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MEONUNHCRVE HAYRN

IMPROVING THE EFFICIENCY OF CHLAMYDIA-MYCOPLASMA INFECTION PATHOGENS
DNA DETECTION IN SPUTUM BY USING A NUCLEIC ACIDS EXTRACTION METHOD BASED
ON CETYLTRIMETHYLAMMONIUM BROMIDE

Kostiuk Svetlana
Doctor of Science, professor

Belarusian Medical Academy of Postgraduate Education, Minsk

ABSTRACT

To increase the efficiency of detecting DNA of Mycoplasma pneumoniae and Chlamydia pneumoniae in
sputum, a variant of extraction has been tested and improved; it is based on the use of CTAB detergent that has
the property to bind both polysaccharides and DNA. The combined use of CTAB-detergent, proteinase K, SDS
and chloroform-izoamil alcohol mixture purifies nucleic acid preparation from proteins and lipids; therefore the
efficiency of chlamydia-mycoplasma DNA identification in sputum increases due to amplification inhibitors

decrease.

Keywords: sputum, nucleic acid extraction, Mycoplasma pneumoniae, Chlamydia pneumoniae, CTAB.

Introduction. Sputum examination is one of the
leading branches of clinical laboratory diagnostics for
respiratory diseases, including infections caused by
atypical microorganisms — chlamydia and mycoplasma
[1, 7].

The method of polymerase chain reaction (PCR)
acquires more and more significance for etiological
microbiological diagnostics of respiratory diseases
associated with infections caused by hard-to-cultivate
microorganisms, like chlamydia and mycoplasma. The
basis for PCR-analysis is examination of DNA
extracted from biological material. The stage of DNA
extraction is one of the key moments of this method,; it
prepares nucleic acid (NA) to the stage of
amplification. The main principles of the NA extraction
stage consist in the DNA release and the consequent
deletion of PCR inhibitors [2, 3, 5].

Sputum is considered as the most informative
biological material for PCR diagnostics of respiratory
chlamydiosis and  mycoplasmosis.  Analytical
sensitivity of the PCR-method in detecting DNA of
clamidial-mycoplasmal nature greatly depends on the
efficiency of DNA extraction from sputum [5].

While choosing a method of NA extraction from
sputum, it is necessary to take into account the inhibitor
spectrum of this biological material. Methods of NA
extraction suitable for one biological material can be
totally unsuitable for NA extraction from sputum or
result in the product with low DNA concentration,
presence of PCR-inhibitors, which can lead to false
negative results in detecting DNA of chlamydia and
mycoplasma.

Sputum belongs to biological materials with a
great amount of amplification inhibitors like mucolytic
agents, blood components, polysaccharides.
Polysaccharides contained in sputum mucins are
responsible for viscosity of sputum and are the main
amplification inhibitors, since they are present in
sputum in high concentrations. The inhibiting action of
polysaccharides is connected to their ability to impede
the "work" of DNA-polymerase [3, 6].

Cetyltrimethylammonium bromide (CTAB) is a
cationic detergent that purifies preparations from

polysaccharide substances and effectively binds DNA.
CTAB is widely applied in molecular phytogenetics.
Genomic DNA is normally extracted with the use of
CTAB extraction buffer, purified with the mixture of
phenol and chloroform and precipitated with
isopropanol or ethanol. The method of CTAB-based
NA extraction is also used for DNA extraction out of
respiratory tract secretions, as well as microorganism
cultures with pathogenetic importance in the progress
of respiratory pathology, such as M. tuberculosis;
however, there is no data on the use of CTAB for
detecting DNA of chlamydial-mycoplasmial pathogens
in sputum [3, 4, 8].

The aim of the research was to develop the most
effective way of DNA extraction for Mycoplasma
pneumoniae and Chlamydia pneumoniae on the basis
of the comparative analysis of three most common
clinical-laboratory methods of nucleic acid extraction
from sputum - using proteinase K and phenol-
chloroform extraction, sorptive extraction with
magnetic particles, and CTAB-using method.

Materials and methods. Sputum samples were
obtained from 38 children and teenagers with
bronchitis and pneumonia of chlamydia-mycoplasma
etiology (protracted respiratory disease, no effect from
antibiotic therapy for infectious agents of non-
chlamydia-mycoplasma  nature,  detection  of
antichlamydia and/or antimycoplasma antibodies). To
lower the viscosity of sputum, each sample was mixed
with the mucolysin reagent in proportion 5:1 (5 parts of
mucolysin to 1 part of sputum) and incubated for 30
minutes. The mixture of sputum and mucolysin was
centrifuged for 10 min at 7000 g; the precipitate of
sputum cellular elements was used to extract DNA in
accordance with the procedure for each of the three
applied extraction variants: No. 1 — processing with
proteinase K and phenol-chloroform extraction, No. 2
— sorptive extraction with magnetic particles, and No. 3
— the CTAB method. Quality and quantity control of
purified DNA was conducted on spectrophotometer
NanoDrop 1000 (ThermoFisherScientific).

Detection of DNA of Mycoplasma pneumoniae
and Chlamydia pneumonia was performed with the
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method of multiplex PCR in real time (PCR-PB) using
the reagent kit made by OAO Vektor-Best, Russian
Federation.

Extraction variant 1 — processing with proteinase
K and phenol-chloroform extraction. 400 mcl of
lisocyme solution (10 g¢/l, Sigma) were added to the
suspension of cellular sputum elements and were
incubated for 1 hour at 37°C. Then 20 mcl of EDTA
(50 mM) and 400 mcl of proteinase K solution (10 g/l,
Sigma) were added to the mixture and incubated at
60°C for 1 hour. The solution was left overnight at

-20°C. The mixture was divided into 2 parts; to
each part 200 mcl of phenol and 200 mcl of chloroform
were added. Both of the parts were intensively mixed
and centrifuged for 15 min at 10000 g. The upper phase
was transferred into a clean tube without touching the
lower phase and the interphase; then we added 0,6 of
the volume of isopropanol and 1/10 of the volume of
sodium acetate to it, mixed thoroughly and left it for 30
minutes at -20°C. DNA was precipitated by
centrifuging for 15 minutes at 10000 g. The precipitate
was rinsed with 500 mcl of 70% ethanol twice, dried
till ethanol completely evaporated and dissolved in 30
mcl of TE buffer.

Extraction variant 2 — sorptive extraction with
magnetic particles. DNA extraction was performed
using the reagent kit RealBest DNA-extraction 1 (OAO
Vektor-Best, Russian Federation).

Extraction variant 3 — the CTAB method. The
suspension of sputum cellular elements was incubated

at 65°C for 10 minutes with 100 mcl of CTAB/NaCl
solution (4.1 g of NaCl, 10 g of CTAB in 100 mcl of
sterile water), Sigma. After incubation the extracts
were purified with equal volumes of the 92%
chloroform/8% isoamy!l alcohol mixture in proportion
24:1 with the total volume 700 mcl and then centrifuged
for 5 minutes at the maximum speed of 14243 g. The
water phase, without touching the middle and lower
phases, was transferred into a new tube; DNA was
cooled off with cold isopropanol (0,6 of the water phase
volume), left for 30 minutes at -20°C to form DNA
aggregates, centrifuged for 15 minutes at the maximum
speed of 14243 g. The NA precipitate was rinsed with
cold (-20°C) 70% ethanol twice for 5 minutes, then
dried and dissolved in 30 mcl of TE buffer.

Results and discussion. One of the main criteria
for the most effective NA extraction method from
sputum for the following PCR analysis is the ability to
delete polysaccharides that are present in sputum in
large amounts and inhibit amplification.

The concentration values of the extracted genomic
DNA, extracted in accordance with the variants 1, 2 and
improved 3, amounted to the range from 5,6 to 73,9
ng/mcl.

The median values of the results of three parallel
NA extractions through each variant were taken as the
DNA amount. The biggest DNA output was
demonstrated by the methods of proteinase K and
phenol-chloroform extraction and the CTAB method
(Figure 1).
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Figure 1.The concentration of DNA extracted from sputum samples through different methods.

To evaluate the DNA preparation purity, the optic
density of DNA solutions was measured in TE buffer at
wavelengths 260, 280 and 235 nm, which correspond
to the maximums of absorption of DNA solutions,

proteins and polysaccharides correspondingly. The
value of A260/280 for pure DNA is 1,8-1,9, the value
A260/235 —2,2-2,3 (Table 1).
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Table 1
THE RELATIONS OF ABSORPTIONS OF DNA SAMPLES AT DIFFERENT
EXTRACTION VARIANTS

Variant of NA extraction A260/280 A260/235

Extraction 1 1,78+0,05 1,85+0,07

Extraction 2 1,72+0,06 1,62+0,07

Extraction 3 1,86+0,05 2,22+0,06

While comparing the improved CTAB method
with the method of sorptive extraction (extraction
variant 2), the presence of statistically significant
differences is shown (Student's test, p = 0,03).

At the next stage we conducted molecular-genetic
tests of Mycoplasma pneumoniae and Chlamydia
pneumoniae in sputum that underwent the stage of
sample preparation using different extraction methods
(Table 2).

Table 2
THE DETECTION RATE OF DNA OF MYCOPLASMA PNEUMONIAE AND
CHLAMYDIA PNEUMONIAE
Detection rate (%) Extraction 1 Extraction 2 Extraction 3
DNA Mycoplasma pneumoniae 31,584+5.27 23,68+4.64 42,1045,95
DNA Chlamydia pneumoniae 15,7943 .85 7,8942.77 18,4244.14

It was established that the detection rate of DNA
of Mycoplasma pneumoniae and Chlamydia
pneumoniae in sputum depends on the NA extraction
method.

Conclusion.  Application of classical NA
extraction methods from sputum can lead to obtaining
false results due to insufficient deletion of PCR
inhibitors. Application of the CTAB method together
with proteinase K and SDS helps to increase the
efficiency of PCR DNA detection while detecting DNA
of the microorganisms that have particular significance
in respiratory pathology development.
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AHHOTAILIUS

MHOT04YHCICHHbBIE HUCCJIICO0BAaHUA IIOKa3ajau, 4YTO 6p0HXI/IaHLHaH acTMa (BA) BJINACT KaK Ha (1)I/I3I/I‘ICCKOC
COCTOSIHUE 4YEJIOBEKA, TaK W Ha IICUXOJIOTUIO €Tr0 IIOBEACHHUSA, SMOIMOHAJIBHBIE PEaKINH, CONHUAJIBHYIO
aJarTanulo. OHCHKa KadyeCcTBa NPU XPOHUICCKUX 3a00JIEBAHMAX ITO3BOJISET HUCCJIICaA0OBATh IICHUXOCOIIHUAIBHOC
Ka4€CTBO JIMYHOCTH, aJallTallUIO ITallMCHTa K 36.60H€B8.HI/IIO, 3(1)(1)6KTI/IBHOCTB Pas3siIMIHBIX TEPANCBTUICCKUX
MPOTPaMM, 94TO OCOOEHHO aKTyaJIbHO I OONBHBIX OPOHXHAIBHON aCTMOH, IIOTOMY YTO 3TOH MAaTOJIOTHEH Jare
BCETO CTpamarOT MOJIOIBIE, CI)I/BI/I‘-IGCKI/I AKTUBHBIC JIFOOU. HEﬂbIO uccneoosanusi ObLIO N3YUYCHUE OCHOBHBIX
KOMIIOHCHTOB KadecTBa JKU3HU OONBHBIX OpPOHXHWANFHOW acTMOW B 3aBHCHMOCTH OT KOHTPOJIHUPYEMOCTH
3aboneBanus. B uccnenoBanun npussaiau ydactue 480 ManueHTOB ¢ aCTMOW Pa3iWMYHON CTENEHH TSDKECTH U
KoHTponupyemoctu. JIérkas BA Obuta y 92 nanueHToB, KOHTposMpyemas cpeineii Tsokectd BA y 81 manuenTa,
HEKOHTpoJIMpyeMas cpelHeit ctenenu bA y 69 manueHToB, THKENOE YaCTUYHO KOHTpoJIMpyeMoe TedeHne bA y
95 manueHToB, TsKeI0e He KOHTpoiaupyeMoe TeueHne bA [ 43 nanuenTa.

[TonydeHHbie pe3yabTaThl. Y CTAHOBIEHO, YTO Y MAIIMEHTOB C JIeTKOoH BA KauecTBO JKM3HHM HE OTIMYAETCS
OT 310pPOBBIX. HpI/I 6p0HXPIaJ'IBHOI>i acTMC Cpe,I[Heﬁ CTCICHU TAKECTH HC 3aBUCHMO OT KOHTPOJIHUPYECMOCTU
3a00JIEBaHUsT OCHOBHAS Hp06neMa MMafgueHTOB, KOTOpPAd, IO MX MHCHHIO, CHMIKAJIA KA4YCCTBO HX JKHU3HHU I3TO
OrpaHUYICHHC CI)I/I3I/I‘I€CKOI71 AKTUBHOCTHU:. 3HAYUTCIIBHOC CHMXXCHUC (i)I/ISI/I‘IeCKOI\/'I AKTUBHOCTH, (i)I/ISI/I‘IeCKI/Ie
HpO6J‘IeMBI B OrpaHUYCHHHU KAa4YCCTBA KU3HU, a HpO6J‘IeMLI OMOIIMOHAJIBHOI'O XapaKTepa OTXOAWIN Ha BTOpOI71
IJIaH.

HpI/I TSOKCJIOM TCHUCHHH aCTMbI HC 3aBUCHMO OT KOHTPOJIUPYEMOCTH 3a00JIeBaHMs TIIaBHOM HpI/I‘II/IHOfI,
KOTOpas BJIMsAIa Ha KaUCCTBO KU3HU 60J’II)HI)IX 9TO 6bIJ'Ia Hp06neMa TICUXO3MOIMOHAJIBHOI'O XapaKTepa ¢ ABHbIMU
(hakTOpamMu puCKa pa3BUTHS ACTPECCUH, a CHIDKEHUE (PU3NUECKOI aKTHBHOCTH YXOHMJIO Ha BTOPOU ILIaH.

ABSTRACT

Numerous studies have shown that bronchial asthma (BA) affects both the physical condition of a person and
the psychology of his behavior, emotional reactions, and social adaptation. Quality assessment in chronic diseases
allows you to study the psychosocial quality of a person, patient adaptation to the disease, the effectiveness of
various therapeutic programs, which is especially important for patients with bronchial asthma, because this
pathology most often affects young, physically active people. The aim of the study was to study the main
components of the quality of life of patients with asthma depending on the controllability of the disease. The study
involved 480 patients with asthma of varying severity and control. Mild asthma was present in 92 patients,
controlled moderate asthma in 81 patients, uncontrolled moderate asthma in 69 patients, severe partially controlled
asthma in 95 patients, severe uncontrolled asthma in 43 patients.

Results. It was established that in patients with mild BA, the quality of life does not differ from healthy ones.
With moderate asthma, regardless of the controllability of the disease, the main problem of patients, which, in their
opinion, reduced the quality of their life, is the restriction of physical activity: a significant decrease in physical
activity, physical problems in limiting the quality of life, and problems of an emotional nature went to the second
plan. In severe asthma, regardless of the controllability of the disease, the main reason that affected the quality of
life of patients was a psychoemotional problem with obvious risk factors for depression, and a decrease in physical
activity went by the wayside.

KiroueBble cioBa: 6pOHXI/IaJ'ILHaSI aCTMa, Ka4€CTBO JXKU3HU.

Key words: bronchial asthma, quality of life.

Numerous studies have shown that bronchial of the personality play a major role in adapting the

asthma (BA) affects both the physical condition of the
individual, and the psychology of his behavior,
emotional reactions, changing his place and role in
social life. The parameters of a patient's illness have
independent prognostic significance and are more
accurate factors of the prognosis of survival and state
of the patient during treatment than the general somatic
status. Evaluating the quality of life allows you to
compare the effectiveness of different therapeutic
programs. In general, we can say that in chronic
diseases quality of life 1 the main criterion for
assessing the patient's condition, psychosocial quality

patient to the disease, which makes it especially
relevant to study it in patients with asthma, because this
pathology most often suffering young, physically
active people.

The aim of the study was to investigate the nature
of the main components of the quality of life of patients
with bronchial asthma, depending on the controlling
course of disease.

Materials and methods. The study was conducted
on the basis of the Pulmonology department SO
“National Institute of Phthisiology and Pulmonology
named after F. G. Yanovsky National Academy of
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Medical Sciences of Ukraine”. The study involved 480
patients with asthma of varying severity and control
over the course of asthma. Of these, with a mild BA
severity of 92 patients, with a controlled average
severity of BA 81 patients, with a non-controlled
moderate severity of BA [] 69 patients, with a severe
controlled course of BA [] 95 patients, with a severe
non controlled course BA — 43 patients.

