrikoBaHi y xxypHam Water and Servage y BepecHi 1944 p.
i y ciuni 1945 p., a Takox poboty A. E. Bery, ony6iikoBaHy B
TOMY K JKypHajgi B JoToMy 1945 p., sKi BHCBITIIOIOTH



58

pe3ylnbTaTd  3aCTOCYBaHHS  JIBOOKHCY XJIOpy Ha  psfl
BOJIOTIPOBIIHUX CTaHLIA i pyWHYBaHHS pPEYOBUH, IO
HAJar0Th BOJ1 HEMPUEMHUX 3amaxiB. Le 0co011Bo BaXXIIUBO 11
BOJAOIIPOBOIB, MI0 MAalOTh JDKEPEIOM BOJOMOCTAYaHHS
MMOBEPXHEBI BOJOWMHM, 3a0pyIHEHI MPOMHUCIOBUMHU CTIYHUMH
BOJIaMH 200 BOJIOPOCTSIMHU.

Ha migcraBi oTpUuMaHUX JaHUX aBTOP AliIILIa BUCHOBKY,
0 «IBOOKHC XJIOPY 3aiiMe HaJIe)KHE MICIEe Yy MpPaKTHIl
ne3iHdekiii Boau, 30Kpema, IS 3aro0iraHHs BUHUKHEHHIO
HEMPUEMHUX 3aIaxiB Y BOII, IO 0OPOOIISIETHCS.

Pesynbratu npoBeaenux 1949 p. ekcriepyuMeHTIB 11010
omiaku JIX [5] moCTy>XuiaM pPO3BHTKOM i€l BHCOKOIi
e(EeKTUBHOCTI IIbOTO PEareHTy K OaKTEePHUIIHIY.

1. AX vy xonnenrpamii wmenme 0,1 wmr/m  mae
OakTepuUUIHUN  epeKT MoJ0  3BUYAMHOI  MAaTOreHHOL
mikpoduopu nutHoi Boam: E. typhosa, S. dysenteriae ta S.
paratyphi B mpu Temneparypi Bix 5 © mo 20 °C, pH Butie 7,0 Ta
excro3uIlii 5 xB. aKTHYHO MOXKIIMBE BUKOPUCTAHHS MEHIITUX
KOHIIEHTpAIli{, ale CIiJ BpaXxOByBaTH 3HAUEHHS KalaMyTHOCTI
BuxinHoi Boau. P. aeruginosa Tta S. aureus € OibII CTIHKUMHE
(bopmMaMu MiKpOOPIaHi3MiB.

2. Sx 1 mpu 3HE3apaXkeHHI XJIOpPOM, CaHITapHO-
MOKa30BUH MiKpoopraHiam E. coli mokazaB jaemio OiuIbIly
pe3UCTeHTHICTH 10 JIX, HIXK MaTOreHH1 MIKpOOPIaHi3MH.

3. BcranoBneno BB pH Ha GaxTepuinuaHuii edexrt
JX. JIns BCiX BUBUEHUX MIKPOOpPTraHi3MiB MOTPiOHI TUM MEHIII
no3u J1X, yum Ginbiie pH (Ha BimMiHy Big xnopy). Tak, skio
npu pH=7,0 1 T=20 °C nmo3m X Ta xmopy, HEOOXimHl1 s
inaktuBanii E. coli ma S. aerogenes, cranosunu 0,1 ta 0,04 mr/n
BiamoBiaHO, To mpu pH=9,5 1 T=5 °C 0,05 1 0,03 mr/nm X mst
inaktuBanii E. coli i S. aerogenes 1 >0,5 mr/n xnopy st 060x
MIKPOOPTaHi3MiB.

4. 3asuuait Oaktepunuaamii  edexr JIX gemro
3MEHIIYEThCS 31 3HIDKEHHSAM TEMIIEpaTypy aHaJIOT1qyHO [0
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XJIODY.

AHaui3 eKCIepUMEHTAIbHUX JaHUX IO0Ka3ye, 10 HpU
OJTHAKOBUX YMOBax 3He3apaxkeHHs Boau JIX BiICOTOK
xkuTTe3naTHux E. coli OyB 3apxau BHIIE BiCOTKA S. typhi i S.
paratyphi B. OTxe, KUIIKOBa MajMyKa y BCIX BHUMaAKax
BUSIBJIsUIa OUTBIIY PE3HCTEHTHICTh, HK MaToreHHi Oakrepii -
30y/IHUKH KHUILIKOBUX 3aXBOPIOBAHb.

[Toka3zaHo, 10 CTaOUIBHICTH 3AJIMIIKOBUX KOHIICHTPALil
IAX y Bomi micist QinbTpiB, TOOTO y Til BOIi, SKa TMiCHA
3HE3apaKe€HHS HAAXOAUTh Y MEPEXKy, 3HAYHO IIEPEBUILYE
CTaOUIBHICTh 3AJIMIIKOBOTO XJIOPY Ta JIEUIO BHILE CTa0lIbHOCTI
XJIOpaMiHy.

Bucoka cTaliapHICTh 3aJIMITKOBUX KOHIeHTpariil JX, sk
ne3iH(]ikyrdoi pevoBHHU, MOKe OyTH BiJIHECEHa N0 HOTO
MO3UTUBHUX BIACTHBOCTEH.

Y pobGori [23] KOHCTATOBaHO B3a€EMO3B'SI30K MK
OaKkTepUIIUAHUMH BiacTUBOCTAMH J[X Ta ii OKHCIIOBalbHO-
BIIHOBHMM IIOTE€HIIiajJoM: 30UILIIEHHS Ta  3MEHIIEHHS
OakrepuuuaHUX BiactuBocTer /IX mpu pisHOMY 3HaueHHi pH
CepelloBHUIla BiIOYBAETHCS TIPH MapaieIbHOMY 301IbIIIEHH] 200
3MEHIIEHHI  OKHCIIOBAJIBHO-BITHOBHOTO MOTEHIIANy M€l
CTIOJTYKH.

Po3yminHs ocoOnuBoctei OakTepuiuanoro edexry X
HEPO3PUBHO TIOB'I3aHE 3 aHAJI30M MeEXaHi3My il I[bOTO
ne31H(pEKTaHTy Ha KIITUHHOMY Ta MOJIEKYIIPHOMY PiBHI.

VY poboti [24] (1967) BHUCTOBICHO MPUIYIICHHS, IO
iHakTHBaLisa OakTepiit JIX oOyMoBiIeHa MPUTHIYCHHSIM CUHTE3Y
O11Kka. ABTOpH 3aIllpONIOHYBaJIM MaTeMaTUYHy MOJAENb XIMIYHOI
ne3iHgexii 6akTepialbHUX MOMYIALIN 3 ypaxyBaHHIM Teopii
XIMIYHUX peakiii. [{e crano MoxIMBUM Mmiciis peami3aliii HU3Ku
METOIMYHUX TPUHOMIB: YIOCKOHAJIEHHS MPOLEAYPU OOIIKY
pe3yJIbTaTiB, 3aCTOCYBaHHS OYUIIIEHUX BiJ] OPTaHIKU PO3YHHIB,
KUTBKICHOTO CIEKTPO(OTOMETPUYHOTO BU3HAYEHHS HHU3BKUX
1103 Ae31H(IKyI040ro 3aco0y.
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I{s po6oTa Oyna JIOTIYHUM IPOAOBKEHHSM IONEPEAHIX
JOCIIPKeHb IIMX aBTOpPiB [7], sIKi KOHCTaryBaJiu Habararo
MEHIIIy ©eKCIO3MIlif0 1HakTuBalli Oaktepii JIX, HDK TOYka
nepeaoMy (30 XBWIMH), siKa 3a3BM4Yail BUKOPHUCTOBYETHCS Yy
BHBUYCHHI €(EKTUBHOCTI JIe31HDEKITIi.

ABTOpH IIparHyiau NOsICHUTH edexTu BKItoueHHs [1X no
KiHeTHyHOi Moxeni  aesindekmii. Ile wmamo Ha  yBasi
BCTaHOBIICHHS IMOPSIIKY PEaKIIii 1010 TOYaTKOBOI KOHIIEHTPAIii
KIITUH E. coli 3 3'acyBaHHSIM MUTaHHSA, YU € OaKTEPULIUTHUMU
MIPOMIXKHI JIAaHKHU peakiii abo 1X CyKyIHICTb.

Ha nymky aBropiB [24], y MexaHi3Mi iHaKTHBaIil
Oakrepiit 1X MOXIIMBI YOTHPH BapiaHTH MOSICHEHHS:

I. Moxe BigOyBaTucsi IBOMa HUIAXaMH - IHTIOyBaHHS
(dhopMyBaHHS aMiHOAITWIIAJICHIIATY Ta aKTUBAIlil aMIHOKHUCIIOTH,
SIK1 MOXKHA PO3IVISIIATH SIK OJIMH:

1) awminokucnmora + ameHo3uH Tpudochar —
a/IeHO3MHMOHO(poChaTy aMiHOKHUCIOTa

Ta:

2) pubonykneinosa kucnora (PHK) + aminokucnora —
PHK — aminokucinora.

I1. imoBipHO, Mae Miciie Ha piBHi prGOCOM:

tpancepaza pPHK ¢ aminokucnmora + pubocomu —
bepmenTH cienniyHUA TPOTETH.

III. Moxe mosgcHioBarucs iHaktuBaricio PHK-
MeceH Kepa 3 OJI0KyBaHHSM Mepeaadi 3aK010BaHoi iH(opmartii.

IV. CrpykrypHa, a He QyHKUIOHaJIbHA pyHHaLIs
pubocomu J1X.

OcTaHHE TTOSICHEHHSI HE MOJKHA PO3TVIS/IATH SIK KOPEKTHE,
OCKUIBKM  pyiHalis pubOCOM Mae€  CyNpOBOIKYBATUCS
3MEHIIEHHSIM  3aradbHOl  KUIBKOCTI  KJIITHH, IO  HE
crioctepiranocs. TakuM YUHOM, 1HaKTUBAllisl (PyHKIIOHAIBHOTO
MPOIIECY 3/1a€ThCS HAUOIBIIT IMOBIPHOIO.

[Tizaime (1980) moBimomuieno [25], mo iHriOyBaHHS
CUHTE3y OlJKa HE MOXe OyTH MEPBUHHOIO METOI0, TOMY IIIO HE
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TOPKAETHCS bepMeHTy JieriaporeHasu abo
ne3zokcupudonykieinooi kucnoru (JJHK). V wiit poboti mns
35ICyBaHHS MeXaHi3My 1ii Ha Oaktepii BuB4anu fmito JIX Ha
nerigporenasu, cunres Ounka Ta JJHK y E. coli Ta nBoX mramis
Haemophilus  influenzae. ExcnepuMeHTH TPOBOIWIN B
CreliaJbHO CKOHCTPYHOBaHIM YCTAaHOBI, sKa JIO3BOJIsIA
MIPOBOJUTH BIIOIp MpoO I aHai3y KUIBKOCTI OakTepii, Imo
BIKHJIH, B Pi3HI MPOoMiXKKH 4acy (5-1800 cexk.) micis gonaBaHHs
nesindexranty. 3 kit H. influenzae, mo 3a3namu mii X,
excrparyBanu JIHK, i Busznauanu 3marHicts JJHK Bukmmkaru
TpaHchopmallito KOMIETEHTHUX KIIITHH; KPIM TOTO, BU3HAYaJIN
tpanchopmaniitny axtuBHicTh JIHK, o6pobnenoi X micus
4acTKoBOi ekcrpakmii 3 kimithH. llokasaHo, mo 3aranbHa
JeTiApOTeHa3Ha aKTUBHICTD E. coli IOBHICTIO PUTHIYYBaIacs
yepe3 5 cek. iHKyOarii Oaktepiii y mpucytHocti X, xonu
OUIBLIICTh KIITHH 1€ 30epirano *KUTTe31aTHICTh. [IX yacTkoBO
NPUTHIYYyBaB CHHTe3 Oika y OakTepid, MpUYOMY CTYIiHb
MpUTHIYEHHS Oyna MNpomopiiiiHa NOYaTKOBIM KOHLIEHTpalii
ne3iHpexTanty. JlomaBaHHS IVIyTaTioHy HE 3MEHIIYBaJo
iHriOyrouy nairo JIX Ha JKUTTE3AATHICTh KIITHH, 3arajibHy
JeTiApOTeHa3Hy aKTUBHICTh Ta cuHTe3 Oinka. [Ipu Brumsi JIX
Ha uunl kmtuHu H. influenzae Tpancopmyroda akTHUBHICTh
JIHK ne 3mintoBanacs. YactkoBo ouniiena JJHK Oyma criiika mo
JX mpoTsiromM KiUTbKOX XBWIMH. TpaHcdopmyroda aKTUBHICTb
ountenoi JIHK mano 3miHIOBanacs HaBiTh Mmicis 5 XB iHKyOarrii
y MpUCYTHOCTI BHcokoi koHIeHTpauii X (20 mr/m). ABropu
MU BUCHOBKY, 110 OakTtepurmaHa 1is [IX e pesynbrarom
1Hri0yBaHHs Oynb SIKUX 1HIIUX CTPYKTYP, KPIM AOCIIKEHUX Y
i po6oti, Tobto nmeriaporenasu, JJHK ta GinokcuHTe3yr0uoi
CHCTEMH.

BinmoBigHo 70 [26] BUTBHI )KUPHI KUCIOTH PEaryoTh 3
JX. Tloimomusmocst [27], mo X mnepepuBaB 30BHIIIHIO
MeMOpaHHY MPOBIAHICTb, IO MPU3BOIWIO J0 IIBHIKOI BTpATH
10HIB Kamito. 3 TONIAIYy aBTOpiB, OJHOYACHE I1HTIOyBaHHS
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KJIITHHHOTO JIUXaHHS OOyMOBJIEHO HeCHeUU(PiYHOK 3MIHOO
TpaHCMEMOPaHHOTO 10HHOTO rpajieHTa [UISIXOM
JECTPYKTYpHU3allil 30BHIMIHIX MEMOpaHHUX OUIKIB Ta JIITIIIB 13
301IBIICHHAM IPOHUKHOCTI MEMOpaHH OaKTepialbHUX KIITHH.

Y  poGori [28] aBtopum crpoOyBaJid TOSCHUTH
BiJIMIHHICTh MeXaHi3MiB OakTepuiiuaHoro egexry X Ta xmopy.
[Ticns pozunnenss y Boai X xHa 100 % icHye y MOJIEKYISIpHOMY
CTaHi, 3aBISIKM YOMY OE3IEpPEeIIKOHO BIUIMBAE Ha MEMOpaHy
OakTepialbHOI  KJIITHHH 3  IOJAJIBIIUM  IPOHHUKHECHHSIM
0e3nocepeIHbO B 1i CTPYKTYpy. BHACTIIOK IBOTO TPOHUKHICTH
MeMOpaHHu H1BUILYETHCS, 110 00yMOBITIOE 3MiHY
BHYTPIIIHBOKIITHHHOTO OCMOTHYHOTO THUCKY. Kpim 1por0 Mae
MiClle TPUTHIYEHHS TpaHCMEMOpaHHUX (QEPMEHTHUX TpyI,
TOJIOBHMM 4YWHOM, (hocdarpancdepasu. B npomeci inakTuBarii
Oakrepiii JIX, BiporisHO, BIUIMBaE HAa (PEPMEHTHHUH JAHIIOT
IJIIOKO300KCHAa3M, 30KpemMa Ha  Mepkanrorpynu (-SH)
OKCHJIa3H, OKUCIIOIYH iX J10 -S - S - rpym, 110 NPU3BOAUTH 10
BTpaTy aKTUBHOCTI €H3UMIB.

Ha Binminy Bin X, xiop y Bumsaai ioHiB OCl Hamae
MeMOpaHaM OakTeplaJIbHUX KIITUH HeraTuBHMW 3apsa. lle
MOSICHIOE, YOMY OaKTepUIIUAHUHN epeKT XJIopy HIxK4ue, Hik X,
1 Y3rOIKYETbCS 3  BHIIUM  OKHCIIOBAJIBHO-BITHOBHUM
notenuiagoM JIX MopiBHSIHO 3 XJIOPOM.

ABtopu [28] BUCIOBIIOBAIM CIIPHY JYMKY CTOCOBHO
nepBuHHOI MimeHi ansg X (mepudepuyni cTpykTypu uu
HYKJIETHOBI KUCJIOTH ) 1 IPUITYILIEHHS 1I0JI0 YYacTi B 1HAKTUBALII{
000X MeXaHi3MiB.

VY poborti [12] BUBYEHO pPE3UCTEHTHICTH OaKTepidt 10
iHaKTHBaLli Je31H(IKYIOUMMH areHTamu, sika 0OyMOBJIEHA
BIJIUBOM HaBKOJIMIIIHBOTO CEPEIOBUINA Ha PICT OaKkTepialbHUX
nonyssiuid. Kynerypu E. coli TepMocTaryBaiu y 3BUYaWHUX
YMOBax 1 B XeMOCTari, MpH IbOMY MapaMeTpu pocTy (CyocTpar,
Koe(ilieHT pocTy, Temreparypa Ta WIUIbHICTh KIITHUH) Oynn
pizHi. [[ns iHakTHBaLii KyIbTyp BUKOpucTOBYBaimH (X y mo3i
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0,75 mr/n. Pe3ynbraTl CBig4arh, 110 MOMYJIALIi, IHKyOOBaHI 3a
YMOB, SIKI MaKCHMaJbHO IJEHTHYHI BOJHOMY HPUPOIHOMY
CepelloBHUIIY, OUIBII CTiHMKI, HI)K BUPOIIEHI 3a JabOpaTopHUX
YMOB, 1110 3a3BU4ail BUKOPUCTOBYIOThCSI.

Ils pobGora [12] € HaA3BUYAWHO BaAXIMBOK 5K
METONOJIOTIYHO IiHHA JIaHKa B MIJXOMi /O OI[IHKK CHCTEMH
«TOBK1LJIS — MIKpOOPTraHi3M — Jie31H(EKTaHT», TOMY ii TOIIJIEHO
MPOKOMEHTYBATH OUTBII JOKJIAIHO.

JlopeuHo Big3HAYUTH, IO OaKTEpii, AKI € CTIHKUMH J0
iHaKTHBALlli XIMIYHUMU Je31HPEKTaHTaMH, IIMPOKO TTOMIUPEH] Y
PI3HOMAHITHUX BOJHHMX CEPEJOBHILAX, BKJIIOUAIOYM €MHOCTI
MUTHOI BOOM Ta cuUcTeMu po3nonury [29]. Haitgacrimme
PE3UCTEHTHICTh MIKPOOPraHi3MiB 3B'A3yBalM 1 MOB'A3YIOTH 3
acorjiamiero 3 cycrneHsielo abo OiomIiBKaMu, BPaxOBYIOUH
JETepMiHOBaHMI T€HOMOM MIKpPOOpPraHi3My 3aXHUCT MeMOpaHH,
Karcyau abo CIopW, a TakoX TnoTpedy (Hampukianu,
XJIOPHOIIMHAHHA) B Je3iH]ikyrouoMmy 3aco0i. Ilpu 1mpomy
YIYCKAEThCS 1€ OIWH BAXKJIUBUN (DAKTOpP — PE3UCTEHTHICTb,
OoOyMOBJIEHAa €KOJOTIYHUMM 3MiHaMU Yy (EHOTHI, SKUH
dbopMmyeTbes 'y Tpolect reHepalii MIKpOOpPraHi3MiB Iepes
ne3iHpeKIiero.

Ili ¢eHoTHMNIYHI 3MIHM MOXYTh OYTH ICTOTHUMH,
0COO0JIMBO TPOTArOM JaOOpPaTOpHOi OIHKHM J1e31H(]iKYyuOoro
3aco0y. [Tomepennpo mpoBeaeHUMHU nOCTiKeHHSIME [17 - 19]
aBTOPIB AaHOI poOoTH [ 12] mokazaHo, HaNPUKIA, IO (eKaNbHI
E. coli, inkyOOBaH1 Ha MO)XUBHOMY OyJIbHOHI, OLIBII YYTIUBI 10
xJyopy Ta JIX, HiX aHanoriyHi 6axkrepii, BUCIsHI 31 CTIUHOT BOJIH.

Pesynpratu mopiBHSHHS €(EKTUBHOCTI 1HAKTUBAL{
¢dexanpHuX KomiopMHUX OakTepiit i3 (iAbTpaTy BTOPHUHHO-
OYHUIIIEHUX CTIYHUX BOJ Ta BUPOIIEHUX Yy xemoctari E. coli
MOKa3yIOTh, 10 y MEPIIOMY BHUIAJKY 1 €(EeKTUBHICTh CYTTEBO
Hmx4a [20].

[ami ganmi [30, 31] miaTBEpmXKYyHOTh, L0 MOMEpPEAHI
YMOBH DPOCTY HaJalOTh NPUHIMIIOBO BAXKJIMBUI BIUIMB Ha
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YYTIUBICTh MIKpOOPTraHi3My JI0 Pi3HHX J1e31H(]IKYHOUNX 3aC001B:
P. aeruginosa 1 atunosi mikoOakTepii 31aTHI pO3MHOXKYBaTHCS B
JICIOHI30BaHIi BOMAl, IO OOYMOBIIIOE iX OUIBII BHCOKY
pesuctentHicth 10 JX y mOpiBHAHHI 13 TUMH
MIKpOOpTaHi3MaMHu, SIKi KyJIbTHBYBAJIUCh Ha arapi. AHajoriuHi
JaHi oTpuMaHi y po6oTi [32], Koiu MiKpoopraHi3Mu, 130J10BaHi
3 BOJIM IJIaBaJILHOTO Oaceiiny, Oy Habararo pe3uCTeHTHIII 10
fomy, HiX 1X J1abopaTopHi «IBIMHUKWY», BUPOIIEH] Ha arapi.

3aBmaHHSA I1BOTO JOCHiKeHHs [12] monsramo B
KOHCTaralii Ta TMOACHEHHI BIAMIHHOCTEH Yy YYTJIMBOCTI
MIKpOOpPIaHi3MiB, 00yMOBJICHHX BIUIMBOM IOMEPETHIX YMOB iX
PO3MHOXEHHS Y HAaBKOJIMIIHBOMY CEpEeNOBHINI. AKIEHT OyIlo
3po0JICHO Ha 3ICTABJIICHHI THX CEKOJIOT1YHMX IapaMeTpiB, sKi
3a3BMYail BUKOPHCTOBYIOTHCS y JIADOpPAaTOPHHX YMOBaX, Ta
3araJlLHUIMH YyMOBaMM HaBKOJIMIIHBOI'O BOJHOIO CEPEOBMIIA.
PoGoua rimoTe3a mossrana y KOHCTaTalli Ba)XJIMBOTO BILTUBY
BIAMIHHOCTEH Yy Temmeparypi Ta Koe(]ilieHTI pocTy Ha
YyTJIMBICTh MIKPOOpPraHi3MiB /10 Ae31H(iKyrounx 3aco0iB. Tomy
aBTOpU TIOPIBHSUIM UYYTIMBICTE 0 Je3iH(peKUii KynbTyp,
BUPOLLIEHUX MpU CcyOMakCHMalbHUX KOe(QILIEHTaX POCTy Ta
CyOONTHMalbHUX TeMIeparypax 13 3BHYAHUMU yMOBaMHU
1HKyOyBaHH4, 3a SIKUX JOCATAETHCSI MAKCUMAIbHUM KOE]IIIEHT
pocTy (Mmax).

Pe3ynbpraTti 103BONIMIN BCTAHOBUTH, 1110 HA YYTJIUBICTh
E. coli no IX BIIUBaOTh YOTUPU €KOJIOTIUHI TapaMeTpu POCTY:
1) xapakTep >KMBHJIBHOTO CE€PEJOBHINA, 2) CTYIMIHb MOKUBHOTO
oOMekeHHs, 3) TeMIieparypa, 4) IIbHICTh KYJIBTYpH.

B3aeMo03B's130k M piBHEM POCTY Ta YYTJHUBICTIO CTaB
OYEBUJHUM Yy pe3yibTaTi IHIIMX EKCIePUMEHTIB y i
naboparopii [12]. BcranoBmeno, mo mis kmitaH E. coli,
BUPOIIEHUX Y TEPMOCTATI Ha MOKUBHOMY OynbioHi nipu 25 °C
a6o 37 °C, uyrmmmBicte no JIX 3pocrae 3 MmiABUIICHHSIM
iHTeHCUBHOCTI pocTy. Ilpu 1bOMY aKTHBHI TpPaHCHOPTHI
CHUCTEMHU TOXHUBHOTO cyOcTpary ab0 TeHETHYHHH Marepia



65

OakTepialbHUX KIITUH OUIBII CXWJBHI JO0 JAECTPYKIIi B
3pOCTAIOUMX MOMYIALISAX, HIXK Y THX, 110 BXe BHpochu. Panime
MOBIIOMJISIIOCS. TIPO KOPEJAIII0 MK 30UIBIICHO KITBKICTIO
xomitoBanHss JIHK mporsroMm mBuakoro 3pocTaHHs 31
301JIBIIICHOIO Yy TJIMBICTIO 110 yabTpadioneToBOro
BUIIPOMiHIOBaHHS [33].

EdexT Temrneparypu pocTy HajgaBaB OUIBIIOIO BILUIUBY
Ha YYTIHMBICTb TOPIBHAHO 3 IHTCHCHUBHICTIO 3POCTaHHS.
Haii6inpi yyTniuBUMH BUSBUIIUCS MOMYMALIL, 110 BUPOCTH 3a
OUTBIII BUCOKMX TEMIIEPATYp 3pOCTaHHSA. SIKIO MPUITYCTHTH, IO
MIPOHUKHICTh 30BHIMIHBOT MEMOpaHU 10 HEBEIMKUX MOJIEKYI
MOBHHHA YaCTKOBO 3aJIe)KaTH BiJl TEKy4OCTi MOABIMHOTO mIapy
Jmigy, Taki pe3yabTaTd IUIKOM 3pO3yMifli, SKIIO BpaxyBaTH
NaHi, BCTaHOBJICHI paHime [7]. Y po0oTi 3 aTruNmoBUMHU
MiIKOOAKTEpisIMU BUCIIOBJICHO MPUITYIIEHHS, 110 IIIJbHI HIapu
TNy € IPOTEKTOPOM MPOTH IPOHUKHEHHS XJopy [31].

OTtpumaHi J1aHi MOKa3ykoTh, 110 MOMYJILii, BUPOIIEHI 3a
YMOB, OJM3bKUX 70 HABKOJMIIHBOTO CEPEIOBUINA, € OUIbII
CTIMKMMHU 110 Je31H(iKyIouuX 3aco0iB, HIDK BHUPOIIEHI 3a
CTaHJApTHUX JA0OpaTopHUX yMOB. Y 3B'I3Ky 3 UM
naboparopHa  OILIHKA HAa  OCHOBI  3BHYAaHUX  YMOB
KyAbTUBYBaHHs  (Hampukian, unpu 37 °C) noBuUHHa
MOEHYBAaTUCS 3  QJBTEPHAaTUBHUMHM  METOJIAMH,  SKi
MIpeACTaBIICHI B 11K podoTi [12].

Jlana po6oTa CTAaHOBUTH NEBHHUH IHTEpEC y KOHTEKCTI
OLIIHKH CTIMKOCT1 OaKTepiaibHUX CyONOMyMsLii 10 1e31HpeKii
3 pomomororo JIX, oTpuMaHi mi3HilIe IUMH X aBTopamu [34].

B 1mpoMy nocnipKeHHI BUBYAIU MOXJIUBI MPUYUHU
BIIXWJIEHb ~ BiJl KpUBUX |-T0 TOpPSAAKY  1HAKTHBAIii
MIKpOOPIaHi3MiB BHACIIIOK JIe31H(EKIIi: arperaris, 3HHKEHH
KOHLIEHTpAIil Je3iH(peKTaHTy 4u Ol0JOTi4Ha TeTepOreHHICTb.
BuxopucroByBanu kyneTypu L. pneumophila ta E. coli,
BUPOIIIEHI B TEPMOCTATi Y BHUIVISAI 3BHYaiHOI jaboparopHOi
KynbTypu. BuzHadanm cTikicTh KynbTyp 10 JIX y koHIeHTparii
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0,75 wmr/n. Jlochoiam mpoBomuivd y 3 HampsMKax: MO-TIepIe,
3'ACOBYBaJIM, YUM BH3Ha4aeThcs 2-a ¢a3a OiazHol KpuBOi
BIDKMBAHHS — CTIMKICTIO OKpEeMHUX OakTepiii abo BiJCYTHICTIO
3aJUINKOBUX  KOHHeHTpauid JX; mo-gpyre, BH3HaYaIH
OakTepuIUAHUN €(EeKT 3aJuIIKOBHX KOHIeHTpariid [1X; mo-
TpPEeTE, BUKOPUCTOBYBAJIM TEPMOCTAT IS MAaKCHMAJIbHOTO
HaOMMKeHHd JaboparopHuUX yMOB 10 npupoiHux. [lokazamo,
IO PE3UCTEHTHICTh € ()EHOTHUIIOBOIO XapaKTEPUCTHKOIO, SKa
MoOke OyTH 3MiHEHa 3a 3MIHM YMOB POCTY KYIBTYPH, IO
nepeayBaB  gocminy. JlJIs pPEe3UCTECHTHOCTI TaKOX BaXKJIHMBI
TeMIIepaTypa Ta MBUIKICTb POCTY KYJIBTYpH.

[Tpuknagom PaKTUIHOTO 3aCTOCYBaHHS
3aMpONOHOBAHOIO aBTOpaMu JaHux pooiT [12, 13, 17 — 19, 27,
34, 35] METOIMYHOTO MiOXOAY € pEe3yNbTaTh IOCHIKCHHS
epextuBHOCTI JIX CTOCOBHO aepoMoOHaj Yy PO3MOALIBYUX
crucTeMax MUTHOI Boau [36].

Y umiift poOOTI BUBYEHI MUTaHHSA CTaOUIBHOCTI
koH1eHTparlii JIX y Boal Ta moka3zaHo, 110 aepOMOHAIH OLIbIIT
YyTJIUBI 0 JIOKCHIY XJIOpY TMOpIBHAHO 3  IHIIUMH
rpaMHeraTuBHUMHU OakTepisMu. llpu 1npoMy 4yTJIHBICT IUX
Mikpooprasi3mis 10 X 31 30u1bmenHsaM pH 3HmKyeTbes, TOa1
K JI0 BUIBHOTO XJIOPY IMiJBUINYEThCS. ICTOTHE 3HIDKEHHS
KOHLIEHTpAIil aepOMOHaJI KOHCTATOBaHO JIMILE Yy MPUCYTHOCTI
3anumkoBoro JIX; mpomykTtu peakuii (XJIOpUTH) CYTTEBO He
BIUIMBAIOTh Ha PICT 1 PO3MHOXKEHHS aepoMoHaj. Pesymbraru
JI03BOJIMIIN 3pOOUTH BUCHOBOK, 1110 /IX Moske Oyt epeKTUBHIUM
3ac000M 15 TOCTAE31H(EKIIi].

Y mpomeci AOCHiKEHHS ©(PEKTUBHOCTI  JIEAKHX
nesindexrantiB st 99% inaktuBanii E. coli BCTaHOBIIEHO
HactymHe [28]:

1. Ilpu pH 7 xnop edexruBHimmid, Hixx X.

2. Y dopmi rimoxmopur iony (ClO) ta xmopamiHiB
(NHCl,, NH2Cl) xsop MeHI1 e)eKTUBHUH.

3. bBakrepurnuaHa e(QEKTUBHICTH XJIOPY IMIBHIKO
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3MEHIIYEThCS, MOUMHAOUM BiJl pH 7, mpu AKOMY JTOMIHYIOYOIO
dopmoro € HCIO, mo pH 9 ne nominyroua popma - Timoxaoput
i0H (ClO-), Tomi sk edexTuBHICTh [IX 301IbITy€ETHCS.

Y pobori [37] HaBeaeHO MAaHI IIOMO IHAKTHBAILIT
niokcuaoM xyopy E. coli mpu pH 8, Temneparypax 5 °C 115 °C:
KOHCTAHTH 1HAKTHUBAIlli, Yac, HEOOXIHWH I 1HAKTUBAIl Ha
99,99 % 1 BignoBiani 3HayeHHs Ct (mr/n-xB) Bix 0,1 10 2,7 Mr/n
(Tabm. 2.1).

VY crarti [38] mpencraBneHi pe3ynbTaTd AOCHTIIKEHb
MopiBHsIbHOT edekTuBHOCTI JIX mpu iHaKTUBALIl JCIKHUX
MIKpOOPraHi3MiB y BOJAI Ta BIUIMB Pi3HUX yYMOB Je3iH(eKIIii:
7103H, 4yacy KOHTaKTy, pH.

[TopiBHsutbHA oninka BBy X Ta piakoro xiopy (PX)
Ha E. coli (A) Ta E. coli (B) mpu 19 °C Ta excno3umii 20 xB.
nokasana Hacrymnue (puc. 2.1, 2.2).

31 3pocTaHHAM 103U €PEKTUBHICTh 1HAKTHBAIl 0OoMa
nesindexkrantTamMu  30uThITyBanacs. OpHak OaKTepUIIUTHUN
epext X Oy Ounpm Bupaxenuid. Hampukman, 99% - Ha
1HaKTHBaIls 3a ponomorow X mocsraracs npu mo31 1,4 mr/m,
toxi sk PX - 1,8 mr/n. 99,9% - Huii edexT crocrepiraBcst npu
imeHTuyHIN 1031 3,0 M1/ 060X ne3iH(EeKTaHTIB.

ExciepumenTn Ha iHmuMX Oaktepisx (St.  aureus,
Bacillus subtilis 1 Sarcina), npoBeneri B gocdarHomy Oydepi
npu pH = 7,0 1 Temneparypi 20 °C mnokazamu (puc. 2.3-2.5)
Outbll e(eKTUBHY 1HAKTUBAIl0 IHUX MikpoopranusmiB X y
nopiBHsAHHI 3 PX: 11151 98 % - HOT iHakTUBaii S. aureus noTpioHO
1,5 mr/n IX Ta 2,5 mr/n PX (puc. 2.3).
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Tabmuus 2.1
InakTuBarnis E. coli miokcumom xjopy npu pH 8 u
temmneparypi 5 °C u 15 °C

Jloza  JIX,E. coli, KYO/mnKoncrantu (T, XB|Ct, Mr/mn-xs
MTI/71 IHAKTUBAI]

5°C
0,32 4.0 - 10* 0,68 1,90 0,44
0,57 2,4 -10* 0,91 1,13 0,57
0,70 9,0 -10° 1,34 0,42 10,25
0,96 6,5 -10° 1,48 0,30 0,25
1,21 5,2 -10° 1,58 0,24 10,24
1,51 4.7 - 103 1,62 0,22 10,28
2,34 1,1-10° 2,25 0,05 10,10
3,06 2,0 -10? 3,00 0,01 0,03
3,63 <10° - - -

T15°C
0,23 7,5 -10* 0,40 3,64 0,69
0,40 3,0 - 10* 0,81 1,42 0,43
0,60 1,6 - 104 1,09 0,75 0,37
0,70 9,1 -10° 1,34 0,42 0,25
1,02 4.4 - 103 1,65 0,20 0,20
1,32 1,4-10° 2,15 0,06 0,06
1,70 6,5 - 10? 2,48 0,03 0,04
2,15 <107 - - -
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Fig. 1. Killing effect of chlorine dioxide and chlorine

dosaces on E. coli (A

Puc. 2.1 3ne3apaxyrounii epexr X ta PX y pizHux
7103ax 10 BiHOIIEHHIO 10 E. coli (A)
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Fig. 2. Killing effect of chlorine dioxide and chlorine
dosages on E. coli (B).

Puc. 2.2 3uezapaxyrounit epexr X ta PX y pizHux
7103ax MO BiHOIICHH!O 10 E. coli (B).
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Fig. 3. Killing effect of disinfectant dosage on Sraphylococ-
cus aureus.

Puc. 2.3 3nezapaxyrounii epexr X ta PX y pizHux
7103aX T10 BIIHOLIEHHIO 10 St. aureus
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Fig. 4. Killing cffect of disinfectant dosage on Bacillus
subtilis.

Puc. 2.4 3uezapaxyrounii epexr X ta PX y pizHux
103ax I10 BixHOIIEHHIO 10 Bacillus subtilis
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Fig. S. Killing cffect of disinfectant dosage on Sarcina.

Puc. 2.5 3ne3apaxyrounii epexr X ta PX y pizHux
7103aX I10 BIIHOLIEHHIO 110 Sarcina

[Tpu no3i 2 mr/a obGox nesiH¢exTaHTiB mpotsrom 20
xBuiuH 1 19 °C cnocrepiranacs 95% 1HakTHUBAIls JTaHUX
6akrepiit npu 1ii PX 1 99,9% X, npu upoMmy Takuii edexrt mis
Sarcina nocsrasces nipu 1031 X 1,5 mr/n 1 npu 1031 PX 2,6 mr/n
(puc. 2.5).

[Tpu 3He3apa)keHH1 rocrnoiapcbKO-MOOYTOBUX CTIUHHUX
Bon JIX ta PX (puc. 2.6) xoncraroBano 99,9 % - uuii edexr
BruBy JIX y nmo3i 2,5 mr/n nmopiBasiHO 3 PX y 1031 3,0 mMr/n
XJIOPY.

[Tpu BuBueHH1 BruMBy pH Ha edeKTUBHICTD 1HAKTUBALII]
X E. coli (B) ta St.aureus BcranosieHo (puc. 2.7): IX
e(eKTUBHUI 10 BIJHOWIEHHIO N0 St. aureus y UIMPOKOMY
miarnazoni pH 3,0-9,0, Tomi sx PX y By3pkoMy Jiama3oHi
HelTpanpHOro crany cepenonuia (7,0-8,0); npu BBl Ha E.
coli (B) obunBa ne3inpexkTanT Oyinu i7IeHTUYHI.

AHaIOTI4HI pe3ylnbTaTd OTPUMaHI TPH 3HE3apakeHHI
X ta PX rocrnonapchko-moOyToBHUX CTIYHHUX BoA (pHC. 2.8).
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Fig. 6. Killing effect of disinfectant dosage on domestic
wastewater.

Puc. 2.6 EdextuBnicts pizHux m03 X ta PX mpu
3HE3apaXKeHH1 TOCIOIapChKO-TTOOYTOBUX CTIYHUX BOJI
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Fig. 7. Killing effect of disinfectant on Sraphylococcus
aureus at different pH value,

Puc. 2.7 3nesapaxyrounii epexr X Ta PX 1o
BITHOIICHHIO 10 St. aureus IpU pi3HUX 3HaueHHsIX pH
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Fig. 8. Killing effect of disinfectant on domestic wastewater
at different pH values.

Puc. 2.8 EdexruBnicts [IX Ta PX mpu 3HE3apaxeHHI

rOCIOAPCHKO-MIOOYTOBUX CTIYHUX BOJ IPU PI3HUX 3HAUCHHSIX
pH

Pe3ynbraru nopiBHsUIBHOI OIIHKH ekcro3uiii (1, 2, 5, 10
1 20 xB) npu 17 °C Ha 3He3apaxyrounil epext X 1 PX mo
BiHOMIEHH!O 110 E. coli (B) 1 St. aureus cBimuars (puc. 2.9, 2.10),
mo X nie mBuame - 11 98% -Hoi inaktuanii E. coli (B) 1 S.
aureus oTpioHo 1-2 xB, TOA1 5K PX - 2,5-3,5 xB.

[Tpwu nii X i PX mpu izeHTHYHUX 1031 Ta ekcro3utiii (3,0
Mmr/it; 20 XB.) B HATYpHUX yMOBax ekcriepuMeHTy JIX OyB Takox
e(eKTUBHIIIUH.

CuiBinHomeHHs 6akTepinuaHoro edexry X ta PX mo
BiJIHOIIIEHH!O 10 S. aureus Ta E. coli npencrapneHo y tadm. 2.2.

B obroBopenHi aBropu [38] 3po0uiu cripoOy MosICHEHHS
MexaHi3MiB O6akrepuranoi aii JIX ta PX.

Hacammepen aBTopu 3a3Ha4ar0Th, 10 PO3YHHHICTE JIX y
Boai (107,9 r/n mpu 20 °C) y n'aTh pas3iB NEpEBUIIYE TaKy
xjopra3y. [lopiBHsIHO 3 TifposizoM xjopra3y y Boai JIX y Boxi
HE T1APOII3y€ETHCS.

Hespaxxatoun  Ha ~ HEHACHYEHICTh  EJIEKTPOHHOI
cTpykTypu X, BiH 3aIMIIA€THCS Y BOJ1 Y MOHOMOJIEKYIISIPHOMY
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CTaHi, 0 MOSCHIOE HOTO MBUAKY TUDY3it0.
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Fig. 9. Killing effect of different killing times on E. coli (B).

Puc. 2.9 3unezapaxyrounii epexr X ta PX mono E. coli
(B) npu pi3HUX eKCTIO3UIIISX
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Fig. 10. Killing effect of different killing times on
Staphylococcus aurcus.

Puc. 2.10 3ne3apaxyrounii epext X ta PX mono St.
aureus TIPA PI3HUX EKCITO3UIIISX
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Tabmung 2.2
CuiBBigHomenHs 6akrepinuaHoro edekry [IX ta PX mo
BITHOIIEHHIO 10 St. aureus ta E. coli

bakrepuruanuii baxrepis

adekT (%) St. aureus E. coli (B)
PX, X, PX, X,
MrI/1 MrI/1 MI/T1 MI/T1

80 1,18 0,50 0,16 0,08

85 1,50 0,65 0,40 0,17

90 1,75 0,98 0,72 0,70

95 2,00 1,30 1,10 1,18

[Ipu 3ue3apaxkenni Boau xyopom (pH = 7, 0), HOCI 1 OCI
criBicHYI0Th, ipu 1IboMy HOCI, sk HecrTilika crionyka, Bifirpae
TOJIOBHY pOib y OakTepuiuaHiid Ta ae3iH¢ikyrouidt (yHKii,
ockinbKku B 80 pasiB 611k epekTrBHa, HIXK OCI. YnMm Buie pH,
tuM mBuame peakuis neperBopeHHs HOCI B OCl” 1 tum
cnabma eheKTUBHICTD XJIOPY.

3aBAAKA BHCOKIA OKHCIIOBAJIBHIA 3JaTHOCTI Ta
MOHOMOJIEKYISIPHOMY CTaHy J[X MoXke JerKo MPOHUKATH Yepe3
MeMOpaHy OakTepii, MOPYIIYIOUd TpaHCMEMOPaHHUHN TpaJlieHT
Ta TPOHMUKHICTh MeMOpaHH 3a paxyHOK IHT1OyBaHHS
docdarrpanchepas. B mpomeci imaktuBarii Oakrepit X
BIUTMBA€ Ha ()EPMEHTHUH JIAHIIOT TIIIOKO300KCHIA3H, 30KpeMa
Ha Mepkantorpynu (-SH), okucmoroun ix mo -S-S-rpym, 1o
MIPU3BOJIUTH /10 BTPATH aKTUBHOCTI €H3UMIB.

Ha Bigminy Big X, xmop y Bumsiai ioniB OCl Hanae
MeMOpaHaM OakTeplaJIbHUX KIITUH HeraTuBHMW 3apsa. lle
MOSICHIOE, YOMY OaKTEpUILIUAHUHN e(EeKT XII0pY B 2.5 pa3u HUKYE,
HIK JIX, 1 y3ropkyerbcsi 3 OUIBII BHCOKMM OKHCIIIOBAJIbHO-
BiJIHOBHUM MOTeHIIIIOM /X TOPIBHSHO 3 XJIOPOM.

BcranoBneHo 3pocTaHHS OakTepilMIHOTO edekTy 3i
30UTBIICHHSM TeMIlepaTrypu: moziBoroBaHHS koxkHI 10 °C.
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3aeXHICTh MK EKCITO3UIIEID MPH PI3HUX TeMIleparypax Ta
iHJeKCOM BHKHMBaHHS E. coli moka3ana Ha puc. 2.11.
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Fig. 11. Influence of temperature on disinfection effect.

Puc. 2.11 BrumB Temmeparypu Ha 3HE3apaKyrOUUil
edexr IX ta PX mozno E. coli (C)

BuBueHHss BIUIMBY OakTepiasibHOI CTPYKTYpH Ha
€(EeKTUBHICTh JIOKCHIY XJIOPY J03BOJIMJIO aBTOPAM BUCIOBUTH
TaKy JyMKY. B 0CHOBI BiIMiHHOCTI OakTepiil JIEKUTh CTPYKTypa
MEeNTUAONTIKaHy a00 MYKOIENTUAY KIITUHHOT MeMOpaHu (puc.
2.12).

Hanpukinan, rpamueratuBHi E. coli MaloThb OJTHOMIpHY
CTPYKTYpPY MYKOIIENTHJIHOTO JIAHIIIOTa 13 YOTUpMa MENTHIaMH,
BHACIIJIOK 4OTO Je31H(eKIiiani 3acid e(peKTUBHO mopyirye
XiMiyHI 3B'S3kM OakTepiil 13 MOJANBIIOK iHAKTUBAIi€. J[s
TPAMIIO3UTUBHUX St  aureus  XapakTepHAa  TPHUBHMipHA
MIPOCTOPOBA CTPYKTYpa JAHIIOTa, 110 OOYMOBIIIOE O1JIbII 3HAYHY
CTIMKICTh 110 Ae3iH(eKTaHTiB. Y 3B'SI3Ky 3 LUM, Ha IyMKY
aBTopiB [38], St aureus ™ae OimbIIy pPE3UCTCHTHICTH IO
JiKapchkuX 3aco0iB. Taka cama 3aJeXHICTh MPOCTEKYETHCS,
SKILO MpoaHalli3yBaTH pe3yabraTH i€l podotu [38], 30kpema
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npeacTaBieHi y Tabm. 2.2: s iHaktuBaii St. aureus 1 PX, 1 IX
NOTPiOHO 3HAUHO OijblIe, HIX A1 iHaKTUBaLii £. coli.

Dacteriolysis
point of encyme ],-Aln L
-Ala
D-Ala '
. PGiu
L-Lys{GLy); pap
D-Ala
A L l:)-Am
(:l; i P*[?lu -Glu i
~Lys-{ GL;
e YJ«\D-AL‘ ' DIAPg N-acetylmuramic a¢
D-Glu D-Ala (O N-acetylglucosamin

Staphylocoocus aureus  E. coli (colon Bacillus)

Fig. 12. The structure of peptidoglycan of cell wall for colon Bacillus, Staphylococcus aureus.
\
\

Puc. 2.12 Crpykrypa mnenTHIOIIIKaHy KIITHUHHOL
MeMOpanu E. coli ta S. aureus

Ha momatox mo ckasaHoro, IS MiJABHUINEHHS CTIMKOCTL
nesiki OakTepii MaroTh CHeIialbHI JOAATKOBI CTPYKTYpH.
Hanpuknan, HasBHICT J)KTYTHUKA TO3BOJISIE OAKTEPISIM ILIBU]IKO
nepecyBatucs 3 ae3iHdexuiiHoi 0bxacti 10 iHTakTHOI. Huzbka
MIPOHUKHICTh O0OJIOHKH MOXE OJIOKYBaTH OOMIH pe4OBHH abo0 3
KIITUHUA 1 TOCWINTH CTiHKICTh 0 Ae3iH(eKIiiiHuX 3aco0iB.
[Iporeinu MeMOpaHu MarOTh YUCIIEHHI AUTIO3B'SI3KHU 1 CylIbQian,
AK1 HEHTpai3yloTh BiUIbHI pagukanu. CiiJ 3a3Ha4MTH, 10 3i
30LIBIIEHHAM  «BIKY» OakTepii iXHS YyTIMBICTH [0
ne3iHpEeKIIHHIX 3aC001B 3MEHIITYEThCS.

Hanpukinmi asropu [38] 3asnauatots, mo X €
aJIeKBaTHOIO AJIETEPHATUBOIO XJIOPY.
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2.2 Kinetuka i mexanizm naesindexuii Oaxrepiii
AIOKCHIOM XJIOPY

Sk Bigomo, 1HILIATOPOM TPAKTUYHHUX TMPOIEAYp
nesindexkiii BBakaeThcst Joseph Lister. Omgnak, KiibKicHa
mpoueaypa s BUBYCHHs Je31H(EKIii BIepiie omucaHa Yy
kinacuuniii cratti Kronig i Paul [1]. [lecste pokiB mo Tomy
Madsen i Nyman [2], a motim Chick uepes pix [3], ctBoprin
MaTeMaTU4Hy MoJedb XIMIYHOI JAe3iH¢ekuii MiKpoOHuX
MOMYJISIIHN. Y X ABOX CTATTSIX 3allPOIIOHOBAHO aHAJIOTIIO MiXK
MIBUJKICTIO MIKpOOHOI J1e3iH(eKIli Ta YHIMOJEKYISPHOIO
peakiiiero abo peakili€ro MEepuIoro MOpsSaKY, sSKa 3aIHIIMIIACS
MOJIEIIITIO JIUTsl BCIX HACTYITHUX JAOCIIKEHb.

[TpoTsirom 50 pokiB MOB1IOMIISIIOCS PO BAOCKOHATIEHHS
TEXHIKU Ta BUCYBAJIMCA TIOTE3U 100 MEXaHI13My PYHHYBaHHS
MikpoOiB. Y 1946 pomi Green i Stumpf [4] mpumyctunu, o
XJIOp CIIPUYHUHSE 3aru0eNb MiKpoOiB, IHAKTUBYIOUN (EPMEHTH,
HeoOXimHi g  okucieHHs raoko3n. Knox et al. [5]
3anpornoHyBain  ¢epMeHT TpiacedocdaraerigporeHasy sk
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TOJIOBHY MIIIICHb TSI XJIOpHOI fe3iHdekii. OHaK 10ci MpIMUX
OilomoriyHuX J0Ka3iB Oyab-skoi 3 IMX Teopii Hemae. Sk
3a3HauuB WYSS [6], «ramy3p ne3iH(eKIlii € HEeKBaIlJIUBOIOY.
JlocnmipkeHHs, onucane TyT, [7] mpomoHye Monau(iKOBaHHIMA
MaTeMaTUYHUN MAX1 10 XIMIYHOI fe3iHdeKIii 6akTepiaabHuX
MOMYJISIIIIH 3aBASIKU YHIKATBHIN Ta IIBUAKIN MpoLeaypi BiiOopy
nmpo0, po3unHaMm O3 OpraHiYHUX PEYOBHH, KiIbKICHOMY
CTIEKTPO(POTOMETPUYHOMY BH3HAUEHHIO HU3BKHX 103 (4aCTKU
Mijirpama Ha JiTp) Ae3iHgikyrouoro 3aco0y, a TAKOX Teopii Ta
KOHCTPYKIIii XIMIYHUX PEaKTOPIB.

Kpim toro, pe3yiabTatu 610J10TTUHUX €KCIIEPUMEHTIB, 1110
JIOTIOBHIOIOTH MaTeMaTHYHy  IHTEpIpeTalio KpUBUX
IIBUAKOCTI, BKa3YIOTh Ha MEXaH13M JieTajlbHOro ypakeHHs. Lle
JOCTIUKeHHsL [7] € TpsSMUM TIPOJOBKEHHSIM IOTEPEIHbOT
nyOmikanii Benarde et al. [8]. B Hiit moBigomiisiiiocs mpo 3HaYHY
1HaKTHBAIlll0, MO0 TmepeBuiryBaita 30-XBUJIMHHUNA KIHIIEBUI
MOKA3HUK, KU 3a3BUYall BUKOPUCTOBYETHCS B JOCHIKEHHSIX
nesindekmii. Ile, 3maBamocs, BkazyBasio Ha Te, mo C10O;
1HAKTUBYE OCHOBHY MillleHb. Take MPUITYIIEHHS MPU3BEIO J0
po3poOKu amapaTy, SKUW T03BOJISIB OM BH3HAYaTH BiJICOTOK
BIKMBAHHS TICIS 1HTEPBAJIiB, BUMIPSIHUX Yy cekyHnax. Ilicns
JOBeACHOT €(EKTUBHOCTI IHOTO amapary Oyjao TMPOBEIEHO
JNOCTIPKEHHsT  BIUIMBY  TemrmepaTypu Ha  e(eKTHUBHICTh
ne3indexii. Y miif cepii BUKOPUCTOBYBAIMCS TaKi KOHCTaHTHU:
pH 6,5; mineHicTs KmiTHH 15 000 HA MITUTITP; Ta cepeOBHILE
0e3 opraHiyHHX pedoBHH. 3MiHHUMU Oyiu KoHIeHTpatris C10;,
TEeMIepaTypa Ta 4ac KOHTaKTY.

[Ipy BHBUYEHHI 3al€KHOCTI BW)KMBAHHS BIJ Yacy Ta
Temrneparypu npu Bukopuctanti 0,75 mr/n C102 BcTaHOBNIEHO,
mo #oro edeKTUBHICTh Oe3MocepeHh0 3ajekana  Bif
temneparypu. IloniOnuit 3B'a30k cnocrepirascs npu 0,50 Ta
0,25 wmr/n. JIns mocsrHeHHs 99% iHaKTHBAIi KOHIICHTPAIIist
0,25 mr/n norpebysana 110 cexynn npu 5 °C, 74 cekyHau npu
10 °C, 41 cexynny npu 20°C ta 16 cexynn mpu 30 °C - maiixe
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B yotupu pasu mBuame npu 30 °C, nik npu 5 °C. Ilpu piBHi
99,9% wuac, ueoOximamii i aesindekmii mik 5 Ta 30°C,
30umbmmBes g0 7,5 pasiB (21 cekynma mpu 30°C mporu 150
cekyHn pu 5°C).

36inbmenns koHneHtparnii C1O2 mano TeHIeHIi 10
3HAYHOTO 3MCHIIIEHHS Yacy, HeoOX1HOTO Jis iHakTuBarii. Ha
piBHI 99% mist 0,75 mr/n notpiOHO Oyno numie 14 cekyHa npu
30°C nopiBusiHO 3 60 cexyrnamu npu 5°C. I'padiuna peanizaris
[UX PeaKIliil moka3asa BiICYTHICTh MPSMUX JiHIH, 110 BKa3ye Ha
BIJIXWJICHHS BiJ] IPOCTHUX PEAKIii MEPIIOro Mopsaky. Tomy s
BHU3HAUEHHSI HAaWKpaIIOro MOPSAJKY peakiii HeoOxigHa OiLIbII
ckimagHa oOpoOka. Ha ocHOBI mux maHux Oyno 6 KOpPHCHO
PO3pPOOUTH MaTeMaTHUYHY MOJEINb, Ky Ol0iHXKEHEepH 3MOrIU O
BUKOPHUCTOBYBaTH TIpU  TPOEKTYBaHHI  Je3iH(EKIiHHOTO
oOnagHaHHsA. Y IMX MOJENSAX 3aBXIW TOJOBHE 3aBJaHHS -
KUTbKICHA OIlIHKA IIUX HETIHIWHUX KIHETHYHUX TapameTpiB. 3
€0 METOI OakaHO CIHpaTHCS HAa KJIACHYHI MIAXOMIHU, SKi
KOPEJIOI0Th JIaH1 MPO IBUAKICTh CKJIAIHUX XIMIYHUX pEaKIlii 3
TemrepaTyporo Ta kKouieHrpaitier. Chick [3] 3ampomonysas
Ied TUI PO3paxyHKy, SKOTO JOTPUMYBAIUCS MPOTITOM
octanHix 60 pokiB (pik crtarti [7] 1967). OmHak mpoTsSroM
octaHHiX 10 pokiB OynO JOCATHYTO HpOrpecy B KIHETUYHHX
MOJIETISIX.

2.2.1 Kinemuuni mooeni.

Ha 3araneny mBuaKicTh iHakTHBaii E. coli miokcumom
XJIOPY BIUIMBAIOTH IIIOHAHMEHIIIE TPYU OCHOBHI (JaKTOPH, a came:
(i) maconepenoc C1O y piauni go E. coli, (ii) xemocopOuis
ne31H(IKYI0U0T0 3ac00y Ha CEICKTUBHUX aKTUBHHX IIEHTPAX Ha
MOBEPXHI KIIITUHU Ta (i) MOBEPXHEBA Ta
BHYTPIIIIHHOIIOBEPXHEBA nudys3is AKTHBOBAHOTO
XeMOCOPOOBAHOTO KOMIUIEKCY 3 CYMYTHIM XiMIYHUM BILUTUBOM
Ha KJIITHHHI €JIeMEeHTH. 3'ICYBaHHS MEXaHI3MIB Ae3iH]eKIii Ha
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OCHOBI KIHETUUHUX JIaHUX 3HAYHO YCKJIATHIOETHCS MOKIIUBICTIO
TOTO, IO KiTbKa €TalliB MOXYTh KOHTPOJIOBATH IIBHJIKICTb.
ToMy mepen BHKOPUCTAHHSM KIHETHUHOTO MOJICIIOBAHHS
BOXJIMBO BH3HAYUTH, IO KOHTPOJIOE MIBHJKICTH: (Hi3MUHHIA
eTan, Takud sK Macorepeiada a00 BHYTPIUIHHOIIOBEPXHEBA
mudy3iga, abo XiMIYHMHA eTar, Takuid sK XiMiyHA araka Ha
KJIITHHHI €JIEMEHTH. [Hakmie ampokcuMmallis KpUBOi CTaHe
0e3TITy3/IMM 3aBJIaHHSM.

OckinbKH OUTBIIICT XIMIYHHUX MPOIIECiB, HA BIAMIHY Bij
qucTo (I3MYHUX MPOIECIB MacomepeHocy abo audysii, €
CIWIIBHO YYTJIMBUMHU JO0 TeMIlepaTypH, BU3HAUCHHS €TaIliB
KOHTPOJIIO MIBHJIKOCTI MOXX€ OYTH TOJETHICHO IUISIXOM
CIIOCTEpEXKEHHSI 3a BIUIMBOM IIiJIBUIIEHOI TeMmIepaTypu Ha
3arajibHy MIBUJKICTh IHAKTHBAIii. Y bOMY JTOCIiIKeHHI [7]
criocTepiraBcs CUJIbHHM BILTUB TemnepaTypu. Lle roBoputs mpo
Te, 10 IIOYATKOBOIO TINMOTE300 € XIMIYHHMH eTam, SKUH
KOHTPOJIIOE 3arajbHy IIBUAKICTh 1HakTHBauii. Kpim Toro,
a/JIeKBaTHE MEpEeMILIyBaHHS peaKLiiHOI CyMIIIl BHKJIIOYAJIO
MacorepeHoc y pifkiil ¢asi gk eran KOHTpoIto mBHUIAKOCTI. Lli
(eHOMEHOIIOT14HI (aKTH Ta TinoTe3a Mpo XIMIYHUA MEXaHI3M
KOHTPOJIIO IIBUAKOCTI CIIy’KaTh 3pyYHOIO BIANPABHOIO TOYKOIO
JUIE  3MICTOBHOI'O  KIHETHYHOIO  MOJEIIOBAHHS.  SIKIIO
MIPUITYCTUTH, IO 3aKOH JIii Mac 3aCTOCOBY€ETHCS 10 010XIMIUHUX
peakuiif Tak camo, SIK 1 0 TOMOT€HHHUX piAKO(pa3HUX peakxiii,
TO JUIsl TICEBIOYHIMOIIEKYISIPHOT MOJENi KIHEeTUYHUN BHUpa3

HaOyBae BUTIISALY
3 ek W

Hns  nmocmimkyBanoi cuctemu E. coli piBHsHHS 1
CTBEp/KYE, IO IIBHIKICT 3HMKHEHHS KiaitmH E. coli nHa
OJIMHMIIIO 00'€eMy 3a OJMHUIIO Yacy B peakTopi MpomopiiiHa
KOHIICHTpalii (aKTUBHIN Maci) KIIITHH, MPUCYTHIX y OyIb-IKUi
MOMEHT 4Yacy B CHCTEMi, NMPHUYOMY CHCTEMa TYT € PIIKOIO
CYMIIIIIIIO B PEaKTOpi B OyAb-sIKU MOMEHT 4acy. SAkimio 00'em
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CHUCTEMHU Maiike MOCTIMHHH, 0 Masio O MicIle I peakTOpiB
nepioanyHoi aii 6e3 BUAaleHHs 3pa3ka, piBHAHHSA 1 HalyBae
BUTIISTY

de
—= =k ()

oo € KJIaCMYHUM BHpazoM <«3akoHy Chick»y ms
nesingexii. SKmo MnopsaoK BiAPI3HAETBCA BiA MPOCTOTO
MEPIIOTO MOPSAJKY, TO PIBHSHHSA 2 HEOOXIAHO BIAMOBIIHO
Mo U (iKyBaTH; HAPUKIA],

de
—— k‘,cn
% 3

ne N - Oynb-sike JAificHe YuCIo.

Temep po3rasHEMO  3arajbHUl  BHIIAAOK, KOJIU
OesnepepBHE BHIAJICHHS 3pa3ka i3 CHCTEMH IMPHU3BOAUTH [0
3MiHK 00'eMy BIiATIOBIAHO /0 3aKOHY 3MEHIIEHHS 00'emy, V =

V/(t). PiBHsIHHS 3 IepeTBOPUTHCS HA

Ve 4V

IO 3BOJNATHCA J10
% ko (®)

OdeBHAHO, M0 BUMAAOK, KOIH 00'eM OyB MOCTIHHUM,
IIGHTUYHUIN BUIAJKY, KOJIU 00'eM OyB 3MiHHUM, 32 YMOBH, 1110
3MiHHI KOHLIEHTPALil BAKOPHCTOBYIOTHCS TIOBCIOM.

3ritno 3 «Chickian»  ¢inocodiero, npuURHATO
aHaJIOT1YHO (POPMYITIOBATH PIBHAHHS 3 HACTYITHUM YHHOM:

aN
~= — KN® 6
) (6)
ne N = KkinmpKicTh, a HE KOHIEHTpAIlis, KIITHH, IO
BIDKWIIH B cucTeMi. Jlitouw, sK 1 paHiiie, sl BUTIAKy 3MIHHOTO

00'emy, piBHSIHHS 6 cTae
dN dinV

= BN — . - N )

PiBHSHHS 7 KOIHUM YHMHOM HE Haraaye piBHSHHS 5, 1,
KpiM TOro, 3HaueHHS K 3 JBOX pIBHSHb MPUHIIUIIOBO
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BIIPI3HAIOTHCS Yepe3 OJIMHHUII BUMIPIOBAHHS Ta MaTeMaTUYHY
dbopmy mudepenmianpbHUX piBHAHb. HaBiTh skOm 00'em OyB
MOCTIHHUM, PIBHSAHHSA 5 Ta 7 BCe OAHO BIAPIZHSAIOTHCS Ta
BU3HAUAIOTh pi3HI 3HaueHHs K. 3B'SI30k MK JBOMa
napameTpamu K st CHCTEM 31 3MiHHAM 00'€eMOM TakKuit

K= (V) &;V + k(Y)Y (8)

MiiicHo auBHO, YoMy, Hanpukiaa, Chick [4] namonsras
Ha BHUKOpHUCTaHHI N, KiTbKOCTI KMBHX KIIITUH y CHCTEMI, K
aKTUBHOI MacH, y piBHsHHI 1. Llle 6inbin auBHUM € TOH (akT,
o 6arato HeoOi3HAHMX ekcrepuMeHTaropis, micas Chick [4],
OYEBHIHO, BUKOPUCTOBYBaIH C 3aMicTh N mig 4ac po3paxyHKy
k. BHCHOBOK, SIKHi MO)KHA 3pOOHMTH 3 LUX CIOCTEPESIKCHbD,
MOJIATAE B TOMY, IO PIBHSHHA 5 SBIsSIE COOOK0 HaWMEHII
3alyyTaHy aHaloroBy MOJENb XIMIYHOTO 3aKOHY [ii Mac.
®dopMyroBaHHs, 3aCHOBaH1 Ha N, a He Ha C, HE € pO3CY/NIUBUMH,
ockinbky V(t) Mae OyTH BiJOMHM i BpaXOBaHHM MaTEMaTHUYHO.

V uiit cratTi [7] akieHT poOUTHCS HE HA alpoOKCUMaITii
KpuBOi abo SAKOCTI HAOMMKEHHS, a Ha KpPUTEpIAX BHUpa3y
mBUAKOCTI. PiBHSIHHSA 3 € oHIEI0 3 (HOPM KIACUYHOTO 3aKOHY
Iii Mac, ToAl K piBHsAHHA 13 He Mae Takoi OCHOBU 1 TOMY Mae
Ou1b1I cylabKe MIATPYHTS, HIK PIBHAHHSA 3.

[Tpu anmpoxcumanii KpHBOi 3aBXKAM MOXKHA BHSBHUTHU
0araro MaTeMaTHYHHX BHUPA3iB IIBUIKOCTI 3 OJHAKOBHM
CTyneHeM HaONMKeHHs. PIBHAHHS 5 ciliJl po3riisaaTH JIMIIE sIK
BIJIIPaBHY TOYKY, 3 AKOi MOXYTh BIILITOBXYBAaTHCS MaiOyTHI
TeopeTu3allii.

2.2.2 Ouinka napamempis.

Cnin matm Ha yBa3l IIOBHE YCBIJOMJICHHS, IO
eKCIIEpUMEHTAJIbHI J1aHl aBTOpIB [7] MOXYTh HE BHMaratu
CKJIAJHOTO CTAaTUCTUYHOIO aHali3y, METOJIB ampOKCHMALii
KPHBHX, ICTAILHOTO KIHETHYHOTO MOJICITIOBAHHS Ta TOSICHEHHS
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MeXaH13My. ABTOpH I'OJIOBHUM YMHOM 3aIliKaBJICHI B TOMY, 11100
MOKAa3aTH HETMIHIHHUI METOJI, SKUi MOXXHA BUKOPHCTOBYBATH 3
UM THUIIOM JaHHX.

Jns dikcoBaHMX 3HAYEHBb TEMIIEPATypH Ta MOYATKOBOI
KOHIICHTpAaIii TI0KCHIY XJIOPY HEB1IOMI ITapaMeTpH B PiBHSHHI
5, kK Ta N, MOXHA OIIHUTH 3a JOMOMOTOI0 AHAII3Y ITOMIJIKU
HalMEHIIUX  KBajpaTiB». Kpurepili, 3acHoBaHuii  Ha
JiHeapu30BaHil GopMi, TaKuii:

min ):[ ( g)i Ik - nlnf:i]z (9)

e k" = kco™, co = moyaTkoBa KOHIIEHTpAITis KIIiTHH, Cn
= ¢/co. BigmosigHi «HOpMaJILHi piBH;{HH;{» TaKi:

- Ink” + Z Iné; »n = Z In( j:) (10}

Ta
> (@) - nk” + Z‘: (In) - n
%

in& lﬂ( gf)

Oninka nmapametpiB 3 piBHAHb 10 Ta 11 cayxuts s
MO3HAYEHHS TOYATKOBOI TOYKH CITKH, 3 IKOT MOXKHA PO3MOYaTH
HEJiHIHHU MOIIYK Ha aHAJIIOTOBOMY KOMIT'FOTEpi. 3BHUaiiHo, K"
Ta N MOXHa OIIIHUTH 3a JIOMOMOTOI0 HEJIHIMHOTO aHaJi3y
«HalMEHIINX KBaJpaTiB» Ha MU(PPOBOMY KOMIT'IOTEpi, aje s
Mporeaypa BUMaraTUMe BUKOPUCTAHHS HEIIHIMHUX METO/IIB
MOIIYKY, sIKI (DaKTUYHO €KBIBAJICHTHI 33 CBOEID «XYJI0KHBOIO»
(dhopmoro JBOETAMHIN MPOIeaypl OMIHKYA MapaMeTpiB, ONMUCAHIN
BUIIIE JJIs1 aHAJIOTOBOT'O KOMII'TOTepa.

MacmraboBaHa aHaJIoroBa KOMIT'IOTEpHA Jiarpama Jjis
piBHAHHA 5 3 C = CnCo Ta K" = ko™ 3 kpurepiem BimmosinHocTi
0a3yeThbCsi Ha  MIHIMaJIbHO-KBAJIpAaTUYHIA TMOXHMOII  MDK
aHAJIOTOBOI0 KPUBOIO Ta EKCIEPUMEHTAIBHUMH TOYKAMH.
Pesynbrat moka3yroTh, 110 TOPSAIOK PEakii BITHOCHO Hacy
KOHTAKTY 3MIHIOETBCS K 3aJISKHO BiJ] TEMIEpaTypu, Tak 1 Bix

(11)
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koHnentpanii C10O,. Kpim Toro, 4uciaoBi pe3ynbTaTH
JiHEapu30BaHOTO aHAN3y HAHMEHIIMX KBaJpaTiB B3araji He
Y3rOo/DKYBAJIUCS 31 3HAYCHHSIMH aHAJIOTOBOTO KOMITHOTEpA, 3a
BuHATKOM 32 °C. 3HaueHHs N 3JIMIIATKCS ITIOCTIHHUMU Ha PiBHI
3Ha4YeHb, 00uncieHux 3a 10 ta 11, ockiIbKH OYyJ10 TOMIYEHO, 1110
NOXHOKY anpokcuMallii KpuBoi Oyiu OuTbII 4yTiauBUMH 10 K",
HDK 70 N. Ile Takoxx 3a0e3medymyio OCHOBY IS TOPIBHSHHS
3Ha4YeHb K 3 JBOX pi3HUX MeTomiB aHamizy. OCKUIbKH N
BUSBHJIOCS BIJIHOCHO HEBAXIUBUM, Oylo 3po0OiieHO cIpoly
noOynyBatu rpadik eHeprii aktuBamii  AppeHiyca 3
MPUIYIICHHSIM, L0 Bapiallis B MOPSAKY peakiii He pOOUTH
OLIIHKY eHeprii axkTuBamii HexmildicHOW0. Pe3yapTatn 1HOTO
aHai3y IOKa3alu, II0 eHeprisa akTuBamii craHosmia 12 000
KaJ1/MoJb He3anexHo Bij koHneHTpamii C10;.

Kinernyna monenp y piBHSHHI 5 BKa3ye OUIAX [0
MaiiOyTHIX gocmipkens y ramysi aesingexuii C10;. Ilepm 3a
Bce, Oyno npunyuieHo, o C1O; € HaJUIUIITKOBUM PEaKTHBHUM
KOMITOHEHTOM, 3MiHa KOHIICHTPAIIii SIKOTO 3 4acOM 1HaKTUBAIIil
HE 3MIHIOETBCSI TaK CYTTEBO, K KoHIeHTparris E. coli. [{s ymoBa
npu3Bena J1o rncesno Nth nopsaxky GopmyntoBaHHS pIBHSHHS 5.

[Tomanpi JOCHiTKEHHs] TOBUHHI OyTH CIIPSAMOBaHI Ha
3'ACyBaHHA BIUIMBY BKJIIOYeHHS KoHmeHtpamii C10; vy
KIHETUYHY MOJIEJIb Ha alpoKCHUMaIlito KpuBoi nanux. Kpim toro,
CTI BU3HAYUTH TIOPSAJOK peakilii BIIHOCHO IOYaTKOBOT
KoHIeHTpanii kimitua E. coli, mo6 3'icyBaTu, 4u mpomixHi
MPOJAYKTH peakuii NMPUTHIYYIOTh IIBMJKICTh 1HAKTUBALli, 4H
nepeBaxkae ABTOKATAJIITHYHUI MEXaHI3M. CwIIbHHH
TEMIIEPAaTypHUN BIUIMB, MO0 CIOCTEPITa€ThCs B  IBOMY
JOCTIPKeHHI, BXX€ BKa3aB Ha XIMIYHY MPHUPOAY MIBUIKOCTI
1HaKTUBallli, Ha BIAMIHY BiA CyTO (I3UYHUX KOHTPOJIBHHUX
eramiB. Enepris akrusanii (E) 12 000 kan/monb, 6e3yMOBHO, €
JIOCTaTHBOIO, SKIIIO MPUITYIICHHS PO 3MIHHUHN MOPSAAO0K peaKirii
He BIUMBae Ha E. 3HaueHHs eHeprii akTuBaiii, HaBEJACHE TYT,
Kpalle BiloOpakae CIpaBXHIO CHEPrilo aKTUBaIlii, HIK Ti, 110
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3a3BHYail IOBIIOMIISIOTECS HA OCHOBI OYy/Ib-SIKOTO 3 HACTYITHUX
KIHETUYHUX PIBHSHb:

dN
T kNt {12)
or
de

2.2.3 Bionoziuni 00cnioxsnceHHA MeXaHiIMY

Po3pobka  kimermunoi Mogmem — Oa3yBamaca  Ha
OPUIOYIIEHH], 10 TCeBAO Nth KiHeTWKa OmKCye MIBUIKICTH
peakmii Ta i TemmepaTypHy 3alexHICTh. Ll Momens
HAMaraeTbCsl MOSCHUTHU 3arajbHuil MexaHi3M. OJHaK OKpemi
eTanM, SKI CKJIaJaloTh 3arajlbHUN MeXaHi3M, 3aIUIIal0ThCs
He3'scoBaHUMU. 3 1€l mnpuyuHU Oyiau 3poOsieHi crpodu
BusBuTH Oioyoriunuit mmsx  ClO; ans mosicHeHHST erarry
KOHTPOJTIO IIBUJIKOCTI.

[Bunkicts AesiH¢ekiii, HabaraTo MeHIla 3a paHille
MOBIOMJICH] 3HAYECHHSI, Ta CUJIBHUI OKHUCITIOBAJIBLHUI XapakTep
C10; cBimyath mpo Te, M0 HMOBIPHUM MEXaHI3MOM € XiMidHe
pyHHYBaHHS KJIITMHHOI CTiHKM OakTepiil. SIKmo KiIiTHHHA
CTiHKa OyJla CHJIbHO MOpYIIEHa, OUTOK 1 HyKJIeiHOBa KHMCIIOTa
MOBUHHI BUBUIBHATHCS Y JIOCTaTHIA KUTBKOCTI, 00 OTpUMATH
xapakTepHi Tmiku B obmacti 260- Ta 280-HM 1pH
cnektpooTomerpuuHomy anaiizi. 11lo6 minTBepauTu ¢akt
MiKiB OlKa Ta HYKJIEIHOBOI KHCIOTH, HEOOpOOJeH! MpOMMUTI
KIIITHHU MEXaHIYHO PYHHYBaJIN B 3ByKOBOMY ocumisitopi. [Tpu
po3BenenHi 1:10 mik mpocTexxyBaBcs ipu 260 ta 280 HM. Y e
MOMEHT 10 po3uuny nonasanu C1O;. [1pu noxansmomy aHamizi
3MIH y KpPUBHUX HE BiIOyJIOCS, IO BKa3ye€ Ha BiJACYTHICTH
BuguMmoi peakmii Mk ClO;, Oinkom abo HYKIETHOBOIO
KHCIIOTOIO.

Benuky kinpkicth KIiTHH cycnenayBamu B OFD-
dbocharaomy Oydepi (pH 6,5). Li kniTuHN neHTpUdyryBaiu Ta



91

npomuBaiay Tpuyi. Ilpomuti kimituam 00pobsn  ClO»
npoTsirom 5 xBuiuH. [1oTiM iX HeHTpuQyryBaiu 10 yTBOPEHHS
ocaqy, 3aJIMILAIOYU IPO30PY PIIAMHY-CYNEpHATaHT. 3pa3ok
PO34MHY CyIIepHATAHTy moMiayin B 10-caHTUMETPOBY KIOBETY
Uil aHamizy. 30LIbIIeHa JOBXXKMHA CBITJIOBOTO  IUIAXY
nigBunpuia  gytauBicte y 10 pasiB. BiacyTnicte mikiB
noravHaHHs B oOnacti 260 ta 280 HM cBiguMia mMpo Te, IO
OUTOK Ta HYKJIETHOBA KHCJIOTA HE BUBUIBHSUIACS 3 KIIITHH. Byio
3p00eHO BUCHOBOK, 1110 C102 He cripuynHsE€ BUTIKAHHS BMICTY
KIIITHH 1, OYEBHUIHO, HE OKUCITIOE OUTKOBUN MaTepiall 10 1HIIHX
npoayktiB. B po6oti Bringmann (1953) [9] 3a momomororo
SIIEKTPOHHUX MikpodoTorpadiii mokazaHo, IO B KIITHHAX,
0o0pOoOJIeHUX XJOpPOM, HE BiI0OYBA€ThCS BUAMNMHUX 3MIH Yy
IITICHOCTI KIIITHHHOI CTIHKH. BUCIIOBICHO TMPHITYIICHHS, IO
JeTallbHEe YPaKEHHSA B IIbOMY IHTEpBaJi IIJIKOM MOXE OYyTH
MOB'SI3aHE 3 BIUIMBOM Ha MEPBHHHY MIIIEHb, TaKy SIK CHHTE3
Oinka.

Jlns mepeBipky wiei rinotesu deninananin, mivennii 4C,
JOJIAJTU 10 CeNeKTHBHOTO cepenouina mis E. coli, mo mictuno
npubmusao 10° xitun. Moro HeraiiHO TOMICTHIM y BOISHY
6aHto 3 Temneparyporo 37°C Ta nani iHKyOyBanu. Uepes neBHi
MPOMIKKH Yacy 3pa3Kd BIiIOMpaid Ta JOJABalU JO Tapsyoi
TPUXJIOPOLTOBOI KHCIOTH A ocajkeHHs Ouika. [lotim 1o
CUCTEMHU JOJIaBaM JIOKCUJ XJOpPY, 1 3HOBY B1IOMpaIN 3pa3ku
uepes TeBHi poMikku yacy. [TixpaxyHok 6inka, mo mictus *C,
IOKAa3aB 3HA4YHI BIIMIHHOCTI B CHHTE31 OiJIKa MDK KIIITUHAMH,
o6pobnernmu C1O2 Ta IHTAaKTHUMH.

[[Io6 ocTaTOYHO MIATBEPAMTH 1€ CIIOCTEPEIKEHHS, OYII0
NpoBeNeHo Apyre BUMpoOyBaHHA. Llporo pasy mivenmit 4C
BaJIiH J0/1aBaiy 0 KiiTuH. 1106 oTprmaT 3HAYyIIi AaHi PO
HIBUJIKICTh CUHTE3Y Oinka, 3 00pookoro C1O:2 Ta 6e3 Hei, Oyio
po3pobiieHo amapar, SKHM JO3BOJISIB BiAOMpaTH 3pa3ku 3
inTepBasiamMu B 10 cexyHa. Pe3ymbTaTH LbOTO €KCIIEPUMEHTY
nokazanu, mo C1O; pizko npurHiuye cunre3 Ounka. Jlar-dasza
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He crioctepiranacs. Lle Bka3dye Ha Te, IO JIETadbHE YpaXKCHHS
Oe3mocepelHbO TOB'S3aHE 3 CHHTE30M Oilka, a He 3
1HaKTHBAaIlI€l0 (DEPMEHTHOI CUCTEMH B KaTabO0Ii3Mi ITFOKO3H, 1€
YTBOPIOETHCS Jar-gasa.

IcHye kinbKa MOXKJIMBOCTEH, HANPUKIAJ, 1HT1OyBaHHS
YTBOPEHHS aMiHoaIWIafeHiaary abo iHriOyBaHHA aKTHBALii
amiHOKHCIIOT. [li 1Ba Kpoku MokHA Oysio O HaJeKHUM YHHOM
PO3TISIIATH SIK OJHY MOXIIMBICTH 1 MPEACTABUTH HACTYITHUM
YUHOM: aMiHOKHCIIOTa  +  aneHo3uHTpudochar  —
aneHo3nHMOHO(pocdar ¢ aMiHOKHCIOTa; PUOOHYKIICTHOBA
kucinora (SPHK) + aminokucnora — SPHKeaminokuciora.

Jlpyra MOXJIHBICTh MOXE BigOyBaTHCS Ha piBHI
pubocom, mpexacrasieHa upazom SPHK e aminokuciora +
TpaHcepasza pudbocomu /pepMeHTH — crienuivyHuA TPOTETH.

Tperss MOXIUBICTD MOXE TOJATaTH B IHAKTHBAIlIl
matpuyHoi PHK, mo 3amob6irae TpaHcmsauii KomoBaHOI
iHpopMmaii.

UerBepre TOSCHEHHA €  CTPYKTYpHHM, a He
¢GyHKLIIOHANBHUM: pyHHYBaHHsA pubocomu mig aiero ClO;.
Opnak, pyiiHyBaHHS puOOCOM MOBUHHO IPU3BECTH JI0 BTPATU
BMICTY KIITHH, 4Yoro He BigOyBasocs. Takum dYHMHOM,
1HAKTHBALll CUHTE3Yy OlIKa € HalOLIbII IMOBIPHOIO.
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2.3 Pe3aucTeHTHICTH 0aKTepiaJlbHUX CyONOMYJIsILi 10

AIOKCHY XJIOpPY

InakTuBaIiito OakTepiii croyatky 3ampornonysaB Chick

[1] sk peakiito Mmepioro MopsaKy. Beaxanocs, 1m0 MBUIKICTh
1HaKTHBAIl] € TIEPITUM MOPSAIKOM 32 KOHIICHTpAIlIEI0 OaKTepii,
SKIIO TPUIYCTUTH TOCTIHHY KOHLEHTpAIIo Ae3iH(EeKTaHTa.

OLTBIICTh  EMIIPUYHUX  JIOCTI/DKEHb  TOKa3alu
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BIIXWJICHHS BiJ TIPOCTOTO0 TPOIECY MEPIIOr0 IMOPSIIKY.
KoHcTaHTa MBUAKOCTI 3a3BUYail 3MEHIITYETHCS 3 YaCOM 1 1HOI
CIIOCTepiraeThCst  MmoyaTtkoBa 3arpumka. Rahn  [2, 3]
3arporionyBaB multihit Mmomens mist mosicHeHHs jar-dasu, ska
4acTO BHHHKAE Tiepea  JorapudMidyHOK  IHAKTHUBAILEKO.
BinxuieHHS MOSCHIOBAIUCS T€TEPOTEHHICTIO MOMYJIsIii, TOOTO
PE3UCTCHTHUMH Ta YYTIUBUMH PpakilisMu. Take K MOSCHEHHS
Oyino 3ampomonoBano Gard [4] i omucy iHaKTHBAIi
MoJIioBIpycy opmanbaeriiom.

Moats [5] y3araabHHB IIi CIIOCTEPEKEHHS SIK YOTHUPH
OCHOBHI KpHUBi Br>kuBaHHS (puc. 2.13).

Puc 2.13 Yotupu OCHOBHMX TUIA KPUBUX BH)KHBAHOCTI
Oaktepiii npu aesiHdekuii XiMIYHUMHU Je3iH(EeKTaHTaMU
(amarrroBano Bifx [5]).

KpuBa tuny A nemoHcTpye miede, abo Jjar, 1o
MOSICHIOETBCS  KITbKOMA  MIIIEHAMH, HEOOXIMHUMH IS
iHakTuBarii. JIinis Tumy B — 1e imeanpHa 1HaKTUBAIIS TIEPIIOTO
NOPSZKY, sIKa piako crnoctepiraerbes. JBodaszni kpusi C ta D
MOSICHIOIOTBCSA TE€TEPOTCHHUMHU  IMOMYJIAIIAMHU, SKIi MaroTh
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pe3UCTeHTHY QpaKIlito, cepen iHmmx daktopis. J[BodazHi Kpusi
XapaKTepU3yIOThCs IMIBUIKOI IOYATKOBOKIO IHAKTHUBAII€0, a
MOTIM 3HMIKEHHSM IIBUIKOCTI 1HAKTUBAIII1, IO MMPU3BOIUTH 0
rpadpiunoro yrBopenHs 1wuiato. Ili kpuBi (C Ta D)
CIIOCTEPIraroThCs B 1abopaTopii Ta MOJIBOBUX YMOBAX 3 PI3HUMH
MIKpOOpraHi3MaMy Ta iIHAKTUBYIOUUMH areHTaMH.

[[IBuake 3MEHIIEHHS KUIBKOCTI KIITHH TEPIIOTro
MOpSAKY  3a3BUYail  CIIOCTEpIraeTbcst 3 OUIBIIICTIO
ne3indikyrounx 3aco0iB mpotsrom nepmux 90 cekyHn micis
KOHTaKTy, KOJHu BigOyBaeTbcs 99-99.9 BincoTka iHakTHUBAIii
KIiTUH. OJHAK 3 TPAKTHUYHOI TOUYKH 30pYy, HE MEHII BaXKJIMBUM
acTIeKTOM peakIlii iHaKTWBalii € iCHyBaHHsS CTiHKOI (pakiii
BIDKMBAIOYUX, KA 3AIHUIIAETHCS JKUTTE3AATHOIO HABITH MICISA
TPHUBAJIIIOTO Yacy KOHTAKTY, TUTIOBOTO JIJISl CHCTEM OYHIICHHS
Ta po3nonity Boau. Hampukian, xoya B 1a00paTOpHUX
excriepuMenTax L. pneumophila nerko iHaKTUBY€EThCS 103010
xaopy 1,25 mr/n [6], xutre3natHi Legionella BusiBnsiroThest y
MUATHIM BO/II 13 KOHIIEHTPAIisIMU BITbHOTO XJ10py Bix 0,2 10 2,0
mr/n  [7]. OueBUaHO, 1O BHABJICHHSA JKUTTE3MATHUX
PE3UCTEHTHUX MIKPOOPraHi3MiB MpU BHILIA KOHLEHTpalii B
MOJIbOBUX  JIOCHIUKEHHSX HE  BIANOBIIAae  pe3yiabTaTam
abopaTOPHUX JOCIIIKEHB [8].

Mera crarti [9] monsrana B oOrpyHTyBaHHI iICHYBaHHS
pe3ucTeHTHOI (pakiii >XKUTTE3AATHUX MIKPOOPTAHI3MIB Ta
neMoHcTpanii moAiOHOCTI B IIbOMY BiJHOLIEHHI maroreHy L.
pneumophila ta ingukaropuoi E. coli. Meronosoris xemocrary
3aCTOCOBAHO JUISI MOJICNIOBAHHS PE3UCTEHTHUX MOIMYJIALIH.
Panime mokazaHo, 1m0 Ha PoO3MIp Takol MOMYJSAIIi BIUTHBAE
norepeHe cepeaouiie pocty [10-11].

KumkoBy mammuky (Escherichia coli) ta Legionella
pneumophila BupomyBamu abo B Oe3mepepBHOMYy, abo B
NepioUYHOMY KYJIbTUBYBaHHI. be3nepepBHE KyIbTHBYBAHHS
JOCATAIIOCS] B XEMOCTATI, SIKH BUKOPUCTOBYBABCS JJIs iMiTaIlii
0OMeXEeHHUX MOKUBHUMU pedoBHHAMU YMOB
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CyOMaKCHMaJbHOTO POCTY, IO BBAXAETHCA IPABUIOM Y
0araTbOX BOJHUX CEpENOBHMINAX. XEeMOCTaT  J03BOJISIE
3MIHIOBaTH OJUH MapaMeTp, HAIPUKIAJ, TEMIIEPATypy, TOMi K
yci iHIN, HampuKiIald, I[MBUAKICTb po3BeneHHa, pH Ta
PO3YMHEHHH KHCEHB, 3aJIMIIAIOTHCS MOCTIHHUMHU. Takux yMoB
HEMOXIIMBO JOCATTH B  TPAAULIHHOMY MEPiOAUYHOMY
KyJbTUBYBaHHI. L{i MeToau Oynu netansHO onmcani panime [11,
12].

2.3.1 Cmabinsnicme 3anumikoeozo C10:.

Excnepumentu no3a-innosins (puc. 2.14) mokazanw,
o no3a 0,75 mr C1O,/im 3abe3neunia BUMIPIOBaHUH 3aJTUIIOK,
BOJHOYAC JAOYd 3HA4YHY, ajieé MiJpaxyHKOBY KUIBKICTh
KUTTE31aTHUX OakTepii micas 15-XBUIMHHOTO Yacy KOHTAaKTY.
[pu kit 1o31, 0,50 mr/mn, 3anuiok He Oyno BusiBieHo. [Ipu
Bulli 7031, 1,0 MI/A, KINBKICTh >KUTT€3MATHUX OakKTepiid
Ha0ImKanacs 10 MEX BUSIBIIEHHS 0aKTEpP10JIOTIYHOTO aHAIII3Y.

o
—
-1
-2
-3 - —
-3 -
- -
<
ClO , dosage Cl1O, residual
6 — © 0.50 mg/L 0.11T mg/L
O 0.75 mg/L 0.36 mg/L
o 1.00 mg/u 0.61 mg/L
1 A1 1 J
1 4 3 15

Puc. 2.14 Pe3ynbTaTu €KCHEPUMEHTAIIBHOTO BUBUYCHHS
3aJIeKHOCTI «103a-eeKT» MO0 ONTUMAIBHOI 03U JIOKCUIY
xnopy npu inaktuBarii E. coli (temmeparypa xemocraty 25 °C;
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excriosuilis 0,40 rox).

Hami 6yno mocmimkeno gomo ClO; micias BBeICHHS
no3u B peakrop iHaktuBamii. Ilpm mo3i 0,75 mr/n 3anumiku
xomuBanucs Big 0,50 go 0,35 mr ClO2/n gaa  Beix
eKCIepUMEeHTIB, 31  craHmapTHuM  BigxuiaenHsm 0,10,
BH3HAYEHUM ITiJl YaC OKPEMHX eKcriepuMeHTIB. [TopiBHIHHS 3
KOHTPOJIbHUMH EKCIIePUMEHTAMU, MIPOBEIICHUMHU 0e3
J0JlaBaHHs OaKTepianbHOI CycneH3ii, moka3asuo, 0 NPUOIU3HO
13 % C10, no30BaHOTO B KOXXHOMY EKCIIEPUMEHTi, OYI0
CIOKUTO B PEaKIIisiX 3 CaMOI0 OaKTepiadbHOIO CYCIIEH31€0, TOI1
gk 26 % C10, Oyno BTpayeHO BHACIHIJIOK OKHCHO-BITHOBHHX
peaxIiii, siKi He MaJIM BigHOIICHHS 110 ne3iHdekiii. KonTpoapHi
EKCIIEPUMEHTH, MPOBEJICHI B peakTopi 6€3 ra3oBoro mpocTopy,
nokazanu, mo 14 % C1O; Oyno BTpaueHO BHACHIIOK
BUTIApOBYBaHH:. Pe3ynbraTn moka3aHo Ha puc. 2.15.

0.75
0.50
0.25
@ Control
O E. coli
0 1 1 J
0 5 10 15

Puc. 2.15 3anumkoBi KOHIEHTpAIlii TIOKCUIY XJIOPY B
coboBOMYy Oydepi (KOHTPOJIb-CEPEIOBHINE HAKOMUYCHHS,
nociz - cepenosuie 3 E. coli, moyatkoBa KoHIeHTpawis = 107
KYO/mmn).
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OCKUTBKHM TPOTATOM 15-XBHJIMHHOTO 4Yacy KOHTAaKTy B
€KCIIEpUMEHTAX 3 IHaKTUBAIlI€0 OyB MPHUCYTHIM BHUMIiPIOBaHHMA
3aITUIIOK, OYJIM TPOBEACHI MOJAIBIN EKCIIEPUMEHTH 3 CTINKOIO
(dbpakiri€ro, 0 BIKUITIA.

2.3.2 Biouyuona epexkmuenicms ClO.

[[{o6 nepeBipuTH, un 3anuimkoBuii C1O, (mopiBHAHO 3
MMOYaTKOBOIO 1103010) € OiommmuauM, C1O; mo3yBanmum y TpbhOX
MOBTOPHUX EKCIIEPUMEHTax, MOTIM BHMIPIOBAIN 3aJHIIOK, a
yepes 10 xBwimH momaBanu E. coli. Ile BiapisHsiocs Bin
3BUYAalHOTO  METOAY, B SKOMY KYJIbTypy CIOYaTKy
CYyCIIEHIYIOTh Y  pO3pLKyBadi, a TOTIM  JIO3YIOTh
nesindikyrounii 3aci6. Pospaxosanwuii 10910 KYO/Mi1 Ha MOMEHT
nonasanHs ctanoBuB 7,33. 3amumok C1O; y 1eit yac ctaHOBUB
0,66 = 0,33 wmr/n. Ilicns momatkoBux 10 XBUIMH KOHTAaKTY
(3aramom 20 xBwimH) |0Qg10 BwkHMBaHHsS CcTaHOBHUB -0,87, a
3anuiiok cranoBuB 0,34 + 0,06 mrC10,/m.

[li pe3ymbraTé Y3rOJDKYIOTBCS 3  pe3yJbTaTaMH,
OTPUMAHUMH 32 IOTIOMOTOI0 3BUYAIHOT'O MPOTOKOITY, IPOTATOM
skoro C1O:; mo3yBamu B pO3piKyBay, SIKHH BXKE MICTHB
cycnensiro 6akrepianpuux KaiTHH [ 13]. KoediieHT Bu>kuBaHHS
(puc. 2.14) Ta 3anumIok micis iHaKTUBAII1 6akTepiit (puc. 2.15),
y3TOJDKYIOTBCS 3 TIOTIepeiHiMH ekcniepuMmentamu [12, 13]. Ha
BiJIMIHY BiJ] CIOCTEPEKEHB 11010 XJIopy OioruaHa popma C1O»,
3J1a€ThCS, 3aTUIIAETHCS AKTUBHOIO IT1]T YaC PO3BEICHHS Y BO/IHIM
cycreHs3ii mpoTsaroM moHaimenIre 20 XBUINH.

Jpyruii miaxig ouiHooBaB OiouuaHY €(QEeKTHUBHICTh
sanumkoBoro C1O; micns 10-XBHJIMHHOTO 4acy KOHTAkTy. Y
I[bOMY eKCIIEpUMEHTI, TaKOXX TMPOBEIEHOMY VY TpPbOX
MMOBTOPHOCTSAX, B KIITHHHY CycmneH3iro go3yBam 0,75 wmr
C102/n. Yepes 10 XxBUIMH BUMIipIOBAIIM 3QJIUIIOK 1 JOAABAIIN
Ipyry aliKBOTY KJIITHH JUIsl JIOCSTHEHHS IOYaTKOBOI
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KOHIeHTpamii  mpuommzao 107 KYO/Mn.  Cycrensito
iHakTHBYBaNH e 10 XBUIMH 1 BUMIPIOBAJIH KIJIBKICTh OaKTEpiid,
110 BYDKWIIM, Ta 3JIMIIOK. Pe3ybTaTH MOoKa3yoTh, MO 3aTHIIOK
Bce mie OyB edextuBHUM uepe3 10 xBuwimmH. Byno mocarnyro
iHaKTHBaIlli Ipyroi KIITHHHOI CYCIEH31i, IO IEepeBHUIyBaia
3MEHIICHHS! Ha YOTHPH JIOrapuMiuHi OJUHMII, 1 BUMIPSHUNA
3aJIMIIOK CYTTEBO HE 3MiHUBCS. OJHAK PE3WCTEHTHA (PpaKIlis
KJIITHH, 1[0 BUXKUJIU, 3aJIUIIHAIIACS.

2.3.3 Pezucmenmna E. coli.

OnwucaHi eKCIEpPUMEHTH MEPEeKOHJIMBO CBIAYaTh IPO
icCHyBaHHS CTIHKOi (¢pakmii KITHH y Oyab-akidl 3amaHiii
nomyssiii. [y momanbInoro MiATBEPIKEHHS LBOTO SBHINA
OyJI0 TOpOBENEHO IHIIMH THI EKCHEPUMEHTY, B SKOMY
BUMIiproBanu (ppaxiiito, mo Bmkmia, Ta 3anumok C10; yepes 10
xBuwinH. [lotiMm momaBanu apyry mo3y ClO; mnst nmocsarHeHHS
MOYaTKOBOT J03M B peakTopi. SKIo, HampuKIIaa, BUMIPIOBAIH
3amumok 0,45 mr/i, To apyra j1o3a 3a0e3nedyBana IpupicT Ha
0,30 Mr/m 151 AOCATHEHHS KOHLIEHTpAllii, sika OyJia MPUCYTHS B
HYJIbOBUH MOMEHT 4Yacy, KOJHM KJIITHHHY CYCIIEH3iI0 BIIEplie
BBogwiId. [lin yac ekcrnepuMeHTy [O0JaTKOBI KIITHHU He
nonasainu. EkcriepuMeHTH POBOIMIINCS MPOTATOM JIBOX POKIB,
o0 mepekoHatucs, 1o He Oyno BiAiOpaHo abepaHTHMIA
naGopaTopauii mraM. L{i pe3ynbTaTu TakoX 3aJ10KyMEHTYBaIH
HasIBHICTb CTiMKO1 (pakuii KMTUH micias 10-XBUIMHHOTO Yacy
KOHTaKTy. Po3mip (hpaxiiii gemnio 3MeHIIMBCS Micis APYroi 1039,
ajyie He TPOTOPIIIAHO PO3MIPY APYToi J03M (3a3BUYAM OIM3BKO
40-50 % Bim mowarkoBoi mo3u 0,75 wmr/m). OgHodakTOpHMIA
JUCTepCiiHUIN aHali3 MoKa3aB, 110 He OyJIO CYTTEBOI PI3HUII
MK po3MipoM (¢pakuiid, mo0 BWKUIH. BapiabGenbHIiCTh
Koe(iIieHTIB BMKUBAHHA, JOCATHYTA B IIMX CKCIIEPUMEHTAX,
MOXKHAa TIOSICHUTH HACTYIHHUMM 3MIHAMH B TIPOTOKOJI, SKi
B1IOYJIMCSI TIPOTATOM JIBOX POKIB mociipkeHHs: (1) Oaxrepii,
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BHUPOIIICHI B MapTisixX, 30Mpayi B JIENI0 Pi3HUN Yac MPOTITOM
LUKy pocTy, Bix 18 mo 22 roaus; (2) BUKOPUCTOBYBAJIH J1Ba
TUMA PEAKTOPIB, OJHA MoJeib no3Bojisia gomaBatu ClO; y
peaktop 6e3 razoBoro npocropy; (3) BUKOPHUCTOBYBAIM JBa
Meroau nogaBanas C1Oy, onuH 3 SKMX MiHIMI3yBaB BTpPaTH BiJl
BUIIAPOBYBAHHS 3a JIOTIOMOTOI0 Ta30HENPOHUKHOTO MIMPHUIIA.
HapiTh 3 1uMHM 3MiHAMHM B  TNPOTOKOJI  PE3yIbTaTH
MIPOJAEMOHCTPYBAIIN HAsIBHICTD PE3UCTEHTHOT (PpaKilii KIiTHH.

2.3.4 Mooentosanna xemocmamy.

Kynbtypu E. coli, BuporieHi B xemocTari, mopiBHIOBaIH
3 MPUPOAHOIO MOMYJISAIIEI0 KOMPOPMHUX OaKTepii 31 CTIUHUX
Boa. Pesynbpratn excnepumenris 3 aesindekuii C10, mokazaHo
Ha puc. 2.16, ne mOpiBHIOIOTHCS CTilKi momysiii E. coli ta L.
pneumophila, BupormieHi B XeMocTaTHI KyJabTypi B Ppi3HHX
HEONTUMAIIbHUX YMOBAaxX POCTY.

Pt A, Cabl.

O Matersl poltorma
4k ®  Chemostal-grown E. coll s

L 1 . I L I
et I w 0

Puc. 2.16 IlopiBHsSIHHS 1HaKTHBAIlli AIOKCHUIOM XJIOPY
¢dexanbHUX KOMIOPMHHUX OakTepii 3 (inbTpaTy BTOPHUHHO-
OYMINEHHUX CTiYHMX BOJ (°) 1 BUpoIieHux B xemocrtari E. coli (¢)
(2: D - 0,06 ron, Temmeparypa 15 °C; 2: D — 0,20 ron,
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temmneparypa -15 °C; 3 - D — 0,06 rox, Temneparypa 25 ° C; 4 -
D - 0,20 roag, remneparypa 25 °© C).

BinxunenHns Bix 1HaKTHBAIli TEPIIOTO  TOPSIKY
MOSICHIOIOTh arperariero abo 3axucToMm yacTuHkamu [7, 13, 14]
Ta 3HIKEHHSIM KOHIIEHTpAIlil iHaKTHBYI04oro arexra [15-18].
Kinmbka  JOCHiAHHMKIB  TAaKOXX  TOSCHIOIOTH 1€  SBUIIEC
reTepOreHHICTI0O MiKpoOHOT momysstii [ 19, 20].

[l TrereporeHHiCTh NOSCHIOBATACH (DEHOTUIIOBHMHU
peaxuisiMy Ha cepeoBHUILE POCTY [2], BUBYAIIACh 32 JOTIOMOTOI0
MaKeTHUX KyJabTyp [21] Ta 3 BUKOPUCTAHHSAM 130JATIB 3
HaBKOJIMIIHBOTO cepenoBuina [22]. dDeHOMEH pPe3UCTEHTHOL
¢dpakmii Takoxk crmocrepiramum Haas 1 Morrison [23] micis
BILIMBY xjopy Ha E. coli. Bonu nidumm BHCHOBKY, IO
PE3UCTEHTHICTh HE € CIAJKOBOIO 1, TAKMM YHHOM, MOXE OyTH
3yMoBJIeHa (i310J0TTYHUMHE (PaKTOpaMHU.

Y bOMY  JTOCJIIJIPKEHHI [9] CUCTEMATUYHO
MIPOJEMOHCTPOBAHO ICHYBaHHS PE3UCTEHTHOI CYONOMyIIALii mij
yac EKCHEpPUMEHTIB, B SAKHX XIMIYHUH 3aJUIIOK BUSBUBCH
O10IIMIHUM; yMOBHM aHalizy (KOPOTKMH 4Yac KOHTakKTy,
HedTpaneHul pPH Ta Oydep Oe3 mnornuHaHHA) Oynu
aJIecKBaTHUMH [UIs1 3a0e3MeueHHs] TMepeBakKaHHS aKTHBHOTO
C10; sk ButbHOTO pagukana [24]. Takoxk He crocTepiraiacs
arperaiis 3a JONOMOTOK0 PYTUHHUX  MIKPOCKOIIYHUX
nporeayp. MokiuBo, 1m0 Oyna JOCTaTHS KUIBKICTh HE
BUSIBIICHUX arperoBaHuX KIITUH, IO MOXE TOSCHIOBATH
YaCTUHY PE3UCTEHTHOI cyomonyisauii. OnHak, MaloHMOBIPHO,
1[0 arperarfisi BiJlirpaBajia 3Ha4YHy pOJb Y IIUX EKCIEPUMEHTaX,
OCKITTBKH OyJIO BXKHTO CIEHIAIbHUX 3alO001KHUX 3aXOMIB IS
YCYHEHHS arperatiB, a po3Mip (pakxiii He OyB BUIIAJAKOBUM, a
HAaCIpaB/ii KOHTPOIIOBABCS UIIXOM 3MIHM YMOB pocTy [11, 12,
25]. TakuM YHMHOM, IIi pe3yIbTaTH CIPOCTOBYIOTH TIOTE3Y MPO
T€, 110 BIAXWUJIEHHS BiJ 1HAKTHBAIIIl MEPIIOTO MOPSIKY MOXHA
MOSICHUTH BUKJIIOYHO 3MEHILIEHHSM 3QJIMIIKY a00 arperamieto.
3anpornoHOBaHa KOHIIETITyajlbHA MOJIENb HE JIMILE BPaxoBYe
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ICHYBaHHS CTIMKOT (pakiiii, o BUKUIIA, ajle i TOB'sI3y€e PO3Mip
¢pakmii 3 4iTKO BU3HAUYCHHMMH IapaMeTpaMu pPOCTy, a came
IIBUJIKICTIO POCTY Ta Temreparypoto pocty [11, 12, 25].

JlaboparopHe IOCTiIKEHHS IOKa3ajlo, M0 IUIICHICTh
30BHIIIHKOI MEMOpaHW Ta KOHTPOJIb ii MPOHUKHOCTI OyiH
kputnuHuMy Ui iHakTuBanii C1O2 [26]. MoxumBo, criiika
CyOrmomyJisiiss Mae 30BHIIIHI MEMOpaHH, SKi CTPYKTYPHO
MIIHIIT a00 3aXUIIEHI BiJl aTaKu, HATPUKIIAL, TTO3aKIITHHHHM
MaTepiaioM Tak caMmo, SK MO)Ke OyTH 3axuileHa OlOTUIiBKa.
I'eneTnuno BimiOpaHa CTIMKICTh He nependadaeThes. DakTUIHO,
JaHl XEeMOCTaTHHX JOCHI/DKeHb BKa3ylOThb Ha Te, IO IIe
ManoiMoBipHO [13].

Kpim Toro, deHoTumiyHi  XapakTepUCTHUKH, SKi
T03BOJISIIOTH CTiHKICTh 10 C1O2, K XiMiuHOTO AE31H(IKYIOUOTO
3aco0y, MOXKYTh HE mepeadavyaty CTIHKICTh J0 1HIIUX areHTiB.
Hampuknan, y pob6oti [27] He cmocrepiranocs >XOIHOT
cyomonyssmii, crTiikoi g0  Y®-BUNPOMIHIOBAHHS, MpHU
koedillieHTax BIDKMBAHHA, Takmx sk 10°. ®izionmoriumi
(bakTopH, Ha K1 BIUIMBAIOTh YMOBHU POCTY, TaKi K IPOHUKHICTh
30BHIIIHBOI MeMOpaHM Jjsi XIMIYHOTO areHTa, MOXYTb HE
BITMBATH Ha iHakTuBaliro Y®D-sunpomiHioBaHHaM. OTKke,
XapaKTepUCTHKHU, 110 BHM3HAYAIOTh ICHYBaHHS Ta pPO3MIp
PE3UCTEHTHOI ¢bpakuii, HMOBIipHO, 3aJIeXxarhb BiJ|
BUKOPUCTOBYBAHOT'O aHTUMIKPOOHOTO 3aco0y.

Y momepennix gocmimkenusx [28, 29] ClO2
1HAaKTUBYBaB MPUPOAHI MOMyNsNii (eKaabHUX KOI1(POPMHHUX
OakTepiid, M0 3yCTPIUalOThCSI Y BTOPHHHO OYMIIEHUX CTIYHUX
BOJaxX. Y IIbOMY BHIIQJKy CEPEIOBHUINE CTIYHMX BOJ MOXHA
po3TIAgaTH K CUMYJALIKD  JDKepela MHUTHOI — BOJH,
3a0pyaHeHOro  (exanbHUMH KOJIQOPMHUMH  OakTepisiMu.
Pesynpratu, npencrasieHi Sk KoedilieHT BUKUBAHHS BITHOCHO
NOOYTKY 3JIMIIKY Ta 4acy, JO3BOJSIOTh NEpea0adyuTH po3Mip
dpakiii, Mo BIUKHIIA, KOTU Yac KOHTAKTY Ta 3AJIHIIOK BiJOMI.
[lopiBHsiHHS 7a00paTOpPHUX JaHMX Y LbOMY BHUIAAKY 3
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BHKOPHCTaHHSM BHPOILEHOT 3a JoroMoror xemocrary E. coli,
3 TOJbOBUMH JIaHUMH 3  BHUKOPUCTaHHAM  (peKkambHOI
koJipopmMHOI Tpynmu He mo30aBieHe pusuky. OjHaK iHIIE
JOCIIDKSHHS 1O0Ka3alo, mo komroHeHT E. coli komidopmuoi
rpynu OyB HACTIIBKU K YYTIMBUM JI0 XJOPYBAaHHS, K 1 BCA
komdopmua rpyna [30], mo miaTBEpKYyE MOPIBHAHHA. Y
[LOMY JIOCTIKEHHI cTiiika ¢pakmis E. coli, Bupakena sk log
(Nk/No), 3 BuOpaHHX  XEMOCTaTHHX  CKCIICPUMCHTIB
Y3TO/DKYETbCSI 3  MOJEIUII0, TMepeadauyeHord Ha  OCHOBI
eKCIIEpUMEHTIB 3 KOJi(OPMHUMHU OaKTepisiIMH CTIYHHX BOJ.
JlaH1 xeMocTaTa, Kl HalKpaiie HabJuKarTh MOJIeb, OTPUMaHi
3 eKCIepuMeHTiB, B skux E. coli BupomyBamu 3a
HeonTuMansHUX Temmeparyp (15 ta 25°C) Ta mpu BiTHOCHO
noBUTbHUX MBHAKOCTAX pocty (D = 0,06 Ta 0,20 Tom). Li
KOHKpeTHI 3HaueHHs (Touku 1, 2, 3 ta 4 Ha puc. 2.15)
TEMIIEpaTypy Ta IIBUJKOCTI POCTY OJM3bKI A0 YMOB, B SIKHX
¢bexanbHi KomidopMHI 6akTepii nepedyBaloTh y CTIUHUX BOJAX
nepen ne3iHgexiieo, a came: cepenHs temmeparypa 18°C ta
qac rnepe0yBaHHs B TipaBiIiuHOMY CepeaoBUINI NMPUOIU3HO 15
roJuH. 3 IHIIOro OOKY, JaH1 BUJKUBAHHS XEMOCTaTHUX KYJIbTYD,
BUpOIIEHUX 3 BHcOKoo mBuakictio (D = 0,40 ta 0,69 ron,
TOYKKA 5 Ta 6 BiAMOBiIHO Ha puc. 2.15), sk 1 owikyBauocs,
BIJIPI3HAIOTHCA BiJI JTaHUX BIDKHUBAHHSA dexanpHuX
KoipopMHUX OakTepiif, BUPOUIEHHX Yy CTIYHMX BOJax,
JEMOHCTPYIOUM  MEHIII  KOe(II[iEeHTH  BIKWMBaHHS, HIXK
CIIOCTEpIraucs JJI MOMYJIAIIl CTIYHHX BOJ| Ta XEMOCTaTHUX
KYJIBTYp, BUPOILIEHUX 3 HU3bKOIO IMIBHUJAKICTIO. Lle momaTkoBo
MIITBEP/UKYE TBI OCHOBHI Te3W pochimxeHHs: (1) xemocTar
MOKHa BHUKOPHUCTOBYBaTH Ui MOJEIIOBAaHHS IPHPOIHOTO
Cepe/IOBHUINA POCTY 3 YpaxyBaHHSAM pOCTY, OOMEKEHOTO
MOKUBHUMH PEUOBHMHAMH, Ta (2) TeMrepaTrypa Ta IIBHIKICTbH
pOCTy MaioTh 3HAYHUI BIUIUB Ha YYTJIMBICTh MOMYJSAIIN 110
ne3indikyrounx 3aco0iB.

KopucHicTh XeMOCTaTHOT METO/I0JIOT11 ITOKa3aHO Ha PHC.
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2.17, ma sxkomy crifiki momyssiii E. coli mopiBHIOIOTBCS 3
nonyismisma - L. pneumophila.  Tlomiona  moBeninka
CIIOCTEpITaeThCsi B IIMPOKOMY  Jiana3oHi  IIBHIKOCTEU
po3BeacHns; uyrnuBicTh C1O2 3pocrae 31 30UIBHICHHSIM
IIBUIKOCTI po3BeneHHs [25].

L1i maHi BKa3yIOTh Ha T€, 110 PE3UCTCHTHA (PAKITist MOXKE
OyTh OUIBIIOD B TOMYJAIIAX, BHPOIICHMX B yMOBax
OOMEKEHOTO BMICTY IMOXHBHUX PEYOBHH, TAKUX SK THITOBI
YMOBH JIJIsl IPUPOTHUX CEPEOBHIIL, IO BUKOPUCTOBYIOTHCS IS
BOJIONIOCTAYaHHS, OPIBHIHO 3 TMOMYJISIIISIMH, KYJTbTHBOBAHIUMH
B ONTHMaJbHHX  yMOBaxX  pOCTY, SKi  3a3BHU4Yaid
BUKOPUCTOBYIOTBCS B JIADOpATOPHUX  JOCIIDKEHHSX
ne3iH¢eKIii.

® L. pneumophila
-1 O E. coli

-2

1 I 1 1 ] i 1
0.01 0.02 0.04 0.06 0.1 0.2 04 086

Puc. 2.17 EdexT piBHS pO3UMHEHHS] Ha YyTIUBICTH L.
pneumophila ta E. coli no niokcuay xmopy B koHuentpauii 0,75
Mmr/n  (pict Ha 301JHEHOMY TOXUBHOMY CEpEIOBHIIIL;
temneparypa 35 °C) [25].
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JlaGopaTopHi JOCIIKEHHS, IPOBEICHI 3 TTOMYJISAIIsIMH,
BHUPOIIEHUMHU 3 BUCOKHMH MIBUAKOCTMU (> 0,1 roj), AMOBIpHO,
HE TIOMITATh HAsSBHICTH PE3UCTEHTHOI  (pakiii, Ko
BIOKMBAHHS HE CIIOCTEPIra€Tbcs B Jiama3oHl IIOHAMMEHIIe
TPHOX MOPSAAKIB. J[OCHiDKEHHS, IO 30CEpEeKEeH] JIMIe Ha
MOYATKOBIM IMIBHJIKOCTI iHAKTHBaLii, SKy 4YacTO BBa)XalOTb
MEePIINM TOPSAAKY, MOXKYTh JaBaTH OMAHJIMBI JlaHi, K1 CIIiJ
BuKopucroByBatu s pospaxynkie CT [31]. Hampuknan,
sgaueHHs CT mia 99-% inakrusanii E. coli cranosuts 0,18 mis
C10z, no3zoBanoro B cucremi 6e3 noraunanas npu 20 °C [32].
Y upomy pocmimkenHi [9] 3a tux camux ymoB CT nopiBHIOE
npu6mu3ao 0,10 mst E. coli, BupoIeHoi B makeTHOMY peXuMi,
ta npubauzHo 0,75 m1st KyabTyp, BUpoOIIeHUX y xemocTari (D =
0,40 tom; Sg = 0,16 % mnoxuBHOTO OyIBHOHY). SKIIO
MPUIYCTUTH KIHETUKY Mepiioro nopsaxky, 3HaueHns CT s
99,9 1a 99,99 %% inakTHBaIi JOpiBHIOIOTH MpuOM3HO 0,20 Ta
0,75 Bi1OB1IHO, 1110 (PAKTHUYHO CIIOCTEPIra€ThCs 3 KyJIbTypaMH,
BHPOIICHUMH B MakeTHOMY pexumi. OqHak 3HadenHs CT (st
99,9 ta 99,99 %% iHakTHBALil) VIS KYJIbTyp, BUPOLICHUX Y
XEMOCTaTi, CTaHOBIATh Hpubmuzno 1,5 ta 11,3 BiamoBimHO.
TakuM YWHOM, BUKOPHUCTAHHS KYyJIbTYp, BHPOIIEHUX 32
HEONTUMAJIbHUX YMOB Y X€MOCTaT1, Ta BpaxyBaHHsI (pakiii, 1110
BIKMIa micnsa 99 % iHakTHBaIlii, Aa€ pi3Hy iH(OPMALIiIO 00
nporaody CT. 3 Takumu BipyJICHTHUMH TaTOTeHaMH, K L.
pneumophila, BwkuBaHHS Qpakiii Bix 10* mo 10° wmoxe
CTAaHOBUTH 3HAYHY 3arpo3y i 370poB's. [ligBuIieHa CTiiKicTh
npuponHux momyismid L. pneumophila  mopiBHsHO 3
MOMYJISIIISIMU, BUPOIIEHUMHU Ha arapoBOMY CEpeIOBHUIII, TAKOXK
Oyna  TmoBiOMJIEHA TpPH  BUKOPUCTAHHI  XJIOpYy  SIK
ne3iHdikyrodoro 3aco0y [33]. [Hun xmoppe3ncTeHTHI TaTOTeHH,
110 MepelaloThes Y BOJ1, HAPUKIIA/, MIKOOAKTEPii, BUSBUIHUCS
JiealTi BAOKIIUBIIIUMH SIK 3arpo3a JijIsl 3I0pOB'st HaceneHHs [34].

Ockinbku cTifika (Qpakiiis CTBOPIOE€ MOTEHLIaN IS
MOBTOPHOI KOJIOHI3aIlli CHCTEM BOJOPO3MOILTY, IOIJIBHO
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OIIHIOBAaTH €(EKTUBHICTh IMPOIECIB OUYHIICHHS ILIIXOM
MOHITOPUHTY 1IIi€i TOMyJsAMii, Ha AOAATOK 1O 3BUYANWHOIO
KOHTPOJIIO ~ TOYAaTKOBMX  IIOKAa3HWKaxX  IHAKTHBAmii, sKi
BUKOPHUCTOBYIOTbCS JJISl OLIHKHM Je3iH(iKyrounx 3aco0iB Ta
MIKpPOOHHUX 3a0pyIHIOBAYIB, 1110 CTAHOBJISITH 3aHETIOKOEHHS IS
IpOMaJICbKOI0 3/10pOB's.

Bukopucranus XeMocTara € IHHOBAIIITHOIO
METOOJIOTIEI0 OI[IHKK aHTUMIKPOOHHX 3aco0iB y sraboparopii
Ta MOXe OyTH KpallluM 3a BUKOPUCTAHHS 3BHYAHHX METOJIIB
MEePIOUIHOTO KYJIBTUBYBaHHs. MojenoBaHHs B Jaboparopii
CKOJIOTIYHOT ~CHUCTEeMH MOXE 3a0€3MCUUTH  JOCIHIHKCHHS
MOMYJISAN, sKI TOYHiNIE HAOIMKAIOTBCS 1O CTIMKOCTI MpH
nmonboBi  omiHml. OCKIIBKM — IOBEOiHKa Imarorena L.
pneumophila O6yia moaiOHOO 10 MOBEMIHKK iHIAUKATOPHOI E.
coli, omucana TyT METOI0JIOTiss MOKe OyTH 3acTOCOBaHa i 710
IHITUX BUAIB OaKTepiu.
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2.4 Kineruka i MexaHi3M iHakTHBaIil JiOKCHIOM
xjopy Pseudomonas aeruginosa i Staphylococcus aureus npu
3He3apaKeHHi BOAH

VY pob6orti [1] aBTOpH OLIHUIN €PEKTHUBHICTH TIOKCUITY
XJopy sk naesingikyrodoro 3acody mpotu Escherichia coli
(ATCC 35218) 3a pizHHX pOOOYMX YMOB OUMIIEHHS BOIM, a
TaKOX 3alporoHyBalu OaKTepUIMIHUN MexaHi3M. JleTanbHo
JOCHIJKEHO KIHETUKY Ta MexaHi3M y OydepusoBaniii (0e3
notpebu B okcunanti) Boal (ODF) sk ¢yHKIII0O KOHLIEHTpawii
ne3ingikyrouoro 3acody (0,5-5,0 mr/m), pH Boau (6,5-8,5),
KOIMBaHb Temmepatypu (4-37°C) Ta minsHOCTI GakTepiit (10°-
10" KYO/mn). Takox Busuamu Bram ClO2 Ha Mopgomoriio
OakTepiaJbHUX KIITHH, IPOHUKHICTH 30BHINIHBOI MeMOpaHH,
MOPYLICHHS IIUTOIIA3MAaTHYHOL MeMOpaHu Ta
BHYTPIIIHBOKIITUHHY ~ (DEpMEHTAaTHBHY  aKTHUBHICTh IS
3'sCyBaHHA MeXaHi3My Jii Ha KITUHU. 30UIbLICHHSA
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TeMIIepaTypu Ta KOHIIEHTpalii ae3iHdikyrodoro 3acody Oyio
OPONOPIIMHAM  MIBUAKOCTI  3HUINEHHS  KJIITHH,  ane
edeKTUBHICTh BUSBUJIACS 3HAYHO 3HMXkKeHOIo mpu 0,5 mr/m ta
MEHIIIe 3ajie)alia BiJ INUIbHOCTI OakTepiil. bakTepuimmHa
e(eKTUBHICTh Oysa BHINOIO NpH JyxkHoMYy pH 8 mopiBHSHO 3
HeliTpanbHuM Ta cinabokucnum pH 7 Ta 6,5 BiamosimHoO.
Kinetnuni xpuBi nesindexmii BianmoBigaim nBoda3Hid cxemi
MIBUJIKOT IHAKTHBAII{ POTATOM MEPUINX 2 XBUJIHH, MICJIS YOTO
CIIOCTEpirajaocs 3MEHILEHHS HaBITh 3a HAsIBHOCTI 3aJIUIIIKOBOTO
oionmny. Kpugi Oynu agexBatHo onrcani moaeuto Cavg Hom.
300paxeHHs 6akTepiadbHUX KIITHH, OTPUMaHI 32 JIOIIOMOT'OIO
CJIGKTPOHHOI MIKPOCKOIIii, M0 3a3HaIW BIUIMBY JICTATBHHUX
koHueHTpauid ClO2, mokazanu 1y:ke He3HaYHe MOPQOJIOTIiUHE
MIOIIKO/DKCHHST 30BHINIHIX MeMOpaH KITHH. BusBieHo, mo
ClO2 306inblIye MPOHUKHICTH 30BHIMIHIX 1 MATOIIA3MATHYHUX
MeMOpaH, 10 MPU3BOJUTH JI0 BUTOKY MeEMOpaHHUX
KOMITOHEHTIB, TaKWX K MOTJIUHAIOYI MaTepialiu 3 JOBKHHOIO
XBUII 260 HM, Ta MPUTHIYYE aKTHUBHICTh
BHYTPIIIHBOKJIITUHHOTO  ¢depMmenTy  B-D-ramaxrosmunaszm.
[TopymienHs MUTOIIA3MAaTHYHOI MEMOpaHM Ta TOMATBIITUI
BUTIK BHYTPIIIHBOKIITUHHUX KOMIIOHEHTIB MPU3BOJATH [0
1HaKTHBAIlli TPaMHETaTUBHUX OaKTEpIid.

OpHak n00pe BiIOMO, IO BHYTPILIHS YYTJIMBICThH
MIKpOOpraHi3MiB 70  Je31H(]iKylouux 3aco0iB  3HAYHO
BapitoeThes [2, 3]. Tomy BiAMOBiIHE BUZHAYCHHS ONTHUMAIIbHUX
pobouYnx yMOB J1e31H(DIKYIOYOro 3aC00y YaCTKOBO 3aJieKaTUME
BiJl IIILOBOTO OpraHiaMy. TakuM YHHOM, HEOOXIiIHI IIMPIIi
JMaHl 100 JAe3iH(eKIii 1HIMMX BHUAIB OakTepid T10KCHIOM
XJIOpYy.

Pseudomonas aeruginosa — iie rpaMHeraTuBHa OakTepis,
sKa TOBCIOJTHO TIOIIMPEHAa B HABKOJIHMIIHBOMY CEPEIOBHIII Ta
3/1aTHA aJanTyBaTUCs 10 Pi3HUX yMOB. li TaKOX MOKHA 3HANTH
y BOIi, 30Kpema B OaceifHax, TiIpoMacaXHHUX BaHHAX Ta
BOJIOTIPOBIiIHINA BoAi [4-6]. JlificHO, epenayua uepes JKapHsIHY
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BOJIOTIPOBIIHY BOAY OyJia onucaHa sk JTyke 3Hauyma [7]. €
HaBITh TIOBIIOMIICHHsS TIpo BualieHHs P. aeruginosa 3
OytunsoBaHoi Boau [6]. Ii uwacTo ommcyroTh SK yMOBHO-
MATOTEHHUI MIKpPOOpraHi3M 4epe3 3B'SI30K 13 HEOEe3NeUHUMH
JUIS KUTTSI 3aXBOPIOBAHHSIMU Yy TAIEHTIB 3 OMIKAMM, IICIIS
orepauid Ta ocid 3 ocnabIeHUM IMYHITETOM Y JIKapHSIHHX
ymMoBax. BoHa Takok € MOMMPEHOI MPUYUHOIO TH(DEKINH Yy
TAIIEHTIB, SIKI CTPaXTAFOTh HA MyKOBiCIIHI03 [8].

Staphylococcus aureus mouMpeHuit y pi3HUX XapuoBHX
npoaykrax (M'sco Ta MoJioko) [9, 10], a Takox y 3pa3kax BOIU
3 HaBKOJIMIIHBOTO cepenoBuma [11, 12]. IlltamMu MeTUIIUIIH-
pesuctenTHoro 3onotructoro cradimoxoka (MRSA) ocranHimM
4acoM MPUBEPHYIH OCOOIMBY 3HAUHY yBary uepe3 pPH3UKH
nepeaayi MoTeHIIHHUX 1H(EKIii Bix TBapuH 110 JroauHu [ 13].

Y momepeaHiX AOCHIIKCHHSIX 3 MOHITOPHHTY
e(eKTUBHOCTI TIOKCUAY XJOpy B OOpOTHO1 3 LMMHU IHITaMaMu
OakTepili BUKOPUCTOBYBAINCSA BITHOCHO BHCOKI KOHIIEHTpALii
ne3iddikyrouoro 3acody [14, 15]. OnmHak Taki KOHIEHTparii
MOXXYTh HE MIIXOJUTH JUISl 33I0BOJICHHS HOPMAaTUBHUX BHUMOT
npu ae3iH¢ekuii NUTHOI BoAM. binble Toro, HasBHI JaHi 13
CUCTEeMAaTUYHOTO JOCHTIDKEHHS B JITEpaTypi, IO CTOCYETHCS
BUKOPHUCTaHHS TIOKCUAY XJIOpY JJIsl iHakTuBalii P. aeruginosa
Ta S. aureus, TOCUTHL OOMEKEHI.

Y  pobori [16] BuBuUanmm KiHETHUKY iHaKTuUBaIii P.
aeruginosa ta S. aureus IiOKCHIOM XJIOPY 3a Pi3HHUX YMOB
KOHIEHTpalli okucioBaya, PH Bomu, TemmepaTypu Ta
MOYaTKOBOI MmIiIbHOCTI Oaktepiit. Takox mocmipKyBaiw
OakTepULMIHUN MexXaHi3M [ii JIOKCHUAY XJIOpy Ha IITaMu
OakTepii.
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2.4.1 Kinemuka inakmueauii 3a pi3Hux KoHyeHmpauii
OdioKcuoy xnopy

PiBHi norapudmivHoi iHaKTHBAIil s ne3iHdexiii P.
aeruginosa ta S. aureus JioKCHIOM XJIOPY 3BeleHi Ha puc. 2.18.

1
of 4 (2) P aeruginosa . (b) S. qurexs
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Puc. 2.18 Kineruka inmaktuBamii P. aeruginosa Tta S.
aureus JTIOKCHJIOM XJIOPY THpU PI3HUX KOHLEHTpaLisIx
okuciroBava. J[ani orpumani ipu pH 8,05 Tta 22 + 2 °C.

Ak 1 ouiKyBajocs, IOCATHYTI KpPEOUTH 1HAKTHBAIil
3arajioM  30UIbIIyBajMcs 31 30UIbIIEHHSM  [OYaTKOBOI
KOHULEeHTpauli aiokcuay xsopy. Kpusi iHakTuBamii 3a pi3HUX
3aCTOCOBaHMUX /103 OyJIM THUIOBO HETIHIMHUMH, ajne pajlie
XapaKTepU3yBATUCS MIBUIKHM ITOYaTKOBUM €KCIIOHEHITIATEHUM
3MEHIIEHHM MOMYJIALii OaKTepiid, 3a SKUM CIliyBaa MOBLIbHA
KiHeTuyHa (a3za. binbiie Toro, BiAMOBIAHI PIBHI 1HAKTHUBALIL
Oynu mepeBaXHO (DYHKIIIE€I0 3aCTOCOBAHOI 03U TOPIBHSHO 3
BIUTMBOM Yacy KOHTakTy. L{e Oyiio BUIHO 31 CrIOCTEepeKEHHS, 110
3a Oynp-KOI 3aCTOCOBAHOI KOHIIEHTpALii MIOKCHAY XJIOpY
BIJIMIHHOCTI B PiBHI1 JIorapu(MI4HOi 1HaKTUBALlii, OTPUMaHi PH
t =2 xB tat= 60 xB, OynM NHEPEeBaXHO CTATUCTHYHO
HesHauymmu (P > 0,05). Takum 9uHOM, 1€ CBITYUTH PO TE,
mo Bukopuctanus CT (koHIeHTpauis Ae3iHdikyouoro 3aco0y,
C X yac koHTaKTy, T) /IS OIIHKU €(PEKTUBHOCTI 1HAKTHBAIIII €
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MIeBHUM YHMHOM HEHa1HHUM.

Tum yacoMm, Ipy MOPIBHAHHI YyTJIMBOCTI OaKTEpiaIbHUX
mMTaMiB  BpaxyBaHHS PIBHA JIOTapU(PMIYHOTO 3HMKCHHS
IHAKTUBOBAaHUX KIIITHH € KUTTEBO BakauBuM. [Ipu no3i ClO»
1,0 mr/n cnocrepiranocs ~2,0 morapudmivude 3HMWKEHHS P.
aeruginosa, tomai sk go3a 2,5 Mr/a Oyjga JOCTaTHBOIO IS
NOCATHEHHS IoHaiimMeHie 2,0 jorapuMiuHOTrO 3HMXKEHHS y
BHIIAAKy S. aureus. HaBmakw, KOJIM KIITHHH ITiIJaBaTHCS
BILTUBY 5,0 Mr/11, Oyno oTpuMaHoO NpUOIU3HO S-norapudmivyHe
Ta 6-norapudmiuHe 3HWKEHHS st P. aeruginosa ta S. aureus
BIIMOBIIHO. 3ampoOIIOHOBAHO KUIbKa I1HTEPHpETAIliil I[bOTO
SIBUIIIA, TOJIOBHOIO 3 SIKUX € TIIIOTe3a PO XIMIYHY JIe31HPEKIII0
[17]. 3rigHo 3 UM IPUHIMIIOM, ITaM OaKTEPil CKIAJa€ThCs 3
cyomonyssimii - pizHuX  (pakmiii  (3aNeXKHO  BiL  THUIY
MIKpOOpPTaHi3My), AKi 32 CBOEIO CYTTIO MAlOTh Pi3HY YyTJIUBICTh
10 J1e31H(pIKYIYOoro 3aco0y, M0 MiTAETHCS BIUIUBY B TEBHUI
MoOMeHT 4acy [18]. MokHa NpUIYCTUTH, 11O OLIbII YYTJINBI
¢bpakmii  P. aeruginosa mBHAKO IHAKTUBYIOTHCA TPHU
koHueHTpauii 1,0 mr/a, Toai Sk g eheKTUBHOTO 3HUIICHHS
BIJIHOCHO OUIbII CTIMKUX CyOnmomyisimiii mnoTpiOHI BUIII
KOHIIEHTpALli 1IOKCULY XJIOpY. AHAJIOTIYHO, AJIs 3HAYHOT 3MIHU
MOTyJIAIiT S. aureus yepe3 HasBHICTH OUTBIN CTIHKMX (Dpaxiiiid
MOTPiIOHI BIAHOCHO BHUI J03W. 3HUXKEHHS IIBUAKOCTI
1HaKTHUBAIlli, sIKe MPU3BOJIUTH JIO MOBUILHOI KIHETUYHOI ¢a3w, €
MPSIMUM HAcJiIKOM Pi3HOMaHITHOCTI OaKkTepiaabHOT MOMYJISLii,
0 Mae Pi3HI peakuii Ha pi3HI KOHLEHTpalii Ae31H(PIKyr040oro
3aco0y. OpmHak, ciia 3a3Ha4uTH, MO KOHIeHTparis 0,5 mr/m
Oyna MpaKTUYHO HEAKTUBHOIO Ui IUTaMiB OakTepiid, w10
pO3IIIsIIANUCs B IbOMY JOCHIKeHHI. Hampukiiaa, He3Bakaouu
Ha Yac KOHTaKTy /uid peakuii nporarom | roguHu Oyio
orpumano meHuie 0,3 nmorapu¢MmiB iHakTHBaii. 3a3BUYail, y
MATHIA BOJI PEKOMEHAYEThCS, MO0 3aCTOCOBYBaHa J03a HE
nepesuryBaia 1,5 mr/n [19]. 3rinno 3 pedyabratamu [16], Taki
KOHIICHTpallii MOXyTh OyTH HEIOCTaTHIMH I BOAH, IO
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MICTHTbh BEJIMKY KIJIBbKICTh OaKTEpiaJIbHOT MOMYJIAIIII.

PospaxoBaHi KOHCTaHTM WIBHJIKOCTI IHAKTWBAIlii Ta
nmapametrpu  wmozeni  Cavg HoOm  moxkazanmu  HemiHIAHY
XapaKTEepPUCTHKY IHAKTHBAIl JioKcuaoM XJopy P. aeruginosa,
S. aureus, a takox E. coli [1] y Bozi.

2.4.2 Bnaue pH na oezinghexuyito 6axmepiit diokcuoom
xJ0py

3mina pH Boam Ha KiHETHMKY iHakTHBamii OakTepii
TIOKCHIOM XJIOpY MOKa3aHo Ha puc. 2.19.

1,24
- L]
1,04 —a— S. aureus
\~e— P. aeruginosa
E 081
£
g o' 6- i /
=] .
X 04 ‘
0,2- /'
0,0 T T v T T T
6,5 7,0 7.5 8,0 85
pH of water

Puc. 2.19 BB 3minu PH Boau Ha KOHCTaHTH
IIBUAKOCTI iHaKTUBAIli P. aeruginosa ta S. aureus i1 BILIMBOM
2,0 Mr/m giokcuay XJaopy mpu temmnepatypi 22 + 2 °C.

I'padik 300pakye KOHCTAHTH MIBUAKOCTI IHAKTUBAIIIT 5K
KIHETHYHOI peakiii MCceBAONEepIIOro MopsSAKY MiXK JIOKCHIOM
XJIOpY Ta KJIiTUHaMH OakTepiil 3a pi3Hux ymoB PH Boau. Crmig
MIJKPECIUTH, IO IS BCIX EKCIEePUMEHTIB 3 1HAKTHUBAIii
MMOYaTKOBA MIIIBHICTh OaKTepii He 3ajekKalia BiJ] dKOJHUX YMOB
PH, 1m0 posrisganucs B uboMy aociikeHHi. [Ipy Bu3HaueHH1
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KOHCTAHT IIBUKOCTI BpaxoBYyBaJlacs JIMILIE MIBUKA OYaTKOBA
¢a3za, siKa ciiyBaa 3a KIHETHKOIO TIEPIIOTO HOPSIIKY, OCKUTBKU
PIZHHUI MK JIOTapu(PMIYHIMU JaHUMU 1HAKTHBAIl B TOYKAX
nepexoAay Ta KiHmeM (a3um XBOCTa KIHETMYHHMX KPHUBHUX
BUSIBIJIACS 3HAYHOIO MIpOIO CTaTHCTUYHO He3Hauyllow (p >
0,05).

[[IBuakicTh iHaKTHBALli OaKkTepili CyTTEBO 3pocTaia 3i
30itpmeHHsM PH, 1 HalledexTHBHIMI piBHI iHaKTHBaMii Oymn
3apeecTpoBaHi B JyXHMX yMoBax PH. 3a aHanoriuHux
eKCIIepUMEHTAIBHUX YMOB 3MiHa PH Bix 6,5 no 8,5 mpussena
NpUOJIM3HO IO 4-KpaTHOTO Ta 7-KpaTHOro 301IbIICHHS
IIBUJIKOCTI iHAKTUBAII1 S. aureus ta P. aeruginosa BiAmosiaHo.
Li pe3ynpTaTé NEPEeKOHINBO BKAa3ylOTh Ha CyTTEBUH BB pH
BOJIY Ha e(eKTUBHICTD Ae3iH(eKHii qiokcuaom xiopy. Pors pH
3HAYHOK MIpPOID CTajla MPEIMETOM CYIEPEUOK cepej
nocniguukiB. [llupoko Bu3HAHO, 110 HA BIAMIHY BiJl BUIBHOTO
XJIOpY, €(EeKTUBHICTh MIOKCHUIY XJIOPY OXOIUIIO€ IIUPOKHIA
niana3zo” yMoB pH [20, 21] 1 nmpakTUYHO HE 3aJIeXKUTh Bl 3MIH
pH Boau. 1 HaBmaku, iHIIN JOCHITHUKKA MOBIAOMIISUIA MPO
3HayHUl BIUIMB PH Ha eQexTuBHICTH I1HAKTHBALil MIKpOOIiB
niokcuaoM xiopy [22, 23].

ByJio BHCIOBIIEHO TPHITYIIEHHS, IO CIIOCTEPEKyBaHA
MiJBUIIIEHA peakiliifHa 3AaTHICTh MIOKCUIY XJOPY B JYKHHUX
yMOBax Mo)ke OyTH TOB'A3aHa 3 YTBOPEHHSM OUIbII
peakiiHO3JaTHUX TMEePEeXiTHUX YaCTHHOK, IO CKIIAJAIOThCS 3
ioriB OH™ , miokcuay xmopy Ta cyocrpary [24]. Takox Oyio
MPUITYIIEHO, 10 TYyT MalTh MICIIe IMBHJKI peaKilii JIOKCHIY
XJIOpY 3 IIUCTETHOM Ta IJIyTaTIOHOM B JIYKHHX YMOBaX, sKi €
BXJIMBUMH KOMIIOHEHTaMH aKTUBHOCTI KUTBKOX (hepMEHTATIB
y OakrtepianpHux KimiTuHax [25]. YV momepenHniii po6oti [1]
aBTOPW BKa3ajW, IO JyXHI ymMoBH PH mpHCKOPIOIOTH
IIBUJIKICTH PO3May MIOKCHIY XJIopy [26, 27], a MexaH13M IIbOTO
MPOILIECy MiJBUIILYE IMBHAKICTh OKHCICHHS MIKPOOHUX KIIITHH.
Ha npomy erami BucOka e€(eKTHUBHICTh 1HAKTHUBAIlIl B JTYKHUX
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ymoBax pPH € HemepekonnuBor. Ha mpakTuili icHYHOTH
MOOOIOBAaHHS, 0 B TAKMX YMOBAaX 3aJIMINKOBI 103U B CUCTEMAaxX
PO3MOJILTy MUTHOI BOAM, MMOBIPHO, PO3KJIAAAIOTHCS MIBUILLE,
0 TMiAJae BOAY TIOBTOPHOMY 3a0pyJHEHHIO B CHUCTEMI
posnoainy [26]. Takum yuHOM, Oa)kaHO TMOEAHYBATH J1OKCH/T
XJIopy 3 Oibml cTaOUIbHUMH N1€31H(DIKYIOUHMHU 3aco0amH,
TaKUMU SIK MOHOXJIOpaMiH a0o BUTbHHH XJ10p [28].

2.4.3 Bnaue memnepamypu.

TemmnepaTypa € BaxJIMBUM (i3UYHUM apaMeTPOM, KU
BIUIMBAa€ HA €PEKTHBHICTh XIMIYHHMX Je3iH(IKYIOUHX 3acO0iB.
BrnnuB temmepaTypy Ha KOHCTAHTH IIBUIKOCTI 1HAKTHBALil
TICEBJIONEPIIIOTO MOPSIKY MIC/sI BIUIMBY HA IITAMU OakTepii
TIOKCUAY XJIOpY KOHIeHTpamiero 2,0 MI/JI MOKa3aHO Ha pHC.
2.20. KoHcTauTM MBHOKOCTI BH3HAYAJMCS 3 MIBUIKOIL
noyatkoBoi ¢a3zu abo jorapupmiuHoi 0067acTI KpPUBUX
ne3iHdeKInii, o BIAMOBIIa€ KIHETHUIll MEPIIoro mopsaaky [29].
3nauna pizHung (P < 0,05) MK KOHCTaHTaMH IIBUIKOCTI
1HaKTUBalli B  PO3MISIHYTOMY  Jlama3oHl  TeMIEeparyp
croctepiraigacs sk s P. aeruginosa, tak i mis S. aureus.
3okpeMa, Juts S. aureus migsumieHHs temmneparypu 3 4 °C 1o 15
°C mpus3Beno 10 30UIBIIEHHS IMIBUAKOCTI 1HAKTHBAIil
npuOm3HO Ha 56%. 3aranom, MIBUIKICTh IHAKTUBAIIIT TOCTIHHO
3pocrana 31 30ibieHHsM TemnepaTtypu Big 15 °C no 37 °C.
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Puc. 2.20 3miHa TemmepaTypu BOAHM BiJ KOHCTAaHT
MIBUJIKOCTI iHakTuBalii K mst P. aeruginosa ta S. aureus rmif
BIuBOM 2,0 mMr/n giokcuny xiaopy (pH 8,05).

OCKUTbKH XIMIYHY /1€31H(EKIIII0 4aCTO OTOTOXHIOIOTh 3
XIMIYHUMHU peakiissiMu [17], BBakaeThcs, IO MiABUIIECHA
aKTUBHICTB JIe31H(EKIITHOTO0 3ac00y 3 TEMITEPaTypOI0 3HAYHOIO
MIPOIO 3yMOBJIEHa 30UIbIIEHHSM €(EeKTUBHUX 3ITKHEHb
MOJIeKyn — Je3iH¢ekuifHoro 3aco0y 3  OakTepialbHUMHU
KJIITHHAMH 3 1HIIIAII€I0 OKHUCIIOBAIBHUX IMPOIIECIB, IO
MIPU3BOASTH JI0 3aru0eni KIiTHH.

2.4.4 Bnaue nouamkoeoi wiinbnocmi 6axkmepiil

Takosx BUBYABCS BILTUB IMOYAaTKOBOI IIITBHOCTI OaKTepiid
Ha e(peKTHBHICTh Alokcunay xjopy. Ha puc. 2.21 mokaszaHo
KIHETUKY 1HAKTHUBAIlii, KOJTU OaKTepialbHi MITaMH IMiIJaBATHCS
BIUIUBY  KOHIICHTpAIIIH, IOCTAaTHIX st OTPUMaHHS
HioHaliMeHIe 2 jorapudmiB iHakTHBalii. 3araisom, He Oyio
OTpUMaHO cyTTeBoi pizHumi (P > 0,05) MK KOHCTaHTaMH
IIBUAKOCTI 1HAKTHUBAIII] MPU PI3HUX MIUTBHOCTSIX OAaKTEepiid JyIst
KOXKHOTO 3 JIOCHIDKYBAaHUX MikpoopraHi3miB. [lomambine
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MOPIBHSAHHS ~ PE3yJbTATiB, JI¢  [OYaTKOBAa  IIUIBHICTh
nigTpuMyBanacs Ha pisHi ~108 KYO/Mi, cBiguuTh mpo Te, mo
3a MOAIOHMX EKCIIEPUMEHTAIbHUX YMOB IIBUIKICTh 1HAKTUBAIIIT
Ta, BJAacHE, JOrapupMu IHAKTUBAILil MIKpOOpPraHi3My i
BIUIUBOM JIOKCHIY XJIOPY, OyAyTh MEHIIE 3aJIe)KaTh Bij
MOYaTKOBOT IIITFHOCTI OAKTEPiH.

(a) P. aeruginosa 45 (b) S. aureus

—~— 143107 cfuml
o 1,04 108 cfuiml
- 122105 cfuimL

o 136 x10° chuimL

S
o 20 |
e 127 x10° chimL 2,0

SR RS, TEAW TR TR R IBE 3 TaE JR
Contact time (min) Contact time (min)

Puc. 2.21 Kineruka iHakTuBailii OakTepiid TIOKCHUIOM
XJIOPY TIPH Pi3HUX MOYAaTKOBHX IibHOCTAX: (8) P. aeruginosa
mig BrutmBoM 1,0 mr/n, ta (b) S. aureus min BrmBoM 2,5 mr/i
ClO..

VY noaiGHOMY JOCHIIPKEHH] B peakTopl MepioguyHOi aii
[30] mpoieMOHCTPOBAHO, 110 TOYATKOBA MIUTHHICT OakTepiit E.
coli, Bupomennx a0 cramioHapHoi ¢asu, Oyiaa CTaTHCTHYHO
3HAYYIIUM (dhakTopom y IIBUIKOCTI IHaKTUBAII{
MOHOXJIOpDAMIHOM, aJlé 1€ He CTOCYBaJlOCS KIITHH B
eKCIoHeHIlanbHIi  (a3i. B iHmii mnos's3anii  poOoTi 3
MOHOXJIOpaMiHOM Ta 030HOM s kimituH E. coli ta cnop
Bacillus subtilis [31] BcranoBiieHO, IO BIUIMB ITOYAaTKOBOI
HITBHOCTI OYB MOB'SI3aHUI JUILE 3 PEaKLiI€l0 MOHOXJIOpaMiHy 3
E. coli cramionaproi ¢asu. Takum gmHOM, Oya0 3pOOJICHO
BHCHOBOK, IO BIUTMB MOYATKOBOI HIUTBHOCTI Ha JI€31H(EKIIII0
3aJICKUTH B (pa3u poCcTy Ta TUITY IIJTLOBOTO MiKpOOpTraHi3My.
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KBopym-ceHcoprka B OakTepiaJbHUX KIITHHAX — II€
MEXaHi13M MDKKIITUHHOI KOMYHIKaIlii, SKUi BUKOPHUCTOBYETHCS
OKpPEMHUMH KJIITHHAMH JIJIS OIIHKW EKCIpecii reHiB, TpagieHTa
nudy3ii Ta JTOKATBHOI MUTFHOCTI B OAraTOKIIITUHHIN MTOBEIHII
[32, 33]. Lle sBUIIE MOB'SI3YIOTh 3 1HAYKIIEI0 PE3UCTEHTHOCTI
cepel KIITUH BHUCOKOi INITBHOCTI JO AaHTUOIOTHKIB Ta
aHTUMIKpOOHUX mpenapariB [34]. Omgnak y pobGorti [16] B
eKCIIepUMEHTAIBHUX YMOBax Leil edekT He crocTepirabcs,
HWMOBIpHO, TOMY, IO JTIOKCH][ XJIOPY SK CHJIBHHI OKHCIHOBAY
BIUIMBA€E HA KiIbKa MUIsSHOK [35, 36] Bcepenuni kimituHu. Lle
pOOHTH MAJIONMOBIPHUM PO3BUTOK PE3UCTEHTHOCTI KIITHHAMU
3a JIOMOMOTOI0 CHeM(IYHUX MEXaHi3MiB eKcrpecii TeHiB, abo,
CKOpillle, KIITHHU MiAJaBaIKUCAd BIUIMBY BiJHOCHO BHCOKOIi
KOHIIEHTpaIlii ne3iH(}iKyrUoro 3aco0y.

2.4.5 Ilponuxknicms 306HiuiHbOT KTIMUHHOT MemMOpanu

[ToreHuian AiOKCHIY XJIOpY MOPYIIYBaTH LUTICHICTb
30BHIIIHBOI KJITMHHOI MeMOpaHM Ta MOro BHECOK Yy
OaKTEepUIIMIHUN MEXaHI3M OIIHIOBAJIX 3a JOMOMOTOI0 aHai3y
normuaandss  NPN - (1-N-phenylnaphthylamine). 3oBrimrss
KJIITUHHA MeMOpaHa € BIJAMIHHOIO PHCOI0 TpaMHETaTUBHUX
6akrepiit [37], Tomy anamiz NPN mnpoBoauses nume 3 P.
aeruginosa. BmimB miokcuay XJopy MPH3BIB 10 3HAYHOTO
301IbIIEHHS MOTIMHAHHS XpoMmoreHHoro 3oH1a NPN 3anexHo
BiJl KOHLIEHTpaLii. Hampukian, o0pobka KJIITUH
KOHIIEHTpallisIMH Aiokcury xyopy 1,0 mr/m, 2,5 mr/n ta 5,0 mr/a
MpHU3Besa 10 CEPEeIHHOr0 MOTIUHAHHS npuoau3Ho 17%, 47% ta
83% BiAMOBIAHO BiJ MOTIMHAHHS, iHIyKoBaHoro 1,0 M EJITA,
SAKUH € 100pe B1IOMUM MEMOPAHOIIPOHUKHUM areHTOM.

30BHINIHIN Iap 30BHIMIHEOI MeMOpanu P. aeruginosa
CKJIAJIAETHCS TIEPEBAXKHO 3 JIMOTOJIIcCaxapyaiB 1 (GPYHKIIIOHYE 5K
eeKTUBHMIA Oap'ep MPOHUKHOCTI /Ul 30BHIIIHIX T1ApohoOHIX
a6o mimodinmpHux Mosiekyd, Bkmrodaroun NPN [38]. Onnak,
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KOJIM  IUTICHICTh  30BHIIMIHBOI ~MEMOpPaHH  IOPYIIYEThCS
30BHIIHIMU areHTamu, Moisiekynu NPN mpoHukaioTs y
dbocdominigHe cepenoBUIlle BHYTPIIIHLOTO IMapy 30BHINTHBOT
MeMOpaHH, CTBOPIOIOYH MiBUIICHY IHTCHCHBHICTb
(bayopecrieHIlii, BeTWYMHA SKOI 3aJCKHTh BiJ] KUIBKOCTI
MOJIEKYJT 30HJa, L0 MOTPAIUIATh y KiIiTuHU. HaBmakw,
Mosiekylii NPN 'y 30BHIIIHBOMY BOJHOMY CEpEIOBHII, SK
MIPaBUJIO, CIIPUYMHSIOTH C1a0KY IHTEHCHBHICTB ()IyOpECHEHIII.
Pe3ynbpratu BKa3yloTh Ha Te, IO BIUIMB AIOKCHIY XJIOPY Ha
OakTepii MOPYIIMB HEYIIKOKEHI 30BHIIIIHI JITTOMOTiCaXapy IH1
MeMOpaHU Ta J103BOJIHMB MPOHUKHEHHS XPOMOTCHHHUX MOJIEKYII
NPN [39]. Ile mnpusBeno a0 MiABUINEHOI IHTEHCUBHOCTI
bayopecueHIlii, BUPaKEHOI SIK TOITMHAHHA. 3OLUIBIICHHS
KOHIICHTpALlii TIOKCHIy XJIOPY TaKOXX MPHU3BENO A0 OLTBIIOrO
nornmuHanHs NPN, 1mo wMoke cBimuuTH 1po 30LIBIICHHS
KUIBKOCTI OakTepiadbHUX KJITHH, 30BHIIIHI MeMOpaHH SIKUX
Oynmu 3MiHeHi. TakuM dYHMHOM, 3MiHAa MeMOpaHH MOXe
BIAMOB1AATH 301IbIIEHHIO 1HAKTHUBAILIT a00 3arn0ei KIITHH.

2.4.6 Buginbnenna nociunarwuux mamepianie 3
0062cuno10 xeuni 260 um

bakrepianbHa HUTOIUIa3MaTHYHA MEMOpaHa € MicleM
KUTTEBO BAXKIIUBUX KIITHHHUX TPOIECIB, TAKUX SIK JUXaHHS,
CUHTE3 JIMi/IiB Ta KOMIIOHEHTIB KJIITUHHOI CTIHKH, MIATPUMKA
TOMEOCTATUYHUX yMOB, a TaKOX KOHTPOJIb  KUIBKOX
MeTabomiuHux mporeciB kimituHU [37]. Bona mepeBaxHO
CKJIAJIAEThCSl 3 HAMBIPOHUKHOTO GocdommiaHoro Oimapy 3
BOY/TOBaHUMU OITKAMU Ta PETYIIO€ MEPEHECEHHSI PO3UMHEHUX
pedoBMH Ta MeTabomiTiB y KiIiTUHY Ta 3 Hei. [lopymeHHs
[UTOIJIA3MAaTUYHOI MEMOpaHW TPU3BOAUTH O BUKHIY
KPUTUYHO BaXJIMBUX BHYTPIIIHbOKIITHHHUX KOMIIOHCHTIB
KIITUHYU, Takux sk Hykieinoi kucnotu (JJHK Ta PHK), sxi
CHWJIBHO MOTIMHAIOTE Y D-CcBiTI0 mpu 260 HM, y HABKOJIHUIITHIN
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marpukc [39].

Ha puc. 2.22 rpadixu moka3yroTs BUBUIbHEHHS IIEpPHUX
MarepiajgiB TiCias BIUIMBY Ha KIITHHHI CYCHEH31l pIi3HUX
KOHIIGHTpalid  jgiokcuay  xmopy. KpuBi  mornmHaHHS
UTIOCTPYIOTh CITIBBIIHOIICHHS KJIITHH, 0OPOOICHUX AI0OKCHIOM
XJIOPY, 10 HEOOpOOJICHUX KIITHH, IO BUKOPUCTOBYIOTHCS SIK
KOHTpOJb. lle CriBBiHOIIEHHS 3a3BHYail XapaKTEPU3YIOTHCS
pi3kuM  30UTbIIEHHAM TpoTAroM mnepmmx 10  XBHIUH
BHMIPIOBAHHS Ta CTa0IILHUM ITiCIIS IIBOTO.

22 17

s ::m {a) P. aeruginosa 16 (b) 5. aureus
T2 | B riey P
] -k 15
% A f
118/
5 : 131 /
3 512 |
12{ / 14
10 1,04
0 0 ) I
Contact time (min)

Puc. 2.22 BmmB o6pooku ClO, Ha BHBiIBHEHHS
noruHaYux Matepianis 260 um 3 (a) P. aeruginosa ta (b) S.
aureus. JlaHi TOTTMHAHHS BHUpPaXEHI SK CIIBBIIHOIICHHS
kiiTaH, 00poodaeHnx ClO2, 10 HEOOPOOIEHUX KIITHH.

[Tpu konuentparii 5,0 mMr/n cnocrepiranocs maitxe 1,8
Ta 1,6-kpaTHe 30UIBILICHHS MOTJIMHAIOUMX MaTepianiB mpu 260
um it P. aeruginosa ta S. aureus BiamosiaHo yepe3 40 XBHIHH
KOHTakTy. Takox  BHSABIEHO  30UIbIIEHHS  KUIBKOCTI
BHYTPIIIHBOKIITHHHUX ANEPHUX MaTepiaJis, 110
BUBUIBHSIOTBCA B TO3aKJIITUHHUNA MaTPUKC, 3 IOYATKOBOIO
KOHIICHTPAII€I0 JIOKCHAY XJIOpY, 1 I TEHACHIis Oyna
OYEBHIHOIO [T 000X MikpoopraHi3zmiB. Takox croctepiranacs
CWJIbHA KOpENAIliss MK MaKCUMaJIbHHM DIBHEM 1HAKTHBAIIIi,
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OTPUMaHUM JJIs 3a/laHoi KOHIIEHTpallii, Ta MaKCHMaJIbHOIO
KUTBKICTIO BUBUIbHEHHUX MOTTMHAIOUMX MaTepianiB mpu 260 HM,
BH3HAYEHOIO 32 JJOTIOMOT'OI0 BUMIpIOBaHb a0COPOIIii.

Jliokcua XJOpy € CHUIIBHUM OKHCITIOBA4YeM, SIKUI
i{HAKTHBY€ MiKpOOHi KIITHHHI IUISIXOM OKHcieHHs. Moro peakuii
MPOTIKAIOTh NUISXOM BIAIICTTICHHS OJHOTO EJIEKTPOHA Bif
peaKkIiiiHO3JaTHUX OpraHiuHUX CyOcTpaTiB OaKTepialbHUX
KITHH. MOXIUBI Micls IHII[IIOBaHHS pPEaKIiii OKHCICHHS
3aNeXarb Bl CEJEKTHBHOI peakUiiHOI 3JaTHOCTI M1OKCHUITY
XJIOpY A0 OpraHiyHuX (YHKIIOHAIBHUX Tpymn abo CHONyK.
Hanpuxknan, qiokcua Xjaopy pearye noBiibHO a00 IPAKTHYHO HE
pearye 3 TICpBHHHMMH aMiHaM{ Ta HCHACHYCHUMH >KHUPHUMHU
kucnoramu [40]. Opnnak, Oyno BHSBIEHO, IO peakuii 3
aMIHOKHUCJIOTaMH, TAKUMH SIK IIUCTETH, TUPO3HH Ta TPUNITO(aH,
€ MmBUIKUMH [25] 1 TOMYy BBaXalOThCS CHPUSITIUBUMU
peakmiiHUMU ~ MICIIMA I 1HINIIOBaHHS — peakiiid 3

LUATOILIa3MAaTHYHOIO MeMOpaHOIo. Takox Oyno
MPOJIEMOHCTPOBAHO, IO  JIOKCHJ  XJOPY  MIAJAEThCS
HaJI3BHYANHO MIBUIKUM peaxuisam OKHCJIEHHSA 3

HIKOTUHaMiganeHIHAuHYykIeotuaom  (HAIH), sxuii €
KIIIOYOBUM KO(QEpMEHTOM Yy OaraTbox O10JIOTITYHMX OKHCHO-
BIJIHOBHHX PEAKIIifX, a TAKOXK Y CUHTE31 afeHo3uHTpuochary
(AT®D) [41]. ToB's3yBaHHA IMX peE3yNbTATIB, TAKUM UYHUHOM,
JO3BOJISIE  TIPUITYCTUTH, IO TICIS TPOHWKHEHHS dYepes
30BHIIIHIO MeMOpaHy OakTepiajdbHOI KIITUHHU JIOKCHI XJIOPY
Al HalUTIOEThCST HA [UTOIJIA3MAaTHUYHY MeMOpaHy Ta
OKHUCIIIOEThCS IIIJISTXOM OKHCHO-BITHOBHHMX peakilid 3 OLIbII
pEaKIifHO3JaTHUMH  BiTHOBIIIOBAJHHUMH  CIIOJIYyKAMH B
MeMOpaHi. ManoiMOBIpHO, 110 peakilii 3 MEBHOI IJILOBOIO
IPYNOI0 CHOJYK a00 KOMIIOHEHTIB KIITHHH MOXYTh OyTH
BIJIMOBIAAILHUMHU 3a 3arubenb KIiTHH. HatomicTe, peakmii 3
KUTbKOMa MIIICHSIMH BCEPEAWHI KIITHHU MOXYTh 3PEIITOIO
HAKOMHUYYBaTHCS, TOPYUIYIOYH KUTTEBO BAXIJIMBI METa0OJIUHI
MPOIIECH Ta MIPU3BOISIYH IO BTPATH aKTUBHOCTI 200 1THAKTHBAIT].
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2.4.7 3minu 6 mopgponocii knimun

BrmuuB 00poOku JioKCHIOM XJI0opy Ha MOpPGOJIOTito
OakTepialbHUX  KJIITUH  OIHIOBAIA 32  JIOTIOMOIOIO
TpaHCMiCCIHHOT €JICKTPOHHOL MIKPOCKOITi{ (TEM).
PenpesenTaTuBHI eNeKTPOHHI MikpodoTorpadii, 10 MoKa3zyTh
Mopdodoriro kmitaH S. aureus ta P. aeruginosa mo Ta micis
0o0poOku, mpencraBieHi Ha puc. 2.23. TumnoBl KIITHHA
KOKKOTOA10HOT ()OpMH 3 YITKO OKPECICHUMH HEYIIKOKCHUMHU
BHYTPIIIHIMHU Ta 30BHIIIHIMA MEMOpaHaMU CIIOCTEPIraucs 10
Ta Tmicas  oOpoObkm S. aureus. Buaumi  mopdosoriuni
MOIIKO/DKCHHST CTPYKTYPU KIIITHH, CHPUYUHEHI JIOKCHIOM
XJIOPY, HE OYJIM MTOMITHUMH.

Onmnak, y oOpoOnenux kiituH P. aeruginosa
criocTepiraiocs Jeske O4YeBUAHE 30UIbIIEHHS MIOPCTKOCTI Ta
HEBEJIMKI 3arJuOJieHHS Ha 30BHIIIHIX MOBEPXHSIX KIITHH (K
nokazaHo ctpiikamu). [lomanbmuii aHani3 300pakeHb TAKOX
nokasas 3HauHe 30ubIIeHH (P < 0,05) TOBIIMHU KIIITHHHOL
crinku P. aeruginosa micis 00poOKH MiOKCHIOM XJIOPY
(cepenus ToBuIMHA 10 00poOKH craHoBuia 33,85 + 5,30 um, a
micas o6poOku - 55,43 + 6,58 um). 3 iHmoOro 60Ky, TOBCTI
MENTHIOTIIIKAHOBI KIIITHHHI CTIHKH TPaMIIO3UTHBHOTO S. aureus
MOTUIM MIABUINUTHA CTIHKICTh KIITMHHOI CTIHKHA 10 BUIUMHX
MOIIKO/KeHb. He3Bakaroum Ha 1e, 3 IUX CIOCTEPEKESHb
OYEBHJIHO, IO JIOKCUJ XJOPY HE OKHUCIIOE€ Ta HE IHAKTUBYE
OakTepiajbHl KIITUHH, 3aBIal0YM TpyOUX MOPQOIOTIIHUX
nomkopkenb. [lle mikaBimie y3rogwTH, SK BIH 1HAYKYE
30UIbIIEHHST TMPOHUKHOCTI 30BHINMIHBOI IUTOIUIA3MATUYHOT
MeMOpanu 0e3 mi3ucy KimiTuH. OnHak, AIOKCHA XJIOpY €
BHCOKOCEJIEKTUBHUM MOHOMEPHHM BUIBHUM pagukaiiom [36],
AKMM Mae moTeHIian IudyHIyBaTH yepe3 MeMOpaHu Ta
pearyBat 3 OUIbII  peaKIiHHO3JATHUMU (parMeHTaMu
KIITUHHUX KOMITIOHEHTIB, TAKAUMH SIK TJIyTaTiOH, TPUNTO(AaH Ta
mUCcTeiH. BUTIK JXHUTTEBO BaXXJIMBUX KIITHHHUX KOMIIOHEHTIB
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MOJK€ CYTT€BO CIIPUSATH 3arajibHii 1HAaKTUBALlli OaKTEpiii.

Puc. 2.23 Tumnosi TEM-mikpodororpadii
OakTepiaIbHUX KJIITHH J0 Ta micis 00pooku 4,0 mr/n ClO2 (22
+2 °C, pH 8,0). (A) S. aureus g0 06po6kwu, (B) S. aureus micis
o6pookwu, (C) P. aeruginosa mo o6pooku, (D) P. aeruginosa
micist 00OpoOKH.

BucHoBku

VY miit po6ori [16] mochimkeHO KIHETHKY IIOKCHIY
XJOpy SK Jne3iH¢ikyrodoro 3aco0y mpu iHakTuBamii P.
aeruginosa Tta S. aureus. Pe3ynbTaTu IOKa3anu, IO JiOKCHJL
XJIOPY 1HaKTHUBY€E OaKTepialibHI KIITHHU HE MIJISXOM JI3HUCY, a
nusxoM  audy3ii  depe3 30BHIMIHI Ta [UTOIMJIa3MaTHYHI
MeMOpaHu, 30UIBIIYIOYM TXHIO MPOHUKHICTh Ta BUKIWKAIOYH
BUBUIBHEHHSI KHUTTEBO BAXKIWUBUX KOMIIOHEHTIB KJIITHH,
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2.5 Cuneprernunuii epexr inakruBauii Escherichia
coli musxomM mocJigoBHOI ne3iHdeKuii HU3LKHMH 103aMU
AIOKCHY XJIOPY 3 HACTYIIHUM XJIOPYBAHHAM

Tpamunitina mnocmigoBHa nesiHdexuis (TSD) 3
aJIbTEPHATUBHUMU ne3iHGeKIITHIMI 3aco0aMu s
nocsirHenns 1 10g iHakTHBaIlii, a MOTIM BUTBHUM XJIOPOM JUJIsI
MOJaJbIIOl 1HAKTUBALli, JOBeJa CBOIO €(EKTUBHICTH Yy
BUjaneHHi natoreHis [ 1-5]. I[locnigoBHi 00poOku 6a3yroThcs Ha
BUKOPHUCTAHHI CHJIBHIILIOTO OKMCHIOBaya, TaKOTO SK 030H abo
ClO., sk ocHoBHOrO je3iH(dekiiiiHoro 3aco0y, a MOTIM
CJTa0IIOr0 OKWCHIOBAaYa, TAaKOro sK BUIBHHH XJIOp, SIK
BTOPUHHOTO Ae3iH(ekiiifHoro 3acody. CunepreTuanuii eext
IpyU  TOCHIAOBHMX  00poOkax, WMOBIPHO, 3yMOBJIEHMM
aKTUBHICTIO Je31H(EKIIfHNX areHTiB, M0 pearymTh 31
cHenu(piYHUMHU XIMIYHUMHU TpynamMd B KIITUHHIA CTIHII
Oaktepit [6]. Cxoxe, 10 BTOPUHHOMY Je3iH(EKIiiHOMY
3ac00y JO3BOJISIETHCS IIBHIIC MPOHUKATH Yepe3 YaCTKOBO
MOIIKO/KEHI MIApU KIITUHHOI CTIHKM TICHs il MEepBUHHOTO
ne3ingexiiitnoro 3acoby [2]. CuHepreTuyHuil eQeKT crpuse
3MEHIIEHHIO 03U JAe3iH(IKyIouoro 3aco0y Ta eKCIIO3HIIii,
HEOOXITHUX ISl JTOCSATHEHHS TOTO X PIBHSA 1HAKTHBAIlli, 110
MPU3BOANUTH 10 3HIDKEHHS K EKCIUTyaTallliHUX BUTpAT, TaK i
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YTBOpPEHHS TOOIYHUX NPOAYKTIB aAe3iHdekmii [7]. OmHak y
MOTIePEHIX EKCIIEPUMEHTaxX 3 TOCTiAOBHOI Ae3iHdeKIii, ki
aBTOpH [ 8] Ha3BaIM TPAIUIIIMHOIO MTOCITIIOBHOIO JE31H(EKITIETO,
NEpBUHHUHN Ne3iH(iKylounii 3aci0 BUKOPUCTOBYBABCS IS
inaktuBariii 90% mikpoopranizmis (1 109 iHakTHBaIIii), TOMI K
BTOPUHHMH J1e3iH(iKkyrounii 3aci0 inaktuByBaB jmmie 10% [1, 2,
7, 9]. La npomeaypa He BHAAETHCSA MEPCHEKTUBHOK IS
NPAaKTUYHOTO 3aCTOCYBAHHS 4Yepe3 MOXJIHMBY eIiMiHAIIIO
MEepPBUHHOrO Je31H(}iKyouoro 3aco0y B CHUCTEMi BTOPUHHOL
ne3indexrii.

[TponeMoHCTpOBaHO, 110 HU3bKUHT piBEHb
ne3iHgikyrodoro 3aco0y 31aTHHI epEeKTUBHO iIHAKTUBYBATH (ar
MS2 Escherichia coli [10]. Son et al. [6] cmocrepiramu
CHHEpreTu4Huil edexrt, komu Heenauky Kiibkicte ClO;
3MIIIYBaJIU 3 BUTLHUM XJIOPOM (CITIBBIJHOIIECHHS KOHIIEHTpPAIIii
1,8/200) mo wneaktuBHux cmop Bacillus subtilis. Onnak,
HACKUTbKM BiOMO, Hemae iHdopmaiii Tpo BHAAJICHHS
MaTOTE€HIB 3a JOMOMOTOIK HHU3BKOTO pPIBHS A€31H(IKYIOYOTO
3aco0y 3 MOJANbLIMM BUIBHUM XJIOPOM HpU TOCHIJOBHIN
nesindexkii (SD).

E. coli myxe uyrnuBa 10 XiMIYHUX AE3iH(IKYFOUHX
3aco0iB. 11[06 orpumaru 1 log inakrusauii E. coli, monepenni
JOCTiKeHHsT ToKazanu, mo 3HaueHHs CT (KoHLeHTparlis
ne31H¢IKy0U0ro 3aco0y X 4ac KOHTAKTy) CTAaHOBUJIO OJIM3BKO
0,08 mr/m-xB mns BimeHOro xmopy ta 0,03 mr/m-xe mis ClO2
BignosigHo [11, 12]. Cho et al. [12] gocnimkyBaiu MexaHi3Mu
inakTuBamii E. coli kimpkoma nesiHdikyrounMu 3acobamMu Ha
ocHoBi 1 l0g inakTuBarlii. Bonu BUSBHIH, 1110 BUTBHUHN XJIOp MaB
HE3HAYHWN BIUIMB HA MPOHUKHICTH KiaithH, Tomi sik ClO:
YaCTKOBO MOILIKOJ)KYBAB SIK TOBEPXHIO KJIITHH, TaK 1 BHYTPIIIHI
kommoneHntn. Huang et al. [13] BcraHoBWIM 3B'S30K MiX
MOCTYTIIOBHM TOIIKO/DKCHHSIM KIIITHH Ta HOTO BIUIMBOM Ha
3aranpHUi mporec (orokatamituuHol iHakTBarii E. coli
niokcuaoM TuTany. Lli pe3ynpTaTu mokasanu, o NPOHUKHICTb
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KJIITHH TIOBUHHAa OyTH 3MiHEHa JI0 TOTO, SK BiJIpearyroTh
BHYTPIIIHBOKIITHHHI ~ MaTepiamu. Davis et al. [14]
[IPOJEMOHCTPYBAIIH BiICYTHICTH BTpATH *)HUTTE3AaTHOCTI E. COli
MpU TOIIKO/KEHH] JIMIIE KIITHHHOI CTIHKU. bBinbine Toro,
MOIIKO/KEHY KIITHHHY CTIHKY MOKHA OyJIO BITHOBUTH ITiJT 4ac
CyOKyJIbTHBYBAaHHS Ha arapoBUX YailKax IS JOCIiIKCHHS
KUTTE3gaTHOCTI.  KpiM  TOro, OCKUIBKM Yy  CHCTEMI
BOJIOIIOCTAYaHHS 3QJIHIIAETHCS JIMINE HEBEJIHMKA KUIBKICTh
3aJIUIIKOBOTO BTOPUHHOTO JAe3iH(IKYH0UOoro 3acody, Moxe
BUHUKHYTH  HE3aIUIaHOBaHAa  HEOOXIOHICTh  JI0JAaTKOBOTO
nesindexranta (SD), skl m03yeTbes Ui 3a0e3MeUeHHS
JIOCTAaTHROI  Je3iHQeKIii  mepex  PO3MOAUIOM  BOAH
KOPHUCTYBaYyaM.

VY cratTi [8] SD npuiiHATO Ta BU3HAYEHO K MPOLEAYPY,
B SKiM 7aBa Jne3iH]iKyroui 3aco0M BHUKOPUCTOBYIOTHCS Ta
MOCITIZIOBHO  3aCTOCOBYIOTBCS B ONHIM cucreMi. Merta
JOCTIIPKEHHS MMOJIsrajia B HACTYITHOMY: (@) BUBHAYUTH, Y1 MOXKE
Hu3bkuii piBeHb ClO2 mokpammTi Ae3iHQEKII0 BiUTBHUM
xsopom, (b) 3'sicyBatu cuHepreTHuHuit eheKT HU3BKOTO PiBHS
ClO2 3 BimbHEM XJI0pOM Ha iHakTUBamito E. coli ta (C) ominuTH
pons pH Ta temmeparypu B SD. Byno mochimkeHo 4OTHpHU
MeToau ae3indexiii: ogHocTyneHesa aesindexiis (SSD), SD,
TSD Tta ge3indexiis 3mimanuMu Ae3iHGIKYIOYHUMHU 3aco0amMu
(MDD).

2.5.1 Inakmueauia E. coli nuzoxumu oozamu ClO2

Cho et al. [12] nocmimkyBanu MexaHi3Mu iHakTHBaIlii E.
coli kinbkoma e3indikyrounmu 3acodamu ta BusBuiH, o ClO»
CIPUYMHSE JesKe IOIIKOMKEHHS TOBEPXHI Ta Jerpajariiro
BHYTPIIIHIX KOMIIOHEHTIB y Mipy MpOrpecyBaHHs 1HAKTHBAIlii.
3 immoro 00Ky, BTpatH >HTTe3gatHocti E. coli me Oymo
BUSIBJICHO, KOJIM OyJia MOIIKOJ[KEHA JIUIIE KIIITUHHA CTiHKa [ 14].
Buxoasuu 3 1iux BUCHOBKIB, mporiec iHakTuBaiii E. coli ClO;
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MOXKHA ommcaTH K mocmigoBHicts peakmii  ClO2 3
KOMIIOHEHTaMHU KJITHHHOI CTIHKM, HEpHI HDK BIiH JOCATHE
HUTOIUIA3MHU,  MICJIST  Y0ro  BiIOyBaeTbCs  30UIBIICHHS
MPOHUKHOCTI KJIITUHHOI CTIHKM Ta TOZAJbIlIe MPOHUKHEHHS
ClO2 y umromnasmy, i 3pemroro 3arubenp kimituaun [15, 16].
Takum umHOM, MOxe icHyBatu neBHuid piBeHb ClO», sikuit
MOIIKOKYE JIMIIE KIITHHHY CTiHKY, 1 koiau ClO2 nmepesuiye
11l piBeHb, HACTAE IHAKTHBAIIIS KJTITHHH.

Jns mnepeBipku mnponenypu B SSD-ekcrnepumentax
(BuxigHa imoxymsuis Bim 3 X 10° go 1 x 107 KYO/mi) 6ymo
mpoTecToBaHo 4yotupu pisHi kouuenrpamii ClOz (0,005, 0,01,
0,02 ta 0,05 mr/m). Ik moka3aHo Ha puc. 2.24, KUTTE3AATHICT
E. coli memio 3minroBanacs npu koruentparii ClOz mmxue 0,02
Mr/a, Tomi sk iHaktuBamis 3,75 log cmocrepiranmacs mpu
konrentrpaii 0,05 mr/a ClO2 npotsirom 30 XBUIMH 0OPOOKH.
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Puc. 224 ImaktuBamis E. coli mpum  pisaux
kontenrpanisx ClO2 (pH 7,1; 20 °C).
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Otxe, MokHa 3pobutd BHCHOBOK, 1o ClO2 npu
KoHIeHTpanii Hrwkde 0,02 Mr/n 37aTHHIA JTUIIE TOITKOKYBATH
KJIITHHHI CTIHKHM, 1 TaKUM YHHOM 3MIHIOBATH IPOHUKHICTh
KIIITHH, MalOYd HE3HAYHU BIUIMB Ha BHYTPIIIHI KOMIIOHEHTH
kinituar. OHAK, KOJW Horo KoHueHTtparlis nepesumrye 0,05
mr/a, ClO2 Moxe MpoOHWKATH B KIIITHHY IICJIS MOIIKOJKCHHSI
KJIITHHHOI CTIHKM 1 TaKUM YHMHOM pearyBaTH 3 BHYTPIIIHIMH
KOMIIOHEHTaMHU KJIITHHH, 3HIKYIOUH KUTTE3naTHicTh E. COli.
Ha ocHOBI 1IuxX pe3ynbTaTiB y HACTYITHUX €KCIIEpUMEHTaxX OyJio
Bukopucrano po3unt ClO; 3 konuenrpauiero 0,02 mr/i.

25.2 3mina nponuxknHocmi KiimuHHOI CHMIHKU
3aexcno 6i0 nuzvkoz2o piens ClO;

Sk ommcano Huang et al. [13], inTakTHi kxitunu E. coli
MaroTh JIy’Ke HU3bKY poHHUKHICTH 11t ONPG.

[Tpumitka. Tect ONPG, abo tect Ha o-HiTpodenin-p-D-
TQIaKTOMIPaHO3WA, — Iie¢  OIOXIMIYHUH  TecT, SKuH
BUKOPHUCTOBYETHCS B MIKPOO10JI0Tii JUIsl BUSIBIIEHHSI HassBHOCTI
(dbepmenTy Oera-raakto3uaazu B 6akrepisx. Lleit pepment mae
BUpilIAJIbHE 3HaUeHHs JuId pepMeHTauii JakTo3H, i rect ONPG
Joromarae 1JeHTH(IKyBaTH OakTepli, fAKi MOXYyTb OyTH
YIOBUIBHEHUMH 200 ClIabKUMH (pepMEeHTaTOpaMH JIAKTO3H.

Sk mokazano Ha puc. 2.25, oOMeXeHa IOCTYIHICTh
ONPG gns y3-D-ranmakto3uma3u B IHTAaKTHHX KIITHHAX
BijloOpakanacss B Ay)K€ HHU3BKIA MIBUIKOCTI TiAPOII3y, sKa
craHoBmIa MeHIe 2,6% (52,9 + 6,5 HMouIb/11 - (XB MI' CyX0i Macu
kmitua) ! Bin Takoi B misoBammx kmitmHax (20789 + 111,6
HMOMB/T - (XB MT cyxoi macu kiituH) . Ie y3romkyeTses 3i
3HAYEHHSMH, OTPUMaHUMH B TMOMNEPENHIX JOCIIIKEHHIX
(menrre 2 ta 2,3%) [12, 13]. Iicas gosyeanus 0,02 mr/n ClO:
Ta peakmii MNpOTATOM S5 XBWIMH IIBUIKICTb TiIPOTI3y
30impimnacs g0 148,0 + 8,9 HMonp/m - (XB Mr cyxoi macu
KJIiTI/IH)'l, 110 BKA3y€e Ha MOMIKOUKEeHHs KaiTuHHOI cTinku ClO2
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[12, 13]. Ommax mBuakicte rigponizy ONPG 3amumanacs
MOCTIHHOIO 3 MOJANBIIMM 30UTbIIEHHSM dYacy peakiii. ILle
cBimuuth 1po Te, mo (a) ClO2 MoXke MOMIKOIUTH KIITHHHY
CTIHKY IIPOTATOM KUIBKOX XBHJIMH, Ta (0) HU3bKMiA piBeHb ClO;
BUTPAYa€eThCsl NMPOTSAroM 5 xBwimH. Tomy B HactymHux SD-
eKCIIepUMeHTax 0yiio 00paHO S-XBWIMHHHIA 1HTEpPBAJL.

2200
2000 - 7772
1800 177
1600 -
1400
1200
1000 |
800
600F 77
400F 77
200} 77/
" Total 0 3 5 10 15
Disinfection time (min)

)

ONPG hydrolysis rate (nmol/min
mg cell dry wt

Puc. 2.25 3wmina mBuakocti riaponizy ONPG 3 yacom
s E. coli (Bim 1 X 107 mo 3 x 107 KYO/mn) nuisixom 103yBaHHS
0,02 mr/n CIO2 (pH 7,1; 20 °C).

2.5.3 Kinemuxka po3nady 0e3ingikyrouozo 3acooy

Kinetuka mnepmoro mopsanky (Ci = Co exp™) 6yma
BU3HaHA MPUHHATHOIO JUIS TIPOTHO3YBAHHS PO3MAay XiMidHOTO
nesingdikyrouoro 3aco0y npu Bukopucranni ClOz abo Oz [10,
12]. Opnak, y upomy JociipkeHH1 [8] cremeHeBa (yHKIIiS
pow2p2 (Ct = Co x (1 + 1)), a He kiHeTHKa HepmOro MOPAIKY,
mokazana Kpamry perpecito. Lle m01aTkoBO MiATBEPIKYETHCS
THM (hakTOM, 110 3Ha4YeHHs K 3MeHITyBanocs 3i 301LIbLICHHIM
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MOYAaTKOBOT  KOHIIEHTpamii  Je3iHdikyrodoro 3acody. 3i
301IBIICHHAM ITOYATKOBOI KOHIeHTpawii x1opy 3 0,2 1o 1,5 mr/n
3nadeHHs K 3menmysanocs 3 1,3178 mo 0,3041. Kpim Ttoro,
BHII[A TeMIeparypa abo Huxk4nuid PH mpu3BOIWIM 10 BHIIOTO
3HaYeHHS K.

Hozysanns 0,02 mr/n ClO2 B excniepumentax SD, MDD
ta TSD moke npusBecTH A0 criBicHyBaHHs 3aaumkoBoro ClO;
ta Cly. 1106 Bu3HaunTH BB HU3bkoro piBas ClO2 Ha po3mas
Cl,, Oynu mpoBemeHi MOJATKOBI EKCIEPUMEHTH MUISXOM
no3yBanHs 0,02 mr/in ClO2 y pozunn PBS 3a neBHHX yMOB miepe/
no3yBaHHsaM pisHux koureHntparii Clo. Metogom DPD (N, N-
diethyl-p-phenylelenediamine) ©Oymo BusiBIIeHO HE3HAYHY
pisnauito B konueHrpaiii Clz 3 nozysanusim ClO2 Ta 6e3 HbOTO.
Kpim Toro, 0,02 mr/n ClO2 mepeBuiyBano Mexy BHSBICHHS
Merony DPD. Takum uuHOM, aBTOpH [8] HE BH3HAYAIH
konueHrpanito ClO: i He po3paxoByBanu 3HaueHHs CT.

3navenns CT, HaBefeHI HUXK4e, OyJIM OIIHEHI JIUILE Ha
ocHoBi koHneHTpaiii Cla.

2.5.4 ocunennsn oezinghexuii ¢ SD

Sk mokazaHo Ha puc. 2.26, 3a nepmui 0,2 mr/a-xs (30 ¢)
Oyno orpumano 4,4 log inaktuBanii B SD, ane mume 2,7 log
iHaktuBamii B SSD. Bigpmie toro, 3umauenus CT craHoOBHIIO
auie 1,0 mr/n-x8 st SD st gocsraenns 6,0 10g inakTuBariii
(3umxenHs Ha 29,6%) mopisasHo 3 SSD (1,4 mr/m-xB). Lle
BKa3ye Ha Te, IO HasBHICTH Hu3bkoro piBaa ClO2 mana
CUHEPTreTUYHUN eeKT Ha TMOAAIBITY AC31H(EKII XJIOPOM.
OTpumani pe3yJbTaTH MOXHA MOSCHUTH HACTYITHUM YMHOM: (a)
MIPOHUKHICTh KJIITUHHOI CTIHKM 3MIHIOBajacsi HU3bKUM PiBHEM
ClO2, mo npucKOproBalIO MIBUAKICTE MPOHUKHEHHS XJIOPY
BCEpEMHY KIITHHU Ta MPU3BOAWIO 10 OUIBIIOT €()eKTHBHOCTI
iHakTuBanii; (0) MoOXe ICHYBaTH CHHEPreTHYHUN e(eKT
OKHCJIIOBaYa 3 WOro mpoMiKHMMH npoaykramu. 11lo6 3HaiiTh
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KJIFOYOBY NMPUYUHY, OyJIM TIPOBEICHI eKCIIepuMeHTH sK 3 TSD,
tak 1 3 MDD, pe3ynbTaru sikux mokasaso Ha puc. 2.26.

CT(mg/l min)
0.0 0.5 1.0 1.5 2.0
0 v T v T T T T T
-1 _ —a&— SSD
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24 A\ WA
el .
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Puc. 2.26 TlopiBusuus inakTuBaiii E. coli y dotupbox
THMAax eKcrepuMenTiB 3 Aesindexkiii (pH 7,1; 20 °C).

EdextuBnicts iHakTuBawii sk y MDD, Tak 1 B TSD 6yna
BHIIOKO MTOpiBHAHO 3 SSD, ane Hmk4voto, HiX y SD, y mexax 1,0
Mmr/n-xB. Y mexax 0,46 mr-n/xB (~1,6 XB) coctepiraiacs BUIla
eexTuBHIcTh iHakTUBaLil B TSD nopisusno 3 MDD, ane ixus
PI3HUII TOCTYNOBO 3MeHmTyBanacs 31 30imemieHHs M CT,
HaINpHKIIaJ, PI3HUL MK HUMH cTaHoBmiIa 01m3bko 0,6 10g mpu
0,11 mr-n/xB, ane Oyna Maibke He3HauHa npu 0,46 mr-n/xB. Y
mianazoni CT 0,46-1,4 wmr/m-xB crmocrepirajacs BHUIIIa
epexTuBHicTh iHakTHBaLii B MDD mnopiBusiHo 3 TSD. Tum He
MeHII, pi3HUT B eekTuBHOCTI ne3ingexuii mixk MDD, TSD Ta
SD ne cnoctepiranocs, koau CT OyB Bummum 3a 1,4 mr/n-xs.

Kpim Toro, Bumie3asHaueHi pe3yiabTaTH JalOTh IT1/ICTaBy
BBAXATH, W10 ICHYBAaHHS HHU3BKOTO PIBHSA 3aJHMIIKOBOTO
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ne3iH(eKIitHoro 3aco0y MOXKe BiIIrpaBaTH aKTHBHY pPOJb Y
cucreMi Je3iH(eKIil, HanpuKiIal, CKOpOUyIOUH yac ae3iHdexmii
a00 3MeHIIyouM 103y Jae3iH(ekIiiiHoro 3acody. Tomy
JO03yBaHHS JIOJaTKOBOTO Je3iH(eKIliiiHoro 3aco0y mepen
TPAgUIIAHOIO  Ne31HEKIIEr0 MOXe OyTH KOPUCHUM Y
MPAKTUYHHUX ONeparisx.

2.5.5 Moswcnueuii mexanizm cunepzizmy

Sk 3ragyBanocs paHimie, Kojau Oyia MOIIKOKeHa JIHIIe
KIITHHHA CTiHKa, BTpATH JKUTTE3aTHOCTI E. COli He BusBieHO.
OpnHak 1e pasioye BiAPI3HAETHCS BiJ IHIIMX TUIIB MATOTEHIB,
[0 3YCTPIYAIOThCA IiJ] Yac OYHWIICHHS BOJU, TaKUX fK
Cryptosporidium parvum Ta BipyCH, OCKUIbKH TOIIKOKCHHS
CTIHKMA OOLIMCTU Ta BIPYyCHOI OOOJOHKH MOKE IMPHU3BECTH IO
iXHBOT HE3JaTHOCTI 10 pO3MHOXKeHHs. Y Bumanky E. coli
ximiuHi qe3iHdekiitHi 3aco0u MOXKYTh 3a3HaBATH PEAKTUBHOTO
TPAHCHOPTY dYepe3 KIITHHHY CTiHKY Ta TOUIKO/DKYBaTH
BHYTpIIIHI KOMIIOHEHTH KJIITHHHM, Taki sk y3-D-ranakro3zuaasza
[13]. ITixBumiena epextuBHIiCTh iHakTHBaIi sk B SD, Tak i B
TSD mopiBassHo 3 SSD mpomeMoHcTpyBana, M0 iCHYE
cuHepretruHa (GyHkiris Hu3pkoro piBHsa ClO2 mis nesindexmii
BIJIBHUM XJIOPOM IUISIXOM 3MiHM IPOHUKHOCTI KIIITUHHOI CTIHKU
Ta TOJIETIIEHHS ITOIaTBIIOTO TPAHCTIOPTY BUTBHOTO XJIOPY.

3 iHmoro OOKy, HE3Ba)KAalOUM Ha BIJICYTHICTh BTpaTH
xwurre3aataocti E. coli mpu 06po6mi ClO2 konmentpartiero 0,02
Mr/11, epeKTUBHICTh iHakTHBaIlil B SD BusBUIaCS BUIIO0, HIXK Y
TSD, mo CBiTYUTH PO CHHEPTETUYHHN €(PEKT 3aJHIIKOBOTO
ClO; Ta/abo yTBOpEeHHMX HHM TIPOMDKHUX TPOIYKTIB Ha
ne3iHdeKIio BUTbHOTO XJIopy. Son et al. [6] mocmimKyBamu
3Mminy Y®-nornunanas 3 wacom st cymimi Clz ta ClOz.
Pesympratn  mokaszamm, mio ClO2, OyB crabinmpHuM Yy
KOHIICHTPOBAaHOMY PO3YMHI XJIOpY B KHCIMX ymoBax. OTxe,
MiJIBHINCHA e(DEKTUBHICTh Ne31H(EKIIIT MOke OyTH 3yMOBJIEHA
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nume cuHepretudnuM edekrom camoro ClO2 3 BinbHHUM
XJIOPOM.

[TimcymMOByrOYH, MEXaHI3M CHHEprii HH3bKOTO pIiBHSA
ClO,; na inaktuBamito E. coli xmopom MokHa omumcatu siK
nocaioBHy mpoueaypy. Ilo-mepime, Husbkuii piBerb ClO:
pearye 3 KOMIOHEHTaMH KiiTHHHOI crinku E. coli, mo
MPU3BOANUTE 110 30uIbIIeHHs 11 mpoHukHOCTi. [lo-nmpyre,
MIJBUIICHA [POHUKHICTh KIITUHHOI CTIHKH TPUCKOPIOE
HNPOHUKHEHHs XJopy Ta 3anuiikoBoro ClO; y nuromnasmy, a
noTiM Ae3iHdikyrounii 3acid pearye 3 IMTOIUIa3MOIO Ta
BUKJIMKAae 3arubens KiITHH. KpiM TOro, cmiBiCHyBaHHS
3anmukoBoro ClO2 Ta BUIBHOIO XJIOPY TAKOXK BiIirPae akTHBHY
CHHEPTIeTUYHY POJIb.