The selection of patients according to the severity
of asthma was performed in accordance with the
criteria of Order Ne 128 of the Ministry of Health of
Ukraine dated March 19, 2007 "On Approval of
Clinical Protocols for the Provision of Medical Aid in
the Specialty" Pulmonology "and Order Ne. 868 of the
Ministry of Health of Ukraine of October 08, 2013"
Unified Clinical protocol of primary, secondary
(specialized) medical aid. Bronchial asthma" [1]. As a
control, 50 healthy volunteers who had no serious
clinically significant pathology were examined. As a
questionnaire for determining the quality of life,
patients were requested to fill in the general
questionnaire SF136 [2]. To determine the
“conditional standard” of quality of life, a common SF-
36 questionnaire was used in healthy subjects. Primary
data obtained using the SF-36 questionnaire were
recorded. The quality of life criteria were calculated

using the SF-36 questionnaire only on the basis of
recoding the Likert-based summation method (on a
100-point scale, %). The quality of life guidelines for
the SF-36 questionnaire are as follows. Physical
functioning, (PF), role-physical (RP), bodily pain (BP),
general health, (GH), vitality (VT), social functioning
(SF), role emotional (RE), mental health (MH),
comparison of well-being, (SS). Respondent's physical
status is characterized by 5 scales (PF, RP, BP, GH,
VT), psychosocial status was also assessed on 5 scales
(RE, SF, MH, GH, VT). The last two indicators are
determined by both the physical and mental status of
the person. Statistical processing of the material was
carried out using the licensed software products
included in the Microsoft Office Professional 2000
package, the Russian Academic OPEN NO LEVEL
License 17016297 license on the IBM Atlon personal
computer in Excel. To verify the normality of data
sharing, the method was used by Lapach S. N. and
others. (2001) (the function NORMSAMP-1, which is
embedded in the Excel environment) [3, 4]. The work
was done with public funds.

Results obtained.

The main determinants of the quality of life of
healthy are presented in Fig. 1

@PF @RP mPain OGH mMH OSF BRE @SS

Fig. 1 Structure of the main determinants of the quality of life of healthy people.

Patients with mild persistent course BA, the
main determinants of quality of life in disease
remission are virtually indistinguishable from those
in the healthy group and are stable over long-term
six-year dynamic follow-up. The physical activity of
the PF was (74.3 + 2.2) points, the indicator of the
role of physical problems of the RP was (56.2 + 1.6)
points, the indicator of emotional problems of RE

(52.9 + 1.6) points, indicator of the mental sphere:
"viability" of VT (54.3 + 1.4) points and MH [/ (65.9
+ 2.0) points. Indicators of social activity were high
SF 11 (73.6 + 2.0) points, subjective perception of
patients with asthma of their general state of health,
designated as "general health” of SS was adequate
(56.3 = 1.6) points. The "Pain", (BP) parameter was
(34.8 £ 1.8) points (Fig. 2).
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Fig. 2 Structure of the main determinant components of quality of life in the mild course of asthma.

An analysis of the quality of life of patients with
asthma with a course of moderate disease showed
significant changes compared with the healthy group
in the parameters of quality of life, which remained
stable during the ten-year dynamic observation in the
group with controlled course, significantly
worsening with the loss of control. In the controlled
course of BA of moderate severity, there was a
significant difference in the indicator of physical
activity of the PF, which was reduced to (61.3 = 1.6)
points, the indicator of the role of physical problems
of the RF was (41.8 = 1.4) points. However, the

index of emotional problems of RE — (61.1 £ 1.6)
points, the indicator of the mental sphere "viability"
of VT — (44.3 + 1.1) points and the "mental health"
MH - (65.9 = 1.5) points. Significantly reduced
indicators of social activity SF to (54,9 + 1,4) points.
There was also a significant low subjective
perception of asthma patients of the general state of
their health, designated as “general health" of GH —
(32.8 £ 1.2) points. The parameter "Pain" was
virtually indistinguishable from the healthy BP (33.6
+ 1.1) score group (Fig. 3).

EPF BRF @mPain OGH ®mMH OSF BRE ®SS

Note. # — the difference between the indicator and the healthy group is probable (p <0.05)
Fig. 3 — Structure of the main determinants of quality of life controlled moderate BA.

In the uncontrolled course of BA of moderate
severity, there was a significant difference in the
physical activity index of PF, which was reduced to
(60.9 + 1.5) points, the index of the role of physical
problems of the RF was increased and amounted to
(62.3 + 1.5) points, the indicator of emotional problems
of RE was increased to (84,5 + 1,8) points, the indicator
of the mental sphere "viability" of the gastrointestinal
tract decreased VT to (45,2 + 1,5) points and "mental

health" MH (46,1 + 1,4) points. Not significantly
reduced was the indicator of social activity SF to (73,9
+ 2,5) points, significantly low was the subjective
perception of patients with asthma general health
status, designated as "general health" of GH z (32, 4 +
1,2) points, the parameter "Pain" practically did not
differ from the group of healthy BP — (33,8 + 1,2)
points (fig. 4).
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Note. # — the difference between the indicator and the healthy group is probable (p <0.05)
Fig. 4 — Structure of the main determinant components of quality of life in the severe course of asthma in the
phase of exacerbation.

The worst indicators of the questionnaire were in
the group of patients with severe bronchial asthma,
with significant negative changes over time in some
indicators, not in the controlled course of the disease.

In the group of patients with severe controlled
course of asthma, the physical activity indicator of PF
was significantly reduced up to (40.2 £ 1.8) points, the
index of the RF was increased to (81.6 £ 2.9) points,

the indicator of emotional problems was significantly
increased RE to (84.9 + 2.2) points, the indicator of the
mental sphere was reduced to GH (35.2 £+ 1.6) points
and "mental health" MH — (50.2 + 1.6) points, indicator
of social activity SF was significantly reduced to (49,3
+ 1,6) points. The "Pain" BP parameter increased
significantly to (74.8 + 2.8) points (fig. 5)
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Note. # — the difference between the indicator and the healthy group is probable (p <0.05)
Fig. 5 The structure of the main determinant components of quality of life severe controlled asthma

In the group of patients with severe non-controlled
asthma, the physical activity indicator of PF was
significantly reduced up to (39.8 + 1.6) points, the
index of the RF was increased to (82.1 £ 2.3) points,
the indicator of emotional was significantly increased
of RE problems up to (85.1 + 2.1) points, the index of

the mental sphere of MH was reduced to (36.3 = 1.8)
points and mental health GH — (49.8 + 1.8) points ,
social activity indicator SF was significantly reduced to
(48.9 + 1.5) points, the "Pain" parameter increased
significantly to (75.4 + 2.5) points (fig. 6).
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Note. # — the difference between the indicator and the healthy group is probable (p <0.05)
Fig. 6 The structure of the main determinant components of quality of life severe uncontrolled asthma

Conclusion. Therefore, summarizing the results
obtained from the study, it is established that in patients
with mild persistent disease, quality of life indices do
not differ from those in healthy groups. In the course of
bronchial asthma of moderate severity, the main
problem of patients, which in their opinion reduced
their quality of life - it was a limitation of physical
activity - the presence of a significantly reduced
indicator of physical activity, PF — subjective
assessment of his daily load, physical problems in
limitation of life — subjective assessment by the
respondent of the degree of limitation of their daily
activities, caused by the problem of health.

The problems of emotional nature came to the
background: not significant growth in the group of the
indicator of the role of emotional problems in limiting
life activity, RE — subjective assessment by the
respondent of the degree of limitation of his daily
activity caused by emotional problems and the
indicator of mental health the respondent of his happy
(happiness, rest, peace, etc.), the indicator of vitality,
the GH — subjective assessment of the respondent of his
vital tone, when he felt cheerful and full of strength.
Therefore, it is the limitation of physical activity that
led to the restriction of the social activity of patients - a
significant decrease in indicators of general health -
subjective assessment by the respondent of the general
state of his or her health to the present time as a whole
and the indicator of social activity, SF — by the
subjective assessment by the level of respondent with
friends, relatives, colleagues (level of your social
relations). All the above indicators are practically the
same in the group with both controlled and
uncontrolled course of moderate BA.

In the severe course of asthma in the foreground,
in addition to the reduction of physical activity,

problems of psycho-emotional character with obvious
risk factors for the development of depression were
added, which was confirmed by a significant
deterioration of all indicators, which determined the
decrease in the quality of life and social activity of such
a category of patients, regardless of the control over the
course of patients are constantly depressed, anxious and
dissatisfied with their health, not believing that
supportive therapy helps them and they can control they
cannot live an adequate age of social life with
realization in society.
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PE3IOME

Beenenne. OTIMYUTENBHON UEpTOM aTONMMYECKOTO JEpPMaTHTa M D3K3EMBI SBJSIETCS IOBBINICHHAS
KOJIOHM3aLlUsl KOXM TAIMEHTOB MHKPOOPTaHM3MaMM M UYPE3BBIYAHO BBICOKAs BOCHPUUMYUBOCTH K
MHQEKIIMOHHBIM areHTaM. B cocko0ax MOBEPXHOCTHOTO SIUTEIHS ¢ MOPaKEHHBIX yJaCTKOB KOXKH IallMEHTOB,
CTPAJAIONINX AaTONHWYECKUM JEpPMaTUTOM M 3K3eMOH, BBISABICHO MNPHCYTCTBHE acCOIHalUi JepMaTo(HUTOB,
JIpoOKed M Manacce3nil. B rpynmax oOciietoBaHHBIX MAIMEHTOB 110 YacTOTE BCTPEYAEMOCTH NPEBAINPOBAIH
C. albicans, M. sympodialis, C. glabrata, M. furfur u M. globose.

ean. [IpoBecTH KOMIUIEKCHBII aHATN3 KIMHUKO-aHAMHECTHUECKHUX JITAHHBIX U PE3yJIbTaTOB MOJIEKYJISIPHO-
TeHETHYECKO! NIeHTU(UKALIH IepMaTO(UTOB, IPOsOKEH, Majlacce3nil y HallMeHTOB C aTOIIMYECKUM JIEpMAaTUTOM
U 3K3€MOM.

Marepuanbl m MeToabl. B ocHOBHyro rpymmy wuccienoBaHus Obuin BKirodeHbl 107 mamuenToB: 79
MAIMEHTOB C AaTONMMYECKUM JepMaTHTOM; 28 MAaIeHTOB C dK3eMoil. B kadecTBe Omosiormueckoro marepuaia
HCIIOJIB30BAIM COCKOOBI TIOBEPXHOCTHOTO AMHTENNSA C TIOPAXKESHHBIX YYAaCTKOB KOXKH MAIlMEHTOB C aTOIMHMYECKUM
JIEPMaTUTOM | 3K3eMoii. MoekynsipHo-TeHeTHuecKyro uaentudukanuio C. albicans, C. glabrata, C. parapsilosis,
E. floccosum, M. furfur, M. restricta, M. obtusa, M. globosa, M. sympodialis, M. pachydermatis, T. interdigitale
npoBoImK ¢ mpuMeHeHneM Metosa 1P B pexwume peansroro Bpemenu (ITLIP-PB).

Pe3yabTaThl M 06cy:xaeHue. B OnojormyeckoM mMareprane MalueHTOB OCHOBHOW TPYIIIBI MCCIIECIOBAHNS
BO30YyUTENIN MPUCYTCTBOBAIH B popme MUKCT-UHDeKIH. C MPUMEHEHHE CTaTUCTHYECKOT0 aHaIn3a (KpUTepUi
HE3aBUCUMOCTH — )>-IIupcoHa) ObUIM YCTAHOBJIEHBI JIOCTOBEPHBIE CBA3M MEXIy NPUCYTCTBUEM 3 M Goliee
B030yauTeNeil B OMOJOrMYecKOM MaTepualie MalueHTOB U paclpoCTPaHEHHOCThIO KOoKHOTo mnporecca 40-80%
(x*=71,26; p=0,007), MHTEHCHBHOCTHIO KIMHHYECKHX MNPOSBICHUH CO CTENEHBIO BBIpAXEHHOCTH 2-3 Oaina
(?=52,18; p=0,025), cTeNneHBIO BHIPAKEHHOCTH CYOBEKTHBHBIX CHMIITOMOB oT 5 g0 10 6amios (3?=29,65;
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p=0,031). Hanuume nocToBepHBIX CBs3eil Takke OBUIO YCTAHOBJIEHO MEXAy HpucyTrcTBHeM 4 u Oonee
BO30yIMTENEH B COCKOOE C KOKU MALMENHTa U TSKEIOH popMoii Teuenus 3abonesanus (>=64,75; p=0,034).

3akiarouenune. B cockobax ¢ MOPAXXCHHBIX YYAaCTKOB KOXH MalMCHTOB, CTpaJaroluXx aTOIMUYCCKUM
ACPMATUTOM U 3K3eMOI7I, NPUCYTCTBYIOT accoluanuun I[epMaTO(l)I/ITOB, aponoxeﬁ U Manacce3uii. B Tpynrmax
00cJIe10BaHHBIX MAIIMEHTOB T10 YacToTe BeTpeuaeMoctH npesanuposanu C. albicans, M. sympodialis, C. glabrata,
M. furfur u M. globose. ITo pe3ympTaTaM CTATHCTHYECKOTO aHaIN3a YCTAHOBJICHO, YTO MPHCYTCTBHE B COCKOOAax
KOXKH manueHTa 3 u 6oee Bo30ynuTesneil CBI3aHO ¢ YCHIICHHEM BBIPa)KEHHOCTH CUMITOMOB A/l 1 3K3eMbl, a 4 1
Oonee — ¢ TsHKeNol (OPMON TEUSHHUS TTATOIOTHIECKOTO TIpoIiecca.

ABSTRACT

Introduction. A distinctive feature of atopic dermatitis and eczema is increased colonization of the patient's
skin by microorganisms and extremely high susceptibility to infectious agents. In the scrapings of the surface
epithelium from the affected skin areas of patients suffering from atopic dermatitis and eczema, the presence of
associations of dermatophytes, yeasts and Malassezies was revealed. In the groups of examined patients, C.
albicans, M. sympodialis, C. glabrata, M. furfur, and M. globose prevailed in frequency of occurrence.

Purpose. Conduct a comprehensive analysis of clinical and anamnestic data and the results of molecular
genetic identification of dermatophytes, yeasts, Malasses in patients with atopic dermatitis and eczema.

Materials and methods. The study group included 107 patients: 79 patients with atopic dermatitis; 28
patients with eczema. The biological epithelium scrapings from the affected skin areas of patients with atopic
dermatitis and eczema were used as biological material. Molecular genetic identification of C. albicans, C.
glabrata, C. parapsilosis, E. floccosum, M. furfur, M. restricta, M. obtusa, M. globosa, M. sympodialis, M.
pachydermatis, T. interdigitale was performed using real-time PCR method (PCR-RV).

Results and discussion. In the biological material of patients in the main group of the study, pathogens were
present in the form of mixed infections. With the use of statistical analysis (criterion of independence - x2-Pearson),
reliable links were established between the presence of 3 or more pathogens in the patients' biological material and
the skin process prevalence of 40-80% (x2 = 71.26; p = 0.007), the intensity of clinical manifestations degree of
severity of 2-3 points (¥2 = 52.18; p = 0.025), degree of severity of subjective symptoms from 5 to 10 points (32
= 29.65; p = 0.031). The presence of reliable links was also established between the presence of 4 or more
pathogens in the patient's skin scraping and a severe form of the disease (32 = 64.75; p = 0.034).

Conclusion. In scrapings from the affected skin areas of patients suffering from atopic dermatitis and eczema,
there are associations of dermatophytes, yeast and malacesia. In the groups of examined patients, C. albicans, M.
sympodialis, C. glabrata, M. furfur, and M. globose prevailed in frequency of occurrence. According to the results
of statistical analysis, it was found that the presence of 3 or more pathogens in the patient’s skin scrapings is
associated with an increased severity of symptoms of AD and eczema, and 4 or more with a severe form of the
pathological process.

KoaioueBble ciioBa: 1epMatouThl, APOXKIKH, MATACCE3UH, AaTONMYECKUI JEPMATHUT U IK3eMa.

Key words: dermatophytes, yeast, Malassezia, atopic dermatitis and eczema.

Beenenne. Atomumueckuit nmepmarutr (AJl) —
XPOHMYECKOE BOCHAIUTEIBHOE HMMMYHO3aBHCUMOE
3a00yieBaHNEe KOXH, TEUEHHE KOTOPOrO MOXKET
yCyryOIIsThCsl TEHETHIECKN HACHEeITyeMbIM Je(eKToM
KoXHOro  Oapeepa  (moTeps  (QYHKOHM  TeHa
(unarrpuHa) ¥ BHICOKOH BOCTIpHUMYHMBOCTBIO KOXKH K
uHpexmmsM [1].

YCTaHOBIIEHO, YTO CYHIECTBEHHOE BIMSHHE Ha
xapakrep TeueHus: AJ] oka3bIBaeT KOJIOHU3ANUS KOKHU

MaTOT€HHBIMHU u YCIIOBHO-TIATOT€HHBIMHU
MHUKPOOPTaHU3MaMH. Teuenue OCHOBHOT'O
3a007IeBaHAA MOJKET OCIOXHATHCA WHQEKIMSIMH,
BBI3BAHHBIMH  TIPEXKIE  BCEr0  TOKCHUTECHHBIMHU

mrammamu  Staphylococcus aureus. Ilo maHHBIM
JUTEPATypHBIX UCTOUHUKOB y 90% nanueHToB ¢ AJ]
Staphylococcus aureus, KOJIOHM3HPYET  Kak
HNOBPEXJEHHBIE M 3J0POBbIE YYacTKU KOXKHOTO
HNOKpoBa. B Toxke Bpems y 310pOBBIX MIOJEH JaHHBII
MoKas3aTreidb HaXOOWUTCI Ha YypoBHe 5% oOmei
nomysstiud [ 17].

JlaHHBIE O KOJIOHM3AIIUU KOXKHU MannueHToB ¢ AJl n
IK3eMOM rpubamu pona Malassezia,
JIpookenonobHpiMu  rpubamu  poxa  Candida,
MUIIETHAPHBIMU  IepMaTO(QUTAMH TIPEACTABICHBIE B
JIOCTYTTHBIX JTUTEPATypPHBIX HCTOYHHUKAX
HEMHOTOUYHMCIICHHbIE U IPUTUBOPEUUBHI [1].

[MponykTel MeTabosiu3Ma GakTepuid, rpubOB WK
BUPYCHBIX 0enKoB MPECTABISIOT co0oif
CYNEPaHTUICHBI, BBI3BIBAIOIINE HECTICHUPHUECKYIO
aKTUBAILHIO T-xnerox. Yucio T-knerox,
B3aUMOJAEHCTBYIONINX C CYyIIEpAaHTUTCHAMH, ITOYTH B
100 pas MIPEBOCXOIUT YHUCIIO T-knerok,
B3aUMOJICHCTBYIOIIMX C OOBIYHBIM AHTHI'CHOM, HpH
3toM CD4+ T-kneTkH BBIOEISIOT OOJIBIIOE YHCIIO
IIUTOKMHOB,  CIOCOOHBIX  OKa3aTh  TOKCHYECKOE
JISHCTBIE HA OPTaHU3M XO03siuHa [2].

Hapymenne 6aprepHoii GyHKIHN Koxu mpu A/l
MOBBIIIAET €€ MPOHUIAEMOCTh U aJUIEPTreHOB, YTO

MPUBOANT K  PAa3BUTHIO HUMMyHOrnmoOymuH E-
OIOCPEI0BaHHOU CEHCHOMIN3AITIH. Henasuue
HCCIIENOBAaHUS  IOKa3blBAalOT, YTO  YBEIUYEHHE

MIPOHUIIAEMOCTH KOXKHOTO Oaphepa W HapyIICHHE ero
AHTHUMUKPOOHOHN (PYHKIIMU UMCIOT B3aHMO3aBUCHMEIC
o0IIre CTPYKTYpHBIC U OMOXUMHUYCCKHE MEXaHHU3MBI
[3].

Baxxnoe 3Hauenue B nmatoreHe3e AJl HEKOTOpbIE
aBTOPHl TPHJAIOT W COCTOSHUIO HMMMYHHUTETa, B
YaCTHOCTH YPOBHIO aKTHBHOCTH  CYIPECCOPHOMH
momyisitun  T-nuMdorroB. MmmyHonaTtorenes A/l
MPEXJIE BCErO XapaKTepU3yeTcss He KOJUdecTBOM T-
xenmepoB W T-cympeccopoB, a  HapylICeHHEM
muddepennupoBku T-xemnmepo 0 mopsaka B CTOPOHY
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T-xennepos BToporo nopsiika (Th2), uto npusoguT kK
WU3MEHEHHIO TPOQHIs LHUTOKMHOBOW CEKpelud |
CTUMYJIMPYET YCWICHHE NMPOAYKIHMHU CIENU(PUUSCKUX
IgE-anTuTen. IlonBepKEHHOCTh KOXH IALMEHTOB C
AJl wuHOpekuusM o0O0yCIIOBJIEHA TaKKe CHIKEHHEM
BBIPAOOTKH B KOKE IIPOBOCHATUTENBHBIX INTOKUHOB, B
gacTHOCTH (pakTopa Hekposa omyxonu o (PHO-o) u
uatepdepona A (INF- 1).

OnHaKko cymecTBYeT MHEHHE, YTO €CTh €I H
JIPYTOi MEXaHW3M CTHUMYISIIH oOpa3zoBanus IgE. On
HEpPEIKO TMPHCOCOUHSACTCS K YKa3aHHOMY BBIIIC

MCXaHU3MY n nepeBOAUT MOHO- nim
OJIMTOAJJIEPICHHOC  aTOIIUYECKOC 3a0oyieBaHNe B
MOJHNAJIJICPICHHOC. DTOT MEXaHU3M CBS3LIBAIOT C

JIEHCTBUEM CYNEPAHTUTEHOB — BBICOKOMOJCKYJISPHBIX
0ENKOB, KaKOBBIMHU SIBIISIFOTCSI HEKOTOpbIE aHTUTEHBI
0aKTepuaJbHOTO W BUPYCHOTO  IMPOUCXOXKICHUS.
CynepaHTUTECHBI CIIOCOOHBI MOICPIKABATH
BOCTIAJICHHE B KOXE W NPUBOIUTH K CEHCHOMIM3AaIUU
OpraHu3Ma, MHIYIUPOBATb CTEPOUIOPE3UCTCHTHOCTH
U CHIDKATh 3(pPpeKTHBHOCTE IeueHus. B Koxe mpu 3ToM
MIPOMCXOIUT CHIKCHUE COJNICPIKAHUS aHTUMHUKPOOHBIX
MENTUA0B, KOTOphIE HEOOXOMUMBI I  3allUThl
opraHu3Ma-xo3srMHa OT OakTepuid, TpuOOB U BUPYCOB
[4].

Henbrit pan MHKPOOPTaHU3MOB MOXET
00pa30BhIBATh AHTUICHHBIC MPOIYKTHI, 00Jagaronue
CBOWMCTBAMH CyINepaHTHTeHOB. M3 Hux Hauboiee
W3YYCHHBIMH SIBIITIOTCSI CYNEPAHTUTCHBI 30JI0TUCTOTO
crapunokokka (Staphylococcus aureus — S. aureus).
Bcero y nmaHHOTO BO30OYOHMTENS BBIOENCHO 7
CEPOJIOTUICCKUX THTIOB 9K30TOKCHHOB:
sHTepoToKkcHHH A, B, C, D, E, sxcpomumarun u TSST1
(Toxic Shock Syndrome Toxin 1 — TokcuH cuHApOMA
Tokcuueckoro moka 1) [5].

DK30TOKCUHBI WM JpPYyrHe€ KOMIIOHEHTHI KIIETOK
cTaQUIOKOKKA  YYacTBYIOT B  MAaTOJOTHYECKOM
MPOIIECCE BBICTYMAsl KaK aHTHTEHBI, HA KOTOPbIE HIET
obpazoBanme IgE-anTuTen W NOHUTOTOKCHYECKUX T-
mumdonuToB. llpu BBIpAKEHHOW CEHCHOWIN3AINU
9K30TOKCHHBI W JpyTHe AaHTUTEHBI CTa(QUIOKOKKa
CTaHOBSATCA aJepreHaMu u 3aITyCKafoT
ATIEPTHYECKYI0 PEaKIIUI0 HEMEIJICHHOTO THUIIA, KaK |
JIpyTHe THINEBBIC WIH HWHTANSIMOHHBIC aJlJICpTeHBI,
YTO TMPHUBOAWT K NETPAHYISIUH TYYHBIX KIETOK H
OCBOOOXKJIEHUIO MPOBOCHIATUTEIBHBIX MEIUATOPOB. B
3TOM OTHOIICHHWH, HApsAy co S. aureus, ciemyer
OTMETHUTh 3HAUEHUS TaKMX HH(QEKIIMOHHBIX are¢HTOB,
KakK JposkokeBbie TpuObl poma Malassezia. Ipu atom y
JleTeit panHero Bo3pacta nmpu A/l mpeoOianaeT UMEHHO
CcTapUIIOKOKKOBAsI KOJOHHM3AIMS KOXH, a B cTapiiei

BOBpaCTHOﬁ rpymne JAOMHUHHUDPYECT rpI/I6KOBa$I
I/IH(I)CKL[I/IH. IloBermeHHas KOJIOHU3anus KOXH
MafgueHTOB  MUKPOOpPraHusMaMu U ‘lpe3BLI‘IaﬁHO
BBICOKas BOCHPUHUMYHNBOCTD K HH(bCKHI/IOHHLIM

areHTaM M BHUpycaM, TakMM Kak BHpYC Tepreca,
SBISIOTCS OTIIMYUTENBHOM YepToit AL [5].
V3MeHeHHe BHAOBOTO COCTaBa MHKPOQIOPHI
KOXKU TIPOMCXO/INUT B TOM YHCIIE U 32 CYET TUCPYHKIIUU
KokHOro  Oapeepa. OnmHUM W3  MEXaHH3MOB
(hopMUpPOBaHKSA ITHX HAPYIICHUH SBISIOTCS HAJIHMIUE
MyTaIli¥ B T€HE, KOAWpPYIOIeM (Quiarrpud U Oemkwu,
yuacTBytouge B mpoiecce oporoBeHus. I'en FLG

(filaggrin) pacnosioxen B xpomocome 1, okyc q21.3.
Y namuentoB ¢ AJl BBISIBICHAa IOBBIIICHHAs
MIPEAPACcIOI0KEHHOCTh K BOBHUKHOBEHUIO MyTallnil B
JaHHOM TE€HE, 4YTO CONPOBOXKAACTCS HapylIeHHEM
byHKIMHA KO>KHOTO Oapbepa, yBEITHYCHUEM
TPaHCOINMHUIEPMATIBHBIX TTOTEPh BOJBI, MMOBPEKACHUEM
KEpPaTHHOLMTOB M  YCHJICHHE  alIEpTUYECKOro
Bocmanenus [6].

Eme ogHuM MeXaHU3MOM, KOTOPBIA MOKET
MIPOBOIIMPOBATh  YBEIMUYCHHWE  BOCHPUHMYHMBOCTH
mareHToB ¢ AJl Kk mH(EKnHusAM KOXHBIX TOKPOBOB
SBISIETCST  JeUIUT TPUPOIHBIX AHTHUMHUKPOOHBIX
nentuioB  (KarenuuuauHa, — PB-nedeHsuHa-2 UM
JepMHIMIMHA). B KkoXe uenoBeka OCHOBHBIMHU
WCTOYHHKAMH TPOAYKIMU TaHHBIX MENTHIOB CIYXaT
KEepPaTHHOLUTBI, TY4YHblE KJIETKH, HEUTpodmiel u
ceOOLUTHI. DTH KJIETKH YCUJIMBAIOT CBOIO AKTHBHOCTD
IIPU KOHTAaKTE C MATOTCHHBIMH MHKPOOPTaHHU3MAMH
WIN TPONYKTaMH HX JKU3HEIEATENPHOCTH. B Koxxe
manueHToB ¢ AJl KONMYECTBO  3HAOTCHHBIX
AHTUMHKPOOHBIX METITH/IOB CHIDKEHO, 4TO
CIIOCOOCTBYET YCHJICHHOH KOJOHHM3ALUH KOXHBIX
HOKPOBOB S. auUreus ¥ JpyruMu  MH(EKIMOHHBIMHU
areHTami [7].

Kononuzaumss  koxu  OakTepuambHBIMH |
IrpUOKOBBIMK TaTOr€HaMu Yy manueHToB ¢ Al
OPUBOAUT K  YCYTyOJICHHIO TSHKECTH  KOXKHOTO
mpotiiecca. [Ipucoenunenue BTOPUYHOU
OaKTepHaIbHOIN /MM TPUOKOBOM WH(EKINH CO3MaET
TPYIHOCTH B BEACHUHM S3THX NAlMCHTOB B CBA3U C
PE3UCTEHTHOCTBIO K TPAAWLHOHHOM  Tepamum.
Hanpumep, Malassezia spp. mocTossHHO OOHTAIOT Ha
KOJXE 4eJIOBeKa, OIHAKO, y HanueHToB ¢ A/l HauMHAIOT
UTpaTh pOJIb CHWIBHEWIIEro aHTHUTCHHOTO CTHUMYIIA,
uaAnUEpyst |gE-3aBucumbIii IMMYHHBIH oTBeT [8].

YpoBeHb cojliepKaHHs KaHAWJA03HOTO aHTHUTeHA
UUPKYJIMPYIOIIET0 B CHIBOPOTKE KPOBH SIBISIETCS
NOKa3aTesjeM aKTHBHOCTH MHMKOTHYECKOIO Ipolecca,
TaK KakK, B OTJIMYME OT OaKTEpUAIbHBIX AHTUTEHOB U
AHTUTEN, OH OBICTPO JIMMHUHHUPYETCS U3 OpraHu3Ma.
[TosTOMy, B KauecTBe MMMYHOJOTHYECKOTO MapKepa
Pa3BUTHSI MHBA3WBHOM KaHIMIO3HOH MH(MEKIMH IpH
AJl WCHONB3YIOT COOTHOLIEHHWE MEXIy YPOBHEM
anturena Candida sSpp. B kpoBu malnueHTa U
coziep’kaHneM T-XenmepoB — MMMYHOPETYJISTOPHBIN
unjekc (CD4+/CD8+); Takke MOXHO HCIIOJIb30BaTh
nokazatenu  uHAynupoBanHoro  HCT-tecra wu
¢aromuraproro uxaekca [9].

V nmarrenToB ¢ AJl rpuOKoBBIe HH(PEKIINN UTPAIOT
3HAUUTEJbHYIO  pOJNIb  KaKk B TOJAJEPKAHUU
HMH(EKIMOHHO-BOCTIAIMTEIBHOTO Mpoliecca B KOXKE,
TaKk ¥ B ()OPMUPOBAHHHH AJUIEPIHYECKUX PEAKIHH,
ydacTBys B TaToreHese 3a0ojeBaHUs  ITyTeM
JIOTIOJTHUTEIEHON AKTHBALH JIepMaIbHBIX
JTUM(OIUTOB, PA3BUTHS CEHCUOMIM3ALNK U HHAYKIIUU
auepren-crierpuuecknx IgE. Takum  oOpasowm,
MHUKOTHYecKass HHQpekuuss npu AJ] BbI3bIBacT He
TOJBKO TPUOKOBBIE MOPAXKEHHS KOXKH, HO U
CIOCOOCTBYET ~ MHKOTHYECKOW  CEHCHOMIIM3ALNU
OpraHu3Ma MaiueHTOoB.

Takke M3BECTHO, 4TO TPUOBI (cama TpUOKOBas
KJIETKA, IIPOJYKThI €€ )KU3HEIeSTEeNbHOCTH: TMTMEHTHI,
aHTUOMOTUKOIIOI00HEIE cyOcTaHIuH, TOKCHHBI)
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OKa3bIBAIOT BBIPa)KEHHOE aJUIepru3Mupylolee
neiicrBue. Takum o0pa3oMm, BO3OYIMTENH MHKO3a
co3aoT  OyarompusATHBIA  GoH A pa3BUTHS
MHQEKIMOHHBIX ~ JEepMaTo30B M 3aboJyieBaHUi
JUIEPTUYECKOM U ayTOMMMYHHOH IPUPOIBI.

WzBectHO, uro pmepmarodurHas ~HUHPEKIHS
BCTpeyaeTcst MpuMepHo y 5% manueHTtoB ¢ Al u
YCHIMBAE€T CTENEHb €r0 TSDKECTH, IIPH  3TOM
pa3BHBaeTCs  TOPHHIHOCTE  TEUCHUSI  JAHHOTO
nepmatosa. K ocobernoctsiM Teuenust A/l B couetannn
C MHKOTHYCCKOW WH(EKIHeH MOXHO OTHECTH:
YIIOpPHOE  HENpPEpHIBHO-PELUINBUPYIOIIEE TEUCHHE
(92,4%), pacmpocTpaHeHHBIM XapakTep mpolecca
(67,5%), PE3UCTEHTHOCTh K TpaAuLIMOHHON
npotuBoayviepruyeckoit  tepammu - (100%), ¢
npeobiaaHueM TsoKeoro (65,5%) u cpeaHeTsKEI0ro
(31,2%) teuenus 3aboneBanwust [9].

B HaACTOAIIECC BpEMs B ACPMAaTOJIOTUA
MNPAOPUTCTHBIMU  CTAHOBATCA  BOIIPOCHI  pa3BUTHUA
PE3UCTECHTHOCTU K Tpa,Z[PILlI/IOHHOI;‘I Tepanmu H

BO3MOXKHOCTH ee mpeojoneHus. Ocoboe 3HaueHHE
NpUIAIOT  polM  HMHQEKIMH B  IOAACPKaHWU
HeNPephIBHOPELIMANBUPYIOLIETO TEYCHUS IEPMATO30B
u dopmupoBanun TopnuaHeix Gopm. Ilpu sTOM
HauOonplllee BIMSHAE Ha TeueHHe 3aboJieBaHUs
OKa3bIBAlOT TOKCHI'€HHBIC MITAMMBI CTa()UIOKOKKA,
Jposokenono6ubie Tpudsl poga Candida, Malassezia u
nepmarodursr [9].

Takum  obOpasom, HapymeHue  OapbepHOI
¢yHkMM KoXHM y manumeHtoB ¢ AJl camo mo cebe
IpeApacloNaracT K MPHUCOCAWHEHUIO BTOPHUYHOMN
WHQEKIMHA, ©, HAOOOPOT, MATOTEHHOE MHUKPOOHOE
obOceMeHeHNE/HHPEKIUS KOXKHBIX TOKPOBOB  emIé
Oosilee ycunuBaeT HapylieHHe (YHKIHH KOXKHOTO
Gaprepa. DTO MOBHIIIAET BEPOSTHOCTH aOCOPOIUH
AQHTUTEHOB, CO3/aBasl IIOPOYHBIM KpYr, KOTOPBIH
MPUBOJUT K W30OBITOYHOW aKTHBAIMM WMMYHHON
CHCTEMBI U MOJIJIEPKAHUIO XPOHUUECKOTO BOCIIAJICHUSI
[2].