MexaHi3M CHHEprii 4iTKO MOSCHIOE, YOMY €(eKTHBHICTh
iHakTuBauii sk y TSD, Tak 1 B SD Oyna Bumoro, Hix y SSD. 3
iHmoro Ookxy, Bumly iHakTHBamiro B SD mopiBHsHO 3 TSD
MOKHa MOSCHUTH CHHEPreTHYHUM e(QEeKTOM CIiBICHYBaHHS
saimumkoBoro ClO2 Tta BimpHOro xmopy. Xoua B MDD
BiIOYBa€ThCS K 30UIBLICHHS NMPOHUKHOCTI KJIITHHHOI CTIHKH,
Tak 1 CHIBICHYBaHHS Je31HQIKyo4oro 3acoly, HMXKYa
epextuBHicTb Yy MDD cnocrepiranacs B nepmi 0,46 mr/n-xs
(~1,6 xB), Hixk y TSD, mo Moxe OyTH MOB'A3aHO 3 YacoM,
HEOOXIIHUM JUTS 3MiHM TPOHUKHOCTI 3a jgomnomorow ClO.. 3i
30UIBIIEHHAM 4Yacy peakuii pi3HMLIS B  €(EeKTHBHOCTI
iHakTHBamii 3meHmryBanacss mixk MDD ta TSD, i 3pemToto
nmpu3Bena A0 BUINOI edekTuBHOCTI iHakTHBaIii B MDD micns
0,46 Mr/n-xs.

2.5.6 Ponav pH ma memnepamypu ¢ SD

Sk pH, Tak i TeMrieparypa € KII040BUMU (pakTOpamu AJist
1HaKTHBAllli AaTOTeHIB BUIBHUM XJIOPOM. SIK MOKa3aHO Ha pHC.
2.27a, TemmiepaTtypa MO3UTHBHO BIUTMHYJIA Ha 1HaKTHBaIio E.
coli B8 SD, mo momiOHO 10 BIUIMBY TPaIUIIMHUX XIMIYHUX



141

nesigikyrounx 3aco0iB  [17]. Cnocrepiranocs 3HUKCHHS
epeKTUBHOCTI iHakTHBauUii mpu 30umbmenHi pH 3 7,1 mo 8,2
(puc. 2.27b).

(a) CT(mg/l min) (b) CT(mg/l min)
00 05 10 15 20 25 30 35 40 00. 05 10 15 20 25 30 33
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Puc. 2.27 Brutus () remnepatypu (pH 7,1) ta (b) pH (20
°C) na inaktuBarito E. coli B SD.

Ile nocmiyjpkeHHs [8]  HpOAEMOHCTpYBano, IO
iHakTHBaio E. cOli MOXHA OCHINTH HUIAXOM MOTEPEIHBOTO
no3yBanHsi Husbkoro piBHs ClO2 npu nesingekuii BiUIbHEM
XJIOPOM dYepe3 3MiHy MPOHMKHOCTI KIIITUHHOI CTIHKH,
cnpuunHeny ClO2, 1o moJjerurye TpaHCHOPTYBaHHSI BUIBHOTO
XJIOPY, Ta CHHEPTETUYHUI €PEeKT CIIBICHYBaHHS 3aJHIIIKOBOTO
ClOz2 ra BimpHOTO X50pYy. KpiM Toro0, iHaKTHBAIliliHA 31aTHICTH
3pocraiia 31 301IbIIeHHsIM TemIiepaTtypy B SD, Toi sIK y JTy>)KHUX
yMoBax Oyjia BUSIBJIEHA HHMXK4a €(EKTUBHICTD Je3iH(peKii, HiX
y KUCIIUX Ta HeiTpanbHuX. Lle mocmipkeHHs Tako mokasao,
110 J03YBaHHS HU3bKHUX PIBHIB Je3iH(]eKuiiHoro 3acody nepen
TPAOUIIAHOIO  AE3IH(EKI€l0  TMOTEHIIHHO MOoXe OyTu
KOPDHUCHOIO  CTpaTeri€lo B MPAKTUYHUX JAe31H(eKIiHHuX
oTieparisx.
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2.6 InakTuBauis OakTepiaJbHMX 30yIHMKIB, fIK
MOKJIMBHUX areHTiB 0ioTepopu3my, AJiOKCHUIOM XJIOPY

3aHenoKOEHHS 010 OE3MEeKU MUTHOT BOAU MPU3BEIIO JI0
300py JaHMX MOM0 €PEKTUBHOCTI Ae3iHQIKYIOUNX 3aco0iB
potu areHTiB 6iotepopusmy (BT) y nutHiii Boai. Panime Oymnu
oIry0OJIiKOBaHiI JaHi MoA0 €()EeKTUBHOCTI BIIBHOTO JOCTYITHOTO
xnopy (FAC), wmoHoxmopaMiny Ta  ynbTpadioieTOBOro
BUIIPOMIHIOBaHHs MpoTH pi3Hux 1mramiB crmop Bacillus
anthracis, Francisella tularensis, Yersinia pestis, Burkholderia
pseudomallei, Burkholderia mallei, Brucella suis ta Brucella
melitensis [1-4]. IToka3ano, mo ClO2 6inbir eheKTHBHUMN, HIXK
FAC nis 6aratbox mpoTecToBaHUX opraHi3mis [5]. Sk Bimomo,
CTaHJAPTHUM BHUMIPIOBAaHHAM €(QEKTHBHOCTI J1€31H(}IKYI040ro
3aco0y € 3HadeHHs Ct - m0oOyTOK 3aJMIIKOBOI KOHIIGHTpAIil
nesiHgikyrouoro 3aco0y, C y Mr/m, ta dacy KOHTakty, t (y
XBUJIMHAX, IPOTATOM SIKOTO 3aJTUIIKOBUHN Je31H(IKyI0Uni 3acio
KOHTaKTye€ 3 maroreHamu y Boji). [TociOHuk 3 mpaBus 06poOku
MOBEPXHEBUX BOJ ATEHTCTBA 3 OXOPOHH HABKOJHIITHBOTO
cepenopuma CIIIA wmictute Tabnuii 3Hadenb Ct s
imakTuBamii 2-10gio (99%) ta 3-logio (99,9%) mnatorenis 3a
neBHux PH Ta remmneparypu [7].

VY nocnimxenHi [8] cim arentiB BT (12 i3on4tiB) Oynu
nignani BBy ClO2, micns 4oro Oynu po3paxoBaHi 3HaYCHHS
Ct s inakTuBalii Ha 2- Ta 3-10g10. OcKibKH Ha €PEKTUBHICTD
ne3iHdiKyouoro 3aco0y MOKyTh BIUIMBATH Temreparypa ta pH
BOJIY, BUMIPOOYBaHHS MPOBOAMIHCS TIpH 5 Ta 25°C, a Tak0X Mpu
pH 7 ta 8.

JBa mrramu crop Bacillus anthracis, Yersinia pestis,
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Francisella tularensis, Burkholderia pseudomallei,
Burkholderia mallei Ta Buznie Brucella Oynu inokynboBaHi B
po3uun ClOz 3 moyaTkoBorO KOHIEHTpaIi€ro 2,0 (JIHIIe Cropu)
ta 0,25 mr/x (Bci inmn G6axtepii) nmpu PH 7 abo 8, 5 abo 25°C.
[Tpu xonnenTparii 0,25 Mr/in y NUTHIA BOJI IICTh BUAIB OyiH
IHAKTMBOBaHI IOHAMMEHINIE HAa TpU TOPSAKU mpotsrom 10
xsuuH. Criopam Bacillus anthracis snago6unocs 10 7 roaun
npu 5°C mus Takoi x iHakTuBarii 3 2,0 mr/n ClO».

ClO. 6yB 3nauHo menin edpexkruBHuM (P < 0,01) mmst
iHaktuBaiii crop B. anthracis, mixk yci iHII mpoTecToBaHi
6akrepii. 3uauennst Ct cop B. anthracis 6ysiu B 100-1000 pasis
BUIIMMH, HIXK y JOCITIJKYBAaHUX BEreTaTHBHUX
Mmikpooprani3mis. 3uauenns Ct mms B. suis, B. melitensis, B.
mallei, B. pseudomallei, F. tularensis ta Y. pestis Oynun <2
MI/a-XB s iHakTuBamii 3-l0gi0 3a BCiX NpPOTECTOBaHUX
koMmOiHaniit pH Ta remnepatypu. Y 74 3 80 npoBeaeHHUX TECTIiB
3HageHHss Ct Oymu <1,0 Mr/m-xB s BereTaTHMBHHUX (GOpPM
arentiB BT.

Edexrunicte ClO2 Ha OinblIicTh TpaMHETaTUBHHX
MIKpOOPraHi3MiB 3aJjieXasa BiJl TeMIIepaTypH, Mpo 110 CBiI4aTh
k4l 3Ha4eHHs Ct mpu 5°C, Hixk ipu 25°C 1 TOTO K CTYIIEHS
iHakTuBarii. €quaum BunsaTkoM OyB B. pseudomallei CA 652
npu pH 7, ne 3mavenHs Ct zammmanocs HesMinHuUM (0-4
MI-XB/1) 3a o0ox Ttemmeparyp. s cmop obGox mramiB B.
anthracis crocrepiranacsi 3Ha4Ha pi3HUI MK 3HaueHHAMHU Ct
npu 5 ta 25 °C (P <0,01). SIk6u ciopu B. anthracis 06po0:isiiu
2 mr/n ClO2, To mns iHakTuBaii 3-10g10 npu 5°C 3HamoOunocs
0 moHaiiMente 7 rouH, a mpu 25°C — monaliMentie 1 roguHa.

BigMiHHOCTI MiXk IpaMHETaTUBHUMH MIKpOOpPTraHi3MaMu
Oy HaiOunem momiTHuME nipu 5 °C. 3navenHs Ct mist 060x
mrramiB F. tularensis, B. melitensis Ta B. suis (siumre pH 7), 6ysu
3HAa4YHO OiTBIIUMHE, HiX i Y. pestis, B. pseudomallei B. mallei
(Bci P <0,01) nys inaktuBarii 3-10gio.

IctotHa pi3Hung y 3Hauennsx Ct mix pH 7 Ta 8



146

criocTepiraiacs ajis OUTBIIOCTI JOCIIKEHUX TPaMHETaTHBHUX
Oaktepiii, mpuaomy pH 8 OyB Oinbm ehekTHBHUM. BuHsATKaMu
3 IBOr0 y3aranbHeHHs Oynu B. suis mpu 25°C (P = 0,06), B.
mallei M-9 nipu 25°C (P = 0,35) ta F. tularensis LVS npu 5°C
(P = 0,44). He Oymo BUsBJIEHO CYTTEBOI Pi3HMII B 1HAKTHUBAL1
criop B. anthracis mix pH 7 ta 8 (P = 0,99 mns 2-10g 3umxenHs
ta P = 0,93 s 3-log sumwkenns). He 6yio BUsiBIIEHO Pi3HUII B
KUTTE3JATHOCTI HEraTUBHUX KOHTposibHUX KVYO (mume
0akrepii, 6e3 ClO2) MiK MMOYaTKOBUM Ta KIiHIIEBUM YacOM
BigOOpy MmpoO 3a BCix yMOB Temneparypu ta pH.

ClO2 3a3BUYaii BUKOPHUCTOBYETHCS K
NEePeIOKUCITIOBAIbHUI a00 TepBUHHMIA J1e3iH(piKyrounii 3aci 3
tunoBuMu  po3amu Big 0,07 mo 2,0 mr/a CIO2 [5, 7]. V¥V
JIOCTiKeHHI  ne3iH(deKIil, TpoBeACHOMY AMEpPUKAHCHKOIO
acouianiero BogokananiB y 2008 porii, cepeqHss KOHIEHTpaIis
ClO2, mo BukopucTroByBasacs Ha 17 OYHCHUX CHOpyIax
cranoBuna 1,18 mr/n i3 cepeanim yacom konrtakry 13,8 xB [9,
10]. VYeci mnporectoBani rpamHeratuBHi BT-arentu Oynu
iHaKTHBOBaHI IoHaiiMeHIe Ha 3-10Q10, 11e MepebyBaroun Ha
OUHCHIM cmopyai, 3a yMOB Temmeparypu Ta pH, 1o
BUKOPUCTOBYBAIHCS B IbOMY JOCTII>KEHHI.

Xoua edektuHicth ClO2 3uusmmacs npu  5°C,
ne3iHgikyrounii 3aci6 Bce e 0yB 10CTaTHHO €(PEeKTUBHUM JIs
BCIX IIPOTECTOBAHMUX IrPAMHETAaTHBHUX OakTepii.
3aranpbHOBIIOMO, IO  3HIDKEHHS  TEMIEpaTypd  BOJAU
MPU3BOAUTL 70 3MEHIICHHS  e(PEeKTUBHOCTI  0aratbox
ne3iHdikyrounx 3aco0iB Ha OCHOBI XJ0py, Takux sk ClO2, FAC
Ta MoHOXJIOpamiH [7]. Lls TenmeHmis crocrepiransacs s BCiX
NPOTECTOBaHUX opraHizMmiB, okpim B. pseudomallei CA 652,
SKWI He BUSBIISIB CYTTEBOI pi3HUI B 3Ha4ueHHsXx Ct mpu 5 abo
25°C npu pH 7. B. pseudomallei CA 652 Binpi3HsIBCS Bij iHIINX
MPOTECTOBAHUX MIKPOOPTraHi3MiB THM, IO BUPOOJISE BEIHKY
KUIBKICTh ek3omounicaxapuay (EPS), mo poOute kosoHito Ha
BUTIIA Tyke Mykoigaoro [11]. EPS Moske cTBOproBaTH BEIHKY
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notpeby B ClO2, 3MeHIIyI0UM OCTYIHMI e3iHDIKyIOUHii 3aci0
0JIpasy MicCis IHOKYJIALIT TECTOBOTO po3unHy. ToMmy hakTHuaHMA
posmang ClO2 mpotsroMm excriepuMeHTy OyB HE JIIHIAHHM, SK
nepeabavanocs, a Mir MBUAKO 3HWXKYBaTHCA. TakuM YHHOM,
po3paxyHOK 3HaueHHA Ct g IIbOro MIKpOOpraHi3sMy MoOKe
OyTM HE TaKMM TOYHUM, SK JUIS I1HIIUX TPOTECTOBAHHUX
Oakrepiii. EPS Takox mMoyke 3a0e3neunTy MeBHUI 3aXKUCT IIOTO
1301ty Big ClO2. ClO2 inakTuBYe GakTepil, OKUCIIIOWOYH O1TKH,
MOPYIIYIOYH MTPOHUKHICTH 30BHIIIHHOI MEMOpaHu Ta (YHKIIIIO
depmentis [7]. O’Connell et al. [4] BusBUIH, 110 130T € OLIBII
criiikuM 1o FAC, nixkx mram ATCC 23343.

Bumii 3nauenns Ct mpu 5°C mis F. tularensis, B.
melitensis Ta B. suis mormu OyTu MoB's3aHi 3 BIAMIHHOCTSMH B
KIiTHHHIA Mopdororii, BusBienumu y F. tularensis ta B.
melitensis, ski ynosigbHIOBamu nponukHeHHs ClO.. Byro
mokasano, 1o i3oisaru F. tularensis 6imemn criiiki 1o FAC, mix
1HIII TpaMHEraTWBHI OakTepii, MOXIJIHMBO, 4epe3 HasBHICTb
karcyau [2]. Bumm Brucella e mnpencraBHukamu Kiacy
anb(danpoTeodakTepii 1, sIK 3a3HAYEHO, MAIOTh Pi3H1 CTPYKTYpHU
JinonojicaxapuJHoOro  siapa  MeMmMOpaHW,  HDK  IHII
rpaMHeraTHBHI Mikpooprasizmu [12]. Panime O6yno nokasaso,
mo Brucella melitensis Ginpir crifika 10 MOHOXJIOpaMiHy, HiX
70 iHIIMX rpamMHeratuBHUX BT-arentu [3].

EdextuBricte FAC Ta MOHOXJIOpaMiHY 3aJIeXHUTh BiJl
pH Bomum [13, 14]. Jleski JOOCHIDKEHHS ITOKa3aiH, IO
epextuHicth ClO2 nHe 3anmexwuts Bim pH [7, 15-19]. Lle
nocnuimkenns [ 8] BusiBuIio, mo pH 8 0yB moB's3aHMil 3 HIDKYUMH
3HadeHHssMu Ct aist 6aratboX MPOTECTOBAaHWUX OakTepiid, 1 i
BIIMIHHOCTI HaiO b1 BupaxeHi npu 5°C. HaitHnxkdi 3HaUSHHS
Ct s rpamueratuBHuX areHTiB BT cnocrepiranucs npu pH 8
npu 25°C, xoua Bci 3HadeHHs Ct Oymm Hmx4de 2 MI/i-XB, a
OinbIIiCTh HIKYE 0,5 MI/I-XB.

3aranmom, epexktuBHicTh ClO2 BBaXkaeThest Kpaioro npu
HIDKYUX TeMIlepaTtypax BoAu Ta BuuioMy pH (o cymepedutsb
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orntumansauM ymoBaMm it FAC), i mo ClO2 € piBHOLIHHUM,
SKIIO He KpaumM ae3iHdikyrounm 3acobom, Hixxk FAC [5, 7].
[Tpu pH 7 1ie TBepHKEHHS 3aIUIIAETHCS BIPHUM, 32 BUHSATKOM
YOTHPHOX MITaMiB, IPOTECTOBAHUX Y IOMY JIOCIHiKEHHI [8].
Kounu 3nauenns Ct FAC ta ClO; nopiBaroroTsest ipu pH 7, FAC
BUABJSAETHCA eexTuBHimM (Hrk4i 3HadeHHs Ct), Hixk ClO2, y
3HIDKCHHI JkuTTe3maTHocTi B. melitensis, Y. pestis Harbin, B.
mallei M-13 Ta B. mallei M-9 (siume 5°C) Ha 3 logwo [2, 4]. V
ubomy nociimkenti [8] 3nauennst Ct FAC npu pH 8 ns mramis
B. pseudomallei Ta F. tularensis LVS Oymu mnomnepeanbo
[POTECTOBaHI 3a iMeHTHYHUX yMOB. Bussieno, mo ClO;
nepesepmye FAC 32 eQeKkTHUBHICTIO  MPOTH  IHUX
Mikpoopranizmis [4, 20].

Ha BigMiny Bin mpoTecToBaHWX rpamHeraTHBHHX BT-
areHTiB, He BUSABICHO iHakTHBaIii ciop B. anthracis na 2-logio
MIPOTATOM CEPETHBOr0 yacy 00poOku 13,8 XBUIIMH 3a IIUX YMOB
JOCTIKEHHs, 10 MOTpeOyBasio 6 moaanbiIoi 00poOKH, TAKOT K
koarymsimis, ¢uokymsimis abo FAC. KpiMm Toro, 3HMKEHHS
TeMIIepaTypu CIpUYUHWIO 30UIblIeHHs 3HayeHb Ct cnop B.
anthracis 3i 3HaYHOIO PI3HUIICIO, IO CHOCTepiranacs Mix 5 Ta
25°C (P < 0,01). I{o crocyerbest pH, To cyTTeBOT pi3HUII Mik
sHaueHHsmMu Ct nmpu pH 7 ta 8 He cmoctepiramocs. [Hmmi
JOCHITHUKH TaKOX CIIOCTEpIraJii BIACYTHICTh pI3HUILIL B
edexruBHocTi ClO2 mpotu criop Bacillus sp. npu pizHux piBHSIX
pH [18, 19].

[Mpu nopiusiaHi epextuBHOCTi ClO2 3 FAC nipu pH 7 ta
25°C nns ciop B. anthracis, 3nauenns Ct konmuBanucs Big 60 10
102 mr/n-xB. OgnHak, npu pH 7 ta 5°C cnopu B. anthracis 6ynu
oimpir  yyrmmBumMu g0 FAC, wmixk g0 ClO2, mo
pojieMOHCTpoBaHO 3HaueHHsMH 3-10g10 Ct mtamy Sterne 271
ta 667 mr/n-xB aiis FAC ta ClO2 BignosigHo. st pizuuis Oyna
HE Takor BupakeHOr mipu PH 8, 31 3HaueHHsmu 3-logio Ct B.
anthracis Sterne 478 Ta 606 wmr/n-xs ans FAC ta ClO2
BignosigHo [21]. Y nmonepeansomy mocimkenni Cho et al. [19]
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BUSABWIIH, 1110 criopu B. subtilis 6ymu menmn aytnusumu 1o FAC,
kou PH 36inbmryBaBcs 3 5,6 10 8,2, TOAI AK iXHS YyTIUBICTH JI0
ClO2 ue 3anexana Big pH, Xxo4a BCi TeCTH MPOBOIUINCS IPU
25°C. V upomy nociimpkenti ClO2 OyB gerio epeKTUBHIIIUM B
iHakTHuBanii crop Sterne mpu pH 8, Hix npu pH 7, 3a 060x
MPOTECTOBAHUX TEMIIEpaTyp, ajie pi3HuUIl He Oyna cyrTeBoto (P
=0,94).

ClO2 moxe OyTu piBHHMM, SKIIO HE MEPEBEPIIYBaTH,
FAC sk ocHOBHHMIA ne31H(IKYIOUHI 3aci0 sl TPOTECTOBAHUX
IpaMHETaTHUBHUX MIKpPOOPTaHi3MiB 1 MaTW TepeBard Has
Bukopuctanusim FAC y curyarisx, koiau dacy konrakry FAC
HEIOCTAaTHBO ISl €PEKTHUBHOCTI Ta KOJIH € 3aHETTOKOEHHS 11010
YTBOPEHHS TaJIOTEHOBAHUX MOOIYHMX MPOAYKTIB Ae3iH(eKii
(TpUrasoreHOMEeTaHiB Ta TaJOOUTOBUX KHUCIOT) abo skmo PH
Boau >8 [5, 7]. Byno nokasano, mo ClO: aemio edhexTHBHILIHHT,
uix FAC, nporu cnop B. anthracis y Boai 3 Temmepatyporo
25°C ta mpotu wramiB F. tularensis ta B. pseudomallei 3a Bcix
npoTtectoBanux ymoB. OcHoBHOIO mepeBaroro FAC e iioro
3aTHICTh 30epiraTH 3aJMIIKOBY KOHIIEHTPALll0 B CHUCTEMI
posmominy, ame BukopuctanHs ClO2 sk OCHOBHOTO
ne3iHgikyrouoro 3acody Ta noaaibiue Bukopuctanus FAC sk
BTOPUHHOT OOpOOKM MOXe OYTH >KUTTE3ZATHUM BapiaHTOM.
Hesxkumu  Heponikamu  BukopuctanHs ClO2 e  yrBopeHHs
MOOIYHUX MPOJYKTIB XJIOPUTY Ta XJIOPATy (MakCHMallbHa MexXa
<1,0 mr/m), BUIIa BapTiCThb BUPOOHHMIITBA, HDK XJOpY, Ta
HEOOXIHICTD CIEIiaai30BaHOT0 00aHAHHs Ha Micti [5, 7].

Ile nmocmimkenns [8] Hamae 3HadenHs Ct s
KOHKpeTHHX mTamiB BT Ta moka3HUKIB sSIKOCTI BOAM, IO OYITH
IpoTecTOBaHl. Pi3HUII B KaJaMyTHOCTI Ta JIOCTYIHOCTI
MOXXHMBHUX PEYOBHH MoOxe BIuMBaTH Ha edekTuBHICTh ClO,
TOMY MOAAJIBINI JOCTIJKEHHS Ul MMOBHOI OIIIHKM KOPHCHOCTI
nesindekmii ClO2 € BakIMBUMHU I 3aXHCTy HACEICHHS Yy
BUIA/IKY 3a0pyIHEHHS MUTHOI Boau BUOpanumu BT-arentamu.
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2.7 TnakTuBamuis xiokcuaom xjaopy Legionella

2.7.1 /loceio npaxkmuunozo 3acmocysanus O0ioKcuoy
xaopy Oan  koumpoaio  Legionella 6  cucmemi
6000NOCMA4anHts JiKapHi

Buau Legionella 3amummaroTscsi BaXKIIMBOIO MPHYUHOIO
HO30KOMIaJIbHOT MTHEBMOHII. CrpaBxHs 4acToTa
HO30KOMiaJIbHUX  1H(QEKIi  HeBigoMa;  OpoTe  JesKi
JOCITIKCHHS TIoKa3aiu, 1o Buau Legionella e 30ynaukom o
30% HnHo3okoMmianpHUX THEBMOHIN [1,2]. He3Baxkaroum Ha
HiABHUILEHY 0013HAHICTh Ta MPOTrPeC y JTIKYBaHHI IUX 1HQEKIIiH,
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pIBEHb CMEpPTHOCTI BIJT HO30KOMIQJIbHOI JIET10HEIHO3HOI
ITHEBMOHII 3aJIMIIa€eThest B Jiana3oni Bix 35% mo 40% [3,4].
OCKiNbKM ~ IPUPOJHMM  CEpPElOBHUILEM  ICHYBaHHS  IUX
MIKpPOOPraHi3MiB € BOJa, BOHU IIUPOKO MOLIMPEHI B CHCTEMax
BOJOTIOCTaYaHHs  OynaiBenb. JlOCHiDKEHHS BOAM  PI3HHUX
JmikapeHb Mokazam, Imo 1o 70% cucteM JiKapHSIHOTO
BojonocTadanns 3abpyaneni Legionella [5]. IIi imdexii,
HMOBIpHO, CTaHYTh II€ OUIBII 3HAYHOIO MPOOIEMOI0, OCKITBKA
IMyHOCYNIPECHBHI ~ CTaHH  SK  OCHOBHI  PU3HMKH  JJIA
HO30KOMIQJIBHOT JICT10HETHO3HOI XBOpPOOW [6] cTaroTh OUIBII
HOLINPEHUMH.

3B'S130K MiX 3a0pyJHEHHSM BOIOIOCTAYaHHS JIKAPCHb
Ta  BHYTPINIHBOJIKApHIHUMH  BHUMaakamMu OyB  moOpe
MPOJEMOHCTPOBAHUHA 1 JOAATKOBO MiATBEPIKYETHCS THUM
¢dakToMm, 10 B Tpymi JiKapeHb, /¢ JIETIOHETU HE BJIAIOCS
BUJUIUTH 3 BOJOTOCTAYaHHS, )KOAHUX BHYTPIIIHBOJIIKAPHIHUX
BUMNAJKIB He OYyJl0 BUSBJIEHO, HE3BAXAIOUM Ha IHTEHCHBHE
cnoctepexxenHs [ 7]. Lleit 3B'130K BUKIIMKAB BEIMKUN THTEPEC 110
BHUBYEHHS METOIB OOpOTHOU 3 JIerioHeIaMH Y BOJIOTIOCTaYaHH1
nikapenb. Hapasi ansg 1mi€i MeTu JOCTYmHO KibKa METO/IIB,
BKJIIOYAIOUH MeperpiB (TepMidHe 3HULIECHHS), yIbTpadioneToBe
BUIIPOMIHIOBAHHS, 10H13a11110 MiJii Ta cpi0iia, TinepXaopyBaHHs,
XJIopaMiHH, 00poOKy 030HOM Ta JiokcujoM xjopy [8]. Xoua
CHCTEMH Tapsiuoro BOJOIOCTaYaHHS BXKE JaBHO BBAXKAIOTHCS
OCHOBHMMH  pe3epByapaMH s LHUX MIKPOOPraHi3MiB,
3'SIBIISIETHCS BCE OUIbIIIE JI0KA31B TOTO, 1110 3a0pyIHEHHS CUCTEM
MUTHOTO BOJONOCTayaHHsS (MUTHOrO abo XOJIOJHOTO) MOXKeE
OyTH 11e OUIBIIMM PU3UKOM BHYTPIIIHBOJIIKAPHIHUX 1HQEKIIN
[9, 10]. Takum 4YuHOM, 3pOCTa€ iHTEpeC IO OLIHKHU
e(eKTUBHOCTI Ta O€3MeKU IUX METOJIIB 0OPOOKH SIK rapsyoro,
TaKk 1 OUTHOTO BOJIONOCTAYaHHS B JiKapHAX. Y poOoti [11]
MPEACTABICHO PE3yJbTAaTH OILIHKK Oe3MeKu Ta €PEeKTHBHOCTI
TIOKCUIY XJIOpY JUIs O0OpOTHOH 3 JIETIOHENb030M B HOBI OyaiBII
JIKapHi.



154

Xoua TIOKCUJ XJOPY BHUKOPHUCTOBYETHCS BKe Oaratro
POKIB Yy TPOMHUCIOBHUX Ta MYHIIMIAIBHAX  CHUCTEMax
BojonoctayanHs [12-15], mocBix iloro BHKOpUCTaHHS (CTATTS
naroBana 2003 pokom) i BHJAJNICHHS JIETIOHEN 3
BOJIOTIOCTAYaHHs JIIKapeHb CJIiJ] BU3HATH oOMexeHuM [16,17].

[Tpotsirom 17 wMicliB micias 3alMOBHEHHS CHUCTEMHU
KUIBKICTh JIET10HEN y BOJI MOCTiiHO 3HMIXKYyBanacs 3 41% ycix
MIPOTECTOBAHMUX JUISTHOK Ha MOYaTKy AociipkeHHs 10 4% (P =
0,001) (puc. 2.28).

byno Buaineno e L. anisa, siky KyJIbTHBYBAIIU SIK 13
CHCTEM rapsiioro, Tak i 3 X0JIOAHOTO BojonocTayanHs. Yepes 17
MICSIIIB €JMHIM TECTOBHM MiCIIEM i3 HASIBHICTIO JIETiOHEH OYyB
m'aTUil moBepxX OyAiBIi, HAWOUIBLI BiAJANeHUN Bif JHKepena
TIOKCHTY XJIOPY.

2.7.1.1 Pigui diokcuoy xaopy, Xiopumy ma x1opamy

Xoua cuctema Oyna po3poOieHa sl 3a0e3neueHHs
MaKCUMaJIbHOTO PiBHA Alokcuay xjopy 0,8 Mr/m, 10 BBeIeHHS
OymiBil B eKCIUTyaTallifo BBOIAWIM PiBHI 10 2,0 Mr/m st
nepeBipKU €PEeKTUBHOCTI CUCTEM BYTUIbHOI (uIbTpalii. 3pa3ku
GbiTbTpOBaHOT BOJW 3 amapariB Il TeMoaialli3y HE MICTHIIH
10HIB XJIOPUTY Ta XJIOpATy, HaBiTh MPU KOHLIEHTPALl JIOKCUIY
xyopy 2,0 mr/n. AHanoriuyHo, 3pa3ku (UIbTPOBAaHOI BOIU 3
nabopaToOpHOro 00JaJHAHHS HE MICTHIIM 10HIB XJOpary Ta
XJIOPUTY MPHU KOHIIEHTpAIIil 110KCUy XJIopy 110 1,6 Mr/m.
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Percent of test sites
growing Legionella
species

Puc. 2.28 BigcoTok TecTOBHUX OUISAHOK 13 HASIBHICTIO
BuziB Legionella mig gac omiHku crcTeMu 3 TIOKCHIOM XJIODY.
3umxkenss 3 41% 10 4% Oyno cratuctuyHo 3HauymmMm (P =
0,001).

ITicna 1 wmicsug ta 17 MicsIiB eKCIUTyartaiii piBHI
TIOKCHUJYy XJIOpY Ta XJIOPUTY OynM OIHEHI Mo BCi OymiBii.
Cucrtema Oyila HajalITOBaHA HAa JIOCATHEHHS MAaKCHUMAaJIbHOTO
piBHA niokcuny xsopy 0,8 mr/a i ue ailicHo OyB BUMIpsSHUIN
PIBEHBb Y TOJIOBHIH TOYIl OYHUIIIEHHS. P1BeHb T1OKCHTY XJIOpY HE
NIEPEBUIILYBaB L1TbOBUH MOKa3HUK MaKCHUMAaJIbHOTO
3aJIUIIKOBOTO PiBHA Je31H(DiKy0uoro 3acoly, BCTaHOBJICHHM
EPA, y 0,8 Mr/1, a piBeHb XJIOPUTY HE MEPEBUIILYBAB LIIbOBUI
MMOKa3HUK MaKCHMaJbHOIO PIBHS 3a0pYyAHIOIOYMX pPEYOBHH,
BcraHoBieHuit EPA, y 1,0 mr/n. Yepe3 1 micaup piBHi Oynu
BUIIMMU Ha HUKHIX MMOBepxax OyaiBii, aje s PI3HULS 3HUKIIA
micias 17 micsiB (puc. 2.29).
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I Chlorine dioxide +30 days @ Chlorite +30 days
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Puc. 2.29 Konuenrpariii 110KCUAy XJIOPY Ta XJIOPHUTY B
pi3HHX Micisgx 1o Bcid Oymimi micns 30 Ta 510 ngHIiB
ekcruryaTarii cucremu. Yepes 30 qHiB piBHI Oy BUIIMMH Ha
TOJIOBHOMY TTOBEPCi, HI)K Ha TIEPIIOMY Ta BEPXHHOMY IMOBEpXax;
Opnak, 1St pi3HULA 3HaYHO 3MeHIuiacs 10 510-ro aHs.

2.7.1.2 Cnocmepeoicennsi 3a GHYMPIUHbOLIKAPHAHOIO
J1e2iOHeNbO3HOI0 IHpeKyicto

ITim wac 17-Micsi9HOI OIIHKU B OYyMdIBJII 3 CHCTEMOIO
TIOKCHUIYy XJIOpYy He OyJo BHUSBIEHO JKOAHOTO BHIAAKY
BHYTPILUIHBOJIIKAPHAHOI JierioHenbo3Hoi 1H(pekuii. [Iporarom
HpOro  4Yacy  OyJlo  3apeecTpoBaHO  OJMH  BHUMAJOK
BHYTPILIHBOJIIKAPHSAHOI JIET10HEIbO3HOT MHEBMOHIT B OymiBIIl
0e3 cuCTeMU OUYMILEHHS BOJH.

Ile mepme pocmimxeHHs €(OEKTUBHOCTI Ta Oe3meKH
CHCTEMH 3 JAIOKCHAOM XJopy B MenuuyHomy 3aknaai CIIIA.
Bigomi oOmexeni omyOmikoBaHi gaHi 3 €Bpomnu, 110
HiATBEPXKYIOTh €()EeKTUBHICTh TIOKCUIY XJIOPY B iHAKTHBAIii
Bumie Legionella B cucremax BomomocTadaHHs JIiKapeHb
[16,17]. CimMHaauate MmicsmiB Oe3nepepBHOiI pOOOTH Takol
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CHUCTEMHU B OJIHIM OYIiBJI1 JIIKapHI MaiiKe MOBHICTIO SIIMIHYBaJIH
Legionella 3 Bomomocrauanns OypmiBii. €auHA IUISHKA
3aJIMIIMIIAcs 3a0pyJHEHOI0 Ha BEPXHBOMY TIOBepci Oymimii,
HaHJATBIIOMY BiJI JDKepena JIOKCUIY XJIopY.

Pesynpratn [11] Oynaum oTpuMaHi, KOJIM CHCTEMaA
IpawioBaja Juile 3 MmoHeanka mo n'stauio 3 7:00 xo 19:00,
KOJIM TIoTpeda y BoJl OyJia JOCTaTHHOKO T POOOTH CHUCTEMH.
ABTOpPH HE BHKOPHCTOBYBAIH «IIIOKOBY OOpOOKY TiIOKCHIOM
xyopy». KpiM TOro, He mpoBOAUIN pEryisipHE BiIKPUTTS BCIiX
IUCTANBHUX KpaHiB, a MPOCTO MOKJIAJAINCS Ha 3BHYAIHE
BUKOPHUCTaHHS KpaHIiB Ui BIUTUBY Boau, oOpobsenoi ClO».
BpaxoByroun otpuMani pe3ynbrati, aBropu [ 11] BBakanu, mo
JerioHenu MoOriau O OyTH 3HMILEH! IIBHUIIIE, SKOU 10 KpaHiB
3BepTaNuCs JacTime. BimoMo, 1m0 BUaM JIeTioHeN MEIIKATh Yy
OloIUTiBKax y Tpybax Ta MPUCTPOSX, 0 OOMEXKYIOTh IMOTIK
(HanpuKIIaJ], aepaTopu KpaHiB). Xo4a IaHi in VItro cBiggars npo
Te, M0 JIOKCHJ XJIOPY MOXe MPOHMKATH Kpi3b Il IUTIBKH, 1€
NPOHUKHEHHS  TEPEIIKO/KAETHCS ~ 3MEHIICHHSM  BIUIMBY
TiOKCHAy XJopy Ha OIOIUTBKM, SK 1€ BiIOyBaeThcs B
JUCTAIbHUX KpaHaX, Ikl BUKOPUCTOBYIOThCS piko. [IpoTokon
BIIKPHUTTS KpaHiB, OCOOJMBO Ha BEpPXHIX MOBepxax, Mir Ou
JIOTIOMOTTH  CHCTE€MI MIBHJAIIE JIOCSATTH pPIBHOBAru, IIo
30UTBIIMIIO O Yac BIUTMBY A10KCUAY XJIOPY Ha TPyOU Ha BEPXHIX
MOBEpXax.

Excrutyaramiss ~ cucreMu  BHsABMJIAaca — O€3MEYHOIO
BIIMIOBITHO 10 YMHHUX (enepabHUX HOPM, IO PETYIIOITh
JOMYCTUMI PiBHI JIOKCHy XJIOPY Ta XJIOpUTY. BoHM BU3Hauanu
MaKCUMaJIbHUH 3aTUIIIKOBUI PIBEHB JIOKCUY XJIOPY HE OlIbIIe
0,8 Mr/n, a MakCUMaJabHUN 3aJIMIIKOBHHA piBeHb XJjoputy 1,0
Mr/n y iutHi Boi [18]. BcranoBieHo, 110 pu BUKOPUCTaHHI
MaKCUMaJIbHOI KOHIEHTpalii JIOKCHIY XJIOPY B OCHOBHOMY
JOKEpeITi BOAM PiBHI JIOKCHIY XJIOPY Ta XJOPUTY OyJH 3HAYHO
HIDKYHMH 32 MAaKCUMAIIBHO JIOIYCTUMI piBHI. DaKTHYHO, HABITH
Ha TpWIajii, HaHOJIMKYOMY 10 OCHOBHOTO BOJIOTIPOBOY, CymMa
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TIOKCHUILy XJIOPY Ta XJOpHuTy Oyna Hmxk4doro 3a 0,8 mr/m y
MOJIOBHHI TpoBeZeHUX BuMiptoBanb. Toxi (2003 pik) xmopart-
10HM y TUTHIA BOJI HE HOPMYBAJIHUCh, OJHAK, 3a JOCBIIOM
aBTopiB [11] piBeHs xstopaTy HiK0IU HE TiepeBuIyBaB 0,4 MI/1.

BusBreno, 1mo HeBIOB31 MiCs 3alOBHEHHS CUCTEMH
PiBHI IIOKCHLy XJIOPY Ta XJIOPUTY Oy Habarato BHIMMH Ha
npuiagax, 00 3HaXOAMJIUCS HaHOIMXKYe JI0 OCHOBHOTO
BozgomnpoBoay. OmHak 3 yacoMm OyIiBIS JOCSTIIa PIBHOBAry, i
yepes 17 micsiiB He OyJo BUSBICHO PI3HULI B PIBHAX JA10KCUITY
XJIOPY Ta XJOPHTY B MICISX TpyOompoBoay, sKi Oynu
HaHONMKYUMHU 0 T€HepaTopa AIOKCHIY XJIOPY, Ta THUMH, SIKi
Oynu HalJaJIbIe BiJ HHOTO.

OOMexeHl JOCHIDKEHHS B Jlali3HUX IEHTpax, M0
BUKOPUCTOBYIOTh BOAY, OOpOOJICHY MIOKCHJIOM XJIOpY, HE
BHSIBUIM JKOAHUX MMoOiyHMX edektiB [19]. 1l moreHmiiHi
npobnemMu aBTopamu [11] BupieHi HUISXOM BCTAaHOBJICHHS
JIBOX JIOAATKOBUX BYTUIbHUX OIIBTPIB A0  J1adi3HOTO
oOjasHaHHs, SKI BUJAIWIM BECh JIOKCH] XJOPY Ta XJOPHT,
HaBiTh NMPH HANBHUILMX PIBHAX IIOKCHIY XJIOpY. AHAJOIIYHO,
BYTUIbHI ~ (IIBTPU  BUKOPUCTOBYBAIMCA JUIS  BHJIAJICHHS
TIOKCUAY XJIOpPY Ta XIJIOPUTY 3 BOAM M YYTJIUBOTO
1abopaTOPHOTO 00JIaTHAHHS.

OCHOBHHM OOMEKEHHSIM IOTO JochipkeHHs [11] Oymna
KOpPOTKa TPHUBAIICTh OIIHKK. XOYa IMOYATKOBl PE3yJIbTaTH €
OOHAIIIMBUMH, aBTOPU HE KOMEHTYBAlld JOBTOCTPOKOBY
e(heKTUBHICTh. B 0THOMY MOCHIIPKEHHI CHUCTeMH 10H13aril Mii
Ta cpibja pe3ynbTaTH MEPIIOro poKy OyiIM aHaJIoTriyHO
oOHafiiBUMH, ane epeKTUBHICTh 3HU3MWIACS Micid 3 pOKiB
excruryatariii [20]. OxHak 6-piuHUN TOCBiA pOOOTH 3 1IOKCUIOM
xynopy B KopomiBepkiii nikapai ['1asro 60yB 6araTooOinsiroaum
[17]. llle omaumM oOMexeHHSM Oylo Te, IO TOCTIHHUMN
MOJTbOBUIT MOHITOPUHT PIBHIB JIOKCHAY XJIOPY Ta XJIOPUTY HE
MIPOBOMBCS, 1 TOMY TEOPETHYHO MOXKIIMBO, II0 MaKCUMAaJIbHI
pIBHI TIEPEBUIYBAIKMCS B Ti YacH, KOJIW HE MPOBOIUIIUCS
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BurnpoOyBaHHs. OJHAK 1€ BUAAETHCSA Ty’KE MaJOWMOBIPHHM,
OCKIUTBKY CUCTEMA 3 IIOKCHIOM XJIOpY Ma€ QyHKIii Oe31eKu, sSKi
ABTOMAaTUYHO  BHUMHKAIOTh  TNPUCTPiH, 1mo00  3amobirTu
MEPEBUIICHHIO PiBHA JI0KCUAY XJI0py y Boai 0,8 mr/m.

31 crapiHHSAM Ta 3aXBOPIOBAHICTIO TOCIITai30BaHUX
NAI[IEHTIB PU3UK BHYTPIIIHBbONIKAPHSIHUX JIETIOHEIbO3HUX
iHdexkmid mume 3pocratume. Kpim toro, neski mratu CIIA
PO3TISIIAIOTE MOJIIMBICTh TNPHWHATTS 3aKOHOJABCTBA, SKE
BUMaraTHMe BiJ] 3aKJIaJ[1B OXOPOHH 3[I0POB'St pO3POOIIATH IIIAaHU
00poTHOM 3 JIETIOHENOI, IO BKIIOYATHUMYTh PETYISpPHUN
KOHTPOJIb 1 HASBHOCTI y BOJI1. TakuM 4MHOM, IHTEpEC 10 CUCTEM
OYMILEHHS BOJAW JUIS JIIKAPEHb, MMOBIPHO, MPOJOBXKYBaTHME
3pocrati. Ha kamp, Hemae [OCTaTHBOTO  BEJIHKOTO,
JOBrOCTPOKOBOTO JOCBily, MO0 MPHUITYCTUTH, IO OyIb-siKa 3
[IUX CUCTEM SIBHO MepeBepIYe iHIIi. ToMy BKpaii BaXXIUBO, 11100
YCTaHOBH, K1 BUKOPUCTOBYIOTH 111 CUCTEMH, MOBITOMJISIIN IIPO
cBiif mocBin. ABtopu [11] BBaxkaroTh, 0 OTPUMAHHK JOCBIA
poOOTH 3 JIOKCUAOM XJIOPY CBIIYUTH MPO IMEPCHEKTHUBHICTH
HOro BHUKOPUCTAHHS Ui 1HAKTHBALli JIETIOHEN B CHCTEMax
BOJIOTIOCTAYaHHs JIIKApEHb.

2.7.2 Ilopienannsa eghexmusnocmi oesinghexmanmie
w000 KOoHmpoJiio dionnisok, naiunpocmiwux ma Legionella ¢
cucmemax nooymoeozo NUMHOZ0 6000NOCMAYAHHA

Metoro  pocmimxenHs  [21]  Oyno  MOpIBHSIHHS
epeKTUBHOCTI  pi3HUX  Je3iHQiKyrouux  3acobiB, IO
3aCTOCOBYIOTBCS i1 OOpOThOM 3 JIETIOHENIO0 B CHCTEMax
BOJIONIOCTaYaHHs MOOYTOBUX MpuMilieHb. s miei metn Oyio
pPO3pOOJICHO CHUMYJISITOP TAaKOTO BOJOTOCTAYaHHS, SKUH
JI03BOJIMB MOJIENIOBAaTH peanbHi ymoBH. CucTemMa 13 ceMu
OJTHAKOBMX YCTAaHOBOK OyJla BUKOpPUCTAaHA JJs TOPIBHSHHSA
e(EeKTUBHOCTI OYHUILEHHS 32 €KBIBAJICHTHUX YMOB KOHCTPYKIIiT
CHUCTEMH, MaTepialliB, T1APaBIiKH, SKOCTI BOJH, TEMIIEpATypH Ta
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MMOYaTKOBOTO 3a0pyaHeHHs. Ilin dac AochipKeHHS KOXKEH 13
IIECTH KOHTYPIB OTpPHUMYBaB Oe3MEepepBHE 3aCTOCYBAHHS
OJIHOTO 3 HACTYMHUX Je3iH(QIKyrouMX 3aco0iB:  XJop,
€JIIEKTPOXJIOPYBAHHSI, TIOKCUJ XJIOPY, MOHOXJIOpaMiH, 030H 200
Mizb/cpibino.  CphoMHI  KOHTYp  BHUKOPHUCTOBYBABCS  SIK
KOHTPOJNBHMM 1  3anmumancs  HeoOpoOienum.  OmiHka
e(eKTUBHOCTI WX Je31H(iKyI0UnX 3ac00iB Oa3zyBanacs Ha IXHii
3MATHOCTI 3MEHIIyBaTH HE TIJIbKK JIETIOHENMy, aje W
HAaWOPOCTIMMX Ta OIOMIIIBKH, SKi CHPHUSAIOTH YTBOPEHHIO Ta
MOIIMPEHHIO IUX OakTepill y cucTeMax BOJONOCTAYaHHS, a
TaKOX BIUIMBAIOTh Ha 1X CTIMKICTh 10 OOpPOOKH. 3riHO 3 IUMHU
KPUTEPISIMH, TIOKCH] XJIOPY Ta XJIOop (Y BUTIISAL TIMOXJIOPUTY
ab0 oTpuMaHUl IIISXOM  EJEeKTPOXJIOpyBaHHS)  Oynu
HaileeKTUBHIIMMH 3aco0amMu 0OPOOKH B IbOMY JTOCIiKEHHI.
Opnak, TOPIBHSHO 3 XJIOPOM, JMIOKCHI XJIOpy TIOKa3aB
TPUBANIIIY 3aJUIIKOBY AaKTHUBHICTb Yy cCHCTeMI, M0 OyJo
NepeBarol0 3 TOYKM 30py 3aCTOCYBaHHS Yy BEJIHMKHUX
TpyOomnpoBiAHUX cuctemax. CuHcTeMH BOJONOCTAa4YaHHSA B
noOyTi € BIIOMUMHU pe3epByapaMH MiKpOOHOro 3a0pyaHEHHS,
BKJIIOYAIOYM O1O0IJIIBKM, HAWMpPOCTIII Ta YMOBHO-NATOTEHHI
MIKpOOpraHi3MH, Taki sk JerioHemia. HaBiTb 3a HasBHOCTI
3aNUIIKIB A€31H(QIKYIOUUX 3ac001B MIKPOOPraHi3MU MOXKYThb
PO3MHOXKYBATHUCS B LIUX CUCTEMAX, 1110 PU3BOIUTH /10 KOHTAKTY
KOPHUCTYBayiB CHUCTEMH 3 1H(QEKIIMHUMU MIKpOOpraHi3MamH.
barato emigemMionoOriyHUX OCHIMKEHh BU3HAYMIN CUCTEMH
BOJIONIOCTaYaHHS B MOOYTI SK NPUYUHY 3aXBOPIOBaHb, LIO
NepeaoThes Yepes3 BOy.

brok MopenmroBaHHS TOOYTOBOTO BOJIOTIOCTAYaHHS,
po3poliieHnit  JuIs  1BhOrO  JochifpkeHHs [21], m03BOIHB
MOJEJIIOBATH OCHOBHI aHOMaJIii, IKi MOYKHA 3HANTH B CUCTEMAaX
noOyTOBOro (MUTHOTrO) BOAOMNOCTavaHHs. bynu 3mozenboBaHi
aHOMaJIii TeMIlepaTypH, IMIBHAKOCTI BOJIU Ta 4acy yTpUMaHHS
BOAM B cucTeMi. BIinTBOpeHHs IMX aHOMAaJiil CIpUAIIO
3a0pyIHEHHIO CHUCTEMH Ta JO3BOJIMJIO Kpalle pO3Pi3HITH
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NOKa3HUKM OYMIlEHHS. BBaxaeThcs, 10 B cucTeMax
noOyTOBOrO BOJOIOCTAYaHHS, JIe TaKi aHOMaJil BiACYTHI, 1 3a
YMOBHU HasiBHOCTI €()EKTUBHOI CHCTEMH KOHTPOJIO J03YBaHHS
ne3in(dikyrounx 3aco0iB, pi3HUIIT MK TOKa3HUKAMH OYUIIICHHS
NOBMHHA OyTM MeHI 3HauHow. [Ipoueaypa ycyHeHHs
3a0pylHEHHs, 3acTOCOBaHAa IO CHCTEMH, NpU3BeNa [0
CTBOPEHHS CTaOUIbHOT O10TUTIBKH, MOIMYJISIIIN JeTioHen Ta ameo
Ha KOXHIM 13 CeMH YCTaHOBOK, IO CKJIQJaj IJIOTHY
ycTaHOBKY. [licis BcTaHOBIIEHHS LUX MOMYJALiM cuctema Oyna
BUKOPHCTaHA [y TOPIBHSUIBHOI OLIHKA €(EeKTUBHOCTI B
€KBIBAJCHTHUX yMOBaX IPOEKTYBAaHHS CHUCTEMHM, MaTepialis,
TiIpaBIiKK, SIKOCTI BOAHM, TEMIIEPaTypH Ta IOYaTKOBOTO
3a0pyaHeHHs. EQexkTuBHICTE 0OpOOKH OLIHIOBAIM HE JUIIIE
I0/I0 JIETIOHEN, aje i mo10 amed Ta OIOIUIIBOK, SIKi CIIPHUSIOTH
YTBOPEHHIO Ta MOIIMPEHHIO IIUX OaKTepiil y BOJHUX CUCTEMAX,
a TaKOX X CTIMKOCTI 10 06pOOKHU. IpyHTYIOUKCH Ha OLIHII KX
napameTpiB, MOXHa OyJ0 CHOCTepiraTd BiAMIHHOCTI B
e(eKTUBHOCTI 0OpOOKH cepesl MPOTECTOBAHUX JE31H(PIKYIOUUX
3aco0iB.

Jiokcua xnopy Ta xjop (y BUINISAI TIIOXJIOPUTY abo
OTPUMaHUIl €IeKTPOXJIOpYyBaHHIM) Oynu HaledeKTUBHIIIMMU
3aco0amu 00poOKuU B iboMy pociimkenHi [21]. Lle nposiBumocs
y 3IaTHOCTI XJOpY Ta JIOKCHAY XJIOpY 3MEHIIyBaTH
3a0py/IHEHHS  JIeTIOHeTaMH y  BOAl Ta  OlOTUmiBIN
PELMPKYIALMIMHUX ~ KOHTYpiB, a TakKoX MiATPUMYBATH
KOHLEHTPALIIO JIET1I0HEN HIKYE aHAJTITUYHUX MEX BUSBICHHS
IPOTSATOM YChOT'O JOCTI/DKEHHsS. XO0dYa eJIEeKTPOXJIOPYBaHHS
Oyn0 omucaHO fK OUIBII TOTYXKHUN Je3iH(dikyrouni 3acid
MOPIBHSHO 3 XJOPOM, OCOOJIMBO JJIsi HAMMPOCTIINX, Y LbOMY
JNOCTIPKEHHI HE CIIOCTEpIrajiocsi CYTTEBOI PI3HUII MIX
pe3ybTaTami, OTPUMaHUMHU 3 XJIOPOM Ta
enekTpoxjopyBanHsMm. Ile Moxke Oyrtu TOB'I3aHO 3
BUKOPHUCTAaHHAM MAaTOYHOTO pO3UMHY JJs 3a0e3nedeHHs
HQJIEKHOTO  KOHTPOJK  J03yBaHHi.  SIk  HaciiJok,
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KOPOTKOXHUBYYl OKHCIIOBaJIbHI paJlKalld, [0 YTBOPUIIUCS B
pe3yabTaTi HbOTo Mpolecy, KMOBIpHO, OyiIH BTpadeHi MPpOTIroM
YOTUPBHOX-M'SITUJICHHOTO TMEpioy BUKOPUCTAHHS MAaTOYHOTO
po3uuny. Ilomampuii gocmigkeHHss Oynau © KOPUCHHMHU JUIS
OIIHKA €(EeKTUBHOCTI O0OJIaTHAHHSA, IO JI03BOJISE TMPSME
BBEIICHHS  OTPUMAHOTO  PO3YMHY  0e3  HeoOXiIHOCTi
BUKOPUCTAHHS MaTOYHOTO PO3UYHHY.

Jiokcua XJopy NpPOJEMOHCTPYBaB MEHINY 3JaTHICTBH
BUJANSTH O10ILTIBKY, HDXK XJ10p. OJIHAK 1151 pi3HUILIS Y BUJATIEHHI
010TUTIBKM MOTJIa OyTH TOB'S3aHA 3 PI3HUIICIO Y 3aCTOCOBAHHUX
koHeHTpauiax (0,5 Mr/m ans AioKCUIy XJIopy MpoTu 2,5 Mr/i
mis  xjopy). llopiBHSHO 3  XJOpoM, MHIOKCHA — XJIOPY
MIPOJIEMOHCTPYBAB JIOBIY 3aJIUIIKOBY aKTUBHICTh y 3aCTIHHUX
30HaX CHUCTEeMH 1 OUIBII BHpaK€HY  3JaTHICTb 3HU3UTH
KOHIIEHTPAILII0 JIET10HEeN Y 1ii YaCTHHI HI)KYE PiBHS BUSBICHHS
micias mo4yarky npomMuBaHHsA. OJHAaK, KOJM 3aCTOCOBYBAJOCA
OJTHOpa30BE€ NPOMMBAHHSA, 3a HUM TMpoTAroM 24 TOAMH
BiJI0yBajacsi MOBTOpPHA KOJIOHI3allsl 3acTiMHUX 30H. OTxke, B
peaNbHUX cHCTEeMax CIiJl BAKOHYBATH 1X MPOMHBAHHS Pa3oM i3
BUITYCKHUMH OTBOpaMH (KpaHH, Tylii) Ae31H(IKOBAaHOIO BOAOIO
IIOHaMeHIIIe OJMH pPa3 Ha JeHb. BumyckHi oTBOpH Ta
MOB'S13aH1 3 HUMH TPyOONIPOBOAM, K1 P1IKO BUKOPHUCTOBYIOTHCS
Ta He mNOTpiOHI, ciia BUAATUTH abo 130JIOBaTH. Le
MIATBEPIKYE, 0 KOHTPOJIb MIKpPOOHOTO 3a0py/AHEHHS BUMarae
MOCTIHOTO MIATPUMAHHS 3ATHIIKY J1e31HPIKYI0YOTro 3ac00y Mo
BCIi  BOJOMpPOBIAHIN  cucTemi. Xoua «IIIOKOBI» 703U
ne3iHgikyouoro 3acoly MOXYyTb OyTH eQEeKTUBHUMHU IS
KOHTPOJIO POCTY B KOPOTKOCTPOKOBIM MepCreKTHBl abo Jyist
eKCTPEHOI IEKOHTaMiHallii, JTOBrOCTPOKOBHI KOHTPOJIb BUMarae
MOCTIHHOTO  3acTOCyBaHHS  JAe3iH]iKyrouoro 3acoby Ta
NPOMHUBAHHA, LI00 3a0e3MeUuTH LHUPKYIALiI0 e(eKTHBHUX
KOHIICHTpaIlii e31H(IKYI0Y0oro 3aco0y 1Mo BCii CHCTEMI.

Y upomy pocmimkeHHi [21] KOHTpOIb 103yBaHHS
TOKCHUIy  XJIopy OyB  JOCATHYTHH 32  JOIOMOTOIO
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aMIIEpOMETPUYHOIO JIaTUMKa, SKUH 3abe3neuyBaB TOUHUN Ta
HaJIHUA KOHTpoNb. Ha BiqMiHy BiJ AaT4MKa JIOKCHIY XJIOPY,
aMIEepOMETPUYHI  JATYUKU  3arajbHoOro  XJjopy,  UIO
BUKOPHUCTOBYBAJIUCS B IOMY JOCIHIPKEHHI, MOTpeOyBain
Cepiio3HOr0 00CIyroByBaHHS (3aMiHa Ta KamiOpyBaHHS
MeMOpanu KoxHi 48 romuH), WMOBIpHO, 4Yepe3 MIBUJIKE
3a0pynHeHHS ixHBROI MeMOpanu. Taki pgatuuku  Oynu
HEJOCTAaTHRO HAMIMHWUMH JUISI 3aCTOCYBaHHS Ha  MICII.
AJNbTepHATUBHI PIllIEHHS, TaKi K JaTYNKHA OKMCHO-BIJIHOBHOTO
noteHmiary abo KOJOPUMETPUYHI JaT4uKh (xoya W He
TECTYBAJIUCS B LIUX JOCITIDKEHHSX), € KPAIIUMU JJI1 KOHTPOJIIO
J03YBaHHS XJIOPY.

O3z0n y koHueHtpamii 0,5 mMr/m MaB BIUIMB Ha BCi
MOMyJIAil TUTAHKTOHY Ta OIOIUIIBKM B YChOMY  IIHKII
PELUPKYJIANii, HaBiTh 32 BIACYTHOCTI BHSIBJICHHUX 3aJIMIIKIB
IIiCJsl KOHTAKTHOI KoJIoHHU. Lleit pe3ynpTaT OyB HECIOAIBaHUM,
ajie HOro MOYKHA TOSCHUTH HAsIBHICTIO y BOJAI CHCTEMHU ITUKITY
3QJIMIIKIB  O30HY HIDKYEe MexX BHUsABIeHHA. O30H gocsr
HaWOUIBIIOTO  3MEHIIEHHS  KIUIBbKOCTI amMed y  [uKim
PELMPKYJIALIT 1 TOMY BUJIAETHCS NIEPCIEKTUBHOIO TEXHOJIOTIEI0
111 60pOTHOMU 3 JierioHenor. Sk 1 iHII MeToan 00poOKH, KpiM
TIOKCUY XJIOpY, 030H OyB Hee(eKTUBHMM JUIsl 3MEHIICHHS
3a0pyJqHEHHsS JIETiOHeNo B 3acTidHuX 3oHax. [lomambimi
JOCIIJDKEHH Oynu © KOPHUCHHMMHM JUIsl ONTUMI3AIi Horo
JI03YBaHHS Ta JOCSTHEHHS KPaIoro KOHTPOJIIO HaJl JIET10HEIIO0
Ta aMmeOamu. TakoX HEOOXIAHI MOJLOBI HOCTIIKEHHS IS
OLIIHKM JIOIUJIBHOCTI 1€l TEXHOJIOTIi Ha peaJlbHUX CHCTeMax
BOJIONIOCTaYaHHs, /1€ TPYOONpOBIAHI CHUCTEMH MOXYThb OyTH
OB PO3TATYKEHUMH.

Monoxnopamin OyB e€(heKTUBHUM IPOTH IUIAHKTOHHUX
Ta NIPUKPIIUIEHUX Yy O10IUTIBKY JIET10HET, aJjie HE BUSBIISB €(EKTY
nmpoTu aMme0 Ta He MaB 3aTHOCTI BUAAIATH OlorumiBKy. ONHAK,
METOJl  NPUTOTYBaHHS  MOHOXJIOpaMiHy HE  J03BOJISB
MIATPpUMYBaTH CTallIbHY KOHIEHTpaniro. [le mpusBemo 1o
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HEJIOCTaTHHOTO JI03YBaHHs B PEHHUPKYJsIiiiHOMY KOHTYpi (0,5
MI/N 3aMiCTh LUTBOBUX 2 Mr/i). BiAcyTHiCTE KOMepLiHO
JOCTYITHOTO TIPOJAYKTY abo reHepaTopa misa 1€l XiMigyHOT
PEUYOBHHU € CEPHO3HOI0 MEPEIIKOI00 MIOA0 il MOTeHIIHHOTO
BHKOPHUCTAHHS 11 OOpPOTHOM 3 JIETIOHENIOK B IMOOYTOBUX
CUCTeMax BOJAOIMOCTaYaHHSI. Sk albTEepHATHBA, MOXKHA
nepea0aYuTH OKpeMe BBEACHHS aMiaky Ta XJIopy, IO
MPU3BOANUTE JI0 YTBOPCHHS MOHOXJIOpAMiHY B CHCTEMi, aiie
JOLLUTBHICTh Ta €PEKTUBHICTH TAKOTO CHOCOOY MPUTOTYBAHHS
noTpeOyroTh JOAATKOBUX JIOCIIKECHb.

B yMoBax ekcriepuMEeHTY, OCOOJMBO 3Ba)KalOUW  Ha
¢bpany3pkuii  HopMmatuBHUE niMiT 10 MKr/m s cpibna,
MiJb/CpibII0 MPOAEMOHCTPYBAIN HU3bKY €()EKTUBHICTH 3a BCiMa
MIPOTECTOBAHUMH MTapaMETPAMH.

2.7.3 Pe3yromamu uwioKkoeoi o00poOKu cucmemu
sooonocmauannus Oiokcuoom xaopy (ClOz) ons xoumponro
Legionella pneumophila

VY poboti [22] mnpencTaBieHO pe3ysibTaTd IIOKOBOT
00poOKHM cucTeMH BojorocTadanHs aiokcuaom xmopy (ClO2)
s koutpomto Legionella pneumophila.  diokcun xiopy
OTpUMYBAJIM B pe3yibTaTli peaklii MIOKCHIYy AaHTUHIIO 3
pPO3BENIEHOI0  KHCIOTOK Ui  OTPUMAaHHS  PO3YUHY 3
KoHHeHTpauietro 20000 wmr/n. Jlng  [03yBaHHA CUCTEMHU
BUKOPHUCTOBYBABCS HACOC 31 3BOPOTHUM 3B'SI3KOM, 1100 AOCATTH
kinneBoi konneHtpamii ClOz Bim 50 no 80 wmr/n. L
konuenrpanis ClO2 migTpumyBanacs TpPOTATOM 8 TOIUH Yy
pesepByapax [uig 30epiranHs. Bes Boza 3 kpaHiB Ta AyIIOBUX B
najaTax 3JIMBaiacs, TOKU 3 KpaHiB He Buxoauio Bix 50 qo 80
mr/a ClO2. List KoHIeHTparis MiATpUMYBaacs Ha BCiX BUXO/aX
npotsirom 1 rogunwu. [Totim kornentpaitito ClO2 miarpumyBamu
Ha piBHi 3-5 Mr/1.

O6poOka  cucTeM  TapsA4oro  Ta  XOJOJHOTO
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BojorioctauanHsi 3a gomomororo ClOz 3HU3MIAa 3araibHy
MikpoOHY ¢opy Bigainens A ta B mikapnai 3 >3000 mo 70
KYO/mn. JIo 00poOKu 11I0KCHIOM XJIOPY 3 XOJIOHOI Bou Oyiia
BujiiaeHa L. pneumophila, micis 06poOku 1i He Oyi10 BHSIBICHO.
Kinpkicte OakTepiii, BU3HA4YeHa 3 Ma3KiB 3 XOJIOAHOTO Ta
raps4oro kpasis, craHomia >3000 KYO/mn no o6pobku Ta
<100 micnst 0OpoOku kpaHiB. OgHaK 00poOKa IYIIOBHX JIHOK,
CXOXe, He Oyna yCIHiIIHOK, OCKUIBKM Ticisi o0poOku Oyio
BusBiieHo >3000 KYO/mn. Ockinbku IyHIOBHH IIIAHT HE
ne3in(dikyBaBcs, 1€ MOIJIO TMOSCHUTH HASBHICTh BEIHKOL
KUIBKOCTI HEJIErioHEeIbO3HMX OaKTepiii, Takux sk Flavobacteria
ta Alcaligenes, y aymoBux niiikax. ABTOpU NPUITYCTHIIH, IO
cucTeMa XOJOJHOIO BOJOIOCTaYaHHS Oyjia pe3epByapoM JUis
natoreny. OIHUM i3 TaKMX MiCIlb MOK€ OyTH BHTOTOBIICHA 3
ryMu TpyOa TyIIoBOro IIJIAHTa, sika He OyIa npoae3iHdikoBaHa.
OxpiM 1pOTO, 3 TYMH y BOJY MOIJIM MIrpyBaTH OpraHiuH1
CIOJIYKH SIK TIOXKHBHI PEUOBHHHU JJ1s1 OaKTEpiid.

Bona 13 TpyOu XOJI0MHOTO KOHTYpY Aylly Oyiia Juie
3JIeTKa JKOBTOI0. BHYTpIlIHSA mOBEepXHs TpyOu BUIIIsATaNa AyXKe
yucTOr0 Ta 0e3 KOpo3iiiHuX BiAkiIaaeHb. Ha BiamiHy Bifg
CIIOCTEepEXEHb, 3po0JeHNX Ha TpyOi 10 00podku ClO2, Ha
MOBEPXHI TPyOM X0JI0AHOI BoAu Oyno mano Oakrepiil. Bona 3
TpyOM raps4oro KOHTypy JyIly Maja 3Jerka >KOBTO-3€JIeHUM
KOJIip, a Tpyba Majna MiZHWA HaIT KOpO3li, M0 TPOXOJUB
TOPU30HTAIILHO B3/I0BX BHYTPIIIHBO1 OBepXHi. Ha BHyTpimIHIN
MOBEPXHI TpyOH Oyjia MPUCYTHS 3HAYHA KUIBKICTh HAKUIY Ta
6akrepiil. [Ipu ¢papOyBaHHi Ha )KUTTE3AATHICTD PHOIM3HO 50%
MIKpOOpPraHi3MiB Oy MeTa0O0JIIYHO aKTHUBHUMH, 110 CBITYHUTH
PO HAsBHICTh TEPMOTOJIEPAHTHOI MOMYJIALIT MIKPOOpraHi3MiB
y IymoBid TpyOl, sika Crmo4aTrKy IojaBajacsi 3 BOJOI 3
temneparyporo 60°C. Lli MikpoopraHizmu, HMOBipHO, Oynu
critikumu 10 BBy ClO2 a60 Oynu 3axuineHi 6i0IUTIBKOO Bij
HBOTO TiJ1 9ac 0OpOOKH.

ABTtopHu [22] chopMynrOBaIi HACTYITHI BUCHOBKH
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L. pneumophila Oyma BumineHa nuie OmuH pa3s 3
XOJIOTHOT BOJAU Tepea 00poOKoro, ane Oyl MPUCYTHI YMOBH,
110 CIPHUSIN BI)KUBAHHIO Ta POCTY JierioHen. L{e Hu3bKuii BMICT
XJIOpY Yy BOji, 30epiraHHs B pe3epByapax Ui XOJOIHOI BOAU
npu Temneparypi Bume 20°C, HasBHICTH 3a00pPOHEHHX
OpraHiuHUX 3'€JHYBAJILHUX CIOJYK, TEMIIEpATypa rapsvoi BOIU
HIDKYE PEKOMEHI0OBAHOI Ta BiJCYTHICTH Ne31H(EKINT TyIOBUX
[IJIAHTIB.

KopuryBajibHU# 3axij] y BUIJIS/I IIOKOBOTO JI03yBaHHS
ClO2 nporsirom 8 TOIUH 3HU3MB KUJIBKICTh OakTepidl y
IUTAHKTOHHIN (a3i, 1 Xoya mporeaypa He MOBHICTIO BUIalWja
010IUTIBKY MIPOTSTOM IIBOTO Yacy, MIiCJIs 3aBEPIICHHS IPOTPaMu
ne3indexiii OakTepianbHOi OIOIUTIBKM Oya0 3HAYHO MEHIIE.
BusiBiieHo, 1o Bci OiOTUTIBKHM, BUSBIICHI IO Ta TICIS 00pOOKH
ClO2, 1eMOHCTPYIOTD KUTTE3ATHICTb.
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2.8 ImaxTuBamia giokcuaom xsopy Mycobacterium
avium

Mycobacterium avium — e yMOBHO-ATOreHHHI
MIKpPOOPTaHi3M JIIOIUHH, SIKUH BUKJIMKAE PECIipaTopHi iHpeKil
SK y IMyHOKOMITIETEHTHHX OCi0, TaK 1 y MaIli€HTIB 3 0CITa0ICeHUM
imyniterom [1, 2]. Takoxx BiIOMO, 110 BiH BUKIUKA€E MIMHHUN
mimdaneHiT y niteit [3], a Takoxk OyB BHIUICHUH y TAII€HTIB 3
MyKkoBiciao3oM [4] ta BIJI-mo3utuBHux namieHTiB [2]. Tinbku
y Cnonyuenux [tarax 25-50% mamienTis i3 CHIlom Ha mi3Hi#i
cTafii MarTh pECHipaTOpHi, KHUIIKOBI ab0 JMCEeMiHOBaHI
iHdekii, cnpuunneni M. avium [5]. OcoGiuBe 3aHEOKOEHHS
BUKJIMKAE CTiiKicTh M. avium y cuctemMax OYHIIEHOT MUTHOI
Boau [6, 7], nmikapHSHMX BomompoBoaax [2, 8, 9] Ta
rizpomacakaux BaHHax [10]. BcraHoBiieHO, 110 130JTH Bif
mamienTiB 31 CHIlom marots Toit cammii JIHK-BigouTox, mio
130iaTi M. avium, BHIEH] 3 BOIM 13 CUCTEM BOJOIOCTAYaHHS
[2, 8, 9]. Ockinbku BiaCyTHi fAoka3u mepemaui M. avium Bifg
JIOJIUHY JI0 TIIOUHM [ 5], € MiCTaBU BBAXKATH, 1110 TTUTHA BOJIA €
“MOBipHUM jpKepernioM iHpekii. Xoua B Cromydenux [lltarax
3a0pyaHeHHs muTHOI Boau M. avium Hapasi He perymroeThes,
ATEHTCTBO 3 OXOPOHM HaBKOJMIIHBOrO cepenopuma CIIA
BKJTFOUHJIO TIeH MAaTOTeH sIK YacTHHY KomIuiekcy Mycobacterium
avium 1o CoMcKy KaHauaaTiB-3a0pyaHioBauiB [11] mist orminku
HEOOXiTHOCTI MaHOYTHIX PeryJIsaTOPHUX Hii.

VYV Cnonyuenux [lrarax mis ae3indexitii moBepXxHEBUX
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abo IPyHTOBHMX BOJ IiJi BILUTUBOM IOBEPXHEBUX BOJ MOXYTb
BUKOPHUCTOBYBATHUCS XJIOP, MOHOXJIOPAaMiH, JIOKCH]I XJOPY Ta
o30H [12]. Byno mokaszano, o M. avium BiZHOCHO CTIHKHI 10
BCiX mux nesin¢ikyrounx 3aco6iB [13-17]. Taylor et al. [13]
BUSBWJIM, IO CTiliKicTh M. avium g0 BCiX YOTHPHOX
ne3indikyrounx 3aco0iB Oyna Oinein HiX y 50 pa3iB OUIBIION,
uik y Escherichia coli 3a Tux camux mOCHiIKEHUX
eKCIIepUMEHTAIBHUX YMOB. KpiMm TOrO, Oyno BHUSBICHO, HIO
3HaueHH CT (ToOTO iHTErpoBaHWUN BIUIMB KOHIIEHTpAIlii
ne3indikyrodoro 3acoly 3 dacom) s gocsrHeHHs 99,9% (3
log) inaktuBarii M. avium BiIbHUM XJIOPOM, HAUIOIIMPEHIIITAM
XIMIYHUM J€31H(DIKYIOUUM 3aC000M, BapitO€THCS HE TUTBKU MK
mramamMu M. avium, ane # 3aJeXHuTh BiJl Pi3HUX YMOB POCTY,
TaKuX sSK Temmeparypa, ¢asza pocTy Ta piBeHb KucHio [15], a
TaKOX Bl XapaKTePUCTUK SKOCTI BOJM, TAKUX SIK TeMIlepaTrypa
ta pH [17]. Bucoky crilikicte M. avium 10 BiJIbHOTO XJIOpY 3a
HU3bKOI TeMIlepaTypu Ta MOB'sI3aHUM 3 UM CUJIbHUN BB pH
MOKHa TpOUTIOCTpYyBaTH Ha HactynHomy npukiani. CT s
99,9% imaktuBarii M. avium BimebHHM xyopoM mpu 5 °C,
30imprmThes 3 10 000 o 190 000 mr/n-xB npu 30inbmeHH1 pH
3 7 no 9 [17]. lle o3Hauae, M0 MpU MOCTIHHINA KOHIEHTpAIil
xJopy, Harmpukiaia, 4 mr Clo/n, yac KOHTaKTy, HEOOXIAHUIA IS
iHakTuBaIli 99,9% xmituH, 30uemuThes 3 42 rox (PH 7) go 33
ni6 (pH 9). Otxe, BUKOpHCTaHHS BiIbHOTO XJjopy mpu 5 °C
NpU3Bee /0 HE3HAYHOTO KOHTPOJI M. avium Ha OYMCHHX
cropyaax nutHoi Boau (PH 7 ta 9) Ta y BIANOBITHUX cUCTEMaX
posmoginy (pH 9). Tomy icHye moTpeba AOCHITUTH
allbTepHATHBHI MiAXoau 10 Jje3indekuii, sgki Mornu 0
3a0e3MevYnTH 3aXUCT Bix M. avium, a Tako iHIIKUX MIKpOOHHX
3a0pyIHIOBAYiB, 1110 BUKJIUKAIOTh 3aHENOKOeHHs. Kanuaarom,
SIKUM IOTEHLIHHO MOYKe 3a0e3MeYnTH ePeKTUBHUN KOHTPOJIb M.
avium, a Takox (0O)IUCT HAUMPOCTIIIMX, € JTIOKCUI XJIOpY.
Jiokcun xmopy Hapasi (2008 pik) BHKOPHUCTOBYETHCSI MEHII HIXK
Ha 5% BomoouncHux cropya y Cnomydenux Ilrarax [18].
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Onnak, WMOBIpHO, HOro 3acTOCYBaHHSI 3pOCTe, SIKIIO Oyxae
BU3HAHO e¢(PEeKTUBHUM y 60poThOi 3 M. avium, OCKiIbKH, OKpIM
3a0e3MeyeHHs] HaJleKHOTO0 KOHTPOJII HaJ UMM Ta 1HIIMMH
HOBHMMH Ta PErYJIbOBAaHUMHU MIKPOOHHMHM MATOT€HAMHU, JTIOKCH]T
XJIOPY YTBOPIOE HIDKY1 PiBHI OpraHIYHUX MOOIYHHX MPOJIYKTIB
ne3iHdeKIil, o Hapasi perymormTbes [19].

Jani mitepaTypu CBimyaTh, IO MIOKCHI XJIOPY MOXE
Oytu nyxke edexTuBHUM mpoTu M. avium, mpu 1mpoMmy Juis
nocsirHeHHS 99,9% inaktuBanii npu 23 °C ta pH 7 mis n'stu
mrramiB M. avium, Buporienux y cepeposuiii, CT ckinamae 2-11
mr/-xB [13]. OpHak BIUTMB XapaKTEPUCTUK SKOCTI BOAM, TAKUX
sk Temrepatypa Ta pPH, Ha crnpuitnsTauBicte M. avium mo
TIOKCHUy XJIOPY 3aJIMIIAE€THCS HE3'SICOBAaHMM. TOMy METOIO
uporo gocuimxenas [20] Oymo npocmiguté  BruuB - pH,
TeMIepaTypu Ta KOHIEHTpauii ae3iHdikyrodoro 3acody Ha
KIHETHKY iHaKTHBaIlii M. avium JioKCHI0M XJI0pYy.

2.8.1 Bnaue xonuenmpauii oe3ingixyouozo 3acooy
Kinetuka inaktuBaiii M. avium mioKCHIOM XJIOpY MpH

pH 10, 20°C Ta mouartkoBiii koHIeHtparii Co = 0,90-4,10
mrClO2/n npencrasnena Ha puc. 2.30.
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Puc. 2.30 Kineruka iHaktuBamii M. avium miokcumom
xmopy nipu pH 10 ta 20 °C.

Jlns Bcix HaOopiB naHuX Oyna OTpUMaHa €IMHA KPUBA,
sgKa TOKa3ye, M0 KOHIIGHTpalis Ie31H(IKyro4oro 3acody He
BIUIMBaJIa Ha KIHETUKY iHaKTHBaIii M. avium miokcuaoM Xjiopy.
Sx nokazano Ha puc. 2.30, KiHeTHKa IHaKTHBAIil
XapakTepu3yBajiacsi TOYaTKOBOIO  Jar-(a3oro, 3a  SIKOIO
CIITyBaJI0  3HM)KEHHA  JKUTTE3JATHOCTI  IICEBIOMEPIIOro
MOPSIIKY, IO MOXHA OyJ0 3MOJETIOBATH 3a JIOTIOMOTOIO
3atpuMkH ekcnpecii Chick—Watson [21]:
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=
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No | Jdexpi KCT)=expi BCT Cligl if CT2CTiuy =} In{ft).

(1}
ne N/NO — yactka »xutre3qaTHuX KiaiTHe M. avium mics gacy t
BIUIMBY Je3iHdikyrouoro 3aco0y, Ni/No— mepetnH 3 Biccro,
OTPUMaHUH EKCTPANOJIAIIEI0 TICEBAONEPIIIOTO MOPSIKY JiHIT 10
BEPTUKAIBHOI 0ci, K — KOHCTaHTa IMBUAKOCTI IHAKTHBALIIT ITiCIIs

e
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¢dasu 3atpumku B 1/(mr - xB), a CT — iHTerpoBaHUi BILIUB
ne31H(IKYyI0U0ro 3aco0y 3 4acoM y MI/JI-XB, a0

eT= /'Lc(;nd;{, 2)
S

ne C(A) - kKoHIeHTpallis Ae31H(PIKYI0Yoro 3ac00y B MOMEHT 4acy
A (0<A<t), BuMipsiHA TIPSIMOIO CIIEKTPOGOTOMETpPi€t0. Y 1IbOMY
JOCHIKeHHI Oyno BUKOpUCTaHO 3aTpuMKy Mmoxeni Chick—
Watson, OCKIIbKM BIIMOBIAHUM KIHETUYHUN YJIEH JAPYroro
MOPSAKY MOXHa OyJio JIeTKO BKIIOYUTH IO PIBHSHB
MPOEKTYBaHHS MPOTOYHOrO peakTopa [22-24].

JliniiiH1 9acTUHYU BCiX HabopiB naHuX Ha puc. 2.30 Oymu
OJIHOYACHO TiirHaHi 10 piBHAHHA (1) 3a 10MOMOroro JIHIHHOT
perpecii s orpumanns napamerpiB Ni/No ta K. Otpumana
kpuBa anpokcumartii mpu PH 10 Ta 20 °C nokasana Ha puc. 2.30,
a oTpuMaHi napameTpu anpokcumaritii cranoBuir N1/No = 3,12
ta K = 1,24 n/(mr - xB) (Tabu. 2.3), 3 BianoBigaum CTiag = 0,918
MT/JI-XB.

Tabmuis 2.3

Koucrantu HIBUIKOCTI, OoTpUMaHi HIITXOM
ampoKcuMallii iHakTuBarii M. avium TioKCHI0OM XJI0pY

pH Temnepatypa K, 1/(Mr - XB)

6 5 (2,67 +0,09) x 10*
6 10 3,63 x 10°1ab

6 30 3,45+0.11°

10 20 1,24+0,04

8 3HayeHHsI, OTPUMAHE JUTs HAHCTIMKIIIOro Habopy AaHHX.
b TTommka He po3paxoBaHa, OCKiNbKHM BUKOPHCTOBYBABCS JIHIITE
OJIMH Ha01p aHUX.

2.8.2 Bnaue memnepamypu

ExcriepumeHTanbHi pe3ynabTaTH iHaKTHBaLii M. avium
niokcusoM xJyopy mipu pH 6 Ta Temmneparypax 5, 10 Ta 30 °C
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npeacTarieHi Ha puc. 2.31. BiamoBigHo 10 pe3ysbTaTiB puC.
2.31, kiHeruka iHakTuBamii npu 5 °C  (puc. 2.32a)
XapaKTepu3yBaliacs yHIKaJIbHOI KPUBOIO B MEXKaX TECTOBAHOTO
niama3oHy KoHueHTpauiid. [lapameTpu, OTpUMaHi NIUIIXOM
ampokcuMarlii Bcix HabopiB JaHUX Ha puC. 2.32a 3a JOIMOMOT 010
piBustaus (1), cranoBuimn N1i/No = 5,61 ta K= 0,267 1/(Mr - XB)
(tabmn. 2.3), a BignoBigamid CTiag = 6,46 mr/n-xB.

Ha BimMiny Big coocrepexxenHs mnpu 5 °C,
criocTepiraiacs MiHIMBICTh KiHeTHKH iHakTUBAaIii mpu 10 Ta 30
°C (puc. 2.32b ta 2.32C BianoBigHo). SIk moka3aHo Ha PUCYHKaX,
IUIsL pi3HUX HA0OPIB AAHUX 3arajoM OyJI0 OTPUMAHO Pi3Hi KPHBI.
Opnak 49iTKOT KOpensAlii MK MIHJIMBICTIO Ta TOYaTKOBOIO
KOHIICHTPAIII€I0 ne3iH(iKyr90oro 3aco0y, 110
BUKOPUCTOBYBAJIacsl MpHU Oynab-sKid 3 JBOX TEMIIEpaTyp, He
crocTepiraiocs.

Puc. 2.32 BrimuB TemnepaTypH Ha KIHETUKY 1HAaKTHUBAIli{
M. avium miokcuaom xsopy npu pH 6.

I[lonibHa  MIHIMBICTH, TaKOXX HE IIOB'13aHa 3
KOHIICHTpali€r ne3iHdikyrdoro 3acody, Oyia 3apeecTpoBaHa
s iHaktuBanii M. avium BimpHEM XxJ0opoMm [17]. Kinetuka
inakTuBamii M. avium BUIBHHM XJIOPOM XapaKTepH3yBaiacs
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MMOYAaTKOBOIO IIBHJIKOK CTAII€I0 1HAKTUBAIli O0e3 jar-gasu, 3a
SKOIO0 CIIiJlyBajia TOBUIbHIMIA KiHeTWka. Ll moBexminka Oymna
Mpe/icTaBjeHa ABOMOMYISALIHHOK MOJCIUIIO CIPUHHSATINBUX Ta
TOJIGPAHTHUX  KJITHH, aJlé YacTKH  TOJICPAHTHHX  Ta
CHPUNHATINBUX KIIITUH 3arajiom HenepeadayyBaHo
BapifoBaJIUCS MDK MNOBTOpHUMH Tectamu. I[lomibHo 10
CIIOCTEPEKEHB y IIbOMY J0CIiKeHH1 [20], OlibIlia MiHIUBICT
criocTepiraiacs JJisi €KCIIEPHUMEHTIB 3 BUIBHUM XJIOPOM MpH
BUIIIMX TemrepaTypax mnopiBHsHO 3 5 °C. Xoua He Oymo
BHSIBJICHO KOJTHOTO €KCIIEPUMEHTAIBHOTO IMapamMeTpa, KUl Ou
KOPEIIOBaB 31 CIOCTEPEKYBAHOI MIHIUBICTIO a00 HAasSBHICTIO
JIBOX TIOMYJIALIMA, OJTHIEIO 3 MOKJIMBUX MPHYUH MOXE OyTH Te,
0 KyJIbTYpU MICTHJIM KiJIbKa BapiaHTIB KOJIOHIH. Bapiantu
KOJIOHIM Ta CHOHTAaHHHMU TepexiJ MiX TUIAaMH KOJIOHIH Oymu
omucani B Jiteparypi [25-27] 1 MOXYTh MOSCHUTH
CIIOCTEPEKYBaH1 pe3ybTaTH.

Sk mokazaHo Ha puc. 2.32¢, npu 30 °C cnocrepiranucs
1Bl oKkpemi KpuBl. ExcriepuMeHTanbH1 HaOOpH IaHUX IIPU JIBOX
MPOMDKHHX KOHIIEHTpaIlisnx, Co = 1,29 ta 1,35 mrClO2/n, namu
KpUBY 1HaKTHUBAaIIli 6€3 CIOCTEPEKYBAHOTO TJIeda Ta OAHY a3y
KIHETUKH TICEBJOMEPIIOro MOPSAKY 3 KOHCTAHTOIO IIBUIKOCTI
iHakTuBarlii K = 3,45 1/(Mr - XB), 1110 Y3TOKYETHCS 3 HASIBHICTIO
JUIIE TOJEpAaHTHUX KIITHH (MOBUIbHIMIA KiHeTHKa). Ha
npoTHBary IboMy, HaOopu naHux npu Co = 1,07 ta 1,63
MrClO2/n mamu mneue 3 CTiag = 0,240 Mr/a-xB, 3a SKHM
ClilyBajia CTajis IMIBHAKOI (YyTIUBI KIITHHH) KIHETUKUA Ta
3aBepuIajibHa (a3a MOBUILHOI (TOJEPAaHTHI KIITUHU) KIHETHKH.
OpHak, KOHCTaHTa MIBUAKOCTI IHAKTHUBAIII] APYroi MOBUTBHIIION
cTaii BUSBUIIACS TAKOIO X, SIK 1 OTpUMaHa Juisg HabopiB JaHUX
npu Co = 1,29 ta 1,35 mr ClO2/n. Ile y3romkyBaiocs 3i
CIIOCTEPEKEHHSAMH 3 BUIBHUM XJOpOM, J€ IIBUIKICTH
iHaKTHBAaILIi Apyroi cTaaii Oyna mpuOIN3HO MOCTIHHOIO TS BCIX
KkpuBux [17].

[Tonibno no pesynerariB, orpumanux npu 30 °C,
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kiHetuka iHaktuBamii nmpu 10 °C moxkaszana BapiaOenbHICTH
cepen otpuMaHux kpuBux (puc. 2.32b). HaGip manux mnpu
HaiiHmwK4iH  KoHmeHTpamii Co = 1,52 wmrClOz/n  wmaB
HAWTIOBUTBHINTY KIHETHKY, IO XapakTepusyBaiacs (¢Ha3oro
3aTPUMKU Ta HACTYMHOW (ha30r0 iHAKTUBAIlli ICEBIONEPIIOrO
nopsiaky. Lleit nabip nanux OyB migirHanuii 1o piBHsHHA (1) 3
pe3yabTyrounMu napamerpamu miaroHkd Ni/No = 5,77 ta K =
0,363 n/(mr - xB), Ta BianoBigHuM CTiag = 4,83 mr/n-xB. Habip
nanux mpu Co = 4,38 mrClO2/n Ha puc. 3.22b mMaB HaiimBuIITY
3arajbHy KIHETHKY, 10 XapaKTepU3YeTbCA BIJCYTHICTIO Jiar-
¢asmu, 3a Koo cIiaye paza nceBA0-KiHETHKH NEPIIOTO MOPSAKY
MPUOJIM3HO 3 TAKOIO X IIBUAKICTIO, SIK 1 JUIS CTafii Micis jar-
¢a3u excriepumenty npu Co = 1,52 mrClO2/n. Habopu nanux
npu Co = 4,50 ta 4,55 mrClO2/n, MabyTh, XapakTepU3yIOThCS
nar-hazaM Ta MOJAIBIIO ITOCHIIOBHO IIBHAKOI (TyTJIUBI
KIIITUHU) Ta TOBUIBHOIO (TOJIEPAHTHI KIITHHH ) KIHETHKOIO, X04a
BI/IMOBI/IHI KOHCTAHTHU IIBUIKOCTI HE MOIJIM OyTH OTpUMaHIi
4yepe3 00MeKeHy KUTbKICTh TOYOK JIaHUX.

JBonomynsiinHuI a”ai3 TaHUX 1HAKTHUBAI]
TIOKCHIOM XJIOPY, MOJIOHMIA O TOTO, IO MOBIIOMIISIOCS AJIs
BUTBHOTO XJIOPY, HE TIPOBOJIMBCS Yepe3 JIOJATKOBY CKIIAIHICTD,
CIPUYMHEHY HAsSBHICTIO 3MIHHOI Jar-¢as3u, 3HOBY X Taku 0e3
9ITKOT KOpEeJsAllii 3 BHKOPUCTAHHUMH CKCIEPUMEHTATbHIUMH
napamerpamu. OpHak a8  [OUJIed  MPOEKTYBaHHA — Ta
peryoBaHHS BUKOPUCTAHHS HAWITOBUIBHINIOI KIHETUKH Mae
3a0e3neunTH KOHCepBaTHUBHMU minxix. OTxe, 3 pe3yJbTariB,
HaBeJCHUX Ha puc. 2.32, BIUIMB TEMIIEpaTypd Ha KIHETHKY
iHakTHBamii M. avium IiOKCHIOM XJIOPY MOJXKHA OIIHUTH,
BUKOPHUCTOBYIOUM Mi/i0OpaHi MapameTpu, IO BIAIOBIIAIOTH
HAalMOBUIBHININ  KIHETHIII TNpH  KOXHIA  TeMmepaTypi.
KoHcrant mBHAKOCTI iHakTHBalii, K, OTpuMaHi TpH
temneparypax 5, 10 ta 30°C, Oynu HaHeceHi Ha puc. 2.33 Ta
MiJIirHaH1 0 BUpa3y AppeHiyca:
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k=A exp(—%), (3)

ne A - koedillieHT YacTOTH 31TKHEHb y JI/(MT - XB), Ea - eHepris
aktuBanii B [[x/mMons, R - imeanpHa razosa crama = 8,314
JIx/(momb X K), a T - abcomroTHa Temmneparypa B K.

100 g7 —
E pH 6 3

10 1

k (L/[mg min])

‘ W A=1.98x10'3; E, = 74,100 J/mol 1

0.01 ey T T r—
0.0032 0.0033 0.0034 0.0035 0.0036 0.0037

/T (1/K)

Puc. 2.33 T'padik Appeniyca /i HalTOJIEpaHTHILINX
kiaitud M. avium mpu pH 6.

[TapameTpu, oTprMaHi METOJIOM HAMMEHIIINX KBaIPaTIB,
nigiopani no piBHsaHHA (3), cranoBuan A = 1,98 X 1018 a/(mr -
xB) Ta Ea = 74,1 xJ[>x/MOb, MpUUOMY OCTaHHE TOKA3ye, M0
iHakTHBalis M. avium QioKCHIOM XJIOPY Ma€ BiIHOCHO CHIIBHY
TEMIIEPATYpHY 3aJIEKHICTh. X04Ya €Hepris aKTHUBallil HIKYa 3a
96,5-100,3 x/I>k/M0I1b, PO SKY MOBLAOMIISIIOCS JJIs IHAKTHUBAIIIT
M. avium BimsHHM XJT0poM [17], BOHA 3HAXOAUTHCS B Jiama3oHi
69-87 x/[x/Monb, MO SKY TOBIIOMIISLIIOCS IJIsl 1HAKTHUBAILl
oorict Cryptosporidium parvum 030HOM, TIOKCHIOM XJIOPY,
BUIBHMM XJIOPOM Ta MoHoOXJopamiHoM [28, 29]. OcrtanHe
BBA)XAJIOCSI HAHCUITBHIIIIOIO TEMITIEPATYPHOIO 3AJICIKHICTIO Cepe]l
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3a0py/IHIOBaYiB BOAM B mpomucioBocti nutHoi Boau CIIIA,
JIOKHM He 0yJ10 MOBiJOMJICHO PO KiHETUKY iHakTuBaii M. avium
BUIbHHM XJIOpoM [17].

2.8.3 Bnaue pH

AnpokcHUMOBaHY KpUBY Ha puc. 2.33 0yJ10 BAKOPUCTAHO
ISl IPOTHO3YBAHHSI KOHCTAHTH IBUAKOCTI K = 1,23 51/(Mr - XB)
st inakTuBanii M. avium niokcuaom xiopy npu 20 °C ta pH 6.
e 3nayenHs 3Haxoaunocs B Mexax 1% Big K= 1,24 n/(mr - xB),
OTPUMAHOTO paHille NUIAXOM armpokcuMarii nanux npu 20 °C
ta pH 10 (puc. 2.31) BignosigHo a0 piBHHHS (1). Ile cBimuuTh
mpo Te, 1o PH He BIuMBae Ha KiHETHKY iHakTHBaIii M. avium
JTIOKCHIOM XJIOpY.

BincytricTb 3anexxHOCTI Bij PH MokHA OyI10 101aTKOBO
OLIIHUTH, TOPIBHSABIIM PE3yJIbTaTH €KCIIEPUMEHTIB, IPOBEICHUX
mipu 20 °C Ta pH 6, 8 ta 10 (puc. 2.34).

KpuBi iHakTHBaIlil, TOKa3aHI MYHKTUPHUMH JIIHIIMU Ha
puc. 2.34, Oynu OTpUMaHl HUIIXOM ampokcuMallii HaOopiB
JAHUX 3 HAWIMOBUIBHIMIOW KIHETUKOI Ha KOXHOMY rpadiky
(mepumii Habip ganux mpu Co = 1,18 MrClO2/n s pH 6, Co =
1,18 ta 4,95 mrClO2/n mnst pH 8, Ta BCi ekcriepuMeHTaIbHi
koHueHrpaii 1t pH 10), ane 3 Bukopucranusam K = 1,23 n/(Mr
- XB), IepedadeHoro 3a gonomororo pisHsHH (3) mpu 20 °C.
Sk MOKa3aHO Ha PUCYHKAX, X04a MIHJIUBICTb CIIOCTEpiragacs 3a
KOXXHHUX €KCIIEPUMEHTAJIbHUX YMOB, HalliBIIPOTHO30BaH1 KPUBI
JUISL TOJIEPAHTHOT MOMYJIALIT Y3ro/PKyBaJIMCs 3 HAOOpaMHu TaHUX
1HaKTHBAIlli 3 HAWMTOBUIBHINIOW KIHETHKOIO, IO MIATBEPIKYE
BIJICYTHICTh 3alIeXHOCTI Bim PH B eKkcrepuMeHTaIbHOMY
niammazoni pH 6-10, Ta migTBepmKye, mo piBasHAS (3) 3 A =1,98
x 108 m/(mr - xB) ta Ea = 74,1 xJ[x/Monb MOXKHA
BUKOPUCTOBYBAaTH Ui KOHCEPBATUBHOTO IPEJCTaBJICHHS
KIHETUKH 1HaKTHUBaIlii M. avium Ji0KCHIOM XJIOpY.
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180

Pisusans (3) 3 A = 1,98 x 10" n/(mr - xB) Ta Ea = 74,1
k/[/MoIb Terep MoKHa BUKOPUCTOBYBATH JIJIsl IPOTHO3YBAHHS
KOHCTaHTH MIBHIKOCTI iHaktuBamii K = 1,68 n/(Mr - xB)
TosepanTHOI monyssmii M. avium mpu 23 °C, i ne 3HaueHus K
MOXXHa BHKOPHCTOBYBAaTHM pa3oM 3 piBHIHHAM (1) ans
nporuosyBanHs CT, HeoOximHoi mias mocsrHeHHS 99,9%
inaktuBaiii M. avium npu 23 °C. OtpuMmaHe 3HaYCHHS, SKILO
npurnyctutd, 1o N1i/No = 1, ctanoButs CT = 4,1 mr/n-xB, 1110
3HAXOJUTHCSA B Jiana3oHi 2-11 mMr/in-XB, Ipo SKUi TOB1AOMIISIN
Taylor et al. [13] mwist pizaux mramis M. avium npu 23 °C.