Henb uccaegoBanus. IIpoBectu KOMIUIEKCHBIN

aHAIM3  KJIMHUKO-aHAMHECTHYECKHX  JAHHBIX W
pe3yIbTaToOB MOJIEKYJISIPHO-TCHETHIECKOM
WICHTU(DHUKAIIHA JIepMaTo(UTOB, TIPOXKIKEH,

MAaJIacCe3uil y MallMEHTOB C aTOMMUYECKUM JIEPMaTHTOM
U 2K3€MOM.

Marepuaibl ¥ MeTOABL. B OCHOBHYIO Ipymmy
ucciuefoBaHua ObIIM  BKIIOUeHBH! 107 TmalueHToB:
rpynma 1 — 79 nanueHToB ¢ aTONMYECKHM AePMAaTUTOM
(L20.0 — L20.9); rpymma 2 — 28 mamueHToB ¢ 3K3eMOit

(L30.0 - L30.9). B kouTponsHyto rpymmy (rpymma 3)
ObUTH BKIIFOUeHB! 30 MPaKTHYECKH 340POBBIX JIHII.

Bo3pact  manmMeHTOB  OCHOBHOM  IpYMIIBI
uccnenosanus cocrasui 27 (18/59) ner; manueHToB
KOHTpOJIbHO#H rpymnmbl — 29 (18/62) ner.

B KkadyecTBE OCHOBHBIX METOIOB KJIMHUKO-
HWHCTPYMEHTAIBHOTO 00cIe10BaHNs [aLIMEHTOB
MPUMEHSUIACh:  OCMOTP  MAllMEeHTOB U cOop
AHAMHECTHYCCKUX JaHHBIX; BU3yajbHasl OICHKA C
npuMeHeHreM — oneHoyHoit  mkamel  SCORAD,
MOJTBEPKAEHHAS (hOTOJOKYMEHTUPOBAHUEM,
JICPMATOCKOIIHS.

B  kawectBe  Omoyormyeckoro  Marepuaia
UCIIOJIb30BAIM COCKOOBI TIOBEPXHOCTHOTO SMUTEIHS C
MOPaXCHHBIX ~ YYacTKOB  KOXHM  MAIMEHTOB  C
ATONMUYECKUM JIEPMATUTOM U DK3eMOil. Y MalnueHTOB
KOHTPOJILHOHM T'PYIIBI COCKOOBI Opajli Ha JIOKTEBBIX
crubax. Jlias TOMydeHHs COCKOOOB HCHOJB30BAIH
noxky  @onbkmana.  IlonydeHHBII  Marepuain
MTOMEIIAJH B IPOOUpPKY THIA 3mrieHaAopd odopemom 1,5
Mi, coaepxamyro 200 MKI TpPaHCHOPTHOM Cpenbl
(«Bekropbect», P®). IlpobOupku 3aMopaxwBaid H
OCTaBIIAJIN JUIA XpaHEHus Npu Temneparype -18°C.

Jus Beiaenenust mukpoonoi JJTHK u3 cocko6oB ¢
KOXKH MAlMeHTOB HCIOJIb30BalId HaOOpPhl PEearcHTOB
«Qxctpakmus-100» («Bextopbecty», PO).

MonekysipHO-TeHETHYECKYI0  UJICHTU(QHKALUIO
C. albicans, C. glabrata, C. parapsilosis, E. floccosum,
M. furfur, M. restricta, M. obtusa, M. globosa,
M. sympodialis, M. pachydermatis, T. interdigitale
npoBogwIK ¢ npuMmeHnenueM metona IIIIP B pexume
peanbroro Bpemenu (ITL[P-PB) [10].

AMmnduKanuio TpoBOIMIN HAa TEPMOLMKIIEPE
«Rotor-Gene-6000» («Corbett research», ABcTpamus).

Jna 38 mamMeHTOB  OCHOBHOM  IpyMIIBI
HCCIIeIOBaHUS 05110 HPOBE/ICHO U3y4YeHHUE
OMOJIOTMYECKOr0  MaTepuasia ¢ [PUMEHEHHEM

MHKpoOHoorudeckoro ananuzaropa Vitek 2. B xone
koroporo  BeusBIsLIH S, aureus  (MRSA),
S. epidermidis, S. pseudintermedius, S. warneri.

Craructndeckyio o0paboTKy JaHHBIX TIPOBOIMIIH
C HCTIOJh30BAHUEM CTAaTUCTHYECKON MporpaMmel SPSS
Bepcus 15.

PesyasTtaTel M ux o6cyxmenme. I[Ipu cOope
JaHHBIX ~ aHaMHe3a  ObUIM  OXapaKTepH30BaHbI
CIIElyIOIIMe TI0Ka3aTeNd: JUTUTENbHOCTh TEUYEHUs
3a0oieBaHusi, 4Yacrora  OOOCTpEeHMH,  Hanuuue
CONYTCTBYIOUIMX  3a00JIeBaHUI,  HCIOJIb30BaHUE
JIEKapCTBEHHBIX cpelcTB (Tabmuma 1).
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Tabimua 1.

JAHHBIE AHAMHE3A NAITMEHTOB, HA OCHOBAHHUU AHAJIN3A
NEPCOHU®ULINPOBAHHBIX AHKET (N=107)

Hokasarers KonuyecTBo namyeHToB

n %

Jo 1 roma 4 3,74
1-5 ner 12 11,21
JlnutensHOCTh 3a0071eBaHs 5-10 yier 41 38,32
10-20 ner 36 33,64
6oiee 20 ner 14 13,08
KomnyectBo o6ocTpenuii B ;:i é; ‘11328
oA 46 34 31,78
ConyrtcTBytomnye CBSI3aHHBIE C aTONMeH 9 8,41
3a0osieBaHus HE CBSI3aHHBIC C aTONueH 5 4,67
MOHO-KOPTHKOCTEPOHT 52 48,60
L E T ———— KOPTHUKOCTEPOH/I + aHTHOMOTHK 22 20,56
cpericTs KOPTHKOCTEPOUT + aHTHCENITUK 9 8,41
WHTUOMTOPBI KAJIbLIMHHEBPHHA 7 6,54
OMOJICHTBI 36 33,64

JnurensHOCTh  3a00NieBaHWSl Y  TAlUEHTOB, mNaunueHToB (Tabmuia 2). [Ipu oleHke MHTEHCHBHOCTH

BKITIOYCHHBIX B HCCIICIOBaHNE, BaphbHpoBaja OT 6
Mmecste 1o 35 et (7 (3/19) ner). Yacrora odocTpeHnit
cocraBmia or 2 mo 6 m Oomee pa3 3a rox. Bcee
o0cie[oBaHHBIC MAIIMEHTHl WCIOJIh30BATN HAapyKHBIE
CpelncTBa JIeYeHUs, KpoMe Toro, 77,57% nanueHToB
(n=83) AIUTEIBHO HCIOJIB30BATM TOIMHYECKHE MOHO-
WA KOMOWHHPOBAHHBIC TIOKOKOPTHKOCTCPOUIBI, H
Tonbko 33,64% manueHToB (N=36) mNOJIB30BAIHCH
OMOJICHTAMH ISl YBJIKHEHUS KOXKH.

B xonme obcnenosanus nmo mkane SCORAD y
MAIlMEHTOB OCHOBHOW TPYIIBI HCCICIOBAHHS ObLIH
BBISIBJICHBI: PACPOCTPAHEHHOCTh KOXHOT'O Mpoliecca
ot 40 1o 80% mnowaau noepxHoctu koxu y 81,31%

KJIMHUYECKUX MPOSBICHUIA B 30HAX TMOPAKCHUST Yy
86,92%  mammentoB (N=93) Obula  BEISIBICHA
3HAYUTEJIbHO BBIPAKCHHAS OTEeYHas oJpurema. Y
MAIUeHTOB OCHOBHOM TPYIIbI ObUTM OTMEYEHBI TaKU
MPOSIBICHUST KaK JKCCyJalusi, MHOTOYHCIICHHBIE
Mamyne3Hple  JJIEMEHThl  SPKO  KpPacHOro  I[BeTa
pa3IMYHBIX pa3MEpoB U (OPMBI, TMPH CIUSTHUH
KOTOPBIX OOpa30BBIBAIACH OYard HH(DUIbTPAIMUA U

TUXCHU(DUKAMKY  KOXH  pa3IMdHON  CTEHeHU
BBIpXEHHOCTH (Tabsuna 2).
Bce mammeHThl OTMEYAIM  CYXOCTh  KOXHU

pa3IMYHON CTENeHH BBIPAKEHHOCTH, MPEIbIBISIN
XKaJI00bI Ha 3yl 1 HAPYIICHHS CHA.

Tabmuma 2.
JAHHBIE OGCJEJOBAHUS NAIIUEHTOB IO INKAJIE SCORAD (N=107)
Crenenp KOoJTH4ecTBO NaiieHToB
TToxazarens BBIPXKEHHOCTH
CHMIITOMOB n %
5-40 20 18,69
PacnipocTpaHeHHOCTH KOXKHOTO TIpoIiecca 40-80 87 81,31
80-100 - -
1 - B
spHuTEMa 2 14 13,08
3 93 86,92
1 86 80,37
OTeK/TarmyJa 2 21 19,63
3 - -
1 58 54,21
KOPKH/MOKHYTHE 2 15 14,02
e ; ———
TIPOSIBIICHUINA 1 66 61,68
9KCKOpUALIUH 2 26 24,30
3 5 4,67
1 19 17,76
TIXCHU(DUKALHS 2 70 65,42
3 17 15,89
1 14 13,08
CYXOCTb KOXH 2 77 71,96
3 16 14,95
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1-4 7 6,54
3yn 5-7 88 82,24
CyOBbeKTHBHBIC 8-10 11 10,28
CHMIITOMBI 1-4 5 4,67
HapylIeHHE CHa 5-7 95 88,79
8-10 7 6,54

B xo0jie npoBeeHNS ACPMATOCKONNHU OLCHUBAIM  Pe3ynpTaThl 00OCIECOBAHUS MNAI[EHTOB OCHOBHOMN

CJICAYIOINEC TOKA3aTCIIN: MOp(bOJ'IOFI/IH, PAacCIIOJIOKCHHUEC
COCYAUCTBIX CTPYKTYpP, HATTCPHBI HICITYIICHUA, LIBCT.

TpynIibl UCCICAOBAHUA IPEACTABICHLI B Ta6J'II/IIle 3.

Tabiuua 3.

PE3YJIbTATHI MNPOBEJEHMSI JEPMATOCKOIMNHA Y HAIIMEHTOB C AJI M 9K3EMOW (N=107)

KonuuecTBo manmeHToB
Ilokazarens
n %
MHUKpOBE3HKYJIBI 21 19,63
MukponaryJis 27 25,23
Mopdosorus Hopmansabie cocybt 27 25,23
Todeunsle cocyapl 80 74,77
OnHOpomHOE 34 31,78
Pacriono)keHue COCyIUCThIX CTPYKTYP HeoHopo/H0® 75 70,09
OtcyTcTBHE - -
QoHKyIIpHOE 20 18,69
HedommkynsipHoe 89 83,18
Harrepupt mestymermus JKenreie Kopouku 50 46,73
JKenteie uenyiiku 41 38,32
Benble uentyiiku 36 33,64
Hopma 32 29,91
Iger SIpKO-p0O30BBIi 71 66,36
KpacHsrit 5 4,67

IIpn omenke MOPQONOTHM W  PACIIONOKEHUS
COCYIUCTBIX CTPYKTYp y 74,77 % naunentoB (n=80) c
AJl v bx3eMoii ObLTH BBISIBJICHBI TOUEYHBIE COCYBI C
HEOJHOPOAHBIM  PAcCIpelesIeHHEeM, UTO  SBIISIOTCS
Hanbosee BaKHBIMH JIepMaTOCKONTNYECKUMHU
0COOEHHOCTAMY JaHHOU MaTOJIOTUH.

Wzyyenne aTTepHOB LIETyIICHUS c
WCIIOJIb30BAaHUEM METOJIa JePMATOCKONUH TTO3BOJIMIIO
YCTaHOBHUTh, HYTO Yy IAIMEHTOB OCHOBHOW TPYIIIBI
HCCIIE/IOBaHM, 3abosieBaHne TPOSIBIISIETCS
0o0pa3zoBaHNEM JKEJNTHIX Kopouek (46,73%, n=50) u
yenryek (38,20%, n=41), 4To ABIsIETCS XapaKTEPHBIM
MPU3HAKOM HK3€MAaTO3HOTO IIpolecca — TPU3HAK
(OKeNnToro  KoMkKa». B psage cinydaeB  mpwH
JepMATOCKONUK ObUIM BHUAHBI (DOKaNbHBIE OeJbIe
vemyiikn (33,64%, n=36), HO OHM Bcerga ObUIH
CBSI3aHBI C BBIIICOIMCAHHBIMI ITPH3HAKAMHU.

OmeHka mBeTa KOXHBIX IIOKPOBOB B MecTe
JIOKJIN3AINN MOpaXEHHBIX Y4acTKOB c
UCIIOJIb30BaHUEM METO/Ia JIEPMaTOCKOINH TT03BOJIHIIA
YCTaHOBHTH, 4TO y 66,36% mnanuentos (n=71) user

OblT SIPKO-pO30BbIHA, y 29,91% mamuento (n=32) —
HOPMaJbHBIH, y 4,67% nanueHToB (n=5) — KpacHSLIil.

Ilpu XpOHMYECKHX ¥ JUXCHHU(PHUIUPOBAHHBIX
MOPAKEHHUSX OBLIM BBISIBICHBI MPEHMYIIECCTBEHHO
HEPABHOMEPHO paclpeieNieHHbIe TOUYEYHBIE COCY/IbI
(74,47%, n=35) u menymenue (38,30%, n=18).

[To pe3sympTaTtam 00ciIeI0BaHUS CPEeIU MAIIIEHTOB
OCHOBHOI TpYHIIBI MCCICIOBAHUS OBLIO BBISBICHO B
12,15 % cnywaeB (n=13) Tsokenoro tedenus Al u
9K3€Mbl — HalMeHThl, Y KOTopblXx uHAeKkC SCORAD
cocraBml OoJiee 50 U IEPMATOCKOITHMYCCKIA HHIICKC —
6onee 10. B 60,75% caygaeB (N=65) y mamueHTOB
OBIJIO YCTAaHOBJIGHO CpenHe-Tskenoe TeueHue AJl u
9K3eMbl — MalueHThl, y kotopbix uHiaexkc SCORAD
coctaBui 30-50 U 1epMaTOCKOMUYECKUA MHIEKC — S-
10. B 27,1% cnydaeB (N=29) y mnamueHToOB OBLIO
YCTaHOBJEHO JieTkoe TedeHueM AJ] W dK3eMbl —
MmarueHTsl, y KoTopbix uHIekc SCORAD coctaBmn
meHee 30 U 1epMaTOCKONMYECKUNH HHIEKC — MeHee 5
(Tabmuma 4).

Tabimma 4.

PACHPEJEJIEHUE MAIIMEHTOB 1O CTENNEHU TAXXECTU 3ABOJIEBAHUA 11O
PE3YJIbTATAM SCORAD U JEPMATOCKOIINM (N=107)

KonmiecTBO BBISIBIICHHBIX CITYyYacB
CreneHp TshKeCcTH 3a00JIeBaHUS N %
TsDKenas popma 13 12,15
cpenHe-Tshkenas hopma 65 60,75
nierkas popma 29 27,1
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ITo pe3ynbraram aHaaM3a KIIMHUKO-
AHAMHECTHYECKUX JaHHBIX u pe3yJbTaToB
MHCTPYMEHTAILHOTO OOCHeIOBaHHsS Y MalMeHTOB C
TSDKEJIOW M CpefHe-TsDKeNnoi (gopmamu 3a0osieBaHus
(n=78) B 39,74% (n=31) ciyuaeB ObLTa yCTAaHOBICHA
pesucteHTHas ¢opma TeueHus A/l u sK3eMBL. Y 3THX
NAleHTOB  3a0o0JeBaHWE  TPYOHO  MOANABANIOCH

JICYCHUIO, €IMHUYHBIC 0Uaru MOPaKeHUS! COXPAHSIUCh
uyepe3 6 HeJenb Iocne npoBeAeHHoro deuenus. Cpenu
MAIMEHTOB C TSDKEJIOW M cpelHe-TshkenIoi ¢opmamu
AJl mox3emnl y 41 (52,56%) Obuta ycTaHOBJIEHA 4acTO
JUIUTENBHO penuauBupymomas ¢opma 3aboseBaHus,
Ipu KOTOPOit 06ocTpeHus npoucxoanin 4 u Oosnee pa3
B roj (Tabnuma 5).

Tabmuma 5.

YACTOTA BBISIBJIEHUSA PE3UCTEHTHBIX 1 PEHUUBUPYIOLIUX ®OPM Al 1 SK3EMBI ¥
HAIIMEHTOB C TSKEJIOW U CPETHE-TSAKEJIOM ®OPMAMM 3ABOJIEBAHUS (N=78)

Dopua 3a60neBanms KOrJ]II/I‘IeCTBO BBISIBJICHHBIX cny':/aoeB
PesucrenTHBIE (HOPMBI 31 39,74
YacTo JMTeNbHO PEMIUBUPYIOIIHE (DOPMBI 41 52,56

B xome O0akTepHOJIOTHMYECKOTO HCCIIEIOBAHMUS
OMOJIOTMYECKOT0 MaTepuiia C MOPAXKEHHOHW KOXKHU
marueHToB ¢ AJ 1 5K3eMoii ObLTH BEIABICHEL: S. aureus

(MRSA) B 71,05% cnywaes (n=27), S. epidermidis —
18,42% (n=7), S. pseudintermedius — 7,89% (n=3),
S. warneri — 2,63% (n=1) (tabnuna 6).

Tabnuna 6.

PE3YJIbTATBI U3YYEHUE BUOJIOTMYECKOTO MATEPUAJIA C IOPAKEHHOI KOXKH
MALIMEHTOB (N=38)

Bos 6yﬂI/ITeJ'H) KO;II/I‘ICCTBO BBIIBJICHHBIX CJ'Iy‘-;/Z;CB
Staphylococcus aureus 0OHIBbHBIH POCT 18 47,37
Staphylococcus aureus ymepeHHBIH pocT 9 23,68
Staphylococcus epidermidis 7 18,42
Staphylococcus pseudintermedius 3 7,89
Staphylococcus warneri 1 2,63
B xozme aHanu3a pesynbTaroB, noiydeHusix npu  (n=38)), M. restricta (7,48% (n=8)), M. obtusa
MPOBEJICHUH MOJICKYJIIpHO-TeHeTn4eckoro aHanmza o (12,15% (n=13)), M. globose (22,43% (n=24)),

BBISIBJICHUIO I[epMaTO(I)I/ITOB, z[poxoxeﬁ M MaJIacCe3uil B
cockobax KOXH, Ha KOXE ITallUCHTOB OCHOBHOH
TpymnIbl UCCICAOBAHNA OBLIO BBISIBJICHO IIPUCYTCTBUC!

M. sympodialis (44,86% (n=48)), M. pachydermatis
(5,61% (n=6)), T.interdigitale (4,67% (n=5)).
HOHy‘IGHHBIC peE3yabTaTbl MO YACTOTC BbIABJICHUSA

C. albicans (74,77% (n=80)), C.glabrata (37,38%  pmaHHBIX MHKpOOpraHm3mMoB B rpymma 1 u 2
(n=40)), C. parapsilosis (15,89% (n=17)), npencraBneHsl B TabIHIE 7.
E. floccosum (4,67% (n=5)), M. furfur (35,51%
Tabmuma 7.
PE3YJIbTATDBI BBISIBJIEHUA JEPMATO®UTOB, I[PO)IC)ICEﬁ, MAJIACCE3HUM B
BUOJOT'NMYECKOM MATEPHUAJIE OBCJEAOBAHHBIX I'PYIIII HAIIMEHTOB (N=107)
Hassanme Yacrota BeisiBiieHust, % (n)
MHKDOOpraHH3Ma l“goynna 1 (n 79)n l“op/oynna 2 (n 28)n Fop;oynna 3 (n 30r)]
C. albicans 73,42 58 78,57 22 46,67 14
C. glabrata 39,24 31 32,14 9 16,67 5
C. parapsilosis 15,19 12 17,86 5 6,67 2
E. floccosum 5,06 4 3,57 1 - 0
M. furfur 34,18 27 39,29 11 16,67 5
M. restricta 8,86 7 3,57 1 - 0
M. obtusa 12,66 10 10,71 3 - 0
M. globosa 20,25 16 28,57 8 10,00 3
M. sympodialis 44,30 35 46,43 13 10,00 3
M. pachydermatis 6,33 5 3,57 1 - 0
T. interdigitale 5,06 4 3,57 1 - 0
B 06pa3uax OHOJIOTHYECKOIO Marepuajia C MNPUMEHCHUC CTaTUCTHUYECKOI'O aHaJiu3a

nanuecHTOB KOHTpOJ'II:HOﬁ TpynIibl Oblla BBIABIIEHA
JHK rakux Bo3Oyauteneit kak C. albicans (46,67%
(n=14)), C. glabrata (16,67% (n=5)), C. parapsilosis
(6,67% (n=2)), M. furfur (16,67% (n=5)), M. globose
(10,0% (n=3)), M. sympodialis (10,0% (n=3)).

(kputepuii HezaBucumoctH — >-Ilupcona) O6buTH
YCTaHOBJICHbl JJOCTOBEPHBIE OTIMYMS II0 YacTOTe
BBISBJICHUSI BCEX HM3YYEHHBIX BO30yIUTENEH MeXay
OCHOBHOH M KOHTpOsIbHOH rpyrmamu (P<0,05), a Taxoke
Mexay rpynmamu 1 u 3 (p<0,05) u rpynmamu 2 u 3
(Tabnuma 8).
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Tabimmua 8.

PE3YJIBTATBI CTATUCTHYECKOI'O AHAJIM3A YACTOTDI BBIABJIEHUA TEPMATO®UTOB,
JIPOXKKEN, MAJTACCE3UM Y HAIIMEHTOB, OGCJIEJJOBAHHBIX I'PYIIIT

3HaueHue 1%, P
I'pymma 1
MHKII;I(?Z;?;IELM'& gf%iﬁ{gy;r;izz I'pymma 1 vsrpymma 3 | I'pynma 2 vs rpymma 3 'S rpzynna
Vi p Vo p i p p

C. albicans 61,24 0,001 21,16 0,004 18,64 0,002 >0,05
C. glabrata 34,21 0,001 16,44 0,013 8,27 0,021 >0,05
C. parapsilosis 12,55 0,003 9,25 0,012 4,73 0,017 >0,05
E. floccosum 4,18 <0,001 3,99 <0,001 341 <0,001 >0,05
M. furfur 29,24 0,003 18,62 0,018 8,22 0,011 >0,05
M. restricta 6,72 <0,001 597 <0,001 3,19 <0,001 >0,05
M. obtusa 10,04 <0,001 8,14 <0,001 3,47 <0,001 >0,05
M. globosa 18,25 0,007 11,72 0,014 7,23 0,012 >0,05
M. sympodialis 26,73 0,002 24,57 0,006 11,71 0,004 >0,05
M. pachydermatis 4,94 <0,001 4,12 <0,001 3,22 <0,001 >0,05
T. interdigitale 4,01 <0,001 3,17 <0,001 3,57 <0,001 >0,05

Ilpn aHanm3e 9acTOTHI BBIABICHHUS H3yYacMBIX
BO30yauTENeH B rpymmax | ¥ 2 JOCTOBEpHBIX OTINYUI
MEKAy TaHHBIMH TPYNIaMH YCTaHOBJIEHO HE OBLIO

(p>0,05).
B Owomormueckom Marepmaie  HAHECHTOB
OCHOBHOHM Tpynmbl HCCIEJOBaHUA  BO30OYIUTENIH

MpUcyTcTBOBanu B (opme MuKCT-uH(pekunu. Yaie
BCEro OBLTH BBISIBIICHBI ACCONMANINH 3 BO30ymuTeNnei —
B 57,94% cnydaeB (n=62). Accoumammm 2 u 4
MHKpPOOPTaHU3MOB OblTH BbIsABIEHHI B 31 (28,97%) n
10 (9,35%) mpobax cooTBeTCTBEHHO (Tabmuma 9).

Tabauma 9.

PE3VJIbTATDI BBISIBJIEHUSI ACCOLIMALIMIA BO3BYIUTEJIEN Y MAIIMEHTOB OCHOBHOIA
Ir'PyNNbl UCCJAEAOBAHUS (N=107)

Komuuecto Bo30yuTENEl B COCTABE MUKCT- Konn4ecTBo BBIIBJIEHHBIX CTyJIa€B
nHpEKIUH n %

5 Bo3OymTenei 4 3,74

4 Bo3OYyMTEIISI 10 9,35

3 BO30OyauTEISI 62 57,94

2 BO30OYaUTEIISI 31 28,97

B 4 npo6ax (3,74 %) Obina BeIsSIBICHA acCOIUAIINS
5 MHKPOOPTaHU3MOB. IlocTosiHHyIO OCHOBY
ACCOIMMAllMd BO BCEX OTHX NpobdaxXx COCTaBILIN
C. albicans, C. glabrata, M. sympodialis u
T. interdigitale. B xauecTBe ISTOrO 4YiIeHa acCOIUAIINN
Beictynamu M. furfur  (n=1), M. restricta (n=2),
M. pachydermatis (n=1).

B mpo6ax rae ObUT0 BBHISBICHO MPUCYTCTBHE 2, 3
i  4-x Bo3OyauTeneil B KauyecTBE OCHOBHBIX
KOMITOHEHTOB accormaruii BeicTyrnaau: C. albicans u
M. sympodialis — 28,97% cnyuaes (n=31); C. albicans
u C. glabrata — 19,63% ciyuaes (n=21).

C TmpHMEHEHHE CTATHUCTHYECKOrO  aHau3a
(kputepuil HE3aBUCHUMOCTH ¥2-Tlupcona) ObLUH
YCTaHOBJICHEI JIOCTOBEpHbIE CBSI3H MEXIY
npucyrctBieM 3 u Oonee  BO3OyauTeneld B
OHOJIOrYecKOM Marepuaie MAIlNEHTOB "
PacmpoCTpaHeHHOCThI0 KOoxHOTo mpomecca 40-80%
(x*=71,26; p=0,007), MHTEHCUBHOCTBIO KIMHHYECKHUX
MIPOSIBIICHUH CO CTENEHBIO BRIpAKEHHOCTH 2-3 Oaia
(¢?=52,18; p=0,025), cCTeNeHbI BBLIPAKEHHOCTH
CyOBEKTUBHBIX CHMITOMOB OT 5 gm0 10 ©OamioB
(¢?=29,65; p=0,031).

Hamnume nocToBepHBIX CBsA3ed Takxke OBLIO
YCTaHOBICHO MEXAy npucyrcteueM 4 wu Oonee

BO30yauTENIel B COCKOOE C KOXKH MAalMeHTa U TSKEIOH
(popmoii Teuenus 3abonepanus (x°=64,75; p=0,034).

3akaouenne. B cockobax ¢ mopakeHHBIX
Y4JacTKOB KOXH MAIlNeHTOB, CTpaJlaroIux
aTONMYECKUM JIPMATUTOM M 3K3EMOMH, IPHUCYTCTBYIOT
acconpanuy AepMaToQuTOB, TPOXCKEH M Malacce3n.
B rpynmax o0cienoBaHHBIX IMAIMEHTOB MO YacTOTE
BCTPEYACMOCTH TPEBATHPOBAITH C. albicans,
M. sympodialis, C. glabrata, M. furfur u M. globose.
I[lo  pe3ynbraTaM  CTaTHCTHYECKOrO  aHaIW3a
YCTaHOBIIEHO, YTO MNPUCYTCTBHE B COCKOOax KOXH
manpeHTa 3 u Oornee BO30yauTeNeld CBSA3aHO C
YCUJIEHUEM BBIPAXKEHHOCTH CUMOTOMOB A/l 1 5K3eMBlI,
a 4 u Oomee — c TKenod Qopmol TeyeHHs
1aTOJIOTMYECKOTO TpOoIiecca.

B  mHacrosmee BpemMs B JepMAaTOJIOTHH
MIPUOPUTETHBIMU ~ CTAHOBSITCS  BOIIPOCHI  Pa3BUTHUS
PE3UCTEHTHOCTH K TPaJULIMOHHOIN Tepamuu M IOUCK
myTtei ee mpeononeHus. [Ipu sTom ocoboe 3HaueHHe

MpUAAIOT  poiMM  HWHGEKIMH B MOAJACPXKAHUU
HEIPEPBIBHO PpeUUANBUPYIOLIETO TEYEHUSI
XpOHHYECKHX  JEepMaTro3oB ¥ (HOPMHUPOBAHUHU

TOpUAHBIX GopM. B cBs3M C ITUM aKTyaabHBIM
ABJISICTCA W3yYEHHE MpeIpacoiaralomux (GpakTopoB
pa3sBUTHA  OCIIOKHEHHBIX (opM  nmepmaTtoza u
BO3MOXKHOCTh ~ YIpaBICHHUS WMH, BepudUKaus
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BO30yauTeNICll W ONpeleNieHHE WX BHUPYJICHTHBIX
CBOMCTB.

Takum o00pa3om, HapyIIeHHs SMUAECPMAIBLHOTO
Oaprepa y OonbHBIX AJl co3maroT OnaronpusTHBIC
YCIIOBUS ULt MOCTYIUICHHS JUIEPTeHOB
TpaHCAEPMATBHO C  BOBJCUCHHEM MEXaHH3MOB,
NPUBOMAMIMX K TIOBPEXKICHUIO KOXKH, AaKTHBAIlUU
OakTepmanbHON W TpuOKOBOW  (iopsl, paHHEH
CeHCHOWIM3AIMi  OpTaHu3Ma,  WHUOWAIMA |
XpOHM3aWH BociajeHnss. OHON U3 MPUIHH Pa3BUTHSA
PE3UCTEHTHOCTH K CTaHIAPTHOH Tepamuy y OOIBHBIX
ALl SIBIISIETCS MPUCOETUHEHHE BTOPHYHOM
OakTepuanbHOM W rpuOKoBOW  HMHGpEKIMH  C
(hopMHpOBaHMEM OCIIOKHEHHBIX (JOPM JIepMarTo3a.

BaumarensHoe U3y4yeHUe KJIMHUKO-
AHAMHCCTHYCCKHX JaHHBIX n PE3YIbTATOB
HHCTPYMCHTAJIbHOTO OGCJ’ICZ[OBaHI/Iﬂ, MOJICKYJIAPHO-
TCHCTHYCCKasA I/IZ[GHTI/ICI)I/IKaLlI/Iﬂ ,I[epMaTOCI)I/ITOB,
npoxoxef/i n MaJ'IaCC@3PII>i, a TakKXe MPOBCACHUC
6aKTepI/IOJ'IOFI/I‘IeCKOFO aHaJIn3a SABJIAIOTCA

HEOOXOIUMBIM HHCTPYMEHTOM U JHATHOCTUKA U
BEIOOpA TAKTHKH JICUCHHS TAUEHTOB ¢ A/l 1 9K3eMOii.
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PE3IOME

I/IBBGCTHO, qTO TpOM60(1)I/IJ'II/I}I MOXCT HUI'paTbh CYHIECCTBEHHYIO POJIb B 3THOJOTIHH CHOHTAHHOH noTepu
6€peMeHHOCTI/I. OZ[HaKO 1aToOIrcHE3 HpHBBI‘IHOﬁ noTepu 6€p6MGHHOCTI/I npu HaJIA4Yun MaTepPIHCKOfI
Tp0M60(1)I/IJ'II/II/I HE TMOJHOCTBIO H3Y4YCH. HOBTOMY yeanvro HaCTOAIETO HCCICAOBAaHUA SABUJIOCH BBISABJIICHHUC
0COOEHHOCTENl THCTOJOIHYECKOTO CTPOCHUA Tp0(1)06J'IaCTa U BOPCHUH XOpHOHA Yy HAIUCHTOK C I[e(l)I/IL[I/ITOM
MPUPOAHBIX AHTHKOATYJISHTOB M TPHUBBIYHOW mMoTeped OepeMeHHOCTH B | TpuMmecTpe, NMpH TIIATEIHHOM
UCKITIOUYEHUH IPYTUX BO3MOXKHBIX MPUYHMH NPHUBBIYHOTO HEBBIHAIIMBAHUA. Mamepuan u memoos: IIpoBeneHo
THCTOJIOTHYECKOE HCClIeioBaHuEe 25 00pa3IioB SMOPHOHANBHONW TKaHH, B3ATHIX Yy 12 MAalMeHTOK ¢ Ie(hHUIMTOM
antutrpombdbuna ll, nporennos C u S u npuBBIYHON moTepel OepeMeHHOCTH B | TpuMecTpe (OCHOBHAS TPyIIa).
KoHTponem ciyxuin o0pasiibl SMOPHOHAIIBHOM TKaHHM, B3SITHIE P apTH(UIIMaIEHOM abopTe y 33 nmpakTHUECKH
340POBLIX XCHIIWH, KOTOPbIC UMEJIM B dHAMHE3C IBOC U Gouee CaMOITPOU3BOJIBHBIX POJOB oe3 CYLIECCTBCHHBIX
OCJIO’KHCHMH. I[I/IaFHOCTI/IKa TpOM60(1)I/IJ'IPII>i 1 OILCHKa COCTOAHHA CHCTCEMbI I'€MOCTa3a BbIIIOJIHECHA BCEM
nmanueHTKaM Ha OCHOBAaHHWH aHaJIn3a 30 napamMeTpoB 110 O6IIIerI/IH$ITLIM METOAHUKAM. CraTtucTuyeckas 06pa60TKa
MOJTyYSHHBIX PE3yJIbTaTOB IPOBEIEHA C TOMOLIbI0 KommbioTepHoro naketa nporpamm STATISTICA (Bepcus 10).
PeS’y/lbman’lhli BrIgBiieHbl 3HAUYUTENLHBIE pa3ianius TUCTOJOTUYCCKOTO CTPOCHUSA TpO(I)O6J'IaCTa n BOpPCHH
XOpHOHa Yy KCHIIHH OCHOBHOI1 T'pymIibl, B CPABHCHHHU C KOHTPOJICM. I[oxa?,aﬂo, 4qTOo ILG(I)I/IIII/IT MIPpUPOJHBIX
AHTUKOAr'yJIAHTOB HETATUBHO BJIMACT HA IPOLECC 3M6p1/10reHe3a U IDPpUBOAUT K JOCTOBCPHOMY COKpPAUICHUIO
mwiomanu TpodobdiacTa M cOCymoB BOpCHH XopwoHa B I TpumecTtpe recranmu. 3axtiouenue: BuIIBIECHHBIS
HapymeHus SMOpHOTreHe3a M pa3BUTHA XOPHOHA, BEPOSTHO, WIPAIOT CYIIECTBEHHYIO POJIb B IATOTCHE3E
MIPUBBIYHON TOTEPH OEPEMEHHOCTH.