2.8.4 Bumozu 0o 06pooku

PiBasHHS (1) 3 KOHCTaHTAaMU HIBUAKOCTI 1HAKTHBAIII,
nepe16aYeHIMH 3a IOIOMOT0¥o piBHsHHS (3), Ta A = 1,98 X 103
n/(mr - xB) Ta Ea = 74,1 xJI»x/M0IIb MOKHA BUKOPUCTOBYBATH JIJIS
3a0e3MeueHHs] KOHCEPBATUBHOTO TIPEJCTABIICHHS KIHCTUKH
iHakTuBarii M. avium giokcuaoMm XJIopy B Jiama3oHi
temmeparyp 5-30 °C. Xoua 3uauenns Ni/No Ta BignmosigHi
3HadyeHHs CTag HemepeadauyBaHO BapitoBaJIUCs MK Habopamu
JaHUX 332 OJHAKOBUX EKCIICPUMEHTAIBHUX YMOB, HaWBHIIE
3naueHHst N1/No = 5,77, o crioctepiraiocs npu pH 6 Ta 10 °C,
MOXHa BHWKOPHUCTOBYBAaTH JUIsl 1€l MeTtH. BuxopucTaHHs
TemreparypHo-He3anexHoro 3HaueHHS Ni/No Ui KiHeTHKH
sarpuMkr  Chick—Watson  miarBepkKyeTbes — ACSIKUMH
EKCIIePUMEHTATIbHUMH CIOCTEPEKEHHSMHU, TAaKUMHU SIK Ti, IO
Oynu ornucani Tt iHakTHBAaIii oomuet C. parvum o3onom [21].
KoncepsarusHi 31auenHs CT, oTpuMaHi 3a JOOMOT0I0 LILOTO
MIIXOMY JJIs TOCSTHEHHS e()EeKTUBHOCTI, Hampukiaa, 99,9 %
s iHakTHBalii M. avium mioKcHaoM XJopy, CTaHOBIATH 36,
21, 7 Ta 3 Mr/a-xB 3a BianoBimHux Temmeparyp S5, 10, 20 Ta 30
°C.

Kinernka imaktuBarii M. avium mgiokcuaoM XIopy
3arajoM XxapakTepusyBaiacs jar-(a3oro, 3a SIKOI CiimgyBana
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(a3a BITHOCHO IBUKOI KIHETUKH IICEBO-NIEPLIOTO MOPSAAKY Ta
KiHIeBa ¢a3a MOBIIBHINIOI KIHETHKH, IO Y3TOKYETHCS 3
KIHETUKOIO JIBOX TOMYJAIiA. Xo4a MIHJIMBICT 3arajiom
cocTepiragacs B 00csa31 jar-gasu, a TaKoX Y YacTKax
CIPUMHATIMBUX Ta TOJEPAaHTHUX NOMYJALiN 3a 3a1aHoro
HabOpy YMOB, 111 MiHJIUBICTh HE YITKO KOPEIIOBaJIa 3 )KOJTHOIO 3
JOCIIUKEHUX ~ eKCHepUMEHTaJbHUX  yYMOB. JIBocTaiiiiHa
KiHeTHKa Tmicis Jjar-¢gasd  y3ro/JpKyBayacsi 3 JIaHUMH,
OTpMMaHUMH 15 iHakTHBamii M. avium BineHuM Ximopom [17],
JIe TaKOX CIIOCTEpIiraiucs IBi MOMYIALii CHPUAHATINBUAX Ta
TOJICPAHTHHX KJIITHH, ajie 0€3 BUHUKHEHHS Jar-(hasu.

Byno BUSBIIEHO, 110 KOHCTAHTH IIBHKOCTI 1HAKTUBAI]
HaWOLIBII CTIMKUX KIITHH (TOOTO HAWITOBUIBHINIO! KIHETHKH)
BIJIIIOBIIAIOTH eKcIpecii AppeHiyca 3 eHeprieio akrupauii 74,1
k/[k/MoJIb, 110 BKa3ye Ha BIJHOCHO CUJIbHY TEMIIEPAaTypHY
3anexHicTh. BBy pH y miamazoni pH 6-10 mns xiHeTwkw
1HaKTHBALI] TOJIEPAHTHOT MOMYJISALIT HE CIIOCTepIranocs.

3uauenns CT, po3paxoBaHi 3a pI3HUX TeMIleparyp 3
BUKOpUCTaHHAM  3aTpuMku  kiHetukn Chick—Watson 3
HalKOHCEPBATUBHIIINMHU OTPUMAaHUMHU KiHETHIHUMH
napamMeTpamH, MoKa3ajiH, 10 y IpoLeci BOAONIATOTOBKY MOKHA
JOCSATTH aJeKBaTHOrO KOHTposo M. avium 3a J0momMororo
TIOKCUIY XJIOpY, 3a0e3Medyou HeoOX1THIH Yac KOHTAKTY.
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2.9 JlocaimpkeHHs1 OaKTePUIMIAHOT Ta MiKOIMIHOI il
AIOKCHAY XJIOPY 1O  BiIHOIIEHHIO [0 30yIHUKIB
HO30KoMiaJLHMX iHdekuiit P. aeruginosa, S. aureus, rpudis
pooy Candida

3rigHo 3 gammmu [1], iCHye TICHUH B3a€MO3B'SI30K
MIKpOOHOT KOHTaMiHaIlii MUTHOI BOJW Ta HO30KOMIJIbHUMH
inpexuismu (HI). ¥V uiit poboti mpencraBneHo anamiz 43-x
cnanaxiB ~ BoaHo-oOymoBneHux  (HI) (3a  BunsATKOM
JIeTi0HENNb03Y) 3a mepiox 3 1966 mo 2001 pp. BeranosiieHo, 1o
JIUIIE TOCIITaJbHI MHEBMOHIi, CIPUYMHEHI KOHTaMiHAIIIEIO
Bomu P. aeruginosa, € mpuuunoro 1400 BumamkiB cmepTi
IIOPOKY. ABTOpPHM aKIEHTYIOTh YBary: He3BaXaroud Ha
JIOCTYIHICTh €()EeKTHBHUX 3axXO[iB KOHTPOJIO, BIACYTHI
peKOMeHIalii A 3armo0iraHHs UM 1HQEKIIAM Ta CTaHaapTaM
SKOCTI BOAM ISl JIIKapeHb. Y 3B'I3Ky 3 IIUM BU3HAHO
HEOOX1THUM JI0JJaTKOBE 3HE3apa’keHHs BOJH, 110 MOJAETHCS J10
JIKapeHb.

[octpota wi€i mpobieMu MiAKpeCTroe HEOOXiAHICTh
nuneHO1 yBaru 1o HI B Hamniii kpaini. OmHak, sk cBiI4aTh JaHi,
BUKJa/eH1 y mpobnemHii crarti [2], HI B Vkpaini — terra
incognita, a 3aXBOPIOBAHICTb Ha HHUX — JIMIIE BEpXiBKa
Benuue3Hoi  mipaminu.  Henocrathicte  peectpamii  HI
MiATBEpKYeThCcs HacTynmHuM: Ha 1000 xBopux y kpainax CHJ
peecTpyeThes 2 Bumaaku, Toai sk y Yexii - 163, Isemii - 117,
Icmanii - 100.

[ToBepxHere ctaBnenHs 10 HI npuzBoauTh 10 TOrO, 110
iH(ekii yacto He (PIKCYIOThCs 1 3aMOBUYIOThCS. BoaHowac y
€BporneiicbkoMy Col031 LIOPIYHO PEECTPYETbCA 10 S5 MIIH.
BunaakiB HI. 3 Hux 100 Tuc. 3aKiHUYIOTHCS CMEPTIO TAIlIE€HTA.
VY CIIA i3 2 miH iH¢ikoBaHUX manieHTiB nomupae 80 tuc. [2].

Criz 3a3Ha4UTH, 110 TTOJTIMEPHI MaTepiaiv JIKapHSIHOTO
CepeIOBHINA, KOHTAMIHOBAHI TOCMITAILHUMU IITAMaMH, MOKHA
PO3IIHIOBATH SIK JIOKAJbHI pPE3epByapy 1 MOXKIHMBI JpKepena
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BropuHHuX Boramm HI. Kpim TOro, BoHM MOXyTh OyTH
(hakTopoM, IO CIPUSE CENEKIlii MyIbTUPE3UCTCHTHHUX IIITAMIB
[3].

TakuM 4MHOM, TUTHA BOJIA K LIUPKYJIIOI0YA B CHCTEMAax
TOCIITATbHOIO BOJONOCTaYaHHS, TaK 1 MpU3HAYEHA JUId
(GYHKILIOHYBaHHS PI3HUX CUCTEM KXHUTT€3a0€3MEeUCHHS JIIKapeHb
MOXe OyTH HMOBIpHUM JDKepeioM I1H(IKYBaHHs IIalli€HTIB
30yaaukamu HI, 1m0 cBigunTh Mpo HEOOX1THICTH BUKOPUCTAHHS
epeKTUBHOrO OaKTepUIMAHOTO areHTa s BTOPUHHOIO
3HE3apaKeHHS BOJIH.

Ile mocmiKeHHS BUKOHAHO B paMKax BUKOHAHHS
aucepTaniiHoi podotu [4].

Jocnimxenns 6101uAHOT €PEeKTUBHOCTI AIOKCUTY XIJIOPY
(J1X) o BimHOIICHH!O A0 30yHHKIB HO30KOMIaJIbHUX 1H(EKIIii
nependaydany BUBYCHHs OlomuaHoi epexktuBHOCTI JIX y mozax
0,3 - 1,5 Mr/n o BiIHOIICHHO J0 30YAHHUKIB HO30KOMiaThbHHIX
iHpekmit (HI) sx MOXIMBUX KOHTaMiHaHTIB BOAH CHCTEM
TOCHITaJbHOTO  BOJIOTIOCTAYaHHS:  TIpaMHETaTHBHUM  P.
aeruginosa, rpaMmo3WTHBHHM S. aureus Tta rpubam poay
Candida.

My3eliHi 1mTaMM OTpUMaHI y  OakTepioJoTidHiIN
naboparopii IHCTUTYTY emniieMiosnorii Ta iH(eKUiHHUX XBOPOO
im. JL.B. I'pomameBcbkoro HAMH VYkpainu. Homepu mramis:
P. aeruginosa ATCC 9027, S. aureus ATCC 6538P; C. albicans
ATCC 10231.

MynbeTHpe3ucTeHTHi mTamu P. aeruginosa, S. aureus ta
rpubiB poxy Candida (mo 4 mis KOXXKHOTO MIKpOOpraHi3my)
BUJIUUIEHI 3 KIIIHIYHOrO Marepiany, BigiOpanoro B OjnechbKiii
o0uacHii KJIIHIYHIN JTiKapHi.

JI>xepena BuaiIcHHUX InTamiB Taki. P. aeruginosa 48/3 —
BUJIUICHHSI HOCY, 8/2 - 3MUB 3 Tpaxeockona, 12/2 - BUIIICHHS
ypetpu, 90/8 - ne3po3unn JekocenT; S. aureus - 50/8 - panboBe
BuniIeHHd, 121/1 - Buaineuns KOH'TOHKTHBH, 17/11 - BUAlIeHHS
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raiiMopoBoi masyxu; rpudu poxy Candida - 80/210, 4/81, 2/5,
32/8 — BuiNeHHS MIXBU.

BuBYeHHST  pE3UCTEHTHOCTI 70  AHTUMIKPOOHHX
npemnapartiB (All) My3eiiHUX Ta MyJIbTUPE3UCTEHTHUX IITaMiB P.
aeruginosa, S. aureus ta rpu6is poay Candida npoBoauiu Ha
cepenoBuili AI'B 3a 1omomMoror craHAapTHUX ManepoBUX
JUCKIB TUCKO-TU(Yy31HHUM METOAOM BIAMOBIAHO 10 BUMOT [5].

J1J1s OIIHKY pe3UCTEHTHOCTI BUKOpHUCTOBYBaU Taki All:

- 1151 P. aeruginosa — pudamminus, xikoHm KRKA,
JOKCHIIMKITiH, IUIIPOQIIOKCAIIUH, HITpO(YpaHTOTH,
JIEBOMILIETUH,  HOpdioKcanmuH, 1eda3oiiH, TeHTaMIIuH,
epUTPOMIIIMH, OQIIOKCAMH, HePTPiaKCOH, IUIPOOIT, 3UKBIH,
A3UTPOMIIINH;

- s S aureus — pudamminuH, XikoHIT KRKA,
JTOKCHUILIMKIIIH, UTIPOQIIOKCAITUH, HITpOypaHTOTH,
JIEBOMILIETUH, HOpdioKcanuH, 1eda3oiH, TeHTaMIIHH,
€pUTPOMILIMH, 0(JIOKCAIINH, e TPiaKCOH, IUMPOOIT, 31KBIHMIK,
a3UTPOMIIIMH, (DJIEMOKCHH;

- nns C. albicans ta rpu6iB pony Candida — nicratuH,
KJIOTpUMAa3o0J1, (pJIyKoHa30:1, aM(OTepULIMH, HI30pal.

VY mporeci ririediunoi ominku Oiommaxoi mii X mo
BIJIHOILIEHHIO 710 30ynHuKIB HI BHKOpHCTOBYBanu KoMepliiHi
XKUBWIBbHI cepenoBuiia Exuno, Cabypo, eneKTUBHUIN COTbOBHIMA
arap, cepenosuma licca, cepemoBume AI'B, MIIb 3 1%
TJIIOK03010.

Martepian BigOMpanu CyXUM CTEPHWJIBHMM BaTHUM
TAaMIIOHOM 1 3aCiBaju Ha MIUIbHI )KUBHIIBHI cepenoBuina. [lotim
TaMIIOH 13 3aJMIIKOM MaTepiajly 3aHyploBald B piake
CEepeIOBHILE HAKOTTMYEHHSI.

[TociBu iHKyOyBanu npu temieparypi +37 °C npotarom
24-48 roguH. IToTiM BiA3HAUAIM XapakTep pOCTY Ha MOKUBHUX
CepeIOBHUIIAX. Bupuanm MOPGOJIOTiIO BUJILJICHUX
MIKpPOOPraHi3MiB MIKpOCKOIIi€I0 3 3a0apBieHHAM 3a I'pamom.
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Bumgineni MikpoopranisMu ieHTH(}IKYBaIM BIJIMOBIIHO [0
Bu3HauHKMKa bepmki [6].

BuBuenHs1 6akTepUIIUIHOI aKTUBHOCTI JIIOKCUY XJIOPY
NPOBOJWIIM y THUTHIA moounieHii Boai «I[Ipozopa», mo He
MICTHJIA 3QJIUIITKOBOTO JIe31H(EKTaHTY.

3 24-rOOMHHUX arapoBHX KYJIbTYp T'OTYBaJId 3aBHUCH 3
koHnentpauiero 5 OJ (I mipa. M.T./MiI) 3a CTaHIapTOM
KaJaMyTHOCTI 1 THTpyBaaum B 00CsS31 5 M 10 KiHIEBOL
koHueHTpauii 1000 1 100 m.1./n1. IX nomaBanu 3 po3paxyHKy
0,25; 0,5; 0,75; 1,00; 1,50 wmr/m. [ocmigm mpoBOAMIN 3a
teMneparypu + 24 °C.

ITicns excro3uii 30 xB., 2 rogunu, 3,5 roaunu, 24
roguHu ao3oBaHo BuciBanu 0,1 mu cycmensii Ha 2 yaliku 3
cepenoBuiieM AI'B. IlociBu Ha cepenoBumi AI'B inkyOyBamu
24 - 48 romun npu 37 °© C 1 mpoBOAWIM KUIBKICHUN OOJIK
KOJIOHIH, 110 BUPOCIH, BPAaXOBYIOUH CepelHbOapU(PMETUUHUIN
MOKa3HHUK 3pOCTAaHHS Ha 2-X yalllKax. 3a BIZICYTHOCTI 3pOCTaHHS
70 «IOCHIIHUX» TpoOipok nomaBanu piBHuil obOcar MIIB,
iHKyOyBanu 24 roauuu npu 37 °C 1 poOuiy NOBTOPHHUMA BUCIB
Ha yamky 3 AI'B cepenoBumem. [lapanenbHo 3a TUX caMux
YMOB ITPOBOJIMJIM KOHTPOJIbHI A0CIIKeHHs 6e3 foaaBanHs [1X.
Bakrepunuany Ta  OakrepiocTaTH4HY — akTuBHICTE X
OLIIHIOBAJIM 3a JOCTOBIPHOIO PI3HUICIO 3POCTAHHS KOJIOHIN
MIKpOOPIaHi3MiB y JOCHIAHMX Ta KOHTPOJBHHUX Mpolax. Yci
JOCIIJIKEHHS IPOBOAMIIM Y 4-X TIOBTOPHOCTSIX 3 OOUYMCICHHIM
CEpEeNIHIX MOKa3HUKIB.

[TapanenbHo 3 OaKTEpiOJOTIYHUMH  MPOBOIMIN
MIKOJIOTT4HI JociikeHHs. [lepBuHHUI Martepian 3aciBaivd Ha
arap Cabypo ta MIIb 3 1% rmtoko3ot0. [lociBu KynbTUBYBau
nipu +28 °C npoTsroM 7 AHIB 3 IEPETIIAI0M YalllOK MOYNHAIOYN
3 2-x n1i06. 3a BiACYTHOCTI POCTY Ha IIIIBHOMY XHUBHJIBHOMY
CEPENIOBUIIIl B TIEPIOJ] CIIOCTEPEKEHHS TOTYBAJIM IIpemapar
"po3znmaBieHa" Kparmig 3 ocaay B PIAKOMY CEpeloBHINI Ta
TeperssIaiy mia MikpockornoM. [Tpu BusiBnieHHi rpubiB poOuu
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BHCIB Ha INUIbHE J>XMBWIbHE cepenoBuine. ImeHTudikariro
BUJIUVIGHUX KYJABTYp MPOBOAMJIM Ha TMiJCTaBl TEMITy POCTYy Ta
Mopdoutorii kosoHid. s audepeniamii JpixkIKonoa10HuX
rpubiB poxy Candida Tta chpaBkHIX APDK/IDKIB BHBYAIH
¢dbimomMeHTaIlil0  Ha  KapTOILITHOMY  arapi. BunoBy
inentudikamito rpudis poxy Candida mpoBoaunu Ha miacTaBi
MopdoJtorii KOJIOH1H Ha TBEPIUX CepeIOBHINAX,
XapaKTePUCTHKH TICEBIOMILIETII0 Ha KapTOIUITHOMY arapi,
HAsSBHOCTI  XJIAMIJIOCLIOP  Ta  pEe3yJbTaTiB  3UMOTPAMHU
(pepmenTartii ByrsieBoiB i3 yTBOPEHHSIM KHUCIIOTH Ta Tazy) [7].
Yuciio moBTOPHOCTEH JIJIsl KOKHOTO €TAJIOHHOTO IITaMy
ckimano 16, IS KOXHOTO MYJIBTHPE3UCTEHTHOTO — 24,
JlocToBipHiCTh  BimMiHHOCTI  OaktepuruaHoi mii X B
3aJIC)KHOCTI BijJl HOTO JI03U, PIBHS 3apakKCHHS Ta €KCIO3HIIl (B
MOPIBHSHHI 3 KOHTPOJIEM) IIPOBOIMIHN 3riaHo [8, 9].

2.9.1 [locnioscenns pezucmenmuocmi emaioHHuUX ma
mMynavmupesucmenmuux wumamie P. aeruginosa, S. aureus ma
2pudie poody Candida 0o anumumikpoonux npenapamie

[lepen  mpoBeneHHSM  JOCHIIKEHb 3  OLIHKHU
edexTuBHOCTI Olonuauoi naii JIX CTOCOBHO e€TaJlOHHHUX Ta
MYJIbTUPE3UCTEHTHUX IITaMIB JOCHIKYBAIM iX CTIHKICTB JO
pi3HUX aHTUMIKpOOHHX mpenapatiB (AIl) 3a kpurepisimMu
YYTIMBOCTI (YyT.) — MOMIPHOI CTiHKOCTI (I/CT.) — CTIHKOCTI
(ct.).

Sk BUAHO 3 OTPUMAaHUX JaHUX, €TaJJOHHUM IIITaMaM He
Oyna xapakTepHa MOBHa YyTIUBICTH 10 anpobOoBanux All (3a
BUHATKOM S. aureus): P. aeruginosa BusBIsANA CTIMKICTBH [0
pudamninuny,  xikoHuumny  KRKA,  HiTpodypanToiny,
JICBOMILIETHHY, €pUTPOMILIHHY, HOJIMIKY, a3uTpo3y
nedTpiakcoHy, MeaominuHy, mupamictuny. C. albicans Gysu
NOMIPHO  CTifiKi 70  KJIOTpUMa3oily,  (IIyKOHA30Iy,
aM(pOTEpUITUHY; CTIMKI 0 HU30paJly, YyTIWBI 10 HICTAaTUHY.



191

JUis  MyJIbTHUPE3UCTEHTHUX INTaMiB Oysa BilacTHBa
OlmpII Mo3aiuHa KapTHHA CTifikocTi/gyTnuBocti g0 AlL
Hanpuknan, yci wotupu mramu P. aeruginosa (48/3, 8/2, 12/2,
90/8) Oymm crifikumu 10 pudamminuny, xikoHumty KRKA,
HiTpodypaHTOiHY, Leda3omiHy, EpPUTPOMIIUHY, KIIpUMENIY,
MUPaMiCTHHY, a3UTPOMILIUHY. Jns THIIMX All
«CTIMKICTB/AyTIIMBICTH) KOJIMBAJIacs: HaIpUKJIIA], bi (o)
JNOKCUIMKITiIHY Oyin wyTiuBi mrtamu 48/3, 90/8, mpote mramu
8/2, 12/2 criiiki; g0 TeHTaMiuuHy OyB cCTikuil mrTam 48/3,
mramu 8/2, 90/8 — uyrnuBi, a mrTam 12/2 BUSBIAB MOMIpHY
YYTJIUBICTb.

Jlns mramis S. aureus 50/8, 121/2, 63/14, 17/11
KOJMBAHHS YyTIUBOCTI 10 OAHOTO 1 Toro x All Oynu mie 61bIn
BUP&XEHI: TMOBHA CTIMKICTh s BCIX [mTaMiB  Oyna
KOHCTaToBaHa TUIbKM 10 XikoHIMITY KRKA, noBHa uyyTiauBiCcTh
- TUTBKH 10 3UKBIHY, TO1 sIK 1Jist iHmmX All Oynu BiacTusi pizHi
BapiaHTH TO€IHAHb YYTIMBOCTI - MOMIPHOI YYTIMBOCTI -
CTIMKOCTI.

Jns  MyIbTHPE3UCTEHTHHX IITaMiB TpUOIB  poay
Candida (80/2, 104/8, 12/5, 32/8) Oyna xapakTepHa TaKOX
MOBHA CTIMKICTh BCIX IITaMiB TUIBKHM JUIS Hi30pady, a MOBHA
YYTJIMBICTb - AJI HICTAaTUHY, TOAIL SIK IS IHIIUX aHTUTPUOKOBUX
IpenapariB  CTIMKICTP OAHOrO INTaMy 3MiHIOBajacs Ha
YYTJIMBICTH 1HILIOTO.

Taxum ymnHOM, etanonni (P. aeruginosa, S. aureus, C.
albicans) i mynsTupesuctentHi (P. aeruginosa, S. aureus i
rpubu poxy Candida) mTamMu 30yAHUKIB HO30KOMIiaJbHUX
iH(peKLI MalTh pPI3HY PE3UCTEHTHICTh A0 AHTHUMIKPOOHHX
Ipernaparis, OUTBII BUPAXKEHY Y MYJIBTUPE3UCTEHTHUX ILTaMiB,
BHJIUICHUX 3 KJIIHIYHOTO MaTepiany.
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2.9.2 locnioicenns dioyuonoi epekmuenocmi /[X npu
3He3apadsCceHHi 600U NO GIOHOWIEHHIO 00 eMAIOHHUX WIMAMIE
30yonuKie noszoxkomiansnux ingexyiii P. aeruginosa, S.
aureus, C. albicans

PesynbpTatu mocmimpkenp OiomuaHol edextuBHOCTI JIX
IIPH 3HE3apakKeHH1 BOJIY 110 BIIHOIICHHIO 0 €TaJIOHHUX IITaMiB
30y/IHMKIB HO30KOMIaJIbHUX iH(EKIIiH P. aeruginosa, S. aureus,
C. albicans cBiguatp, 110 y BCiX BUMaKax Oyia 3HA4YHE, a MPH
BUKODHCTaHHI 1031 3apaxenHs 10 KOE/mm, moBHe
npurHideHHss X pocTy ycix TphOX  €TaJIOHUX MITaMmiB
MIKpOOPTaHi3MiB:

* pict P. aeruginosa npurHiuyBascs B 21 pa3 HaBiTh npu
MiHIMaJbHIN 1HAKTUBAIlli, KOJIH BUKOPHUCTOBYBAJHUCS JO3H
sapaxkenns 102 KYO/mn i maiftmmkua moza JJOX (0,32+0,05
MI/J) TIpu 24 TOAUHAX €KCMO3UIT; TOCTOBIPHICTh BIAMIHHOCTI
y 3pOocTaHHI KoJoHil ¥ = 44,3182; i pemtu 103 3apakeHHs
Ta 103 JIX 11e siBuIe 1me O1IbII BUPAKEHE;

* ISt S. aureus mpu MiHIMaIbHIM 1HAKTHBAIIIT 3POCTaHHS
NpUTHIYYBajocss B 8,5 pa3su - 0OpU BUKOPUCTAHHI 103U
3apaKEeHHS 10> KYO/mi Ta Haiiamxkuiit no3i X — 0,32+0,05
MI/J1 IpH 24 ToIMHAX €KCIO3MUIli{; TOCTOBIPHICTh BIAMIHHOCTI y
3pOCTaHHI KOJIOHIM y KOHTpOJIi Ta micis 06poOku x*=47,5034; B
pelTi BUMaKiB epeKT e OUTbII BUpaKEeHUI, HIK 10 TTOBHOI
1HAKTUBAIIIT;

* 3pOCTaHHS €TATOHHOTO MITaMy JIpiKpKkoBoro rpuda C.
albicans mpu MiHiManbHIN iHaKTHBAIl MPUTHIYYBaIocs y 8
pazis (ipu 1031 3apaxkenns 10?2 KYO/mn ta no3i JIX 0,53+0,07
mr/n); > = 77,5208 Bkazye Ha Jqy)Ke BHCOKY JOCTOBIPHICTb
BIJIMIHHOCT1 POCTY Y KOHTpOJI1 Ta micist o0po6ku [IX; B iHIIKX
BUIMA/IKaX 3HAUEHHS BEJIMUMHU ¥ III€ BUIIIE.

TakpuM  YMHOM, €TaJIOHHI INTAaMH  JOCHIIKCHHX
MiKpOOprauisMiB y n03i sapaxenss 101 KYO/mn Bucoko
CTATUCTUYHO JOCTOBIPHO MOBHICTIO 1HAKTUBYIOThCS JIX y 11031
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Big 0,32+0,05 mo 0,89+0,04 mr/m, a mram P. aeruginosa
MOBHICTIO iHaKkTHBYeTCsA. [Ipu OinblioMy piBHI KOHTaMiHamii
(10° KYO/mi) oBHOT iHAKTHBAL] HEMae, IPOTE Bi3HAYAETHCS
3HAYHE OPUTHIYCHHS pocty eTAJIOHHUX mTamiB
MIKPOOPTaHi3MiB.

IMpu nmii JIX wa P. aeruginosa Ta S. aureus
CIIOCTEPIraeThCs HACTYIHA TEHJEHIIIS - 31 301IBIICHHSAM Yacy
eKCHO3MLlii  eQEeKTHBHICTh  3HE3apaKEHHS  3HUKYETHCA,
0COOIMBO 11€ MOMITHO TNPU HaWHMKYMX mo3ax JX Ta mosi
sapaxenss 10° KYO/vo. Ipu BrmBi JIX Ha eTanoHHMI mTam
C. albicans cnocrepiraetbcst 3BOpPOTHa TEHACHIS - 3i
3pOCTaHHSM 4YacCy eKCIO3MIll TPHUTHIYCHHS POCTY TaKOX
3poctae. Ha wHaBemenomy Hmkde rpadiky (puc. 2.35)
MPEJICTABICHO 3MIHY BIJICOTKa KOJIOHIM, 1m0 BuUpociau (10
BIJIHOILIEHHIO IO KOHTPOJIO) BCIX TPHOX BUBUEHUX €TaJOHHUX
ITaMiB MPH 3MiH1 Yyacy ekcrio3uiii Big 0,5 roguHu 10 24 roauH
1 BuxigHii go3i X 0,32+0,05 mr/mn.

Sk BUOHO 3 TpENCTaBIEHUWX Ha Jiarpami JaHUX,
BIJICOTOK KOJIOHIH, 1[0 BUPOCIIH, 3pOCTAE 3 YACOM E€KCIO3MIIIl.
BigminHICTE MiXk KiTBKICTIO KOJIOHIH P. aeruginosa gepes 0,5 -
2 roguan ekcno3uttii (0,15 +0,21% 1 0,32 £+ 0,27% BiAnOBiAHO)
i uepe3 24 roxunu excnosmiii (1,09 = 0,47%) cTaTuCTHYHO
JOCTOBiIpHA 3 MOXUOKOI0 MeHIIIe 5%.

Takoi JOCTOBIPHOI BIAMIHHOCTI s S. aureus He
3a3Ha4YEHO, MPOTE KOHCTATOBAaHO TaKy > TeHAeHIito. lle,
BIPOTTHO, TOSCHIOETHCS MOXJIMBOIO HAsSBHICTIO CTIMKUX
KIIITHH, SKi TOYMHAIOTh PO3MHOXKYBATHUCS B TIPOIIECT €KCTIO3HIII1
y Mipy BTpaTH aKTUBHOCTI JIe31H(DEKTaHTY.

s C. albicans, siki 6inbin criiiki g0 X, Hix nepii aBa
MIKpOOPIaHi3MH, CIHOCTEpIraeThCs 3BOPOTHA TEHACHLIS: 31
30UTbIIeHHAM 4Yacy ekcno3uuii BmiuBy JIX iX pict He
30UIBIIYETHCS, & 3HIKYETHCS. BIIMIHHICTh MK MAaKCUMAJTbHUM
poctom komoHin (12,3+2,4%) depe3 0,5 ToAMHH €KCHO3UIIIT 3
JAX 1 gepe3 3,5 1 24 romunu excnosumii 3 X (7,0£2,2% 1
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1,040,8% BIAMOBIIHO) CTATUCTUYHO JIOCTOBIPHA 3 MOXHUOKOIO
menme 5%. Taxky BiaMiHHICTD rpuOiB Bix OakTepiii MOXHa
MOSICHUTH THUM, 1110 TpHOU OUIBII CTIHMKI 10 A1l Me31H(PEKTAHTIB,
OJTHAK TPAKTUYHO HE MOXYTh PO3MHOXXYBATHCS B IpoOIECi
eKCITO3UIlii y 3B'I3KYy 3 CHJIBHUM 301JHCHHSM >KUBHUJIBHOIO
CEepeIOBHIIA.

| — - P.aeruginosa —4--S.aureus — 4 - C. albicans|
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UYac iHKyOaii 3 TIOKCHAOM XJIOPY, FOJHHU

Puc. 2.35 3anexHicTh BIACOTKA BUPOCIMX KOJIOHIN
€TAJIOHHUX IITaMiB MIKpPOOpraHi3MiB (1O BIJHOLIEHHIO [0
KOHTPOJIIO) BiJ ekcrio3ulii BBy JX.

Brnus no3u JIX Ha picT BUBYEHHMX MIKPOOpPraHi3MiB
npencrapaeHuit Ha puc. 2.36. I'padixku moOynoBani s
HaWOLIBIIOT 103U 3apaKEHHS — 10% KYO/mi i i€l ekcro3wuiii,
npu SKi crocTepiraBcsi HaWOUTBIIMN PICT MIKPOOPIaHi3MiB,
TOOTO MeHI BUpakeHa Ae3iH¢ikyroya 1igd. OCKUIbKH HaBITh y
BOMY  BHIAJKy BHPA3HO  IPOCTEXKYETHCS  3POCTAHHS
ne3indikyrouoi aii X i3 3pocTaHHSM HOTO /1034, TO B IHIIUX
BHITAJIKAX IIs1 3aKOHOMIPHICTh BUPaXKEHA II1e OLTbIIIe.
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12
------ P.aeruginosa
10
\ el S aUreus
8

—— Candida
albicans

IIporeHT KOJIOHIH, [0 BUPOCIN

0,32 0,53 0,89 1,02 1,49

Jlo3u mioKcHIy XJIOpY, MI/I

Puc. 2.36 Brimus pizaux 103 JIOX Ha picT eTaJoHHUX
mrramiB P. aeruginosa, S. aureus (24 roaunu excrosuiii) Ta C.
albicans (0,5 rogunu ekcro3wirii).

Sx BuOHO 3 mpeacTaBieHUX TIpadikiB, HaBITh MpHU
MakcHUMasIbHil 1031 3apaxkenns 10° KYO/mu, 3i 3pocTaHHAM
no3u  JIX Horo 34aTHICTP MPUTHIYYBAaTH  3POCTAHHS
MIKpOOpraHi3MiB, MpPaKTHUYHO JIHIMHO 3pocTae (BIACOTOK
KOJOHIA, II0  BHUPOCIH, 3HUXKYETbCS)  JOCTOBIpHICTH
BIIMIHHOCTI (%) M pOCTOM KoJIoHi# mpu o3ax J1X (0,32-0,89
MTI/IT) IpeJcTaBiieHa y Tabi. 2.4.

Sk BUAHO 3 JaHUX TaoOu. 2.4, MK BITMBOM HaMEHIIO] 1
nBOX Oumemux 103 JIX Ha MIKpOOpraHi3MH BiJIMIHHICTh
CTaTUCTUYHO BUCOKO AocTtoBipHa. Timpku mig o3 X 0,32 i
0,53 mr/n mpu BILTUBI HA S. @Ureus BiJIMiHHICTh HE JIOBEICHO -
> < 3,841, ane 3 no3u 0,89 Mr/1 1151 BiAMIHHICTH TOCTOBIpHA.
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Tabmuns 2.4

JIOCTOBIpHICTD BIAMIHHOCTI > y 3HMXKEHHI KUIBKOCTI

KOJIOHIM, 10 BHpociH, Tmpu 3poctaHHl go3u JOX mpu

MakcHManbHil 1031 3apaxkenns 10° KYO/mn ta excrniosumii 24
TOJIUHU

[TopiBHIOBaH1 KOHIICHTpAITii
Mikpoopranizm JTIOKCUY XJIOPY, MI/JI

0,32 -0,53 0,32 -0,89
P. aeruginosa 4,3828 11,2599
S. aureus 2,4901 7,4446
C. albicans 18,9332 53,0632

[pu no3i 3apaxenns 10> KYO/Mn us TeHzmeHiis me
OinbII BUpaXkeHa — MpH 4aci iHkyOarii 0,5 ta 2,0 ronuHu Bei
no3u JIX moBHicTIO mpurHidywoTh pict P. aeruginosa ta S.
aureus. Ilpu 1031 3apaxeHHs 10 KYO/mn IX He3aneXHO Bif
JI03H MPUTHIYYE PICT BCIX TPHOX €TAJTOHHUX IITaMiB.

BpaxoByroun  BHIIEBUKIAJEHE, MOXKHA  3pOOHUTH
BHCHOBOK, 1110 j03a JIX 0,89+0,04 mr/n eeKTUBHO MPUTHIYYE
PICT €TaJIOHHUX LITaMiB BCIX TPbOX BUBUEHUX MIKPOOPIaHi3MiB
1 1l Jis TIOBHICTIO 30€piraeTbcsi MPOTATOM HaBiTh 24 TOAMH
eKCIIO3HIIIT, SKIIO 1032 3apaxeHHs cTaHoBHTH 101 KYO/mu.
[pu no3i sapaxenss 10> KYO/mn X y ao3i 0,89+0,04 mr/n
MOBHICTIO TpurHiYye pict P. aeruginosa, a picr S. aureus
MIPUTHIYYETHCS TIPH eKCIO3UIIii fnemo Oiumpire 2 roguH. Pict C.
albicans noBHicTI0 mpurHidyeThes npu excnosuiii 2,0 — 3,5
FOAWHU. 3pOCTaHHS JO3W 3apaKeHHA [0 10° KYO/mn
MPU3BOAUTS JI0 TOTO, 1110 1032 J1X 0,89+0,04 mr/n He epexTrBHA
moxo S. aureus ta C. albicans, mpore picr P. aeruginosa
MIPUTHIYY€ETHCS.

Menma noza JIX (0,53+0,07 Mr/n) BIuIMBa€E MPaKTUIHO
aHaJIoriyHO Ha pict sk P. aeruginosa, Tak i S. aureus, aie
npaktuyHo He mpurHiaye pict C. albicans y mo3i 3apakeHHs
10%-10° KYO/mu.
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Minimanibra no3a X (0,32+0,05 wmr/im) mnoBHICTIO
NpPUTHIYY€E PICT BCIX TPHOX MIKPOOPraHi3MiB, SIKIIO 032
3apaxenHs nopiBHoe 101 KYO/M.

Cnin BpaxyBatu, mo JX y BciX x03ax, HaBiThb Yy
MiHiManbHIN (0,32+0,05 wmr/m), SKI0O HE NPUTHIYYE PICT
MIKpPOOPraHi3MiB, 3HAYHO 1 CTaTUCTUYHO BUCOKO JOCTOBIPHO
HOro 3HUXKYE.

Ho3u JIX 1,02+0,08 ta 1,49+0,09 Mr/a BHKJIHKAIA
MOBHY 1HAKTUBAIIIO BCIX BUBUCHHUX IITaMiB HE3aJIEKHO BiJ] JJO3H
sapaxenns (10 - 10° KYO/mn) Ta Bix wacy inky6amii (0,5-24
TOJIUHH).

3aranom e(peKTUBHOIO 1010 BUBYEHUX MIKPOOPTaHi3MiB
ciin BBakaru 103y 0,89+0,04 mr/n npu ekcrio3uii 2-3 roguHu.
36inpmenns no3u 10 102 KYO/mn i 6inblue HeOmiIBHO depes
BUCOKY eexTuBHIcTh A03u 0,89+0,04 wmr/n. 3HMKEHHS 103U
mo 0,53+0,07 wmr/m 1 HWXYE TNPU3BOAUTH JO 3HUKCHHS
e(EeKTUBHOCTI 3HE3apaKEHHSI.

2.9.3 [locnioscennsn dioyuonoi epekmusnocmi /X npu
3He3apaxrcenHHi 600u no GIOHOUIEHHIO 00
MYJTbMUPE3UCMEHMHUX WMAMIE 30YOHUKIE HO30KOMIAIbHUX
inghexuin P. aeruginosa, S. aureus ma zpuéie pody Candida

[{i1xoM O4iIKyBaHO, 110 BC1 MYJIbTUPE3UCTEHTHI LITAMH
BUSIBUWIMCS 3HAYHO MEHII YyTJIMBUMHU 710 [IX, HIXk eTaloHHI.

Sxmo y eramonnux mramiB X B mozax 1,02+0,08 1
1,49+0,09 Mr/aM BUKJIHKaB MOBHY 1HAKTHBAIIIIO BCIX BUBUYECHUX
ITaMiB He3aleKHO Bifl 103U 3apaxkenss (101-10° KYO/mm) i Bin
yacy iHkyOauii (0,5-24 roauH), TO y PEe3UCTEHTHHX IITaMiB
Tutbko fo3a JX 1,52+0,11 mr/n BukiImKana moBHY iHAKTUBAIIIO
BCiX TphOX MiKpoopradisMiB mpu jgo3ax sapaxkenns 10! i 107
KYO/mMn. Tomi sk e€TaJOHHI IITaMH B /031 3apa)K€HHS 10t
KYO/mn noBHicTio iHakTHBYBanmucs [[X B MiHIManbHIA 1031
0,32+0,05 mr/m.
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Sk 1 eTanoHHWNA, MYJIBTUPE3UCTEHTHUN 1mTaM P.
aeruginosa BusiBuBcs yyTiuBimum a0 X, Hixk S. aureus. Tak,
JX y no3i 0,98+0,09 mMr/n BUKIIMKAaB TOBHY 1HAKTUBAIIIIO I[LOTO
HITaMy HE3aJIeKHO BiJ €KCIO3MIIi, TOAL SIK A S. aureus uepes
3,5 ta 24 roAMHHM EKCIIO3MIlii CIIOCTEPIraJocss BiIHOBIICHHS
POCTY, 110 CBITYMIIO IPO HETIOBHY 1HAKTUBALIIIO.

I'pubu pomy Candida y nosi 3apaxenns 10' Ta 10?
KYO/mn inaktuByBanuest JIX nwme y MakcHManbHIA 1031
(1,52+0,11 mr/n). IIpu npomy rpubu B 1031 3apakenHs 101
KYO/mn iHakTHBYBanMCs TOBHICTIO HE3AIEKHO B Yacy
iHKyOarii, a B 1031 102 KYO/MI - TibKH npH vaci iHKyOarii
monan 0,5 roguau. Jlosm JAX 0,83+0,05 Ta 0,98+0,09 mr/n
BUKJIMKAJIM TIOBHY 1HAKTUBAIi0 TPHOiB IpH 1031 10 KYO/mi ta
yacy iHKyOauii monaz 0,5 ronuHu.

Huxui no3u JIX Ha MyJIbTHPE3UCTEHTHI IpubU Maiu
MEHIIMK BIUTUB, TUTBKY 3HIDKYIOUH iX PICT, ajie MPAKTUYHO HE
BUKJIMKAIOYH ITOBHOI IHAKTUBAIII].

Ha puc. 2.37 npencraBieHa 3ajeKHICTh iHAKTHBYIOUOT
nii JIX 3anexHo BiJ 4yacy iHKyOarri.

Sx BuaHO 3 mpencraBieHuX Ha puc. 2.37 rpadikis,
3aranbHa  TEHJEHIS  3ajexxkHocti  BmumBy X  Ha
MYJIbTUPE3UCTEHTHI ILITaMH, Taka Xk, SIK 1 Ha €TaJOHHI (puC.
2.35). Jlns P. aeruginosa Tta S. aureus 3i 30iTbIICHHSIM
eKcro3ulli e(peKTUBHICTh 3HE3apa)KeHHsI 3HIDKYETHCS, a s
rpubiB pony Candida — 3011BIIYETHCS. s
MYJIbTUPE3UCTEHTHUX IITaMiB I TEHAEHLIS OUIbII BUpPa’KeHa.
Tak, siki1o y etaloHHUX 1mTamiB P. aeruginosa ta S. aureus e
3poctanHs craHoBuiio Big 0% mo 1,9% 1 Big 1,16% 1o 2,63%
BIJIMOBIHO, TO AJISI MYJIbTUPE3UCTEHTHHX IITaMiB 1€ 3pPOCTaHHS
cknano Big 7,2% no 25,8% 1 Bixg 3,3% mo 25. 3 HaBemeHUx
JaiarpaM  BUIHO, [0 MynbTUpe3ucTeHTHI a0 All mramu
BHSIBJISIIOTBCSL  PE3UCTEHTHIMMMH 10 JIX TOpiBHAHO 3
eTaJOHHUMH. JlOCTOBIpHICTH BiJIMIHHOCTI BIUIMBY €KCIIO3HUIIT
BITUBY JIX Ha piCT €TAIOHHUX Ta MYJbTUPE3UCTECHTHUX IITaMIB
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npeAcTaBieHa y Tabi. 2.5, ne HaBelleHi JaHi 010 MiHIMaIbHOT
no3u JIX (0,3140,04 mr/m) Ta MakCUMAalbHOT JI03U 3apa)KCHHS

(10° KYO/mn).
70 AN +— P-aeruginosa
=d=-5.
5 \ . S.aureus
'\ —=& - ['pubsI poga Candida
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05 Yac iHKy62aui'1‘, TOAWHN 35 24
Puc. 237 BmuuB wyacy iHKyOaumii Ha  picT

MYJIbTUPE3UCTEHTHUX IITaMIB MIKPOOPraHi3MiB MpHU PI3HUX

nozax JIX

Taomus 2.5

JIOoCTOBIpHICTH BiIMIHHOCTI BIUIUBY €KCIO3HUIIi BILTUBY
JIX Ha piCT eTaJOHHUX Ta MYJbTUPE3UCTEHTHUX HITaMIB (%)

Bun Excriosuiist, To

Mikpoopranizmy | 0,5 2 3,5 24

P.aeruginosa 29,4893 4,1080 29,2222 | 164,8188

S.aureus 10,460 34,7938 94,7882 | 187,0122

lépn61'/1 poly 282,4213 | 178,1193 | 16,6520 | 23,3318
andida
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Sk BHIHO 3 TIpe/CTaBICHHUX y Ta0m. 2.5 maHuX, HaBiTh
npu MiHIManpHIA 1031 JIX Ta MakcuManbHIA 7031 3apakeHHS
pisuuns B mpurHideHHi J[X pocTy MIKpOOpraHizmiB Mix
CTAIOHHUMH Ta MYJIbTUPE3UCTEHTHUMH IITaMaMH BHCOKO
JOCTOBIpHA.

B onnomy Bumanky nmommika meHmie 5%, ane OinbIie
1%, a B iHmmx — MeHme 1% 3a gomycTUMOi B MEIUKO-
OilosoriuHux mocmipkeHHsax 5%. [pu inmmx mo3ax JIX ta gqo3ax
3apakKCHHS 1 I11e OLIbII BUpaXeHO. TakuM YMHOM, €TaJIOHHI
ITaMH JOCIIHPKEHUX MIKPOOPraHi3MiB 3HAYHO OLNbII YYyTJIHMBI
1o X, Hi>K MyJTbTUPE3UCTEHTHI.

BrnuB pizaux no3 X Ha picT MyIbTUPE3UCTEHTHUX
MITaMiB JOCIIDKYBAaHUX MIKPOOPTaHi3MiB MpPEJCTABICHO Ha
puc. 2.38.

SAx BuOHO 3 TmpeacTaBileHUX TIpadikiB, HaBITh MpHU
MakcHUMasIbHi#l 1031 3apaxenns 10° KYO/mn 3i 3poctanHsam
no3u  JIX Horo 34aTHICTP MNPUTHIYYBAaTH  3POCTAHHS
MYJIbTUPE3UCTEHTHUX MIKPOOPIaHi3MiB 3pocTae  (B1ICOTOK
KOJIOHIH 3HMXKYETbCS). J[OCTOBIPHICTH BIIMIHHOCTI (¥*) MIX
pocToM KoJoHii npu HaHmx4id 1031 X (0,31+0,05 mr/n) Ta
BumumH (0,52+0,06 ta 0,83+0,05 mr/m) npencrapieHa B TaoII.
2.6.

Sx BUAHO 3 MpeAcTaBiIeHUX y Tabn. 2.6 maHWX, MiX
BIUIMBOM Ha MIKpOOpPraHi3MM  MiHIMalbHOI 1 JBOMa
MaKCHMaTbHUMH J03aMu [ X BIIMIHHICTh CTATUCTUYHO BHCOKO
JOCTOBIpHA, MoMHIIKa MeHIue 1%. J[is iHmux 103 3apaskeHHs Ta
eKCIo3uIii 1e me OuIbil BupaxeHo. [Ipu npomy, sk 1 npu
pi3Hiit exkcmosuuii, X y pi3HUX J03aX Mae OUIbLIMIA
IHAaKTUBYIOYMI BIJIUB HAa ETAJOHHI IOTaMH, HDK Ha
MYJIbTUPE3UCTEHTHI. TakuM YMHOM, MOYKHa 3pOOUTH BUCHOBOK,
0 I 1HAKTUBAIil MYJbTHUPE3UCTEHTHUX ImTaMmiB P.
aeruginosa, S. aureus Tta rpu6iB poxy Candida HaiGinbII
edexTuBHUMH € 103U JIX B miamazoni 0,98 - 1,52 mr/m.
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0,31 0,52 0,83 0,98 152

Jlo3u niokcuay Xjopy, Mr/i
Puc. 2.38 BmmB pizanx 1po3 JIX Ha pict
MYJIBTUPE3UCTEHTHUX IuTamiB P. aeruginosa, S. aureus (24
roJMHK ekcro3uiii) Ta rpubie pomy Candida (0,5 roauuu
€KCITO3UIIIT).

Tabmurs 2.6

JlocTOBipHICTh BIAMIHHOCTI (¥*) y 3HHKEHHI KUTBKOCTI

KOJIOHIH mpH 3pocTaHHl 103U JIX 1 mpu MakcuManbHIM 1031
sapaxkenns 102 KYO/mn

Mikpooprasism [TopiuroBani no3u X, Mr/n
0,31-0,98 0,31-1,52
P. aeruginosa 14,1907 26,7086
S. aureus 14,0675 16,2025
I'puou poxy Candida 25,4983 22,6384
BucnoBku

1. Eranonni (P. aeruginosa, S. aureus, C. albicans) i
MyJIbTHPE3UCTEHTHI (P. aeruginosa, S. aureus ta Tpudbu pomay
Candida) mrramu 30yTHUKIB HO30KOMiaJIbHUX 1H(EKLIH MarOTh
pI3HY PE3UCTEHTHICTh A0 aHTUMIKPOOHHX MpemnapariB, OUTbII
BUPAKEHY Y MYJIbTUPE3UCTCHTHHX IIITAMIB.
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2. BuBYeHHS 3anexHOCTEH «103a-4ac-epeKkT» MpH
3HE3apaXEHHI BOJW, IO MICTUTh €TaloOHHI mmTamu P.
aeruginosa, S. aureus, C. albicans, moka3amo BHCOKY
JOCTOBIPHICTD 3HMKEHHS KUIBKOCTI BHUPOCIUX KOJOHIH mpH
3poctanHi go3u X mo 0,89 mr/m npu MakcUMalIbHIN 1031: 108
KYO/mn: *=11,2599; 7,4446; 53,0632 BianosigHo. [1pu iisomy,
MiHiManbHa no3a JIX 0,32+0,05 mMr/n moBHICTIO 1HAKTUBYE BCi
TPU MIKpOOpraHi3sMH, SKIIO 7032 3apaxkeHHs aopiBHioe 10%
KYO/m; ipu miIBHILICHH] 103K 3apaXKEHHS J10 102-10° KYO/min
JX 3HAYHO 1 CTATUCTUYHO BHCOKO JIOCTOBIPHO MPUTHIUYE PICT
BHBYCHHUX €TAJIOHHUX IITAaMiB MiKPOOPTaHI3MiB.

3. MynbTupe3ucTeHTHi mramu P. aeruginosa, S. aureus
i rpubiB pony Candida mMaroTh 3HAYHO MEHIIlY YYTJIUBICTH 110
JX, HDK eTaloHHI, M0 y3TO/DKYETHCS 3 JaHUMH JITEpaTypH.
3aranbHa TEHICHINS 3aneXHocTi BmMBY JIX Ha BHBUEHI
MYJTUPE3UCTCHTHI INTAMH 1ICHTUYHA ETAJIOHHUM, TIPOTE
OLTBIII BUpAXKEHA y MOPIBHAHHI 3 HUMHU.

4. BcTaHOBJIEHO BHMCOKY JOCTOBIPHICTH PIZHHII MIXK
BIIMBOM MiHiManeHOI (0,31 Mr/m) Ta ABOX MaKCHUMAallbHUX
(0,98; 1,52 mr/n) no3 X Ha BHUBYEHI MIKPOOpPTraHI3MHU: ¥>=
14,1907; 14,0675; 25,4983 Ta 26,7086; 16,2025; 22,6384
BIMOBIAHO.

5. Jlng iHakTHBaUii MYJbTUPE3UCTEHTHUX IWITaMiB P.
aeruginosa, S. aureus Tta rpu6iB pomy Candida HaiOimbII
edextuBHuMH € n0o3u X y nianazoni 0,98 — 1,52 mr/m.

6. PesuctentHicTh 10 JIX y BUBYEHUX J103aX €TATOHHHUX
Ta TOCHITAIBHUX IITaMiB 3poctae y psiui P. aeruginosa < S.
aureus < (C. albicans) rpubu poay Candida.

7. X y nmozax 0,98 — 1,52 mr/n € epexTuBHUM Ta
HaJIIHHUM 3acO000M 3HE3apaKEHHS BOAU SK MOMIJIMBOTO
JDKepesa HO30KOMIallbHUX 1H(EKITIH.

8. Ortpumani fgaHi cBigYaTh TPO HEOOXIAHICTH
MPOBEICHHS TOCIIKEHb 11010 OLiHKH edexTuBHOCTI X npu
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ne3iHdeKIii MeIUYHOTO IHCTpYMEHTapiro, OOJIaqHAaHHA Ta
noBepxoHs [4, 10 — 17].
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PO3JILI 3
BIPYJIILIUJHA J1s1 JIOKCUAY XJIOPY

Po3ain 3.1 3arajnbHa XapakTepucTHKa

PesynpTatu mocnimkeHb, IPOBEACHUX y PI3HUN Yac y
pI3HHUX KpaiHax Ha YHCJICHHHUX BIPYCHHX TecT - 00'eKTax
cBimuath, mo giokcua xaopy (AX) € epekTuBHUM BipyTiuIoM.
Brnepire nipo 11e crano BioMo B 1946 porti miciist moBiioMICHHS
npo iHaktuBamito Bipycy Poliomyelitis miokcuaom xmopy [1].
[ToxiOHi naHi OTpUMaHI IHIIUMHU AOCIITHUKAMH J1sl poliovirus 1
[2] Ta coliphage [3].

Pesynbrartu, npeacrasieHi B po6oTi [4], 1eMOHCTPYIOTh,
mo poliovirus 1 (I1B) mBuame inaktuByersest X nmpu pH=7 1
temneparypi 15 °C, uix npu pH 1 5 °C. Kpusi inaktuBamii
umroctpyBainu, 1o [1B 6yB npubnu3xo B 3,5 pa3u CTIMKIMIAM 10
AX npu 5 °C, uix npu 15 °C. Li % AOCHIIHUKH TOKa3aIH, 110
1B inaktuByerbes X y 4,6 pasu mBuaue 3a pH =9, vix 3a pH
=T7.

Bcranosneno, mo mnpu HeiTpameHoMy pH abo B
MPUCYTHOCTI amiaky, KOJIM XJIOp HE MOXe pearyBatu y (opmi
TIOXJIOPUCTOT KUCIOTH, IIOKCU]] XJIOPY MEPEBEPILIYE XIJIOp MPU
inaktuBailii Oakrepiodary f2 [5] coliphage [6], Coxsackie
Bipycy B3, echovirus 7 0X174, Sendai virus Ta Vaccinia virus
[7].

PesynmpTath = €KCIIEPUMEHTAIBHUX  JOCHIDKEHb 3
BU3HAYEHHS BIPYITILIMIHOI AKTUBHOCTI DPI3HUX OKHCIIOBauiB
(x;mopy, miokcuay XJopy, OpomMy, Homy) 1 3B'I3Ky IIHOTO
napamMeTpa 3  OKHUCJIIOBAJIbHO-BITHOBHUM  IOTEHIIAJIOM
cepenopumia mokasanu HacrynHe [8] Ilpu pH 7,2
CTIIOCTEPIraeThCS KOPEJNALIsT MK KOHIIEHTPAIi€l0 BiILHOTO
xJiopy. BBeneHHs xj1opaMiHy B pO3YUH MPU3BOAUTH JI0 PI3KOTO
MOTIPIICHHS 3HE3apa)KyBaJIbHOI 3TaTHOCTI XJIOPY 1 HE BILJIMBA€E
Ha aKTHBHICTb JIOKCUIY XJOpY, OpoMy, Hoy.
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Y poboti [9] KOHcTaTOBaHO, IO NpPH IHAKTHBAILi
MOJIIOBIpYCY Ta MPUPOAHOTO Komiary TioKCH] XJI0py B 1031 2
MI/1 epEKTUBHIIIMHI, HIXK XJ10p y 1031 10 Mr/m.

PoGotn 3 BUBYCHHS MeXaHi3My BIpyJTIIUAHOI il
JTIOKCHUTY XJIOPY HEUHCIICHHI.

Y nmocmimxenni [10] BuBUeHO peakIlii iHAKTHBAIil
npoteiniB 6akrepiodary F2 giokcumom xjopy.

Brme nmiokcuny xyopy Ha 31aTHICTB Oaktepiodary F2
indixysatu E. coli K13 ormiHroBanu 3a CTyrneHeM iHAKTHBAIii
BIpyCy MpOTSITOM IIOYAaTKOBHX CEKyHJ KOHTakTy, pH Ta
ne3iH(}iKyrou0i KOHIIEHTpaIlii.

[luctein He pearyBaB 3 ITIOKCHIOM XJIOPY B MeXax
Karcylu Bipycy, PO L0 CBITYUTH PEaKIis 1i€1 aMiHOKUCIOTH
13 cymbQriIpuapHUM pEaKTUBOM JO Ta Iiciasi OoOpoOKH
niokcuaoM xisopy. Lle miarBepmkyerbes nanumu [11], 3rigHo 3
SKUMHU (parMEeHTH LUCTEIHY BIJIIPalOTh poJib y cTabumizamii
BHYTPIIIHBOI CTPYKTYpH OakTepiodary F2.

Tpunropan y HEYIIKOMKEHIH Kamncyial Bipycy He
pearyBas 3 aiokcuaoM xiopy. Komu 0inok kancynu Bipycy OyB
JIEHATYPOBAHUM 1 MOTIM IT1/I/IaBaBCS BIUIUBY J10KCHIOM XJIOPY,
tpuntodan migaaBaBcs AecTtpykiii. IlomibHo M0 mHcTeiny,
TpunTtodaH, O4YEeBUAHO, OyB 3aXMILEHUN B MeKax KamCyiu
BIpYyCY.

[NcTuauH, K BUTbHA aMIHOKHCIIOTA, IO ICHYE TIJTHKH B
Mexax Oulka kamcynu F2, moBUTbHO pearyBaB 3 JTIOKCHIIOM
xJj10py. OKMCIIEHHS 3aJIMIIKIB TICTUANHY JIOKCHAOM XJIOpY, Ha
IYMKY aBTOpiB, HE Majo TMPHUHLIUIIOBOI BAaXKJIMBOCTI B
iHakTHBalii F2, Tak K TricTUIUH pearyBas MOBLIbHO Y BUIbBHOMY
crani. OyiHaK, 301JIbIIeHA PEAKTUBHICTD TICTUIMHY Yepe3 3MiHU
y TPETUHHIN CTPYKTYp1 BipyCy Miciisi 0OpoOKHU A1I0KCHIOM XJIOPY
HE MOXe OyTH BHKIIOUEHa fAK (aKkTop, IIO BIUIMBAE Ha
IHAKTHBALIIIO.

VY HeymKoJKeHi BipyCHIM Kamcymi jiuie (pparMeHTd
TUPO3UHY, 5K, HMOBIPHO, 3HAXOIUJIUCS B TIUOWHI CTPYKTYpH
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karcynu 6akrepiodara F2, pearyBanu 3 miokcumom xjopy. Ha
IYMKY aBTOpiB, iXHS poib B iHakTuBalii F2 miokcumom ximopy
oTpedye MOJANIBIIOTO BUBYCHHS.

TakuM YMHOM, TIMOTETUYHO 1HAKTUBALlisA OakTepiodara
F2 nosicHoeThCs Aerpanaiiiero MIOKCHIIOM XJIOpy (parMeHTiB
aMIHOKHCIIOTH TUPO3UHY SIK CTPYKTYPHOTO KOMIIOHEHTa Oijka
Karcyjau BipyCy, IO MPUTHIYYE BIPYCHY aicopOIiio 1, fK
pe3yJbTat, 3AATHICTH BIpyCy 3apakaTH OakTepii.

B iHmii po6oti [12] Ti )k aBTOpW BHUBYAIW 3/IaTHICTH
TIOKCHy XJIOpY BIUIMBATH Ha BIPYyCHY HYKJIEIHOBY KHCIIOTY
OaxTepiodary F2.

[HakTHBamilo AiOKCHAOM XJopy i3ompoBaHo0 PHK
NOpIBHIOBAIM 3 1HAKTHUBALIE 1HTAaKTHOro Bipycy. 3a
inenTnunux ymoB (pH=7,2, Temmeparypa 5 °C) KOHCTaTOBaHO
MoHal 4 OJMHUII BIPYCHOI 1HAKTHBAIIIl IHTAKTHOTO BIpyCy HpHU
eKCIo3ulli 2 XBWIMHHU, TOAl SIK 00poOka i13ompoBaHoi PHK
TIOKCHIIOM XJIopy 3a0e3nedyBajia MEHIIE HDK | OJUHHIIO
1HaKTHBAIlll MICJIs 5 XBWJIMH KOHTAaKkTy. PiBeHb 1HaKTHBAIli 1
BipycHoi Ta 1301b0BaHoi PHK niokcumom xmopy 30iib1ryBaBcs
31 30uIbLIEHHSIM pH.

InaktuBarnito i301p0BaH0i PHK 6akrepiodary F2 aBropu
TOSICHIOBAJTH peaxiriero JIIOKCUTY XJIOpY 3
ryaHosuHMoHodochatom (I'M®D), BHACHINOK SKOTO OCTaHHIN
pyiiHyBaBca. Pazom 3 TuMm, 1 peakuis, HMOBIpHO, HE €
TOJIOBHUM (PAaKTOPOM B iHAKTHUBAIIi{ HETIOIIKOKEHOTO BIpYCy.

Sk TOKa3yroTh AOCHIHKEHHS 3 OMHKHA 1HOEKIIHHOT
3natHocTi (iHpekTuBHOCTI) PHK iHaKTHBOBaHOTO MOMIOBIpYCY
[13], Bipycha PHK — ne mnepBunna mera miga Y®PO Ta
TiOXJIOPHUTY, a BUKJIIOUHA MeTa TEIUIOBOI IHAKTHUBAIlll — BIpyCcHa
000JIOHKaA.

OmiHka e(QeKTUBHOCTI BHUKOPHCTaHHS HYKJIETHOBUX
KHCJIOT SIK MapKepiB TIOJIOBIPYCIB y BOJi, 3HE3apa)KeHOl
XJIOPOM, JIOKCHJOM XJIOpY, oO30HOM 1 Y®O, no3Bomuia
chopmyIoBaTH JAYMKY IMPO T€, M0 HYKIECTHOBI KHUCIOTH HE
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MOXYTb BHUP@XKATH BIAMIHHOCTI MDK 1HQEKIIHHUMHU Ta
HEeiH(EKIIHHUMU BipycaMH 1, y 3B'A3KY 3 IIUM, iX HasBHICTb HE
MOXE pO3IVBIIATHCS SK KPUTEPid OIIHKK 3aco0iB IS
3He3apakeHHs Boau [ 14].

Po3BuTKOM BHUIIIEHABEIEHUX POOIT € JociiKeHHs [15] 3
iHaKTHBAWii TOMIOBIPYCY JIOKCHIOM XJIOpY Ta HOJOM.
Bcranosneno, mo giokcun xjopy Ta #om mpu pH=10,0
3YMOBIIOIOTh TOpylIeHHs1 perutikamii BipycHoi PHK. Opmax
MeXaHI13MH 1HAKTHBAIIi] T0JI1I0BIPYCIB JIOKCHIOM XJIOPY 1 HOJlOM
pisui. Mon iHakTHBYBaB BipycH, YIIKOMKYIOUM iX 31aTHICTb
ancopOyBatucs Ha Hela-xmiTuHax, ToHi SIK TIOKCHA XJIOPY
iHAKTHUBYBaB  BIpycH  NDIIXOM  aacopOmii, meHerparii
(IpOHUKHEHHS) B KaNlCUJ 3 MOAAIBIINM Horo pyiHyBaHHM. Lle
MiATBEPKYEThCA pe3ysbTaTaMu aHamizy ocaxy HeLa-ximituw,
1H(}IKOBAaHUX 1HAKTUBOBAaHUMH MIIOKCHJIOM XJIOPY Bipycamu,
AKUI TI0KA3aB 3MEHIIeHe BKIoYeHHs Midenoro [4C] ypumumay
y BipycHy PHK. ABTOpH IiliIIN BUCHOBKY, 1110 11OKCHJ XJIOPY
1HaKTUBYBaB TMOIiOBIpycH, pearytouu 3 BipycHoro PHK Ta
YIIKOJKYIOUH BIpYCHUN TEHOM.

3anponoHoBaHa rrnoTe3a Mnpo Te, 10 A10KCU XJIOpY U
pH 7,0 iHakTuBYye BipycH, IEHATypyruu OIJIKOBY OOOJIOHKY
[16], ©Oa3yBamacsi Ha TEpMOJUHAMIYHOMY aHaji3l KpPUBHUX
1HaKTHBalli, a He Ha CTPYKTYpHOMY Ta (PyHKLIOHAJIBHOMY
aHaJli31 1HAKTUBOBAHMX BipyciB. Y 1ii po6oti [15] oTpumaHni
pe3yiabTaTd CBiUaTh MpPO Pi3HI MEXaHI3MH  iHaKTHBaLii
J10KCHI0M XJopy nosioBipycy npu pH=6,0 ta pH=10.

ABtopu [15] poOnsiTh BUCHOBOK, IO MIOKCHI XJIOPY
MOXKHa pEKOMEHAYBaTH sK e(eKTUBHMM NEepBUHHUNA abo
BTOPUHHMU BipyminuaHui 3acid npu pH, 3HaueHHs SKOro He
MOBUHHO O0yTH MeHIe 6,0.

VY poborti [17] nocnmimkeHO 1HAKTHUBALIO POTaBIPYCiB
monuan (tun 2, Wa) ta maBnu (SA-11) miokcuaom XJopy.
Excniepumentu npoBommmuchk npu 4 °C y cTaHZapTHOMY
dhocharnomy O6ydepi. ObuaBa Tunu Bipycy Oyiu iHAKTHBOBaHI
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npotsiroM 20 cek. mpu KOHIEHTpalii giokcuay xmiopy Bix 0,05
10 0,2 Mr/n1 y nyxHux ymosax. ITpu piBHAX koHTaminamii 10°/1
ekcro3uIlis iHaktuBamii mpu pH=6,0 cranoBmia 120 cek. mpu
KOHIIeHTpallii miokcuay xaopy 0,2 mr/n nis poraBipyca Wa ta
0,5 mr/n mnsa poraBipyca SA-11. InaktuBamis BipyciB Oymna
MOMIPHOIO y HeWTpaidbHOMYy pH, mpu sKoMy YyTIUBICTH 10
Tiokcuay Xjopy Oyma TIOpiBHSHHA i 00OX  THITIB.
CrnocrepexyBaHe MiBUINEHHS BipyTIHUIHOI €EeKTHUBHOCTI 3i
30inbpIeHHaM pH BiApi3HsIOCS BiA pe3yabTaTiB OUIBII paHHIX
JOCHIUKeHb 13 XJIOPOM Ta O30HOM, KOJH BipyJilUaHA st
3MEHIIyBaack 13 30inbIeHHsM pH.

Panime moBimomisiiocss [16], 1m0 TioKcua XJIOpy
1HAKTUBYBaB TMOJIOBIpyc THUmy | Ta eHTepoBipyc OuIbII
epextrBHO mpu pH 9,0, HiX y HelTpasbHUX ab0 KHCIUX
yMOBax. AHanoriyHuii BmiauB pH KOHCTaToBaHO B IHIIUX
eKCIiepUMeHTax 3 moiioBipycom tun 1 i poraBipycom SA-11
[18]. ImakTHBami0 pOTABIpyCY JIOJAMHH MiOKCHAOM XJIOPY
BUBYAIKX B poOoTi [19]. ¥V nux ekcrnepuMeHTax pOTaBipycC
TIOIUHU TUNY XyHaHb, BUAUICHUN 31 CTIYHHUX BOJ, OyB JeII0
MEHIIl YYTJIMBUM JI0 OOpOOKH XJIOPOM, JIOKCHIOM XJIOPY,
030HOM 1 IEPOLITOBOIO KUCIIOTOIO, Hi’K poTaBipyc SA-11.

VY upoMy nocnipkensi [17] iHakTuBaiis AIOKCHUIAOM
xjopy potaBipycy MaBnu SA-11 Tta moaumnun (HRV) Oyna
MOpIBHSIHA MPH PI3HUX KOHIIEHTpAIisaxX Ta piBHAX pH.

PesynbraTi nociiKeHb OKa3ylOTh HACTYITHE:

1. ITpu pH=6 1a 7 poTaBipyc SA-11 6yB AOCUTH CTINKUM
0 niokcuay xiopy mnpu kKoHmneHtpamii 0,17 wmr/n. Komm
KOHIEHTpauio 0yio 30iabmeno 1o 0,5 mr/a, yac 10-kpatHoro
CKOpPOYEHHS KIJIBKOCTI BipyciB 0yI10 3MeHIIeHo 10 2 XB. pu pH
= 6 ta 30 cex. npu pH=7.

2. ImaktuBanis HRV giokcumom xmopy Oymna moMipHOO
Mpu KUCJIOMY Ta HelTpanmbHoMy pH 1 koHuentpartii 0,2 mr/m,
HeobxiqHol mst 10°-iHaKTHBAIIT B Mekax 2 XBUJIAH pu pH=6 1
3 xBunuH nipu pH=7.
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3. ImakTuBalist 000X BipyCHHX THMIB Oyia moaiOHa mpu
Heiitpanenomy pH, tomi sk HRV, #imoBipHo, OyB pemio
yytauBimum rpu pH 6,0.

4. OOuaBa TuUOM pOTaBipyciB OynM  MIBUAKO
1HaKTUBOBaHI JiokcuaoM xyopy npu pH 8 1 3amumikosiit
KoHIeHTpamii 0,2 Mr/n, mo 3abesnmeuyBano mHOoBHY 10°-
1HaKTHBALIO 3a 15 cek.

3icTaBisiFouM OTpPUMAaHi JaHi 3 ONMUCAHUMHU PAHIIIE IS
xJjiopy 1 o30ny [20, 21], cnin 3a3HauUTH, 110, KOO XJIOp OYyB
nemo eQEeKTHUBHIIINM, a O30H HaHOUIhII e(QEeKTUBHHM IIO
BinHomeHH:o 10 SA-11 npu pH 7,0, TO BipyniuuaHa akTUBHICTb
IioKcuIy XJopy Tnpu migBuimeHHi pH 30impmryBamacs i
HaONmxKanacs 10 piBHS, IKHHA MOKHA TOPIBHATH 3 030HOM.

4 pobori [22] OTpHUMaHi MOPiBHSUIBbHI
eKCIIepUMEHTaJIbHI pe3yabTaTH 1HaKTUBAIli BipyciB Poliovirus-
1, Coxsackie Bl, ECHO-11, Herpes simplex type 1HSV,
Mumps XJIOpOM Ta JIIOKCHJIOM XJIOpY.

Oninka BrumBy ekcrosuiii 10, 30, 60 xBuauH Ha
1HaKTHBAIlI}O BIPYCiB MOKa3ajla HaCTyMHE. 3a3Ha4yeHo, 110 /1032
xjopy 7,0 mr/n Oyna He edexrtuHa. [Iporsarom 10 xBuIMH Ta
cama a03a C102 Takox He 3a0e3medyBaia iHAaKTHUBAILIIIO [IECTH
BipyciB. Ane npu 3poctaHHi ekcno3uiii 70 30 ta 60 XBUIMH
ClO; BUKJINKaB OBHY 1HaKTUBAIIIIO BCiX BIPYCIB.

TectyBanus BmuBy pH (3,0; 5,0; 7,0; 9,0) Ha
1HaKTHBAIliIO BipyciB MpOTAToM 30 XBUWIMH CBIAYMIIO, IO SKIIO
xj0p OyB Hee(heKTHBHMI MpHU BCiX 3HaUYeHHsX pH, To miokcuy
XJIOpY BUKIIMKaB iHakTuBallito npu pH = 3,0, 5,0, 7,0, ane He npu
pH =9,0. Ile moxe OyTH BUKIMKAHO AMCIPONOPIIIOHYBAHHIM
CIO> 3a 1yXHHX yMOB.

TakuMm ymHOM, XJOp y 4031 7,0 Mr/n He 3abe3nevyBaB
1HaKTHBAIliO IIECTH BipyciB, Toi sk ClO2 y no31 7,0 mr/n Ta pH
3,0-7,0 mpotsirom 30 XBWJIMH MOKa3aB BHUCOKY Ta TMOBHY
€(EKTUBHICTb.
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OOroBoproOYM OTPUMaHI JIaHi, aBTOPH 3a3HAYAIOTh
Take. 3rigHo 3 ¢popmyrnoro Van't Hoff-Arrhenius, mo Bupaxae
BIIHOIIEHHSI 4Yacy, HEOOXigHOro [uisi TOro X edexry
nesingexmii, npu pizHuni temnepatyp 10 °C (koedimieHT
temmneparypu), eHepris aktuBamii ClO> s iHakTHBAIi
nomioBipycy A mpu 15-25 °C i pH = 7,0 cranoButs E = 35 03
(J), mo maibxe Bianoigae eHeprii aktusamii 34580 (J) xmopy
npu pH 7,0 mns Bacillus colon. JIns TOpIBHSIHHS, €HEPTis
aKTUBaLli XJIOpaMiHy JUIsl 1HAKTUBAIll TonioBipycy A mpu 15-
25 °C ta pH = 9 cranoButs 72,511. Tomy, npu ae3indexmii Ta
inaktuBauii ClO, edexTuBHImIMMi, HIX XJIOp ad0 XJOpamiH, B
eHeprii aKTUBaIlii.

ExcniepumenTH iHaKTUBalii  TIOKCUAOM  XJIOpY
aneHoBipycy ceporun 40 (AD40) i koTsdoro KamimiBipycy
(FCV) mnokazanmu nactynue [23]. IIpum temmeparypi 5 °C
mamaszonn CT g 99,99 % inmaktuBaiii AD40 cknamm Big >
0,77 no < 1,53 mr/n-xB Ta Big > 0,80 no < 1,59 mr/n-xB npu pH
6 Tta 8, BimmosimHo. [Ipu Ttemmepatypi 15 °C wneit Bipyc
iHakTuBYBaBcs npu 3HaueHHsX CT Big > 0,49 no < 0,74 mr/n-xB
ta <0,12 mr/n-xB npu pH=6 Ta 8§ BinnosigHo. [Ipu TemnepaTypi
5 °C miamazonu CT mis 99,99% inaktuBarii kamniriBipycy FCV
ckyanu Big > 20,20 mo < 30,30 mr/n-xB Ta > 0,68 Mr/in-xB mnpu
pH=6 ta 8 BigmomigHo. Ilpu temmneparypi 15 °C nei Bipyc
inaktuByBaBcs npu 3HaueHHsX CT Bixg >4,20 no <6,72 mr/n-xB
ta < 0,18 mr/n-xB npu pH=6 Ta 8 BinnmosigHO. Takum 4YMHOM,
BipyCHa iHaKTHUBalis Oyna Bumoro 3a pH= §, Hixk npu pH= 61
npu Temmnepatypi 15 °C, vix npu 5 °C, a xamuiBipyc FCV €
OUTBII CTIMKUM J10 TIOKCUIY XJIOpY, HiX aaeHoBipyc AD40 nns
BHBUYCHUX YMOB.

Y pobGoti [24] aBTOpM, aHaNI3YIOUM IOMNEpE/HI
JOCITIJKEHHS 1HaKTUBAIlIl Ne31H(EeKTaHTaMH KUIIIKOBUX BIpPYCIB
[23, 25-28], Bim3Ha4ar0Th OOMEXKEHICTh JaHUX ©(EKTUBHOCTI
XJIOPY Ta MIOKCHAY XJIOPY IO BIAHOIIEHHIO J0 HOPOBIpYCY
(HB), ronoBHMM 4YHHOM, 4Yepe3 BIJICYTHICTh aJeKBaTHHUX
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METOAMK KyJIbTHBYBaHHs [29]. MosekyisapHi IpoOipHi aHai3H,
taki sk PCR, Mornu BukopucroByBaTHCcs i BusBieHHS HB,
OJTHAaK I} METOJ1 J03BOJIsIE BUSBUTH 1HAKTUBOBAH1 BIPYCH, IIOKU
MaTpHII HYKJICTHOBOI KHCJIOTH iCHYE, 0 MOXKE IPU3BECTH 10
HEJIOOIIIHKK BTpaTH BipycHOi iHdexTuBHOCTI [30]. B omHOMY
JOCIIKEHH1 BU3HAYHMIIN €(eKTUBHICTD iHaKTHBAIi1 xsiopom HB
3 BHUKOPHUCTaHHAM JOBIOi MaTpHlll peBepC-TPaHCKPUITA3H
nostimepasnoi nanimrororoi peakmii (LT RT-PCR) [26]. Lei
METOJl MEHII WMOBIpHO BUSBUTH HeiH(DEKIIHHMI Bipyc,
OCKUTBKM JIOBTi MATpHIl HE YIIKO/KYIOThCA. B  iHIIOMY
nmociaimkenHi mokaszano, mo LT RT-PCR 3HauHO HEZO0OIIHIOE
iHpexTuBHICTh Bipycy [31]. Lle cBiguuTh mpo HEOOXigHICTH
BUKOPDUCTaHHA  sIK  cyporaTy  BiamoBigHoro HB sk
aJIbTEPHAaTUBHOIO METOY OLIIHKH e(pEeKTUBHOCTI
ne31H(PEKTaHTIB.

Korsumii calicivirus (FCV), mnpencraBHUK poauHU
Caliciviridae, MmoXHa JIeTKO BUPOCTUTH y TIPOOIpIIi, 10 TOTO K
BiH Mae mnoaioHy HB opranizamito reHomy Ta apxiTeKTypy
Karcysu Bipycy [32, 33], 1m0 nosicHI0€ H0ro BUKOPUCTaHHS 5K
cyporary HB. Tlomepemni mocniukeHHST XapaKTepHU3yBaJIH
epeKTHBHICTh XIMIYHHMX aAe3iHpekranTiB Ha FCV [23, 27].
Opnak, Ha BIIMIHY Bl TUIIOBUX KHIIKOBHX BipyciB, FCV nyxe
YyTIMBUI 10 KHUCIOTHOCTI cepenoBuma. Lls Oiomoriyna
oco0nuBicTh 00yMOBIIOE cepio3Hi BimMiaHocTi FCV ta HB
JIIOJMHU Y PIBHAX CTIMKOCTI 10 XiMiuyHHX Je3iHdekTanTis [30].
[TamrokoBuii norovirus (MNV) mMoske OyTH JIETKO BUPOLICHHM
npu BUKopHucTaHHi K1iTuH RAW 264.7. Kpim mporo, y MNV €
610J10T14H1 0COOIMBOCTI, MO110H1 O IHIIMX KUIIKOBUX BIPYCIB,
BKJIFOUAIOYU BHCOKY CTiHKicTh 10 HuU3bKkoro pH [34, 35]. Tomy
€ miacraBu BBaxaTH, mo MNV e kpammmu cyporaramu HB
moauny, Hixk FCV. Tomy MeTa 1aHOTO JOCHIJKEHHS MoJIsraia
Yy BHU3HAUCHHI KIHETHMKM I1HAKTHBAIlli XJIOPOM Ta JIOKCHJIOM
xsopy MNV Ta mopiBHsSHHI KIHETHKH I1HAKTHUBAIil DPi3HUMHU
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Meronamu (kopotka Matpuiis [ST] RT-PCR, LT RT-PCR Ta
aHaJti3 OJISAIIOK).

VY npomy pociipkeHHi [24] mokazaHo, 110 e(heKTUBHICTD
ne3indexii ClO2 Buma, Hixk xopom, ripu S °C ta 20 °C; ogHax,
BIZIMIHHOCTI CTaTUCTUYHO HenocToBipHi (>0,49). Y nmonepenHix
JOCHIUKCHHSAX TOBILIOMIISIIOCS TPO KiUIbKAa CYHEpewUBUX
pesyabTaTiB  [22, 23, 27, 36]: Oumpmoi e(eKTUBHOCTI
imaktuBanii ClO; nomioBipycy 1, Bipycy Kokcaki B3 i Bipycy
ECHO-11 B nopiBHsIHHI 3 piIKUM XJOpoM [22] i, pa3oM 3 THM,
MPOJAEMOHCTPOBAHO, 10 XJ0p edexTuBHimmi, HiX ClO2, mis
inaktuBanii AD40 ta FCV npu pH 6 ta 8 [23, 27]. BigHocHa
YyTIIMBICTh KUIIIKOBHX BipPYCiB /10 Pi3HUX A€31H(EKTAHTIB MOTJIa
3MIHUTHUCSI B 3aJIeKHOCTI Bl THUIy BUKOPUCTAHUX BIpYCiB. Y
3B'SI3KY 3 [IMM, BU3HAYalOUM €PEKTHBHICTH NEe31HEKII, dyxKe
BaXJIUBUM € BUOIp HajexxHOro cyporary HB.

[TopiBHsiHHS 1HaKTUBAaLli pu Temneparypax 5 °C ta 20
°C mokazano, W0 31 3pOCTaHHSAM TeMIepaTypH IIBUAKICTb
1HaKTUBALlll 3pOCTae, 110 MIITBEPAXKYE PE3YJIbTATH MONEPEAHIX
nociimkens (puc. 3.1, 3.2).

Ha 3akinyeHHs1 aBTOpW BIJ3HAYAIOTH, IO, SIK 1 XJIOp, 1
ClO2 MOXyTb BHKOPHUCTOBYBAaTHCS SK €QEeKTHBHI 3acobu
inaktuBaiii MNV y Bozi. [Ipu ubomy MNV He € 011111 CTIHKUM
y TOpPIBHSAHHI 3 IHIIMMM KHUIIKOBUMH BipycaMH, HalpHKIa,
nmoioBipycoM. Y TOMAIbIINX JOCTIDKCHHSX JUISl OILIHKH
Ne31H(PEKTaHTIB CJiI BUKOPUCTOBYBAaTH INPHUPOIHY BOJY 3a
PI3HUX EKCIEPUMEHTAIBHUX YMOB.

V¥ po6orti [36] BUkoHaHO OLiHKY Bipyminuanoi aii X Ha
Bipyc Koxcaki (BK) BS5 npu 3He3apakeHH1 CTIYHMX BOJ Yy
noroui. BeranoBneHo, 1o 3 Tppox eHrepoBipyciB BK B5 6yB
HaWOINBII CTIMKUM: IS #Horo iHakTuBamii Ha 99,99 %
HeoOximgHa mo3a JIX cknana 17,25 mr/n npu ekcno3utiii 5 xB.
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Puc. 3.1 ImaktuBamis MNV Ta komidgary MS2
niokcuaom xiaopy (ClO2) mpu 5 °C y 6ydept ODF (pH 7,2).
Bipycu Buznavanu anasnizom ook (m), LT RT-PCR (o) Ta ST
RT-PCR (¢). Konnenrpariisi Jiokcuay XJopy NMpu 1HAKTHUBALI{
MNYV cranosuna 0,288 mr/a (A); komiary MS2 — 0,174 mr/n
(B).
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Puc. 3.2 ImaktuBaumis MNV Ta komipary MS2
niokcunom xsopy (ClO2) mpu 20 °C y 6ydepi ODF (pH 7,2).
Bipycu Buznauanu ananizom ousimiox (m), LT RT-PCR (o) Ta ST
RT-PCR (¢). Konnenrparist JioKCHay XJIOpYy MpU 1HAKTUBAL{
MNV cranoBuina 0,255 mr/n (A); xomidary MS2 — 0,178 mr/a
(B).
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Hocmimkenns  [37] 3  o0poOKu  CTIYHUX  BOJ
iH(ekmiifHOro TrocmiTamo B MinaHi TOKa3adW BHCOKHU
Bipymimuaauii epext X y mozax 5, 10, 15 Mr/n o BiiHOIICHHIO
o I1B tun 1 npu pisHi konTaminanii 2 X 10° BOE/n nipu piBHEX
excrio3uilisix 30 xB. Bucokuii BiJICOTOK 1HAaKTHBAIlli BipYCiB
KOHCTaTOBaHWUU mpu 1031 JIX 5 mr/mn, a iX moBHE 3HUIICHHS
cnoctepiranocs mpu 1031 X 10 mr/m.

B ekcmepuMeHTax 31 3He3apaKEHHS JOOYHMIIECHUX
CTIUHUX BoA XxJjopoMm, [IX Ta 030HOM 3 BUKOPHCTAHHSIM
3apaxenHs [1B [38] moka3ana Bumia akTuBHICTh [|X MOpiBHSAHO
3 xyopoMm. Tak, fKIIO TpH XJIOPYBaHHI MOBHA 1HAKTHUBALIIS
BIpYCiB IIpH pi3HMX PIBHSAX KOHTaMiHamii crioctepiraiacs npu
no3ax 5-20 mr/ax 3a 60 xB., To npu 3He3apaxeHH! X Takuii
edeKkT crocTepiraBes mpu 1031 2 Mr/a ta ekcrosuiii 15 - 30 xB.

Y pob6oti [39] moknaaHO MpOaHAII30BAaHO Ta BHBYCHO
MeXaHi3M 1HaKTUBalli BIpycy TemnaTtuty A IIOKCHAOM XJIOpY.
[HakTuBaIlis 1HBa3MBHOI 3JaTHOCTI BIpPYCiB, IO BiAOyBaeThCA
yepe3 IMOMIKOJDKEHHSI BIPYCHOIO TI'e€HOMY Ta/a0o naecTpyKuii
BipycHOro Oinka, HalOUIbII BaKJIMBHM Ta NMpSAMHA KpuUTepii
oliHku edekry ne3iHdexnii BipyciB. AxOu 1ne Oyiao TOYHO
BIIOMO 1 TPOSICHWIMCA MEXaHi3MH I1HaKTUBAIil BipyciB
3He3apaxyrounMu 3acobamu, 1 1HQopmalis Moriga O
NpPEJCTAaBIATH I[IHHE KEpIBHULUTBO JJs pO3pOOKH HOBHUX
ne31H(pEeKTaHTIB.

Wang et al. [40] noBinomisiiy, mio iHekianid HAV
micns  ynbrpadioneroBoro omnpomineHHs (Y®O) 306epiras
IHTaKTHUH OUIOK Kamcynu Bipycy. ToMy aBTOpU MPHUITYCTHIIH,
mo 1"aktuBamnis HAV Y®O nos'a3zana 3 smmsoM Ha PHK
BipYyCiB 3 iHTiOyBaHHS BipyCHOi 1HBa3MBHOI 3/aTHOCTi, XO4a
Bipycha PHK morna Oyru BusiBnena merogom I[IJIP [13].
Leveque etal. [41] nocnimkyBanu airo YOO Ha HAV y mtyuHii
MOPCHKIM BOJII Ta BCTAaHOBWJIM, IO IH(EKIIHHUNA BipyC HE
inenTudikyBaBcs uepe3 15 XB ONpOMiHEHHS €KCIIEPUMEHTAIBLHO
3a0pynnenoi Boau, tomi Ak PCR — ammmidikaris reHoMmy
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no3sosisia BusiButH BipycHy PHK y Beix 3pa3kax HaBiTh uepes
60 xBwiuH ompomiHenns. Li et al. [42] moBimomuisim, M0
inaktuBaiis HAV xmopom BimOyBamacs depe3 BTpary 5S'-
HETPAaHCIHOBAHOI 00JACTi, a HE Yepe3 JeCTPYKIir Oilka
BIPYCHOI'O KaIlCH]y.

Ha pnoparoxk o rimore3 mpo MeXaHi3MH BipyCHOI
1HaKTHBAIlll TIOKCHIOM XJIOPY, BUKIIaIeHUX y podoTtax [10, 12,
16] cnig momatu mie aymky Olivieri et al. [43] sxi npunycTuiy,
10 MEXaH13M il TIOKCUAY XJIO0PY BKIIOYAE PEAKIIIO 3 BIDYCHUM
oinkoM. Ilpm iHakTHBamii Oaktepiodara f2 miokcua Xaopy
pearyBaB 3 BIpYCHOIO OUIKOBOIO OOOJOHKOIO MO BCid 11
MPOTSHKHOCTI  TaKMM ~ YMHOM, IO  3JaTHICTh  BIpYyCy
IOpUEAHYBATUCA A0 KIITHUH - TOCHOJApsAM  BUSBIISIIACS
iHriboBana. J{ns momioBipycy MexaHi3M iHaKTUBAIil MOJISTAB Yy
pYHHYBaHHI KalCHLy.

[Ipote, nesiki MOCHIAHUKKA BBaXKalaH, IO MEXaHI3MHU
iHaKTHBalii  BIPYCiB  JIOKCHAOM  XJOpY TMOB'I3aHi 3
nomkokeHasiM PHK. Bike 3ramyBani Alvarez 1 O'Brien [15]
BBaKaJIH, 10 MEXaH13MH 1HaKTHUBAIIi1 MoIioBipycy 1 miokcuiom
XJIOpY MOB'I3aH1 3 BIUIMBOM Ha BIPYCHY HYKJIETHOBY KUCIIOTY 3
MOPYUIEHHSM MOBTOPHOI perulikamii B KJIITHHAX - TOCHOJApsX.
Taylor ta Butler [3] nopiBHsIM €pEKTUBHICTH Ta MEXaHI3MU
1HaKTHBallli TOMIOBIPYCY XJIOPOM, JIOKCHIOM XJIOpY, OpoMoM
Ta ilogom. BeranosieHo, 110 Hoj CIpUUnHSE CTPYKTYPHI 3MIHU
y Bipycax, IO HiATBEPAMIOCS EJIEKTPOHHOIO MIKpPOCKOIIIERO,
npore 1HOI JAe31HGEeKTaHTH I1HAKTUBYBAJIM IOJIOBIpyC 0e3
BUJMMHUX CTPYKTYPHUX 3MiH. ABTOPH BBXaJIH, III0 MEXaHI3MU
iHaKTHBaIlll WX [Ae31H(EeKTaHTIB TOB'I3aHl 3 BIUIMBOM Ha
BipycHy PHK. Alvarez ta O'Brien [10] mifiiuii BUCHOBKY -
JTIOKCHJ XJIOpY 1HAKTHUBYBaB IOJIOBIPYC HUIAXOM peakiii 3
BipycHoro PHK, mio BukiIMKamo 3akOHOMIpHI TPYIHOIII
BHJIUICHHS #oro 3 oOpoOieHoi mutHOi Boau [44]. HAV 0OyB
JeUIo CTIMKIIMM 10 XJI0pY, HiX iHIII eHTepoBipycu [45].
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[Totpeba Oe3meuynoi Ta e(QEKTUBHOI albTEPHATUBU
XJIODYBaHHIO CTa€ Bce OUIBII aKTyaJlbHOW. 3HAyHA yBara
30cepe/keHa Ha BUKOPHUCTAHHI JTIOKCHAY XJIOPY Y 3B'SI3KY 3
ORI BUPA)KEHOIO TOPIBHAHO 3 XJIOPOM BipYJTIIIMIHOIO JII€I0 B
mupiomy aiama3oni pH [39].

JIesiki TOCHi THUKY BBAYKAIOTh, 1110 XJIOP IHAKTUBYE BIpyCH
LUISIXOM TONIKO)KEHHSI HYKJIETHOBOI KUCioTH [12, 46, 47] umn
BipycHoro rtenomy [14, 41, 48-50]. Ilependauaerncs, IO
MIEPBUHHOIO0 METOIO 1HAKTUBAIIIT BIPYCiB I10KCHIOM XJIOPY TaKOXK
€ HyKJIeiHOBa kucioTa [3, 15, 43].

Jani, mpencraBieHi B 1bOMY MoBimomieHHI [39],
BKa3ylOTh, 10 IHAKTHWBAIlisl iHBa3WBHOI 3matHocTi HAV
TIOKCHIOM XJIOpYy CYIPOBOJIKYBaJIACs JECTPYKILIEIO
aaTureHHocti Ta momkomkeHHsM 5'NTR renomy. BiporigHo,
TIOKCHUJ XJIOPY HE TUIBKH MOPYIIYE MOBTOPHY PEILTIKALIIIO BIpyCy
BCEpEAMHI KIITUHU-TOCHOAAps, YIIKOKytoun renom HAV, ane
TaKOXK pearye 3 OLIKOM BIPYCHOTO KalCHUAy 3 HACTYITHUM
1Hr10yBaHHsM aaresii HAV 110 KIIiTHH - rocriofapis.