ABSTRACT

It is known that thrombophilia can play a significant role in the etiology of spontaneous pregnancy loss.
However, the pathogenesis of recurrent pregnancy loss in the presence of maternal thrombophilia has not been
fully studied. Therefore, the study aim was to identify the structural features of the trophoblast and chorionic villi
in first trimester of pregnancy in women with a deficiency of natural anticoagulants and recurrent pregnancy loss,
with careful exclusion of other possible causes of fetal loss syndrome. Material and Methods: Histological
examination of 25 embryonic tissue samples from 12 patients with deficiency of antithrombin 11, proteins C, S
and recurrent pregnancy loss in the first trimester (study group) was performed. The controls were samples of fetal
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tissue taken during artificial abortion in 33 healthy women who had a history of 2 or more spontaneous labor
without significant complications. Thrombophilia diagnosis and hemostasis system state evaluation was performed
for all patients on the basis of analysis of 30 parameters according to standard methods. Statistical processing of
the obtained results was carried out with the help of computer program package STATISTICA (version 10).
Results: Significant differences in the histological structure of trophoblast and chorionic villi in women of the
study group were revealed, in comparison with the control. It is proved that the deficiency of natural anticoagulants
adversely affects the process of embryogenesis and leads to a significant reduction in the trophoblast area and
chorionic villus vessels in the first trimester of gestation. Conclusion: The revealed disorders of embryogenesis
and development of the chorion probably play a significant role in the pathogenesis of the habitual loss of

pregnancy.

KiroueBblie ciioBa: TpoMOOQHIIs 1 OepeMEeHHOCTh, CIOHTAHHBIN a00PT, IPUBBIYHAS TOTEPsI OEPEMEHHOCTH,
TpodobIacT, BOPCHHA XOPHOHA, NE(PUIUT MPUPOAHBIX aHTUKOATYJISIHTOB, anTUTpoMOuH |11, nporenn C, nmpotenn

S

Kmouesslie ciioBa: thrombophilia and pregnancy, spontaneous abortion, recurrent pregnancy loss (fetal loss
syndrome), trophoblast, chorionic villi, deficiency of natural anticoagulants, antithrombin 111, protein C, protein S

HecmoTps Ha HMOCTOSIHHOE COBEPILIEHCTBOBaHME
MEIUIMHCKUX TEXHOJOTHH M IOBBIIICHUE KadecTBa
OKa3aHHUs aKyIIePCKO-TMHEKOIOTHYECKON MOMOIIH,
4acTOTa CHOHTAaHHOM MoTepu OepeMEHHOCTH HE NMEET
TCHJCHIMH K CHIDKCHHIO M TPOAOJDKACT OCTABATHCS
OCHOBHOHM TIPUYHMHON PENPOXYKTUBHBIX IOTEPh, UTO
cTaBUT €€ B psij Hamboyiee aKTyalbHBIX NpoOIEeM
COBPEMEHHOU MeauiuHsl [ 1, 5].

CyliecTBeHHas POJib TPOMOODHINH B TATOr€HE3e
CIIOHTAHHOW MOTepu OEpPEeMEHHOCTH IOJATBEPIKACHA
pe3yJbTaTaMH COBPEMEHHBIX HAy4YHBIX UCCJIEIOBAHUI
[2, 3, 5, 8-10]. K Takum TpoMOO(DUIHSIM OTHOCSTCS:
myTtarmu TeHoB — ¢(akrtopa V (Leiden) G1691A,
nporpombuaa G20210A, wuHrHOWTOpPa aKTHBaTOpa

IIa3MUHOTEHA SERPINE (PAI) 1;
aHTH(OCOTHUITH THBIH CHUHIIPOM (ADC);
THIEPrOMOLIMCTEHHEMUST;  JeDUUUT  MPHUPOIHBIX

aHTHKOarymssaToB — nporemHoB C, S (PC, PS) u
anturpomdbuna (AT) III u npyrue.

W3BecTHO, YTO HaJMM4KE TPOMOODMINHN y MaTepH
MOJKET NMPHUBOANTH K HAPYIICHHIO MPOIECCOB 0OMeHa
MEXIy KpOBBIO MaTepu u miofaa [4-7]. B Toxe Bpems
MEXaHU3M TaKHX HapyLIICHWH HE IOJHOCTHIO HM3y4YeH.
Tak, B HayuHbIx myOnukanusax M.R. Raspollini (2007),
B.B. Rogers (2010), G. Demirel, F.A. Beeksma (2012)
U UX COaBTOPOB, OBUI CIENaH BBIBOA O BO3MOKHOM
porm TpoMOOpUITHI B (hopMupoBaHUU
SMOPHOHAEHOW TPOMOOTHYECKON BacKyJOMaTHH [0,
12, 13]. OpHako aBTOpBI YKa3bIBalOT, YTO HE
MPOBOIIIIN JETAIBHOE HCKIIOUEHHE IPYTUX NPHYUH
JTAaHHOM NMaTOJOTHH, M 3TO HE MO3BOJIMIIO UM CIENaTh
OJTHO3HAYHOE 3aKiroueHue. B o0030pHON myOnuKamum
L. Marsden, J. Comstock (2015), mocssieHHo#
JaHHOM mpoOieMe, TaKkKe CcIeTaH BBIBOA O
HEOOXOJIMMOCTH KOHTPOJIHMPYEMBIX IPOCIIEKTUBHBIX
UCCIEJIOBAaHUH, C  TIOJHBIM M TIIATEJLHBIM
UCKIIIOYEHHEM  JPYrMX  BO3MOXKHBIX  IPHUYHH
SMOPUOHAEHON TPOMOOTHYECKON BacKyonatuu [11].

Takum 00pazoM, 0COOEHHOCTH TMCTONIOTHYECKOTO
CTPOCHUS IUIAIICHTHl HAa pa3HBIX Tamax e pa3BUTHS Y
JKCHIIH C MPUBBIYHON TMOTepeld OepeMEeHHOCTH IpHU
TpOMOOGUINN HE IOTHOCThIO HU3y4YeHHl. [loaTomy
BELSICHCHHUC OCHOBHBIX 3BCHBCB maToreHes3a
CIIOHTAHHBIX PENPONYKTUBHBIX MOTEPh MPU HAJTHIUH
MaTepUHCKON TpOMOO(QUINU SIBISETCS aKTyaJIbHOM
3a1a4eil.

Lenb0 HACTOAMIETO WCCIEIOBAHUS SBUJIOCH
BBISIBIICHHE ocoOeHHOCTEH TUCTOJIOTUYECKOTO
cTpoeHusi Tpodobnacta W BOPCHH XOpPHOHA Yy
NaIlMEHTOK c JIePUIATOM NPUPOIHBIX
AHTHKOATyIITHTOB u TIPUBBIYHON norepei
OepemeHHOCTH B | TpmMecTpe, TpH THIATEIHHOM
HCKITFOUCHUH IPYTHAX BO3MOKHBIX TIPUYIHH
MIPUBBIYHOTO HEBHIHAIIMBAHIIS.

Marepuaj u MeToabl

JIJ1s MOCTHKEHUS TIOCTAaBICHHOM IISITH ITPOBEACHO
TUCTOJIOTHYECKOe  HcclefoBaHne 25  o0pasioB
SMOPHOHAILHON TKaHHU, B3ATHIX y 12 TaIMEeHTOK ¢
I[C(I)I/IHI/ITOM TIPUPOAHBIX AHTUKOAr'yJIAHTOB n
NpUBBIYHON TOTepeil GepemenHocTH B [ Tpumectpe
(ocHoBHas rpynma). KoHTposem ciyXuiu 00pasiibl
SMOPHUOHAIILHO TKaHH, B3SThIE TIPH apTHOUIMATEHOM
abopre y 33 mpaKTHYeCKH 3OPOBBIX JKCHIIWH,
KOTOpBIE WMEIH B aHaMHe3e [JBoe U Ooiee
CaMOIPOM3BOJBHEIX ~ POAOB  0€3  CYIIECTBEHHBIX
OCIIOXXHEHUH. Bce jKeHIMMHBI 00ClenoBaHb Ha 0ase
TOPOJCKON KIMHWYIEeCKOl OombHUIEBI Ne§ 1. Ps3anu u

HaYYHO-KJIMHUYCCKOTO IEHTpa TreéMaToJIOruu,
OHKOJIOTUH u UMMYHOJIOTHUH Ps3zanckoro
TOCYyJapCTBEHHOI'O MEOUIIUHCKOI'O YHUBEPCUTETA

umenu akaaemuka W.II. TlaBmoBa MunucTepcTBa
3apaBooxpanenus Poccuiickoit @eneparm.

Kpurepun BKIIOUEHHS MAIMEHTOK B TPYHIBI H
WCKJIIOYEHHS W3 TPYIII NpesicTaBiIeHs B Taba. 1. Bee
BO3MOKHbBIE MIPUYHHEI MIPUBBIYHON norepu
OepeMEeHHOCTH,  KpoMe  TpoMOoduiauu,  ObUIH
TIIATEIBHO UCKIIIOUEHBI.
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Tabuuma 1
KPUTEPHUU BKJIIOYEHHUS NAHMEHTOK B I'PYIIIIBI U UCKJIIOYEHUS U3 I'PYIIII.
_ KonTpomns
Kputepuu OcHoBHas rpymma n=12 n=33
e 2 u Oojee CIOHTAaHHBIX abopTa WU o Jsoe " Souce
3aMepIINe GEPEMEHHOCTH. CaMOCTOSITENIBHBIX poIoB oe3
e JlehunuT TPHPOIHBIX AHTHUKOATYJSTHTOB CYIECTBEHHBIX OCIOKHEHHI
Bxmouenns | TOATBEPKAEH 1abOPATOPHO. M

TPYIIIIBI

e OrcyrcTBHE

e OrcyrctBue BIIP mnona noarsepxaeno ¥Y3U u OMOXUMHYECKUM CKPUHUHTOM WA
TeHETHYECKUM HCCIIeJOBaHNEM TKaHeH 1osa (3MOproHa).
KIIMHAYECKH
9KTONHMYIECKONH OEPEMEHHOCTH B aHAMHE3¢

3HAUYUMOM  3KCTpareéHMWTalIbHOM MAaTONOTMH U

° Hanuuue

I/IH(l)CKLII/IOHHOI\/'I IIaTOJIOTHUH.

aKyLIEPCKUX u
3KCTpParcHUTAJbHBIX IIPUYUH HEBBIHAIIWUBAHUSA, B
ToM uucie MIIH, 5HIOKpUHHBIX HapylIeHUH U

e OTSromeHHbI aKylepcKo-
TMHEKOJIOTUYECKHI aHaMHE3.

Hckmouenus u3
rpymm

e Hanmure anHoManuii pa3ButHs 1miona (SMOpHOHa) B aHAMHE3E;

o KiMHUYeCKH 3HAYMMbIe THHEKOJIOTHYECKHIE 1 IKCTPareHUTAIbHEIC 3a00JICBaHHUS;

o [loBblNIeHHAs KOHLEHTpAUUs B KPOBH OEJKOB ocTpod (a3pl Bocmanenus (C-
peakTuBHBIM >8 Mr/i, aHTHCTpenTOMm3uH-O >250 EJl/Mi, peBmodaktop >18 EJI/mi,
uepynorasmMuH >0,3 r/m, rantornoous >1,2 r/n, ¢pudpunoreH >4,2 1/1);

® MenkaMeHTO3Hasi KOPPEKIHsI TeMOCTa3a IpH OepeMEHHOCTH;

® DKTONHYecKas 0epeMEHHOCTh B aHAMHE3e.

[Noxazatenu Bo3pacTa, aHTPOIIOMETpHUU U WHAEKca Macchl Tena (MIMT) skeHITUH OCHOBHOM M KOHTPOJIEHON

TPYIIII HE UMEINN CYIIECTBEHHBIX pasznmduii (Tadm. 2).

Tabmuma 2
IMOKA3ATEJIX BO3PACTA U AHTPOIIOMETPUYECKHUX JAHHBIX
B KIMHNYECKHUX T'PYIIITAX.
Ioxazarenu OcHoBHas rpymma KontposnbHas rpynmna
Bospact, st 29,4+0,72 3024085
— pastpoc (min-max) (25-33) (23-38)
I’f’l‘\’}i‘r’r 164416 16520.9
_ pasbpoc (min-max) (155-171) (152-174)
Macea tena, 1 6334347 63,1+1,66
— pasbpoc (min—max) (49-83) (50-95)
2
Y, o 23.9+1,04 23,1£0,58
— pastpoc (min-max) (18,7-28,4) (19,5-33,7)

CpenHue nokasaTeny apureTa 0epeMeHHOCTeH B
OCHOBHOH U KOHTPOJIbHOW TpyIIax CYIIECTBEHHO HE
oTnuyanuck W cocraBuau 2,9+023 u 2,3+0,09,
cootBercTBeHHO (P>0,05). MHOTOKpaTHBIE IIOTEPH
OepeMEHHOCTH UMEIHCh y BCeX 12 KEHIIMH OCHOBHOM
TPYIIIBL, 13 HUX 2 TIOTepH OEpEMEHHOCTH B aHAMHE3E —
y 4, 3 norepu GepeMeHHOCTH — Yy 6, 4 1 Oosee — y 2
JKCHIIMH. MeKaMeHTO3HYIO Tepamnuto 1o
COXpaHEHHI0 OEpeMEHHOCTH C  HCIIOJIb30BAaHHEM
MPOM3BOJIHBIX NpeTHEeHa (YTPOKecTaH) U IperHaueHa
(mogacron), cormacHo npukazy MUHHCTEpCTBa

3apaBooxpaneHusi Poccuiickoit ®enepaunun ot «01»
HOs1IOpst 2012 r. Ne 572H, nmomydamm Bce 12 (100%)
MallMeHTOK  OCHOBHOM  TPYIIIBI. VY  KeHIUH
KOHTPOJBHOW TPYMIBI PENPOIYKTUBHBIE IOTEPHU B
aHaMHe3€ OTCYTCTBOBAJIHM, MEIMKAMEHTO3HAs Teparus
10 COXpaHEHWI0 OEepeMEHHOCTH HE MPOBOIUIACE.
MenukameHTO3Hasi ~ KOppeKUuss ~ remocrasa y
MAIIMEHTOK 00EuX TPYII HEe TPUMEHSIIACH.

B  pabore  ucmoib30BaHBI  KIMHHYECKHE,
nabopaTopHEIE, MHCTPpYMEHTAJILHBIE,
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THCTOJIOTHYECKHE U
MCCIIEIOBaHMUS.
CocTositHME CHCTEMBI T'eMOCTa3a OLIEHMBAIN Ha
ocHoBaHMM  aHammza 30 napameTpoB o
OOIIETPUHATHIM METO/IUKaM: D-numepsr,
nporpombuaOBoe Bpems (IITB), akrtuBmpoBanHOE
gacTUYHOEe TpoMOorutacTuHOBoe BpeMmsi (AUTB),
MEKAYHAPOJHOE  HOPMAJIM30BAHHOE  OTHOIICHHE
(MHO), axTtuBHOCTH (DaKTOpOB MPOTPOMOWHOBOTO
KOMIUIEKCa, KOAJIMHOBOE BPEMS, JIEOETOKCOBOE BpEMH,
KOHIICHTPAITHS ¢ubpuHOTEHA, TeMaTOKpUT,
TPOMOOIUTH! TIepH(epUIECKON KPOBH, aHTUTPOMOUH
IIT (AT III), nporenn C (IIC), mporeun S (IIS),
¢ubprHONM3, BOMYAHOUHBIN aHTHKOAryastHT (BA),
tutpel anturen (Ig M, Ig G) x xapauonununy, P2-
TIIMKONPOTENHY | M TpOTPOMOMHY, MyTalus TIeHa
¢akropa V (Leiden) — G1691A, myrauus reHa
nporpombuaa — G20210A, Myrtamus WHruOHWTOpa
aktuBaropa 1iasmuHoreHa (MAII), koHmeHTparus
TOMOIIMCTENHa, arperamus TpoMOommuToB ¢ 4
MHIYKTOpaMHu (pacTBOpPBHl PHCTOMHIOMHA 7,5 Mr/mi,
koiprarera 20,0 MKMOIB/J, anpeHannHa 5,0 MKMOJB/T
u AJI® 2 wmkr/m), aktuBHOCTH (. BruteOpanna.
HccnenoBanue remMocTasa MPOBOINIIN Ha
aBromatnueckoM ananuzarope ACL 7000 System
npousBoacTBa Instrumentation Laboratory Company
(CHIA). dns onpenenenus aktusHocT AT 111, PC, PS,
TUIa3MHHOT€HA  KCIIOJB30BAJIM  TOTOBBIE  HAaOOPBI
peareHTOB Ha OCHOBE XPOMOTEHHBIX CyOCTpaToB
¢upmer  Instrumentation  laboratory  (Mrtamms).
OO0pa3is! KpoBH Opany w3 KyOWTaNbHOW BeHBI HA 19—
21 neHp OBYISATOPHOTO MEHCTPYaIbHOTO IMKIA, B

CTaTUCTHYCCKHUC MCTOAbI

TpeIIoTaraeMblii AMIUIaHTAlIMOHHBII MIEPUOI.
UccnenoBanue npoBOAMAM ABaXIpl — depe3 6 u 9
MECSIIEB mociie 3aBEPIICHUS MocaeIHen
OepEeMEeHHOCTH.

W3zy4enue THCTOJIOTUYECKOTO CTPOCHHUS
TpodobdiacTa M BOPCHH XOpUOHA Yy MAIMEHTOK
OCHOBHOH TpYHIBI IPOBOJMIOCH PETPOCHEKTUBHO,
myTéM MOp(pOMETpHYECKOl OLEeHKH Tpodobdiacta B
THCTOJIOTHUECKUX —TIpernaparax TKaHH, CHOHTaHHO
MIPEPBaBIINXCS WM 3aMEPIINX paHee OEpeMEHHOCTEH.
B KOHTpPONBHOM IpyMIe BEIMOIHIOCH IPOCIEKTHBHOE
THCTOJIOTHYECKOE  HCCIIEIOBAHUE TKAaHU XOPHOHA,
B3ATOM MpH TUIAHOBOM apTU(UIMAIBHOM abopTe,
KOTOPBIH MPOBOAWIICSA IO YKEJIAHUIO KEHILUHBL. Y BCEX
KEHIINH OEpEMEHHOCTB MPEPHIBATACH XUPYPTUIECKH —
METOJIOM  BakyyM-acOHpalud  WIH  PYTHHHOTO
BBICKaOJIMBaHUsT MaTKH. B JeHb  BBINOJIHEHUS
ornepanuu npoBoauiaoch Y3U mis yToyHeHHs cpoka
o6epemenHocTH Ha anmaparax Medison 8000 EX, mu6o
Medison ACCUVIX V10.

Be160op rucTonornueckux MeToauK M (ukcaropa
ompenecs  3amadaMu  HcciepoBaHus. s
THCTOJIOTHYECKOTO HCCIIEJOBAaHMS 00pa3is!
SMOpPHOHANBHBIX TKaHed BemmumHO# 0,5%0,5 oM
¢uxcuposanu B 10% ¢dopmanune. 3anuBKy B napadua
MPOBOAMIN 1O  OOmenpuHATOH MeToxuke. U3
napaguHOBBIX OJIOKOB FOTOBHIIM HA MUKPOTOME CPE3bI
TomuuHOK  4-5 MKM M OKpallMBalud  HX
reMaTOKCUJIMHOM M J03MHOM. Bce wuccnenoBaHus
BBINIOJIHEHBI C  WCIIOJb30BaHHEM  OOLICTPUHSTHIX
MeTo0B [14].

B oxpameHHbIX
MOP(OMETPUIECKYIO

Ipenaparax
OLIEHKY HOBBIX TIeHepauuit
BOPCHH XOPHOHa B TIIONIEPEYHOM CEYCHUH IO
mporpamme Adobe Photoshop Cs3 Extended ¢
momotbio Mukpockona Olympus CX42 ¢ mudpooit
(orokamepoii (1300paskeHNne BOPCHH IIPU YBEITHMUCHUT
B 100 pa3 mepenaBanoch Ha PKpaH KOMITbIOTEpa). Bee
M3MEPEHHs TIPOBOJMIM B €1./MM? ILIOIAJM CpE3a.
AnroputM  MOp(OMETPUUYECKON  ONEHKH BOPCUH
XOpHOHA MPEJICTaBIeH Ha pUCYHKE 1.

MIPOBOIUIIU

Pucynok 1. Aneopumm mopgomempuyeckou OyeHKY 60PCUH XOPUOHA,
20e | — onpedenenue niowaou 60pcuH Xopuona, 2 — oowas nIowadbL CMpPOMbL 80PCUH XOPUOHA, 3 — NAOUWADD
mpogodracmuyecko2o snumenus, 4 — na0wadb cocy008 80PCUH XOPUOHA.
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Anroput™M MOP(POMETPUYECKON OLICHKU BOPCUH
XOpPHOHAa  BKJIIOYANI  CIEAyIOUIMe  Jtambl: 1)
OmpeJieNieHne UX IJIOWAAN MO BHEIIHEMY KOHTYpPY
SMUTEINATIBHOTO TMOKPOBa;, 2) HU3MEpeHue oOuien
TUIOMIAId CTPOMBI BOPCHH MO BHYTPEHHEMY KOHTYPY
WX DJIHTENHAIBHOTO TOKPOBa; 3) pacdéT IUIoNIagu

Pe3ysibTaThl HCC/IeN0BAHUS M HX 00CyKIeHHE

Jeduur npupOAHBIX AaHTHKOAryJsIHTOB  OBLI
nabopaTopHO TOATBEepkACH y Bcex 12 (100%)
MAIMEeHTOK OCHOBHOM rpymmbl, 13 HUX Aedurmt AT 111
—y 6 (50%), nepuunt nporennoB C u (mnm) S — Takxe
y 6 (50%) xeHmmH. B KOHTpONBHOI rpymIe

Tpo(0OIACTHIECKOTO SMUTEIHA 110 Pa3HUIE IIIOManu  TpoMOodmimn HCKITFOYEHBI pe3ynIbTaTaMu
BOPCHH W 00mell Iomany cTpombl; 4) W3MepeHne  JabopaTOPHBIX MCCIETOBAHUH.
IUIOIIAIY COCYZIOB II0 UX BHEITHEMY KOHTYPY CpaBHHTENBHAS XapaKTepUCTHKA CPOKOB

Craructuaeckui aHaIH3 MOTY9EHHBIX
PE3yJIbTATOB BBHIIIOIHEH C MOMOIIBI0 KOMIBIOTEPHOTO
nakera mnporpamMm STATISTICA (Bepcus 10) c
UCTIOJIb30BAaHHEM  METOJOB  IapaMeTpudeckoil U
HelapaMeTpUIeCcKOoi CTaTHCTUKU.

TIPEphIBaHUST OEPEMEHHOCTH, OTNPENCHEHHBIX II0 JaTe
mocnennet mercrpyamun ([IM) m mo pesymbratam
V3W, B rpynnax npejcTrasiieHa B Tabnune 3.

Tabnuua 3

CPABHUTEJIBHAA XAPAKTEPUCTHUKA CPOKOB ITPEPBIBAHUSI BEPEMEHHOCTU B
OCHOBHOWM M KOHTPOJIbHOM I'PYIIIAX, IT0JIHbIX HE/IEJIb TECTAIITHH

Cpok mpeprIBaHms OepeMEHHOCTH KimHdeckue rpymibt
OCHOBHasI KOHTPOJIb
H—O g?;aMnTaxw : 6-12 6-12
§ *
— M:m (t-test) 9,340,53 9,3+0,35
ITo p?szaT;n;X V3U: 4 g 61
— M=#m (t-test) 6,7+0,53 8,9+0,30

[pumeuanne: CTaTHCTHYSCKU 3HAYUMBIC Pa3JIMYUs O KPUTEPHIO cOOTBETCTBHA CThIoNeHTa (Pi-test<0,05):

*

YJIBTPa3BYKOBOH IUarHOCTUKU B TPYIIIE,

— MCXKAY CpOKaMu recranuuu, OHpe,Z[eJ'IéHHBIMI/I Imo Jgare HOCJ'I@,I[HGﬁ MCHCTpYyalluu W pE3yJibTaTaM

** _ Mexay rpynnamu; CTaTUCTHYECKH 3HAYMMBIE PA3NIMUMs 10 KPUTEPUIO COOTBETCTBHA X2 (py2<0,05): * —
MEXJy CPOKaMH T'eCTalluH, ONpeIeIEHHBIMY TI0 JjaTe MocieTHeH MEHCTpYalluu U pe3yibTaTaM yIbTPa3ByKOBOH

JAUArdoCTHUKU B T'PYIIIIE, ‘_ MCXKIY rpynramu.

I'ecraninonHbIe CPOKH MPePHIBAHHSI
OCpEeMEHHOCTH y JKEHIIWH OCHOBHOH M KOHTPOJIBHOM
TPYIII CYIIECTBEHHO HE OTIMYAINACH U COCTABIIIH TI0
maram IIM - 93+0,53 u 9,3+0,35 Heneis,
COOTBETCTBEHHO (Pt-test>0,05). Pa3bpoc mokazarens ot
MUHHMAaJIBHBIX JI0 MAaKCUMAJIbHBIX 3HAYCHHUH TI0 JaTaM
I1IM 6511 Takke OJMHAKOBBIM U COCTaBWI 6—12 Henenb
B 00eux rpymnmax.

Cpok mpepbiBaeMOil OEpeMEHHOCTH 10 JaHHBIM
Y3U B OCHOBHOM rpyIme ObUT 3HAUUTEIHHO MEHBIIIE,
gyeM B KoHTposne (6,7+0,53 wu 8,9+0,39 wnenens,

COOTBETCTBEHHO, Pt-test<0,01) 1 mo matam [IM (p<0,01).
BrisBneHHBIE  pa3nauuus  CBsS3aHBl € HaJU4YUEM
3aMepiieii OepeMEHHOCTH B OCHOBHOW TpyIIIe
KeHITUH. Tak, pa30poc MoKazaTens OT MUHHMATbHBIX
JI0 MakCHMaJbHBIX 3HAYEHUIl B OCHOBHOW TIpyIIe
COCTaBMJI OT 4 110 9 HeJeNb, @ B KOHTPOJIBHOU — OT 6 10
12 nenens (p,2<0,05).

CpaBHUTENbHAST ~ XapaKTEPUCTUKA  IUIONIA]IU
Tpodob1acTa U COCY/I0B BOPCHH XOPHOHA Y MAIIUSHTOK
OCHOBHOM M KOHTPOJIBHOM TIpYII IpeJACTaBlIcHa B
Tabmurie 4.

Tabnuma 4

CPABHUTEJIBHAA XAPAKTEPUCTUKA IIVIOINAJIA TPOPOBJIACTA U COCYJ0B BOPCUH
XOPHUOHA Y NAIIMEHTOK OCHOBHOM ¥ KOHTPOJIbHOM I'PYII, E/I./MM?

Iliomans rUCTONOTHYECKHX CTPYKTYP, €I1./MM?
T'pymimb! sxeHImH
(Qysicuit CTaTHCTIKH) Tpocodmact Cocy bl BOPCHH XOpHOHa
Ocnomnaz 1821717 0 18%*
« Mitm (t-test) 869,2+61,20* 4,3+0,63*
Kompoas: 602 1426 46— 180
« Mt (t-test) 1062,3£51,49 97,147,90

Ipumedanne: MiN—Max — pa3dpoc moKa3aTens 0T MUHUMAIBHOTO IO MAKCUMAIbHOTO 3HAYEHHS;
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* — CTATHCTHYCCKH 3HAYMMBIC PA3IHYMs MEXKIY IPYyIIaMH 10 KpuTepuio cootBercTBus CthromenTa (1-test), pr

test<0,05;

** _ CTATUCTUYECKH 3HAYMMBIC PA3IHYHUsI MKy TPYIIaMHK 110 KpUTEpHUIo cooTBeTcTBus )2 (p,2<0,01).

Cpennee 3HaueHHWe IUiomany Tpododiacta B
OCHOBHOW rpymme ObLJI0 CTATUCTUYECKH 3HAYMMO
MeHbIle, 4YeM B KOHTpoibHOH (731,3+157,37 u
1062,3£51,49 en./MM?, COOTBETCTBEHHO, Prtest<0,05).
CpenHsiss wiom@ns COCYJIOB BOPCUH XOpPHOHA B
OCHOBHOW rpymne Oblia 3HAYUTENBHO MEHbIIE
KOHTPOJBHBIX 3HaueHWd (9,5+1,1,13 m 97,1+7,90
€]1./MM?, COOTBETCTBEHHO, Pr.test<0,01). MakcuMmanbHOe

3HaUEHUE IIOKa3aTeld IUIOIAJU COCYIOB BOPCHH
XOpHOHA Y KCHITHH OCHOBHOW rpymIib 06110 B 3,1 paza
MEHbIIIe MUHIMAJIBHOTO 3HaUYeHHS B KOHTpoJe (15 m 46
€/1./MM2, COOTBETCTBEHHO, P;2<0,01).

Ha pucynkax 2 u 3 mpezacraBieHO XapaKTEpHOE
THCTOJIOTHYECKOE CTpoeHue Tpodobdiacta m cocymoB
BOPCHH XOpPHOHa Yy TAaOUEHTOK OCHOBHOH U
KOHTPOJIBHOM IpymI B cpokax recraiuu 6 u 10 Henens.

Pucynox 2. l'ucmonozuueckoe cmpoenue mpogobnracma u cocyoos 0pCcuH XOpUOHA Y NAYUEHMOK KOHMPOLbHOU
(a) u ochosroll (6) epynn 6 cpoxe cecmayuu 6 Hedelb: MOJACMble CMPENKU — YUMOmMpo@obaacm, moHKue
cmpenku — cocyobl 8opcun xopuona. Oxpacka cemamoxkcununom-303unom, x100

a

Pucynox 3. l'ucmonozuueckoe cmpoenue mpoghobracma u cocy0o8 60pcun XOpUOHA Y NAYUEHMOK KOHMPOLbHOU
(a) u ocnosnoti (6) epynn 6 cpoxe eecmayuu 10 nedenv: moacmole CMpenKu — yumompogoobracm, moukue
cmpenxu — cocyouvl gopcun xopuona. OKpacka eemamoxcuaunom-303unom, *100.

I'mcronormyeckast KapTuHa Tpododnacta W
COCYZIOB BOPCHH XOPHOHA B CPOKE T'eCTaliu 6 HeJelb
MMeJa CIIeAyIOIUe XapakTepHble OTIIMYNS B IPyIIIax.
B xoHTpoOIIE perucTpupoBaIoCch HaIMIHE JIBYXPSITHOTO
murorpodobdiacta c (hopmupyrOIIIMHUCS
CHHUUTHAIBHBIMA TIOYKaMH, a TaKXe pacTyllue
COCYZbl C YMEPEHHO pAaCIIMPEHHBIM MPOCBETOM

(pucyHok 2a). 1711 OCHOBHOMW TPpYIIEI OBLT XapakTepeH
OJTHOPSIIHBIM THITOILIACTUYECKOTO BUIa TpohoOIacT u
€IMHUYHBIC THUIOIUIACTHYECKOTO BHUIA COCYABI CO
CHaBIIUMCS TTPOCBETOM (PHUCYHOK 20).
l'ucronormueckass kaptmHa TpododOmacta w
COCYZIOB BOPCHH XOpHOHA B Cpoke rectanuu 10 Henenb
TaKXKE€ WMeJa XapaKTEePHBIC pas3iHyisl MEKIY
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rpynnaMu. B KOHTpojie perucrpupoBajoch Haludne
JIBYXpsITHOTO nuTOoTpodhodIacta ¢ GopMHUpyIOIIUMUCS
CHHIMTHAJILHBIMU TOYKaMHU u XOPOILO
c(OpMHUPOBaHHbIE ITOJHOKPOBHBIE COCYABI (PHCYHOK
3a). B ocHOBHO# rpymnmne rucrojoruyeckas KapTHHA
CYILECTBEHHO HE OTJIMYajach OT TaKOBOH B CpOKe
recranuu 6 Hexenb (pucyHku 30 u 20).

Takum 00pa3oM, BBISBICHBl 3HAYHUTEIbHBIC
pa3IAYIHs TUCTOJIOTHIECKOTO CTpOeHHs Tpodobiacta n
BOPCHH XOPHOH Y KEHIIHH C ASPUIUTOM IPHPOIHBIX

AHTUKOAryJIsHTOB W PELMAUMBUPYIOIIEH MOTepei
0GepeMEHHOCTH, B CPAaBHEHUH C KOHTPOJIEM.
3aki0ueHue:
Pe3ynbratsl HCCIICI0OBaHUS MO3BOJISIOT

3aKJIIOYUTH CIIETYIOIIEE:

1) Jedumur npupoaHslX aHTUKOAryasHTOB (AT
111, [IC u I1S) y maTrepu HEraTMBHO BIIMSET HA TIPOLIECC
sMOpHOreHe3a — TPUBOAUT K  JOCTOBEPHOMY
COKpalleHUI0 Iutomanau Tpodobmacta M COCYHOB
BOPCHH XOpHoHa B | TpumecTpe recranuu.

2) BersBieHs! XapaKTepHBIC OTIINYHSA
THCTOJIOTHYECKON KapTHHBI Tpodobiacta m BopcuH
XOPHOHA Y JKCHIIUH OCHOBHOU M KOHTPOJIBHOM I'PYIII

B | Tpumectpe OepemenHoctn. B HOpme
THCTOJIOTHYeCKast KapTHHA XapaKkTepu3yercs
HaJlMyheM  JBYXpsIHOTO  mutorpodobdiacta ¢

(hOPMUPYIOIUMUCS CHHIUTHAIBHBIME OYKAMH, a
TaKk)Ke HaJMYMEeM PACTYIIUX, XOPOIIO BbIPAKEHHBIX,
MOJTHOKPOBHBIX COCYIOB BOPCHH XOpuoHa. Jlis
OCHOBHOM IpyHIBI XapaKTEPHO HAJTHIUE OJTHOPSITHOTO
TUIIOTUIACTHYECKOTO BHIa TpodobdiacTta M e IMHUIHBIX
TUMOIUIACTHYECKOTO BHAA COCYIOB XOpPHOHA CO
CHABIIUMCST TPOCBETOM, a TaKKe OTCYTCTBHE
JIMHAMUKU TUCTOJIOTHYECKO KapTHHBI B 6 1 10 Henenb
recTaluu.