[TincymoByrouM cka3aHe BUILE, pE3YyJbTaTH L€l poOoTH
JTO3BOJISIIOTH  TIPUITYCTUTH, IO MeXaHi3M iHaktuBamii HAV
TIOKCHUIOM XJIOPY BITHOCHTBCS /0 MEXaHI3MIB TOIIKOKEHHS
HYKJIETHOBOI KHCJIOTH Ta/abo aecTpykiii aHTureHHocti HAV.
MoxnrBo, 1eil KpHUTepiii MOBHHEH BUKOPUCTOBYBATHUCS TIpU
po3podIi  HOBUX  epeKTUBHUX 3aco0iB  jae3iHdekmii Ta
JOCTIDKEHHI ~ MeXaHi3MiB  IHAaKTHBAIlii  IHIIUX  BIPYCIB
Ne31HDIKYIOYMMH 3aCO0aMH.
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3.2 Kineruka Ta MexaHi3Mu IHaKTHBaulii BipyciB
AIOKCHIOM XJIOPY pH 00po0ui Boau

B nanuit yac icHye 6araTo IOCHIKEHb BIpYMILMIHOT
aktuBHOCTi ClO2 momo BipyciB, BKIOYarouM Bipycu 0e3
000710HKY (HarpuKIa, 6akrepiodar, eHTepOBIpPYC, aIEHOBIPYC,
KaJiliBipyc, poTaBipyc 1 mapBoBipyc) 1 BipycH 3 00OJIOHKOIO
(Hampukiaa, Bipyc TpuIly, BIpyc KOpy, IepHecBipyc 1 BIpyc
yymH). Bipycu 3 000JI0HKOIO CTPYKTYPHO BiAPI3HSIOTHCS Bij
BipyciB 0e3 OOOJIOHKM HasBHICTIO JBOIIAPOBOI JIMITHOT
MeMOpaHu mo3a OUIKOBUM KamlCHIIOM BipyCy, SIKMA MICTHTh
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Ok abo rmimikompoTeinu. Pi3HI (yHKIIOHANBHI TPYyNmUd Ha
30BHIIIHIA TOBEpXHI BIpYCiB 3 OOOJOHKOIO TOPIBHAHO 3
Bipycamu 0e3 0OOJOHKM WMOBIPHO BIUIMBAIOTh Ha iX
BIDKMBAHHS Ta TOBEMIHKY PO3MOJALTY y BOJHOMY CEPEIOBHIII
[1-3]. Byso BusBiIEHO, 1110 6arato (GakTopiB CYTTEBO BILTUBAIOTH
Ha IIBUAKICTh I1HAKTUBAIil BIPYCiB, HANpPUKIAA, J03yBaHHS
ClO2, pH i remneparypa [4-7]. MexaHi3mu iHaKTHBAIlii BipycCiB
ClO2 BkmrouaroTh pyliHYBaHHS Oilka a00 MOIUIKOKCHHS
reHoMy [8-12]. Po3ymiHHS KiHETHMKM 1HAKTHBalii BipyciB Mij
yac gesingekuii ClO2 € HarajapHOW MOTPeOOIO IS
3a0e3neyeHHs] JOCTAaTHIX 03 Je3iH(ikyrouoro 3aco0y.
3’scoByrOYH €EKTUBHICTh T4 MEXaHI3MHU 1HAKTHUBAIlii, MOXHA
Kpalie KOHTPOJIOBAaTH BIpYCH, IO MEPENaloThCs BOIOI0, MPH
OYMILEHHI BOJIU Ta CTIYHUX BOJA. TakuM YMHOM, METa OTJISAY
[13] monsrana B TOMy, IIO0 HaJaTH OIS KIHETUKH Ta
MexaHi3MiB iHakTuBallii BipyciB npu aesindexkiii ClO2, a Takox
BHU3HAYUTHU MPOTAIHMHY 1 MaliOyTHI HAPSMKHU AOCIIPKEHb.

3.2.1 Egexmusnicmo inaxmueayii pizHOMAHIMHUX
gipycie

Sk mpaBuiio, eeKTUBHICTH 1HAKTHUBAIlll OakTepiodaris 1
potaBipyciB ayxke Bucoka i Ct mis 4 10g BuganeHHs CKiangae
0,06-1,45 mr/n xB mipu pizHomy pH i Temmnepartypi [4, 14, 15].
Cobaunii mapBOBIpyC BIJHOCHO BaXKO I1HAaKTHBYBaTH: HeE
CriocTepirajgocs OYEBHUIHOI 1HAKTHBAIl MPOTITOM 2 XBWJIMH
npu go3i ClO2 1,0 wmr/n [15]. KnituHHO-acoriioBaHmit
maprstunii poraBipyc SAl1 e Gumbin crifikum g0 ClO2, Hik
BIIBHO  cycmeHjaoBaHi  Bipionn  [4].  LlikaBo, 1m0
OJIM3BKOCTIOPIIHEH] BIPYCH MOXKYTh MPOSIBIATH YK€ PI3HY
gyTiuBicTh 10 ClO2. Hanmpukiaz, y nocnimkenni Sigstam [11]
mig gac aesindexmii ClO2 BcTaHOBIEHO: X04Ya MOCIHTIOBHOCTI
TeHOMa Ta IMOCIiAOBHOCTI aMiHOKUCIIOT y KalCUAHOMY OiIKy
Oakrepiopara GA Ha 74% Ta 62% IiACHTHUYHI BIIMOBITHO
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Oakrepiopary MS2, koHncranTa mBuaKOCT iHakTHBamii GA y
2,84 pasu Buia, Hibxk MS2. Sanekata et al. [15] npunycruimy,
o iHaktuBaiis ageHosipycy moauaun ClOz Gyma mBuamo,
HDK aneHoBipycy cobaku. Kpim Ttoro, mo6 mocsartu 99%
iHaKkTHBAaIlli, HeoOXiTHUN Yac ne3iHdekii aa Bipycy Kokcaki
BS5 BuBiui Mmenmmii, Hixk st Bipycy Kokcaki A9 [16, 17]. Byno
MIPUITYIIEHO, III0 HABITh HE3HAYHI BIAMIHHOCTI y CKJIaJi BipyCy
MOXXYTh TIPU3BECTH JI0 ICTOTHHX BiJIMIHHOCTEH Yy KIHETHII
iHakTUBalii. Y MalOyTHIX JOCHIIKEHHSAX CIHiJ MNPUIUIATA
oinbie yBaru peakuism ClO2 Ha MosekynsipHOMY piBHI Ha pi3Hi
KOMITOHEHTH BIpyCy, 00 3pO3YMITH, K T€HOM 1 aMiHOKHCIIOTH
BIUIMBAIOTh Ha KiHeTHKy peakiii 3 ClO2 i sik 1x 3MiHa 1OB’s3aHa
3 BTPATOIO 1HPEKIIHHOCTI.

ChopuitHsaTiuBicTh BipyciB 3 obosonkoro 10 ClO2
BIJIPI3HAETHCS B YYTJIIMBOCTI BipyciB 6e3 o0oioHkH. Bipycu
MoIUHU 0e3 00OJIOHKH, Takl SIK POTaBIPYCH, aJlEHOBIPYCH Ta
SHTEpOBIPYCH JIOJMHHU, MHPOKO BuBYeHi [7, 9, 18]. Anamni3
KUIBKOX PE30HAHCHUX CHaJaxiB, TAaKUX AK JuxomaHka E6ona,
Kip, Bipyc Zika, nrammuauit rpun, SARS, MERS 1 nmangemis
COVID-19, cnpuunHenux Bipycamu 3 obosionkoro [15, 19-21]
MiATBEPIUB, 110 BIpycH 3 000JIOHKOIO (BipyC IpuUIly, Bipyc KOpy,
BIpyc TepHecy JIIOJWHH, BIpyC YyMH coOak) Jierime
IHAKTUBYIOThCS, HDX Bipycu 0e3 0OOJOHKM (aaeHOBIpyC
JIOJIMHU, aJICHOBIPYC COOaKH, MapBOBIPYC COOaK, KaillUBIPyC
koTiB) npu BruuBi 1,0 mr/m ClO». [Hmi gociaiiHUKK TaKoX
NPUIYCTHIM, IO Bipycu 3 OOOJIOHKOI Habarato Jieriie
IHAKTUBYIOTHCSl BUJIBHUM XJIOPOM, HIXK Bipycu 0e3 0OOJOHKH
[22-24]. TTosicuennsm e 3natHicTh ClO2 pearyBatu 3 Oiikamu Ha
000JIOHKOBIM MeMOpaHi, TAKUMHU SIK CIIAaHKOBHH IIIKOMPOTETH,
MOITKOKEHHS SIKOTO TPU3BOIWTH JI0 BiIMOBH TPUKPITUICHHS
70 KJIITUHU-Xa3diHa 1, TaKUM YHHOM, JI0 HEBJAJIOro
iHpikyBaHHa KmiTHHH [25-27]. Skmro 3i10patu gaHi Tpo pi3Hi
BipycH pa3oM (puc. 3.3), To MO>KHA MOOAYUTH, IO BIPYCH, SIKi
Baxkko iHakTuByBatH ClO2, € 6€3000T0HKOBUMHU.
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Kpim Toro, Ha Biaminy Bim Y®-nesindexiii, mia vac
nesindekuii  ClO2 Hemae oueBMAHOI  KOpenmslii  Mix
MMOKa3HUKAMHM IHAKTHBaIlli Ta TUIIAMH TEHOMIB BIPYCIB
(manpuxnan, oxanonaniroroa JIHK, naBomanmtorosa JIHK,
onnonaniroroa PHK 1 nmBonanmoroBa PHK). Moxuse
NOSICHEHHST y ToMmy, mio MexaHi3mu iHaktuBamii ClO;
BIIPI3HSIOTBCS MDK PI3HUMH BipycaMu, IO MOXE OyTH
CIPUYUHEHO MOIIKOKEHHSIM TeHOMY a00 pyHHYBaHHSIM OLTKa.
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Puc. 3.3 Log BunaneHHs BipyciB mia 4ac ae3iHdexmii
ClO,. Tlpumitka: 00BeCHO OaHi Bipycy 3 OOOJIOHKOO; JIiHis
BKasye Bapiauii 3Hauenb Ct st qocsirHenHs 4-10g BuganeHHs.
Jlerena 3 4YOpHHM Kpaem BKa3zye Ha Te, mo 3HadyeHHs Ct €
n00yTKOoM nmouyaTkoBoi KoHLeHTpaii ClO2 1 yacy KOHTaKTy

o6 oTpuMaTH TMOBHY KapTUHY  BHJAJCHHS
pI3HOMaHITHUX BIPYCIiB Yy BOJIi, Ha pHUC. 3.3 MOKa3aHO 3B 30K
MiX Jorapudmom BumaneHHs BipyciB i 3HaueHHsMu Ct. Crin
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3a3HAYUTH, 110 1€l TTOKA3HUK I OLIBIIOCTI BIpYCIB cKiianae 4
MI-JI/XB, OJHAK JIeIKI EHTEpPOBIPYCH, KaTIIHUBIPyCH Ta
aJICHOBIPYCM  BaXKO  IHAKTUBYBaTU.  BiamoBimHO 10
HallioHANbHUX cTaHgapTie mutHOi Bomam USEPA (2003),
KOMYHAJIIbHI CITY’)KOM TIOBMHHI 3a0€3MeYUTH 1HAKTUBAIIIO
BipyciB y Buxigmiii Bomi Ha 4 log. IIlo6 BigmoBimaTw Iiiif
HOpMAaTHBHIN BKa3iBli, 3Ha4eHHs Ct 3a3Buyaii Mae OyTH Oinblie
10 mrr/xB. Y Kurai Ta CILIA nopir XJ10pUTy B NUTHINA BOII
cranoButs 0,7 wMr/m 1 1 wmr/m BignoBigHO. 3arajiom,
3actocoByBaHa no3a ClO2 mmsa gesingexiii muTHOT BOIH
CTaHOBHUTH MeHIe 1,5 mr/a, BpaxoBytouu, mo 30-70% CIO>
nepeTBoproeTbess Ha XyopuT [28-30]. Takum uuHOM, Yac
koHTakTy i nesindexiiii ClO2 3a3Buyaii CTAHOBUTH JCCATKU
XBHJIUH.

3.2.2 Bniueé excnepumenmanbHux ymo8 Ha KiHemuky
inaxmueayii

InaktuBaitis Bipycie ClO2 Mae mouatkoBy ¢a3y posmnary
TMICEB/IONEPIIOTO MOPAAKY, 3a KO cliaye (aza MOBUIBHIMIOL
KIHETUKM a00 XBOCTOBOro e(exkTy. BUHUKHEHHS XBOCTIB €
nomupenuM npu  aesindekuii BipyciB ClO2, Brimovarun
oaktepiopar MS2 [6], eateposipyc 71 [9], poTaBipyc JroaMHA
ta MaBn [4, 5], mumaunii HopoBipyc [31], exoBipyc 11 [32],
CHTEpAIbHUI  aJCHOBIpYC 1 KOTSuMi KamimiBipyc [7].
[ToBimomisIoCs, M0 TeTePOreHHICTh BIPYCHOI MOMYJIsLii abo
MpUETHAHHS BIPYCY 10 1HIIUX (BIPYCHHMX) YAaCTHHOK MOXYThb
OyTH BiIOBiJAJILHUMHU 332 XBOCTOBUH edekt [6, 33-35]. Oanak,
Sigstam et al. [36] npunyctuim, 1o pis MS2 11e 06yMoBIIeHO
HE arperami€lo Bipycy 4YM pPE3UCTEHTHOI MiATrpyrnow, a
0CaKEHHSIM MPOMDKHUX MPOIYKTIB Ae31H(EKIIIT Ha Karcu, skl
3aXUIIAI0Th BIPYC BiJ MOAANBINOI Ae31HPEKIII].

[TouarkoBa (a3a MmBUAKOI I1HAKTHBAIlli BIpYCIB
JIEMOHCTPY€E 3HAYHHUH J1030-3ICKHUN ePEeKT, TOOTO MIBUAKICTH
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inakTHBarii 3pocrae 3i 30inbinenusam 103 ClO2, ane mpyra ¢dasa
noka3ye meHiny pisHuiro [9]. Bumia noza ClO2 mae cusbhinry
ne3iddikyrouy 31aTHICTh [37], TakKMM YWHOM, BOHAa MOXE
IHAKTUBYBaTH BIpycH 3a KOPOTKHH wac. OpHak, KOJM dac
KOHTaKTy AoBImii, MeHia g03a ClO2 takox Moke eheKTHBHO
MPOHUKATH B CTPYKTYPY MOBEPXHIi BIPYCiB 1 MPU3BOAUTH JI0 iX
inaktuBanii [38]. Takum ynHOM, TOBIIMK Yac KOHTAKTY MOXKE
nocaaOuTH BIUIMB /03U HA IHAKTUBAIIO BIpYCiB 1 YCyHYTH
HEJOCTaTHIO KUIBKICTh Ae31H(IKYI0UOoro 3aco0y.

HIBunkicTh iHakTHBanii Bipycy npu aesingexuii ClO2
3pocrae 31 360inpmienHsM PH. Hanpukman, enreposipyc 71
neMoHCTpye Bully epextuBHicTh iHakTHBaIii ClO2 mpu pH 8,2,
Hbk mpu pH 5,6 [8]. BcranoBieHo, w0 MOIIOBIpYC
iHaKTUBYETHCA B 4,6 pasu mBuamie npu pH 9,0, vixk mpu pH 7,0,
i B 8,3 pasu mBugme, Hixk npu pH 4,5 mpu 21 °C [16].
InaktuBaris 6akrepiogara f2 30iabmIyeThest OB HiX Ha S 10g
micast  00podku ClO2 mnporsirom 2 xBwimH, komu PH
migsumryetbes Bix 5,0 mo 9,0 [39]. Ilocunena iHakTuBaris 3i
301bIIeHHSAM pH Tako crocrepiraeTbesi B a€HOBIPYCI TUITY
40 [35], kaminmiBipyci kimok [35], poraBipyci nromunu [5] i
MaBnsiuomy porasipyci SA11 [40, 41]. Ha Bigminy Big epexTy
no3u, pH He Tak CHIBHO BIUIMBAa€ Ha TIOYAaTKOBY a3y
iHaKTUBAallli, ane, 37a€Thcs, BIUIMBAE Ha (azy xBocTta. NOSS i
Olivieri [42] npumycTwiau, IO pPE3yJIbTaTH MOXYTh OyTH
noB's3aHi 31 3MIHOIO CTPYKTYpH TIIOBEpXHiI BIpycy Ta
KOHIEHTpalii T1IPOKCUIBHOTO 10HY B po3uuHi. Kpim Toro,
OKpeMi BipycH B CyCHeH3il MOXyTb OyTH IHAYKOBaHi 0
arperauii, komu pH 3HIKyeETbCS BHACHIAOK YCYHEHHS
€JIEKTPOCTATUYHOT CUJIM BiALITOBXyBaHHS. [oBinomiisiiocs, o
BIpyCHI arperatu 3OUIbIIYIOTH BHXKMBaHHS BIPYCiB Yy
HABKOJIMIIIHBOMY CEPEOBUIIIl Ta CTIMKICTh A0 Ae31HDIKYIOUNX
3aco0iB [43-45]. Tomy Oinbin HU3BKUM pH HECTIPUATAUBUN IS
iHakTHBaIlii Bipycy mif yac ae3indexiii ClOs.

[Isuakicte inaktuBaiii BipyciB ClO2 3anexuTh Bix
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TeMreparypu 1 eEeKTUBHICTh 1HAKTHBAIIl MIABUIIYETHCS MPHU
nijBuiieHHi temneparypu Bix 5 °C mo 25 °C [9]. Takox
MOBITOMJISIIOCS, 110 1H}eKIiIHHICTh 000JIOHKOBOT'O
Oakrepiodara Phi6 3MmeHIIyeThcsi Ha JBa TOPSIKH, KOJIH
Temmeparypa miaBuiryerbes Big 19 °C go 25 °C [46]. MoxHa
nosicHuTH, 1o eHepris akrusaiii ClO2 s iHakTUBaii BipyciB
CTa€ HWKYOW Tmpu BuUlIid Temnepatrypi [47]. Onnak vy
nocmmkenni  Grunert et al. [48], KOHCTaHTH MIBHIKOCTI
iHakTuBalii Oakrtepiodara PRDI1 gemo 3MeHmmIvcs mpu
nigBumeHHi temneparypu Binm 15 °C mo 25 °C uepes
posknananus ClO2 npu BUIMX TeMIIepaTypax.

Ha edexruBHicTh iHaKTHBAIl BipyCiB TaK0XX BILUIHBAE
BojHAa Matpuld. JIOCHiDKeHHS TOKa3ayid, W0 Kpalia
edekTuBHICTD iHaKTHBAI] OakTepiodara f2 i Bipycy Kokcaki B5
cnocrepiraiacs y ¢docdpatrHoMmy OydepHOMY pO3UHHI, HIK Yy
JmikapHSHUX ab0 MichkuX criyamx Bomax [17, 39, 49, 50],
TOJIOBHMM YHHOM 4epe3 KOHKypeHTHe croxuBaHHs ClO2
PO3YMHEHUMHU OPraHIYHMMU PEYOBHHAMHU Y CTIYHHMX BoJax abo
3aXMCHY JIif0 YaCTOK, Ha SIKHX ajcopOoBaHi BipycH [16, 38, 51].
3 iHmoro OOKy, CIOCTEPITalOThCS W MPOTHIICKHI TEHICHITI.
Konu xoHIEHTpallisi po3YMHEHOT OpraHiyHOi PEeYOBUHU 3pocia
3 0,2 mo 2,0 mrC/m, 6Gakrepiodpar PRD1 mponemoHcTpyBaB
MiJBUIICHUNA BIiICOTOK i1HaKkTHBaIii, a MS2 numie HeBenuKy
pI3HHMIIO B BifcoTKax iHakTuBarii micis nesindexuii ClO; [48].
Baxainocs, 1mo mobiyHi NMpOJyKTH, a HEe XJIOPUT 1 XJIoparT,
BI/IMOBI/TAlOTh 3a MOCWJICHY Ae3iHdekiito [52]. Amiak y Bomi
Mailke He BIUIMBaB Ha e(peKTUBHICTh iHaKTHUBALlli 6akTepiodara

2 [39].
3.2.3 Mexanizmu inakmueauii
OO00B’I3KOBUMH BUMOTaMH 7151 1H(EKIIIHHOTO BIPYyCY €

MOJKITUBICTB 3B’ SI3yBaTUCSA 3 KIIITHHOIO-Xa351HOM, BBOJUTH CBiit
T€HOM Yy KIITHHY-TOCTIOJAps, a TaKOoX pEIUIKyBaTH Ta
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TPAaHCIIIOBATH, KOJIM MOro TEHOM TOTpAIUIsiE B KIITHHY-
rocnogaps. Yci ui GpyHKmii MaroTh OyTH HEIOTOPKAaHUMHU, 11100
Bipyc OyB iH(}eKIiiHNM. [HIIMMH clIoBaMH, 1100 iHAKTHBYBATH
BipYC, IpUHANMHI 0/1HAa 3 X (PYHKI[iil TOBUHHA OyTH 3HUILIEHA.
Yepes pi3HMA CKJIaJ 1 TPUBUMIPHY CTPYKTYpPY OLIKIB 1
HYKJIETHOBHX  KuCiOoT  Bipyminumaauid  Mmexanism — ClO;
BHSIBJISIETHCS PI3HUM JJIS1 Pi3HUX THIIB BipyciB (puc. 3.3).

%%y
fa % dominant inactivation:

Nucleocapsid aCe A Q protein damage

dominant inactivation:
genome damage

Puc. 3.3 Mexanizmu iHaktuBaiiii Bipyci ClO2

VY 6akrepiodarax, Takux sk MS2, fr i GA, mexani3m il
ClO2 ros0oBHMM YHHOM BKJIFOYAE JIETPAAAIlii0 OUIKIB BIpYCHOTO
Karcuay, SIKi B OCHOBHOMY BIJIOBIAIOTh 3a B3a€EMOJII0 3
KIiTHHOWO-Xa3siHom [11, 12, 14, 40] Takum YuHOM,
MIPUKPIIUIEHHS BIpyCY A0 KIITHH TOCIOAApS TalbMy€eThCs, 10
NPU3BOJUTH /0 1HAKTUBAILil BipyciB. Takoxk MOBIIOMISETHCS,
0 JeHarypalis OLIKIB BIpyCy € JOMIHYIOUUM MeEXaHi3MOM
iHaktuBanii npu aesingekuii ClO2 poraBipycy mronuHH, TpH
SKOMYy HeMae momkomkeHHs reaomy [18]. Zhu et al. [53]
NPUITYCTHIIM, IO PYHHYBaHHS MEMOPaHHOTO TJIKOMPOTEiHy
GP2a i GP4 CIlO, O6nokye B3aeMomil0 MK BipycoMm
PENPOAYKTUBHOTO Ta PECHipaTOPHOIO CHHAPOMY CBUHEH
(PRRSV) i KIITHHHEMH pELENTOpPaMH, IO MPHU3BOIUTH 0
MPUITMHEHHS KUTTEBOTO IIUKITY BOTO BIpYCY.
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Binoma Bucoka peakiiiina 3patHicts mucreiny (1,0 - 107
M ¢ mipu pH 7,0) [54], Trposuny (1,4 - 10° M ¢ mpu pH 7,0)
[55] i TpunTodany (3,4 - 10° ML ¢ mpu pH 7,0) [56] 3 CIO; Ta
iX momumpeHicTh B pi3HOMaHITHUX Oinkax. [ToBimomuisiocs, mo
3aNUIIKU UUCTETHY, TUPO3UHY Ta TPUNTO(PaHYy € KPUTHUUYHUMHU
mimensiMu B peakuii Mk ClO2 Ta Ginkamu, 1m0 CHpUYHHSE
(dbparmenTariito Ta neHarypariito 0inkiB [57]. OgHak, peakiiiiHa
3IaTHICTh aMiHOKMCIIOTHOTO 3aJIMIIKYy B OUIKY HIDKYA, HIK Y
BitbHOrO TpHnrodany [58]. Hampukian, ixHakrusaimis ClO;
BipyCy Tpuny A BiZOyBa€eTbCs BHACIIIOK OKHCIICHHS 3QJIUALIKY
tpuntodany (W153) y BipycHoMy OinKy reMaritOTHHIHI, 110
pyiHYe #OTO 3HaTHICTh 3B S3yBaTHUCS 3  KIITHHAMH-
rocriofapsimu  [57]. Ilpore B eHTepoBipycaX, TakKuUX SK
noJioBipyc, eHTepoBipyc 71 i Bipyc rematuty A 3ampornoHOBaHO
BuiB ClOz Ha BipycHuit reHom. 3okpema, iHaktusaiist ClO;
CIPUYMHEHA MOMIKOKEHHSIM 5'-HeKo1yr040i 00J1acTi B T€HOMI,
sgKa HeoOXiJHa N7l YTBOPEHHS HOBUX BIPYCHHX YAaCTHHOK Yy
kiituHi-xa3saiH1l [8-10]. Kpim Toro, moBimomisuiocs, o Xo4a
MOIIKO/DKEHHsT OlIKa BiJirpae BaXIJIMBY POJb B 1HAKTHUBAILil
BIpyCY TOJIOMIENITY, 1HAaKTHUBAlllsl B KIHIEBOMY pPaxyHKY
MOSICHIOEThCSL  MOIIKO/DKeHHsAM  BipycHoi PHK  [59, 60].
CriiikicTh BipycCiB 10 ne31H(EKIT TICHO TOB’S3aHAa 3 LHUMHU
JIBOMA BUJAMH MeXaHi3MiB iHakTuBarii 3a gornomororo ClO-.

Hana po6ora [13] manma Ha MeTi NPEACTABUTH OTJISI
KiHeTMKM Ta MexaHi3MiB  iHaktuBaimii BipyciB ClOz.
EdexTuBHICTh 1HaKTHBAIl CHIIBHO BIAPIZHAETHCSA IS PI3HUX
BUJiB BipyciB. LlIBuAKICTh iHaKTHBAII] IS PI3HUX CEPOTHUIIIB
BIpYyCIB MOK€ BIAPI3HATHUCS OLIbII HiX Ha 284%. Sk mpaswuio,
s nocsarHeHHs: 4-log BumaneHHs BipyciB (3HaueHHs Ct sk
muoxeHHs koureHTparii ClO2 wa gwac xonrtakty) mo3a ClO:
BapitoeThes B Aiamazoni 0,06-10 mr/n-xB. KineTuka iHakTuBaii
BipyciB Mae 11Bi (pa3u: mouaTkoBy ¢a3zy MBUAKOT iIHAKTUBAIIIT, 32
AKOI0 crigye ¢aza «xBoctay. IlIBuakicTh iHaKTHBAIl BipyciB
3pocTae 31 30unbiIeHHsIM pH abo Temneparypu, ajne 1eMOHCTPYeE
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pi3HI TeHACHIT 31 301IBIICHHSAM KOHIIGHTpAllil pO3YMHEHOT
opraniunoi pedoBuHu (DOM). ITomkopxeHHs BipyCHUX O1JIKiB
Ta 5'-HEeKOoIyr4oi 00JIacTi B TEHOMI CHpPHSIOTH 1HAKTHUBAIIil
Bipycy micis aesingexuii ClO2.

Y upomy ommsimi [13] miacymoBaHO edEKTHBHICTH
IHaKTUBAIli1, KIHETUKY Ta MeXaHi3MU Aii pi3Hux BipyciB Ha ClO;
Ha OCHOBI omyOJikoBaHo1 Jlitepatypu. [loganein gociKeHHS
MaroTh OyTH 30Cepe/DKEHI Ha MPUYMHAX SBHUINA «XBOCTa» Ta
BIUIMBI pEalbHUX YMOB OYHMIICHHS BOJIM Ha I1HAKTHBAIIIIO

BIpyCY.
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3.3 JocaigxeHHs BipydinuaHol ail ZJiOKCHAY XJIOPY
3.3.1 Pe3ynomamu nabopamoprnux 00CnioxyceHv 3
OyiHKU 8ipyniyuonoi 0ii diokcudy xnopy (/IX) no éionouiennio

00 npiopumemHux @ipyCHUX KOHMAMIHAHMIE RUMHOT 600U.

Mera mocniKeHb mojsraia B OMIHI BipyTiUAHOL Ail
niokeuy xsopy (AX) mo BiTHOIIEHHIO 10 JACSKUX KUIIKOBUX
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BIpYCiB SK TIPIOPUTETHUX KOHTAMIHAHTIB TMTHOI BOIHU
(momioBipycis /I1B/, anenosipycis /AnB/, BipyciB Kokcaki /BK/,
BipyciB ECHO), a Ttakox BipyCcy NTallMHOTO TPHILY,
3a0pyJHEHHS SKHM TIOBEPXHEBUX BOJOMM 3 EKCKpPETaMH
MEePEITHUX NITaX1B MA€ MEBHY €MieMIuYHy HeOe3IeKy.

3.3.1.1 Memoouka oyinku gipyniyuonoi epexmusHocmi
0IOKCUOY XOPY

Bipynimunay giro X BuB4anu B go3ax 1,0 - 1,5 mr/n mo
BimHomeHHto 10 1B, AnB, npioputetnux EB BK, ECHO Ta
BipyCy NTAaIIMHOTO TPUMY SK WMOBIPHOTO HEOE3MEeYHOTO
KOHTaMiHaHTa BOJOUM.

Excniepumentu mpoBomwim Ha 0a3i LlenTpanizoBaHoi
iMyHO-Bipyconoriunoi ~ mabopatopii  Onecpkoi  obmacHOi
CaHITapHO-€M1AeMI0JIOTIYHOT CITy>K0H y TUIHI — iuctomnai 2007
p.

B sikocTi TecT-BipyciB 0yi10 BiAiOpaHO BaKIIMHHUHN 1LITAaM
I1B P2 3 xonekuii BOO3 (Sebin, peectpamiitnuii Ne589/02,
ITOXOJKEHHS: Hamionanenuit  Incturyr  Bionoriynmx
CrannapriB Ta Konrpomo, Benukobpuranis /NIBSC/, WHO,
International Laboratory for Biological Standarts, ko Ne 95/;
cBixoBuaIeH] (unens — nucromnan 2007 p.) 3 KIIHIYHOTO
Marepiany (CTUTBIISI XBOPUX ) Ta aJalTOBaH1 /10 KYJIbTYpPH KITITHH
mramu AJIB (ceporun 4); ECHO (cepotun 7) Ta BK (cepotum
BS5).

Hakonnuenns, tutpyBanns Bipycy LTI/ npoBogunu B
HACTYIHUX YYTIUBUX KyJIbTypax KmiTuH [1, 2]:

Jlinis mumaumx kimitud L20B - T1B P2;

Knituan kaprHOME TopTaHi monuan HEP-2 — AJIB,
BK;

Kiituan pabaomiocapkomu mroguau RD-ECHO.

BukopucroByBanu 103u JIX, sSiKi MHPOKO 3aCTOCOBYIOTh
y TpakTULl BOJAOMIATOTOBKM JJIsi 3HE3apa)KeHHs BOJU
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(TmpupoaHUX BOJOKEPEIN, MUTHOI) Ta cTiunux Boa: 0,3 - 0,5 -
1,0-1,5-2,0 mr/m.

Ouinky BipyminuaHoi aktuBHOCcTi X mpoBogwmm
BIIMOBIAHO [0 THMYAaCOBUX METOAMYHUX PEKOMEHIAIIIH,
3aTBepKeHux HakazoM MO3 Ykpainu Bix 26.05.2006 poky Ne
333 [3].

VY nocaigkyBaHy BOJY BHOCHIIH BIpyC Y MPOMOPIIii, 100
itoro Tutp cranosus 1x10°, 1x107.

Excriozumiss  nesindekmii cranoBuwiaa | roa. mpwu
temneparypi + 4 °C.

JX po3BoauiIM IUCTUIBOBAHOK BOAOK0 TaKUM YHHOM,
mo0 michas JOoJaBaHHA WOTO IO JOCTIKYBAaHOI BOJAU
30epiramacs HeoOximHa gmo3a J[X. Jnga 1poro poboue
po3BeneHHs JIX Oyno B CTUIbKH pa3iB BHIIE JOCIIIKYBaHOI
JI03H, Y CKUIbKHU pa3iB 00'eM MOCHiIKyBaHOT BOJIM OUIBIIMI 3a
00'eM poO04Oro po3Be/ieHH e31H()EKTAHTY.

Jo3u X Ta TpUBAIICTh €KCIO3UIIT BUOUPATN TaKUM
YUHOM, 100  pe3ynbTaTh  JIOCHIKEHHS  IOKa3yBaJlu
BIpyNiUAHUHN eeKT ne3iHeKTaHTy 3aleKHO Bi HOro 103U Ta
eKCITO3UII1.

Heiirpanizauis X He npoBoauiacs y 3B's13Ky 3 TUM, 110
y BCIX JOCHTIaX BUKOPHCTOBYBAJIMCA 3a3JaJIeTi/b arpaBoBaHi
TUTPU BIPYCIB (10'5-10'6), Kl BIAMNOBIZAIM KOHTaMIiHAIT
CTIYHHUX BOJI 3 YpaxXyBaHHSIM KOHIIEHTpYyBaHHs B 50 pa3iB.

VY nocnigax i3 3He3apa)KeHHsI BOJAU BHUKOPHUCTOBYBAIH
KOHTPOJIb BIPYCY.

OckinbKM HeWTpamizallis He MpPOBOJIMIACH, OIIHKY
BIpyNiuAHOI akTUBHOCTI JIX 3aificHIOBaIM 3a JIOMOMOTIOIO
TUTPYBaHHS 3AJIMIIKOBOro Bipycy. Binpa3sy micis 3akiHYeHHs
€KCITO3HIIiT TOTYBaJIM PO3BEACHHS MOCIiKyBaHOI Boau 3 X y
KIUTBKOCTI, HEOOXIMHINA JUIsi TUTPYBAHHS 3QJIUIIKOBOTO BipYyCy
(Bix 10 0 10°), sxuMu iHdiKyBamM KIITHHHUIT MOHOIIAP.

OcHoBHUM moOKa3HUKOM edekTtuBHOCTI JIX y 3amaniit
71031 Ta TPUBAJIOCTI €KCMO3UIIIT MPU OIIHOYHUX JOCIIHKCHHSIX
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OyJa TOBHA BiJICYTHICTh O3HAaK PO3MHOXKEHHS BIPYCY 32 YMOB
joTpuMaHHs ~ HeobXimmoro Ttmrpy (107) 'y  Buximmiit
(KOHTpPOJBHIN) CycIIeH3ii Bipycy.

3aranpHy BipyJmiuAHYy epeKTHBHICTh PO3PaXOBYBAIH SIK
PI3HHITIO MK TUTPOM Bipycy y npucyTHOcTi I X Ta iforo TuTpomM
y KOHTPOJI:

E =Tk-Tp,

ne E — 3aranpna BipyninuaHa eheKTUBHICTD;

Tk — TUTp BipyCy Y KOHTPOIIL;

Ty — TuaTp Bipycy y cymimri Bipyc/ne3in(eKkTaT.

Yuciio mMoOBTOPHOCTEH JIsi KOKHOTO Bipycy ckiaio 20.

JocroBipHicTh BiqMiHHOCTI ¥? BipyminuaHoi mii X Bifg
foro no3u Ta TepMminiB 00iky LIIT/] (mOpiBHSAHO 3 KOHTPOJIEM)
MIPOBOVIIN 3TiAHO 3 [4, 5].

3.3.1.2  Hocnioxcenns sipyniyuonoi 0ii X wooo
noaiogipycy

Sk mokazanu OTpuUMaHi AaHi, BUXiIHUH BIpyC MaB TUTP
1x107 (xoHTpons), a BBy JX mimmasamucs ioro 10 i 100-
KpaTHi pO3BEJIeHHs, TOOTO y T0OCIil TUTPHU Bipycy CTaHOBWIH 1
x 10% 1a 1 x 10°. V nepimy 106y Hi B KOHTpOII, Hi B 0CTiAaX
He OyJo 3apeecTpOBaHO LIUTOMATOTEHHY IO BipyCy — Bipyc 3a
n00y He peruTiKyBaBcs 10 KOHIIEHTpAIlii, 3[aTHUX BUKJIHKATH
HITA. Ha apyry 100y y KOHTpOJII B MOJOBHHI KyJIbTyp OyJo
BimzHadyeHo LI1J]. [Tounnarouu 3 3-x 110 y KOHTPOJI BiIMIY€HO
100%-ue HUIIA. Brus pisHux n03 /IX Ha Bipyc BHpa3uBcs B
HACTYITHOMY.

Jo3za 0,31+0,08 Mr/n He Hagana >xogHoro BIuBy, LIIT/]
Oyno0 aHaJOTi4YHE KOHTPOJIIO, BIJIMIHHICTH CTAaTUCTUYIHO
HEJOCTOBIpHA.

Ho3za 0,52+0,07 Mr/a BusiBUiacs Aemo eQeKTUBHIIION.
LIT/] koHCTaTOBaHO TNBbKH Ha 3 00Y B MOJIOBUHI KYJIBTYP, TOJI
SIK 'y KOHTPOJI1 IO IIBOT0 K Yacy OyJii BpakeHi BCi KyabTypu. Ha
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apyry ta tpero ao00y BmiuB JX y mos3i 0,52+0,07 wmr/n
CTaTUCTHYHO JocTOBipHUH. OnHaK, MOYMHAIOYH 3 4-X 110, HE
B1/I3HAYAJIOCS JKOTHOT BIAMIHHOCTI Bl KOHTPOJIIO — BIIMIHHICTh
HE € TJOCTOBIPHOIO.

Hoza 1,03+0,09 mr/n BusiBmiIacs BHCOKOS(HEKTHUBHOIO:
MOYMHAIOUH 3 2-X 110 1 M0 6-y BKIIOYHO, MPAKTHYHO IOBHICTIO
MPUTHIYEHO PO3BHUTOK Bipycy, LII1/] He BUABISAIOCS B *KOHIM
KyIbTypi KIITHH. BigMiHHICTE 3 KOHTpPOJIEM € BHCOKO
JIOCTOBIPHOIO, TOMUJIKA Ha APYTy 100y cTaHOBUIA MeHIe 5 %,
a MOYMHAYH 3 TPeThoi — MeHme 1 %. Jlns miaTBeppKeHHS
nmoBHOI He#Tpamizauii Bipycy Oymno 3poOieHo 2 momanmbiri
nacaxi. B 00ox macaxax npotsrom 6 ni6 L{I1/] He Bu3HaYeHO,
TOJ1 AK Y KOHTpoui crioctepiranocs 100%-e LTI,

B JIX Ha Bipyc i3 MeHmmM tutpoM 1x10° memro
OUTBIII BHUpaXCHUH, MPOTE 3arajbHa TEHJEHIlIS 30epiraerbcs.
Hoza 1,02+0,04 Mr/n mMOBHICTIO 1HAaKTUBYE BIpYC, a JO3H
0,32+0,06 ta 0,51+0,05 mr/n Ha 700y moBmie iHrioyrots LT/,
MIPOTE MOBHICTIO BIPYC HE 1HAKTUBYIOTb.

3.3.1.3 JHocnioxcenns sipyniyuonoi 0ii  JIX wooo
aoernosipycie

VY nepury 100y Hi B KOHTPOJi, Hi B Jociijiax He Oyio
3apeectpoBano LIIIJ] Bipycy. Ha apyry moOy y koHTpomi B
nojioBuHi KynbTyp BigzHaueno LIIJ. [Tounnatoun 3 3-x 110, y
koHTpoui peectpyBaiocs 100%-ue LIITJI. Brimus pizaux qo3 X
Ha BIPYC BUPA3UBCS B HACTYITHOMY.

Ho3a 0,33+0,04 mr/n He mana rumB Ha AaB, LTI 6ymo
aHaJIOTiuyHe KOHTPOJTIO, BiJIMIHHICTh CTATUCTUYHO
HEJIOCTOBIPHO.

Jo3za 0,51+0,05 mr/n BusiBunacs aenio e(heKTUBHIIIO,
HiK nipu BiotuBi Ha [1B. II1J] BusBunocs Tutbku Ha 4-Ty 100y 1
BUSIBIISUIOCS B TOJIOBUHI KYJIBTYP, TO1 SIK Y KOHTPOJIL JI0 IILOTO
yacy Oynu BpakeHi Bci KynbTypH. [lounHatouu 3 5-1 1o6u 1 10
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6-i Bxmrouno, II1J] cranoBuino 100 %, sk 1 B KOHTpOJI,
BiJIMIHHICTh CTATHCTUYHO HEJAOCTOBIpHA.

Hoza 1,01+0,07 mr/n BusiBHIIacs BHUCOKOS(HEKTUBHOIO:
MOYMHA0YH 3 2-X Ai0 1 1Mo 6-1 BKIFOYHO, K 1 TpH BrutuBi Ha [1B,
MPaKTUYHO TMOBHICTIO MPUTHIYEHO PO3BUTOK Bipycy, LI/l He
BUSIBISUIOCS B KOAHIM 3 KyIbTyp KIITHH. BigmiHHICTE 3
KOHTPOJIEM € BHCOKO JIOCTOBIPHOIO, IIOMHUJIKA Ha APYTY A00Yy
CTAaHOBUTH MeHIIE 5 %, a MOYnHaIuu 3 TPeThoi — MeHie 1 %.
Jlisg  migTBepIKeHHs IOBHOI HeWTpaunizamii Bipycy Oyno
3pobiieHo 2 mojankir nacaxi. B 000x macaxax mpotsirom 6 1i6
HIIJ we BiA3Hauajocs, TOAI AK y KOHTPOJI cHocTepiraiocs
100% - e LITT/I.

Bceranosneno, mo BipynminugHa gis X wHa AaB 3
tutpamu 1x10° Ta 1x10° npaxtuuno inenTHyHa 3 omHicr0
BIIMIHHICTIO: TIpPH TUTPi 1% 107 ta gii mo3u X 0,31+0,03 mr/a
L{I1]1 nactano Ha 106y mi3HinTe, Hix mpu TUTpi 13107,

3.3.1.4 Jlocnioscenns gipyniyuonoi 0ii /[X wooo 6ipycie
Koxkcaxi

Bcranosneno, mo BK BusBHUBCS 3HAYHO CTIHKIIIMM
nopiBHsHO 3 [IB Ta AaB nmo Bcix BuBueHux o3 JX: Bipyc 3
tutpom 1x10°° He HeliTpamisyBaBcs 103aMu, fKi BITMBANH Ha
I1B ta AnB (0,33+0,01; 0,524+0,04 Ta 1,04+0,03 mr/1).

L{IT/] mOBHICTIO BIAMOBIJANIO KOHTPOIIO, BIAMIHHICTH
craTuctTudHo HepocToBipHA. Timpku mo3u JX 1,50+0,08 mr/m Ha
3 no6y noswuictio iHridysamu LI/, a na 4 no6y LIII 6ymno
3apeectpoBaHo Jsmme y 50 % kyaeTyp (BLAMIHHICTH
cTaTucTUYHO jgoctoBipHa). Ilpore Bxke 3 5-i mo0m
peectpysainocst 100% LTI,

[pu nii Ha Bipyc 3 TuTpoM 1x107° epexr Oyp Gimbm
BUPAKEHUU.
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AX B nmozax 1,03+0,05 Mr/a moBHICTIO HEUTpasi3yBaB
BK 3 tutpom 1x10™ (BigMiHHICTh 3 KOHTpOIEM JOCTOBipHA, a
MOYMHAKYH 3 3-X 710 — BUCOKO JJOCTOBIpHA).

Hoza 0,52+0,07 wmr/m 3a 3 100M TOBHICTIO
nentpanizyBana LI/, a na 4 o6y — na 50 % (BIAMIHHICTH
noctoBipHa). OpHak, mounHarouu 3 5-i 100M peecTpyBaiocs
100%-ne LI, Ille menm Bupakena ais no3u 0,32+0,06 mr/i.

3.3.1.5 Jlocniooicenns gipyniyuonoi oii /IX wooo eipycis
ECHO

Otpumani nani cimyate mpo Te, mo Bipycu ECHO
BUABHWIIMCS 1€ CTiMKimmMmu, HDK Bipycu Kokcaki, 10 Bcix
suBdennx 103 JX. Bipyc i3 Tutpom 1x10° B3aram me
HEHTpamizyBaBcs KOAHOIO 13 3actocoBanux 103 AX. LI npu
mozax 0,31+0,03 Ta 0,51+0,04 Mr/m MOBHICTIO BIANOBIZAIO
KOHTPOJIIO, BIAMIHHICTh CTATUCTUYHO He n0ocToBipHA. J{o3u X
1,02+0,06 ta 1,51+0,02 mr/n iuridysamu LI/ Ha 1-2 moOy
MOPIBHAHO 3  KOHTpoJieM  (BIAMIHHICTb  CTaTUCTHYHO
JIOCTOBiIpHA), TIpoTe, Ha 4 - 5-Ty 100y croctepiranocs 100%-ue
LIIJ1. ITpu xii Ha Bipyc 3 TuTpoM 1x107° nesindikyrounii epexr
O1Ib1I BUPAKEHUH.

Bceranosneno, mo X y no3i 1,5140,06 Mr/n noBHicTIO
Heiitpanizysas Bipyc ECHO mpu tutpi 1x107°. Jloza 0,30+0,02
MI/J1 Majio BIUIMBajJa Ha Bipyc (BIAMIHHICTH 3 KOHTpOJIEM HE
nocroBipua). Jo3u 0,52+0,03 ta 1,01+0,08 mr/n npurHidyBaiu
HITJA mume mo 3-1 ta 4-i moOu, ane Bxe 3 4-1 — 5-1 qoOmu
peectpyBanocst 100 %-e LITT/I.

Otpumani fgani cBimuath mnpo Te, mo I[IB ta AnB,
npuCyTHI y Bozi y Bucokux TuTpax (1x107%, 1x10°), mopHicTio
iHaktuBytoThes X y mo3ax 1,03+0,09 - 1,02+0,04 1 1,01+0,07
- 1,03+0,07 mr/n BigmoBigHo. J{o3u 0,51+0,07 - 0,52+0,05 mr/n
JMILE YacTKOBO HeHTpanizyBanu BipycH, a no3u 0,31+0,08 -
0,33+0,04 mr/a Mano BiiMBaiau Ha HuX. BK 3HauHO crTifikinm:
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Bipyc i3 TuTpoM 1x10° moBHicTIO HefTpanizysasces JIX nume y
no3i 1,03£0,05 mr/x, a Bipyc i3 Tutpom 1x10° nosmicTio He
HertpamizyBaBcs JIX HaBith y mo3i 1,50+0,08 mr/m. Bipyc
ECHO e 6inbim criiikuii 1o aii JIX: edexTHBHE MPUTHIYECHHS
LI Bim3Havasocs aume npu aii pozoro 1,51+0,06 mr/a Ha
Bipyc y Tutpi 13107,

BucHoBkHu

Jocmimkeno 3aJIeKHOCTI «Ho3a-9ac-epexT»
BipyninuaHoi Aii JIX 1o BITHOLIEHHIO A0 3HAYYIIMX BIPYCHHUX
koHTaminauTiB mutHOi Bomu (IIB, AnB, BK ta ECHO). 3a
YMOBM J0TpMMaHHs HeoOxigHoro tutpy (1x107) y Buxigmiii
(KOHTpONIBHIN)  CcycmeHsii BipyCy BCTAQHOBIEHO IIOBHY
BIJICYTHICTh O3HaK pPO3MHOXEHHsA Bipycy mpu naii X y
HACTYIHHX JI03aX:

* Ha 1B 3 TuTpOom 1% 108, 1x10° - 1,03+0,09 - 1,02+0,04
MI/11;

« Ha AnB i3 Tutpom 1x10°, 1x10° — 1,01£0,07 -
1,03+0,07 mr/m;

+ na BK i3 tTutpom 1x10° — 1,03+0,05 mr/m;

+ 5a ECHO 3 tutpom 1x10™ - 1,51+0,06 mr/m.

JlocTOBipHICTH BIIMIHHOCTI BipyMilUHOT Aii HA BUBYEHI1
Bipycu JIX Bix Horo no3u ta tepMmiHiB 00miky LI/ (mopiBHsHO
3 KOHTPOJIEM) Y BCIX BUIAJKaX CJIiJ PO3LIHIOBATH K BUCOKY (>
= 16,200).

Pe3ucreHTHICTh BipyCiB 3pocTae y psii MOJIOBIpyC ~
aneHoBipyc < Bipyc Kokcaku < Bipyc ECHO.

BpaxoByroun, 1m0 B NUTHIA BOJAI Taki BUCOKI TUTPHU
BIpYyCIB HE 3yCTPI4alOThCs (JJIs1 CTIUHOI 1€ MOXIJIMBO TIJIBKHU 3
ypaxyBaHHSAM ii KOHIIEHTpyBaHHs B 50 pa3iB), MOXKHa 3pOOHTH
BHCHOBOK, IO JIJISl 3HE3apaXeHHS MMTHOI BOJIM BiJ] 3a3HAYCHUX
BipyciB eeKkTUBHUMH € 103U JIX B mianazowni 1,0-1,5 mr/n [10-
17].
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3.3.2 Hocnioxycenns gipyniyuonoi 0ii /[X uio0o eipycy
nMawuno20 cpuny

Eminemiuna 3HAa4MMICTh BIpyCYy NTAIIMHOTO TPHUILY
oOyMOBJIEHa THM, IO WKl TNEPENbOTHI NTaxu (Hacammepen
BOJIOIIJIABHI), SIKI ICTOPUYHO € MPUPOJHUM pe3epBYyapoM BCiX
BipyCiB Tpumy A, B mepioa Mirpamii CBOIMH EKCKpETaMH
IHTEHCUBHO 3a0pyJIHIOIOTh MTOBEPXHEBI BOJOWMH, BOJA SKHX
CTaHOBUTb CYTTEBMHM PHU3MK 3apa’k€HHs [OMAIIHIX MTaXiB.
EdexTnBHEe 3HE3apaKeHHS BOJW, LI0 BHUKOPUCTOBYETHCS B
rOCHOJAPChKUX LUIAX, HA HAIl OIS, € HaAliHUM Oap'epoM
iHpiKyBaHHA HacelleHHS IMM HeOe3NeuHuM iHQEeKIiHHIM
areHToM.

Excniepumentu 3 BUBYeHHSA Bipyninuanoi aii JIX momo
BipyCy MNTAIIMHOTO TPUIly MPOBOMMIM Ha 0a3i jaboparopii
IMyHOOIOJIOTIYHMX  Ta  XIMIOTEpaNeBTUYHUX  IpernapariB
YKpaiHCBKOr0 HayKOBO-AOCIHITHOIO MPOTHYYMHOTO 1HCTUTYTY
iM. L.I. MeunukoBa y uepBai 2008 p.

[Tpu nocnimkenHi BipyminuaHoi Aii JIX mo BiAHOIIEHHIO
70 BipyCy NTaIIMHOTO TPUIy BUKOPHCTOBYBAIH, K TKAHHHHI
KYJIBTYpH, (pparMeHTH XOpioH-aJlaHTOiCHOI 000sI0HKH (XAO)
14-n060BUX KypsSUMX €eMOPIOHIB.

Bukopucranuif y po0OoTi mTaMm BipyCy NTalIMHOTO
rpuny 3 aHTUreHHOw (opmynoro HsN3 Hamano mo kosmekmii
My3ero 1abopaTopii iMyHOO10JI0TIUHUX Ta XIMIOTEPANIeBTHYHUX
npenapaTiB YKpaiHCbKOI0 HAYKOBO-/IOCJIITHOTO TPOTUIYMHOTO
iHcTuTyTy iM. LI. MeunukoBa TOB “Binpomkenns M” (M.
Opmeca), 3aJ€TTIOHOBAHO CEKTOPOM JIETIOHYBAaHHS HAayKOBOTO
LHEHTPY IITaMiB MIKpOOpraHi3MiB Jlep»aBHOro HayKoOBO-
KOHTPOJIBHOIO IHCTUTYTY 010J10T1i IITaMiB MIKPOOPIaHi3MiB (M.
Kuis).

[Ipy  BHKOHAHHI  JOCHIDKEHb  BUKOPHUCTOBYBAIH
METOJIMYHI PEKOMEHJAIll MO0 BU3HAYEHHS BipYyIIIUIHOL
aKTUBHOCT1 Je3iH(peKmiMHNX mpemnapariB [3] Ta MeToawyHi
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peKoMeHIalii 3 TOKIIHIYHUX JOCIIIKEHb JIKApChKUX 3ac001B
[6].

Pospaxynok TI/[s0 B ekciepuMeHTax in vitro mpoBOAMIH
3a wmerogom Kepbepa y wmomudikamii Ammapina [7].
CratucTruHy 3HAYYIIICTh BIPYMIUAHOL M1 JIOKCHUIY XJIOPY
BU3HAYaIM 3a HEMapaMeTPUYHUM KpPUTEPiEM 3HAKIB JUIs
noB's3aHuX BUOIpok (P 3a kputepiem 3HakiB) [§].

Bipyninumay giro JIX 1o BigHOMIEHHIO JO 30yJIHHKA
NTAIIMHOTO TPUILY BUBYAJIM 32 JIBOX TEMIEPATypHUX PEKUMIB:
+36 1 +4 °C. Ho3u JAX cranoBwiu 1,0+£0,02; 1,51+0,04 Ta
1,96+0,06 mr/n. Excrio3uiiist — 2 TOAMHU.

3pa3kd aNaHTOICHOI pIIMHHU, IO MICTWIA BIpyC,
po3Boaunu B 100 pa3iB qUCTHILOBAHOIO BOJIOKO 3 BIAMOBITHOIO
nozor0 JIX (mocmimHi 3pa3ku) 1 JAUCTHIHOBAHOK BOJIOKO
(xoHTponbHI 3pa3ku). [licas iHkyOarlii B HUX BU3HAYAIH BMICT
1H(eKUIMHOro BIpyCy TUTPYBaHHSM Ha (pparMeHTax XOplOH-
anantoicHoi ob6ononku (XAO) [6, 9]. [ecaTtukpaTHUMH
pO3BeACHHIMM IUX 3pa3kiB iH(ikyBanu ¢parmentu XAO, a
yepe3 48 roauH TepmocraTyBaHHs 3a 37 °C BU3HAYalu TUTP
BIpycCy 3a pe3yibTaTaMmu peakiii remarmoTuHanii (PI'A).

Pesynbratu BuBueHHs BipyminuaHoi Aii J[X cTrocoBHO
30yIHUKA TTAIMHOTO TPUIy MPH PIZHUX TEMIEpaTypHUX
pexumax HaBeneHo B Ta6n. 3.1. BceranoBneno, mo mpu
Temreparypi iHKyOamii +4 °C Tta ekcnosuii 2 romuaun X
NPOSIBJISIB 3HAUHY BIpYTIMIHY Aito npu go3ax 1,51+0,04 ta
1,96+0,06 mr/n. Ilpu +36 °C mnpenapar OyB e(eKTHUBHUM,
nouynHarouu 3 ao03u 1,0+0,02 mr/n. IIpu 06ox TemmeparypHUX
pexumax gao3m X 1,51+0,04 ta 1,96+0,06 wmr/m Oynu
e(EeKTUBHIILIUMH.

TakuM  9WHOM, BIPYyC NTAIIMHOTO TpUNy 3
reMarrfioTuHiHOM Hs BusiBIIsS€ meBHY 4yTiHBICTH 10 JIX mpu
pI3HUX TeMmIepaTypHux pexumax: npu +4 °C miHIMambHA
edexTuBHA 1032 ctanoBuna 1,51+0,04 mr/mn, Toxi sk npu +36 °C
JX magaBaB BipyminuaHy aito npu 1031 1,0+0,02 mr/im.
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BpaxoByroun BHUII€3a3HAYCHE, IEPCIECKTUBHUM €
MOJIaJIbIIIe JTOCHIKeHHS BipyminuaHoi edekruBHocTi X mpu
IHIIMX ~ KOHIICHTpAIlIAX, TEMIICPAaTYpPHHX  pEeKUMax  Ta
excro3uilisx [18].

3.3.3 Tlicieniuna ouinka eipyaiyuonoi 0ii Odiokcudy
XJ10py Yy mMexXHO102iAX Ni020mO6KU RUMHOT 600U

Merta nocnipkeHb mossiraia B OLIHIN BipyTiUAHOL Ail
TIOKCHUIY XJIOpY SK CKJIAJOBOI YacTUHH Tiri€HIYHOTO
OOTpYHTYBaHHSI MOTrO 3aCTOCYBaHHS Ha PI3HUX CTaisfX
TEXHOJIOTIYHOTO TPOLIECY BOJIOMIATOTOBKH.

BinnoBigHO METH TOCIIHKYBaIl Taki 3pa3ku BOJIU:

1. Bomonpoginny Bogy M. IliBnenoro Oxmecpkoi o0im. -
BTOPUHHE 3HE3aPAXKEHHS.

2. Ilpupomny Boay I30011bHEHCHKOrO BOJOCXOBHUIIA
(mxepeno mwutHOi Boau M. Anymta, AP Kpum) —
MEePeOKUCIICHHSI.

3. IIpupoany Bony i3 pkepena mUTHOI Boau M. JKOBTI
Bomu, [uinponerpoBchka o0 (p. Inrymens, IckpiBcbke
BOJIOCXOBHIILIE) - IEPETOKUCICHHS Ta MTOCT3HE3apaKEHHS.

4. IlpupogHy Boay 13 JoKepeida INHUTHOI BOAU M.
Kpemenuyk, [TontaBceka 0611. (KpeMeHuylbke BOIOCXOBHILE) -
MEPEOKHUCIICHHS Ta MMOCT3HE3apAKEHHS.

Jns  KOHIEHTpYBaHHs BIpyciB y Tmpobax Boau
BOJIOIIPOBIIHOT Ta BIIKPUTUX BOJAOWM BHUKOPHCTOBYBAIU TakKl
METO/HU:

* [lpuHIMD  KOHIEHTPYBaHHSI 3a  JONOMOTOIO
aMiHOETOKCHAepOCWITy TOJSATaB B ancopOiii Bipycy Ta #oro
antureHis npu pH=4,5-5,0, BignineHHi copOeHTy 3
azicopOOBaHMM Ha HBOMY AQAHTHIEHOM BIpyCY BIJ 1HIIMX
KOMITOHEHTIB CyCTEH31i Ta emroallii B Tpuc-OydhepHuid po3unH
pU c1aboyXHUX 3HaueHHsIX pH=7,8-8.
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* Meroauka 30upaHHsS Ta KOHIIEHTPYBAHHS BIPYCIB 3a
JI0TTIOMOT 010 nakera 3 MaKpOMOPUCTUM CKJIOM.
KoHneHTpyBaHHS BipyCiB IPYHTYBAJIOCS Ha MPUHIIUII COPOIIii
BIPYCHMX YaCTHHOK BHCOKOE()EKTUBHUM COPOCHTOM KIIacy
KpeMHe3eMiB — Makponopuctum ckiioM mapku MIIC 1000 BI'X
Ta TOAAJIBIIOI JIECOPOIIEI0 HEBEIUKHM OOCSATOM E€JI0AHTIB.
TexHomoriyuHa o0COOMWBICTH METOJY TOJISITAE B TOMY, IO
cOpOeHT NOMIIICHUH y MTAaKEeT, IKAH OIYCKAIOTh y CTPYM PiIUHH.
Ile no3BoOJIsIE BUKOPUCTOBYBATH BEJIHKI OOCATHM BOJU 1 TUM
caMHM 30UTBIIMTH WMOBIPHICTH cOpOLii BipyCHHX YacTHHOK, a
TaKO’X YHUKHYTH MEXaHIYHOr0 3a0pyAHEHHS COpPOCHTY.

Binbip mpo0® Bomu st BipyCOJOTIYHHMX JOCIIKEHB
IIPOBOJIMIIM 32 3arajlLHUMH IpPaBUJIaMU B CTEPUIIbHUNA MOCY.
Koxny mpoOy MapkyBayiM i3 3a3Ha4yeHHSIM Micls BigOopy,
TOYKH BiAOOpY, HaliMeHyBaHHS MpPoOOH, JaTH Ta 4acy BiAOOpYy.
Tepmin mocTaBkU Matepiany A0 J1abopaTtopii He epeBUIIyBaB 6
TOAMH BiJl MOMEHTY BinOopy. TemnepaTtypa 306epiranHs mpoo
cranoBuna +4 °C - +8 °C.

s iaeHTudiKamii BIpYCHHX aHTUTEHIB
BUKOPHCTOBYBAJIM EKCIIPEC-METOJMKY BHU3HAYCHHS AHTUTCHIB
porta-, peo-, afeHoBipyciB i BI'A meTonom iMyHO(pEpMEHTHOTO
ananmizy (I®A) 1 peakuii Henpsimoi remmarmotunanii (PHT'A)
Ha CTaH/JAapPTHUX TECT-CUCTEMAX.

Bcranosneno Hacrymue [19-22]:

1. 3ue3apaxkeHHsa AiokcuaoM xjopy y mozax 0,15-0,30
MI/T  BOAM  IEHTPATi30BaHOTO  TOCIOJAPCHKO-TTUTHOTO
BojoniocTayaHHs M. IliBgeHHuii 3a0e3nedyBajio BiJCYTHICTb
aHTUTEHIB aJICHOBIPYCIB Ta pOTaBIpycCiB, TOOTO emiAeMIYHYy
Oe3meKky BOJM, Y THUX BHUIMAaJKax, KOJM BHXIJHA BOJa, IO
Haaxoauna Ha BOC «/IxicTep», MiCTHIIa aHTUTE€HU LIUX BIPYCIB.

2. Ilpu mnepenoxkucineHHi Boau [3001TbHEHCHKOTO
BOJIOCXOBHIIA, JJIA SKOI XapakTepHi MyTHIcTh 10 30 mr/m Ta
iggexc JIKIT go 2000-3000 KYO/n, pgiokcunm Xjaopy B
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KoHHeHTpanisx 0,5 Mr/i YMHMB BIpYJIOWAHY IO TIO0
BiJIHOIIIEHHIO JI0 BUSIBIICHUX POTaBipyCiB.

3. IIpu BipyCOJIOTTYHOMY JOCIIIPKEHH] MPUPOTHOT BOIU
p. larymens ta IckpiBCchbKOrO BOJOCXOBHUINA ifeHTH(]IKOBaHI
AQHTUTEHU POTaBIPYyCiB. 3HE3apaKCHHs BOJIU MIics (LILTPIB Ta
BOJIM 3 pe3epByapy urctoi Boau (PUB) miokcuaom xiopy B 1031
0,3 mr/m 3a06€31eymnio BiICYyTHICTh aHTUTEHIB POTABIPYCIB.

4. Ilpu BipyCOJIOTIYHOMY JTOCTIIKEHHI IPUPOTHOT BOAM
KpeMeHuYyIIbKOro BOJIOCXOBHINA BUSBJICHO AHTUTCHU BipyCy
renmatuty A B npupoaHii Boai Ta ¢imprpati. Ilicnsa
3He3apaxxeHHS PUIbTpaTy MIOKCUAOM XJopy B a031 0,5 mr/m ui
AQHTUTEHU HE BUSBISLIIM.

3.3.4 Enioemionoziune niomeepoXHceHHs
ehekmuenocmi  diokcudy Xaopy AK 3aco0y MiHimizauii
3aX680P10GAHOCHI HACENEHHA 600HO-00YMOBI1EHUM GIPYCHUM
cenamumom A

Merta mnonsrana y MNOPIBHAJIBHUX €MiJEMIOIOTTYHUX
JOCTIKEHHAX 1HPEeKI1HHOT Ta He1H(pEeKLIHHOT 3aXBOPIOBAHOCTI
HACEeJICHHS, SIKe CIIO’KMBAJIO JI0JJATKOBO 00pOOJIeHy JIOKCHIOM
xyopy (AX) xnopoany (M. HopHOMOPCEK) BOAY Ta XJIOPOBaHY
BogompoBinHy (Ykpaina, M. Oneca, Onecbka 00nacTb, IesKi
HaceseHl MyHKTH Oniecbkoi 001acTi) Boay.

BceranoBneno, mo HaiOLIbIl BUpakeHa HETaTHBHA
tenaenuis s BI'A (-91,544) y m. HopHOMOpChK 1cTOTHO (Y 2,1
— 3,5 pa3u) nepeBepiyBajia aHaJTOTTYHUM MOKA3HUK IS 1HIINX
TepuTopii Ta Ykpainu 3arasioM. OTpuMaHi JaHi € HENPsIMUM
MIATBEP/KCHHSIM  BUCOKOI  Ta  HafiiiHOI  BipymilugHOL
edextuBHoCT J1X.

Jlpyrum HenpsMUM MiATBEPPKEHHSAM  BipyTiIHIHOL
edexTuBHOCTI J[X € TicHA KOpemslis OJep)KaHMX JaHUX 3
pe3yabTaTaMH  BIPYCOJIOTIYHHUX  JOCHIDKEHB:  MPOTATOM
BHBYCHOTO TEPIOAY y BOJOMPOBIIHIM BoAI M. YopHOMOpCHKA
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anturea BI'A He BusBmsm. Takum ymbHoM, JIX € mieBum
3ac000M 3HWKCHHS 3aXBOPIOBAHOCTI HACEJICHHS BOJHO-
00yMOBJICHUM TEIaTUTOM A.

Awnanis TEHAEHIT 3MIHHA HeiH(eKIiHOT
3aXBOPIOBAHOCTI HaceleHHs M. YopHOMOpChbKa TIOKa3aB
BIJICYTHICTh Oy/b-SKOTO BIUIMBY Ha JOCIIDKYBaHI MOKa3HUKH
BCIiX Kareropiit Hacenenus [23-37].
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PO3JILT 4
IMPOTO300LMIHA AISI JIOKCUY XJIOPY

[Muctn nsMOMi 1 OOLUCTH KPHUNTOCIOPUIIN MaloTh
OUThIII BUPAKEHY TOPIBHAHO 3 OakTepissMH 1 Bipycamu
PE3UCTEHTHICTh A0 Mii Je3iHdeKkTaHTiB (XJIOp, O30H), IO
BUKOPHUCTOBYIOTBbCSI Ha BOJIONPOBITHUX CTaHLIAX. Y 3B'SI3KY 3
UM Tiepefada ix y OUTPIIOCTI BUMAJKIB 3IIHCHIOETHCS depes
IUTHY BOJY, SIKA 3aJI0BOJIbHSIE CTAHAAPTU 3a KOMi-(OPMHUMHU
OaKTepisiMH.

3rigHo 3 JaHMMH JITEpaTypu, Aeski [e3iH}ikyroui
3acobu (10%-uuii popmamin abo 5%-Huil amiak) epeKTHBHI
1010 OOIKCT Kpunrocnopuaii [1-3]. Y po6ori [4] anmpoOoBaHO
JeB'SITh PiAKUX Ae3iH(IKyI0Ynx 3aco0iB A MepeBipKH IXHBOT
3patHoCcTi iHakTHBYyBatu Cryptosporidium parvum 0ocysts.
BcranoBneHo, 1110 1HaKTHBAIlls OOLMCT CHocTepiraigacs TUIbKU
npu aii 6 % nepexucy BOAHIO IPU eKCHo3uLii 4 XBUIMHHU Ta 13-
XBUWJIMHHOT €KCIO3UIIT T'1IPOKCUAY aMOHito. [Hin ne3indikyroui
3acobu (70% eranon, 37% metaHon, 6% TINOXJIOPUT HATPIIO,
70% 130mpornaHo Ta TpU KOMEpIiiHI JAe31H(eKTaHTn) He Oynu
e(peKTUBHUMU TpH 33-XBIWINHHIN €KCIIO3MIII].

3BUyaiiHe XJOPYBAaHHS MUTHOI BOAM HaBITh micis 18
TOAMH KOHTAKTYy € HeeQeKTUBHUM. Tulbku (inbTpamis uyepes
MICOK MOK€ 3MEHIIUTH KOHIICHTPAIIII0 OOIKCT, ajie HE YCyBae
iX moBHicTIO [5].

JocnimkeHHs BIUIMBY XJIOpY Ta HOro CIOJYK Ha
oorctu C. parvum mokasaiu 3Ha4HY e(heKTUBHICTb JIOKCHUITY
XJIOPY Yy KOHIIeHTparttii 2-3,3 mr/n [6].

Y poboti [7] HaBeaeHO pe3yNbTaTH JOCIIIKEHHS
3HE3apaXE€HHSI MUTHOI BOJU J10KCUIOM XJopy y nosi 0,8-1,4
Mmr/i1. 3abesneyeHo Buganenns C. parvum ta Giardia lamblia.

BigoMo, mo mucTH amMe0 € HaA3BUYAMHO CTIMKHMH IO
xyopy [8]. Hochimkenus [9] BcTaHOBHUIIO, MO TIOKCUA XJIOPY
3HAYHO €()EeKTUBHIIIUM.
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SIk MOBIAOMIISIIOCS, BAKOPUCTAHHS A10KCUY XJIOPY JAJIst
iHaKTHBaNii YOTHPHOX THUMIB TATOTEHHUX amed J03BOJIsE
3abe3neunTH iX ycyneHHs Ha 99,81% - 99,99% [10].

BuBueHO MOKIIMBU BILTMB 030HY Ta JIOKCUIY XJIOPY Ha
YKUTTE3ATHICT OOKMCT KPUNTOCIIOPUAIN y muTHIN Boi [11].

KonrpomoBamn  uymcno oommer C. parvum vy
JeMiHepaTi30BaHii BOJi, OOpOOJICHIM MIOKCHIOM XJIOpY abo
o30HOM. /Jle3iHdikyroui 3acobm HEWTpai3yBall HATPIIO
TiocynbpaTtom. HOBOHApOIKEHUM MHIIIaM OOIMCTH BBOAMIU
IHTparacTpajbHO Ta CIIOCTEPIraJiv 3a YUCIOM OOIHCT MPOTATOM
7 nuiB. IlonmepenHi MOCHTIDKEHHS IOKa3alM, IO MiHIMalabHa
no3a (s 100% iadixyBanns) cranoButh 1000 ooruct (Ha 0,1
mi). Lleir piBersr (1000 Ta BuUIE) BiANOBIZAE MAKCHMAaJIbLHO
3apeecTPOBAHOMY PIBHIO KOHTaMiHaIlli TOBEpXHEBUX BO1 [12].

O6po0Oka BoIH, 110 MICTUTH 10* oormeT/MII 103050 030HY
1,11 mr/n mpoTsaroM 6 XBWJIMH, ITOBHICTIO YCYHYJa IHPEKIIHHY
aKTUBHICTb OOLIUCT JJI1 HOBOHAPO/DKEHUX MUIIeH. [lo3a 030HY
2,27 mr/n inakTuByBana 5x10° oomuct/Mi npotarom 8 xs. Jlo3a
niokeuny xjopy 0,4 Mr/n 3HauHO 3MeEHIIMIA i1H(pEKUIHHY
aKTHUBHICTH TAKOTO 5K YHCJIa OOIHCT MPOTATOM 15 XBWIIMH, X04a
JIeSIKE YMCII0 OOIUCT 3aIUIIAINCA )KUTTe31aTHUMHU [ 12].

3acTtocyBaHHs AJI1 BTOPUHHOI Ae31H(eK1IIi MUTHOT BOU
niokeuny xiaopy (0,25 mr/n y bensrii; 0,20 mr/n y Himeuunni; 1
mr/n y CIIIA) no3BoJisie MPUITYCTUTH 1HAKTUBAL[IIO BCIX OOLUCT
y Jemo 3a0pyaHeHidl Boi, MO Mae OyTH MiATBEPIKEHO
MOTATBIITMH JOCITIPKEHHSIMH.

VY po6orti [13] ounmeni C. parvum oocysts Oymnu mijgaani
BIUIMBY  O30HOM,  JIOKCHIOM  XJOpY, XJIOpOM  Ta
MOHOXJIOpaMiHOM. J[sl  OIIIHKM  KUTTE3AATHOCTI  OOIUCT
BUKOPHCTOBYBAJIM TOM CaMMH METOJMYHHN MPUHOM, IO Yy
nornepeaHiii poOoTi, TOOTO NMPOBOAWUIM MOPIBHSUIBHY OILIHKY
iHpexTuBHOCTI s Mumed. O30H Ta MIOKCHA XJIOPY OLIBIIT
epEeKTUBHO  IHAKTHBYBJIM  OOLMCTH, HDK XJOp Ta
MoHoxsopamiH. binbm Hik 90% iHakTHBalis Oyna IOCSATHYTa
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Ipu il 030HOM KOHIICHTpaliero 1 Mr/ia 3a 5 XB., JIOKCHIOM
XJIOpy Tipu KoHIeHTpanii 1,3 mr/a 3a 60 xB. (puc. 4.1), Toxi sk
JUTSI TAKOTO PiBHS 1HAKTHBAIlIl XJIOPY Ta MOHOXJIOpaMiHy OyJio
notpiono 80 mr/m 3a 90 xBuiauH. 3a BHIIEBKa3aHUX YMOB
eKCIIEpUMEHTY Ta piBHI KoHTamiHaIli 600 OOIMCT MiOKCH
XJIOPY TOBHICTIO JIIKBi1yBaB TXHIO 1HPEKTHUBHICTH JIJIsI MULICH.

100

SO @O XM R
_d
(=]

‘ i
0 15 30 45 60

Exposure Time {Minutes)

Puc. 4.1 Cepenne 3HMXKEHHS BIJICOTKA €KCIMCTOBAHUX
C. parvum oocysts micuist z1ii [1ioKCH Ly XJI0py B KOHIIeHTparii 1,3
mr/it ripu 25 °C. CUMBOJIM MOKa3yIOTh Pe3yJIbTaTH HE3aIEKHUX
BUIIPOOYBaHb

Jani Bka3yroTh, mo C. parvum oocysts € B 30 pasis
CTIMKIIIMMHU 710 030HY 1 B 14 pa3iB OUIbILI CTINKUMHU 0 TIOKCUIY
XJopy, HiX ety Giardia 3a Tux e yMoB.

VY pobori [14] aBTOpM 3ragyloTh paHillie TOCIiIXKEeHi
piBHi iHakTuBamii C. parvum oocyst miokcuaom xmopy [11, 13,
15-19].
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PazoM 3 TUM, HarojomyeThcs Ha HEMOCIITOBHOCTI
BHUCHOBKIB Y IINX €KCIIEPUMEHTAX, 10 MOSICHIOETHCSI CYTTEBUMHU
BIJIMIHHOCTSIMH METOMIB OLIIHKH JKUTTE3NATHOCTI OOLMCT ITiCIIA
excuuctyBanHg.  Cramii  KMTTEBOrO LMKy  [apa3uTa
BKJIIOYAIOTh BUXIJl 3 IMCTH B OPTaHi3Mi TOCIIOAApPS MICis HOro
3apaeHHS mepopaibHuM nusixoM. Jlocmiam in - Vitro
BiJIPI3HSUTUCS MOBUTBHIIIMMY PIBHAMH iHAKTHBALIIi TOPIBHSIHO 3
TaKUMH B EKCIIEPUMEHTAX, L0 IPYHTYIOThCS Ha BU3HAYCHHI
iHpexkTHBHOCTI y wmmmed. OpHak, TOH K€ pIBEHb
HEBIMOBIAHOCTI criocTepiraBes 1 B nepuii [15, 17], 1 B apyrii
[15, 16, 18] rpymi gOCTITKEHB.

I'onmoBHa meta poGotu [14] mosnsrana B OIiHIN PiBHIB
imaktuBanii C. parvum oocyst giokcumom xsopy. EdekTuBHICTD
ne3iHdeKIii OIIHIOBaIM METOJAOM, 3aCHOBAaHMM Ha 3MiHi
eKCIMCTYBaHHA in vitro [20], aBTOpU SIKOTO TOBIIOMIISIIA PO
HOro CyMIiCHICTh 13 JaHMMHU 1H(EKTUBHOCTI Ha TBapUHaX B
eKcriepuMenTax 3 Ae3iHdexiii o3oHoM. J[ogaTkoBi 3aBIaHHS
BKJIFOYAJTU IOCII/PKEHHS BIUIMBY pH 1 TemnepaTypu Ha KIHETUKY
iHaKTHBaIIi Ta OLIHKY Bapialiii ctiiikocti C. parvum oocyst 1o
1HAKTHUBAI].

ExcnepumenTtanbHi pe3yibpTraTty iHakTHBarii C. parvum
oocysts niokcunom xsopy npu 10 °C ta pH 8 npencrasieni Ha
puc. 4.2. BwkuBaHHS OOIMCT OI[IHEHO JBOMA pI3HUMHU
MiaXoAaMu OOYMCIICHHS, OMMMCAaHUMU paHime. CBITII CUMBOJIH
BIJIMOBIAANIM 3BUYAHOMY MiJIXOJly, 3alIpOIIOHOBaHOMY B [21],
KU BUKOPHCTOBYBABCS OUIBIIICTIO 1HIIUX TPYM JOCIIIHUKIB
[15, 17]. Yucna, mo3Ha4Ye€HI TEMHMMH CHMBOJIAMH, OYyIH
OTpHUMaHi 3MIHEHHUM I11JIX0/I0M, 3arnpornoHoBaHiuM Rennecker et
al. [20].

BapiaGenbHicte ctiiikocti C. parvum oocysts 10
1HaKTHBAIlll JTIOKCHIIOM XJIOPY UTIOCTPYEThCS HACTYITHUMH
naHuMu. Bcel Tpu ekcriepuMeHTanabHI HaOOpH OOLMCT HITaMy
AiioBu inaktuByBanu mpu 20 °C 1 pH 10. ¥V Bapianti B
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crocTepiraiacs OuUTbIia pe3UCTEHTHICTh OOIKCT, HIK Y BapiaHTi
A. 1li BinminHOCTI, 3a3Ha4eni Rennecker et al. [20] mis ooruct
3 pI3HUX JDKEpeNl B €KCIEpPHUMEHTaX 3 JIe31H(EKIIE0 030HOM,
HMOBIpHO, BHIUIMBAaIM 3 KOMOiHAIil (hakTopiB, BKIIIOYAIOUU
BIZIMIHHOCTI B TIOXO/KCHHSI 30y/THHUKA, BUPAKEHOCTI 1H(EKIIii B
KHUIIEYHUKY TOCTIOAAps Ta MOJaJIbIIii 00poO1Ii OOIHUCT.

2 o 3
_ W :
(] 1
0.1 f . ;
L] (u ]
S P
] (] (=]
0.01 LI
m  Sporozoites
o Empty Oocysts
O_ml [ P—— i —- 'l ——
0 100 200 300 400 500

CT (mg min/L)

Puc. 4.2 InaktuBanis giokcuaom xiopy (pH=8, T=10
°C) C. parvum oocysts, oIiHEHa METOJIOM 3MiHEHOTO
eKCIIMCTYBAaHHS 1N Vitro 3a 1HJAEKCaMU MOPOKHIX OOIMCT Ta
€KCIIMCTOBAHMX CIIOPO30iTiB

Pone temnepatypu B iHaktuBauii C. parvum oocysts
JTIOKCHUIOM XJIOpYy TipejcTaBieHa Ha puc. 4.3. Otpumani naHi
MOKa3yloTh, IO MarHitynaa jar-gasu 30UIbIIMIIACS, a PIBEHb
1HaKTUBAIlll 3MEHIIMBCSA 31 3MEHIICHHSIM TeMIeparypu. Yci
YOTHPHU KPHBI, sIKi IpeAcTaBieHi Ha puc. 4.3, 6ynu noOyoBaHi
3a mozeso Chick-Watson, onucanoro Rennecker et al. (1999)
Jutst 030HY [20].
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I'padix KOHCTAHT MIBUAKOCTI I1HAKTHUBAIli JIPYroro
MOPSAKY 3T1IHO 13 3aKOHOM AppeHiyca IpeCTaBICHUI Ha PUC.

4.4.

600 800 1000

o 200 400
CT (mg min/L.)

Puc. 4.3 BmumB Temmeparypu Ha iHaktuBamiio C.
parvum oocysts niokcugoM xjopy (pH = 8,0)

10 ¢ T

O, (Rennecker et al., 1999)

& (L/mg min)

0.01 |

ClO, (This study)

L

0.001 * +
0.0033 0.0034 0.0035 0.0036

/T(K")

Puc. 4.4 KoHCTaHTH MIBUIKOCTI iHAKTHUBAIl JPYroro
MOPSAJKY 3TIHO 13 3aKOHOM AppeHiyca BIANOBITHO J0 JaHUX
TIOKCUY XJ0py I 1iboro pociimkenss (K = 1,09 x 10 s1/mr-
XB, eHepris aktuBanii = 86 300 Ix/M) ta o3ony [20] (K =3,3 x
10'* 1/mr- xB; enepris aktupanii = 81200 JIx/M).
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ITpumitka. KoHCTaHTH IMIBUIKOCTI iHAKTHUBAIIIT IPYroro
MOPSAZIKY OIUCYIOThCS 3aKOHOM AppeHiyca sSK 3alie)KHICTb
koHcTanTH mBuakocTi (K) Bim Temmeparypu (T) wuyepes
excnioHeHIiiny ¢ynkmio: K = A - exp(-E_a / (RT)), ne E_a -
eHepris akTuBailii, A — MHOXXHHK, IOB'S3aHUH 3 YacCTOTOIO
31TKHEHB, a R - yHiBepcanbHa ra3oBa crana.

Cain 3BepHYTH yBary Ha O4eBHIHUH (PaKT, 110 eHepris
aKTUBAIll TIOKCUIY XJIOPY HA IIICTh OJUHHIIL NEPEBHIyBaJa
3HAuYEHHS, paHille 3HaieH1 A 030HYy [20].

Lle crocTepexeHHs I03BOJISE€ MPUIYCTUTH, IO PiBHI
inaktuBauii C. parvum oocyst NIOKCUJIOM XJIOpYy 1 O30HOM
MOXYTb OYTH IICHTUYHUMHU.

ExcniepuMmenTanbHi pe3ynbTaTi, OTpUMaHi B OLIHII POl
pH B inakTuBarii, moka3ano Ha puc. 4.5.

pH 6 (Phosphate Buffer, B-1)
pH 8 (Phosphate Buffer, B-2)
pH 8 (Phosphate Buffer, B-7)
pH 10 (Borate Buffer, B-3)
pH 10 (Borate Buffer, B-8)
pH 10 (Carbonate Buffer, B-9)

LN EIE S -3 el

0

Ivriv

0.01

0.001 -
0 50 100 150 200

CT (mg min/L)

Puc. 4.5 BB pH Ha iHakTuBanito C. parvum oocysts
niokcunom xiopy (T =20 °C)
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Sk BUOHO 3 OTpMMaHUX NaHMX, KpuBi iHakTHBaIli C.
parvum oocysts giokcuaom xyopy npu pH 6 1 8 3HauHOIO MipoTO
36iramucs. Pazom 3 Tum, 3a pH 10 npu BuKOprcTaHHI 60paTHOTO
Ta KapOoHaTHOTO Oy(epHUX PO3UMHIB crocTepiraigacst OLIbII
KOpoTKa Jar-gasza Ta IIBHAIIMK MOJAJbIIUNA  piBEHb
inaktuBanii. Pisens CT inakruBamii B aianazoni 90-99,9% 0Oys
npubauzno Ha 20-30% nHmwkue 3a pH 10, Hix 3a pH 6-8. Lli
BiIMIHHOCTi, MOJKJIMBO, BWIUTMBAIM 3 KOMOIiHAIIi (akTopis,
BKJIIOUAIOYU TIOMHIIKM Yepe3 BIAXWUIICHHS pEeakiii MepIioro
MOPSAKY pO3Maay TIOKCHIY XJIOpY.

JlomaTkoBE MOXIIMBE MOSICHEHHSI IOJIATA€E B TOMY, IO
reTeporeHHi peakmii, BiANOBiJalbHI 32 IMOBHY iHaKTHBAIIIO,
MOJKJIUBO, KaTajizyBanacs TiApOKCHIbHUM 10HOM. Crif Takox
3a3HAYMTH, MO0 KpHUBI I1HAaKTUBalii OyaM  MPAKTHYHO
OJIHAKOBMMHU HAaBITh MpPHU TOMY, IO MOYATKOBI KOHIEHTpAIii
niokcuay xjaopy, 0,8 12,0 Mr/n, Bigpi3Hsaucs B 2,5 pas3u.

[TopiusiaHs iHakTUBaLil C. parvum oocysts JIOKCHIOM
XJOpYy B JaHOMY JOCHKEeHHI [14] 3 IHIIUMH JaHUMH
nitepatypu [16-18] npencrasneHo Ha puc. 4.6.

V3aranbHIOIOYM ~ MOPIBHSUIBHMM ~ aHaii3,  aBTOpPHU
BIJ3HAYAIOTh  MPHUHUHATHICTb  CYMICHOCTI  pe3yJIbTaTiB,
OTPUMAaHHMX Yy IbOMY JOCHIDKeHHI, 3 JaHUMH II0J0
1H(QEKTUBHOCTI HAa EKCIepUMEHTAIbHUX TBAapUHAX, fKa
criocrepiraiach 1 npu iHaktupauii C. parvum oocysts 030HoM
[20].

V T1aba. 4.1 "HaBeneHo MiHiManbpHI 3HayeHHsS CT s
inaktuBauii C. parvum oocysts piokcugom xiopy. Crix
3BEpHYTH yBary, 1o 3HaueHHs CT Oynu o0epHEHO NponopiiHi
Temreparypi 1 301IbIIyBaJICS B cepeHbOMY B 3,4 pasu uis
KOKHOTr0 3MeHIIeHHs Temnepatypu Ha 10 °C.

Hanpukinui  aBropu  [14]  Big3HayawoTh, 11O
anpoOOBaHUN HUMHU METO]T CyMICHUH 3 paHilie OB JOMICHUMH
pesynbratamu s 030HY [20] 1 mopiBHSAHUI 3 OMyOIIKOBAaHUMU
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paHile JaHUMU 11010 1HPEKTUBHOCTI HA TBApUHAX JIJIS TOTO XK
IITaMy OOITHCT.

0.01

NN )

This study. pH 6 and 8, 20°C
LeChevallier ez al. (1996), pH 6, 20°C
LeChevallier ez al. (1996), pH 8, 20°C

Liyanage et al. (1997), pH 6, 22°C
Liyanage et al. (1997), pH 8, 22°C
Li er @f. (1998), pH 6, 22°C

50

100
CT {mg min/L)

150

200

Puc. 4.6 TlopiBusiHust iHakTuBaiii C. parvum oocysts
TIOKCHIOM XJIOpY B JaHOMY JAOCHiKeHHI [14] 3 iHImmMMH

JTaHuMHU Jiteparypu [16-18]

Tabnuns 4.1
MinimansHi 3HadeHHst CT mns inaktuBanii C. parvum
oocysts (pe3UCTEeHTHUH TaM AHOBa) TIOKCHIOM XJIOPY

IHakTHBaILis, CT, mr/in-xs

(-log [N/No])  lo,5°C [s°C [10°C [15°C [20°C [25°C [30°C
0,5 566 306 [159 839 |54 251 [141
1,0 888 480 [249 132 712 393 221
1,5 1210 655 [339 179 970 536 [30,2
2,0 1530 829 |429 227 123 67,8 38,2
2,5 1850  [1000 [519 275 149 82,0  [46,2
3,0 2170 [1180 [609 322 174 96,3 [54,2
3,5 2500 [1350 [699 370 200 111 62,2
4.0 2820 [1520 [789 418 226 125 70,3
4.5 3140 [1700 [879 465 252 139 78,3
5,0 3460 [1870 [969 513 277 153 86,3
5,5 3780 [2050 [1069 [561 303 167 94,3
6,0 4100 [2220 [1150 |608 329 182 102
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Ileti MeTox OiIBIN MPOCTHH 1 TOYHIMINUN, HIXK ITAXOAH
iHpEKTUBHOCTI HA  TBAapHHAX, IO  JIO3BOJIsIE  HOrO
PEKOMEHAYBaTH K IMEPBUHHUN JJs1 OLIHKHU JKUTTE3JATHOCTI
OOIIHCT IIOJI0 MPOTO300IUAHOI e(PEeKTUBHOCTI /1e31H(EKTaHTIB.
BukopucranHs 1bOro METoy A03BOJISI€ ONEPATUBHO OTPUMATH
snayenHss CT Tta azxekBatHO choOpMyIIOBaTH BIAIMOBIAHI
IHCTpYKLI 1070 3HE3apaXKCHHs MUTHOI BOJM.

PesynbpTatn mocmimkenb [22], 3aCHOBaHUX HA 1HIIOMY,
MOPIBHSAHO 3 JIBOMA IOMNEpEeIHIMU POOOTaMU, METOAUYHOMY
MPUAOMI - BIUIMBI JIOKCHIY XJIOPY Ha YUCTi KYJIbTYpH OOLUCT y
Boal (pH 8 1 21 °C) - mokazaiu, U0 pe3UCTEHTHICTh OOLHUCT,
BUIJIEHUX 3 TPhOX PI3HUX PKEPE, Bapilo€ B JOCUTH MIHUPOKIN
mexki: kputepii CT st 99 % (0,5 logio u 2,0 logio) iHakTHBaIii
oonucTt cxiamas 75, 550 u 1,000 mr/m-xs.

Y  mii  pobori  [22] Takok  MOPIBHIOBAIH
B3a€EMOBITHOCUHH MK YYTJIMBICTIO J0 JIOKCHAY XJIOPY TaKUX
NOLIMPEHUX 1HIUKATOPIB, K CIOPOBI (POPMHU MIKpOOpraHi3MiB
(Bacillus subtilis /aepoOHMiA/ i Clostridium
sporogenes/anaepo6uuii/) Ta C. parvum oocysts. [Tokaszano, 1o
OakTepiaypHI CIIOPU YYTIMBINI 0 AiOKcHay Xxiopy, Hix C.
parvum oocysts. Takum YMHOM, TepIlli He MO>KHA PO3TIIIATH SIK
npsiMi  iHAMKatopu iHaktuBamii C. parvum s 1soro
ne3indikyrouoro  3aco0y.  3a3HadeHo, 1m0  MaiOyTHI
JOCTIPKEHHSL Y IIbOMY HamnpsMi MalOTh CTOCYBAaTHCS MpoOIemM
OUMILEHHS 3pa3KiB OOLMCT Tepel EeKCHEepPUMEHTOM Ta
BpaxyBaHHS IXHBOTO TEHETHYHOTO PO3MAITTS, OCKUTBKH IIi
YMHHUKA MOXXYTh BIUIMBAaTH Ha YYTJIUBICTh IIUX MPOTO30a JI0
ne3iHgeKIii.

Ha wiit poGori [22], gk i Ha nonepeaniii [14] nouinsHO
3YMUHUATHUCS AOoKIaaHiIe. Hacammnepen aBTopu mpoaHaltizyBan
pe3yabTaTh MONEePEeAHIX JOCTIKEHb 1 MOPIBHIM iX 31 CBOIMH
(Tabm. 4.2).
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JTIOKCHUIOM XJI0pY [22]
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Taomuus 4.2

JochipkeHb moao iHakTuBaii C. parvum oocysts

Ne | Pestome skcnepumenty® | Ct 10g10 Ouinka  minmsocTi | Jxepeno?
(Mr/n-xB) | 1HAaKTHBamii® a00 1H(EKTUBHOCTI
1 2 3 4 5 6
1. | C. parvum, ximHarHa | 12,9° 1,24 (1,0) IH(hEKTUBHICTD /ISt 11
temneparypa, B [OX MHUILIEN
0,43 mr/a, 3K 0,22 mr/m,
excriozutrist 30 xB
2. |C. parvum, 0,01M | 789 1,0 (2,0) [adexTuBHICTD 1151 13
docharuuii 6ydep, pH 7, MHUIIICH
25 °C, BA AX 1,3 mr/m,
3K 0,4 Mr/n, eKcIo3HIlis
60 xB
3. C. parvum, 0,05 M | 6Q° 0,99 [HpexTUBHICTD 1S 23
¢docharuuii 6ydep, pH 8, MUIIIEH
22+1 °C, BJ JX
2,0 mr/m, €KCITO3HUIIIs
30 xB
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[Iponosxxenns tad. 4.2

1 2 3 4 5 6

4, Jue. n. 3, ekcrnosuuis | 122° 1,57 [HdpexTuBHICTD M1 23
61 xB MHUIIEH

5. |Jus. m 3, BI X | 383" >3,22 [HdexTuBHICTD M1 23
3,3 mr/i, €KCITO3HUIIIS MMILIEH
116 mun

6. C. parvum, 0,06 M | 120 1,8u 2,1 [HdexTuBHICTD M1 24
¢docharauii 6ydep, pH 6, MUIIIEeH
22 °C, 2 gochigu

7. | C. parvum (izomst Aiiosa, | 150 2,0° MoaudikoBane 14
renorun 2 [C] Big Temst, EKCIIMCTYBaHHS iN
YHIBEPCHTET ApH30HH), vitro
0,01 M docharanit
oydep, pH 8, 20 °C

8. | C. parvum (mram Aiiosa | 1000 2,0° Kynprypa MPN- 22
PHF), ddH.0O, pH 8, 21 KJIITHH
°C

9. | C. parvum (mram AiioBa | 1000 0,5° ExcuucryBanHs in 22

PHF), ddH20, pH 8, 21
°C

Vitro
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[Iponosxxenns tad. 4.2

2 3 4 5 6
10. | C. parvum (mram Afioa | 550 2,0° KyneTypa MPN- 22
Crepuinr), ddH20, pH 8, KIIITUH
21°C
11. | C. parvum (muram AiioBa, | 75 2,0° Kynprypa MPN- 22
yHiBepcuTeT Annbepra), KITIITHH
ddH>0, pH 8, 21 °C

[Mpumitku: a ddH20 — neionizoBana nuctuiboBana Bojaa; PHF — myseit miramis; B/ - BuxiaHa 103a;
3K — saymmkoBa kourentpaiis; MPN - most-probable-number (aaii6inbin #imoBipae uucio); b -
3HaueHHs Ct - MakcumanbHUi TeopeTnyHuii Ct, 00UHUCICHHUIN NUIIXOM MHOXEHHS BHXITHOI 103U
nesindekranTa Ha ekcro3umiro. Ciijx 3a3HaunTy, mo Liyanage 13 criBaBT. [23] Haganu gani B/ Ta
3K niokcuny xiopy npu iHakTuBanii C. parvum oocyst i y Bcix Bunazakax 3K cranosuina 60% a6o
meHiie B/I; ¢ - 3HaYeHHs y KpyTIIIUX Ty)KKax — pe3ybTaT nepepaxyHkis [26]; d - mpeacTaBieHo Juiie
BiJ1IOpaHi JaH1 KO’KHOTO MOCUJIAHHS; € — OPIEHTOBHI 3HAYCHHSI.
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Sx mokazano Ha puc. 4.7, y UBOMY JOCTiIKEHHI
BUKOPHUCTOBYBAJIM TPU PI3HUX My3eiHuX mramy C. parvum
oocysts 3 PHF (my3eit mramiB Pleasant Hill Farm, Troy, Idaho)
(99-23, 00-3 Ta 00-11).

i
OIL\
| ® PHF Lot 00-3
| » O PHF Lot 00-11
L
®
>
5
e
,_E 2
g
- |
-3 4
N
i
4 - ; : r . . ' '
0 200 400 600 800 1000 1200 1400 1600

Ct (mgmin/L)

Puc. 4.7 TlopiBHsHHS NiHIMHOI perpecii iHaKTHBAIlii
JTIOKCHUIIOM XJIOpY ABOX pi3HMX mTamiB C. parvum oocysts i3
PHF. 18 ciuns 2000 p. OyB BunpoOysanwuii mram 00-3 (cyuiibHa
miHist), 8 uepBHa 2000 mram 00-11 (mepepuBuUacTa JiHifA).
InaktuBarmiss Oyma BUMIpsSHA METOAOM 1H()EKTUBHOCTI ISt
MPN-xmitun 1 Oyna BukoHana npu 21 °C y neioHi3oBaHii
TUCTUIIRLOBaH1M Bozi ipu pH 8,0
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Hlram 99-23 y momepenHiX EKCHEPUMEHTaX CIIy>KUB
KOHTpOJIEM; JIBa 1HILII BUKOPUCTOBYBAJIUCS B €KCIEPUMEHTAX 3
1HAKTHBAIIi TIOKCUIOM XJIOPY.

18 ciuns 2000 p. Oyno mpoBeneHo ekcriepuMent i3 00-3,
8 uepBHs 2000 p. —3 00-11. [HakTHBAaIis JIOKCHAOM XJIOPY Oyia
BUMIpsiHA MeTOAOM iH(eKTUBHOCTI 1isi MPN-kmituH 1 Oyna
BukoHaHa rpu 21 °C B [Iei0HI30BaHIi AUCTUIHLOBAHIN BOJII PU
pH 8,0. IlomapHe TOpIBHSHHS CKOPUTIOBAHOI CEpPEIHbOI
BEJIMYMHU PIBHIB 1HAKTHBAIlIi MTOKA3aJI0 BiJICYTHICTh 3HAYHUX
BinMinHocTel (P <0,05) y 4yTauBOCTI 10 JIOKCUAY XJIOPY JBOX
BUNPOOYBAaHWX  INTaMiB, MO0 CBIQYATH TIPO  XOPOIIYy
BiJITBOPIOBAHICTh METOJY.

Ha nomaTok 10 MOXIMBHUX 3MiH 3aJI€KHO BiJ JDKEpera
OLIIHUIU e()EeKTUBHICTh 1HAKTUBAIIi TIOKCUIOM XJIOPY OOILIMCT
Bil Tphox pi3Hux nocradaneHukiB (PHF, nabGoparopis
napazurosorii  CrepyiHra Ta  yHiBepcuTeT  AnbOepTH).
Pe3ynbraTty mokasanu pi3Hi piBHI CTIHKOCTI 0 JIOKCUAY XJIOPY
(puc. 4.8).

Hampuxnan, ana 2,0 loglO inaktuBanii 3HayeHHs Ct
cragosrii 1 000, 550 ta 75 mr/a-xs mnsg oonmct 3 PHF,
naboparopii mapasutosorii  CrepiiHra Ta  YHIBEPCUTETY
AnbOeptu  BignoBigHo (Tabn. 4.2). IlomapHi NOpPiBHSAHHA
CKOPUTOBAHOI CEpPeHBhOI BEIWYMHU PIBHIB  1HAKTHUBAI]
MoKa3aJiy, 10 i BIAMIHHOCTI Oy/lH 3HAYYIIMMHU AJIS KOKHOTO
noctadanbanka (P < 0,05). Tabn. 4.2 migOuBae mMiaCyMOK
PI3HUX TOCIHIIKEeHb 3 IHAKTHUBAIl1 JiokcuaoM xiopy C. parvum.
Y 1upoMy JIOCHDKEHHI PpiBHI 1HaKTHBAIlli OONKCT 3
yHiBepcuTeTy AnbOepTH Oynu MOpIBHSAHI 3 JAaHUMH, paHille
OmyOJIIKOBaHUMH IIUMU AOCTiAHUKaMH [24, 25].

Ile no03BOJISI€ TMPUITYCTUTH, IO 3 BUKOPUCTAHHSAM THUX
caMHUX OOIMCT, JaHl 1HaKTHBAIil 3 1H(QEKTHBHICTIO MUIIEH i
ananizoM iHdexkTuBHOCTI A1t MPN-kiTHH nmoaibHi (Tabm. 4.2).
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Jo miei pobGorm [22] Oynmm BiACYTHI J[daHi OO
iHakTUBaLii niokcuaoM xiopy oouuct 3 PHF, mo ycknannioe
IpsiMi TTOPIBHSHHS 3 1HIIMMHU JOCHIPKEHHSIMH, OCKUIBKA BOHU
Oy BUKOHAHI 3 PI3HUMHU OOIMCTaMH.

Jani iHakTHMBalii BigmoBimanmu JiHIMHIA perpecii
nepmoro nopsaaxky (tabm. 4.2.3). ¥ Bcix HaOOpIB JaHHUX 10
inpeKkTMBHOCTI Ha Kyl1bTypi MPN-KIITHH 3HaueHHS 1° Oyau
oinpiie 0,75, a 3HaUEHHS Y-TOYKU MEepeTUHY Oy MiHIMalbHI,
10 JTO3BOJISIE IPUITYCTUTH XOPOIIY aliPOKCHMAIIIIO 3 MOJEIITIO
Chick-Watson.

3HayeHHs r’ Ul eKCLIUCTYBaHHS in Vitro Oyiu MeHIe
0,50 s nmBOX 13 TPHOX BHUIAJKIB, IO CBIAYHTH PO
HEa/IeKBaTHICTh  JJAHOTO  METOJAYy BHUMIPIOBaHHA  DiBHA
1HAKTHBAIlIl Yepe3 CXWIbHICTh OTPUMAHMUX JAHUX JI0 3MiH.

3akiroyHa MeTa 1bOro JOCHIKeHHs [22] monsrana y
OIIiHIIl TOBHOI[IHHOCTI IBOX OaKTepiadbHUX 1HAUKATOPIB: CIIOP
B. subtilis 1 C. sporogenes. BukopucroByBaiu J1abopaTopHi
mTaMd  CIop, sKi  CYCHEeHAyBailM B  JC10HI30BaHIi
JTUCTUIBOBAHIA  BOAI  JUII  ©KCIIEPUMEHTIB  1HAKTHBAIIil
niokcuzioM xJjopy. Obuasa Tvnu crop Oyiu 3HA4HO Oifiblie
(momapHe TOPIBHSHHA CKOPUTOBAHOI CEpPEAHBOI BEIMYUHU
piBHIB iHakTHBanii P<0,05) cxuipHi 10 iHAKTHBALI{ TIOKCHIOM
xnopy, HiK C. parvum oocysts 3 PHF 1 maGoparopii
napasurosiorii CTepiiHry B 1€10HI30BaHIl TUCTUIILOBAHIN BOAI:
npu pH 8 menm wixk 0,5 logio iHaktuBauii C. parvum (PHF),
TOJIi SIK 1HAKTUBAIlis criop nepeBuinmia 5,0 logio OMUHUI 7S
THX caMuX yMOB (pwuc. 4.8).

Y pobGoti [25] nmocmipKeHO KIHETUKY 1HAKTHBAIIil
TIOKCUZIOM XJI0py TUCT Naegleria gruberi (HemaTOTeHHI 1TUCTH
IPYHTY Ta BOJAOIM, fKi CIOpPIJHEHI 3 MapasUTOM JIIOJUHH
Naegleria fowleri) y Binti Big 3 10 12 gHIB 1 BIUIUB HA IIe# TIpo1iec
pH Bix 5 10 9 i remnepatypu Bin 5 go 30.
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JliniiiHa perpecis pe3yibTaTiB iHaKTUBaIii C. parvum

Tabnuus 4.3

ITocraBmuk ExcuucryBanss in Vitro Amnani3 inhexkTuBHOCTI 118 MPN-kmiTHH
OOIIHCT r? K (a/mr- xB) ? y-TOYKa r? K (;1/mr- xB) # y-TOUKa
NIEPETUHY MIEPETUTY
PHF 0,475 -0,0007 -0,0179 0,902 | -0,00233 0,338
Jlaboparopis | 0,3697 | -0,0018 -0,398 0,752 | -0,0035 -0.080
Mapa3uToJIorii
Crepiinra
VYuisepcuter | 0,9622 | -0,0058 -0,092 0,986 | -0,0270 -0.160
AnpbepT

8 k - KOHCTaHTa IIBHIKOCTI PEakIlil MepBOro MOPsIKa, B3sITa K HAXWI JiHIHHOI perpeccil

MaHAX
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Puc. 4.8 TlopiBHsHHA JiHIHHOI perpecii iHaKTHBamii
niokcunom xaopy C. parvum 13 Tppox pizHux mkepen (PHF,
nabopatopist mapasuronorii - CrepiiHra Ta  YHIBEPCUTET
AnsOeptr). IHakTuBamiss Oyina BHUKOHaHA B J€10HI30BaHIi
muctunboBaHit Bomi (21 °C, pH 8,0) 3 Bu3HaYeHHIM
epextuBHOCTI MPN-KkIiTHH (A) Ta €KCUMCTYBaHHSIM in Vitro
(B). IopiBHIOBaIM iHAKTHBAIIIO JAIOKCUIOM XJIOPY (32 THUX K€
ymoB) C. parvum oocysts, ciop B. subtilis Ta cniop Clostridium
sporogenes (A)
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B pesynapTari 1pOro AOCHIKEHHS 3pOOJEHO Taki
BHUCHOBKH:

1. Jiokcun xyopy — epexTuBHUN ne3iH(piKyrounii 3aci
mono 1uct N. gruberi. Tlpu 25 °C 1 pH=7 cepenne 3nadeHHs
(CT) nnsa 99% inakTHBallii CTAaHOBUTH 5,5 MI/JI-XB.

2. Huctu N. gruberi MeHm CTilki A0 1HAKTHBAIl
niokcuoM xJopy y pasi migsumenas pH. Ilpu 25 °C 3HaueHHS
CT, neobximne mia 99% inakTuBalii, 3MeHIIyeThbes Bif 6,4
mr/n-xB ipu pH 5 1o 2,9 mr/n-xe npu pH= 9.

3. Cepemne 3nauenns CT mist 99% imaktuBaiii
Mo/ABOOEThCA Isi KOkHUX 10 °C migBUILEHHS TeMIepaTrypu
BOJIH.

4. Crilikicts mucT N. gruberi 1o iHakTHUBalii naaae 3i
301JIBIIEHHSM BIKY.

5. Konrnmomepatu muCT CTiMKim 10 Ae3iHQEKIi, HiK
130JTbOBaHI1 IIUCTH.

[TopiBHsIBHI JaHI €()eKTUBHOCTI AIOKCUAY XJIOpY Ta
iHIMX 3aco0iB ae3indekiii mo BigHommenHo g0 N. gruberi
CBiuaTh, 10 Jiokcun xyopy npu pH=9 i 25°C nabamxaerbes
JI0 030HY MO €(hEeKTUBHOCTI.
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PO3JILTI 5
CIIOPOLIMIHA IS JIOKCUY XJIOPY

5.1 3aragpHa XapakTepuCcTHKA

Y po6Goti [1] miokcun xnopy OyB eQeKTHUBHIIIHNMI, Hik
xJiop, npu inaktuBaii criop B. subtilis, B. mesentericus, B.
megatherium: 1-8 mr/a 3anuIKOBOro MiOKCHAY XJIOpy Oyiu
noTpibHi s 99,9% inakTuBarii.

[ToBigomisiocs mpo eheKTUBHICTH TIOKCUAY XJIOPY MO
BITHOIICHHIO /IO CIIOPOYTBOPIOIOYHMX MiKpoopraHizmiB B.
cereus, B. stearothermilus ta Clostridium perfringens [2].

Y uwroBaniii Bume crarti M.M. Tpaxtman [3]
HABOJSTHCS JIaHI MPO CHOPOLUUTHUN ePeKT TIOKCUAY XJIOpY B
no31 1 mr/n npu tpuBanocti aii 30 xBunuH. [Ipu nopiBHAHHI A1l
JBOOKHCY XJIOPY Ta XJIOPHOTO BalHa BiA3HAYaBCS IIBUIIHIMA
e(deKT y pasl 3aCTOCyBaHHS JBOOKHUCY XJopy. ¥Y mocimiaax 3 B.
anthracoides Oynu oTpuMaHi HACTYIHI Pe3yJabTaTH: JABOOKHC
XJIOpY B KOoHIeHTpallii 50 Mr/a npu 15-XBUIMHHOMY KOHTAaKTi
Mana OaktepuruaHuii ePexT moao 4-71000BOi KyIbTypu B.
anthracoides y Bcix mocmigax 0e3 BHHATKY. Y MapajieilbHUX
J0CHiax 13 XJOPHMM BamHOM OakTepuIMIHUM edekr OyB
OTpUMAaHMI JINIIIE IPU 3aCTOCYBaHHI 1031 aKTUBHOTO XJiopy 250
mr/in npotsarom 30 xBunuH. CKOPOYEHHS 4acy KOHTaKTy OYJ0
MOXJIMBUM JIMIIE TPU 30UIBIICHH] 03U aKTUBHOTO XJIOPY 0
750 mr/m.

PoGora [4] mnpucBsiueHa BUBYCHHIO €(EKTUBHOCTI
JIBOOKHUCY XJIOpY SIK A€31H(EKTaHTa 00 CIOPOYTBOPIOIOYMX
Oakrtepiit y Boml. Jlocmiau mpOBOAWIM HA CTaBKOBIM BOJI 3
BHCOKOIO KOJILOPOBICTIO, 110 MicTHia cnopu B. anthracoides
(mram 98) y kimbkocti 107 crop/n. J[03W JBOOKHCY XJIOpPY
craHoBw 6; 12.5; 25; 80, 100 mr/m. BcranoBieHo, 110
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IHTEHCUBHICTH 3HUIICHHSI CIIOP MiABUIYBAIACS 31 301TIbIICHHSIM
7103 JABOOKUCY XJIOPY Ta IMIJIBUIIEHHSM TeMIepaTypu, Ipu
BOMY IEpIIe Majo OUTBII BUPAKEHUH BIUTUB HA CIIOPOLUIHY
nito, HiK Apyre. BinzHadeHo, 110 ABOOKHUC XJIOPY HNPHUOJIU3HO B
5 pa3iB akTUBHIIIA 3a XJIOp TO [Jii Ha cmopoBi Qopmu
MIKPOOPTaHi3MiB.

Mera nocnmipkeHHS [5] Tonmsrasia  y BU3HAYCHHI
MOBHOIIIHHOCTI aepoOHux cmop B. subtilis sk mikpoOHHX
innukaropis iHaktuBaiii G. lamblia ra/abo C. parvum, a Takox
OLIIHII BIUIMBY AKOCTI Boau, fo3u C1O2 Ta Temmeparypu Ha
1HAKTHBALIIIO CIIOP.

Sk moka3zaHo Ha puc. 5.1, icHye 3Ha4Ha BiaMiHHICTB (P <
0,05) B piBHi inaktuBamii C10: cniop B. subtilis npu 21,5°C y
neioHi30BaHii auctuiboBadiit Boai npu pH 6,0 1 pH 8,0. Ognax
TaKa BIIMIHHICTb IIPH TiH e TeMrepaTypi Ta 3HaueHHsAX pH He
criocTepiranacsa y BoJi 3 piuku OtraBu micis ¢uibTpanii (puc.
5.2). V Tabn. 5.1 mpencraBieHO MOPIBHSAJIbHY OLIHKY
pe3ynbTaTiB TOCiHKEeHb 3 iHakTHBalii C. parvum 00cysts i criop
B. subtilis niokcuaom xiopy [5].

EdextuBnicts  nesingexuii Cl0O2, Ak mokasaHo,
sanexkuth Bim pH. Noss Tta Olivieri [13] nmocnimkyBamu
inaktuBanito C10Oz Oakrepiodara 2 (15776-B ATCC) ta
MpeaCcTaBuiIMn AoKasu, mo C102, a He oro AepuBaTH XJIOPUT TA
XJIOpaT, € aKTUBHUM TO4YaTKoM JAe3indekii. Y uid poboTti 2
OyB 1HAKTUBOBAHHM J10KCUJIOM XJIOPY Y KUCIIUX, HEUTpaIbHUX
Ta TyXHHUX 3HaueHHsX pH. PiBenb iHakTHBamii 3011b11yBaBCS 13
nigsuiieHHsM pH. [Ipoayktu aucniponopiiionyBaHHS 110KCUTY
XJIopy  (XJOpUT Ta  XJopar) He OyiM  aKTUBHUMHU
nesindexrantaMu. OCKUIBKM JIOKCHJ XJIOpY pO3MafaBcs y
TY)KHUX CEPEeNOBHUIIAX, MOKA3aHO 3MEHIICHHS BIPYIiUIHOI
€(eKTUBHOCTI, IO MiATBEPDKYE TaKe: MIOKCHI XJIOpY SK
BUTbHHIN paguKall € HaHaKTUBHIIIOI (GopMoIo ne3iHdeKii.
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Ct (mg-miniL)
0 50 100 150 200 250

Log 4 inactivation

6.0

Puc. 5.1 TlopiBHsHHS JMiHIHHOT perpecii i1HaKTHBAIlil
Cl102 mpu 21,4 °C cnop B. subtilis, cycneHAoBaHUX Yy
NIei0oHI30BaHIi AucTUIboBaHii Boai mpu pH 6 (0) Ta pH 8 (0) [5]

Ct (mg-miniL}
0 50 100 150 200 250

Log 4 inactivation

6.0

Puc. 5.2 TlopiBHsiHHS IniHIMHOI perpecii 1HaKTHBAIil
Cl102 mpu 21,4 °C cnop B. subtilis, cycneHAOBaHUX Y
noctdinsTpoBaniit Boai BOC na p. OtraBa npu pH 6 (0) ta pH
8 (0). dani iHakTHBamii B AOCHiAHIA ycTaHOBII (W) (sito 1999
p.) st ciop B. subtilis moka3aHi Jyisi MTOPIBHIHHSA [5].



288

Tabmus 5.1
[TopiBHsIBEHA OIlIHKA PE3YNIBTATIB JOCHIKEeHb 3 iHakTuBamii C. parvum oocysts i crop B.
subtilis miokcumom xsopy [5]

No | Pestome excriepuMeHTy? Ct log10 iHakTHBAILLIT Jlxepeno’
(Mr/11 - XB)

1 |2 3 4 5

1. | C. parvum, kimuarna | 12,9° 1,24 (1,0 6
TeMIeparypa

2. | C. parvum, 0,01 M | 78P 1,0 (2,09 7
docharuuii 6ydep, pH 7,
25°C

3. |C. parvum, 0,05 M | 60° 0,99 8
docatHuiit Oydep, pH 8,
22+ 1°C

4, | C. parvum, 0,056M | 120 1,8u 2,1 8
docharamii oydep, pH 6 , 22
°C, 2 omblTa

7. | C.parvum, ddH.0O, pH 8,20 | 150 2,0° 9
°C
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[TponoBxenHs TadmI.
1 |2 3 4 5
8. | C. parvum (wrramm AfioBa, | 75 2,0°¢ 10
YHIBEPCUTET Anb0epTa),
ddH20, pH 8, 21 °C
8. | G. lamblia, docharumii | 15 3,0 11
oydep, ddH20
9. | Cnopu B. subtilis, ddH0- | 25 2.0 [5]
O0ydeposana o pH 8§, 21 °C
10. | Copu B. subtilis, ddH.0 | 100 2.0 [5]
O0ydeposana o pH 6, 21 °C
12. | Coopu B. subtilis, Boga p. | 40 2.0¢ [5]
OrraBa, 0ydepoBana no pH
6,21°C

5.1
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[TponoBxenns Tadm. 5.1

1 |2 3 4 5
13. | Cnopu B. subtilis, Boma p. | 40 2.0 [5]
OrtraBa, aganroBana no pH
8,21°C
[Tpumitkwu:

2 ddH20 — neioinizoBaHa IUCTUILOBAHA BOJA;

B/I - BuxigHa no3a; 3K — 3aiuikoBa KOHIICHTpAIIis;

MPN - most-probable-number (Haii6inbi iiMoBipHE YKCIIO)

b _ 3pauenns Ct - MakcuManbHuit Teopernunuit Ct, 0GUMCIEHNH MIIAXOM MHOKEHHS BUXiTHOT 103K
ne3iHpeKTaHTa Ha eKCIO3UIIIIO.

Cuain 3a3HaunTH, o Liyanage Ta iH. [12] maganu nani Bl ta 3K niokcumy Xiopy npu iHaKTHBaLl
C. parvum oocyst i y Bcix Bunaakax 3K cranosuna 60% abo menme 1/1.

C — pe3ysbTat nepepaxyHkis [8].

d - mpencTaBneni nuire BiAiOpaHi JaHi KOYKHOTO IMOCHIAHHS.

€ — OpIEHTOBHI 3HAUEHHSI.
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Lle miaTBepKkeHO poboTi [14], A€ MOBITOMIISETHCS PO
iHakTHBalil0 B. subtilis, a TakoX BereTaTUBHUX (Hopm
Mikpooprani3miB E. coli, P. aeruginosa, Yersinia enterocolitica,
Klebsiella pneumoniae, Streptococcus pyogenes rTpynu A,
Salmonella typhimurium y pocharnomy 6ydepi (pH 7,0) mpu
23 °C ¢ BHUKOpPHUCTaHHSM «CTab1J1130BaHOT0» BOJHOTO PO3UUHY
C102 Purogene. Bcranosneno npuHaiimui 4 log iHakTHBamii
npu 1ii Purogene y konnentparii 0,75 Mr/im.

Ockinbkn Purogene - criiika KOMIUIEKCHA CIOJYKa,
HeoOxiaHO Oyso 3a0e3meunTH €KOJIOTIuHY Oe3IeKy peareHry,
smiHtoroun Horo pH Big 3,5 no 8,6 (pH Purogene 8,6) mpu
cepeniHill ekcrniepuMeHTalbHIli koHcTanTi pH 7,0. Pesynbratu
nmokazanu, 1m0 Purogene HailOumem edeKTUBHUI TpH
HailHmwkdomy mnepeBipeHomy pH 3,5. lle moxa3ye: OCKiIbKH
PO3YUHU JIOKCUY XJIOPY BIIHOBIIIOBAIHUCS 10 XJIOPUTY (SIKUN
nepeBaxae npu pH 8,6), ixHs OakrepuuuaHa €PEeKTHUBHICTH
3MEHIyBajlacs, TOOTO [IOKCUJ XJIOpYy € HallaKTUBHIIIMM
Ne31H(PEKTaHTOM Y LIbOMY BHUIIAJIKY.

Takox BcTaHOBIEHO, M0 peakmiiHa 31aTHICTE C10:
3Ha4YHO HE 3MiHIOEThbcA Bin 3cyBy pH y miamasoni 2,0 — 10,5,
KOJIM XIMIYHUH cKiaja cyocTpary He 3MiHIoeThed [15]. Ognak y
JiTepaTypi MICTATHCS CyNepewInBi JaHi moao BimBy pH Ha
edextuBHicTh C10;. Botzenhart et al. [16] moBigomisu, 110
edextuBHicTh ne3iHdekii C102 ciop B. subtilis 30inbmunnacs,
ko pH Oe3nepepBHOro MOTOKY B JIaOOPaTOPHOMY peakTopi
OyB 30ubmenuit Big 6,0 1o 8,0 mpu temneparypax 5 °C a6o 15
°C.

Jlo aHaynoriyHOTO BUCHOBKY aidnud Berman i Hoff [17],
k1 mosimomuiu, mo npu 5 °C poraBipyc SAll mBuame
inakTuByeThes C1O2 npu pH 10,0, Hixk mpu pH 6,0. [Tokazano
[18], mo piBens inaktuBamii C102 mmcr N. gruberi y
OydepoBaniii JIel0HI30BaH1i TUCTHIILOBaHI BOJIL
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30impryBaBcs, koimum pH 3pic Bim 5,0 mo 9,0. Asropwm
NPUITYCTHJIA, IO 1€, WMOBIPHO, OyJIO pe3yiabTaTOM 3MiH
MOBEPXHI IUCTU a00 301IbIIeHHS e()EeKTUBHOCTI J1e3iH(eKTaHTa
31 30utbmenHsM pH. Noss ta Olivieri [13] npencraBuin gokasu,
mo Oaxtepiodar 2 nerme inaktuByethest C102 31 3pocTaHHIM
pH Bim 5,0 mo 9,0. Komenryroun 1i pe3ynbTaTH, aBTOPHU
nosicHIIM 1X peakuiero Mk C102 Ta BipycoM, aje BiIKHHYIIH
17110 TIPO 3MiHY OKCUXJIOPKOMIIOHEHTIB Y I[bOMY JOCIiI>KEHHI.
Bonu BUCYHYnHM TimoTe3y Mpo 3MiHY XIMIYHOi CTPYKTypu
BipyciB Ta/ab0 KOHIEHTpaIii rAPOKCUIBHUX 10HIB y PO3YHHI,
SKIIO TIAPOKCWIBHI 10HW OyiaM HEOOXimHI Ui peakiil
inaktuBarii [13]. Tak camo C.A. Liyanage et al. [12],
KOMEHTYIOUM CBO1 gocmimpkeHHs 3 aesindekuii C102 muct G.
lamblia, 3asmaumnam, 1o 3B'130Kk 30iMbmIeHHs pH Ta
epextuBHOCTI C1O2 MOXke craTtucd uyepe3 MOKJIMBI XIMIYHI
peakuii abo ¢i3uyHi 3MiHM B CTpYKTypi nuctu. Jlo numx
BHCHOBKIB IO BIUTMB pH MOXXHa TakoX BIJHECTH pe3yabTaTH
nocmiaiB 3i copamu B. subtilis y mpomy nocmimxenni [14].
OpHak, OCKUIBKM Ha 1HaKTUBAaL10 crop y BoAi p. Otrasu pH He
BIUIMBAJIO, MOYKHA MPHUITYCTUTH, IO NMPHUCYTHICTH (ochaTHOrO
Oydepa (meioHizoBana aucTHIbOBaHa Boxa 3 pH  6,0)
00yMOBHJIa HEMIPSIMUIA a00 MPSAMUIA 3aXMCHUHN BIUTUB HA CIIOPH.

VY tabn. 5.1 [5] mpexacrasieHi ekcriepuMEHTAIbHI JAaHi
PO piBHI IHAKTUBAILI]l CLIOp MOPiBHAHO 3 TakuMu Juig C. parvum
ta G. lamblia. 3nadenns Ct mis G. lamblia 6ynu orpumani 3
Surface water treatment rule (SWTR) US EPA [11], mna C.
parvum npeacTaBieHi AaHi JiTepaTypH. Y JaHOMY JOCTIIKEeHH1
st 2,0 logl0 inaktusarii criop B. subtilis 3nauenns Ct cxmanu
100 1 25 mr/n-xB ipu pH 6 i 8 BiamoBigao. Tomy y C. parvum
oocysts ta cnop B. subtilis cnocrepiratorbess moniOHi piBHI
inakTuBarii, Toai sk et G. lamblia 6iapmr gyrnusi 1o C102
(Tabmn. 5.1). YUepes oueBHIHI 3araibHi pUCH 1HaKTUBAL1 criop B.
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subtilis 1 C. parvum, aBTOpM NpPUHLUIA [0 pIlICHHS
BUKOPUCTOBYBAaTH CIIOPH Y MIJOTHUX BHUMPOOYBAaHHSX JUIsS
omiaku epexktuBHOCTI C102 i yac OYHINEHHS BOJIH.

Psan  pocmimkens [9, 16, 20] mnokazamu, 1o 3i
30IMBIICHHSAM  JI03U  JIe3iH(EKTaHTa 3pOocTaE  MiKpoOHa
IHAKTUBALliS. Sk ouikyBanocs, noxiOHa  TEHIEHII
criocTepiraiacs IiJl 4yac iHaKTHBAMii y MiJIOTHOMY MacmTadi
criop B. subtilis (puc. 5.3) [20]. Pieui C102 y Boai s 1,5 ta 2,0
logio inakTuBarmii cranoBuiau 1,0 ta 1,25 Mr/m BiAmoBigHO.
Konnentpanii xmoputy Oyaud HIKYUMH BiI MAaKCHUMaJbHOTO
piBus 3a0pynnenns (MCL) EPA [21] 1,0 mr/n i MakcuMasibHO
nomnyctumoro piBHs 3abpynuenus (MCLG) 0,8 mr/n mis Bcix
BHBUYCHUX PiBHIB iHaKTHBaIii (puc. 5.3).

VY xinpkox Jochifax cropu Oymu obpoOieHi 1o, a He
micas QuipTpanii. BiaMiHHOCTEM y HOpMax I1HAKTHBALil He
cnocrepiraiocs (tabn. 5.2). Lle mo3Boyisie MPUMYCTUTH, IO
Oyab-sika aist npu (iIbTpaLii He MIABUIILYE YYyTIUBICTh CIOP 10
inakTuBanii C102. PiBHI BuaaneHHs crnop npu ¢(inabTpanii i B
XOJIOJTHUX, 1 B TEIUIUX BOAAX CcTaHOBWIM Omu3bko 2,0 logio 1
nofioHi 1o pesynsrariB E.W. Rice et al. [23], sxi moBigoMisiu
npo BUjpaieHHs crop Ha 1,68-2,75 l0g1 npu ¢inerparii Ha
gotupsox BOC.

Swerfeger et al. [24] Tako mOBiTOMIISLIIH TIPO TOMIOHI
pe3yabTaTu: cropu Oynu BupaneHi ¢iibrpauieto Ha 1,48-2,37
|Oglo.

Ha 3akindyeHHs aBTOpH [5] BiA3HAUYAIOTH: SIK 3a3HAUEHO
IHIUMU  gociigaukamu [23, 25, 26], OaxTepiayibHI CHOpU
MOXYTh OyTH MOTEHUIHHUMH IHAMKATOpaMH (TOPS 3 1HIIMMHU
napameTpamu) eeKTUBHOCTI OUMINECHHS BOJM MPU 1HAKTHUBAIIIT
C. parvum. lle TOSCHIOETHCS IXHBOIO MOAIOHICTIO TIOJO
crifikocti 10 ClO2 (memo HUXKYO1), a TAKOXK Yepe3 Te, 0 BOHU
HE € MaTOreHHuMH 17 Jroaunu. Le cynepeunts nanum Chauret
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et al. [10], ski BCTAaHOBWJIM JECATUKpPATHE IEPEBUIICHHS
qyTIauBOCTI ciop B. subtilis 1 C. sporogenes y nopiBHsiHHI 3 C.
parvum oocysts.

14

M Chlorine dioxide

1.2 | | O Chlorite
B Chlorate

Concentration {mg/L)

Log,, inactivation

Puc. 5.3 3amumkosi xormeHntparii C10z, xiopury Ta
XJopary y Boxmi mnpu iHaktuBamii cmop B. subtilis y
HaIliB3aBOJICKKOMY MaciTadi gociimkeras. Ock X Bkazye logio
iHakTuBanii cnop C10O2. Mexi uyriauBocti Metony (MDL)

ckaanu 0,017 mr/a ang C102 ta 0,05 mr/a ansg XJIOpUty Ta
xJopary [22].
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Tabnuus 5.2

Pestome mociiiB 3 iHaKTHBAIllT Ta BUAJIEHHS criop B. subtilis Ha nocnianiil ycranosii WTP
(Kanama) (1 Ta 2 - kinenp 1998 p.; 3-10 mito 1999 p.)

No [Tepion |Cramist JNloza  BK C102Xnopur [L0g10 Log1o Ct (Mr/m-xB)
TOCII. 00poOKH C10: (Mr/m) |((mr/m) [BualeHHs  (IHAaKTUBALii
(mr/om) pu
(binpTpari

2 3 4 5 6 7 8 0
Kineus |[loctdinst- (2,50 2,02 0,30 — 0,60 101,0
1998 aris

2 Kinens [Ipedinpr- 2,50 2,00 0,30 1,85 0,45 100,0
1998 aris

3 Jlito  [[locrdimeT- |0 0 0 — 0,16 0
1999 aris

4 Jlito  [[IpedinsT- [0 0 0 2,15 0,27 0
1999 aris

5, 6,7 Ulito  |[Tocrdiner- (2,422 1,248 (0,77 — 1,702 62,02
1999 aris
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[Iponosxenns tabdm. 5.2

1 2 3 4 5 6 7 38 9

8,9 [lito [pedimsr- [2,54° [1,54° 0,61  [2,40° 2,50° 77,0°
1999  |pamis

10 Jlito  [[locrdimeT- 1,74 0,78 0,51 — 1,00 39,0
1999  |pamis

- cepeHs TPHOX JOCII/IIB,;

b

— CepelHsl IBOX JOCTIIIB.
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ABTopn pobGotu [27], AOCHIIKYHOUM MeEXaHI3MH
CHOPOLMIHOI [ii TIMOXJIOPUTY Ta TIOKCUIY XJIOPY, AOKIIATHO
aHaMI3ylOTh  mpolOiiemy  cropouuaHocTi.  Hacammepen,
3a3HAYAETHCS, MO criopu pizHuX BUIIB Bacillus 1 Clostridium €
MeTa0oJIIYHO Oe3iTIbHUMH, 1 TOMY HaJI3BUYANHO CTIHKUMH 10
PI3HHUX CWJIBHUX BIUIMBIB, BKIIOYAIOYH BHCOKY TEMIIEpaTypy,
pamiartito 1 6e3mid TokcukaHTiB [28-30].

Cropu € HE3MIHHO CTIMKIIIMMH, HiX 1X BEreTaTHUBHI
dbopMu 10 Takux 00pPOOOK 1, OTXKeE, LI CTAIIS KUTTEBOTO ITUKITY
OaKkTepiii € KPUTUYHOI METOI0 JIJISi PEKHUMIB JCKOHTAMIHAIIIT.
Le#t dakr, y mnoemqHaHHI 3 TATOTCHHICTIO 0aratbox
CIIOPOYTBOPIOKOYMX ~ MIKPOOPraHi3MiB, IOSICHIOE  THJIBHUAN
iHTEpeC OO0 PO3YMIHHS MeEXaHi3MiB CTIHKOCTI CHOp Mpu iX
IHAKTHBAII].

®daxTopH, fAKi 11eHTU(PIKOBAHO SIK BAXKIIMBI Y CTIHKOCTI
CIIOp, HACTYIIHI:

e TOBCTa OUIKOBa OOOJIOHKA CIIOPH, SIKA BIJITpAE 3HAYHY

poJIb y CTIMKOCTI criop 10 Oararbox BrumBiB [30-37];

® HU3BKUU BMICT BOJM B IIEHTPAJIbHIN 00sacTi abo sapi
CIIOPH, 1110 3HAYHOIO MipOI0 BU3HAUA€E CTIHKICTh;
® HACHYEHICThb JHK crop IPYIIOI0 MalluXx,

KHCIOTOpO3uMHHUX OuIkiB (SASP) Tunmy o-B-, ski

saxumiaoth JJHK Big momkomkenHs Y®PO, BHUCOKOIO

TEMITEPATYPOIO Ta ISIKHMH TeHOTOKCHKAHTAMHK, TAKHMH

SIK @30TUCTa KucioTa [33, 34];

® HHU3bKAa MPOHUKHICTH BHYTPINIHBOI MEMOpaHH, IO
OTOUYE PO CIIOPH, 110 TiApopiIbHUX Mostekyn [31, 33];
e penapauisa JHK — nomkomkens y mpotieci mpopocTaHHs

cnopu [38].

1. MexaHi3MH 1HaKTHUBallii COP TaKOX Pi3HI 1 BKIIOYAIOTh!
®  TIONIKOKCHHS JITHK YOO Ta JICSIKUMU

reHoTOKCUKaHTamu [33, 34];

e T[IOBHE pyHHYBaHHA IUIICHOCTI CIOPH  CHIJIBHOIO

KHCJIOTOIO, JTyroM a0o eTaHojiom [39];
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e jHaKkTHBaIlg oOxHOro abo OuIblIEe KOMIIOHEHTIB
O0locMCTEMH  TPOPOCTaHHS  CHOPH,  BKIIOYAIOYH
IIJIBUIINCHHS] aKTHBHOCTI (DEPMEHTIB, SIKi BUKJIUKAIOTh
po3Mmaj MenTHAOTIKaHiB KopH criopH [39], pyiiHyBaHHS
nesikoro(ux) OuMKa(kiB), HEOOXIMHHUX ISl IPOPOCTAHHS
criopu [40] Ta iHIII, TOKK 110 HEBIIOMI MEXaHI3MH, SIKi
1HAKTUBYIOTh IPOPOCTAHHS;

® T[IONIKO/DKEHHS  BHYTPIMIHBOI  MeMOpaHM  cropH
XIMIYHUMH PEYOBHHAMH, HANPHUKIAJ, MEPOKCHHITPUT
[37] abo Sterilox® [35] TakuM 4YMHOM, LIO0 MpH
MPOPOCTaHHI CIIOPH MOMEpPEAHI Cepro3HI MeMOpaHHI
MOIIKO/KEHHST TPOHUKHOCT] MJIa3MaTUYHOI MeMOpaHu
MIPU3BOISTH JI0 3aru0elti MPOPOCIIOi CIIOPH.
30kpemMa, Ci 3a3HAYUTH IHTEpEC JI0 METOIB

1HaKTHBAIIi TATOreHHUX cIIop B. anthracis, siKi HEOE3MiACTaBHO
po3rmsganucs 1 pO3MNISLIAIOTBhCA K MOXJHMBa — 30post
6ioTepopu3My abo K areHT 010J0Tri4HOI BiiiHM. BeTanoBieHo
e(eKTHBHY 1HaKTUBALIO crop B. anthracis TINOXJIOPUTOM Ta
niokcuaoM xiyopy [10, 30, 41, 42]. O6mexeHa iHdopmallist Mpo
1HAKTHBALIIIO CIIOP TIMOXJIOPUTOM BKJIFOYAE TaKi MO3UIIT:

e 000JOHKA CIIOPU € HAA3BUYANHO BaXIJIUBUM (PAKTOPOM
CTIMKOCTI J10 TIOXJIOPUTY;

e 00poOJIeH] TIMOXJIOPUTOM CIIOPH TPOPOCTAIOTH MTOTAHO;

® Yy TUX CIOp, L0 3aJUIIMINCS KUBUMH MICIAS 00pOOKH

TINOXJIOPUTOM, BIJ3HAYEHO OYEBHJIHE MOIIKOKEHHS

JTHK.

VY 3B'M13Ky 3 IIUM 3aIIPOMIOHOBAHO MTPOTEKTOPHY (DYHKIIIFO
nporeiniB tuny a/b SASP npu nomkomxenni JIHK crop
rinoxyuopurom [43-45]. Ha BiAMiHY BiJ 1IbOTO, PO MEXaHI3MH
1HaKTHBAIlli Ta PE3UCTEHTHOCTI CHOp M0 MJIOKCUAY XJIOpY
MIPAKTUYHO HIYOTO HE BiOMO.

Otmxe, MeTa UBOrO JOCTKeHHs [27] monsrana y
MOPIBHSUIbHIN OIiHII iHakTHBaWii ciop B. subtilis niokcumom
XJIOPY Ta TIMOXJOPUTOM. Y Il poOOTI aBTOPH 30CEPEAVIIUCS
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JIMIIIE Ha TTOYaTKOBOMY eTarni 95%-Hoi iHakTuBarlii cop. € naHi
PO MOBHY albTEPAIif0 1 HABITh PO3YMHEHHS CIOP JCIKUMHU
areHTaMH, TAKUMHU K TIMOXJOPUT Ta MEPEKUc BOJHIO [29, 46,
47]. OpHak, IIKOM MOXKJIMBO, 110 Taki Ipy0i 3MiHH y criopax
MaJjIu Miclie Habararo Mi3Hille 3a TOYaTKOBY 1HAaKTHUBALIIIO.

3a naaumu miteparypu, cniopu Clostridium ta Bacillus,
0co0muBO B. subtilis, IHAKTUBYIOThCA Tinoxygoputom [29, 30,
44]. 'V uiii po6oti [27] BCTaHOBJEHO, IIO TIMOXJOPHUT Yy
koHueHTpauii 2,5 r/m mpu pH 11 3aGesneuyBaB 3 logs
iHakTHBaIii 3a 45 xBwimH (puc. 5.4a).

Yci mraMu crnop MOKa3ald JyKe MoAi0HI KpuBi
iHaKTHBaIii, X04a CHOpH 0-B- 3a3BHYAil NEmI0 YyTIHUBIMI 0
TNOXJIOPUTY TIpU IIbOMY pH, HIXK 130T€HH1 CIIOPU TUKOTO TUITY
(puc. 5.4a). Taka BiaMiHHICTB paHime Oyia Big3HaveHa [45] i,
Ha JOyMKy [48], mnosicHIOeTbes NedilUTOM TeHa recA,
BianmoBiganeHoro 3a penapamnito [AHK B. subtilis (puc. 5.4a).
I'inmoxnopur y HelTpansHoMy pH 7 BukiIHMKaB e(peKTHUBHIilIE
3HMILEHHS CIIOp AUKOTro THIMY 3a 8 XBUJIHH (puc. 5.4b). ¥V upomy
BUMAJAKY CHOpH 0O-fB- OynM TpoxXW OUIBII YYTIAMBHUMHU [0
TIOXJIOPUTY 1 BIACYTHICTB reCA BIUIMBAJIa Ha YyTJIUBICTH CIIOP
(puc. 5.4b). Cnopu y BOJAI TakOX I1HAaKTUBOBAHI JIOKCHIOM
xJiopy [10, 42] ananoriyHo jo rinoxjoputy ripu pH 7 (puc. 5.4b,
C).

VYV 1pOMy BHIIAJIKYy CIIOPH AUKOTO THUITY, d-f3-, TeCA Ta o-
B-recA moxa3zanu noAiOHy YyTIMBICTb 10 AIOKCUAY XJIOPY, X0Uua
o-P-criopu Oyiu Jero Yy TIuBIimuME (puc. 5.4c¢).

Tyt notpibHa pemapka, sika Ma€ MPUHIIUIIOBO BaXIJIMBE
3HaYeHHs. Y I Ta IHIIKUX JiarpaMax HaBOJIUTHCA ¢pasza Mmpo
MEeBHI KIUIBKOCTI JIOKCHAY XJopy (BHUAUIEHO HaMHu), a B
«Metogax» MICTUTBCS HACTyIHE MOCHJIAHHS: TIOKCHUIT XJIOPY
OTpPHUMYBAJIU 3 CTa01J1130BaHOTr0 KOMepIiiHOTro po3uuHy (Oxine)
nUBsIXoM Horo aktuBamii 1 mogambmoro  400-kpaTHOTO
pO3BelEHHsI 3 OTPUMAHHSAM OCHOBHOTO pO3UMHY  SIKHI
BHKOPHUCTOBYBABCSI /ISl IHAKTUBAIIIT 3 KOHIICHTPAIIIE€I0 TIOKCUTY
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xiaopy 10-14 wmr/n (pH 3-5). Yomy mis TIHOXJOPUTY
MpeJICTaBJICHI OJHO3HAYHI 103 Ta pH, a i MioKCuay XJopy
KOJIUBaHHS y JOCUTh CYTTEBOMY Jiara3oHi, IOSICHEHHS 3a
TEKCTOM CTaTTi BIJICYTHI.

Survival (%)

0-01

0.001
]

20 40 60
Time {min)
(b) 1000

100§

L L L
25 5 75 10
Time (min)

Survival (%)
T

o
T

0.01 L L L ]
0 25 5 75 10

Time (min)

Puc. 5.4 CriiikicTh pi3HUX ITamiB criop B. subtilis no
TIOKCcUIy XJopy abo rimoxjoputry. (a) 2,5 /1 TiMOXJIOPUTY
Hatpito (pH 11), (b) 50 mr/n rimoxnoputy Hatpito (pH 7) abo (¢)
niokeuay xjopy. CHMBOJIM TO3HAYAIOTh Pi3HI IITAaMH CIIOp: ® -
PS533 (mukwuit Tum); m - PS578 (o - B-) A - PS2318 (recA); ¥
- PS2319 (o - B - recA)
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PesynpraTom BTpaTu mnpoteiHiB THHY o-B-SASP €
CYTTE€BE 3MEHIIEHHS CTIMKOCTI CHOp A0 HE3HAYHOTO BIUIMBY
T€HOTOKCUYHMX areHTIB 1 el eeKT 3pocTae i3 BTPATO [IUMH
cnopamu recA [33, 34, 49]. Ockinbku BiacyTHicTh a-B-SASP
JIMIIIE He3HAYHO 301JIbIINIIA Yy TIAMBICTD CIIOP JI0 T1OXJIOPUTY Ta
TIOKCUIY XJIOPY 1 BTpara recA He Majia *OJHOTO OYEBHIHOTO
edekTy, Ii JBa areHTH, MalyTh, HE I1HAKTHBYIOTH CIIOPH
ymkomkenasm  JIHK. Ile migTBepKyeTbcs THM, MO0 Yy
KUTTE3IaTHUX CHOpP HE BHUSABIECHO 3HAYHOTO TMiJBUIICHHS
MyTaIliil y crop IMKOTo TUIY 3 a00 6e3 00pOOKH TiMOXJIOPUTOM
abo0 ioKCHUIOM XJIOpy. Y 3B'A3KY 3 IUM, Ha AYMKY aBTOpiB [27],
npiopuTeTHUM (HaKTOPOM CTiiiKOCTI € 0000HKa criopu [29, 30,
32, 34, 35-37]. lle Takox, HMOBIpHO, Ma€ Micle IS
TIMOXJIOPUTY Ta JIOKCHAY XJOPY, OCKUIBKHM JEeCTPYKIis
OOOJIOHKM CIOp JUKOTO THUIy 3HAYHO 30UIpIIMIA TXHIO
YYTIUBICTH 10 IUX areHTiB (puc. 5.5a). [lo36aByieHi 060I0HKH
criopu Oyny HalMEHII CTIMKMMM J0 TIMOXJIOPUTY Ta JIOKCHUIY
XJIOpYy.

[Toni6Huit, X04a He 1IEHTUYHUIN MeXaHi3M pyHHYBaHHS
O00OJIOHKM TIOSICHIOE 3MEHIIEHHS CTIMKOCTI  CIOpH 10
TMNOXJIOPUTY Y BUITISAL JdecTpykuii Oinka Ta/abo marepiany
o0onoHku abo o6ox akTopiB [29, 43, 44]. VYV cnpobi
BIJJOKPEMHUTH OOOJIOHKY SIK BIAMOBIIAJbHY 32 YYTJIMBICTH CIIOP
JI0 TIMOXJIOPUTY Ta A10KCHU]TY XJIOPY, aBTOPH [27] 1OCIiIKyBaIn
CHIOpH 3 MyTaIliero B cotE, B sikiii 3ako/j0BaHi OLIKH 000JIOHKU
[40] (puc. 5.5b). Cnopu cotE 3HOBYy mokazamu 3HA4YHO
3MEHIIEHY CTIHKICTh /10 TIMOXJIOPUTY Ta JAI0KCUAY XJIOpY, X0oua
MmyTaris cotE mama OubIuii BIUTMB HA CTIMKICTH J0 TIOKCHUIY
XJIOpY, HDK XiMIYHA JAecTpykiis o0oioHku (puc. 5b). V¥V
nomnepeAHix  poborax MokKazaHo, MO0 00poOka  crop
FIMOXJIOPUTOM Yy JIY)KHHX YMOBaxX BUJAAJSE €KY KUIBKICTb
OlKka 0OOJIOHKH CIIOpPH, MIJIBHINYIOYH THM CaMHUM CTYIIHB ii
inaktuBaii [29, 40].
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Puc. 5.5 Bruus BTpaT a00 BuAaIeHHS 000JIOHOK CIIOp
B. subtilis Ha 1XHIO CTIHKICTb JIO TIMOXJIOPUTY ab0 AIOKCHIY
xyopy. Ilo36aBneni obononku crmopu mramiB PS533 (nukwmii
tum) (a) ado cropu mramy PS3394 (cotE) (b) mix miero 2,5 r/n
Hatpito rinoxjopury (pH 11) (e), 50 Mr/i rinoxiaoputy HaTpito
(pH 7) (m) abo mioxcumy xyopy (A) (mEBHI KITBKOCTI, SK
omucaHo B «MeTomax») (IUB. peMapKy aBTopa)
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Opmnak, ko crnodatky oopoOmsiu ciopu NaOH ms
BUAJICHHS Ol7Ka OOOJIOHKHM 1 ITOTIM BH3HAYAJIW 1HAKTUBALIIO
CHOp TIMOXJIOPUTOM Y JIY)KHHX yMOBax a0o JIOKCHIOM XJIOpPY,
epeKTUBHICTh Oyia 1IEHTHYHOIO JUIsI HEYIIKOJKEHHX CIIOp.
Bunanenus nHaOarato OUIBIIOT KUIBKOCTI OliIKa 0OOOJIOHKH
IUISIXOM 3aCTOCYBaHHs eKcTpakuii 3 gereprentamu [50, 51]
MOXe OyTM TNPUYMHOK  BIAMIHHOCTI Y  YYTJIMBOCTI
0€3000JI0HKOBHX  crmop 10  OOpoOKM  IIMMH  JBOMa
ne3iH(pEKTaHTaMH.

ABtopu [27] mpoaHamizyBaiu CTiHKICTH CIOp [0
TIIOXJIOPUTY Ta AIOKCHUIY Y UIMPOKOMY Jiana3oHi TeMIeparyp
(puc. 5.6a, b). Cnopu npu 46 °C mokazaim Habarato OUTBITY
CTIMKICTB J10 TINOXJIOPUTY Ta JIOKCUAY XJI0py, Hixk 32 25137 °C
(puc. 5.6a, b). Y npomy excriepumenTi criopu mnpu 37°C Oynu
1HAKTMBOBAaHI IIBU/IIIE TIMOXJIOPUTOM 1 TIOKCUAOM XJIOPY, HIXK
y TONEpPEeHbOMY EKCHEPHUMEHTI, SKIIO MOPIBHATH AaHl JUIsS
mramy PS533 Ha puc. 5.4a Ta puc. 5.6a, b. Lle 3ymoBieHo
pI3HUMHU METOAaMH pOOOIIATOTOBKU crop, 10
BUKOPUCTOBYIOTBCSL y IIUX JIBOX EKCIEPUMEHTaX: Ha Yalikax
(puc. 5.4) Ta B pinuHi (puc. 5.6).

JI1s1 ToaapIIoro JOCIiIKEHHS MEXaHi13MIB 1HAKTHBAIil
CIOp TIMOXJOPUTOM Ta JIOKCHJAOM XJIOPY TMPOBEIACHO
MOPIBHSUIbHY Bi3yaJbHY MOP(OJIOTIYHY OLIIHKY 00pOOIeHHUX Ta
HeoOpoOsiennx criop. Criopu micist 0OpOOKH TIOKCHIOM XJIOPY
Ta TINOXJIOPUTOM ICTOTHO BIAPI3HAETbCA HA BUIJSA BiJ
HeoOpoOnenux cnop. KopuuneBuit koiip cropyiiboBaHoi B.
subtilis 'y xonoHii ab0 OYMIEHMX CIOp 3HAYHOI MipOIO
MOSICHIOEThCST  mpucyTHiCTI0O Oimka CotA [50]. OueBuuHoO,
KOpU4YHEeBMH MirMeHT yepe3 CotA BifOieHU Maiike MOBHICTIO
TIMOXJIOPUTOM 1 MEHIIOI0 MIpol0 JioKcuaoM xjopy. Lls
peaxiiiiiHa 34aTHICTh OOOJOHKH 3 TIMOXJIOPUTOM Ta JIOKCHIIOM
XJIOpy MOke OyTH OIHUM 13 (aKTOPiB 3aXUCTY CIIOPH BiJl ITUX
areHTIB.



304

(a)
100

10

Q.01

0.001
. o] 10 20 30 40
= Time (min)
@
=
E ®
@ 1000
100

10

0-01

Time (min)

Puc. 5.6 Criiikicte cnop B. subtilis npu pi3HUX
TeMIIepaTypax 10 JIOKCUAY XJopy abo rimoxjoputy. llltamu
cniop PS533 (qukuii Tun) npu remneparypax 25°C (@), 37°C (m)
a60 46°C (A), kynbTHBYBaJH 3 (a) 2,5 I/71 TINOXJIOPUTY HATPIIO
(pH 11) abo (b) miokcuay xyopy (BH3HAYEHI KiJIKOCTI, SIK
omucaHo B «MeTomax»»)
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Pa3om 3 TuMm, 11i areHTH OUIBIION MIPOI BUKJIMKAIOTH
posmang DPA npu inkyOariii B cyoneTaabHUX TeMinepaTypax [35,
37]. Lle Takox Majio Micle 31 cropamMu Iicis OOpoOKH
TI0KCHUIOM XJIOpY a00 rinoxysoputom (Tadm. 5.3).

Tabmums 5.3
Bunyck DPA 3 HeoOpoOieHux Ta o00poOIeHUX
TiNoXJIOPUTOM 200 TIOKCHUIOM XJIOPY Crop™

OOpobka  |[HaktuBauis (%) [TeroBa 00poOkaBumyck
(°C) DPA (%)

Bincytas |0 23 <3
NaOCl 92 23 <3
ClO; 99 23 <3
Bincytas |0 80 <3
NaOCl 92 80 40

ClO; 99 80 6
Bincytas |0 85 4
NaOCl 99 85 50

ClO- 99 85 36

[TpumiTka.

*Cnopu wramy PS533 (aukuit Tun) He 00pobiieHi abo
micJs BIUIUBY rinoxJyoputy [2,5 r/n (pH 11)] / niokcuay xmopy
Oy1M EeKCTEHCMBHO BHMMHTI 1 TMOTIM KYyJbTUBOBaHI Yy BOII
npotsiroM 30 XBUJIMH MpHU Pi3HUX TemIieparypax, Micis 4oro
Bu3Hauanu Bunymeny DPA. Kinekicte DPA y HeoOpoGienux
cnopax mramy PS533 cranoBuna 114 MKr/r cyxux crop i 1e
3HaueHHs Opanu 3a 100 %. ImkyOaumist crmop AMKOro TUIY
npoTsirom 30 xBusmH rpu 85 °C cipuunMHUIIA IHAKTUBALIIIO CIIOP
Ha piHI < 10 %.

I[Tix gac mepeBipkM MPOHUKHOCTI Oap'epiB CIIOp aBTOPH
[27] mocnimkyBanu 3a0apBieHHS IXHbOI HYKJIETHOBOI KHCIIOTH.
be3 Brpatu DPA micis iHakTHBarii crop TIMOXJOPUTOM Ta
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niokcuaoM xiopy <5% cnop y 95%-Hiii nomynanii nokazaiu
(dapOyBaHHSI HYKJIETHOBOI KHCIOTH B sapi cropu. Ha Bimminy
Bl 1IUX, HEOOpOOJIeHI Ta OOpOOJIeHI CIOpW TOKa3alu JIMIIE
nepudepiiine ¢apOyBaHHS, K 3a3HAYCHO paHilmie s
HeoOpoOsienux crop [39]. Lle nepudepiitne papOyBanHs criopu
OyJI0 1HTEHCHBHIIIUM Ticisg OOpPOOKM TIMOXJIOPUTOM, HIXK
JTIOKCHUIIOM XJIOpy, aje mnepudepiitHe ¢apOyBaHHS 1CTOTHO
BIPI3HsUTIOCA BiJ MinHOrO (hapOyBaHHS OCHOBHOI 00JacTi y
crop, siKi a00 mpopociu, abo y AKuX Oyia MopyllieHa BHYTPILIHS
MeMmOpaHa [39].

[Hmmit  mexaHi3Mm, 3a JIONOMOIOK SIKOTO  CIHOPH
IHAKTHBOBaHI, TOJSITa€ B pPYHHYBaHHI OJHOrO abo OinbIie
KOMITOHEHTIB y Tpolieci npopoctanns cnopu [30, 34, 36, 39,
53]. KpiM 1poro, iHaKTHBOBaHi JIOKCHUIIOM XJIOPY CHOPH, SIKUX
1HKyOyBaIM Ha >KUBUJILHOMY CEPEIOBUIIL IJI MPOPOCTAHHS 1
K1 XapakTtepu3yBaiucs Bumyckom DPA 1 rekco3aminy,
BIJIPI3HSATINCS THM, IO OCTaHHIM, K MOKA30BHH MPHU T1IPOTi3i
KOpH CHOPH, BUSIBJIEHUH HA PIBHAX, NOJIIOHUX /10 IPOPOCTaHHS
HeoOpoOIeHux crop. 3a JaHUMHM JiTepaTypu, Bunmyck DPA Tta
rekco3aminy rmokazoBuii Ha ctaii Il mpopoctanHs o6pobieHnx
niokcuaom xjopy crop [34, 39, 54]. Ha BinMiHy Bix AiOKCHITY
XJIOPY TIOXJIOPUT 3HUXKYBAB PIBEHb POPOCTAHHS HABITh MICIIS
NPOAOBXKEHOI 1HKyOamii Ha BigmoBigHOMY cepenoBuii. lle
HEJ0CTaTHE MPOPOCTAHHS OOPOOJIEHUX TIMOXJIOPUTOM CIIOp
OyI10 3a3HaueHo paxime [43].

Y  mpoueci HOJANBIIOr0  aHANi3y  MPOPOCTaHHS
1HAKTMBOBAHUX JIIOKCHJIOM XJIOPY aBTOpH [27] OLiHUIN piBEHb
MeTaboIIuHOT aKTUBHOCTI Yy CIIOpax, 1[0 HecyTh reHu luxAB.
IIpopoctanHs HEOOPOOIEHUX CIOpP CYMPOBOJKYBAIOCS IYXKe
paHHIM BIIHOBJIEHHSM MeTa0oui3My (puc. 5.7) i3 CyImyTHBOIO
crnenn(ivyHOI0 T'eHepali€l0 BiJIHOBIEHOIO MOHOHYKICOTHIY
¢dnasina (FMN), o 3a3naueno panime [35, 37, 55, 56]. Onnak
IBOTO HE CHOCTEpiragocs y iHaKTMBOBAHUX JTIOKCHUIIOM XJIOPY
a6o rinoxyopuroM luxAB cnop (puc. 5.7).
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Puc. 5.7 BB nomnepenHboi 0OpoOKH TIHOXJIOPUTOM
a0o MIOKCHIOM XJIOpY Ha MpOpOCTaHHsA cnop B. subtilis 13
reHamu luxAB. Cnopu mramy PS3379 (luxAB) 3 abo 0e3
nornepeaHboi 00poOku rinmoxaoputoM [2,5 r/n (pH 11)] abo
TIOKCH/IOM XJIOpY KyJbTHUBYBaJM Ha cepepoBuili 2xYT 3 8
MM/n L-ananiny. CuMBONM, IO BUKOPUCTOBYIOTHCSA: ® -
HeoOpoOJIeHl CIIOpU; M — CIIOPH, 1HAKTUBOBAHI TiOXJIOPUTOM
2,5 r/n (pH 11)] (96% inakTuBalis); A - CIOpH, IHAKTUBOBAHI1
TiokcuaoM Xiaopy (93% iHakTuBalis)

ABTOpW BII3HAYAIOTh, SK HECMOAIBaHWUN (aKT, Take
SIBUILIE JUTSI JIOKCH]TY XJIOPY, OCKUTBKH ISl TIOXJIOPHTY, TICIIS
SIKOTO CITOPH MTPOPOCTAIOTH MOTAHO, I1€ OYiKYBaHUI Pe3ysbTarT.
I  nmami  nponoBxkyroTh. [IpurHiueHHss Mertabonismy B
MPOPOCTAIOYUX CHOopax Micas OOpOOKH MI0KCHIOM XJIOpY
HMOBIpHO MOB's13aHE 3 CEPHO3HIUM MEMOPAHHHUM YIIKOKEHHSIM.
SAxio y npoMy crpaBa, TO I1i CIOpY TTOBHUHHI MaTH CEPHO3HUMN
nedeKT MPOHMKHOCTI 1 OYTH TMOBHICTIO 1HAKTHBOBAHHMHU
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(«MepTBUMH») TIPH aHAJI31 JKUTTE3IATHOCTI, 3aCHOBAHOMY Ha
neinuTi TPOHUKHOCTI JKMBHX, ajie HE MEPTBUX KIITHH IO
BIIHOIIIEHHIO JIO MPOMIAIyM - Honuay. Y 1IbOMY aHali31 MEpTBi
KIIITHHH 3/1al0THCS] YePBOHUMHU, TOI SIK )KUB1 KIIITHHHU 3€JICHUMU
4yepes COpUMHATIUBICTE Ipyroi ¢papou. 3a nanumu [40], > 95 %
HEOOpOOJIeHNUX CHOp, 1HKYOOBaHMX Ui MPOPOCTAHHS, OyiIu
3eJIeHUMH y TOMy aHani3i. HaBnaku, gyxe BUCOKUH BiJICOTOK
crop micist 0OpoOKU TIOKCHIOM XJIOpy OyB UepBOHUM. AHAI3
BEJIMKOT KUTBKOCTI MIPOPOCIHX CIIip Micis Takoro BILUBY (95%
1HAKTHBAIlIS) TTOKA3aB, M0 YHCIO YEPBOHUX MPOPOCHINX CIIOP
0yB > 35%. ExcrniepTusa iHaKTHBOBAHUX TiMIOXJIOPUTOM CIIOpP B
[bOMY aHaJIi31 CBITYHTH, 110 3HAYHA OUIBINICTH CHIOp J00pe He
¢dapOyBanacs, OCKUIbKM BOHU, MaOyTh, HE MPOPOCITH, TIPO IO
rOBOpUTH cllabke mepudepiiiHe ¢apOyBaHHS CHOp, IO HE
JIIOTh.

Cnig 3a3HaunTH, MO Oarato MPOPOCIUX CIOp Micid
OOpOoOKHM  JTIOKCHJIOM XJIOpY TaKOXX IIOKa3aJlu SICKpaBe
nepudepiine papOyBanHs 3 peaktuBoM BacLite, Ha BiAMiHY BifT
Habararo  crnabkimoro  mepudepiiiHoro  QapOyBaHHS,
BIIMIYE€HOTO I O€3IsITbHUX 200 00pOOIEHUX TIMOXIOPUTOM
cop. lle n03BOJslE MPUITYCTUTH, IO TIOKCHJ XJOp 1HTiOye
NesiKy TpPOMDKHY JIaHKy mpopocTaHHsa. OpjHak NpHYuHA
nepugepiiiHoro QapOyBaHHS CIOp HE sICHA, XOua II€ MOXeE
cTatucs yepes Jesike papOoyBaHHs Kopu criopu [39].

Ha nonaTok 10 BUKJIMKaHOTO HYTPI€EHTOM MPOPOCTaHHS,
criopu B. subtilis MOXXyTh TaKoX HMPOPOCTH aJIbTEPHATHBHUM
LIIAXOM, SIKMH BUKIUKAHUH Ca’"-DPA. Ie# muisx oOXOIUTH
Jesiki 3  KOMIIOHEHTIB  HYTPIEHT-1HAYKOBAHOTO  LUISIXY
MIPOPOCTaHHS, 0COOIMBO HYTPIEHT - PELENTOPH, 1 BUKOPUCTOBYE
JIUIIE OJWH 13 MBOX (PEPMEHTIB, 110 BUKJIMKAIOTH JI3UC KOPHU
ciopu - Cwll [57, 58]. Tomy, uikaBUIO TOCIHiIKEHHS
MPOPOCTaHHS CHoOp Ticas OOpOoOKM MIOKCHAOM XJIOpY Ta
TIIOXJIOPUTOM B Ca’’-DPA. BcTaHOBIICHO, 1110 B 000X BHIIAIKAX
criopu He mpopoctanu y Ca**-DPA. ABTOpH MHOSCHIOIOTH Iie
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M, mo ¢epment Cwl] HabaraTo 4yTIHMBINIUN 10 MIOKCHIY
XJIOpYy, HIX 1HIHH pepMmeHT, mo Jizye kopy, SleB, ockiibku
HasBHICTh OyJb-SIKOTO TaKOro (EPMEHTY JIOCTaTHBO JUIS
MIPOPOCTaHHs criopu 3 HyTpieHTamu [59]. Sxmio e Tak, To sleB
- CIIOpHW MOBWHHI OyTH OUIBII YYTIMBUMHU JI0 TIOKCHIY XJIOPY,
HIXK CIIOPH TUKOTO TUITY, 1 L1e AiicHO Maio Micue (puc. 5.8).

100

Survival (%)

01 |

0.01 ] I 1
0 25 5 7.5

Time {min)

Puc. 5.8 InaktuBariis giokcunom xyopy crop B. subtilis
mukoro tumy (PS533) Ta FB112 (DsleB). BukopuctoByBani
cumBoiu: (¢) PS533 ta (m) FB112

[Mpu iHOIM OWIHII MeXaHI3My I1HAaKTUBaLli CIOp
TIOKCHJIOM XJIOPY Ta TIMOXJIOPUTOM 3 BU3HAUEHHSIM JEe(DEKTy Y
MPOPOCTAaHHI CIOPH, BUKIMKAHOMY IIMMH areHTamu, OyIa
JOCHIJKeHA 3/1aTHICTh JI30LIMMY pPEreHepyBaTH KHUTT€3JaTHI
cnopu. Criopu O0yiu o30aBiieH1 000JIOHKH MPH [T AETEPreHTIB
Ta AUTIOTpeiToNy mpu JaykHoMy pH Ta inakTuBOBaH1 Ha 95 %
TIOKCHUIIOM XJIOpYy abo TimoxjoputroM. Y Toil yac, sk oOpoOka
JI30IIMMOM  BHKJIMKaja  XOpOIe  BITHOBJCHHS  CIOP,
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00pobseHux cunbHUM JyroMm [39], HiI niokcwa Xjop-, Hi
rinoxjaoput-o0podneni  6e3o06omonkoBi  (decoated) cmopu
CYTT€BO HE peresepyBaiu (<50% 301IbIICHHS
®UTTE3maTHOCTI). Lle y3romkyerbecs 3 JaHUMHU TOTEPEIHIX
poOiT, A€ MOKa3aHo, IO CHOpPH, iHAKTUBOBAHI TIMOXJIOPUTOM
npu HeiiTpanbHoMy pH, sik 1 cropu micis 0oOpoOKH IHIIUMH
XIMIYHUMH CIIOJyKaMH, HE PETeHEPYIOThCS Ji301uMoM [29, 34,
36, 43, 53].

Hanpukinmi aBropu [27], 30Kpema, 3a3HA4al0Th Take. Y
CTOp, 1HAKTHBOBAaHUX JIOKCHAOM XJIOPY CIOCTEpPIraeThes
1HT10yBaHHS MPOILECY MPOPOCTAHHS, PO 110 MOXKHA CYJTUTH 3
Bunycky DPA Tta rigpomizy kopu cnopu. lle Oymo Takox
BiJI3HAUEHO IS criop, oOpobienux Sterilox i peroxynitrite [35,
37], Garato 3 sAKHX HE OynHM >XUTT€3TATHUMHU. OCKIUIBKU
OakTepialbHUN aHaJi3 KUTTE3AATHOCTI 3aJCKHUTh BiJl BTPATH
MIPOHUKHOCTI IMJIa3MaTU4YHOI MEMOpaHU KIITUHH, L€ JT03BOJISIE
MIPUITYCTUTH, IO TOJIOBHUN MEXaHi3M iHaKTUBAIlli J1OKCHIOM
XJopy OakTepiaiIbHUX CHOp TMOJSIrae Yy TOMIKOKEHHI
BHYTpilIHBOI MeMOpaHu cropu. Lle 3ymoBiIO€e mnopyuieHHs
MIPOHUKHOCTI IUIa3MaTUYHOI MeMOpaHM MpOpOCol CIHOpH,
MOTIEPETHUKOM SIKO1 € BHYTpIlIHS MeMOpaHa cropu. /lilicHo,
JTIOKCHJI XJIOPY, SIK I0Ka3aHO PaHillle Ha BEreTaTUBHUX (hopmax
OakTepif, Mae TeEpHIOPAIHUA BIUIMB HA MPOHMUKHICTh
MIa3MaTudHoi MemOpanu E. coli 3 Takumu 3MiHaMH, SKi,
HMOBIpHO, € TMEPLIONPUYMHOI0 TOBHOI 1HaKkTHBalii [60].
MemOpaHHe NOLIKOPKEHHS OyJi0 3almpONOHOBAHO paHILIE SIK
MeXaHi3M, 3a jgomoMororo doro Sterilox Ta peroxynitrite
1HaKTUBYIOTh cropu [35, 37]. JlificHO, iHAKTHBAIls CIIOP
Sterilox 1 peroxynitrite moB'si3aHa 31 3HAYHOIO BTPATOIO
Oap'epHoi (QYHKIIT MPOHUKHOCTI BHYTPIINIHBOI MeMOpaHu
CIOpH, IO JOBOAWUTHCS BuIlyckoM DPA mnpu 3BuuaiiHiit
cyOneTanpHIA TEpMidHIM 00poOIll, K OyJ0 TaKOX 3a3HAYEHO
it 00poOIeHNX AIOKCHIOM XJopy crop. OHaK, 1HAKTUBALIIS
CIop IHMMH JBOMA areHTaMH BiAPI3HAETHCA BiJ Takol I
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JIOKCHUTY XJIOPY, IKUH HE 1HIIIF0€ METa0O0Ii3M ITPH IPOPOCTAHHI
00pOoOJIEHHX CIOp, TOMAI SK TepIIl JBa, HABIAKH, IHIIIIOIOTH
MetaboiizMm [35, 37]. Y uboMy BigHOIIEHHI criopu, oOpoOeHi
TIOKCHUJIOM XJIOpY, HaragyloTh CHOpH, 0OpoOJIeHI MepeKucoM
BogHIO [40]. OgHak mpopociai oOpoOJIeHI MEePEeKUCcOM BOJIHIO
CIIOPH HE XapaKTEePU3YIOThCS OaKTepialbHUM 3a0apBIICHHSIM
JKUTTE3MaTHOCTI BacLite abo HaBITh 3arajJbHUMU
3a0apBJICHHSAMHU HYKJIETHOBOT KMCIOTH, TakuMu ik DAPI, a siapo
HE PO3IIMPIOETHCA MiJg Yac mpopocTtaHHs mmx crop [40].
ANbTepHaTUBHE TOACHEHHS TIOJSrae B TOMY, IO B
1HAKTUBOBAaHUX [IOKCUIOM XJIOPY CIOpax AIMCHO (haKTUYHO
3MIHIOETBCSI MeTaboii3M 1 TMPOPOCTaHHS 3a PaxyHOK
inriOyBanHs epmentiB LuxA i/a6o B. ABTopu mocunarorbcs
Ha BIZICYTHICTh B naHuit yac (2003 pik) gaHuX, sKi BUKIFOUMIA
0 IIF0 MOXKJIMBICTh, OCKIJIBKH ITOTNIEPEIHI pOOOTH TOKa3aJH, 110
JEeKiTbKa TIepEeKHCed MOXYTh WHAKTUBYBaTH (epMEeHTH Y
Mexax crnop [61, 62]. Ha ngymky aBTopiB [27], HeMae HIi4OTrO
HECIIOJIBAHOTO B TOMY, IO TIMOXJIOPUT Ta TIOKCHUI XJIOPY
YIIKODKYIOTH MEMOpaHH CIIOPY YU OKHCITIOIOTh JKUPHI KUCIOTH
abo memOpanHi Ou1Ku, abo U Te, ¥ 1Hme. Ha xanb, moku 1o
BIACYTHS 1H(popMaIlisi Npo MEBHE TMOIIKOIKEHHS MeMOpaH
CHOpPH LIMMHU areHTamMu abo Oy/b-sIKUM IHIIUM OKHCIIOBAaYeM,
SK1 THAKTUBYIOTH criopH. L{e 3anuiaeThcsi TOTOBHUM BaKyyMOM
y 3HaHHI TOYHUX MEXaHi3MiB, Yepe3 110 TaKl areHTH 3HUIYIOTh
OakTepialibHi CIIOpH.
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5.2 ImakTuBauis aiokcuaom xJjopy cmop Bacillus i
Clostridium

Meroto  mocmimkeHHs [1] Oyno OIHUTH PI3HHIO B
gymmBocti 10 ClOz cepen cmop pi3HUX pOJIiB, BUIIB Ta
mTamiB, BKIOYaroun BIMB KoHueHtpamii ClO; Tta pH
CepelOBHINA, a TaKOX BHU3HAYWTH BIUIUB  TPOICAYPU
MITOTOBKY CIOP Ta Pojib iX 00onoHkHu y 3axucTi Big C1Oo.

Ockinbkn 00pobka C1O; Moke iHaKTUBYBAaTH Ta/abo
MOIIKOJUTH CHopH, Oyna moTpiOHa mpoueaypa, ska O
J03BOJIMJIA TiepepaxyBaTH momkomkeHi crnopu. Skmo C10;
pearyBaB i3 30OBHIIIHBOK0 YAaCTUHOIO CIIOpH, 30KpeMa 3i
CTIOPOBOIO OOOJIOHKOFO, CIIOPH MOXKYTh OyTH JKUTTE3IaTHUMH,
ajle HE3aTHUMHU TMPOPOCTH B CEPEIOBHINI, SKE 3a3BUYAN
MIATPUMY€E TMPOPOCTAHHS, TMPOTE MOXKYTh TPOPOCTH B
IpUCYTHOCTI Ji3ouuMy [2]. IHm nocimigHMKM BKa3yBayd Ha
MepeBaru CEepesloBUI 3 JO0JIaBaHHSAM IMipyBaTy ab0 MaHITOJ-
’KOBTKOBOTO TIOJIIMIKCHHOBOTO arapy Ta BIIMIHHOCTI MDX
3a3BUYAl BHKOPUCTOBYBAaHUMU HECEJICKTHBHUMU
Cepe/IOBUINIAMHU JIIT BUIUICHHS TOIIKO/pKeHUX crop  [3].
Cnouatky OyJl0 TPOTECTOBAHO KUIbKAa CEPEOBHIN IS
BunieHHs cmop B. cereus T. Bignosnenus B. cereus T,
obpobiieroro C102, Oyiio Mo CyTi 1IIEHTUIHUM I KOXKHOTO
JOCTIKyBaHOTO cepenoBuiia. JlaHi BKa3ylOTh Ha Te, WIO
MOIIKOKEHHS criop 00pookoro C102 Oyino MamoiMOBIpHUM.

Ha puc. 5.9 300paxkeHo penpe3eHTaTHBHI KpUBI
BIDKMBaAHHS Jy1s1 criop, oopoosnernx C1O,, Ta kpuBi, oTpuMaHi
3a gomomMoror Moxem BeitOymna. Jlns BciX JaHUX KpHBI,
OTpUMaHI 3a M€ MOJACIUII0, J00pe Y3rOJUKYIOThCS Ta
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BBXAJIUCSI aJIEKBaTHUM BimoOpakeHHsIM JnaHuX. HacrymHi
PUCYHKH UIIOCTPYIOTh, a BCi BHKOPHCTaHI MOPIBHSIHHA
UTIOCTPYIOTH JIMIIIE 3MOJISThOBaH1 KPHUBI.
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Puc. 5.9 PenpeseHTaTuBHI KpUBI BW)KHBaHHS, IO
MOKa3yloTh CTYIiHb BIIMOBIHOCTI KPUBUX, OTPUMAHUX 32
nonomororo mozeni BeitOymna, paktuaraum nanuMm. Log (N/No)
= Log (momyisAwiss HA MOMEHT 4acy t / mouaTkoBa MOMYJIALIS).
(A) B. stearothermophilus ATCC 1518, o6poGmnena 20 mr/n
C102npu pH 4,5; (B) B. cereus, copyiboBaHa y 30araueHoMy

noxuBHOMY arapi (mpemapar 1,8 - 10° cop/mi), 06po6nena 50
mr/n C1O2 pu pH 8,5.

Jns  oumiHKM  Bapiamii MK TOMYJSIISMHU  CIOP,
MIITOTOBJIEHUMHU 32 OJIHIEI0 TPOLETYypPOI0, OYyI0 BUKOPHUCTAHO
CTaTHCTUYHE TIOPIBHSAHHS BICIMHAILATH KPUBUX BHKUBAHHS (2
npemnapaty crop X 3 3HadenHs PH x 3 konnentparii C102) ciop
B. cereus T, migroroBieHuX ABiYl 3 BUKOPUCTAHHIM OJHI€T I
Ti€l x mpouenypu criopysaiii (cnopynsmist FNA). Xoda tpu 3
JIeB'AITH TApHUX KPUBHUX BW)XKHUBAHHS ([0 TIOPIBHIOKOTH [IBi
MOMYJIALII) MaJM TUledl Pi3HOI JOBXKHHH, 3arajoM He OyJo
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MPakTUYHOI a00 CTAaTUCTUYHO 3HAYYMIOl PI3HMII B 4Yaci
inaktuBanii 99,9% mnonynsamniii. Tomy mopaneiine NMOPIBHSIHHS
MDK poJaMH, BHJIaMH, IIITAMaMH Ta 0OpoOkamMu 0azyBasiocsi Ha
yaci iHaktuBamii  99,9% momymamid. Jns  mosermieHHs
MOpiBHAHB y Mik ctaTTi [1] mpencraBieHi penpe3eHTaTHBHI
naHi. Yci KpuBi BikHBaHHs nipeacTaBieHi Hemstapat [4].

PesuctentHicth 10 C1O2 criop ogHOTO i TOTO X MITAMYy,
CIIOPYJILOBAHOT'O 32 IBOMA ITPOILIEAYPAMH, CYTTEBO BiApi3HsIaACS
(p <0,001) (puc. 5.10).
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Puc. 5.10 BruuB cepenoBuiia cnopymsilii Ha CTIHKICTb
B. cereus T mo C10; ta BruimB KOHIEHTpaIii Ha €(pEeKTUBHICTh
C10:2. Mani BinoOpaxarots criopu B. cereus T na 30araueHomy
noxusHoMy arapi (FNA, npemapar 1,5 - 10° cmop/mi) ta B
moaudikosanomy cepenosuni G (MGM, 2 - 10° crnop/mn). A,
B ta C imoctpyrots Brms 20, 50 a6o 80 mr C10O2 BianoBiHO.
Log (N/No) = Log (momyJisitiisi Ha MOMEHT 4acy t / moyarkoBa
nomyssiis). 3uauenHs pH 4.5, 6,5 ta 8,5 mpeacrasieHi sk

( ), (----)Ta(..... ) BIAMOBITHO.

CnopyneoBanmii B. cereus T y MomudikoBaHOMY
cepenoBuilli G OyB 3HauHo uyrTnuBimuM a0 C1O2, HiX npu
CropyJisIIii Ha 30araueHoMy MOKMBHOMY arapi. Yac icHyBaHHS
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«wieda» (rmepioa 3aTPUMKH Iepe]] IMIBUAKOK 1HAKTHUBAIIIEK))
OlbIlle BIUITMHYB Ha PI3HUIIO B CTIMKOCTi, HDK IIBHIKICTH
IHaKTHBAIlli  MICIsI  TPUIMHEHHS  YTBOPCHHS  «ILICYa.
MonudikoBane cepenopumie G - 1e MiHiMalbHe OyIbHOHHE
Cepe/IOBUINE, IO CKIAJAEThCA 3 JIPLKIHKOBOTO EKCTPAKTY,
(NH4)2S04, raroko3u ta MiHepadbHHX coiiei, Toai sk FNA e
OUTBIII CKJIQJHUM 1 TTOBHOI[IHHUM arapoBuM cepepoBuiieM. Lli
pe3yNbTaTH MiJTBEPAUIN TOMEPEAHI BUCHOBKU IPO TE€, IO
CIIOpH, SIKI YTBOPIOIOTHCSI HA PI3HUX CEPEHAOBHUINAX, MOXYTh
NPOSIBJIITA  Pi3HY CTIHKICTH /O HarpiBaHHS a0o0 XiMIYHHX
peuoBuH [5, 6]. Hdocmimkenns 3i cmopamu C. bifermentans,
CHIOPYJTHOBAaHMUMH Ha PI3HUX CEPEIOBUINAX, TOKAa3aIH Pi3HI
peaxiiii Ha IHaKTUBalliifHI 00pOOKH, 1110, HMOBIPHO, IOB'SI3aHO 31
CTpyKTyporo criop [6-9]. Hanpukian, criopu, crivikimi g0 H202,
MaJTi TOBCTIIIly KOPY Ta MEHIIHiA rpororiacT [8].

C10; 0yB edexkruBHIM criopunuaom. 3uaqHi (P < 0,001)
eeKTH crocTepiraaucs A Bcix KoMOiHawii 0OpoOKu (1ram X
KoHIeHTpamis X pH), sk mokazano Ha puc. 5.10 mis cnop B.
cereus T. C102 epekTrBHO 1HAKTUBYBaB OaKTepiaabHI CIOPH 32
BunpoOyBanux ymoB. Hanmpuknan, C1O; npu korumenTpartii 50
mr/in, pH 6,5 3MeHImMB NomynAiii BeTUKuX crop (mpulIu3HO
1,6 - 10° crop/mn) Ha 99,9% npubmusHO 3a 15-38 XB Ta 55 XB
as Bacillus ta C. perfringens Biamosiano. Buriti koHIieHTpariii
C102 mBuaIe iHAKTUBYBAJIH MOMYIIALIi CrOp. Y CaHiTapHIN
00poO11i XapuoBUX POCIUH MOMYJIALIi COp, 3HAYHO MEHII 3a
10° /M1, BUKIMKaIU O 3aHENOKOCHHS Ta Oynau O 3HUKEHi JI0
NPUIHITHO HU3BKOTO PIBHSA 32 KOPOTIIMA dac, sKOU
OakTepiagbHe Ta HeOakTepialbHE OpraHiyHe HaBaHTAXKEHHS
OyJ0 JOCTaTHHO HU3BKUM.

InakTuBalis gocipKyBanux momyssmii crop Bacillus
TIOKCHIOM XJIOPY CYTT€BO He 3a3Hana BrumBy PH. Xoga
CrocTepiraiucsl BIAMIHHOCTI, 3yMOBiIeH1 PH, mis iHakTHBarii
ciop Bacillus, ui BizmiHHOCTI He OynM MOCTITOBHUMH MiX
KOHIICHTPAIISIMU IS JKOAHOI TOMYJIAIi, a TakoXX He Oyiau
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CYTTEBHMHU i CTATHCTUYHO 3HAYYIIUMU. Pernpe3eHTaTuBHI naHi,
IO UTIOCTPYIOTh HE3HaYHMH BIMB PH, mpeacraBieHi Ha puc.
5.11, ne mokazani kpuBi iHakTHBarii 11 B. cereus F4810/72 ta
B. stearothermophilus ATCC 1518 konuentpamiero 50 mr/n
C102 mpu pH 4,5, 6,5 ta 8,5. Ile TakoXX MPOLTIOCTPOBAHO Ha
puc. 5.10 ans momyssiii B. cereus T. IloniGHi pe3ynbTary, 1o
JOKYMEHTYIOTh HE3HauyHWW BIUIMB PH, Oymu oTpumani 3
KOXKHOIO JIOCIIDKYBaHOwO monyisinieto cnop Bacillus ta mpu
koxkHii koHneHTpanii C10, (20, 50 ta 80 mr/mn).

LOG(N/NO)
r §F 1 1 1 3 3
N otk WD

0 20 40 60 O 20 40 60
TIME{min)

Puc. 5.11 Hesnaunuit Brums pH (4,5, 6,5, 8,5) nHa
inaktuBanito cnop Bacillus cereus F4810172 (4-8 - 10°
criop/mi) (A) ta B. stearothermophilus ATCC 1518 (B) 50 mr/n
C102. Log (N/No) = Log (momymsiis Ha MOMEHT dacy
t/mouaTkoBa momymsawisn). 3uauenns pH 4,5, 6,5 Tta 85
npencraBieHi sk (), (----)Ta(..... ) BIATIOBiTHO.

OnHak, crioctepirascs 3Haunui Brume PH (p < 0,001) auist criop
C. perfringens NCTC 8798 (puc. 5.12), ne mBuiia iHaKTHBAITis
Oyna nocsarayta npu pH 8,5, Hixk npu pH 6,5 abo 4,5 npu
koxHi# koHeHTparii C1Oo.
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LoglN/NOI
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TIME | minl

Puc. 5.12 Brus pH (4,5, 6,5, 8,5) nHa inaktuBariwo C.
perfringens NCTC 8798 CIO2 y mo3i 20, 50 ta 80 mr/n. Log
(N/No) = Log (momymsmis Ha MOMEHT dacy t/movaTkoBa
nonyssis). 3uauenns pH 4,5, 6,5 ta 8,5 mpencrasieni sk

(_)(G---)ra(.... ) BiAIIOBiNHO.

He Oyno BUsIBIEHO CYTTEBOI pi3HHMIII B IHAKTHUBALIT CIIOP
C. perfringens NCTC 8798 mixx 06pooxoto C1O2 ipu pH 4,5 Ta
6,5. BuBuaroun BereTaTWBHI KIiTHHH OakTepiii, Ridenour ta
Ingols [10] moBimommnm mpoO MOCTIHHY OaKTEPUIHIHY
aKTHBHICTh y miama3zoni pH 6-10. Benarde et al. [11] we
MOB1IOMMJIN PO 3MiHU B cniekTpax nornuHanHg C10; npu pH
4,0, 6,45 Ta 8,42, mo Bka3zye Ha Te, mo aucomiamis ClO; y
1poMy miamazoni pH He BimOyBanacs. Oqnak Benarde etal. [11]
crioctepirany mBuaNly iHaktupaiito E. coli mpu pH 8,5, Hixk
npu pH 6,5. Jlani mono inaktuBamii C1O; momioBipycy 1 Ta
kouigary 2 BkazyBaiu Ha miBHIITY iHaKTHBaIi0 ipu PH 9, Hixk
npu pH 7 ta pH 5 [12]. Ockinbku C1O2 He Tiaposti3yeThes B
JOCTIKyBaHOMY Jiana3oHi PH 1 He Oyno BusiBieHo BBy pH
Ha iHmI coopw, PH mMOBMHEH BIUIMBAaTH Ha caMmy CIIOpY.
BinMiHHOCTI B 3aXMCHOMY Me€XaHi3M1 a00 30BHIIIHIA CTPYKTYp1
CIIOp MOXYTh CIPUYMHATH CIOCTEpeXyBaHMH BB PH Ha
1HaKTHBaIll0. € MOXJIHMBICTh TPHUIUCATH CIOCTEPEKYBAHY
PI3HUIIIO y3arajgbHEHId pi3HHLI B aepoOHUX Ta aHaepOoOHUX
criopax; OJHAK OyJo MPOTECTOBAHO JIMIIE OAWH IITaM
aHaepoOHMX Ta JBa BUAM ACpOOHUX  CIOpP, TOMY
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CIIOCTEPEIKYBaHH BILIUB PH IPyHTYETHCS Ha Jy)Ke 0OMEKEHUX
TaHUX.

Pesynbraru t-kputepiro Waller-Duncan nis BusnadenHs
cepennporo yacy inakrusaii 99,9% nomynsmiii cnop Bkazanu
Ha TpH Pi3Hi rpynu moa0 ayrausocti g0 C10; (puc. 5.13). B.
stearothermophilus ATCC 1518 Ta cnopysiboBanuii MGM B.
cereus T Oymu 3HayHo uymmBimmuMu g0 C1lOz, HIX
cniopynboBanuii FNA B. cereus T (nBa mpemnaparu crop) ta B.
cereus F4810/72. Koxwua mnomymsuis crop Bacillus 0yma
gytnuBimoro 10 C1Oz, Hixk nporecToBaHa nomyssnis crop C.
perfringens. Tlo3sHayenus rpynm He 3ajexano Bix pH, sk
Moka3aHo Ha puc. 5.13, 1e mokazaHo JaHi /Ui iHaKTUBAI] IpU
pH 4,5 ta 8,5.

Bupaxena uyrnusicts 10 C102, mo crioctepiranacs s
criop B. stearothermophilus ATCC 1518, cynepeunia gaHuM
Odlaug ta Pflug [13], sixi BKa3ytoTh Ha Te, IO 3 HIECTH BHIIB
Bacillus, sixi mopisuroBanucs, tepmodin B. stearothermophilus
YHIKQJIbHHUH CBOEIO HAJI3BUYANHOIO CTIAKICTIO JI0 TIMOXJIOPUCTOT
kucyotu (aktuBHOI crotyku Clo abo rimoxiopury).

OCKUIBKH CepeIOBUILIE CITOPYJIALIT CYTTEBO BIJIMBATHME
Ha YYTJIUBICTH CIIOP, CJIiJl BpaXOBYBATH YMOBH CIIOPYJIALT IPH
MOPIBHSIHHI CTIMKOCTI PI3HUX IUTaMiB. 3 OMIALy Ha Le
OOMeXKeHHsI Al JOCTiPKYBaHUX IITaMiB Ta YMOB TMOMYJSIi
ciop Bacillus Oynu 3nauno uyrmusimmmu g0 ClOp, Hik
nonyisiist ciop C. perfringens NCTC 8798. Lle cynepeunTs
OUTHIIOCTI ~ OMYOJIKOBAaHUX  JIITEPATypHUX JAHUX  IIOJO
inaktuBaii ciop Bacillus ta Clostridium rinoxmopurom [13-
15], sixi BKa3yroTh Ha Te, 1110 cropu Clostridium ayTnusimi, Hix
criopu Bacillus. Oxnax, mopiBHSIHHS 3HOBY K Taku OOMEKeHi,
OCKIJTBKH YMOBH CHOPYJISAIT Ta OOpOOKH B WX JOCTIIHKEHHSIX
BIJIPI3HSIINCS BiJ] THX, IO OMHCaHi B JiTeparypi. Hami mani
CBiuaTh mpo Te, o 3 JociimKyBanux mramiB C. perfringens
NCTC 8798, cnopynboBanuii y D-cepemoBumii, OyB 0Ou
HaWKpamuM TECTOBHUM MIKPOOPTaHI3MOM ISl JOCIIIKEHb 3
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METOIO BU3HaYeHHs e(DeKTUBHOCTI caHiTapHOi 00pooku C10;.

LogIN/NOI

TIMEIminl

Puc. 5.13 TlopiBHsIIbHA YYTJIMBICTH MOIYJSIIN CIIOp
Bacillus ta Clostridium mo 50 mr/n ClO2 npu 3Hauenusx pH 4,5
(puc. 5.14A) Ta 8,5 (puc. 5.14B). [1okazani nani Jy1st HACTYITHUX
nonyssnii criop: B. cereus T [mpenapatu FNA 1 (BCTry), 5 -
10° ciop/mn ta 2 (BCcT2), B. cereus T[Cnopynsopanuit MGM
(BcTwm), 3,5 - 10° cnop/mi], B. cereus F4810172 (BcF, 6 - 10°
cnop/mn), B. stearothermophilus ATCC 1518 (Bs) ta C.
perfringens NCTC 8798 (Cp). Log (N/No) = Log (romysisiitist Ha
MoMeHT yacy t / moyarkoBa monyssuis). [Ipu pH 8,5 nani mis
npenaparie B. cereus 1 (BcTrr Ta 2 (BCTr2) 3 FNA-
CIOPYJIbOBAaHUMH CIIOJIYKaMH I10 CYTi IJeHTUYHI Ta HaKJIaJeHl

Ha IIbOMY PUCYHKY.



327

BincytHicTh 00010HOK c1iop a00 BiICYTHICTB IUTICHOCTI
000710HKH 3Ha4HO 301IbITyBaIa ehekTuBHICTh C1O2 mopiBHSAHO
3 1HAKTHUBALIEIO CHOP 3 HEYIIKOPKEHUMH OO0OJOHKaMH (pHC.
5.14). Ii naHi BKa3yrOTh Ha BAKJIUBY POJIb 000JOHKH B 3aXHCTI
criop Bix C10.. [{ns criop B. cereus T, y sikux He O0ys10 0007I0HKH
a00 IITiICHOCTI OOOJIOHKM XapaKTepHI KpWB1 BIDKHMBaHHS 0€3
TUIeYei MOPIBHSAHO 3 IHTAKTHUMH CIIOPaMHU.

Coats
intact

-3 ] Coats absent
-4 or defective

LogiN/NOI

I I 1 L) T

0 20 40 60 80
TIMEImin]

Puc. 5.14 Bruu o6ononku Ha iHakTuBamito C10; (20
mr/a, pH 8,5) conop Bacillus cereus () Ta Clostridium
perfringens (- - - - ). Jlani mpezcraBisoTh momyJsiii crop B.
cereus T (NO = 10° KYO/mn), B. cereus T, o6pobnenux ais
BUJaneHHs OinkiB o6omomku (NO = 10° KVYO/mn), C.
perfringens NCTC 8798 (NO = 10° KYO/mm) ta C. perfringens
8-6 (No =5 - 10° KYO/mn). Illtam 8-6 € 6e3mOKpOBHUM
mytaantoMm NCTC 8798. Log (N/No) = Log (momymsiisi Ha
MOMEHT 4acy t / mouaTkoBa MOMyJIsIis).
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Hani cBimuaTte mpo Te, MO OOOJIOHKA MOXE OyTH
BIJIMOBIJAILHOIO 32 HASBHICTh Ta PO3MIp IUJIeYa; OJHAK Ha
CHOTOJHIIIHIM JIeHp TOYHA MpPUYMHA YacTOi HPUCYTHOCTI
iedyei He nociimkena. Ha KpuBUX BMXKUBaHHS Oy MOMITHI
«XBOCTW», 5IKi BKa3yIOTh Ha Te, 0 <1% momymsmii Majna BUILY
critikicte g0 C1O». e, 3maBanocs, BiAIOBIIAlO MOYATKOBIM
CTIHKOCTI, 110 criocTepiraiacs st 0aTbKiBCHKOTO IITaMy 3a IIUX
yMoB. PesuctentHa momynsmis, WMOBIPHO, € YacTKOIO
nonyssii C. perfringens 3 000J0HKOIO Ta BiAMOBigaE
HEBEIIMKOMY BiJICOTKY MOTMYJIALT, ika OyIa 37aTHa yTBOPIOBATH
koJzoHii Ha TSC 6e3 nizouumy.

CriopoBa 000JIOHKAa BaXJIMBa JUIsI 3aXHUCTy CIIOp BiX
iHaKTHBAIl TiIOXJOPHUTOM Ta IepeKucoM BoaHio [16, 17].
Ob6oonKa, HMOBIpHO, i€ sIK O6ap'ep MPOHUKHOCTI IS XJIOPY Ta
iHmMx areHTiB. EgextuBHicTh 000m0HKM y BukitoueHHI C10;
MOXe OyTH BIAMOBIIAJBHOIO 3a CTYMiHb «IUJI€4ay, IO
CIIOCTEpIraeThCsl Ha KPUBUX BIKUBaHHA. BujaneHHs OUIKiB
OOOJIOHKH CIIOpHM HE BIUIMBAE HA XHUTTE3IATHICTH CIIOp, aie
POOHTH CIOPU OLIBII UYTIMBUMM J0 IPOPOCTAHHS 3 JI30LIUMOM
npH J1ii IepeKucy BOAHIO Ta Tirmoxjopury [2, 5-8, 17]. Lli nani
CBiuaTh NpPO Te, IO JBOCTYNEHEBa CHOPOLUAHA 00poOKa,
BKJIIOYAIOYM OJIMH KPOK g TOCiabiaeHHsT O0OOJIOHKH
(Hampukiiag, oOpoOKa Jyrom, sK CBITYUTH CIIOCTEPEKYBaHUN
BruikB PH Ha inaktuBariiro C. perfringens 3a qomomororo C10>),
a notiM obpobka C1lO; moxe OyTH ayxe e(peKTHBHOIO IS
canitapHoi 00poOku. Komu cniopu Bacillus o6po6siin NaOH
(pH mpubmuzno 13), skuil CcomoOOLTI3yBaB JTYropo3YMHHUN
OUTOK, WMOBIpHO, 3 OOOJOHKH CIOpH, BOHH Oy TIIIe
YYTJIUBIIIMMUA 10 OOpOOKM JI30LIMMOM Ta MEPEKUCOM BOJHIO
[18]. Bymo moka3zano, mo NaOH 3MiHIO€ CTPYKTYpy 00OJOHKH
ciopu [19, 20]. Jliteparypa nokasye, 10 iCHYIOTh IpUHANMHI
JBa BHU3HAYCHI KOMIIOHEHTH cmopu (Oumok, OaraTtuii Ha
Iucynb(dian, Ta JIyTOPpO3UMHHHUNA O110K), siKi OepyTh y4acTb y
npoHUKHOCTI. [le Moxe moscHuTH mocuieHy iHakTuBaiiio C.
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perfringens NCTC 8798 mpu pH 8,5 (puc. 5.12). IligBuiena
aktuBHicTb ClO2 mpum nyxHux 3HaueHHsSX PH moxe Oyru
MOB's3aHa 3 JIY)KHUM TiJIpoJ1i30M ab0 IEeNPOTOHYBAHHSIM O1JIKIB
obononku C. perfringens. Asropu [1] BusiBIIH, IO CIIOPH 5K
Bacillus, rak i Clostridium, siki He Manu 06010HKH ab00 Maau
MOIIKO/DKEHY 000J0HKY, 3Ha4HO uyrinuBimi g0 C1lO., Hixk
CIIOPH 3 HEYIIKO/DKEHOK 000JI0HKO. JlOCHiKeHHS 3 IHITMMU
ne3indikyrounMu 3aco0amMul TIOKa3aid, M0 OOOJIOHKA CIIOp
MOXE  CTBOPIOBAaTM  3aXHUCHHH  Oap'ep B OAHOMY
CIIOPOYTBOPIOBaYi, ajie He B iHIomy [21, 22].

Ile pmocmimxenHs [1] nmokymentye edexTUBHY
iHakTuBaiiwo crop sk Bacillus, tax i Clostridium 3a qormomoroto
C10;. B caniTapHuX 3aCTOCYBaHHSIX 3YCTPIYalOTHCS MEHII1
MOMYJISIIIT CIOp, HIX JOCHIHKYBATUCS B I poOOTi, OJHAK
MPUCYTHI 1HII opraHiuHi abo HeopraniuHi 3amumku. C1O;
Hapasi YCIINTHO BHKOPUCTOBYETHCS JUISI OYMINEHHS BOJIU Ta
IHIINX CUTYyalid, Xxo4a iHQopmarlis 1moA0 iHAKTHBALIi CIOp
Oyna 0OMEXEHOI0.
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PO3/ILT 6
AJBTALOUIHA OIS JIOKCUY XJIOPY

Jliokcua XJ1opy oka3aB e()eKTUBHICTD Ui 3a1100iraHHs
pocTy Mopchbkux Bojgopoctel [1]. KoncrtaToBaHo #oro OuIbIry
e(eKTHBHICTb, HIXK Cylb(daTy Miji, IpU MOPIBHIHHIA BapTOCTI
00poOKHu Boau OaceiHiB. SIK BBaKaOTh aBTOPH, TIOKCH]T XJIOPY
pyiiHye miponbHe Kuiblie xiopodimy. Ilpomyktu peaxmii
TIOKCHY XJIOPY 3 MOPCHKUMH BOJIOPOCTSIMH HE MAIOTh 3ariaxy.

TexHouorist 00poOKH Mependavana BBEACHHS TIOKCUIY
XJIOpY y Boay OaceiiHy BHOYI, 11100 3a1100irTH po3naay 1i0KCUIy
XJIOPY COHSYHMM CBiTIIOM. OnITUMalIbHA 1032 JIOKCHIY XJIOPY
cTaHoBuna 1 mr/m.

Y pobGori [2] mnpoBemeHO J1aOOPATOPHY OLIHKY
edextuBHOCTi 1HakTuBanii ClO2 y mOpIBHSAHHI 3 XJOPOM
MOpPCBKHUX  MiKpoBogopocte (mo3m 2-6  wmr/m, pH=7,
enkcrnosuitis 30 xBunuH). Beranmosiaeno, 1mo ClO2 wmae
MOPIBHSIHHI ~ €EeKTH 3 PIAKUM XJOPOM IIOAO 1HAKTHUBALii
mikpoBonopocreit  Chlamydomonas, Phorimidum, Ulothrix,
Microphorimidium Tta Ankistrodesmus i pemo Bumi IS
Chlorella Ta Prismatic desmids.

VY po6ori [3] BuBUEHO e(heKTH XJI0pY, 030HY Ta JIOKCULY
XJIOpY Ha KyJIbTYpPY MIKPOBOAOPOCTI Scenedesmus —sp.
KoHcriekTnBHUIT BUKIIA TIOKA3Y€E, MO KUTTE3MATHICTh KIITHH
BOJIOPOCTI Ta  KOHLEHTpawis XJOpo(pidy  3MEHIIHWIHCS
napajgenbHO 31 30UIBIIEHHSM KOHIEHTpalli PO3UYMHEHUX
OpPraHIYHHX PEYOBHMH y pa3l 3pOCTaHHA KOHIIEHTpAIil
okucmoBada. [lommepenus o6podka miokcumom xiopy (1, 3 ado
5 mr/n) abo o3oHOM (2,6; 4,6; 8,1 MI/i) KyabTypH BOAOPOCTI
I1IBULIYBAJIN e(peKTUBHICTh  KOaryJsilii, Toml K
npexjopyBaHHa no3amu 10 a6o 20 wmr/m 30imbIIYyBaio
HeoOXiAHy 103y KoarynsaHty Ha 15%. [lepermisa enexkTpoHHUX
MikpodoTorpadiii OKHCICHHX KIITHH TOKa3aB BUPAXKECHUN
HECTIPUATIUBUAN BIUTMB Ha apXiTEKTYpy MOBEPXHI KIITHHH: Ha
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JIOJIATOK JI0 OKUCJICHHS HEKJIITUHHHMX OPraHIYHUX MaTepialiB
OKHCIIIOBaYl YIIKOJUKYBAIH CTPYKTYPU TOBEPXHI KIITHHH 1
BHYTPIIIHBOKIITUHHI ~ KOMIIOHEHTH. ABTopamu [3] Oyio
3allpONIOHOBAHO  MOJIENb, SKa TMOSACHIOE BIUIMB  PI3HUX
OKHCJIIOBa4YiB HA MiKPOBOJIOPOCTI.

OCKUTBKM OKHCITIOBAaYl IIMPOKO BUKOPUCTOBYIOTHCS B
mporiecax BOJOMIATOTOBKH, a MIKPOBOJOPOCTI TOIIMPEH] SK
010JIOTIYHI ~ KOHTaMiHaHTH TOBEPXHEBUX  BOJ, AaBTOPHU
MepeyIoTh BUKJIALy Pe3yabTaTiB CBOIX JOCHIKEHb KOPOTKHIA
aHayi3 pooiT cBOiX monepeaHuKiB [4-7].

Hp6030HyBaHH$I MikpodIopy B PIUKOBii BOJI 3HAYHO
CKOpOYY€ MYTHICTh 1 KUIBKICTh 3aBHCIMX YaCTHHOK MpHU
nojasbIIii XiMiyHii koarymnsuii [7]. [Ipo BuUKopucTaHHs 030HYy
SK e()eKTUBHOT'O OKHCITIOBAayYa CTIYHUX BOJI MOBioMIIsTH Betzer
et al. (1980) [6], a mpeo3oHyBaHHs CTIUHUX BOJ 301JBIIYBAIO
e(eKTHUBHICTh KOAryJsuii Ta MoJajblly Cenapalild MOPChKHUX
MikpoBoaopocTeil. Masschelein (1979) [5] moka3zas, 110 TioKCH
XJIOpY TOJETIIye KOAryJjslilo CTIYHMX BOJ pazoM 3
ne3iH(eKIiitHOI0 aKTUBHICTIO MPH MIHIMANbHIA KIJTBKOCTI
XJIOPOBAHUX MOOIYHUX MPOAYKTIB. SIK B1IOMO, XJOPYBaHHS
cycreH3ii MIKpOBOJOPOCTEH Mocnabiitoe 3JaTHICTh KaTiOHHHUX
MOJIIETIEKTPOIITIB 10 MJIACTIBLIB MOPCHKUX MIKPOBOJIOPOCTEH
[8]. BuxopucTaHHS OKHCIIOBAdiB y BHJAAIEHHI MOPCHKHX
MIKPOBOJIOPOCTEH 31 CTIYHUX BOJ CYNMPOBOIKYETHCS BUXOJIOM
KJIITUHHUX KOMIIOHEHTIB, IO BHUPAXXA€ThCS B HAKONUYEHHI
PO3UYMHEHHUX OpraHiuHuX O6araTux ByrieneM peuoBuH (DOC) [8,
9]. V nmocnimpkenni [10] aBropu moBiAOMIAIOTH MPO edekTu
TPHOX OKHCJIIOBayiB Ha KOAryJisiiio MOPCBKHX
MiKpPOBOIOPOCTEH.

Ha pwuc. 6.1 mpexacraBieHo BIUIUB 30UTBIIEHUX
KOHIIGHTpALlIl OKHCIIIOBAyYiB Ha JKUTTE3/1ATHICTD Scenedesmus,
KoHIeHTpanio xjopodiny Ta DOC y cycneHs3isx BOAOPOCTi
MOPIBHAHO 3 HEOOpOOJIeHMMH KIiTHHAMH. SIK BHIHO 3
MIPEJICTAaBICHUX JaHUX, KyJIbTYpPU BOJOPOCTI MOKA3al 3pa3oK
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7031 - BIANOBIAI HA KOXEH 3 TPhOX OKHUCIIOBAYiB: 31
30UIBIIEHHAM JIO3M CKOPOYYBAJIACsl KHUTTE3AATHICTh KIITHUH 1
KOHILIEHTpaLii XJI0podisly mapaienbHo 3 PO3UIMPEHUM BUXOI0M
KIITUHHUX OPTaHIYHUX CIONYK, cynsun 3 Y® - abcopOuii npu
254 um 1 pisaem DOC.
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Puc. 6.1 Bomus Clp, Oz ta C102 HaA KUTTE30ATHICTD
Scenedesmus  sp., KOHIEHTpalil0 XJopodiy, ONTHUHY
UIUIBHICTD KYJIBTYPU Ta PO3YMHEH1 OPraHiyHi CTIOIYKU

KpiM 1iporo, ontuyHa mMiIbHICTE KyAbTypH npu 420 HM,
sKa M03HAYa€ KOHIEHTPAII0 KIITHH BOJOPOCTI, 3HWKYBanacs
31 30UIbIIEHHSIM KOHIEHTpAllll 3aCTOCOBAHOIO OKHCIIIOBAYa.
He3Baxatoun Ha 3arajgbHUi SKICHUH e(eKT OKHCIIOBayiB,
BiJ3HAYEH] KUIBKICHI BIAMIHHOCTI IIOA0 3MiH, BHKIHKaHHUX
HUMH. Ha )KUTTE31aTHICTD KIITUH Ta KOHLEHTPAIIIO XJIOpodiTy
MEHIIIE BIUIMBAB 030H, HDK XJIOp a00 JIOKCHI XJIOPY, MPOTE
OCTaHHIM CIIPUYUHSIB HAMOUIBII 3HAYHY JNECTPYyKIito (<5 mr/n
3MEHIIYBaB 1HAEKCH KUTTe3AATHOCTI 10 <1%). KoHuenTparis
6iomacu mij] BILIMBOM XJIOpYy 200 030HY Oyia 3MeHIIeHa 10 85-
90 %, Toai Ak monepeaHsi 00poOKa N10KCUIOM XJIOpY (5 MI/i)
npusBena 10 50% ckopoueHHs.
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Hakormmuennss DOC 'y BiTbHOMY BiJ BOJOPOCTEH
cepeNoBHII 30IMBIIMIOCS MAaKCHMAIbHO 3 TiABUIICHHSIM
KoHIeHTpanii xmopy. 3anexHicth Mbk DOC T1a VYO-
NOTJIMHAHHAM  BiJpi3HsJIacsl  cepell IUX  OKHCIIOBAdiB.
301IbIICHHS] KOHLIEHTPAITli XJIOPY BUKIUKAIIO PI3Ke 301IBIIICHHS
Y@ - nornuHa"HA nopsiA 3 nomipHuM 36insmenasam DOC. s
O30HY XapaKTepHO Maiike MapajellbHe IiJABULIEHHA 000X
3MiHHUX. lle MOXHa MOSICHUTH BHCOKOIO OKHCIIOBAJIHHOIO
peaxiiHO 3/1aTHICTIO 030HY Y BIUIMBI HA CUCTEMH TOJIBIHHOTO
3B'SI3KY, SIKI MPHU3BENN 10 3MEHIICHHS Y@ — MOTJIMHAHHS SK
pe3ynbTaT cymarlii 30UIbIIEHHS MDKKIITHHHOTO BHUTOKY Ta
3MEHIICHHS iX TOJANbIIOT0 OKHCIeHHS. Jliokenn Xiopy
BHKJIMKaB 30ubmeHHs Y@ - nmornmuHadHs, npote DOC, sk me He
IUBHO, 3MeHITyBaBcst Ha 5-10%. Lle BimOyBasiocsi, O4E€BHJIHO,
yepes peakuii MDK JIOKCHAOM XJIOpY 1 KJIITUHHUMH
noyiicaxapujaMu K JDKepelaMu  JIETKUX — CHOJyK 1
HU3bKOMOJIEKYISIpHUX opraHiuHux kuciotr [11]. IlizcymxoBi
pe3ysbTaT 301IbLICHHS KOHIEHTpaLllil OKMCIIIOBAYIB Y MpoIieci
BUJAJICHHSI MIKPOBOJIOPOCTEH MpU KOAryssuii CipyaHOKHUCIUM
IIOMIHIEM TpeicTaBieHl Ha puc. 6.2. EdekTtuBHICTh
BUJIAJICHHSI BUpa)KeHa SIK BITHOLIEHHS MK 610Macolo KyJIbTypH
nepes] BBEICHHSIM KOATyJISHTY.

Ta6mn. 6.1 BUCBITIIOE KOHIIEHTpallii koaryasHTy 1uist 50 i
90%  BupganeHHsa ~ Oiomacu  MIKpPOBOJOPOCTI  TIiCIHA
NEPEOKUCICHHST MOPIBHAHO 3 KOHTpoJeM. SK BUAHO 3
OTPUMAHHMX JaHWX, 3a HAWHWXKYOI 703U XJjopy (2 ™r/m)
e(eKTHUBHICTh IPAKTUYHO HYIHOBA. BiIbIII BUCOKI KOHIIEHTpALi]
xjopy (10 1 20 Mr/m) ymoBUTBHIOBAIM KOATYJSIIII0, OCKUTBKH
no3u koaryisHTy amst 50 1 90% Buganenus Oynu Butumu Ha 20
1 15% BianoBiIHO B MOpIBHSHHI 3 KOHTpojeMm. llomepenHs
o0poOka O030HOM Ta JIOKCHJIOM XJIOpPY TPHCKOPIOBAIN
KOaryJisilito, CyJIs4y 3 MEHIIUX /03 KOAryJsHTY MOPIBHSHO 3
KOHTPOJIEM.
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Puc. 6.2 BB nepenokucnenss Clz, O3 ta C10; Ha
koarysitito Scenedesmus sp. Alz (SOs)3 -18H2O

ApXITEeKTypa 3O0BHIIIHBOI TOBEPXHI pI3HUX BHUJIB
Scenedesmus sp. 6yna ommcana Staehlin 1 Pickett-Heaps (1975)
[12], Tomy ix TepmiHONOTis Oyna NpUHHATA B ILOMY
JocimkeHHi [3].

Tunosoro kaptuHoto (puc. 6.3 a, b) 3a yMOB AaHOTrO
€KCIIEPUMEHTY € YOTHPH- a00 BOCHBMUKIITHHHHMA IIHOOIN 3
JIBOMa CIIMHHUMH XpeOTaMu. Yl YOTHPHU KIITUHU MPUOITU3HO
11eHTHYHI1 3a po3MipamMu (0u3bK0 9 X 3 MkM). KiniTuHu oTOUYeHI
O0OJIOHKOIO,  sIKa  HAa3UBAETbCA  CITYACTUM  IHAPOM.
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CTpyKTypHHMH pHCaMu TOBEpXHI Scenedesmus sp. €
00posaBKH, pO3ETKHM Ta COTH. boponaBku  Ge3magHO
PO3IOPOIIIEHI Ha TOBEPXHI KIITHHU 1 GOPMYIOThH OJHY Mapajieib
KPOMKH 3 TIO30BKHBOIO BiCCIO KIIITUHU. J[Bl KpYyTril pO3ETKH 3
MO3/I0BXKHBOIO CMYTacTiCTIO 3HAXOISATHCS HA MOBEPXHI KOXKHOT
3 BHYTpilHIX KIITHH. COTH (OpMYIOTh A0Bri (1 1HOI KOPOTKI)
30BHIIIHI MEXI.

Tabmuus 6.1

B3aemo3s'szox nepenokucienns Clo, O3 ta Cl1O2 3

J03aMH KoaryJsHTy, HeoOximHumu ais 50 1 90% BupganeHHs
MIKpOBOJOpOCTEH

OxucHioBad, Mr/i |A1,(S0a4)3-18H20, HeoOXigHui IS
BUJIAJICHHS MIKPOBOJIOPOCIICH
50 % 90 %
MKM 1BEHD MKM 1BEHD
KonTposns [0 68 1,00 95 1,00
Cl, 2 68 1,00 95 1,00
10 83 1,22 108 1,14
20 83 1,22 108 1,14
O3 2,6 29 0,32 60 0,63
4,6 29 0,32 60 0,63
8,1 38 0,59 83 0,87
C10: 1 59 0,87 89 0,93
3 33 0,49 75 0,79
5 17 0,25 27 0,28

Haii0inpi oueBUAHUM pe3ysbTaTOM BILIUBY XJIOPY Ha
MOBEPXHIO KIITUHU OYyJI0 MHOXEHHS Ta 30UIbIICHHS
IHTEHCUBHOCTI CiTYacTUX BHUTKIB (puc. 6.4 a, b). Ileit edexr OyB
3QJICKHAA  Bil J03W Ta 30UIBbIIYBaBCS 13 3pPOCTAHHSIM
KOHIIeHTpaLiil okuciroBaya. KinbieBa popma poseTok mopsiz i3
MO3/IOBKHBOIO CMYTACTICTIO 30epekeHa.
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Puc. 6.3 HeoOpobneni kmiTiHA. YOTHPHOXKITITHHHHUHA
1iHOOIM 3 NBOMa JOBIMMHM, NPSIMUMH CIMHHUMU XpeOTamw,
YTBOPEHUMHU  KIHIIIMH ~ TEpMiHATBHUX KITHH. [liHOO1H
MOKPHUTHUI CITYACTUM IIAPOM, BIIbHUH 1Iap (pacOHHOI YaCTUHH
TpyOu yTpumye T11iHOOIHM. BumHo OopomaBku (CTpLIKH),
0e371a/1HO PO3CisgHI Ta OPraHi30BaHi K 0JJHa apajeilb KPOMKH 3
MO3JIOBXKHBOIO  BicCto kmiTuHU. Kpyrmi pozetkm (r) 3i
CMYTAaCTICTIO MO JBI HA KOXKHIN 13 BHYTPIIIHIX KJIITUH Ta COTH
(c) Ha 30BHIIIHIX Mexax KITHH. (a) X 9500; (b) x 19 000

Excrieptza KIIITUH TiCis O30HYBaHHS MOKasana MBI
3akoHOoMipHOCTI. [lepma  xapakTepusyBajgacs  XOpPOIIUM
30€peKEHHSAM CTPYKTYPH TOBEPXHI KJIITHH 13 MiHIMaJbHUMHU
BUTKaMH CITYACTOTO Iapy (K y KIITHHAX KOHTPOJ). [pyra
MoKasajia  BIAKpUTI TOBEPXHEBI BUTKHM 3  BUPA3HUM
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YIIKOJKEHHSIM CITYAaCTOr0 MIapy MiXk CYCITHIMU KIITUHAMH, K1
BUIJISIIAH po3'enHaHo (puc. 6.5a, b).

Puc. 6.4 OOpobneni xmopoMm KiiTHHU. Buxin
BHYTPIIIHBOKJIITHHHUX KOMIIOHEHTIB 3 KJITHH 3 pyHHYBaHHSAM
ciTgacroro mapy (a) x 5700; (b) x 14250

B 060x rpynax psamHicTh 00pogaBOK He 30epiraiacs, y
JpyroMy BUIAJKy BOHM Oynu Oe3nanHo posmoniieHi. Pozerku
TaKOX HE YHUKIHM pyHHIBHUX 3MiH. Edext o030Hy OyB 11030-
3aNIie)KHUM Yy TOMY CEHCl, WI0 TMpH HOro HAWHMKYINA
KOHIICHTpAIlli B MOMYJAIISX KIITHH OyB NMEpPEeBaAKHUM J00pe
30epekeHU THUIl MOBEPXHI KIITUHHU, TOJMI SIK WOTO HaWBHUIIA
KOHIICHTpAIlis BUKIIMKAa MMEPEBAYKAHHS TTOMIKOPKEHOTO THUITY
noBepxHi. [Ipy mpoMi>kHii KOHIIEHTpallii TpOnopIisi CTAaHOBUJIA
50:50.
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Puc. 6.5 OOpoOmeni 030HOM KJIiTHHU. BupakeHe
YIIKO/DKEHHSI CITYAacTOTO INapy y BUINIAAI NeppopyBaHHS Ta
BOJIOKHUCTOCTI HaBiTh IpU MayioMy 30inbmeHHi. bopomaBku Ta
po3eTKH He crocTepiraroThes. (a) x 9500; (b) x 19 000

Tpu konnentpauii C10; TakoX BUKJINKAIU pyHHYBaHHS
MOBEPXHI KIITHUHH 3a JI030-3aJIGKHUM THIOM (puc. 5.6) 1o
MOSIBU TTOBEPXHEBUX 3apyOOK Ta YTBOPEHHS CKIAJO0K TOPSI 3
MOCTYIIOBUM CIIOTBOPEHHSIM OpraHizaimii HHM3KH OOpOJaBOK.
Bynu ogHOpiAHO po3CisiHi OOPOAABKU Ta SIBHO HEMOIIKOKEHI
PO3ETKHU.

OOroBoproouM OTpUMaHi pe3yiabTaTH, aBTOpu [3]
HaroJIONIyrTh, IO III TPHU OKUCIIOBAYl BIUIMBAIOTH 1 Ha
CTPYKTYpH  3aXHMCHOTO  TIOKPUTTS  KIITHHH, 1  Ha
BHYTPIIIHHOKIITHHHI KOMIIOHEHTH. 3HEOapBICHHS XJIOpOohuTy
MICAS  OKHUCIGHHS  SICHO  BKa3dye Ha  MOIIKOHKCHHS
(OTOCHHTETHYHOTO amapary Ta CYNPOBOJIKYETHCS
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30impmienHaM DOC  (puc.  6.1), mo  BimoOpaxae
EKCTpALeIIOJISIpHE BUBEICHHS BHYTPIIIHbOKIITUHHOTO BMICTY.

Puc. 6.6 OOpoOneHi IIOKCHIOM XJIOPY KJIITHHHU.
Bin3znauaeTbcst pyilHYBaHHS CITYACTOrO IApy i3 TIMOOKUMHU
3apyokamu. boponaBku Ta pozetku 30epexeni. x 19 000

V3romkeHHsT XIMIYHOTO Ta yJIbTPaMIKPOCKOIIYHOTO
JI0Ka3iB CBITYUTH PO MOEIIOBAHHSI MOCIIJOBHOCTI MO Bij
MePEAOKUCIICHHS KIIITHH BOJAOPOCTEH 10 YTBOPEHHS IJIACTIBIIB
npu  koarynsiii. OCKITbKA OKHCITIOBAY Bpa)ka€ IMOBEPXHIO
MIKPOBOJIOPOCTI Ta BMICT KIITHUHH, KOMIIOHEHTH OCTaHHBOI
(MakpoMoJIeKyn), Taki sk MeMOpaHHi noJicaxapuau, OUIKH Ta
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HYKJIETHOBI KUCJIOTH, BUBOJATHCA 3 KIIITHHH Ta HAKOIIUYYIOThCS
B cepefoBHII (TOPsN i3 KIITHHHUMH HU3bKOMOJICKYIISIPHUMU
croyiykam# ). 1{e HaKOTTMYEHHS CTUKAETHCS 13 B3AEMOJIIEI0 MIXK
KOaryJsiHTOM Ta BOJOPOCTEBUMH KIIITHHAMH 1, TAKUM YHHOM,
yIOBUIBHIOE BUNIaAaHH T1acTiBiiB [ 13, 14]. Lle imrocTpyBanocs
MoTnepeIHbo0  00poOKo0 XJopoM, koimu 10 ab6o 20 wmr/n
CHPUYMHIIIA 30UTBIIEHHS 703U KoaryisHTty (puc. 6.2, Taoin.
6.1).

VY NpHUCYTHOCTI CUJIBHIIINX OKHCIIIOBaYiB, a came C10:2 1
O3, DOC parmi OKHCITIOBAaBCSI 1 PO3MICTUIIOBABCS 10 MEHIITHX
monekyn [11, 15]; mpu 1bOMy OCTaHHI HE BHIIAJAIH
iactiBismMu [12]. OxHak, MiIBUMICHHS KOAryJsilii HE MOXe
MOSICHIOBATUCh ~ BUKJIIOYHO SIK  PE3yJibTaT  PO3ILIEIICHHS
MO3aKIITUHHUX  OpraHiuHuX  pedoBuH.  ABTOpHM  [3]
MPHUITYCKAIOTh, 110 3MiHA 000JIOHKHU MiKPOBOAOPOCTEH peayKye
iXHIO KOJIOIIHY CTaOUIbHICTD 1 OCUJIIOE YTBOPEHHS IUIACTIBIIIB
(puc. 6.2). Ilpupony 1poro sBUIIA MOKHA MOSCHUTH MiCIs
YTOYHEHHSI XIMIYHOI CTPYKTYpH 000JIOHKH KIIITUH Scenedesmus
Sp. Ta MEXaHI3My peakiliii OKHCIIIOBaYiB 3 i1 KOMIOHEHTAMHU.
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PO3JILI 7
MIKOLIUTHA JISI JIOKCUY XJIOPY

OcranHiM 4YacoM Bce OumbplIe yBard NPUALISETHCS
HassBHOCTI TpuOiB y BOJHOMY cepenoBuili. Kisibka 10CTiTHUKIB
MOBIJJOMIJIM TIPO HAsBHICTh HUTYACTHX TpuOIB y Boxi [1-6].
Opna pocnmigHuIbKa rpymna [2] omnucana MIMPOKE MOIIWPEHHS
HUTYACTUX TPUOIB y HOPBE3bKUX CHUCTEMax HHUTHOI BOAU Ta
BHSBWJIA, 10 TpUOM  CTIHKI 7O  OYHMIICHHS  BOJIM.
[ToBimommsieTbess, MO TpUOM MIMPOKO TOMIMPEHI B PI3HUX
JDKepenax BOJM, BKIIIOYAIOUU MOBEpXHEBi [ 7], rpyHTOBI [8] Ta
JDKepenbHy Boau [4]. binbIne Toro, iX Takok MOXHA BHUSIBUTH B
cucteMi Bogornoctadanss [9], BomonposiaHii Boi [10] i HaBiTH
y OytunboBaHiii MinepanbHiid Bogi [11]. Illo crocyeThes BUmiB
rpubiB, TO HaWmommpeHimmmu €  Aspergillus  spp.,
Cladosporium spp., Penicillium spp. Ta Candida spp. [4, 7].

MacoBe momMpeHHs HUTYAaCTUX IpuOIB y BOJI MOXKe
CHPUYUHUTH HU3KY IIpo0OsieM, ToI0BHUM 4HHOM (1) 31 cMakoM
ta 3amaxoMm [10]; (2) 3 MIKOTOKCHHAMH, IO BUKIUKAIOTh
TOKCHUYHY peaKlilito, IIKIpHY aJleprito, aCTMY Ta TiepuyTIMBHMA
mHeBMOHIT [12]; (3) 3 yTBOpPEHHSIM 3Ba)KEHUX YACTHHOK Ta
BHUCOKOT KaslaMyTHOCTI [13]; Ta (4) 3 yTBOpeHHSIM O10ILTIBKH, 1110
BHUMarae BHIIOI KOHIIEHTpaIlil ae3iHdikyounx 3acobis [14].

[Tpo BusiBneHHs rpudiB y BO1 NOB1IOMIISIETbCS YacTo [1-
6]; onHaK, iCHye JHMIIe KilbKa IOBIIOMIIEHb NMPO KOHTPOJIb
rpubkiB y Boai [15-19]. Hanpuknaa, onHa rpyna J0CIHiTHUKIB
[19] mpotecTyBana edheKkTUBHICTH TBOX XIMIYHUX KOAryJISHTIB
(cynbdaTty amOMIHIIO Ta XJOpUAY 3ali3a) Ta TPhOX
GIIBTpYBANBHUX CepeoBUIl (TICKY, aKTUBOBAHOTO BYTLLISA Ta
KepaMiuHuX Tpanyi) ans koutpoito Aspergillus flavus y
MOBEPXHEBUX BOJaX. BusBieHO, IO 3arajJbHUN CTYMiHb
BHJIaJICHHsI TPUOiB OyB HEIOCTaTHIM, OCKUIbKH Iy)K€ HH3bKa
KUTBKICTh TPHOKOBUX KIITHH, IO 3aluiianacs B 0OpoOieHii
BOJIi, MOTJIa 3HOBY BUPOCTATH y BEJIUKIM KUIBKOCTI y BUTJISII
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OIOILTIBOK y BOJHUX cHcTeMax. IHmi mgocmigauku [15]
JOCHIKYBAIA €(QEeKTUBHICTh BIIBHOTO XJIOPY B 1HAKTHBALi
pisuux  Bumie  rpubiB  (Cladosporium  tenuissimum,
Cladosporium cladosporioides, Phoma glomerata, Aspergillus
terreus, Aspergillus fumigatus, Penicillium griseofulvum Tta
Penicillium citrinum) i BusiBuIK, 00 pi3Hi BUIH AEMOHCTPYIOTh
pi3HY CTIHKICTh 10 XJIOpY. 3a3BHUail XJIOpYBaHHs BBa)KA€ThCs
HE/IOCTaTHBO e(QEeKTHMBHUM [UId 1HaKTHBaUii TpuUOKIB Y
KOHIIEHTpALlli, 1110 BUKOPUCTOBYETHCS JUIsl OUYMILEHHS MUTHOI
Boau [18, 20]. Hesxi nocnigavku [16] BuBuanu eheKTHBHICTH
iHaktuBauii  yneTpadioneroBum (YD)  ompoMiHEHHAM
Aspergillus spp. Ta BusBuIH, 1110 4-0rapruMivHa IHAKTHBALLISL
A. fumigatus, A. niger ta A. flavus npu mrinsrocTi 1000 KYO/Ma
nocsraetbes npu Y®-dmroenci 12,45, 16,6 ta 20,75 m/Ix/cm?
BIJIMOBIAHO, IO BKa3dye Ha Te, 1m0 YD-ONMpOMIHEHHS MOXKe
epekTuBHO iHakTuBYBaTH cmopu Aspergillus y  Boi.
Bcranosneno, mo koM6iHatis YO Ta Xnopy € eQeKTUBHIIION,
HiK smme Y® abo xnopyBanHs [21]. OsonyBaHHS UIs
iHakTHBalii rpubiB y KoHUeHTpauii 60 MKMoIb/MII Oyi0
BUNIPOOYBAaHO AJIs PI3HUX MEpioJIB KOHTakTy. BusBieno, mo
00po0Oka 030HOM Oyia epeKTHBHOI B iHaKTHBaLil rpudiB [17].

VYV pi3HHX JOCHITKEHHSIX MOBIAOMIISIOCS, IO J10KCH]
XJIOpY € epeKTUBHUM J1e31H(IKyIOUUM 3ac000M TSl IHAKTHUBAIIi{
OakTtepiif, BipyciB Ta HaWmpocTimux [22-24]. OnmHak, Opakye
MOBiJJOMJICHb TIPO 1HAKTUBAILIiIO TPHOIB AIOKCHIOM XJopy [25].
KpiMm Toro, icHyroui JOCHIPKEHHS 1HAaKTHBAlii TpubiB 3a
JIOTIOMOTOI0  Pi3HUX J1€31H(]IKYI0YMX 3ac00iB B OCHOBHOMY
30ceperkeH] Ha e(DeKTUBHOCTI Ta KIHETHUIIl 1HAKTUBAITIT, TOJI1 SK
iHpopMallis PO MeXaHi3M iHaKTHBalii rpuOiB MOBiOMIISIIACS
plaKo.

3aranom, iIASIMU JoCTiIKeHHs [26] Oyno 1) mocmiauTu
€(EeKTUBHICTh Ta KIHETHKY JIOKCHUAY XJIOpY TpPH 1HAKTHBAIlii
TPbOX IOMIHAHTHHUX POMIB CIOp rpuOiB, BUAUICHUX 3 MUTHUX
MiJI3eMHUX BOJ; 2) IOCTIAWTH BIUIMB KUIBKOX POOOYHX
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rmapamMeTpiB, TaKWX SK KOHIIGHTpaIlis ITIOKcumay xjiopy, PH,
TeMIepaTypa, TYMIHOBI KHCJIOTH Ta XiMi4HI XapaKTepUCTHKH
BOJM; 3) BU3HAYUTH MEXaHi3M 1HAKTHUBAIlii TPUOKOBHUX CIIOP T
Ji€0  TIOKCHAY XJIOpY, MLUIIXOM MOHITOPUHTY BHTOKY
BHYTPIIIHBOKJIITHHHUX ~PEYOBHMH Ta CIIOCTEPEKEHHS  3a
MOp(}OIOTTYHUMHU 3MIHAMHU.

7.1 IlommpenicTs BUAIB IpudiB y Axepenax NUTHUX
Mi3eMHHUX BOJ

Jlns BU3HAUYEHHS MOIIMPEHOCTI TpHOIB y JKepenax
MMUTHUX TIJI3eMHUX BOJ Oyio 3i0pano 226 3pa3kiB BOAHM 3
JDKepell MUTHUX MiJ3eMHUX BOJ Ha MiBHIYHOMY 3axoji Kuraro.
[licns xynpTHBYBaHHS Ta MOP(OJIOTIYHOTO aHalizy Oyio
i1eHTH(IKOBAaHO BICIMHAIIATH PO/IiB rpubiB. Pi3Hi Buau rpuldiB
Ta IXHs YUCENIbHICTh y MIJ3€MHHUX BOJIaX MPEJICTABJICH] HA PUC.

7.1.

B Pericillism sp

B Lower Values

u Cladosporium sp.
& Verticillinm sp. 10%
o Mucor sp.
B.4spergiilus sp.
8 .dltemaria sp.

B Simplicillism sp.
W.4cremonium sp.
B Trichoderma sp.
W Pleospordles sp.

W Beanveria sp

Puc. 7.1 Pi3Hi Buau rpudiB, 3HaieHHX B JpKepenax
MUTHHX MMi3eMHuX BoJ (N=226).

Pesynmpratn mokazamu, mo Penicillium sp. (15%),
Aspergillus sp. (10%), Alternaria sp. (11%), Trichoderma sp.
(9%) Ta Acremonium sp. (10%) Oyau JOMIHYIOUYUMH BHIaMU
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rpubiB. {06 3'acyBatm e(dEeKTUBHICTh I1HAKTHBAIli BHUIIB
rpubiB, /Ui IPOBEIEHHS EKCIIEPUMEHTIB 3 i1HAKTHBALlIi B I[bOMY
JocmpKkenHi 0yiao obpano asa poau rpubis Penicillium sp. i
Trichoderma sp.) Ta pix rpu6biB 3 OUIBIIMM PO3MIPOM CIIOP
(Cladosporium sp.). lani Buau rpubiB Takox OyJId BHIIIEHI 3
JDKEpes BOM Ta OMHUCAaHI B IHIIKX qociipkeHHsx [4, 10].

7.2 Kineruka iHakTuBanii cnop rpudiB 3a
AOMOMOT O TI0KCHAY XJIOPY

EdexkTuBHICTh iHaKTHBaAIli TPHOX PpOIIB TpuOIB
miokcuaoM xyopy B po3umHi PBS mpencraBnena na puc. 7.2.
Edexrusnicts inaktusanii Penicillium sp., Trichoderma sp. ta
Cladosporium sp. cranosuia 100%, 99,6% Tta 70% BianoBigHO
JUIsl 4acy KOHTakTy 60 cekyH..

Kinernuynwuii anani3 nokasas, 1110 Mojenb Yika-Batcona
Kpalie BiIoBiae pe3yabraTtaM 3 KoedilieHTOM KOpemsiii (RZ)
0,99. Koncrantu mBuakocti inaktusamii (K) Penicillium sp.,
Trichoderma sp., Cladosporium sp. ta E. coli cranosuiu 1,182,
0,615, 0,398 ta 2,125 n-Mr-XB BIAMOBITHO, 110 BKa3y€ HA Pi3HY
CTIMKICTh Pi3HUX BUAIB IrpuOiB 10 JIiokcuay xyopy. CTilKicTh
70 JIOKCUIY XJiopy Oysa B Takomy mopsaky: Cladosporium sp.
> Trichoderma sp. > Penicillium sp.

Pi3Huiis B KOHCTaHTI HIBUAKOCTI 1HAKTHBAIl CIOp
rpubiB TmOB'A3aHa 3 IXHIMHU BJIACTUBOCTSIMH, BKIIIOYAIOUH
rizpogoOHicTh Ta po3mip coop. [loBigommsnocs, w0
Cladosporium sp. mae HaiOLIBIINI PO3MIpP CHOP Cepell TPHOX
poxiB [27], mo 3amo0irae MPOHUKHEHHIO IOKCHIY XJIOPY B
criopu rpubiB. Tomy, Cladosporium sp. € GuIbII CTIHKUM, HIX
Penicillium sp. ta Trichoderma sp. Po3mip criop Penicillium sp.
ta Trichoderma sp. moxmiOuuii, ane riapodoOHICTH 3HAYHO
Bipi3HAETBCA. ['11podoOHI OIIKM CIOp MOXKYTh 3MEHITUTH
BTpaTy BOAM CHIOpPaMH Ta MiABUIIUTH iX CTIHKICTh M0 A1IOKCUTY
xmopy [28]. Tigpodobuicts Trichoderma sp. Buima, HiX y
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Penicillium sp.; Tomy miokcuay XJopy Baxkue MiCTaTHCS 0
noBepxHi Trichoderma sp. Ta inaktuByBatu ciopy [27].

100 F —
T - P
v s o
80 |-
* s
< F 2
60| 15
g ) Sk L")
= mgminl.
= A A 0 02 04 06 08 10 12
=) - Og—=g=
- o REN % ~Q A -——a
‘g D ~<
g £ 2 S g
= /—e— Penicillium sp. = L} A
7 TrHchadermas & A 2
20} Vi richodermasp. 3 LT *
o —o— Cladosporium sp. Z ~ ~
§ & = D Sam
o ~o— E coli s ~
- 6 , L
//
0 1 1 1 1 M 1 1
0 10 20 30 40 50 60
Time (s)

Puc. 7.2 EdexTuBHICTh iHaKTHBaLli TPHOX CIOp IpUOiB
ta E. coli miokcumom ximopy. BcraBka mokasye KiHETHKY
iHakTHBaIil TppOX crop rpudiB ta E. coli miokcumom xmopy.
Ymosu peakii: ClO2=2,0 mr/a, pH="7,0, T=27 °C, noyarkoBa
KOHIIeHTpawis Oaktepiit: 8+0,5 - 10° KYO/mi, nouaTkosa
KOHIIEHTpallis crop rpu6is: 5+0,5 - 10° KYO/mu.

Bumry criiikicte rpubiB nopiBHsHO 3 Oakrtepismu (E.
coli) MO)XKHa MOSICHUTH BIIMIHHOCTSIMH B CTPYKTYpi KIITHH,
CKJIaJi KJIITHHHOI CTIHKM Ta po3mipi kiituH [29]. [o-mepre,
rpuOu MalOTh CKJIAJIHILTY CTPYKTYpY KJITHH, HiX OakTepii [30].
Hampuknan, rpubu MarTh HEYIIKODKEHE SApPO KIITHHH,
3aropHyTe B SJepHY MeMOpaHy, IO YCKJIQJIHIOE 1HAKTHBALIIO
kiituaM. [1o-1pyre, OCHOBHUM KOMITOHEHTOM KJIITHHHOT CTIHKH
OakTepili € MeNnTHAOTIIKaH, TOAl K y TpUOiB 1€ XITHH, KUK
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3ano0irae iHakTuBalii criop rpu6is [31, 32]. I octanHe, ane He
MEHIII BXJIMBE: PO3MIp KIITHH JBOX BUIIB MIKpOOpraHi3MiB
JIOCHUTH pi3Hwmii, po3mip E. coli 3a3Buuait Habarato MeHIINH, HiK
y rpu6iB [30].

7.3 daxkrTopu, 10 BIJMBAWTh HAa e(EKTHUBHICTH
iHakTUBaIii

7.3.1 Bnaue konyenmpauyii Oiokcuoy xiaopy

BrnnuB koHmentpanii nesiHdikyrodoro 3aco0y Ha
e(EeKTUBHICTh iHAKTHBALII JOCHTIHKYBAIN IIJISIXOM ITPOBEACHHS
€KCIICpUMEHTIB 3 1HAKTUBalli NpH PI3HUX KOHIICHTPAIISIX
niokcuay xyopy (0,5, 1,0, 2,0 Ta 3,0 mr/xn). Sk moka3zaHo Ha puc.
7.3, KOHCTaHTH IIBUAKOCTI IHAKTUBAIll TPHOX POMIIB CIIOP
rpubiB 30UTBITYIOTHCS 31 301JIBIIEHHSIM KOHIIEHTpAIIl T1IOKCUTY
xmopy. Koncranra mBuakocti iHaktusarii Penicillium sp.,
Trichoderma sp. ta Cladosporium sp. 36inasmutacs B 11,0, 9,0
Ta 4,6 pasa BiNOBIAHO 31 30UIBIICHHSIM KOHIIEHTpAIIli 11I0KCUTY
xjopy Big 0,5 go 3,0 mr/n. Yum Buia CTIAKICTh A0 TIOKCHIY
XJIOpY, THM MeEHIIe 30UIbIIeHHS KOHCTAHTH IIBUAKOCTI
iHakTHBallli. BmnuB KOHIEHTpalii MIOKCHAY XJIOpY Ha
inaktuBariiro Penicillium 6yB Oinbin 3HaYHUM, Hi’K BIUIMB Ha
1HII POJIH.

7.3.2 Bnaue pH ma memnepamypu

ExcniepyMeHTH 3 1HAKTHBAIll IPOBOAMIIUCS 3a PI3HUX
TeMIeparyp Ta piBHIB PH, a pe3ynbraT npeacTaBieHi Ha puC.
7.4.

Sk mokazaHo Ha puc. 7.4, epeKTUBHICTb 1HAKTHBALi
Oyna nemio Hk4goro ipu PH 7,0, Hixk mpu pH 6,0 17151 BCiX Tphox
POIiB rpHOKOBUX CIIOP.
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245

[ Coz 0.5 mg/L
[ C= 1.0 mg/L
| C0= 2.0 mg/L
[—| COZ 3.0 mg/L

Inactivation rate constant (erg'l-min'l)

Penicillium sp. Trichoderma sp. Cladosporium sp.

Puc. 7.3 KoHCTaHTM IIBHUIKOCTI 1HAKTHBAIIi TPHOX
rpubkoBux crop y PBS 3 pi3HOIO KOHIIEHTpAIli€0 TIOKCUIY XIIOPY.
Ymosu peakmii: ClO; = 0,5, 1,0, 2,0, 3,0 mr/m, pH=7,0, T=27 °C,
MOYaTKOBA KOHIEHTpallisi rpubkoBux crop: 5+0,5 - 10° KYO/mu.

1.6

Penicillium sp. i Trichoderma sp. Cladosporium sp.

0.8

0.4

i 31,51
Inactivation rate constant (L-mg -min )

Puc. 7.4 Brmus pH (6,0 Ta 7,0) Ta remneparypu (10 °C ta 27
°C) Ha KOHCTaHTH HMIBHJKOCTI iHAKTHUBALil TPHOX Pi3HUX criop TprOiB
y PBS 3 miokcuaom xiopy. Ymosu peakiii: C102 = 2,0 mr/a, pH = 6,0,
7,0, T =10, 27 °C, noyaTkoBa KOHLEHTpaLis crop rpudis: 5+0,5 - 10°
KYO/mu.
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Koncrantu mBuakocTi inaktuBarii Penicillium sp.,
Trichoderma sp. ta Cladosporium sp. 3menmmiucs Ha 8,6%,
11,0% Ta 5,7% 31 3061nbmennsm pH Bix 6,0 mo 7,0. ﬂMOBipHO}o
MPUYMHOIO € Te, 10 OKHUCToBaibHa 31aTHICTh ClO2 3amexuTsb
BiJ KHCJIOTHOCTI pPO3YMHY. 3arajoM, 4YUM CHJIbHIIIA
KHCIIOTHICTh PO3YMHY, TUM BUIIA OKHCIIIOBAJIbHA 3IaTHICTH
ClO: [32].

PesynpTatu mokazanm, IO TEMIIEpPAaTypa € BaXKIHBUM
(dakTOpoM, 1O BIUIMBAaE Ha €QEKTHUBHICTh 1HAKTHBAIIII.
Koncrantn  mBuakocti  inaktuBamii  Penicillium  sp.,
Trichoderma sp. ra Cladosporium sp. 36insiyBaiacs B 1,4, 2,4
ta 2,0 pasu 3i 30inbpmeHHSIM Temmeparypu Bix 10 mo 27 °C.
Koncrantu mBuakocTi iHakTuBaiii, K, orpumani 3a pi3HHX
temmeparyp (5-30 °C), migirHasi 10 Bupazy AppeHiyca:

Ink=1InA-EJRT

ne A — Koe(iIlleHT YacTOTH 3ITKHEHb y J-MT-XB, Ea —
eHepris aktuBaiii B JI>)x/mMonb, R — i1eansHa ra3osa crana, TOOTO
8,314 Jlx/(monb-K), a T — abcomoTHa Temmneparypa B K.

[TapameTpu, oTprMaHi METOJIOM HaMEHIIINX KBaJIpaTiB
MIJTOHKH JI0 IbOTO PiBHSHHSA, CTAHOBIATH Ea =12,8 x/[/Monb
aust Penicillium sp., Ea==19,8 xJIx/mounb mist Trichoderma sp. ta
Es=40,3 x/x/mome anst Cladosporium sp. Ili pesynbratu
BKa3ylOTh Ha Te, 1[0 CIIOPH TPHUOIB, SIKI € OUIBII CTIHKUMHU J0
TIOKCUY XJIOPY, MAlOTh BUII 3HA4YEHHS Ea.

7.3.3 Bnaue cyminoeoi kuciomu

Jiss po3yMiHHS BIUIMBY OpraHIYHUX pEYOBUH Oynu
MPOBEJEHI eKCIIEpUMEHTH 3 1HAaKTUBalli TMpU  PI3HUX
KOHIeHTpaligx ryminoBoi kuciotu (0, 0,5, 2,0 ta 4,0 mr/m,
TUTIOBUM [1alma30H KOHIICHTPAIIH, M0 BIAMOBIIAE TPYHTOBUM
BojaM). BmiuB TymiHOBOI KHCIOTHM Ha eQEeKTHBHICTh
iHakTHBalli mokazaHo Ha pwuc. 7.5. KoHcraHTa MIBHIKOCTI
iHaKTHBALIi BCIX TPbOX POJiIB TPUOKOBUX CHOP 3MEHIIYyBaJIaCs
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31 30UIBIIICHHSIM KOHIICHTpaIlii rymMiHOBOi kucioTu. KoHcTanTa
mBuaKocTi inakTuBanii Penicillium sp., Trichoderma sp. Tta
Cladosporium sp. 3menmyBanacs B 3,3, 3,2 ta 2,6 pasa 3i
30UIBIIEHHAM KOHILIEHTpAlii ryMmiHoBoi kucinotu Big 0 mo 4,0
Mr/11. Pe3yapTaT MO)KHA MOSICHUTH HACTYITHUM YHHOM: TYMIHOBa
KHCJIOTa y BOJII MOKE€ KOHKYPEHTHO CIIOKHUBATH JIIOKCH] XJIOPY,
o poOuTh MeHIe Ae3iH(iKyrouoro 3acol0y TOCTYITHHM IS
iHakTHBaMii rpuoiB.

1.6

I HA= 0 mg/L

1.2 [ HA= 0.5 mg/L
I HA=2.0 mg/L
[CCIHA=4.0mg/L

0.8

0.4

L =3 )|
Inactivation rate constant (L-mg -min )

0.0

Penicillium sp. Trichoderma sp. Cladosporium sp.

Puc. 7.5 BrmuB konuenTpatii ryminoBoi kuciotu (I'K)
Ha KOHCTAaHTHM IIBUAKOCTI 1HAKTHBalii TPHOX PIZHUX CIIOP
rpubiB giokcuaoM xyopy. Ymosu peakuii: ClO2 = 2,0 mr/n, pH
=17,0, T=27 °C, nouaTkoBa KOHIIEHTpaIlis crop rpudis: 5+0,5
- 10° KYO/mn, kornenTpanis I'K: 0, 0,5, 2,0, 4,0 mr/m.

7.3.4 Bnaue 600nux mampuyb

Excnepumentu 3 1iHakTuBaumii Oyaud TpoOBeIeHI Yy
pearbHUX IPYHTOBUX BOJAX ISl TOCIIIXKEHHS BIUIMBY BOJHUX
Marpuilb. Ha puc. 7.6 moka3aHO MOPIBHSAHHS KOHCTaHTH
IIBUJIKOCTI 1HaKTHMBauii, oTpuMaHoi B po3uuHi PBS, Tta y
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peaIbHUX TIPYHTOBMX BOJax. Pe3ynbTatd Mokasajd, Mo Yy
po3unni PBS nocsraerbcst Bumma e(eKTHBHICTh 1HAKTHBAIIil.
Koncrants  mBuakocti  imakruBamii  Penicillium  sp.,
Trichoderma sp. Ta Cladosprium sp. y peaibHUX TPYyHTOBUX
BoJax 3MeHmuiucs Ha 28,3%, 7,0% ta 17,9% nopiBusHo 3 PBS.
Ile sBume MOXHAa TIOSICHHTH KOHKYPEHTHOKO PEaKIli€lo
KOMITOHEHTIB BOJIM 3 JIOKCHIOM XJIOPY, IO 3aXHIIa€ TPUOH Bif
iHakTuBamii. Pe3ynpratH, OTpMMaHi B LbOMY JOCIIKCHHI,
y3TOJDKYIOTBCS 3 BUCHOBKAMHM 1HIIOTO JTOCHipkeHHs [15], ske
MIOKa3aJio, IO y BOJII TJAOOPATOPHOTO KJIACy AOCATAETHCS BUIIA
KOHCTaHTa IUBUIKOCTI 1HAKTHMBAIl XJOpPY TMOPIBHSIHO 3
BiJICTOSTHOIO TIPUPOJIHOIO BOZIOIO.

1.6
- Il PBS
£ [ Actual groundwater
E 12}
"on 128.3" o
&
2
g BET 1 7.0%
3
o 1 17.9%
e
S04} -
<
g
R
0.0

Penicillium sp. Trichoderma sp. Cladosporium sp.

Puc. 7.6 KoHcTaHTH WIBHIKOCTI IHAKTHBAIlll TPHOX
rpubkoBux crnop y PBS Ta QakTuuHHX TPYHTOBHUX BOJax 3
niokcusiom xopy. Ymosu peakiiii: Cl10z2 =2,0 mr/n, pH=7,0, T
= 27 °C, mouaTKoBa KOHIIGHTpallisl crop rpubis: 5+0,5 - 10°
KYO/mn
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7.3.5 Mexanizmu inakmueayii cnop 2pubie 3a
00nOMO02010 0iOKCUOY XT10PY

7.3.5.1 Bumikx azomucmux opeaniyHux cnoayK

Azotucti opraniyni cnonyku (TN) y cmopax rpu0is
(6ikm Ta HYKIJIETHOB1 KHCIJIOTH) BHTIKaIOTh, KOJH KIIITHHHA
crinka pyinyerscs [27, 30, 33]. Ha puc. 7.7 mokazaHo
BHYTPIIIHBOKJIITHUHHI Ta MO3akIiTHHHI 3MiHM TN y cmopax
rpu0iB JI0 Ta IMiCis IHAKTHBAI] JIOKCHIOM XJopy. Pesynbratu
MOKa3zany, 1[I0 Micasg 1HAKTHBAIil JIOKCHIOM  XJIOpY
BHYTPIIIHBOKIITUHHI ~ piBHI TN  3HM3WIMCA, TOAlI  SIK
no3akmiTuHHI piBHI TN 3Ha4HO 3pociu. [HIMMU clioBaMu, piBHI
TN 3anumanucs cTabiIbHUMU, ajie BHYTPIIIHbOKTITUHHIA TN
BHBUIBHSBCS Ta IIEPETBOPIOBABCS Ha Mmo3akaiTUHHUNA TN.
HaiiGinpn 3HauHe 30UTBIIEHHS TMO3AKIITHHHOI KOHIIEHTpAIil
TN crnocrepiranocs y Cladosporium sp., npyre miciie nocinas
Penicillium sp., a ocrannim O0yB Trichoderma sp.

L{i pe3ynbTaTH MOSICHIOIOTHCS PI3HUIEIO0 B 00'eMi criop
rpu6iB. Beranosneno, mo no3akinituHHi piBHI JIHK Ta Oinka
BCIX TPbOX BHJIIB CIIOp IprOiB 301IBIIMINCS MICHIs iHAKTUBALI]
niokcumoM xiopy. Hanpuknan, nozaxmituranaa JJHK Penicillium
sp., Trichoderma sp. ta Cladosporium sp. 306imbimunacs Ha
22,2%, 8,93% T1a 24,1% BiamosigHo. Pe3ynbraty mokasaiu, mo
TIOKCHJ] XJIOpY pYyHHYe KIITHHHY CTIHKY crop rpu0iB Ta
BHUKJIMKA€ BUBUIBHEHHS BHYTPINIHbOKIITUHHUX a30THUCTUX
OpPraHiYHUX CIIOJYK, IO NPHU3BOAUTH 10 IHAKTHUBAII CIIOp
rpu0iB.

7.3.5.2 3minu 3acanvrnoco ma nozaxnimunnoco ATD
AT® € x1I090BUM HOCIEM €HEPTIi, IKUH MOXKE CITY)KUTH

MOKa3HUKOM JKUTTE3AaTHOCTI, a piBeHb AT®d Takox Moxe
B1100pakaTh KOHIIEHTpaIito rpuoiB [24] (puc. 7.8).
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40

I [niraccllular compounds
[ Extracellular compounds

30 . R . . —
Before inactivation  After inactivation

Penicillium sp. Trichoderma sp. Cladosporium sp.

Puc. 7.7 BHYTpIIIHBOKJIITUHHA Ta MO3aKJIITHHHA 3MiHa
3arajbHOTO a30Ty CIIOp I'pUOIB JO0 Ta MiCis IHAKTUBAIl JIOKCHIIOM
xnopy. YmoBu peakuii: ClO2 = 2,0 mr/n, pH = 7,0, T = 27 °C,
MoYaTKOBa KOHLEHTpaIls crnop rpubis: 5+0,5 - 10° KYO/mi, yac
peaxii: 3 xB.

. 1.6
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£ 12F I Before inactivation
& [ After inactivation
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Penicillium sp Cladosporium sp. Trichoderma sp.

Puc. 7.8 3miHa m03aKITiTHHHOTO Ta 3arajdbHOTO piBHI ATD y
criopax TpubiB A0 Ta Micis iHaKTHBaLil TIOKCHIOM XJIOpY. YMOBH
peakuii: ClO2 = 2,0 mr/n, pH = 7,0, T = 27 °C, mouaTkoBa
KOHIIEHTpaLis crop rpu6is: 5+0,5 - 10° KYO/mu, uac peakii: 3 XB.
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Sk mokazano Ha puc. 7.8, 3aranpHa KoHueHTparis AT
MoKasaja HE3HAYHy pI3HHIO abo B3arajii He mana i1 Mmicis
IHaKTHBAIIIi.

Harowmicts, no3akmitunauii AT® 3HauHO 301IBIIMBCS
micis IHaKTHUBAil  JIOKCHUIOM XJIOpY. 301IbIIEHHS
no3akmituHHOI KoHueHTparii AT® Cladosporium sp. Gyso
HaWO1LIBII 3HAYHUM. 301IBIICHHS MO3aKIITHHHOTO piBHI AT®
Penicillium sp., Trichoderma sp. Ta Cladosporium sp.
cranoBuio 0,20, 0,27 ta 1,09 amons BignoBiaHo. Pesynbratu
MiATBEP/KYIOTh, IO KIITHHHA CTIHKA TPUOKA PYHHY€ETHCS MICIIs
1HaKTHUBAIlll, BHACTIAOK Y0ro BUBLIbHAECTECT ATD.

7.3.5.3 Cnocmepesicennss mopghonocii 3a 00nomocoio

SEM

Puc. 7.9 nokaszye SEM-dororpadii criop rpubka 10 Ta
iCJIs 1HaKTUBALIT AIOKCUI0M XJIopy. SIK moka3aHo Ha puc. 7.9,
MOBEPXHS Crop rpubOka Oyna riaakoro A0 iHaktupauii. Ciopu
Penicillium sp. ta Trichoderma sp. matote cdepuuny, Tomi sk
ciopu Cladosporium sp. eincoinny Gopmy. Criopu BCiX TpbhOX
poziB Oynu MEBHOIO MipOl0 3pyHHOBAHI MiCis iHaKTHBaLii, a
MOBEPXHS BCIX CIOp CTaja MIOPCTKOI Ta CKIAm4acToro, i
HaBKOJIO CIOp MOXHa OyJ0 BHUSBUTH KUIbKA CIOJYK.
Pesynbratn  Ge3mocepenHbO MIATBEPAMSIA, IO KIITHHHA
MeMOpaHa Ta KJIITUHHA CTIHKa PYHHYIOTBCS J1I0KCHAOM XJIOPY.
Ile npu3BOAUTH 10 BUBUIBHEHHS BHYTPIIIHHOKIITUHHUX
CMONYK, IO MPU3BOAMUTH IO iHAKTUBalii crop rpudka. Kpim
toro, Penicillium sp. 3a3HaB cepHO3HINIOT MIKOAM CBOIH
KJIITHHHIA cTpykTypi i Oimbmrictes cmop  Penicillium  sp.
3MeHtarcs. J{iis mopiBHAHHSA, Aeski ciopu Trichoderma sp. ta
Cladosporium sp. Burisganu MMy micis iHakTuBaiii. Le
MIITBEPJIKYE, 110 ABA POIU TPUOKOBHX CIIOP € OUIBII CTIHKUMHU
70 1HaKTUBALii JIOKCHOM XJIOpy mopiBHsHO 3 Penicillium sp.
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Before inactivation After inactivation

Penicillium sp.

Trichoderma sp.

Cladosporiumsp.

Puc. 7.9 ®otorpadii cmop rpubiB, oTpuMaHi 3a
JIOTIOMOTOF0  CKaHYIO4Oi eJeKTpoHHOT Mikpockomii (10000
paziB), M0 Ta Micas 1HAKTHUBAIl MIOKCHIOM XIJIOpY. YMOBH
peakmii: ClOz = 2,0 mr/a, pH = 7,0, T = 27 °C, novyarkoBa
KOHIIeHTpallis crop rpu6is: 5+0,5 - 10° KYO/mu, uac peakuii: 3
XB.

7.3.5.4 Kopomxuui onuc mexanizmy iHakmusayii

MexaHi3M 1HaKTHBaIlli TPUOKOBUX CIIOP MIOKCHIOM
XJIOpYy B IbOMY JOCHIDKEHHI [26] BHMBUaBCS IUIIXOM
BUMIPIOBAaHHS BUTOKY BHYTPIITHBOKJIITUHHUX PEYOBUH 1 OYB
MiATBEpKEHM 3a qornomoror SEM. Pesynbratu moka3yrooTh,
110 3aBISIKA CBOINM CHJIBHIN OKHUCIIOBAILHIN 3MaTHOCTI JIOKCHU]I
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XJIOPYy MOXK€ pYHHYBaTH KJIITHHHY CTIHKY Ta 3MIiHIOBATH
MPOHUKHUA  THUCK, IO  MPU3BOJUTH  JIO  BUTOKY
BHYTPIIIHBOKIITUHHUX CIOJYK Ta 3MIHH (OpPMH TPUOKOBUX
criop. MexaHi3M iHaKTUBAIli1 TPUOKOBUX CIIOP T1I0KCHUIOM XJIOPY
nmoAiOHWI 10 MeXaHi3My iHaKTHBaIlli OakTepiil, BIpYyCIB Ta
Haiimpoctinmx.  Hampukmax,  geski  mocmigauku [ 35]
MOBIIOMHJIH, IO JMIOKCHJ XJIOPY MOIIKO/DKYE IUIa3MaTHUHY
memOpany Candida albicans rosoBHMUM 4YHMHOM HUISIXOM
nepmeadimizanii (mporiec 301UIbIIEHHS TPOHUKHOCTI KIIITHHHOT
MEMOpaHU JUIsl ICBHUX PEUYOBHH, 110 3a3BUYA HE MOXKYTh JIETKO
MPOXOIUTH Yepe3 Hel). [Hma rpymna [36] BusiBuia, M0 T1OKCH
XJIOPY MOXe BHUKIWKATH y cropax BuUTIK Ouikie, JIHK,
roJTicaxapu/IiB, 10HIB KaJIii0 Ta 10HIB KaJIbIIIiO.

7.4 IlopiBHsiHHA e(eKTUBHOCTI IHAKTMBaUili crop
rpuiB XJI0POM Ta AiOKCHAOM XJIOPY

Xnop € HaWMOMyJSpHIMIUM J€31HPIKYIOUHM 3ac000M,
KM 3aCTOCOBYETHCSI B yCbOMY CBITi. byno BusBIEHO, 110
TIOKCH XJIOpY €(eKTHBHIMMKM B 1HAKTUBaLli OakTepii, HIX
xjop [37]. Tum He MeHII, MOPIBHAHHS 1HaKTHBaLii rpuOiB
XJIOPOM Ta JIOKCHIOM XJIOPY JIOCI HE OITyOJIiIKOBaHe.
BcranoBieno [26], mo KOHCTaHTa IIBHAKOCTI 1HAKTHBAIil
JTIOKCUJTY XJIOPY 3HAYHO BHINA, HIK y XJIOPY, 110 BKa3ye Ha Te,
10 JTIOKCUJ XJIOpy e(hEeKTUBHIMMK B iHAKTUBAIlli TpubiB, HIX
XJIOp, JUIsl TPHOX POJIIB CIIOp rpudiB, 1110 BUKOPUCTOBYBAIIUCS B
nociimkenHi. Omy0OnikoBaHe MOCHIIKEHHsS 1HAKTHBAIl CIIOp
rpu6iB xsopom [15] nokasano, mo 3nadenns Ct, HeoOXimHe st
nocsirHeHHs 80% iHaKTHUBALlll B peaJbHUX MTOBEPXHEBUX BOJAX,
craHoBUTh 60 Mr/m-xB. Y momnepeaHbomy gociimkenHi [38]
TaKkoXX OyJ0o mepeBipeHO ePeKTHBHICTh 1HAKTUBAIil TpHOIB
XJIOPOM 1 OTPUMAaHO aHAJOTIYHUK pe3ynbTaT: 3HaueHHs Ct,
HeoOXigHe Uit JocsArHeHHs 99% inakTuBamii y (akTHUHUX
I'PYHTOBUX Bojax, craHoBWiIO 70,4 mr/m-xB. [Iyis1 mopiBHSAHHS,



360

3HaueHHs Ct, HeoOXiIHe IS TOCATHEHHS TaKoi K €()eKTUBHOCTI
iHaKTHBALii IOKCHJIOM XJIOPY, CTAaHOBUTH 1,845 Mr/im-XB, 110
3HA4YHO HIDKYE, HIXK y xuopy. Lli pe3ynpTaTu 4iTKO MOKa3yroTh,
0 JiOKCH[ XJIopYy eheKTUBHIMMK B iHAKTHUBALii rpubiB, HIX
XJI0P.

[TpuyraM, YOMY AIOKCU XJI0pY €(PEKTUBHILIHIA 32 XJI0D,
MOXYTb OYyTHM HACTYyIIHUMH: IO-IIepuIe, AIOKCUZA XJIOpYy Mae
BHIITUI OKMCHO-BiqHOBHMI motenmian (1,51 B), mixk xiop (1,36
B) [39]. Bummuii okucIIOBaJIBHHI TOTEHIANT MpPHU3BEIE [0
MIBUJIIIOT peakiii 3 BHYTPIIIHbOKIITHHHUMH MaTtepiajamH,
TaKUMH 5K OLIKM Ta HyKJIeiHOBi kucinotu. [lo-apyre, mioxcupg
XJIOpY MOJKE JIeTKO AU(YHAYBaTH 4Yepe3 KIITHHHY CTIHKY Ta
KIIITUHHY MEMOpaHy, OCKUTbKH BiH iICHY€E Y BOJI K HEHTpaIbHa
Monekyna [32]. HaBmaku, XJop pearye 3 yTBOPEHHSM BUIbHUX
dopm xmopy rinoxmopryBarucroi kuciaota (HOCI) ta iona
rinoxyopury (OCI"), konu posumnsierses y Bomi [40], 1 Ha i
peakuii serko BrumBae PH. MokHa 3poOUTH BHCHOBOK, IO
BHUIIUMA TOTEHIIaJl OKUCIEHHS Ta MPOHUKHICTh KIITHHHUX
MeMOpaH JIOKCHIOM XJOPY HpPU3BOJATH /10 €(PEeKTHBHILION
1HaKTHBALll CIIOp IrprOiB MOPIBHAHO 3 XJIOPOM.

Jiokeun xyopy € epeKTUBHUM J1e31H(DIKYI0UUM 3aC000M
y Habarato mupriomy nmiamazoni PH, Hix xmop [41].
BukopucranHs TIOKCHIY XJIOPY MOKE 3MEHIIUTH YTBOPEHHS
XJIOPOBAaHUX TOOIYHUX TPOAYKTiB Ae3iHdekmii [42]. Tum He
MEHII, JIOKCHJA  XJIOpY HeCcTaOUIbHMHA TpPHU  BHCOKHX
KOHIICHTpAIlisIX, TOMY HOro HEOOXITHO TeHEpyBaTH Ha MICIIl
[43].

BucHoBKH.

Jiokcun xyiopy € epeKTUBHUM J1e31H(PIKYIOUHM 3ac000M
MPOTH CIIOP TPHOIB 1 € OUTBII €PEKTUBHUM B iIHAKTHUBAITii TPHOIB,
HiK xsop. 3HaueHHs Ct, sxe npocsrno 99% edexTuBHOCTI
iHaKTHBaMii y IPYHTOBUX BOJaX, CTAaHOBWIO 1,845 mr/n-xB.

InaktuBariss rpubiB JIOKCHIOM XJIOPY JOCUTH J100pe
BimmoBigae wmogeni Yika-Barconma. Pi3Hi Buam rpubiB
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JEMOHCTPYIOTh PI3HY CTIMKICTh A0 JAIOKCUAY XJopy. CTIHKICTh
0 JIOKCHIY XJOPY 3HaXxOJUThCS B TaKOMYy MOPSJIKY:
Cladosporium sp.>Trichoderma sp.> Penicillium sp., o
3HA4YHO BUILE, HIXK Y OaKTepii.

Pe3ynbrat mokasyioTh, 110 B TECTOBAHMX Jlialla30HaX
BIUTUB KOHIIGHTpAIii MIOKCHIY XJIOpy Ta TEMIepaTypu €
MO3UTUBHUM, TOJl SK BIUIUB T'yMIHOBUX KHUCJIOT Ta BOJHHUX
MaTpHIIb € HETATUBHUM IIOJ0 iHAKTHBAIIi TpUOiB.

[Ticnst inakTHBaLii M1OKCHIOM XJIOPY CIIOCTEPIraeThCs
BUTIK BHYTPIIIHBOKJIITUHHUX PEYOBHH, 30UIBIICHHS BMICTY
AT®, JIHK Ta OinkiB, a Takox 3MiHM MopdoJorii crop.
Jliokcua XJIOpy Mae CWIbHY OKHCIIOBAIBHY 3JaTHICTh Ta
pyliHye KIITUHHY CTIHKY Ta MeMOpaHy crop rpu0iB, IO
MPU3BOJIUTH 10 1X 1HAKTUBAIII].
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PO3JILI 8
JTIOKCH] XJIOPY
SIK 3ACIB BUJAJIEHHSI BIOTLIIBOK

Sk BIIOMO, TOJIOBHOIO MPUYMHOIO HE33J0BLIBHOTO
CaHITapHO-TEXHIYHOT'O CTaHy BOJOPO3BITHUX MEpeX €
yTBOpEHHs OiOTUIIBOK Ha MOBEPXHi BOAONPOBITHUX TPyO. IxHs
NPUCYTHICTH MOJKE TPHU3BECTH J0 30UIbIIEHHS KOpOo3ii Ta
TiIpaBIiYHOTO OMOpy. biommiBKM € Takok MPUYHHOIO
MOTIPIICHHS CMaKy Ta 3amaxy 1 MOXYTh BIUIMBAaTH Ha iHIII,
MOB's3aH1 3 TTOBEPXHEIO MPOIECH (HANPHUKIIAA, I0HHHA OOMIH,
MEMOpaHHUH Jialli3 Ta TeTUIOBUH oOMiH) [1].

Pesynbratu ekcnepuMeHTanbHUX poOiT [2, 3] cBinyaTh,
IO TPUKPIIUIEHHS OakTepiii 0 MOBEPXOHBb 3a0e3mevyBajio
HaWOLIbIIe 30UIBIIEHHS PE3UCTEHTHOCTI /0 Je3iH(eKIli.
[IpukpimuienHss  HelHKancyiaboBaHux K. pneumoniae,
BUPOIIEHUX Yy CEpPEelOBUILI 3 BHUCOKHMHU PIBHSAMH MOKUBHHUX
PEYOBUH, BUKJIUKAIO PICT LUX MIKPOOPraHi3MiB, 1J€HTUYHUN
150-kpaTHOMY 30UTBIIEHHIO PE3UCTEHTHOCTI A0 Je3iH(eKIii.
[HI1 MexaHi3Mu, 110 MOSICHIOIOTH e Tpoliec, BKIOYAIN BiK
0101UTIBKH, OaKTepianbHe IHKAICYIIOBaHHS Ta MOMepeIHl yMOBU
pOCTy, HalpUKJIAJ, cepenoBuie Ta Temmneparypa. i dbaxropu
30UIBIIMIIM  PE3UCTEHTHICTh 10 XJopy Big 2 mo 10 pasis.
3anexHO B XIMIYHOI HpuUpoau Je3iH(deKIiiHoro 3acoly
KOHCTaTOBAHO Pi3HUI TUI MEXaHi3My pe3UCTeHTHOCTI. Tak, mpu
ne3iH(dexmii BUIBHUM XJIOPOM MalM 3HAuY€HHS XapakTep
MOBEPXHI, BIK OIOIUIIBKM, 1HKAICYJIIOBAHHS Ta CEpeJOBUIIE
3pOCTaHHs, TOMI SIK MPH Ae31H(EKIT MOHOXJIOPAMIHOM €TMHUM
OyB (axkTop MoBepXHi. BaXJIHMBICTb OTPHUMAaHUX pPE3YJIbTATIB
MoJIATaE 'y KOHCTaTalli MYyJIbTUIUIIKATUBHOCTI MeEXaHI3MIB
PE3UCTEHTHOCTI (TOOTO, PE3UCTEHTHICTh, BUKIMKAHA OJHUM
MoO’Ke OyTH TOMHO>KE€HA Ha PE3UCTEHTHICTb, 3yMOBJIEHY JIPYTHM
MEXaHI3MOM).
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[TopiBHsANBHINA oOLIHII OakTepianbHOI (Jopu B JBOX
PI3HUX 32 TOBXHUHOIO 1 CTPYKTYPOIO MEPEX BOJIOTIOCTaYaHHS (M.
Mer /1/ 1 niBnennwnii cextop M. [lapwka /2/) mpucesiaeHa podota
[4]. ¥ 1-my Bumagky BHBYAIM MPOCTOPOBI OCOOIMBOCTI
MOIMPEHHsI 0akTepil (3-pa3oBuii MPOTAToM 100M Biabip mpod
y 100 Toukax mepexi mporsrom 6 wmic.). Y 2-My BHIAIKy
OI[IHIOBAJIM ~ THMYAcoOBI  Bapiamii TpUd  PO3MHOMKCHHI
MIKpOOpraHi3MiB (THXKHEBHUH BinOip mpol y 6 TOYKax Mepex
npotaroM 2 pokiB). OTpuMaHi pe3ynbTaTd JO3BOJUIH
3alpOMOHYBATH  TiMOTE3y NP0 MNPUHIWNU  TOMIMPEHHS
OakTepianbHOi (JIOPU B MEpekax BOAOMOCTaYaHHS y MPOCTOPI
Ta Yaci.

BuBuenHsi ocobmuBOCTEel yTBOpeHHs OIOMIIIBOK Ha
PI3HHX MMOBEPXHSX MOKA3aJI0 HAcTyIHE [5].

[ToBepxHi HepkaBitouoi cTajxi Ta CTabiIi30BaHOTO
nomiBiHuxsiopuay — (IIBX)  3Haxommwnmucs y  moToiri
MyHinunansHoi mutHOi1 Boau (10 cm/cek) mpotsrom 167 aHiB.
Big3naueHo excrnoHeHHIHHUN picT OakTepid 3 MOABOEHHIM iX
yrcna KokHi 11 gHIB MK mepmuM Ta 122 AHsIMH 3 IeSKUM
cnagoM MiX 123-m ta 167-M nHSMH. ABTOp NPHUITYCKAE, IO
nicns 122 auiB y 6101ITiBII PO3MHOKYIOTHCS MIKPOBOAOPOCTI Ta
HaWMpOCTIIIi, 110 HAIAI0Th 1HT10YI0UY /Iif0 Ha PICT OaKTepiil.

B inmiii po6oTi nporo aBropa [6] HaBeneHO pe3ynbTaTH
JOCII/DKEHb  [IOJI0  PO3BUTKY 01000pOCTaHh Ha CTIHKax
MOJIIETUIICHOBUX Ta MOJIBIHUIXJIOPUAHUX TPYO NMPHU KOHTAKTI 3
BoJOMpOBiiHOIO Bomoto. Ilicms 33 mi6 ekcmo3uiii mpu
HMIBUJKOCTI MOTOKY 10 cm/cek KiJbKICTh 01000pocTaHb y
nomieTHIeHoBil Tpy6i mepesmmiyBama B 100 pasis  (10°
KYO/cm?), a B nosiBininxnopuniii - y 10 pasis (10° KYO/cm?)
y HOPIBHSHHI 13 BIATIOBITHOO KUTBKICTIO 61000pOCTaHb y MigHI1I
Ta CKJISHIN TpyOax.

[TokazaHo, 1110 TOBEPXHsI 3aJ113HOT TPYOH, Ha BIAMIHY BiJ
MOJIBIHUIXJIOPUY, Y HIPUCYTHOCTI XJIOPY BIUIMBA€ Ha CKIAJ,
pICT 1 pe3uCTEHTHICT OaKTepiii OiorTiBKH [ 7].
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Sk cBIMUMTHP HHU3KA JOCHTIDKEHb, CKIIaJ OakTepiit
0101UTIBOK HaJ3BUYalHO pi3HOMaHiTHUI. KpiM HITpH}iKyroUunX,
cynbdarpenykyrounx OakTepidd, cepopenykywouux E. coli,
3anizo0akrepii [6] inenTudikoBani 6akrepii poxis Nitrospira,
Planctomyces,  Acidobacterium Tta Pseudomonas [8],
HeTyOepKynbo3HI MikoOakTepii [9], MmIicHSABI Ta IPIKIKOBI
rpu6u [10].

Ha nymky aBtopiB myOmikamii [11], KOHTpoas BOIU B
CUCTeMax BOJONOCTaYaHHS MMOBMHEH BKIIIOYATH BHU3HAUCHHS
MIKpOOpraHi3MiB, fKi MalOTh HaWOUIBIIY PE3UCTEHTHICTH JI0
nesindexkii (P. fluorescens, C. perfringens) i Moxyts OyTu
BUKOPHCTaHI AK IHIUKATOpU 01000pOCTaHb MEPEK.

VY pobori [12] npeacraBneHi pe3ynbratu iaeHTUdikarii
JEB'SITHAAISTH BHJIIB IOMIHYIOUMX T€TEpPOTPOPHUX OaKTepiid y
MPICHOBOAHIHM O10TUTIBIII IIUIIXOM BCTAHOBJICHHS MOCIIJOBHOCTI
rera 16S JIHK Tta J#oro BmaMBYy Ha Koarperamir.
dioreHeTnyHa OIlIHKA ITOKa3zaja, IO SK BiggajieHi, TakK 1
ONMM3bKI Koarperamii XapakTepHI BCEpeIuHI TeHepaliid, MK
reHepaiissMa i Bcepemuni BuiiB. Hampukiam, Blastomonas
natatoria 2,1 Moxxe KoarperyBath 3  iHmmMMH 18
MiKpoopraHi3MaMu 1 (PyHKIIIOHYBaTH K IepeaBajbHa JIaHKa
IIPU PO3BUTKY O10TLTIBKH.

BuBueHo nuHaMIKy pPO3BUTKY TIOBHOI CTPYKTYpHOI
Moposorii Ta ckiaay O10IUTBOK Yy Bili BiA 1 aHS 10 3 poOKiB,
cOpMOBaHUX y MOJeNi CHCTeMH Bojoposnoainy [8].
Bizyamizarnis Ta mojanbia KUIbKICHA OITIHKA TOKAa3ald, MO0
6101UTIBKa PO3BHUBAJIACS BiJ] TIOYATKOBOI'O MPUKPIMIICHHS KIITHH
4Yepe3 YTBOPEHHS HE3AJNEKHUX MIKPOKOJOHIN TOBIIMHOIO
6mu3pko 30 MM 10 3aKIIOYHOI, OUTBII BITBHOI CTPYKTYpH 13
CepeHbOI0 TOBIIMHOO 14,1 MM, 1110 mokpuBana 76 % moBepxHi.
AmnHani3 mokasaB, IO 13 CTapiHHAM OIOIUIIBKM MOCTYIIOBO
HapOCTAJIO MOIMYJISIIHHE PO3MAITT MIKPOOPTaHI3MIB.

Binminenas mMikpoopraHi3MiB BiJ OIOTUIIBOK, IO Mae
BaYKJIMBE 3HAYEHHS y KOHTaMiHAlii CHCTEM BOJONOCTAa4YaHHS,
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HallMEHIII BWBYEHO. BukopucrtanHs 1H(poBOI MIKPOCKOMIT
JIO3BOJIMJIO YITKO YSIBUTH JIOKQJII30BAHHUN MPUPICT 1 BIATIICHHS
KIITHH Yy CGOPMOBAHUX 3MINIAHUX pPI3HOBUAAX OIOILTIBOK.
BinninenHst paHKyeTbCsl BiJ] OJMHOYHUX KIIITHH JIO arperaris
niamerpom mnpubauzHo 500 mM. OTpumaHi pe3ynbTaTH
CTaHOBJISITh TIEBHE 3HAYEHHS MIOJ0 1H(EKIIHHOT 103U BOIHHUX
010JIOTIYHMX KOHTAMIHAHTIB Ta OIIHKH IX PHU3HMKY 370pOB'tO
cnokuBauiB [13].

BukopucranHs koMOiHaIii eKCIEpUMEHTAIBHUX Ta
TEOPETUYHHUX MIAXOMIB Yy MJOCHIKEHHI pOJi BIACYTHOCTI
MO’KUBHUX PEUOBUH K MPUYUHH BiOKpPEMIICHHS O1OIIIBKH Ha
YUCTHX KyJIbTypax P. aeruginosa 103BOJIWJIO BHCIIOBUTH
rinoresy, IO caMe «rOJIOAYBaHHSA», a HE aKyMyJsIis
MeTa0OIIYHUX POAYKTIB € MPUYHHOIO 1IbOT0 Tpouecy [17]. Le,
3 MOTJIAY aBTOPIB, € CBOEPIIHUM E€KOJOTTYHUM IMOIITOBXOM JI0
3BUIBHEHHS MIKPOOOPraHi3MiB 3 O10ILTIBKH.

Pesynbrati JOCHiIKEHHS CHUCTEM BOJIOMOCTAaYaHHS
MOKAa3ajii, IO TOTIPIIEHHS SKOCTI MUTHOI BOJHM BHKJIHKAHO
JISUTBHICTIO MIKpOOpraHi3miB [15]. Y HbOMy KOHCTaTOBaHO Taki
YUHHUKY.

Ymeopenns na cminxax mpyo.

PicT GakTepiil Ha CTiHKaxX TPpyO CHCTEM BOJOPO3MOJLITY
MPU3BOJUTH JI0 30UIBIIEHHS BMICTY Y BOAI T1POKCHUIIB 3ali3a,
0 COPHSIOTh YTBOPEHHIO BIAKIAJACHH OKCHIIIB AQITIOMIHIIO,
KpeMHE3eMy, BYTJIEKUCIIOTO KaJbIil0 Ta 1HIIUX HEOPTaHIYHUX
pedoBUH. Y 1MX BIAKIAJEHHSAX MIKPOOPTaHi3MU MOXKYTh
pPO3BUBATUCS, XapUYyIOUUCh aJCOPOOBAaHMUMH OpTaHIYHUMHU
pedoBrHaMU. BigkimaneHHsS TEpeIKoKalTh BUIAJICHHIO
MPOAYKTIB OKUCIIEHHS, 3MIHIOIOTh TPaBIIuYHUI PEXKUM OTOKY
BOJM, BIUIMBAIOTh Ha IMPOLIECH PO3UYMHEHHS KUCHIO 1 OajaHC
10HIB 3aJi3a.

Himpugixayias ma 3HudxiCeHus emicmy po3uuHeHozo
KUCHIO.
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3a HasBHOCTI B cupiii a00 OUYHMIIIEHIH BO/II 10HIB aMOHII0,
PO3BHBAIOTbCA  KOJIOHII  HiTpuQikyrounx OakTepidl, fKi
3YMOBIIIOIOTH JIe(1IUT KUCHIO 1 HAJITMIIIOK BYTJIEKHCIIOTO ra3y y
BO/JII.

Kanvyunysanms.

Bumanae i nakonuuyerbest ocan CaCQOs, yTBOpIOHOYHU
HEOJIHOPIJIHY KPUCTANIYHY CTPYKTYPY, 110 BIAIIAPOBYETHCS.

Jloxanvne snudicenns pH.

HacniikoM 11b0ro € mocuaeHHs Kopo3ii.

Peoucmpubyyia (nepepo3nodinenns) KUCHEB020
nomeuyiany.

Kucenb KOHIEHTPYETbCS y BUIBHUX BiJl BIAKJIAICHD
30Hax, 10 MPU3BOJIUTH IO MOSBH MIKPOEIEKTPUYHUX CTPYMIB,
10 CIIPHUSIIOTH KOPO3ii.

Cynvghampedyxyis.
vy BOJII, HacH4YeHiH BYIJIEKUCIIAM ra3om,
PO3MHOKYIOTBCS cyabdaTpeayKyoui MIKpOOPIaHi3MH,

BHACJIIOK 4YOro Cynb(aTH BiAHOBIIOIOTHCA 10 CIPKOBOJHIO.
Cynbdar - mepeTBOprorOYi peakiii, MmO BiI0yBalOTbCSI Ha
MOBEPXHI TpyOHU Micis BiAIIapyBaHHs BIJKJIa/l€Hb, 10JIBOIOIOTh
KUTBKICTh 10HIB 3aii3a (Ha 1 Mr/m cynabdariB — 2 MI/i i0HIB
3ai3a), 110 MPU3BOJUTH JO YTBOPEHHS HOBUX 3aJI3UCTUX
BIJIKJIQJZICHb 1, IK HACJII0K, TOCUJICHHS KOPO3ii.

3minu cmaxy ma 3anaxy 600u.

MoxyTe OyTH pe3yJbTaTOM HAKOMUYEHHS y cCHCTeMax
BOJIOPO3MOJIITY TaKMX METAB, SIK 3a71130, MiJlb T4 CBHHEIb, a
TaK0X TOSICHIOBATHCHh HASBHICTIO Y BOJI KIHIIEBHX MPOJIYKTIiB
KUTTEISITHHOCT1 OaKTEePiid.

XiMi3M IMX TIPOLECIB MOJIATa€e y Mepediry HacTyIMHUX
XIMIYHUX peaKIIiil:

Kopo3is 3ai3H01 TpyOH i Aif0 TIMOXJOPUT — 10HA YU
KHCHIO, PO3YMHEHOTO Y BOJII

Fe + CIO" +H.0 =Fe*2+ 2 OH + CI (1)
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OKuCIIeHHS KaTiOHY JBOBAJICHTHOTO 3alli3a IO KAaTiOHY
TPUBAJICHTHOTO 3aji3a

4 Fe™ + 0, +2 H,0 = 4Fe*® + 4 OH- (2)

[iaposni3 KaTiOHY TPUBAJEHTHOTO 3ai3a Ta YTBOPEHHS
Oyporo ocaay TiJIpOKCUIY 3ai3a

Fe*+ 3H,0 = Fe (OH)3| + 3 H* (3)

BinHoBneHHs cynb(ar-aHioHy A0 Cynbdia-aHIOHY ITij
Ti€ro cynbhaTpeyKyrounx OakTepiit

SO42+4H,0+8e'=52+80H" (4)
YTBOpEHHS YOPHOTO 0ocaty cyibdimy 3amisa
Fe*3+S2=Fe;Ss) (5)

YTBOpeHHs ocaay KapOoHATy KaJIbIiF0 BHACIIIOK
HACUYEHHS BOJU BYTJIEKUCIUM Ta30M — MPOTYKTOM OKHUCITICHHS
OpPTaHIYHUX PEUOBHH OAKTEPISIMH.

Ca*? + H,0 +CO, =CaCO3|+2 H* (6)

BuBueHHs1 KOpO31iiHOT aKTUBHOCTI BOJIOIIPOBIIHOI BOIH
IIPU KOHTAKTI 3 JUITHKaMU MeTajly, IOKPUTHUMH ILIapOM OKCHUJIIB,
MOKa3ajo, IO B pe3yJabTaTl MPOTIKAHHS EJEKTPOXIMIYHUX
MpolieciB Biq0yBa€eThCS BIIHOBIECHHS OKCHJIIB 3alliza 1 mepexia
3aitiza y (opmMy pO3UMHHOTO JBOBAJICHTHOrO 10HA. Big3zHaueHo
cTab11i3yI04Mii BIUIMB JIOKCUY XJIOpY Ha Lei nporec [16].

Po3pobneno maremaTuuHy MojJenb  (OpMyBaHHS
OIOIUIIBKM 3  YpaxyBaHHSM  OJHOYaCHOTO  TPaHCHOPTY
cyOcTpariB, ne3iHdexTanTiB Ta Mikpoopranizmis [17]. Moxaenb
CKJIAJa€ThCsl 3 Psily PIBHAHb OajlaHCy OPraHidYHUX PEYOBHH,
aMOHIWHOTO a30Ty, OKCHIIB a30Ty, PO3YMHEHOTO KHCHIO,
JYXKHOCTi, OloMacu Ta JAe31H(EKTaHTy Yy BOJI Ta B Mekax
O1OTUTIBKM 3a YMOB JIaMIHApHOTO Ta TYpPOYJIEHTHOTO IOTOKY.
BcraHoBieHO, 10 peoJIOriuHI BIACTUBOCTI Ta MOTJIMHAHHS
ne3iH(exkTanTa y CTiHII TPyOW BIAIrparoTh 3HAYHUM BIUIMB Ha
AKICTb MUTHOT BOJH Y PO3MOAUIBYINA CUCTEMI.

BcranoBneno, mo cynbdarpenykyroui 6akrepii (SRB)
BIIIrpaloTh 3HaYHy pOJb Yy KOpO3ii, NPHCKOPIOIOYU
enekTpoxiMiuHi mpomecu [18]. YV 1mpoMy mociimkeHHi
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IIPOBEICHO TECTH MNOJsApU3aLii Ta MOJABIHHOIO OCEpEeAKy JUis
Kpamoro (GyHJaMEHTAIBHOTO PO3YMIHHS KOPO3ii IMiJ BILTABOM
SRB. Tect nonspwu3ariii mokasas, 1o BB SRB Ha aHoHYy 260
KaToJIHYy MACTOJIAPH3AII0 NpH KOopo3ii OyB HE3HAYHUM 3a
HasBHOcTi 1,5 MM CaCOs;. MutrTeBi MBHAKOCTI KOPO3il
CTaJIeBHX 3pa3KiB, 3aHypeHHX y SRB-IHHOKYIbOBaHUN PO3YHH,
Oymu B 1,5-2,5 pa3u OUIBIIMMH, HIK Y CTEPHIBHOMY PO3YHHI.
Kpusi nonspuzanii, orpumani B SRB - iHHOKyIbOBaHOMY
po3uuHi 3 0,5 MM cynb(aty, noka3zanu HasBHICTh 1 aHOAHOI, 1
KaToMHOI Jemoyspu3alii Ha cTajneBux 3paskax. OpHak, mpu
koHeHTpauii cynbdary 0,1 MM BigOyBanacs nuiie KarogHa
JETIoNApH3allisi Yepe3 HU3bKe BUPOOHUIITBO CIPKOBOJIHIO.

Y poboti [19] BuBYeHO OakTepianbHUIl pICT Yy
PO3MOAUTFYMAX CUCTEMAaX IMUTHOI BOAM B €KCIIEPUMEHTAILHOMY
peakTopi, po3po0JeHOMY Ui MOJENIOBAHHS PEOJIOTIYHUX
BJIACTUBOCTEN BOJOMPOBIIHOI MaricTpaii. BumipioBaiu uucia
KJIITHH, 1II0 POCTYTh Ha CTIHKaX TpyOH (KIITHHU O1OIUTIBKH) Ta
KJIITUH, CYCIIEHJOBAaHUX y BOJHIN (a3l (MJIAHKTOHHI KIIITUHH)
JUIs BU3HAUYEHHS BIJIHOCHOTO BKJIaJy O10TUIIBKM B HAKOTIMYEHHS
OakTepiaJbHOI  MOMYNSAIIl B Mepexl  BOJOPO3MOALTY.
ExcnepumenTn OynM BHKOHAHI Ha 3aBOJII OUYMIIEHHS BOJIU 3
BOJIOIO 0€3 XJIOpY Ta XJIOPOBAHOIO. Pe3ynbpTaTi MOKa3yIoTh, 110
pict OiOIUIIBKM Ta TOJaiblle BiALIENJICHHS OakTepii €
OCHOBHUM [I)KEpEJIOM IIJIAHKTOHHUX KIITHUH y BOJIOPO3BiIHIN
CHCTeMi, IO MICTUTh BUIBHMH XJop. XJOp BIUIMBAaE Ha
HaKOMUYEHHS Ta MPOCTOPOBUN PO3MOALT O10TITIBKH.

HocnipkenHss ¢GopMyBaHHS OiOIUTIBOK Yy YaBYHHHX
Tpybax po3MoAUTy MUTHOI BOAM IOKA3aJId 3aJIEKHICTh BIJ
eKCMO3MIlii, CE30Hy, TeMIepaTypu BOJM Ta IMIBUAKOCTI Ii
nepediry [20]. TleBHi BiAMIHHOCTI MDK Ce30HaAMHU OyiH
00yMOBJIEHI TEMIIEPaTypOl0 BOAM, KIIBKICTIO IeTepoTpOdHUX
OakTepii Ta 3aJIHMIIKOBOI KOHIICHTPAIIE€I0 Je31H(PEKTaHTY.
HaiiBumii piBHi (QopmyBaHHS OIOIUTIBKM CIIOCTEpirainucs 3a
temnepatypu Boau 15-25 °C.
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[ToBimomisutocss [21] mpo pe3yabTaTd JTOCHIIKEHHS
MIKpOOHOTO MICIAPOCTYy Mmiciasi 0OpoOKH BOIM 3 T'yMiHOBHMU
KHCJIOTaMU XJIOpyBaHHAM, Y®O Ta 030HYBaHHSAM Y JOCITIAHIN
yctaHoBIl mpoTsiroM 20 wicsmiB. IlicnspicT BU3HAYAIM SIK
OiomiBky B TpybOax i3 PEH nmomxkunoro 2,6 M. biommiBku He
BUSIBJICHI Y XJIOPOBaHIi BOAI 3 3JIMIIIKOBUM BUIBHUM XJIOPOM y
konnentparii 0,4-0,5 mr/n. Haitoinbire hopmyBaHHs O10T1TiBKH
Oylio 3HaiIeHO B O30HOBaHii BOJI, II0 MOXXKHA IMOPIBHATH 3
koHTpoJieM. Y®O - o6pobieHa Boja Mokaszaina 3Ha4YHO MEHIIEe
YTBOpPEHHS OIOIUTIBKM, IO MOXKe OyTH TOB'sI3aHO  3i
3MeHIIeHHsM OionoriyHoro crnoxuBaHHs kucHio (BCK) y
nopiBasiHAI 3 KoHTposieM. Buma BCK B o30HOBaHil Bomi
CBIQUUTH TPO 30UIBLICHHS BMICTY OpraHikd, IO JIETKO
JerpanyeTbes, ska Oyna igeHTugikoBaHa XpomarorpadidHo.
EnextponHa Mikpockoris O10IIJTiBKY MTOKa3ajia BUIMN BMICT 1
CHEeKTp pI3HOBUAIB OakTepiii B O030HOBaHIA BOJI, HIXK Y
KOHTpOJIi, L0 BKa3zye Ha HIKYY MIKpPOOHY aKTHUBHICTb B
ocraHHbOMY. PiBeHb ¢opMmyBaHHS OIOIUIIBKM OyB TICHO
MOB'SI3aHUN 13 CE30HHUMH KOJIMBAaHHAMM TEeMIeEpaTypHu BOJIH.
bakrepunmanuii epext Y PO — onpomMiHEeHOT BOJU 3HUKYBaBCS
HamnpUKIHII ~ ekcnepuMeHTy. [lokazaHo, 10  3a3HayeHi
KOHIEHTpAaLi 3aIMIIKOBOT0 BUIBHOTO XJIOPY Y XJIOpOBaHiil BOA1
JOCTaTHI Juid 3arno0iraHHs (OpMyBaHHIO OlOILUTIBKH HPOTATOM
YCBhOTO MEPIOy EKCIIEPUMEHTY.

Axymymsnis Ta 3aru0enb  MOAETBHHX MIKpPOOHUX
«aToreHiBy» Oyl JOCHIKEHI Y TPUPOJHO BUPOLICHUX
OiorutiBKax, c(GOpPMOBAHUX Yy HOBUX MUIOTHUX CHCTEMax
BOJIOPO3MOiTy XjopoBanoi Ta Y®O-06pobdaeHoi Boau [22].
[IpoTsirom 38-1€HHOTO MOHITOPUHTY KOHTpPOJIIOBAJIHM PICT Ta
IHaKTHBAIlIIO TiAPOPIIBHUX Ta TiApodoOHUX MiKpochep
(miametpom 1 mmK), GakTepiogari Salmonella 28B Ta Gakrepiii
L. pneumophila. TTokazano, 1m0 oouaBa ae3iHGeKIiiHI peKUMU
(xnopyBanus Ta Y® - 06poOKka) He MalOTh ICTOTHOTO BIUIMBY Ha
AKyMYJISIIIIIO Ta IHAKTUBAIII0 BUBUCHUX MIKPOOHMX MOJICIICH.
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3rilHO 3 JaHUMHU JITEPaTypH, IIOKCHA XJIOpy €
BHUCOKOC(EKTUBHUM 3aCO00M pyHHYBaHHS, BUIAJCHHS Ta
3amo0iraHHs  YTBOPEHHIO  OIOIUIIBOK, 1O  3a0e3nedye
ONTUMAIIHUA KOHTPOJIb MIKpPOOIOJOTIYHUX MapaMeTpiB y
KOMYHQJIBHUX Ta IMPOMUCIOBUX CUCTEMaxX BOJOIOCTauyaHHS Ta
OXOJIOJDKEHHS, OCOOJIMBO TaM, JI€ € BEJIMKHUI BMICT OpraHiyHUX
PEUOBHH Ta aMiaKy.

[ToBinomnsierbest [23], mo oOpoOKka TIOKCHUAOM XJIOPY
TEIUIOOOMIHHHUKIB € e(QEeKTUBHOI, a CTOKM HE MaroTh
TOKCHYHOCTI 110 BiIHOIIEHHIO JI0 T1IPOOiOHTIB.

Jliokcu XJ10py BUKOPUCTOBYETHCS /JIs1 YCYHEHHS CIU3Y
y TpPOMHBHIM BOJI KOHCEpBHUX 3aBoxiB [24]. Lls oGpoOka
yCyBae€ BCi 3aMaxy, CIPUYMHEH]1 XJIOPYBAHHSIM, Ta BIAPI3HAETHCS
€KOHOMIEIO0 BOM Yy 3B'SI3KY 3 000POTHUMU IUKIIAMH.

Y poboti [25] 0O6roBopeHO pe3yNbTaTh 3aCTOCYBAHHS
TloKcuay xjopy ans  OopoTeOu 3 OlomiiBKamMu  JUid
HiANPUEMCTBA; ONTMCaH1 MeToIu KOHTpodto. [IpencraBneno aaxi
PO YNOBUIbHEHHS OakTepiaibHOIO pOCTYy B CHUCTEMax,
00pOOIEHNX TIOKCHIOM XJIOPY, a TaKOX 1H(GOPMALito PO 1HIII
BUIMAJKA TO3UTHUBHOrO €(eKTy BiJ 3acCTOCYBaHHS ILbOTO
YHIBEpPCAJIbHOT'O OKHMCIIIOBAYa.

BceranoBieHo, mo JIOKCHI XJIOpY € e(EeKTUBHUM
OaKTepULUIHUM peareHToM y 60poTh0i MpoTH O10BIAKIAAEHD Y
BOJIOBOJIaxX Tij yac BUPOOHUIITBA marepy [36]. 3a3HaveHo, 1m0
eeKTHUBHE NMPaKTUYHE 3aCTOCYBAHHS J10KCUAY XJIOPY BUMArae
MOTIEPETHROTO  BU3HAUCHHSI sy TapaMeTpiB: TPUPOAN
MIKpOOPraHi3MiB, JOMYCTUMOI'O MOpOra 3a0pyIHEHOCTI BOAM,
THUITY Ta BUTPATU BOAM, CTYNEHs 11 peLIMPKYIIALIi, CIIOPIAHEHOCTI
3 TEXHOJIOTTYHUMH J00aBKaMH, HEOOX1HOTO CTyneHsl 00poOKH,
KUTBKOCTI Ta MICI PO3TAIlyBaHHS TOYOK BBEJICHHS JTIOKCHUIY
xjopy B cucreMy. lLli  mapameTpu  BH3HAYarOTHCA
EKCIIEPUMEHTAIbHO y KO)KHOMY KOHKPETHOMY BHIAJKy, IO
JI03BOJISIE BUPOOUTH PEKUM 3aCTOCYBAaHHS TIOKCHUIY XJIOPY.
ExcrutyaTtamiiinuii  1OCBIJ TIOKa3ye, IO BHUTPATH IOKCHIY
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xJ0py MOXYyTh cTaHOBUTH 70 - 100 r Ha 1 T manepy, npu HbomMy
eKCIUTyaTaliiiHi BUTpPATH, MOPIBHSIHO 3 IHIIUMH pEareHTaMH,
3HIDKYIOThCSL B 5-8 pasziB. BuTparu BUKOpHCTaHHS M10KCUITY
XJIOPY OKyHaroThes 3a 1-2 poku.

OuiHka TMOPIBHAJIbHOI €(PEeKTUBHOCTI 3aCTOCYBaHHS
xyopy (Clp) ta miokcumy xmopy (ClO2) mns G6opoTebu 3
01000pOCTaHHAMHU B TEIIOOOMIHHHKAX IpeACTaBicHa B [27].
Busuanocs 8 pexumis ekcryarariiii: [ — 6e3nepepBaa 06poOka
Clz (mo3a Cl2 0,15 mr/n); II-nepiognuna nmoxada Clo mpotsirom 1
ron/no0y (mo3a Clz 1 mr/m); Ill-nepioguuna mogada Clz 4 pa3u
Ha A00y mpotsarom 15 xB (mo3za Clz 1 mr/n); IV-nepionguyna
obpobka Clz 3a pexxumom Il y koMOiHaIii 3 TUCTIepryBaIbHUM
areHToM Naisperse (mo3a 2-4 Mr/a), BBEICHHS SKOTO
3nifcHIOBaNIOCS mpoTsaroM 15 xB. uepe3 15-20 xB micnA
xyopyBaHHs; V-00pobka ClO2 3a pexxumowm [; VI-nogaua ClO2
3a pexumom II; VIl-momaua ClO2 3a pexumom III; VIII
KOHTPOJIbHUM - 6€3 00poOkH. BcTaHoBEHO, 1110 3pa3Ku MeTaly,
o0pobneni  OionmuaamMu,  OoOpoCTalM  3HAYHO  MEHIIE
KOHTPOJbHOTO. 3HUXKEeHHsS edekTuBHOCTI BuKopuctaHHs Clo
BI[3Hayanocss mi yac mnepexony Big pexumy [—II—IIL
3acrocyBanHs ClO2 y KOMIUIEKC] 3 IUCHEPryBAIbHUM areHTOM
HEe Aano Oyap-SKMX 3HAYHUX 3MIH Y KUIBKICHOMY CKJaji
6ioo0pocTtanb, Xo4ya ¥ cmocrepiramucss JedKkl  SKICHI
BimMiHHOCTI. [lpum pobGotri ycraHoBku B pexumax V-VII
OTpHUMaH1 OPIBHSIHI pe3y/IbTaTH.

VY nocnigxenHi [28] mpeacTaBiIeHO MOPIBHSUIbHY OIIIHKY
e(peKTUBHOCTI XJIOpUT — 10HY (xJopury) (ClO2") Ta miokcumy
xaopy (C102) mo BIgHOMIEHHIO 0 O10TUTIBOK. XJIOPUTH
BUKOPUCTOBYBAIMCS Yy 3B'A3Ky 3 THM, III0 BOHU 3a3BUYAid
CIIOCTEPITraloThCsl B PO3MOAUTHPYMX CHUCTEMax SK MOOIYHMIA
MPOAYKT TEPBUHHOI a00 BTOpWUHHOI JAe3iH(eKIii BoaH
niokcusoM  xyopy. llomepemne mociiKEHHS ITUX aBTOPIB
MOKa3aJio, 10 XJIOPUT 3HIKYE HITpU(DIKALi0 Y PO3MOIUTBYNX
cucteMax. BukopucroByBamu KimbleBi peaktopu (ARs) 3
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noJiikapOOHATy Ta 4YaBYHY AJI MOJENIOBAHHS SIKOCTI BOJIU Yy
posmoxpinpuii  cuctemi. Ilicns  4-TmxHEBOrOo  mepiony
axyiMatu3aiii B koxkeH AR mapanensHo BBoauiau Bucoki (0,25
mr/n) 1 Hu3eki (0,1 mr/m) mo3um xjopury i Bucoki (0,5 mr/n) i
Hu3bKi (0,25 mr/i) no3u niokcuay xyaopy. KonTponem ciryxumu
AR 06e3 aesindexrantiB. OTpuMaHi JaHi CBiAYaTh, IO XJIOPHUT y
HU3BKUX DIBHAX HEePEKTHUBHUN- IO BIJHONICHHIO 10
rerepoTpopuux  Oaktepiii. CkopodeHHs log peectpamii
MpUETHAHUX reTepoTpodHUX OaKTepiil 1ig HU3bKOT Ta BUCOKOL
103 xyioputy kosmBainocs Big 0,20 no 0,34. [y miokcuy Xiaopy
y BUCOKIH 11031 1i nudpu 3Haxonuwnucs B mexax Bing 0,52 mo
1,36. HaiiGinpm BUCOKI piBHI peayKii CyCleHAOBaHUX
rereporpoHuX OakTepiil BigzHayeHi Ay Bucokoi qo3u C10;
abo Ha yaByHi abo momikap6onari (1,77 i 1,55). i nmani
MOKAa3YIOTh HEOOX1AHICTh MATPUMKH 3aJTUIIKOBOT KOHLIEHTpPALIii
JTIOKCUAY XJIOPY B PO3MOJLIBYMX CHUCTEMax JUIsl KOHTPOJIIO
MiKpOO10JIOTIYHOTO MICIAPOCTY.

[iif cTaTTi, Ha HAII TOTJSI, CJiJ NPUIUTHTH OUIbIIE
yBarg, xoua 6 Tomy, 110 TaKUX JOCITIJKEHb MPOBEICHO AYXKe
MaJio.

Eisnor i Gagnon (2004) [29] BusiBuny, mo ClOz” maroTh
Iy’*ke HHU3bKY KOpPO3iiiHy aKTHMBHICTh y YaBYHHUX TpyOax
nopiBHAHO 3 C10O2, BUIBHUM XJIOpOM, XJIOpaMiHamMH abo
KoHTposeM Oe3 aesiH¢pekranty. Kpim mporo, McGuire et al.
(1999) [30] 3pobumm BucHOBOK, 1m0 ClO; iHaKTHBYE
amMmoHidikyroui 6akrepii (AOB), ski, K BiIOMO, BUKIUKAIOTh
HITpU(IKALII0O B PO3MNOAUIBYMX CHUCTEMax. 30Kpema Iie
CTOCYBaJOCS 3aMiHM XJIOpaMiHy Ha XIJOpUT. Y IbOMY
nociipkenHi [28] mmsa ClO2” 3HaWIEHO CHUIIBHUN ITOTEHIIIAN
iHakTuBamii cycneHgoBanux AOB. Opnak, pgani mpo
MPOJIOHTOBAaHUN BIUIMB Ha TeTepoTpodHI MIKPOOpraHi3Mu
npeActaBiedHi He Oymu. Tomy, ToOlOBHa MeTa IIHOTO
JochipkeHHs: [28] monsArana B OLIHIN CTYHEeHS Ol0UIHOTO
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epekty ClO2 ta CIO2” Ha rereporpodu (CycrneHaoBaHi i B
6io1utiBLi) B TaOOPaTOPHOMY €KCIIEPUMEHTI.

OTpuUMaHO HACTYMHI pe3yJIbTaTH.

Kineuesi peakropu (ARs) excruryaTyBaiucsi MPOTATOM
YOTHPHOX TIDKHIB 70 Je3iH(eKIii uisi akjaiMaTu3aiii Ta
3a0e3neueHHs cralioHapHuX yMoB OiorutiBku. [ToBHa cepemns
KUIBKICTh cycneHgoBaHuX rereporpoduux Oakrtepiii (HPC) y
BoJi y Bcix ARs cranosmia 8,98 - 10* + 4,18 - 10* KYO/mn,
IOBHA CEPEIHS KUIBKICTh 3araJbHUX 1HJICKCIB OaKTepiaabHUX
kiitud (AODC) y Boni — 8,8 - 10°+ 3,78 - 10° KYO/mu mix uac
nepioay akiimMaruzamii. Y TpyOax i3 4aByHY BiJI3HAYEHI HIKYI
ingexcu cycnenpoBannx HPC, nixk momikapbonaraux (IIK)
(7,57 - 10* £3,65 - 10* i 1,04 - 10° = 4,59 - 10* KYO/mn
BIJIMOBIAHO), MPOTE CTATUCTHUYHO 3HAUYIIl BIAMIHHOCTI HE
cnioctepiranuca. OnHaK, KOHCTATOBAHO 3HAYHY PI3HUINIO MiX
gyapyHoM 1 [IK st AODC (p = 0,0455).

Cepenne ta crangaptae Bigxwienas HPC y 6iomnisii 1o
nesindexiii 6ymo 8,59 - 10 +£2,46 - 10°Tta 1,14 - 105+ 5,0 - 10°
KYO/cm? nnist uaByny Ta I1K Bignosinso. Bioniska Ha 4aByHy
MaJa cTaTucTUYHO Buly KuibkicTe HPC, HIXk Ha nosikapOoHaTi
(p = 0,00266). Ilig yac akmimMatu3aiii crocTepiranacs 3Ha4Ha
BiamiHHICTE 17151 HPC Mixk AODC Ta 6iomutiBkoro (p = 0,00633),
npu 1boMy Oyslo 3HA4HO Oinble OakTepiil, MpueIHAHUX Ha
METaJIeBY IOBEPXHIO, HIK Yy 3Ba)KEHOMY CTaHI.

Kpim HPC ta AODC 0Oynu TakoX BHU3HA4€HI 1HJIEKCH
HEXHUTTE3aTHUX Ta OKUTTe3NaTHUX Oaktepiid. CepenHs
KIUTBKICTh HEXXHUTTE3IaTHUX OaKTepiil y Boji Ta OiormtiBii Oyma
3,17 - 10° + 1,37 - 10° KYO/mi ta 2,13 - 10° + 1,54 - 10°
KVYO/cm?. Binmosise 9ucio KUTTE3MATHUX OaxTepiii 1751 BOJU
6yno 5,63 - 10°+ 2,63 - 10° KYO/Mn i 2,29 - 10%+ 1,34 - 10°
KYO/cm? s Giommisku. be3 ypaxyBaHHs Matepiany Oyna
3HauyHA pi3HUALA MK HexurresgatHumu (p = 0,10) Ta
xuttezgatauMu (p = 0,0831) Gakrepismu y BoAl Ta O10TLTIBIII.
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Cepenne BIIHOLIEHHS KyJIbTypaOenbHUX OakTepid y
Boxi Oymno 0,12+0,05, y Giormismi — 0,29+0,12, mo Bkaszye Ha
OUTHIII BHUCOKY KYJIbTYpaOCIbHICT, MpUEAHAHUX OaKTEepiil.
Takox BiJI3HAUEHO PI3HUIIO MK BMICTOM OakTepiil y BOJI Ta
oiomisii (p = 0,0673).

Cepenne BimHomenns y Boai mus [1K 6ymo 0,10+0,03,
st yaByHy 0,14+0,06 6e3 3naunux Bigminaoctei (p=0,30).

[Tpu nesindexuii C102 ta ClO2 3a 50-nenHuit nepion
kouTpomoBamn HPC y Boxi Tta OiormiBmi. TewaeHiis 1o
3MEHIICHHS Oysia BiJI3HaYeHA y BCIX BUMAJIKax sl OaKkTepii,
CYCIIEHJIOBAHUX Y BOJIi Ta MPUEAHAHUX Y O10ILTIBII, OCOOIUBO
npu aesindexmii C10;.

Hezane:xxno  Binm  nesiHdexTaHty Ta — Marepiany
BiJ3HAYEHO 3HAYHY BIAMIHHICTD MDK CEpEAHIMH YHCIAMHU
OakTepiii y cycnensii Ta 6iommiBui (p = 0,0268) (0,90 + 0,51 1
0,50 + 0,50 BiAMOBIAHO), IO Y3TOJXKYETHCA 3 MOIMEPEIHIMU
nocipkenssamu [31, 32].

3HayHe 3MeHIIeHHs cycneHaoBaHux HPC  Oyno
3HalJICHO MPOTAroM Je3iH(deKii, K0 NOPIBHIOBATH JaHi J10
Ta micas aesingexuii (p = 1,54 x 107). He Gyno 3Haunux
BIIMIHHOCTEH MK  CYCHEHJIOBaHMMH  TeTepOTpOGHUMU
OakTepisiMU B MOJIKapOOHAaTI a00 B YaBYHI 11032 3AJIEIKHICTIO BiJT
06pobku (p = 0,391, waByn = 2,59 - 10* £ 22 - 104
nonikap6onar = 1,46 - 10 £ 1,7 - 10%). na 3paskiB Boau
suxigne uucno HPC (nens 0) 6ymno npubausso 1 x 10° KYO/mu.
Innexcu micns nesindexii Ha 0 qHIB 3MeHIIAINCS 110 4,32 - 10*
ta 3,18 - 10* KYO/Ma ais monmikapOGoHaTy Ta 4aByHY, IO
BiamoBimae ckopoueHHto Ha 0,47 Ta 0,34 log. Ilicus ne3zindexii
3MEHIIeHHs paHKyBanocs Big 6,18 - 102 1o 5,62 - 10* KYO/mn
(log 0,27 — 1,77) He3anexxHo Bix MaTepiany Ta Ae31H(PEKTaHTY.

He cmocrtepiranocss 3HaYHOTO 3MEHIIEHHS KITBKOCTI
rereporpodHUX OakTepiit y OiorumBii mpu aesiHdexii (p =
0,106) y Bcix ARs, 3a Bunsitkom C10; y Bucokiit 1031 (0,5 mr/m),
Tak camo, sk 1 HPC y 6iomumiBIii Mixk mosiikapOoHaTOM 1 4aByHOM
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He3aIeKHO Bin 00pobku (p = 0,645). Pisai HPC na nens 0
xomuBasucs Big 1 - 10° 1o 1,5 - 107 KYO/mn. 18 KOHTPOIBHHUX
AR 6yno 3menmenns HPC 10 9,55 - 10° ta 7,90 - 10° KYO/Mn
JUTSI TIOJIIKapOOHATY Ta YaBYHY BIAMOBIAHO, IO BiAMOBigae log
ckopouenns 0,11 Ta 0,07. IloniOHa TeHIEHIliS O 3MEHIIICHHS
cnoctepiranacs mias ARs 3 o00pobkoro, ae piBai HPC
sMmenmyBanuca Big 9,4 - 10* mo 4,52 - 10° KYO/mn 3 log
ckopoueHHs B Mmexax Bin 0,20 mo 0,73. YV uyaByHy Ta
noytikapOonary nius Bucokux n03 Cl1O Oynmu Bemuki Ta
nopiBHsHI log ckopouenns 1,36 ta 1,33 BiamoBigHO.

[Ticnst  50-menHoro  mepioxy  aesiHdekmii  Oyio
BHU3HauUeHO MOBHI iHAeKcH OakTepiit AODC st KOXKHOTO TUITY
006po0KH Ta MaTepiaiy i3 cepeaHiM inaexcom 3,85 - 10° + 8,94 -
10* st Bomu T2 3,62 - 10° £ 1,64 - 10° nna 6iommisku. Cepenni
log ckopodeHHs Ui BoAu Oynu OUTBIIUMU, HIXK 7151 O10TUTIBKHU:
0,33-0,1910,12 - 0,25 st GlOTLTIBKH.

byna 3HayHa pi3HULS MK CepeHIMH KOHLEHTpaLiIMU
y Bozi Ta Giommisui (p = 2,03 - 10%); oxnak, He 6yn0 KOXHOI
3HAYHOI PI3HUILI M1k 3akitouHuM log ckopouennss AODC (p =
0,138) He3anexxHO Bij MaTepialy Ta 0OpoOKH.

Bigsnaueno 3HauHe 3MEHIIEHHS I1HAEKCIB 3arajbHOIL
KUTbKOCTI OakTepiit y NMuTHIM Boxi micisa aesiHdekuii (p =
0,000966). IlopiBHsIHHS TOJIKapOOHATy 1 YaBYHY HE3aJIEKHO
BiJl 00pOOKH HE MOKa3aJI0 3HAYHUX BiAMIHHOCTEH IS iHIEKCIB
3aranbHOi KUIbKOCTI OakTepit (p = 0,485). PiBHI KOHTpOIIIO
micns 50-meHHOrO Mepioxy Aesindexmuii 6ymu 3,7 - 10° i 3,74 -
10° KYO/Mn ans monmikap6oHaTy i 4aByHy, 10 Bianosigae log
ckopouenns 0,53 1 0,27. ITlix wac ne3iHdeKIi 3MEHIIICHHS
1HIEKCIB 3araJIbHOTO Yncia OakTepiit komuBanucs Bin 2,64 - 10°
10 5,57 - 10° KYO/mn 3 log ckopouenns B mexax Bin 0,04 10
0,59 HezanexxHo BiJ MaTepiany Ta 00poOKH.

He BusBICHO 3HAYHOTO 3MEHIIIEHHS 1HJIEKCIB 3arajlbHOT
KUTbKOCTI Oaktepit micna aesindekmii (p = 0,388). Tak y
KOHTPOJbHUX MosikapOboHaTHux ARs B OiommiBli iHAEKC
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craHoBuB 3,17 - 10° KYO/cm?. 1eit piBeHb BIANOBIIaB log
ckopouers AODC 0,07. ¥V AR micns nesindexuii AODC
KoJMBaiHcs B Mexax Bin 1,14 - 10° 10 5,39 - 106 KYO/em? 3 log
ckopouenns Big 0,02 mo 0,49 3anexxHo Bij KoMOiHAIli 1031
ne3iH(pEeKTaHTYy.

3aranoM KUIBKICTh IKHUTT€3aTHUX CYCHEHJOBAaHUX
OakTepii Oymo 3MeHnmeHo micas oOpooku C10O>. OnnHak, ans
OlorriBkM  He  Oyao  3HAYHOTO  3MEHILIEHHS  Yucia
HEXXHUTTE3NATHUX 1 KUTTE3AaTHUX Oaktepidt (p = 0,638 mus
cepennix 1,75 - 10% £ 7,6 - 10° HeXUTTe31aTHUX OaKTepiit; p =
0,658 nnsa cepennix 1,88 - 10 + 1,3 - 10° skurTe3maTHUX
Oakrepiii). He BUsABIEHO 3HAYHOI PI3HUII MK TOJIIKapOOHATOM
1 YaBYHOM JJIsl BOJU Y HEXKHUTTE3AATHUX a00 >KUTTE3TATHHUX
Oakrepit (p = 0,395 wnexurresmataux i p = 0,913
KUTTE3ATHUX ).

3nayHoro 3meHueHHs st AODC y 6GiommiBui micis
ne3ingexii He BusiBneHo (p = 0,388), 110 MOKHA MOPIBHATH 3
nanumu Gagnon et al. (2004) [31]. Bignomenns HPC/AODC y
BOJI 3HA4YHO 3MeHmuiIocs B cepeanboMy Bin 0,12+0,05 mo
nesiadexmii 1o 0,05+0,04 micns aesindexii. e Biamosimae
pesyiabTaram, npeacrasienuM Gagnon et al. (2004) [31] ta Volk
et al. (2002) [33], ae BigHomenus HPC/AODC 3menmmmcs
nicisg 06poOku niokcuoM xiaopy. Bignomenns HPC/AODC y
OlommBIi Takox 3MeHmmiaocs Big 0,29+0,12 no 0,16+0,12 mix
gac ne3iHQexIrii, Xxo4ya 1e 3MEHIIEHHS He OYyJIO CTaTHCTUYHO
3Hauymum (p=0,127).

BceraHoBneHO 3Ha4yHy pI3HUIIO MDK BiJIHOIICHHSIM
HPC/AODC y Boai Ta 6iomniBui (p = 0,018) 11i BiACYTHICTb MiXk
BOJIOI0 B mojikapOoHari Ta 4aByHi (p = 0,536) i Tunom
nesiagekranrta (p = 0,147).

B o0roBopeHHs OTpUMaHUX pe3yJbTaTiB aBTOpH [28]
3a3HavyaloTh HacTymHe. [Ipu MopiBHSHHI MaTrepiany MOBEpXHi
(vaByH Ta moJikapOoHaT) s OIOIIIIBOK TIeTepoTpOpHUX
Oaktepii g0 ae3iHdexiii 3a3HadeHO: I YaBYHY OyiH
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CTATUCTUYHO OIIBII BHUCOKI I1HJAEKCH, IO Y3TOMKYETHCA 3
nonepeaHiMu  pocuipkenasmu - [31,  32].  HaiiGinbme
3MEHIICHHS TeTepoTpoHUX OakTepiit crocrepiragocs s
nonikapOonary. Ongnak Bucokuii piBeHb C10: 3abe3mneuyBaB
CTATUCTUYHO 3HAYYIIIE CKOPOUCHHS 1 IJIs MOTIKapOOHaTy, 1 I
yaByHy. Hwxui log ckopoueHHs crocrepiraiucs s
NoJIiKapOOHATy IMpPH HMU3BKUX Ta BUCOKHMX 033X XJIOPHTY.
Xnopur OyB MeHII e(EeKTHBHUM, HDK HIOKCHUA XJIODY,
HEe3aJIeKHO BiJ MaTepiany, MpoTe 0coOJMBO Hee(EKTUBHUM B
ARs 3 gaByny. laturu i Knocke (1992) [34] BkazyBamnu, mo C1O2
Moxe okucnutd Fe** 'y Fe’™ 3a peakuiero okucneHHs-
BiTHOBJICHHS:
4Fe?* + ClOy+ 10H20 — 4Fe (OH); + CI” + 8H'

Xoua 3aJIMIIKOBA KOHIICHTpALIis XJIOPUTY
nigTpuMyBanacs Ha piBai 0,1 a6o 0,25 mr/in, B uaByHHUX ARS
XJIODUT OKHCIIIOBAaB 3al1i30, a HE 1HAKTUBYBaB IeTepOTPOPHI
Oakrepii.

Haii6inpmmit  log  CKOpoYeHHsT  CyCIEHJOBaHHUX
rerepoTpogHHUX O6akTepiil criocrepiraBcs 3a Bucokoi 1o3u ClO2
1 4aByHi, 1 monikap6oHari (1,771 1,55). Sk 1 nepeabayanocs, He
3a3HayeHo (akTHUHO >kofgHoro ckopoueHHs HPC mis nBox
koHTpoibHUX ARs (0,27-0,56). Lle cBiguuTh, 10 peareHTH
3abe3neuyBaiy J1e31H(eKIio.

Cxopouennss log peectpamii 1 XJOpUTY Ha
noJiikapOoHati craHoBuiIO0 npubausHo 1 log, ane B yaByHi 0,5.
Tomy konuentpauis xjoputy 0,1 abo 0,25 mr/m He Moxe
e(eKTHBHO BIUIMBATH HA CYCIEHJIOBaHI reTepoTpodHi 6akTepii
y po3moAimpymx cucreMax. lle MokHa TIOpIBHATH 3
pe3yabTaTaMu J1a0OpaTOpHUX 1 MOJBOBUX EKCHEPUMEHTIB
McGuire et al. (1999) [30], 3riiHO 3 SIKUMU XJIOPUT IHAKTHBYBAaB
He rerepoTpodHi GakTepii, a amoHidikyroui (AOB). Xnopuru
NpPOHMKAIOTh 4depe3 MeMmbOpany AOB, pearyiote 3 H' 3
MOJABIIMM OKHCIEHHSM aMiaky. 3TiIHO 3 I[I€I0 TIMOTE3010,
JTIOKCHT XJIOPY MOXKe OYTH aKTUBHUM areHTOM JIJIs 1HAKTHUBAIIil
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AOB. Ockinbku reTepoTpodHi 6akTepii He OKUCITIOITh aMiak 1
MEHIII iIMOBIpHO 3MEHIIMIN piBeHb pH y MemOpaHi KIiTHHH,
miokeun xmopy He Moxke Oyrm mkepenom ClO2 y mux
Mikpoopranizmax. @aktudHo, 11i fani McGuire et al. (1999) [30]
JO03BOJISIFOTh ~ MPUIYCTUTH, 110  XJOPUT Mae  Ouiblly
aHTUMIKpOOHY  cmemudiky, HDK  3BHYAiiHI  BTOPHHHI
nesiHdekmiitai - 3acodn, 1 Moxe Outbml  e€EeKTUBHO
BUKOPUCTOBYBATHCS B KOMOIHAIIT 3 IHIIMMHU J1e3iH(eKTaHTaMu
(HanpuKIaa, XJI0paMiHAMH).

Hins C10; Oyno xapakTepHO Ouiblie, MOPIBHAHO 3
XJIODUTOM, CKOPOYEHHS CYCHEHIOBAaHMUX 1 NPHUKPIICHUX Y
OiorutiBii rerepoTpodHUX OakTepiid. Y mosikapOoHATI TpU
Bucokii 7031 C1O2 OyB Haibinbmuit (2,0) log ckopodyeHHs
Oakrtepiii y 6iorutiBii. YaByH 1 moikapOOHAT 3 HU3BKOIO JI03010
C10; manu nuxui log ckopouenns (0,52 1 0,73 BignoiaHO),
HIX ITPY BUCOKI1H 1031. OHaK log ckopodyeHHs IpU HU3bKIH 1031
C10> 6yB OinbIIuM, HIX OyIb-sIKa J103a XJIOPUTY.

Takum 4MHOM, BCTAaHOBIIEHO HEe()EKTUBHICTH XJIOPHUTY B
1HAKTUBYBaHHI reTepoTpodHUX OakTepiid, CyCeHIOBaHUX 1 Y
O10ILTIBLI, HE3aJIEXKHO BiJ Marepiany TpyO. Jliokcua xjiopy B
HU3bKIH KoHUeHTpamii 0,25 mr/m 3abe3nedyBaB iHaKTHBALIiIO
rereporpopHux OakTtepii Ha piBHl 1,6-1,8 log mus
cycneHioBaHux OakTepiil Ta Ha 1 log y 6iorumiBui. IIpakTinuna
peamizailisi MX JAaHUX TOJIATa€ B HEOOXIMHOCTI 3a0e3medeHHs
3aJIUIIKOBOI KOHIIEHTpAIl JIOKCHAY XJIOpY y TUTHIN BOAi 3
BOJIOPO3MOIIBFHUX cUCTEM [28].
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PO3JILTT 9
MEXAHI3MHU BIOIUIHOI IIf JIOKCHUIY XJIOPY

Mexanizmu Giotuanoi aii ClO2 nocmimkyrorses 3 1960-
X pokiB. J[OCHiTHUKH 30CEPEIKYBAINCH HA TAKUX MIIICHAX, 5K
HYKJIETHOBI KUCJIOTH, OUTKH, OakTepii, Bipycu Ta apixkmki. Ha
BIIMIHY BiJ BEIMKHUX KIHETHYHMX 0a3 JaHHUX, MeXaHi3MH
MIKpOOHOi  IHaKTHBalii MeHI 4iTKO BHU3HaueHi. lle
MOSICHIOETHCS THM, 1110, HaBITh AKIIO 30CEPEIUTHUCS HA OJTHOMY
MIKPOOPTaHi3Mi, NUISAXH, M0 TMPU3BOJATH JO0 IHAKTHBAIIL
MIKpOOHOT KITITUHU 200 MPUTHIYEHHS POCTY T4 PO3MHOKEHHS, €
CKIQJHUMH Ta pisHOMaHITHUMH [1]. 3amokyMeHTOBaHO
Oakrepunuaauii MexanisMm ClOz mporu Oakrepiit, rpubiB i
BipyCiB, ayjie HOro KOHKpETHa JeTajlbHa MIIIEHb IOTpedye
MOAAJBIIOrO JOCHiKeHHs. Y cTarti [2] BuOpaHo Tpu
penpe3eHTaTUBHI TUIIM 3BUYalHUX MIKpOOpraHi3MiB, OakTepii,
rpubiB i BipyciB, 1100 3’4CyBaTH Ta MPOAHATiI3yBaTH MEXaHI3MU
CIO2 mig vac nesindexirii.

9.1 bakTrepuuuana ais
9.1.1 3mina nponuknocmi KiimunHoi memopanu

Sk Biomo, TpaauliiiHI XJOpHI Ae3iHdikyrodi 3acolwu,
taki sk Cl2 1 NaClO, cyrreBo BrmmBaroTh Ha MOpQoIOrito Ta
CTpYKTYpy OakTepiit. [1i mi€ro JIOKCHUIOM XJIOPY TaKUi BIUIUB
He HacTiIbKu Bupaxenui [3, 4]. Wei et al. (2023) [5] npoBemnu
nocmmpkenns inrioyrouoi aii ClO2 na Salmonella ta mos’si3ami 3
muM  (izionoriuni MeraboisiyHi mporecu B KiIiTHHaX. bymun
npoBeieHi HacTynHi ekcnepumentu. [Ipm 25 °C 0,25 wn
PO3YMHY TIOKCUAY XJIOpY 3 KoHIeHTpamieto 0,25 mr/m Oymo
nogano g0 99,75 ma pobodoro posumny Salmonella 3
KoHIeHTparieto 1,50 - 107- 2,50 - 107 KYO/mi1 i momitero i
MarHiTHe nepeminryBadHs 31 mBUAKICTIO 400 00/XB mpOTATOM 5
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xB. Husbka konrenrpanis (0,25 mr/im) ClO2 Gesmocepeatnso He
MOIIKO/KYBAIa  CTPYKTYpY MeMOpaH KITHHHOI —CTIHKH
Salmonella, aje wMaja 3HayHWil BINIMB HAa  CKJaj
BHYTPIIIHBOKJIITUHHUX ~ peyoBHH.  LliicHICTh  KIITHHHOI
MeMOpaHU MATPUMYETHCS HEKOBAJICHTHUMHU B3a€EMOIISIMU M1k
IOHHUMH, BOJHEBHUMH Ta TiApopOOHMMHU 3B’sI3KaMH, SKI €
HEOOXITHUMH JIJII HOPMaJIbHOTO (YHKIIOHYBaHHs OakTepiil.
ClO,, sik MoJIeKy1a-OKHUCITIOBAaY, MOYKE TIOPYILIUTH 1[I B3a€MOIIi
[6], mo mpu3Bee A0 3HAYHOI'O BUTOKY KIFOYOBUX MOJICKYJ Ta
10HIB 13 KJIITHHHOT MEMOpaHHM Ta, 3pEIITOI0, 10 3aruoeli
OakTepii. vy CBOEMY  JIOCIIiJI)KECHHI, MPUCBIYCHOMY
nocmimkentio BBy ClO2 Ha UTICHICTh KITITUHHOT CTIHKH Ta
membOpann Escherichia coli, Bridges et al. (2020) [7]
CTIOCTEpirajay 3HA4YHE 3HIDKEHHS KUIBKOCTI OakTepiil micis
00po6ku 2,5 Ta 5 mr/n ClO», ane He BiAOYIOCS 3HAYHUX 3MiH Y
npoHukHocTi MeMmOpanu. [licns o6podku 10 mr/n ClO;
KIJIITUHHA CTIHKA BiJOKpEMUIAcs BiJl IUTO30JLHOTO 30110, aje
cama 3ajuiuniacs iHTaktHoto. L1 pe3ynpTaT cBiq4aTh mpo Te,
mo mimenHro inaktusanii ClO2 E. coli € He kiTHHHA cTiHKA.
Hocmimkenns Min et al. (2010) [8] moka3aiu, 110 OibIII BUCOKI
konnenrpanii  ClO2  cnpuumHsAIOTE  OiNBINY  JECTPYKIIO
kiiTuHHEX MemOpan E. coli. Ofori et al. (2017) [6] BusiBun,
mo BB ClO2 wa E. coli 3MiHIOE IiTiCHICTS 30BHILNIHBOT
KIITHHHOI ~ MeMOpaHW, 10 TPHU3BOJUTH JO  BHUTOKY
IJIa3MaTUYHUX ~ KOMIIOHEHTIB,  BKJIIOYAlOUM  OUIKM  Ta
oJlirocaxapuiiy, y KJIITUHHE cepeloBulle. 3MiHa MPOHUKHOCTI
KIITHHHUX MeMOpaH 1 CHOpPUYMHEHHS BUTOKY KIFOUOBHUX
pPEYOBHH, TaKUX SIK 10HM HATPIIO, Kajito, OUIKH, HYKIIETHOBI
KHCIIOTH TOIIO, MOKE€ OYTH OCHOBHOIO MIIIIEHHIO JUTSI TIOKCHUTY
XJIOpY MpH 1HAKTUBALli OaKTepii.
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9.1.2 Inzioyeannsa cunme3sy oinka

bakTepii He MmaroTh opranesn. Tomy 6arato GpepMeHTHUX
CHCTEM pO3TAlllOBaHI Ha iX KIITHHHUX MeMmOpanax. OTKe,
MOIIKO/DKEHHST MeMOpaHW MOpU3BOAUTHL HE TUIBKH  JI0
MIJBUIICHHS MPOHUKHOCTI, aje TaKoX [0 IHaKTUBAIii
dbepMmenTiB 1 momanbinoi BTpath  (iziogoriyHoi  GyHKITIT.
Hikorunaminaneningunykineorun (NADH) € BigHOBIEHUM
Ko(epMEeHTOM, SKHI TepeBaxxHO Oepe y4yacTb y KIITHHHOMY
MeTaboJi3MI PeUoBHH Ta eHeprii. BiH yTBOpIOEThCS B IMKIII
JTUMOHHOI KHUCJIOTU fIK TJIKOJMi3y, TaK 1 KIITUHHOTO JAUXAHHS 1
CITY’KUTh TIEPEHOCHUKOM 1 JIOHOPOM €JIEKTPOHIB JUIst 010T€HHOTO
BOAHIO. YcepeauHi BHYTPIIIHROI MeMOpaHU MITOXOHIPIH
NADH nepemae eHeprito 3a JIOIIOMOIOI0  OKHCHOTO
dbochopumtoBanns, cnpusie cunHtesy AT®D 1 Bigirpae
LHEHTPaJbHYy pPOJb Yy MIATPUMII  KIITUHHOTO  POCTY,
nudepeHIiloBaHHS, €HePreTUYHOr0 MeTaloli3My Ta 3aXUCTy
kiitaH [9]. NADH mBuako okuciaoerbes ClO2 3 koHcTaHTaMK
IIBMAKOCTI peakiii apyroro mopsaaky 3,9 - 108 Mct mpu 24,6
°C [10]. Oxucnennss NADH ClO2 cepiio3Ho nopymiye KIITHHHE
nuxaHHs Ta cuHTe3 AT, 110 3penToo NpU3BOIUTH 10 BTPATU
¢1310m0r19yHMX QYHKIIH OaKTepiil.

[lepexucHe OKUCIEHHS JIMiAIB € KPUTUYHUM MPOILIECOM
y Mertabonizmi Oaktepil. Komm oxucmioBanbHuil OanaHC
OakTepiil MopyuIyeTbcs, IO NPU3BOAUTH JIO JIAHIIFOTOBOI
peakiii BUIBHMX paJuKaliB, 1€ MOXE€ CIPUYMHUTH Oarato
MeTa0OIYHUX PO3JajiB, BKIIOYAIOUM JEeHaTypalito Oilka Ta
1HaKTHBALlIIO0 (PEPMEHTIB, HE3JATHICTh CUHTE3yBAaTH META00IIITH
ab0 mepeTBOPIOBATH EHEPrilo, M0 NPU3BOAUTH 10 BTpaTh
JUXAJIbHOI aKTUBHOCTI, METa00JIIYHO1 TUC(YHKIIIT Ta, 3pEITo¥O,
3aruOem kimitud [11]. Wang et al. [12, 13] nponemoHcTpyBai,
mo ob6pobka ClO2 nmpus3BoauTh 10 iHAKTHBAIl MEPEKUCHOTO
oKHCIIeHHs inigiB i poouts Salmonella vexwurresnarunoro. Le
CBIJTYUTH MPO TE, IO MEPEKUCHE OKUCIICHHS JIITIIIB € 11e OJTHUM
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MexaHizMoMm, 3a pornomoror skoro ClO; iHakTuBye Gakrepii
[14].

9.1.3 /lecmpykuina zenemuunozo mamepiasuy

Bcranosneno, mo  ClO2 wmoxke  mopyuryBatu
KOH'IOTOBAaHHMM TOABIMHUN 3B'I30K MDK MIPUMIIUHOM 1
nypuHoM. B pesymerari JIHK BTpawyae cBoio modaTkoBy
CTPYKTYpy, 10 Oe3mocepeHb0 MPOSBISETHCS y 3MEHILIEHHI
BMICTYy  Je30KcupubOoHyKiIeosuarpudochary Oumbmn  HIX
HanonoBuHy [15]. OmHak, UMX JaHUX HEJOCTAaTHHO IIOJI0
tBepkeHHs npo aectpykiiro JJHK mix srumsom ClO».

Takum ywmHOM, mpH iHakTuBawii ©Oakrepiii ClO;
0e3mocepeIHbO BIUIMBAE Ha KIITHHHY MeMOpaHy, pyWHye il
CTPYKTYpPY Ta MiJIBUIIY€ TPOHUKHICTD, MOTIM OKUCIIOE OLIKHU Ta
(hepMeHTH 3 MOPYIIEHHSIM MEPEKUCHOTO OKUCIEHHS JIMIAIB 1,
3pEITO0, HOPMAJIBHOIO MeTaboisi3My KIITHH. PyliHyBaHHA
JHK CIlO2, BiporigHo, ciii po3misigaTtd sK IpyropsaHUi
MeXaHi3M 1HakTuBalii OakTepii. MexaHi3M 1HaKTHUBAIil
oakrepiit ClO2 moka3ano Ha puc. 9.1.

9.2 MikonuMaHa aig

I'pubu — 1e omHOKMITHHHI abo OaraToKJIITUHHI
reTepoTpodHi €yKapioTHYHI MIKpOOPTraHi3MH 6e3
(DOTOCHHTETHYHHX TITMEHTIB 13 KIITUHHUMHU CTIHKaMH, IO
CKJIaJaloThCs 3 XITHHY Ta 1entono3u. Ha BiqmiHy Bin OakTepiit
Ta IHIIUX MIKpOOPTaHi3MiB, JIUILIE FPUOU MaIOTh CIIPABXKHE PO
Ta TOBHUH Habip opraHen, TOMY iX TakKoX Ha3WBalOTh
€yKaploTHYHUMH MiKkpoopranizsmMamu [16]. T'pubu maroTh
PI3HOMaHITHI cOCOOM PO3MHOXKEHHS, BKIIOYAIOYH HECTaTeBE
Ta cTaTeBe, TOAI AK OakTepii B OCHOBHOMY PO3MHOXKYIOTHCS
6e3craTeBUM cI0cOOOM 3a JOMOMOT0I0 O1HAPHOTO MOALTY.
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Puc. 9.1 Mexanism inaktuBanii 6akrepiii ClO».

Knituana criHka rpuba € Jayke JIUHAMIYHOIO Ta
CKJIAJHOI0 CTPYKTYpPOIO, IO CKJIAJAEThCS TEPEBAXKHO 3
noJlicaxapuIiB, BKIIOYAIOUH B-TIIOKaH, XITHH 1 MaHaH, a TAKOXK
rmikonporeiniB  [17]. XiTUH BHKOHYE HaIidHY 3aXUCHY
(GYHKIIO 1 3HAYHO MiJIBUILYE CTPYKTYpHY MILHICTh KIITHH
rpu6iB [18]. B pesymbraTi rpuOM BHABISIOTH ITiIBUIICHY
critikicth 10 ClO2 i GinbIn CTiiiKi 10 iHAKTHUBAIIT MOPIBHIHO 3
OaKTepIIMHU.

Cydvacui nmocmimkenus mexaismy ClOz-inaykoBaHoi
rprOKOBOI 1HAKTHUBalli MOKA3yIOTh, 110 BIH 3HAYHOIO MIpOIO
BiZINIOBilae MexaHi3My OakTepianbHoi iHakTHBalii ClO.. Ile B
Mepury 4epry JOCSTaEThCs NUITXOM 3MIHM TPOHHUKHOCTI
KIIITUHHOT MEMOpaHH, 110 MPU3BOAMTH 0 BUTOKY 10HIB Ha30BHI
KJIITUHU. AKTUBHICTh MEBHHUX (epMeHTIB y rpubax
NPUTHIYY€ETHCS, TOPYIIYIOUM I1XHI METaOONiyHI HUIAXH Ta
¢daktruno iHakTHByrOuM iX. Zhu et al. (2013) [19] 06pobuu
nekapcbki  apikmki  Saccharomyces cerevisiae ClO2, o
MPU3BENIO JI0 TOPYIICHHS LUIICHOCTI KIITUHHOT MeMOpaHu Ta
Pi3HOTO CTYNeHs BUTOKY i0HiB, Takux sk K*, Ca?* ta Mg?®*. Kpim
toro, ClO2 3HauHO mNpPHUTHIYYBaB aKTHUBHICTH KIIOYOBUX
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(dhepMeHTIB y JIPIKIKOBUX BHYTPIITHBOKTITHHHUX
Mmetaboniyaux nuisixax. Fu et al. (2019) [20] BukopucToByBaH
(dymirarito 110KCHIOM XJIOPY JJIs JIKBIAIlli cipol IUTICHSBH Ha
MOBEPXHAX 3€JeHOro mnepiro i BusBwiM, mo ClO, cnpuuunnse
BTpaTy LUIICHOCTI TUIa3MaTHYHOT MeMOpaHu, 3HAYHO MPUTHITYE
pict ri¢, mpopocTaHHs CHOP 1 3SMEHIIEHHS JOBXHHNA HACIHHEBHX
tpyook. Tak camo Bhattacharjee (2012) [21] i Sharma et al.
(2012) [22] noBimomuau, mo ClO2 migBuIlye aKTHUBHICTDH
JTIMOKCUTEHA3H, 110 MPU3BOAUTH JI0 MOPYIIEHHS MEPEKUCHOTO
OKHCIICHHS JIMigiB y MeMOpaHax rpuOiB 1 MOJAIBIIOi iX
3aruoeni.

SIx BimomMoO, TpHOU MOXKYTh PO3MHOKYBATHCS PO3PUBOM,
OpyHbKyBaHHSAM abo yrtBopeHHsM crmop [23]. Crnopu
MPOPOCTAIOTh 33 BIAMOBIAHUX YMOB, YTBOPIOIOYM Tidwu,
JUISIYUCH 1 PO3MHOXKYIOUHCh. SIKIIIO 30BHIIIHE CEPEIOBUIIIE HE
MIXO0IUTh, BOHU MOYKE 3QJIMIIIATHCS B CTaH1 CITOKOIO 1 BUKUBATH
HPOTATOM TPHUBAIIOTO yacy [24].

ToMy 1HaKTHBALS MIKIAJIUBUX TPUOKOBUX CIIOP TAKOXK €
BakIMBOIO mpobsemoro. Wen et al. [25] mosigomuy, mo ClO;
MOPYIYE KIITUHHY CTIHKY TPUOKOBUX CIIOP, 110 IPU3BOJIUTH J10
BUTOKY Aa30TOBMICHHMX OpraHiYHUX CHOJYK 13 KIITHH Ta
iHaktuBarii cop. Wang et al. [26] BcraHOBWIIM BTparty JIiMijiiB
1 3HmxkeHHs piBHI AT®a3u B obGononkax crop Nosema
bombycis micns  06pobku  ClO.. 3romom BMmicT crop,
Biurouatoun Oinku, JIHK, momicaxapuau Ta 10HH, HIBHAKO
BTPAYaBCsi MPOTITOM KOPOTKOTO TIEPio Iy Yacy, o MPHU3BOAMIIO
710 iHaKTHBALlii CHIOP.

BcraHoBieHo, 1m0  MIOKCHA ~ XJOPY — TPOSIBIISIE
TCeHOTOKCHYHICTh IO  BiJHOIICHHIO JO  Saccharomyces
cerevisiae D7 nurie Tozi, Koy oro KoHIeHTpailis B 5-10 pasis
nepeBuIlye GakTUIHY KOHIIEHTPAIIiI0 JIIsl 00poOKu Bou [27].

Sx mnokazano Ha puc. 9.2, Ha OCHOBI CYYaCHHX
nociimkenb MexaHi3m iHaktuBanii ClO2 mpotu rpubiB Ta ix
crop momiOHui 10 #oro BmiMBYy Ha Oakrtepii. 3okpema, ClO2
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nopymrye (QpyHKIIIO KIITHHHOTO Oap’epy, IO HMPHU3BOJIUTH 0
3HAYHOTO TMOIIKO/DKEHHS KIITHHHHUX CTiHOK, MeMmOpaH i
BHYTPIIIHIX CTPYKTYp. Lle mpu3BOIUTH MO PI3HOTO CTYIEHS
BUTOKY BHYTPIIIHbOKIITUHHUX PpEYOBHH, TaKUX SK 10HHU
MeTaliB, 1 3HAYHOrO0 NPUTHIYEHHS aKTUBHOCTI KIIFOUOBUX
depMenTiB, sKi OepyTb y4yacTb y JKUTTEBO BAXKIMBHUX
Merabomiuanx noisxax. Coing 3a3Hauutd, mo reHomHa JIHK
rprOKOBOI KJIITUHU HE € 3HauHO MimenHto 1i1st ClO2.

Puc. 9.2 Mexanizm mikoruaHoi aii ClO2
9.3 MexaHi3M iHaKTHBaLil BipyciB 1iOKCHAOM XJIOpY

CrtpykTypa BipyCiB BIJpI3HS€ETBCS BiJl CTPYKTYpH
OaxTepiil 1 rpudiB, XapaKTEPU3yIOUUCh HEBEITUKUM PO3MIPOM,
MPOCTOTOIO0 CTPYKTYpH Ta HasBHicTio abo JIHK, abo PHK. Lli
HEKJIITUHHI OpraHi3Mu € OOJIraTHUMH Mapa3uTaMH KUBUX
KIITHH ~ Tocmojaps JUIsl  perutikamii Ta  MOJallbLIOro
po3noBcropkeHHss [28]. CpOromHi  peTeabHO BHBYAETHCS
inaktuBais BipyciB ClO2, Bxmoyaroun Bipycu 6e3 000JIOHKH
(6axTepiodaru, eHTEPOBIPYCH, aJICHOBIPYCH, KaTiIliBIpyCH,
poTaBipycH, MapBOBIpycH) 1 Bipycu 3 00OJOHKOIO (Bipycu
rpumy, KoOpy, Treprmecy Ta cobadoi uymu) [29]. Bipycu 3
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00O0JIOHKOIO CTPYKTYPHO BIJPI3HAIOTBCA Bia BipyciB 0e3
00OJIOHKH Yepe3 HasiBHICTh JBOILIAPOBOI JIiMiTHOI MeMOpaHH,
10 0Touye OUTKOBUH Karicug Bipycy. st MemOpana dacto mae
Oimkn abo TIIKOMPOTETHH, IO Hajxae OOOJIOHKOBUM Bipycam
YHIKQJIbHY 30BHIIITHIO MTOBEPXHIO. Pi3HI (DyHKIIIOHATIBHI TPYIIH,
NPUCYTHI Ha Wil 30BHIIIHIA MOBEPXHi, MOXXYTh BIUIMBATH Ha
cTparerii BUKUBAaHHS Ta PO3MHOXXEHHS BIpyCiB 3 000JOHKOIO B
IXHBOMY CEepeIOBHILI, BiAPI3HAIOUH iX BiJl BipyciB 6€3 000JIOHKH
[30].

9.3.1 Ilopywenna 308HiuIHLOI 0iNK060I 00010HKU
sipycy

BuBueHHS CHIBHOTO MK PI3HUMHU 000JIOHKAMH BipyCiB
COVID-19, rpuny ta reprecy nokasaso, 110 JIili 1 € OCHOBHUM
KoMmroHeHToM. [li mimigu edeKkTHBHO 3aXMINAIOTh BIPYC,
CIpUSIOYM MOro NPOHMKHEHHIO B KIITHHM Tocmojaps Ta
MIJBUIIYIOYH NPU IBOMY CTAaOLIBHICTh BIPYCHOI CTPYKTYpH.
OnHak, K TIABKH II BIpycH 3 OOOJIOHKOIO 3aJMIIAIOTh CBOIX
Xa3diB 1 MIJJAIOThCS BIUIUBY 30BHILIHIX YMOB, iX OOOJIOHKH
CTalOTh Bpa3IMBUMHU JJsl pyHHYBaHHA Je31HQIKYIOUUMHU
3acobamu. Sk HacmiJIoK, OOOJIOHKA CIIY>)KUTh OCHOBHOIO
«MIIIEHHIO» IS Ne3iH(}iKyrounx 3aco0iB, MPU3HAYEHUX IS
HelTpamizanii BipyciB 3 obOomonkoro [31]. Tomy Bipycu 3
O0OJIOHKOIO, K MpaBHUJO, OUIBII YYTIAMBI JO XIMIYHHUX
ne3iHdikyrounx 3aco0iB, HiXK Bipycu 0e3 oOononku. Ogata i
Shibata (2008) [32] moka3zanu, mo ClO2 epextuBHO neHatypye
KJIFOYOB1 OUTKM OOOJIOHKM (TeMarriifoTHHIH 1 HelpamiHiga3y)
Bipycy rpumy A, ski HEOOXifHi s Horo iHdekuiiHocTi. ¥
MOJAIBIINX JOCHTIDKEHHSIX BOHH TPOJIEMOHCTPYBAJH, IO
iHaktuBaiis Bipycy rtpumy A ClO2 Oyna 3ymoBieHa
okucaeHHsM 3Ky Tpuntodany (W153) y BipycHOMY O1IKY
reMarioTHHIHY, 10 MTOPYIIYBaJIO OT0 34aTHICTh 3B’ A3yBaTUCS
3 kmtuHamu rocnoaaps [33]. Crnanax COVID-19 y 2019 pori
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CIPUYMHUB  BeNW4Ye3Hi  pyiiHyBaHHsA. Cmig  3a3HAYUTH
noniouicTe OinkiB ob6ononku COVID-19 i Bipycy rpumy, siki
MICTATh 54 3aIMIIKK TUPO3UHY, 12 Tpuntodany ta 40 mucTeiny
[34]. Tomy, Kaly Kullai et al. (2020) [35] BucioBuiIz TyMKY, 1110
ClO2 moxe inaktuByBaTit COVID-19 i fioro ciig po3riasaatu sk
6araroolimsrounii HecrieudiuHuil aHTHOAKTEepiaTbHUIA 3aci0.

Jns HeoOOJIOHKOBUX BIpYCIB Karcua — II€ OJiroMep,
YTBOpEHUH CyOOAMHUICI0 OiKa BIPYCHOTO KamCHIy, SKUN
BUKOPHUCTOBYETHCS ISl IHKAICYJISIIT T€eHETUYHOTO Martepiany
(nykneiHoBoi kuciotu) Bipycy. Hauchman et al. (1986) [36]
BCTAHOBHJIHU, 1110 X04a iH(eKIiiHIcTh OakTepiodara F2 3HMKAE
micns  inaktuBamii  ClO2, #ioro HykieiHOBa  KHCIIOTa
3QIMIIAETHCA  aKTUBHOIO;, T00TO, MimenHio ClO2 mnHa
Oakrepiodasi F2 e Bipycuuii karcua. Sigstam et al. (2014) [37]
MOKa3aJy, 10 MOUIKOKEHHS OUIKIB Kancuay Mij Yac BIUTUBY
ClO2 nmo3uTuBHO KOpeItoe 3 iHaKTUBAaIli€l Oakrepiodara MS2.
Bonu Takoxx BuUSBWIM, 10 OUTKM KalCUAy CHJIBHO
OKHUCJIIOIOTBCS MiJl 4ac Je3lH(eKuii, 1o CBITYUTh Opo ix
BaXJIUBICTH SIK MILLICHEW JJIs IHAKTUBALlIT BIpYCY.

9.3.2 Jlecpaoauia ¢ppacmenmie PHK

Alvarez i O’Brien (1982) [38] mim uac BHBYCHHS
inaktuBaiio nomiosipycy tumy | (PV1) ClO. BusBuin 3miny
130€NIeKTPUYHOT TOUKHU Ta KOoe(illieHTY CeAMMEHTallii BIpyCHOTO
karncuaHoro Oinka. HesBaxkaroum Ha Te, mo PV1, oOpobnenuit
ClO., 30epir 3aaTHICT NPUIMNATH 10 KIITHH i MIPOHHKATH B
HUX, a TaKOX IIIJaBaTUCS BUIUICHHIO, HOro HYKJIETHOBa
KHCIO0Ta Oylla HE3BOPOTHO IMOIIKO/KEHA, 10 poOmiIo Horo
He3gatHuM 0 perutikamii. Ile ciguute mpo Te, mo ClO:
NEPEeBAXHO 1HAKTUBYE Bipyc, pPYHHYIOUHM HOro HYKJIETHOBY
kuciorty. Lietal. (2002) [39] moBizomuy, 1o ClO2 edhextrBHO
ycyBae 1H(EKUiiHICTh 1 aHTUTEHHICTh Bipycy rematury A, a
takok mopyrrye 5' NTR iioro renmomy. ClO2 He Tigbku
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MPUTHIYYE PEIUTIKAI0 BIPYCYy TrenmaTuTy A, MOIIKOIKYHOYH
HOro reHoM, aje TaKoXX B3a€MOJi€ 3 BIPYCHHM KarCHUIAHUM
OUTKOM, THUM CaMHM TIEPEIIKO/DKAIOYM BHUAUICHHIO a0o0
NPOHUMKHEHHIO Bipycy B KiiTuHH-Xa3sinu. Jin et al. [2012] [40]
noBimomuan, 1mo ClO2 nmerpamyBaB 40-80 HYKICOTHIHUX
ninsHok y 5' NTR remomy PV1 i3 HacTyIHOIO iHaKTHBAIII€lO.
CyyacHl JOCHIDKEHHS TOKa3yloTh, IO MEXaHI3M
inaktuBanii ClO2 BipyciB TroOJOBHMM YHHOM BKJIIOYA€E
pylHHYBaHHS ~ Kamcuay BipycHoro Oinlka, JAerpajalito
¢parmentiB PHK Ta inriOyBanns cunrtezy monexkyian PHK. fx
mokaszaHo Ha puc. 9.3, ms BipyciB 3 obononkoro ClO; pearye
0e3mocepeIHbO 3 OUIKOBHMH aMiHOKHCIIOTHHMH 3aJTHIIKAMH,
pO3TaIllOBAaHUMHU Ha MOBEPXHI OOOJIOHKU Bipycy; AJisi BipyciB
0e3 obomonku ClOz nmie Ha BipycHHMIA KamcCuI i TCHOM,
MopyIIyro4H perutikaiito BipycHoi PHK B kimiTunax.

o)
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Dextroy the v capud —

Puc. 9. 3 Mexani3m inaktuBartii Bipycis ClO>

TakuM YMHOM, AIOKCHI XJIOPY Ma€ pi3HI MeXaHI3MU
iHaKTHBaMLii Pi3HUX BUIIB MIKPOOPTaHi3MiB, 3Ba)KarouW Ha iX
pI3HY CTPYKTYpHY MOpP(OIOrito, KIITHHHUN CKiIaa, 00’eM i
cridikictb. Jlng Oakrepiii 1 TpuOIB JIETAIBHOIO MIIICHHIO
TIOKCHUIy XJIOPY € pyWHYBaHHS CTPYKTYpH KJIITHHHOI
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MeMOpaHu, 3MiHa il MPOHUKHOCTI JUIsI BHYTPIITHOKIITHHHUX
PEYOBUH, TIOMIKO/KEHHS MEPEKUCHOTO OKUCIICHHS JIIMJIB 1
TeHETUYHOro Marepiany. JleTaqpHOIO MIMICHHIO IOKCHIY
XJIOpY IS BIpYCiB € pylHYBaHHS KallCUy BipyCHOTO Oisika Ta
po3kiananus gparmentis PHK.
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Y3AT'AJIbHEHHA

Bnponosx moBroro 20-piyHOTO TIEpioly BUBUYEHHS
TIOKCUJy XJIOpY aBTOpY HE pa3 chajaja Ha TyMKY TI€I0 4d
IHIIOFO ~ MIpO0  OULIBII  BUP@KEHA IITYYHICTh  OI[IHKH
e(eKTUBHOCTI 1HAKTHUBALI MIKpPOOPTraHi3MiB Jie3iH(eKTaHTaMu
Mepm 3a BCE BHACHIIOK HAA3BUYAaWHOI MIHJIMBOCTI iX
KOHIIGHTpalLlii B JWHaMilll BIUIMBY Ha CTPYKTYpH TOTO YU
iHmoro Mikpo6a. Ile Mae Oe3mocepenHe BiJHOIICHHS [0
MPAKTUKH BOJOMIATOTOBKH, OCKIJIBKH, Oy/Ib sSIKa MPUPO/IHA BOJIA,
HE KaXXy4yd BXe Npo 3a0pyJHEHHI MOBEPXHEBI BOAONMH, L€
crCcTeMa YHCEeNbHUX (aKTOPiB MiHIMI3aliil 3HE3apaxyodoi il
nesindexranta. B npomy ceHci 4yJoBa Haroja mnocraia Micis
O3HAMOMJICHHS 13 TECOPSTHYHUM JOCTIKEHHsM [ 1], sike Mayio Ha
MeTl MOJEJIIOBAHHSA JIWHAMIYHOI KIHETHMKM 1HAKTUBALl
MIKPOOPIaHi3MiB  pO3CIIOBAJIbBHUMHU (JIETKUMH)  XIMIYHUMHU
ne3iHpeKTaHTaMH, 103U 1 KOHILIEHTpAlil SKUX MepMaHEHTHO
MIHJIMBI B IPOIIEC] 1e31H(EKIIi.

ABTOp peTenbHO MpoaHai3yBaB ICHYIOUl CTaTH4HI 1
JTUHAMIYHI BEpCii MOJIeseil IHaKTUBAIIl 1 TPUNUIIIOB JI0 BUCHOBKY
100 YCYHEHHS iX MaTeMaTMYHUX NpoOjeM HUIIXOM 3aMiHU
TUHaAMIYHOIO Bepciero  Mmoxeni  Weibull. PesymeraTom €
3BUuaiiHe nudepeHiianpbHe piBHAHHA (3/IP), ske MoXkHa
pO3B'sI3aTH  4YMCENIBHO I MaiKe KOXHOTO MOKJIMBOTO
peaicTUYHOro NpoQisIto KOHIIEHTpALi.

[Tomi6bri Momem nae3iHdexIii MokHa TOOyAyBaTH Ha
OCHOB1  aJbTEPHATUBHUX 0a30BUX (YHKIIH po3moAinly.
[Ipuknanom € posnoain epmi, SKUH MOXKe BpaXOBYBAaTH KPHUBI
BIOKMBAHHA, IO HAraaymTh CTYHiHYacTy (QyHKLi0 Ta/abo
MaloTh 3HAYHUI dYac 3aTpUMKU 3 JIOrapu(pMIYHO-TIHIHHUM
MIPOIOBKEHHSIM.

Toit camuii 1migxig OO0 MOIEIIOBAHHS  MOYKHA
BUKOPHUCTOBYBATH JJISl PEKUMY TOIMOBHEHHS J1€31H(IKYIOUOTO
3aco0y Ta /I BpaxyBaHHS TOTO, 1110 BiI0YBA€ThCS, IIOKH BiH HE
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JIOCATHE CBO€1 MOYaTKOBOI KoHIEHTpauii. He3Baxkarouu Ha
CKJIAJHICTh PE3yJIbTYIOUUX PIBHSAHb HIBHJIKOCTI, BOHU TaKOX €
3BUYaiiHUMU nudepenmianbauMu piBHSHESIME (3/IP) 1 MOXyTh
OyTH HIBHJIKO PO3B'sSi3aH1 YHCEIBHO.

Oco06MBO CiiJ] BII3BHAYUTH MPAKTHYHY MPUBAOIHBICT
i€l podotu [1], OCKIIBKH BCi pO3paxyHKH MOXKHAa POOHTH 3
BUKOPHUCTAHHSIM MIPOrPAMHOT0 3a0€3eUeHHSs, SIKE € Y BUIbBHOMY
noctyni. Hanpuknan, 3anikaBieHH YUTa4 MOKE 3T€HEPYBaTH
BJIACHI IMHAMIYH1 KPHBI BIOKMBAHHS, IK MOJIEJIb 3aJI€KHOCTI BiJl
KOHIICHTpALlli, BUKOPUCTOBYIOYM BUIBHO 3aBaHTaXXyBaHY
IHTEPaKTUBHY JIEMOHCTPALIIFO Wolfram
https://demonstrations.wolfram.com/MicrobialSurvivalWithDis
sipatingDisinfectant/.

Ham3BuuaiilHO  BaKIMBUM  aclEKTOM  1HAKTHUBALl
OakTepii JIOKCHIOM XJOpY (SIK 1 OyAb SKUM IHIIUM XIMiYHUM
ne3iHpeKTaHTOM), Oe3MocepeIHhO OB’ I3aHUM 3 JTHHAMIYHOIO
IHAKTHBAIlI€}0, KOHCHEKTHMBHO  pO3IJISIHYTOIO  BHINE, €
BIJIMIHHOCTI Y WYYTJIMBOCTI MIKpOOpPraHi3MiB, OOYMOBJIEHI
BIUIMBOM  IIOMEpPEIHIX  YMOB  iX  PO3MHOXEHHI Y
HaBKOJIMIIIHBOMY CEpPETOBHIIL.

3 ToukH 30py aBTOpiB podoTH [2], Ha uyTuBicTs E. coli
710 TIOKCUJY XJIOPY BIUIMBAIOTh YOTHPHU €KOJIOTIYHI apaMeTpu
pocty: 1) XapakTep >KMBHJIBHOIO CepelOBHINA, 2) CTYIiHb
MOKUBHOTO OOMexeHHs, 3) Temmeparypa, 4) LIIUIbHICTD
KynbTypH. Lle miaTBepKyIOTh pe3ynbTaTh A0CIiKeHHs [3]: 3a
tux camux ymoB CT mopiBHtoe nmpubmmsHo 0,10 mr/n-xB s E.
coli, BUpOIIEHOI B TAKETHOMY PEXHMi, TOOTO MPH 3BUYAHHOMY
KyJIbTUBYBaHHI, Ta mnpuOmu3Ho 0,75 Mr/a-xB s KyJIbTyp,
BUPOILIEHUX Yy XxemocTaTi (Ha 30iqHEHOMY MOXHBHOMY
CepeIoBHILL, IKEe MOJEIIOE YMOBH €KOJIOT1YHOT BOJIHOT MaTpHILi,
HAIPHUKJIA/l, BOAOIPOBIIHOT BOIH).

CyTTeBOI0 BaJ0I0 MONEpEeAHIX MyOumiKamii aBTOpa IO
MIKpOO10JIOTii IOKCUTy XJIOpY Oyia iX 1meBHA MOBEPXHEBICTb.
Ile 6yna xoHcTaTawig 6€3 NpuitHATHOT aHAMITHKU. ToMy B qaHii
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KHM31 aBTOp MPUAUIMB MaKCUMajbHO 0arato yBaru po3riisiay
MeXaHI3MIB 1HAaKTUBAIl MikpoopraHi3miB. [[ns nporo OyB
JOLLUTFHUM MEBHUH 1ICTOPUYHUI EKCKYpC.

Hanpuknan, y poGori Benarde et al. (1967) [4]
PO3MIIAIOTECA YOTHUPH TIIMOTETHYHI BapiaHTH OaKTEpUIIUIHOT
il piokeunpy — xsopy: 1) iHriOyBaHHS ~— YTBOPEHHS
aMiHOAIWJIaICHIaTy a00 aKTHUBaIlii aMiHOKHUCIIOT; 2) Ha PiBHI
pubocom; 3) imaktuBamii matpuuynoi PHK; 4) crpykryphe
pyliHyBaHHSI puOOCOM. ABTOPH BHCIOBIIOIOTH AYMKY, IO
IHaKTHBAIiA CHHTE3Y OlIKa € HaOLIBII IMOBIPHOIO.

V 11bOMy KOHTEKCTI € aysxe 1mikaBoro pobdora Ofori et al.
(2018) [5], Aaxa mpuCcBsAYCHA aHANI3y KIHETHKH 1 MEXaHi3MiB
IHAKTUBALl1 JIOKCUIIOM XJIOpY  TaKHuX aKTyaJlbHUX
OakTepiaJlbHUX KOHTaMiHAaHTIB Boau, sK Pseudomonas
aeruginosa ra Staphylococcus aureus.

[TokazaHo, 1m0 MBUAKI peakilii MIOKCHUAY XJIOpYy 3
LUCTETHOM, THPO3UHOM Ta TPUNTO(PAHOM € MICISIMUA JUIs
IHILIIOBaHHS peakliil 3 IUTOIUIa3MaTHYHOI MEMOpPaHOIO.
Takox Oyno NPOAEMOHCTPOBAHO, IO JIOKCHJ  XJIOPY
MiAAEThCS HAI3BUYAMHO IMBUAKHM PEAKIisIM OKHCICHHS 3
HikoTuHamiganeHinauaykineorugom  (HAJIH), KW €
KJIIOYOBUM KO(EepMEHTOM y 0araTbox O10JOTIYHMX OKHCHO-
BITHOBHUX pEaKIlifiX, a TAKOXK y CUHTE31 afieHO3uHTpudochaTy
(ATOD).

BucnosieHo ayMKy, MO MIOKCHA XJIOPY 1HAaKTHUBYE
OakTepiajgbHI KJIITUHU HE LUIIXOM JI3UCY, a HUIIXOM JIudy3ii
Yyepe3 30BHIIIHI Ta UTOMIa3MaTUYHI MeMOpaHH, 301TbIIYI0UN
iXHIO TPOHHWKHICTh Ta BHKJIWKAIOYM BUBLUIHHEHHS XHTTEBO
BaXJIUBUX KOMITOHEHTIB KJITHH, IO, MO CYyTi, IPU3BOJAUTH JI0
IXHBOI 1HaKTUBAII].

Otpumani B paHidi  poGoti [5]  pesympratu
KOPECTIOHAYIOThCS 13 BJIACHUMH JTOCHIPKEHHSIMH aBTopa [6]
IIOZI0 BHUCOKOTO OioIMIHOrO e(eKTy MIOKCHUAY XJIOpYy IO
BIIHOIIEHHIO [0 AaKTyaJIbHUX 30yIHHUKIB HO30KOMIaJbHUX
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indekuiii (P. aeruginosa, S. aureus ta rpubu poxy Candida)
Opu  iX IUPKYISil y BOAI 13 CHCTEM BOJIOTIOCTAYaHHS
JKapHSIHUX 3aKJIaIiB.

BcranoBiieHO HacTymHeE.

1. Eranonsni (P. aeruginosa, S. aureus, C. albicans) i
MYJIbTHPE3UCTCHTHI IITAMU MAalOTh PI3HY PE3UCTEHTHICTH J0
AHTUMIKPOOHUX npenaparis, OUTBIII BHpPaXEHY Yy
MYJIbTHPE3UCTCHTHUX IITaMIB.

2. BuBueHHs 3aleXHOCTEH «103a-yac-epekr» npu
3HE3apaXCHHI BOJU, IO MICTUTh CTAJOHHI InTamu P.
aeruginosa, S. aureus, C. albicans, mokasamo BHCOKY
JOCTOBIPHICTD 3HIDKEHHS KUIBKOCTI BHUPOCIMX KOJOHIH Tpu
3poctanHi 103U agiokcuny xjopy (AX) mo 0,89 wmr/n mpu
MakcuMasbHii 103i: 102 KYO/mur: v*=11,2599; 7,4446; 53,0632
BinnoBiaHo. [Ipu upomy, minimansna go3a X 0,3240,05 mr/n
MOBHICTIO 1HAaKTUBYE BCl TPU MIKPOOPraHi3MM, SKIIO J03a
3apaxenHs jopisHioe 101 KYO/Mn; npu mifBUIIEHHI 1031
sapaxkernHs g0 10%-10° KYO/mn JIX 3HAauHO i CTATHCTHYHO
BHUCOKO JOCTOBIPDHO TPUTHIYYE pPICT BHMBUCHHMX €TAaJOHHUX
IITaMiB MIKPOOpPTaHi3MiB.

3. MynberupesucteHTHi mramu P. aeruginosa, S. aureus
i TpubiB pony Candida mMaroTh 3HaYHO MEHINY YYTJIUBICTH JIO
JX, HDK €TaJoHHI, L0 Y3TOKYEThCS 3 JaHUMU JIITEPATypH.
3arampHa TEHIEHINS 3anekHocTi BBy J[X Ha BHBUEHI
MYJIbTUPE3UCTEHTHI IITaMU 1AEHTHYHA €TaJOHHHM, INpOTe
OUIbII BUpaXK€HA Y TIOPIBHAHHI 3 HUMHU.

4. BCTaHOBJIEHO BHUCOKY JOCTOBIPHICTH PI3HHII MIX
BIIMBOM MiHiManbHOi (0,31 Mr/m) Ta 1BOX MaKCHUMalbHUX
(0,98; 1,52 mr/m) no3 JAX Ha BHMBYEHI MIKPOOpPTraHI3MH: ¥*=
14,1907; 14,0675; 25,4983 Tta 26,7086; 16,2025; 22,6384
BiJITIOBITHO.

5. Jlns iHakTHBaMil MyJIbTHUPE3UCTEHTHUX ITamiB P.
aeruginosa, S. aureus ta rpu6iB poxy Candida HaiGinb
edexTuBHUMH € 103U JX y gianazoni 0,98 — 1,52 mr/m.
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6. PesuctentHicTh 10 JIX y BUBYEHUX J103aX €TATOHHHUX
Ta TOCHITAIBHUX IITaMiB 3poctae y psiui P. aeruginosa < S.
aureus < (C. albicans) rpubu poay Candida.

7. X y nmozax 0,98 — 1,52 mr/n € epexTuBHUM Ta
HaJliHUM 3aco00M 3HE3apaXEHHS BOJIU SK MOMJIMBOIO
JpKepesia HO30KOMIaIbHUX 1H(EKIiH.

8. Ortpumani pgaHi CBiyaTh MNP0 HEOOXITHICTH
MPOBEICHHS JTOCIIKEHb 11010 OiHKK edexTuBHOCTI X npu
ne3indexmii MeAUYHOro I1HCTpYMEHTapilo, OONagHaHHS Ta
MOBEPXOHb [6].

XapakTepus3yloun MeXaHi3M CHHEprii HHU3bKOTO PIBHS
JlOKCUIy XJopy Ha iHaktuBaimito E. coli xmopom aBTopu [7]
ONMHCYIOTh HOTO  SK MOCHiJOBHY mpouenypy. I[lo-mepiue,
HU3BKAW DIBEHb MIOKCHUAY XJOpY pearye 3 KOMIIOHEHTaMH
KITHHHOI cTinku E. coli, mo mpusBoauts 10 30iibIIeHHS ii
npoHukHOCTI. [lo-npyre, miAgBUIEHAa MPOHUKHICTH KIIITUHHOI
CTIHKM TIPUCKOPIOE TPOHUKHEHHS XJIOPY Ta 3aJUIIKOBOTO
JTIOKCUY XJIOPY Y LIMTOIUIa3My, a OTIM JAe31H(IKyouuil 3acid
pearye 3 IIMTOIUIa3MOIO Ta BHUKJIMKAE 3aruOenp KIiTUH. Kpim
TOTO, CIIBICHYBaHHS 3aJUIIKOBOTO JIIOKCU]TY XJIOPY Ta BITLHOTO
XJIOPY TaKOX BiJITpa€e aKTUBHY CHHEPTETHYHY POJIb.

BucnoBku 1i€i poGoTtu [7/] € mepemdadeHHsIM  17eH,
MIPOaHATI30BaHUX Yy KHU31, IPUCBSYEHIN XiMii TIOKCUILY XJIOPY
[8]. Mosa ime mpo monorpadiro Mischa Jiitte (2023 pik)
«Fundamental reaction mechanisms of chlorine dioxide during
water treatment - Reactions with phenols and biomolecules
during inactivation mechanisms» [9]. Ile He mio iHme, 5K
JIOTIYHUM B3a€MO3B’30K XiMii 1 MIKpOO10JIOTii JIOKCHUTY XJIOPY
npu iHakTuBauii Gaktepii. CyTh i/1ei moisrae y Tomy, 110 B
Mporieci 1HaKTUBAIll OaKTEPiil T1IOKCUIOM XJIOPY YTBOPIOETHCS
BiJIbHUIT AKTUBHHUH XJIOp K BTOPMHHUI OKHCHIOBAY. IX cymicHa
CHUHEpTIYHA Jis MMOJATa€E B TOMY, IO JIOKCHJT XJIOPY TOJIOBHUM
YHHOM BiJMOBIJA€ 32 MOMIKOIKEHHS MEMOPaHHU, 3aBISIKH YOMY
yrBopernii FAC, 5K BTOpMHHUN OKHCHIOBAaY, BHKJIMKAE
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MOILIKOJKEHHS [IUTOILIA3MHU.

[TpuknamamMmu  epeKTUBHOCTI  OakTepUIMAHOT il
TIOKCUIY XJIOPY € BUJAJICHHsS HEOE3MEeUHUX OMOPTYHICTUYHHUX
Mmikpo0OiB Legionella ssp. ra Mycobacterium ssp.

[Tpu mopiBHAHHI AIOKCHIY XJIOPY 3 XJIOPOM Ta IHIIUMH
ne3iHpeKTaHTaMu 3’CyBajOCh, IO TUIBKU JIIOKCH]I XJIOpY OYyB
eqMHUM  Ae3iH]ikyrounM  3aco00M, 3aTHUM  3HU3HUTH
KOHIIGHTPAIlII0 JIETIOHET Y 3acTiHHUX 30HaX CHUCTEMH
BOJIONIOCTAYaHHS HMXKY€ DIBHS BHSBJIEHHS IIICIS IOYAaTKy
npomuBanus [10].

3uauennss CT, pospaxoBaHi 3a pI3HUX TeMIeparyp
MOKa3aJid, IO BOJOOYMCHI CIOPYOHd MOXYTh JOCSTTH
aJIecKBaTHOTO KOHTPOJI0 M. avium 3a J0moMOrorw miOKCHUAy
XJIOpYy B MeXax OYHCHOI cropyaud abo CBEpUIOBHHH,
3a0e3neuyroud HeoOXiqHUH yac KoHTakTy [11].

PoGora [12] mana Ha MeTi IPEJCTAaBUTH OTJIST KIHETUKH
Ta MEXaHI3MIB 1HaKTHBalii BIPYCiB TIOKCHJIOM  XJIOpY.
EdexTuBHICT 1HaKTHUBaLll CUJIBHO BIIPI3HAETHCS A PI3HUX
BUiIB BipyciB. llIBuaKICTh iHaKTHUBAII] Ui PI3HUX CEPOTHUIIIB
BIpYyCIB MOXK€ BIPI3HATHUCS OLIbII HiX Ha 284%. Sk mpasuio,
s nocarHeHHs 4-log BumaneHHs BipyciB (3HaueHHs Ct sk
MHOXEHHSI KOHIIEHTpaIlii Ha 4Yac KOHTAKTy) J103a 1OKCHIY
xJIopy BapitoeTbess B aianazoHi 0,06-10 mr/m-xB. Kinetuka
1HaKTHBaLli BipyciB Ma€ 1Bi (a3u: MoyaTKoOBY a3y MIBUIKOI
iHakTHBalii, 3a fAkow chigye ¢(aza xBocta. IlIBuakicTs
iHaKTHBalii BipyciB 3poctae 31 30uibmieHHSIM pH abo
TeMIIepaTypH, aje IEMOHCTPYE Pi3HI TEHAEHIIIT 31 301IbIICHHAM
KOHIEHTpalii po3unHeHoi opraHiyHoi peyoBuHu (DOM).
[TomrkokeHHs BipyCHMX OLIKIB Ta 5'-HEKOIyr0o4oi o0jacTi B
IreHOMI CHpUSIOTh 1HAKTHBALil Bipycy micas Ae3iHdekii
JTIOKCHIIOM XJIOPY.

l'onmoBua meta poGotu [13] momnsrana B OIIHIN PiBHIB
inaktuBanii C. parvum oocyst niokcuaom xiopy. BectanosneHo,
[0 EHEepTis aKTUBalii JIOKCHUIY XJIOPY Ha IIICTh OJUHHMIIb
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MepeBUIIlyBaia 3HAYCHHsI, paHille 3HaiaeH1 11 o30ny [ 14]. Le
CIIOCTEPEIKEHHS JIO3BOJISIE TIPUITYCTHTH, IO PiBHI 1HAKTHUBAI]
C. parvum oocyst TIOKCUAOM XJOpPY 1 030HOM MOXYTh OyTH
1IEHTUYHUMH.

[TopiBHsANBHI MaHI €PEKTHBHOCTI MIOKCHUAY XJIOPY Ta
iHIMX 3aco0iB ae3iHdekiii no BigHomeHHo g0 N. gruberi
CBiJT4aTh, MO Aiokcua xyopy npu PH=9 i 25°C nabGmmxaeTbcs
710 030HY 110 epeKTUBHOCTI [15].

['onoBHUII MeXaHI3M 1HAKTHBAIll JIOKCHIIOM XJIOpY
0akTepiaIbHUX CHOpP MOJSATae Yy TOMIKOPKEHHI BHYTPIIIHBOT
MeMOpanu cropu. lle 3ymMoBIIO€ MOpYHIEHHS MPOHUKHOCTI
IJ1a3MaTUYHOT MEeMOpaHM MpOpoCiol CHOpH, MONEPETHUKOM
K01 € BHYTpilIHSI MeMOpana criopu [16].

3a mammmu [17] amprammmgHa AisS JIOKCHIY XJIOPY
TIOJIATAE Y BIUIMBI 1 HA CTPYKTYPU 3aXHCHOTO MMOKPUTTSI KIIITHHH,
1 Ha BHYTPIIIHBOKJIITMHHI KOMIIOHEHTH. 3HeOapBIIEHHS
XJIOpo(iay Mmichs OKUCICHHS SICHO BKa3y€e Ha MOIIKOHKCHHS

(OTOCHHTETHYHOTO amapary Ta CYIIPOBOJIKYETHCS
30IMBIIEHHSAM PO3YMHEHOTO0 OPraHiYHOro BYIJICHIO, IO
BiloOpakae eKCTpaleIoJIsipHe BHUBEICHHS

BHYTPIIIHOKJIITHHHOTO BMICTY.

Pesynbratu 1MOKa3yrOTh, IO 3aBASIKA CBOIM CHUIIBHIN
OKHCIIOBAJIbHINA 37aTHOCTI JIOKCHJ XJIOPY MOXe pYyHHYBaTH
KIITUHHY  CTIHKY, o0  HPU3BOJWUTH  JO  BHTOKY
BHYTPIIIHBOKJIITHHHUX CIOJYK Ta 3MiHU (opmHu. MexaHizm
1HaKTHBaLll TPUOKOBUX CHOP AIOKCHIIOM XJIOPY MOTIOHHM 10
MeXaHI3My iHakTHBalii OakTepiil, BipyciB Ta HaHMpoOCTIMIHX.
Hanpuknan, miokcua XJIopy TOMIKOKYE — TUIA3MaTHYHY
memOpany Candida albicans romoBHuM 4YHHOM mHUISIXOM
nepMea0bimizarii (mporec 301UTBIICHHS MPOHHUKHOCTI KIITHHHOT
MeMOpaHH JUIs IEBHUX PEUOBHH, 110 3a3BUYAN HE MOXKYTb JIETKO
MPOXOAUTH uepe3 Hei). 3a IHIMMUMH JaHWMH, JIOKCHI XJIOpY
MO>KE€ BUKJIMKATH y criopax BUTIK OinkiB, JIHK, nmomicaxapunis,
10HIB KaJIifo Ta Kajbiio [18].
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HocnikeHHs epeKTUBHOCTI TIOKCHIY XJIOPY 1 XJIOPUTY
Ha rerepoTpodHi OakTepii, cycrmeHaoBaHi 1 y OiorumiBii,
HEe3aJIeKHO BiJ MaTepiany [19] mpoaeMoHCTpyBajo, mo XJI0pUT
HeeeKTUBHMH B iHaKTHBYBaHHI. [liokcuy xinopy 3abe3nedyBaB
iHaKTHBAaIlilO Ha piBHI log 1,6-1,8 mis cycrienoBaHux 6akTepiit
Ta TUTbKK Ha 1 log iHakTUBamii 11 rerepoTpoHUX GaKTepiil y
OlomuniBIll MpW HU3bKiK KoHIeHTpamii 0,25 mr/in. IIpakTuuna
peaitizarlisi UX JaHUX TOJISATaE B HEOOXIAHOCTI 3a0e3reueHHs
3aJIUIIKOBOI KOHIIEHTpAIil 110KCUIY XJIOPY, a HE MOKIadaTUCs
Ha 3HE3apakylouy aKTUBHICTh XJIOPUTY Y 3MEHIICHHI pPOCTY
rerepoTpo@HUX OakTepiil y MUTHIA BOJII 3 BOJOPO3MOALTEHUX
CHCTEM.

AHanizyroun Ae3iH(eKliiHI MeXaHi3MH  JIOKCHAY
XJIOpy, aBTopu podotu [20] BUCIOBIIOIOTEH MEBHI JTYMKH, SKi
micas iX TMEepeoCMHUCITCHHs Clif chOPMYIIOBaTH Yy BUIJISII
MEPCIEKTHUBY MOJATBIITNX JOCHTIHKEHb.

[ToTpiOHI momanmpImi  AOCHIIKEHHS I  TMOBHOTO
PO3YMIHHSI ~MEXaHI3MIB  IHAaKTHMBallii JIOKCHAOM  XJIOPY
MIaTOTE€HHUX MIKpOOPIaHi3MiB, TeHIB
aaTubiotukopesuctenTHocTi (ARG) Ta TOKCHHIB.

Jiokeun xyopy HecTaOUIbHMM 1 Mae TEHICHLIIO
PO3KJIalaTHCS TIPU HArpiBaHH1 a0 i1 T1€0 CBITIIA, 1[0 BUMAarae
MITOTOBKY Ha MICII JIJIsl HETaitHOTO BUKOpHUCTaHHSA. Po3pobka
ne31H¢IKyI0UnX 3ac001B 13 MOBUTPHIUM BUBUIPHEHHSIM J1OKCHUTY
XJIOpYy TpUBEpPHYJAa 3HAUHY yBary JOCIHIJHUKIB, aje
3aUIIAIOTBCS  Ta MOTPeOYIOTh MOAAJIBUIOTO  BUPIIIECHHS
MpoOJIeMH JOCATHEHHS CTa01IbHOI IIIBUAKOCTI BUBLTEHEHHS.

Crni BU3HATH HEOOXITHUM TMPOJIOBKEHHS JTOCIIIKEHb
BIUTUBY pEATbHUX KOHIICHTpAIil MIOKCHIY XJIOpY Ta HOro
MOXITHUX (XJOPHUTIB 1 XJIOpaTiB), Kl BHHHUKAIOTh Y IpOILEC]
OUUIICHHS Ta 3HE3apaKEeHHs MUTHOI BOJAM, Ha CTaH 370POB’A
CIOKMBAYIB 13 BpaXyBaHHSM peallbHUX YMOB CIIO’KHBAaHHS BOJIU
JUTSL TIATTSL.
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ririeHa ta nmpodeciitHa maToNoTis.

Buene 36anms. crapmmii HayKOBMM CIIBPOOITHHMK 31
crnieriaabHOCTI «ririeHay (2006 pik).

HomeHT xadeapu rpoMaacbkoro 310poB’s 1 (Gi3UIHOTO
BUxoBaHHsI  HamionanpHoro  yHiBepcutety  «OcCTpo3bka

akameMis» (32 CYMICHHIITBOM); nomeHT  kadenpu
MEJICECTpUHCTBA 1 Tpomajackkoro 3a0poB’ss [IpuBaTHOTO
BUIIIOTO HABUYAJIBHOrO 3akiany «Memuko - NTpPUPOIHHYMIA

VHIBEPCHUTETY»; CTapIIuii HAYKOBUH CHiBpOOITHUK [lep:kaBHOT
HayKoBOi ycTaHOBH «lleHTp MOPCHKOI TeosIorii, reoeKoJIorii Ta
0CaJ0BOTO pyNOyTBOpeHHs HarioHanbHOI akagemii  Hayk
Ykpainn»
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OCHOBHI HalpsIMKH HaYKOBHX JOCII/KEHb: TIri€HIYHI,
010JIOT1YHI, TEXHOJOT1YHi, TOKCHUKOJIOTIYHI, EITiIeMiOJIOriYHI,
MEIUKO-€KOJIOrIYHI  aCIeKTH  BOJOIIOCTa4YaHHS  00'€KTiB
KOMYHQJIBHOTO TOCIIOJIapPCTBA 1 TPAHCHOPTY, BUKOPUCTAHHS 1
OXOPOHHM TPHUPOJHUX JIKYBAJIbHUX PECypCiB; MHTaHHS
KOHTPOJIIO 1 HOPMYBaHHS AKOCTI (pacOBaHMX MiHEpaJbHUX 1
MMUTHUX BOJ; MPOOJIEMH JIIKApHSIHUX 1HPEKIIIH.

ABTOD 1 ciBaBTOp noHaa 900 HayKOBUX Mpallb, y TOMY
gucni 23 MoHorpadii, 7 gparmenTiB MoHOTrpadii, mapydHuKa
(y I1BOX TOMax), 5 HaBUaIbHUX, 3 YUOOBHX MOCIOHUKIB, 2 KypCiB
JIEKIIA, TPHUCBIYCHUX OCHOBHUM TUTAHHSAM Tiri€HH Ta
MEIMYHOI €KOJIOT1i, 30KpeMa BOJONOCTAaYaHHs, BUKOPUCTAHHS
MIPUPOIHUX JIIKYBAJIbHUX PECYPCIB, JTIKAPHAHUX 1H(EKIIIH.

ABTOp (QyHIAaMEHTAJIbHUX Ta MPUKIAJHUX KOHUEMII
Ta TINOTE3: MEePCUCTYBAIbHO-MYJIbTHBAPIAHTHOTO PHU3UKY
MaTOTEH1B MIUTHOT BOJIY; bopMyBaHHS
MYJIbTHAHTHO10THKOO10IIUA0PE3UCTEHTHOCT] Ha OCHOBI
NPUHLMIIB  CYNPaMOJIEKYJISPHOI  XiMil;  OOIPYHTYBaHHS
BAXJIMBOCTI TOpME3iCy $K KIIOYOBOI JIaHKH (HOpMyBaHHS
PE3UCTEHTHOCTI MIKPOOPTaHi3MiB J0 XJIOPY; TIMOTE3U II0J0
TpaHchopMyBaHHS OakTepiil i BINTMBOM HaJJHU3HKOTO BILNIUBY
(bakTopiB MOBKULISA; MPUHIUMNIB (OpMyBaHHS OIOIUTIBOK SIK
caMocTiiiHOo1 popmu 6i0TH; TepedopmaTyBaHHS poii O10TITIBOK
BiJI aHTaroHi3Ma [0 CHHEPri3My 3 JIOJUHOI0; MEXaHI3My
(¢bopMyBaHHS y BOJHOMY CEPEIOBMIII OpPraHOMiHEpaTbHUX
KOMIUIEKCIB I[IaHOTOKCHHIB 13 KaTiOHAaMH Ba)XKHX METAaJB 5K
HOBOT'O KJIacy KCEHOOIOTHKiB; MaTeMaTHYHOTO MOJICIIOBAHHS
BIUIMBY BOAM IOBEPXHEBUX BOJOWM K (pakTOpa pU3MKY Ha
3I0pOB’Sl  HACEJCHHs; MPOIMO3HUIlli MIOAO  CKACyBaHHS



418

HOPMYBaHHS KPEMHIIO Ta MarHito y MWTHIA BOi; KOHIICMIIil
TOKCHUKO-, TIaTO- Ta COI[IOTEHE3Y.

CuniszacHoBHuk (i3 mpo¢. C.E. IlImbanoBHM) HOBOTO
HAYKOBOT'O HampsIMKy «PekpealiliHa ekoririeHa.

3aCHOBHUK Ta HAYKOBHUI PEJAKTOP HAYKOBOTO JKYPHATY
«Bopa: ririena Ta exosoris». Bugasascs 13 2013 mo 2019 pp. I3
2020 poKy HE BUAAETHCSA.
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