3) BeusiBneHHbIE 0COOEHHOCTH THCTOJIOTHYECKOTO
cTpoeHusi TpodoOnacta M BOPCHH XOPHOHA
MaIUEeHTOK C nehunuTom MIPUPOTHBIX
AHTUKOATyJITHTOB, BEPOSTHO, UTPAIOT CYIIECTBEHHYIO
POJIb B TATOT€HE3€ MPUBBIYHON MOTEPU OEPEMEHHOCTH.
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XNIMNYECRVE HAYRN

30JIb-TEJIb METOJ ®OPMHUPOBAHUSA METAJIVNIOKCHUIHBIX 'TA3OYYBCTBUTEJIBHBIX
MJIEHOK HA MHEPTHOM MOJJIOKKE

AHHOTAIIUA

B pesynbTaTe nNpOBENEHHBIX HCCIIECIOBAHUM

BJIMAHHAA

DOI: 10.31618/ESU.2413-9335.2019.4.66.316
Aboypaxmanoe H.D.

bezmamos P.

Aboypaxmanog 3.

Camapkanockuil 2ocyHusepcumen,

2. Camaprano.

coCtaBa M COOTHOIICHHUA KOMIIOHCHTOB

IUICHKOOOPa3yIoMX PAacTBOPOB Ha KHHETHUKY IIpolecca TIeneo0pa3oBaHHs HMCXOTHOTO 30Ji1 IOZOOpaHbI
OIITHMAJIEHBIC TAPaMETPhI, 00ECIICUNBAIOIIIE BEICOKYIO YCTOHYNBOCTE HCXOJHOTO PAcCTBOPa. Y CTAHOBJIEHO, YTO
HanOombIIe#t ycToWanBOCThIO (0T 18 mo 18,5 cyTok) oOmamaroT pacTBOPHI, MOJIYYCHHBIC MPH COOTHOIICHUH
ncxoaHbx komnoHeHToB TOOC:H20:cupt: HC1=1:20:30:0,05.

ANNOTATION

As a result of studies of the influence of the composition and ratio of the components of the film-forming
solutions on the kinetics of the gel formation process of the initial sol, optimal parameters are selected that provide
high stability of the initial solution. It was established that the most stable (from 18 to 18,5 days) are the solutions
obtained at a ratio of the initial components of TEOS: H20: alcohol: HC1 = 1: 20: 30: 0.05.

KiaroueBble ciaoBa: 30JIb-I'CJIb, TCTPAITOKCUCHUJIAH, THUAPOJIN3, DTAHOJI, FaSOQYBCTHBHTeHBHLIﬁ IIJICHOK,
CCHCOP, KOHACHCAlHA, HAHOKOMIIO3UT, OIITUMAJIbHAs YCJIOBUA, IOJTYIIPOBOJHUK.

Keywords: sol-gel, tetraethoxysilane, hydrolysis, ethanol, gas-sensitive films, sensor, condensation,

nanocomposite, optimal conditions, semiconductor.

BBenenune. B HaCTOsAIIEE BpeMs
MOJIYIIPOBOJHUKOBBIE MaTepHalbl HAXOAAT Bce Ooiee
IIUPOKOE TMPUMCECHEHUE B KAa4Y€CTBEC YYBCTBUTCIIbHBIX
3JIEMEHTOB Ta30BbIX ceHcopoB[l]. B 3aBucumocTu ot

peulaeMon 3a/1a4y, JUIsL NOJIy4EHUs
TMOJYTIPOBOAHUKOBBIX TOHKHUX IJICHOK C
BOCIPON3BOJANMBIMU u CTaOMIbHBIMH
XapaKTEePUCTHKAMHU UCTIOJNIB3YIOTCS pasinyHbIe

MeToAbl. M3 HUX TMOJIydeHWe Ta309yBCTBUTEIBHBIX
TUICHOK METOJIOM 30IIb-T€b TEXHOJOTHH, SBISICTCS
Hambolnee TmepcreKTUBHBIM [2,3]. OTOT MeTrox B

COYETaHMH C TMOCIeayromed  TepMooOpaboTKoi
MPOAYKTOB PpEAKIUH IIHPOKO MpHUMEHSeTcs st
MOJTy4YeHUS BCEBO3MOXKHBIX OKCHJTHBIX

HAaHOKOMITO3UIITUOHHBIX IUIEHOK.

B paboTe HaMu U3y4eHO BIMSHUE COOTHOIICHHE
KOMIIOHEHTOB ~ MCXOJHOIO ~ PacTBOpPa Ha  KUHETHKY
CO3peBaHusI IIEHKOOOPA3YIOILETO 307IL.

Matrepuanbl 1 METOAbI HCCIE0BAHUS.

B pabore B KauecTBe IIpUKypcopa —
IKOKCHCOEIMHEHNS, UCTIONb30BaH ITUIOBBIN 3up
OPTOKPEMHEBOM KHCIOTHI - TETPAITOKCHUCHUIIAH.

OmnpepensroliuMy  mapaMeTpamMu  Iepexoja
TUICHKOOOPa3yIoIIero pacTBOpa 30711 B I'ellb SIBISIETCS
BA3KOCTBH, OJJICKTPOIIPOBOAHOCTH U yCTOﬁ‘IHBOCTB
ucxogHoro pacrsopa. Ilosromy B omeltax s
KOHTPOJIA KUHETHUKY 30JIb-T¢JTh nporecca
HCIIOJIB30BAHBI BUCKO3UMETPUICCKHEC,
KOHIIyKTOMETPHUECKHE W Ta30XpoMaTorpapuuecKue
METO/Ibl aHAJIU3A.

PesyabTaThl U 00CyxKIEHHE

B xo71e 9KCIIepUMEHTOB M3YUeHO BIMSHUE COCTaBa U
COOTHOIIICHUSI KOMIIOHEHTOB HCXOJJHOTO pacTBopa Ha
KUHETHKY co3peBaHusa 30is. [lpm 3TOM  MOJbHBIE
COOTHOULICHUA HUCXOOHBIX KOMIIOHECHTOB
BapbUPOBAIIHCH B CIEeNYIONINX  HHTEpBAJIaX:
Si(OCzH5)4:H20:  ROH:HX = (1-4):(1-40):(1-45)
:(0,01-0,3), tne ROH — mnpocreie crnupte, HX —
KHCJIOTA.

Hns BEISICHCHUC MeXaHU3Ma
IUICHKOOOpa30BaHUSA ¥ TOJIYYCHHUS
ra304yBCTBUTENBHBIX IUICHOK H3YYCHO
COOTHOIIIEHUS

T3OC:crmpta B pactBope ot 1:1 10 1:45.

B pesymbrare TpOBEAEHHBIX HCCIEIOBaHUN
yCTaHOBJIEHA BO3MOXHOCTh WCTIOJb30BaHUs
ATM(aTHUECKUX CIUPTOB B KaYeCTBE PACTBOPUTEIS B
rnporuecce CHHTE3a MOJIYTIPOBOAHUKOBBIX
ra304yBCTBUTEIBHBIX IUIGHOK. B CBs3M ¢ ydeTom
YCTOHYHBOCTHU pacTtBopa u PacTBOPUMOCTH
KOMITOHEHTOB THJIpOJIM3aTa B KaueCTBE PacTBOPUTENS
mpoIecca CHHTE3a ra309yBCTBUTEILHBIX TUICHOK OBLIT
BeIOpaH  3TaHon. Ilpm  3TOM  omTHUMaIBHOE
cootHomenne TOOC:aranon=1:30, obecneunBaer
HanboJiee BBICOKYIO PAaCTBOPUMOCTH KOMIIOHEHTOB U
YCTOMYMBOCTH PacTBOpA.

HCCHC}IOB&HI/IC BIINAHUS BOABI HA yCTOﬁ‘IHBOCTB,
3JIEKTPONPOBOTHOCTD, MIOTHOCTh U BS3KOCTH 30115 B
mpouecce CHUHTEC3a Ta30YyBCTBUTCIBHBIX IIJICHOK
MPOBOJWIM Ha 3TAHOJILHOM PAacTBOpPE MPHU MOJBHOM
cootHomeHnu TOOC:H20 ot 1:1 no 1:40. Pe3ynbraTst
SKCIICPUMCHTOB MIPUBECHEI B TAOIUIIE 2.

mponecca
CCIICKTHUBHBIX
BJIUSAHUC
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Tabnuna 2.
BJIMSAHUE KOJIMYECTBA BOJbI B PACTBOPE HA ET'O IIVIOTHOCTD,
BA3KOCTb 1 CPOK CTABUJIBHOCTH.
No Cocras pacTBOpa, MOJIb CaoiicTBa pacTBopa
wn | TOOC | H,O | HC1 CIUPT Hﬂi}f&g s ONeKTponpOBOAHOCTb, MCM. Bﬂgcli_(l):“’
1 1 1 0,05 30 0,8248 9,6 17
3 1 4 0,05 30 0,8295 10,0 18
5 1 10 0,05 30 0,8365 104 21
7 1 20 0,05 30 0,8578 16,5 2,3
9 1 30 0,05 30 0,8631 185 2,4
11 1 40 0,05 30 0,8684 20,0 2,6

Kak cienyer U3 qaHHBIX IPUBEICHHBIX B TaOJIHIIE
2, ¢ yeemumueHueMm koimuectBa H>O Bo3pactaer
BA3KOCTh pacTBopa. Ilpm 1comepkaHuWM BOABI B
pactBope oT 1 mo 40 Momb, T,e NMPHU COOTHOIICHUH
H>0/T250C nmo 40 yBenmuuBaet Bsi3KOCTh B 1,53 paza.

W3  pe3ympTaTOB NPOBEACHHBIX  JKCIIEPHMEHTOB
cienyer, uro mpu cootHomenne H>O/TOOC=20
JaHHBIL ~ PacTBOp MOXHO  HCIIOJIB30BaTh IS

H3IroTOBJICHUSA Fa30quCTBHTeHLHOﬁ IINICHOK B TCUCHUC
445 yacos.

Bnusaue conepxkanua TOOC B ruaponusate Ha
YCTOWYMBOCTH TUICHKOOOPA3yIOLIEero 301 M3ydanud B
MHTEPBAJIC €TO COJIEP KaHMA B pacTBOpE OT 1 10 4 MO,

cogepxanusx TOOC B pacTBope IpeAcTaBlIe€Ha Ha
puc. 5. Kak BuOHO W3 HaHHBIX pHc. S5, Hamboiee
BBICOKOH CTaOMIBHOCTBIO XapaKTEPHU3YIOTCS PacTBOP
TIPUTOTOBJICHHON IPH COOTHOIIEHHE KOMIIOHEHTOB (B
modb): 1-TDOC : 20-H20:30-crmpT:0,05-HCI.
[TonydeHHbIe pe3ynbTaThl IMOKA3aJIM CHIDKCHHUC
neprosaa reiaeoOpa3oBaHUsl C POCTOM KOHIIGHTPAaIUH
TOOC B pacTtBope. Pe3ynpTaTel 3SKCHEPUMEHTOB
HOATBEPXKIAIOT  LEJIeCO00pa3HOCTh  MPOBEICHUS
CHHTE3a Ta304YyBCTBUTCIIbHBIX IIJICHOK IIPHU HU3KUX
koHIeHTparusax TOOC B peakIMOHHOM pacTBOpE.
Hcnonp3oBaHue TOCIEIHETO IIO3BOJSIET IIOJNYYHTh
OJTHOPOJHBIH TeJIb ¢ OOJIBIINM CPOKOM CTAOMIBHOCTH

I[I/IHaMI/IKa N3MCHCHUA BA3KOCTH oT nu 663 HpI/ISHaKOB CCAUMCHTAIINU.
HpO,Z[OH)KHTeJ'ILHOCTI/I OIIbITa HpI/I paBJ’II/I‘IHLIX
6,0 -
5,5 -
5.0 - 1-1 monb T0C
© i 2-2 monb T20C
S 45-
oo™ 3-4 monb T20C
8 i
8 404
G 3
38 i 2
2 354 1
9 l
L
o 3,0 =
25 -
2,0 -
1 ' 1 ' 1 1 ' 1 ' 1 ' 1
0 100 200 300 400 500 600

HpOAOfI)KI/ITeJ'I bHOCTb OrlbITa, 4Yac
puc. 5. I'pagux 3aeucumocmu 8a3K0cmu 0m NPoOOICUMETLHOCTNU ONbIMA NPU PAZTULHBIX COOEPICAHUSAX

T30C 6 pacmeope: TOOC:H20:3manon:HCI.
(Cooepoicanue 6 pacmeope: H20-20 monw,; smanon-30 mons; HCI-0,05 monw).

Bmusuaue pH cpene Ha ycTOHUMBOCTD, IIOTHOCTS,
AIIEKTPOIPOBOIHOCTD, BSI3KOCTh M CTENCHb THAPOIIN3a
m3yqanmu B guanazoHe TOOC:HC1 paBHo#t oOT

1:0,01lmomp o 1:0,30 monb. Pe3ynbrarhl ONBITOB
MIpHUBEICHBI B Tabmwe 4.
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Tabiuua 4.

3ABUCUMOCTH CBOMCTB PACTBOPA OT COJIEP)KAHUS HC1 B CMECH: T3OC:H:O:
CIIUPT:HC1 (COAEP KAHHUE B UCXOAHOM I'MAPOJIU3ATE T30OC-1MOJIb,
H20-20 MOJIb, CIHUPT-30 MOJIb).

Cocras pacTBOpa CaolicTBa pacTBOpa
o X
e |z N E | S|
e - <

Ne g 4 g s 2 5 2 5 & = 5]

3 = T O (=9 o - = S T

wn | 2 s ; o) = 2 5 g 2 & =

J . = E o) g E 2 3 2 g =

> Q QS S b = 3 2 e g = e

e | = T |z = & 5 2 Z 2 E

= 0 2 o = @ S 2 &

S e S & 5

© S

1 1 20 30 0,01 0,0029 0,8544 24 175 96 100

2 1 20 30 0,05 0,0146 0,8571 24 20,5 96 100

3 1 20 30 0,10 0,0293 0,8601 25 8,0 98 97

4 1 20 30 0,20 0,0586 0,8642 25 7,0 97 82

5 1 20 30 0,30 0,0878 0,8671 2,6 6,0 98 72
B m3yyeHHOM jnamazoHe KOHLEHTPALUH C W3 pe3ynbTaTOB ONBITOB CHEAyeT, 4YTO C
MOBBIIICHHNEM KOHICHTPAIlMM KHCIOTHI B pPacTBOPE  yBEIMYEHHEM KOHIICHTPAlMM KHCIOTHI B PacTBOpE
yBeauuuBaeTcs ero miotHocts ot 0,8544 no 0,8671  ymeHblaercss yCTOMYMBOCTH — pacTBopa. JlaHHas

r/cM®. AHAJIOTMYHO M3MEHEHSETCs BA3KOCTH PacTBOPA.
B untepsane coornomenus TOOC: HC1 ot 1:0,01 no
1:0,30 Monb BA3KOCTH PAacTBOpa yBEIMYUBACTCSA HA OT
2,4 no 2,6 clla).

3aBUCHMOCTh OCOOEGHHO 3aMETHa TpH 3HAYCHHAX
TOOC:HC1>0,1. IIpu TOOC:HC1 =1:0,30 cpok
CTaOMJIBHOCTH PacTBopa Bcero 96 yacos.
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I POAONXUTENBHOCTb OrbITa, Yac

puc. 6. I pagux 3asucumocmu 8s3Kk0Cmu 0m NPOOOIANCUMETLHOCHU ONbIMA NPU pasiuunvix codepaicanuix HCI
6 pacmeope: TOOC:H20:omanon:HCI.
(Cooepaicanue 6 pacmeope: TOOC-1 H20-20 monv; smanon-30 mons).

Hawnbonee OIITUMaJIbHbIM JJIA

NOoJIyuyeHUs

Ta304yYBCTBUTCIIbHBIX IIJICHOK SABJISICTCSA COOTHOILCHUEC
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TOOC:HC1=0,05 (cMm. rpaduk 2, pucynka 6.) npu
KoTopoM obecrieunBaercst 450 yacoBasi yCTOWYHBOCTD
pacTBopa.

Takum o6pa3oM, Haubosee BXKHBIM ITapaMeTPOM
30JIb-T€NIb CHHTE3a TI'a304yBCTBUTEJIBHBIX IIJICHOK,
spisiercs pH cpensl. [pu 3aagennsx TOOC/HC1>20,0
runponus  pa3daBIeHHBIX pacTtBopoB TD0OC B
CIHPTOBOM cpene mpu KOMHAaTHOW Temmeparype (20
°C) mpotekaer monro. CremoBaTelbHO, YCTOMYUBHIC
30/I0  JIeT4e BCETO  MOJydYaTb IPU  HHU3KHX
koHneHTpasax HC1 m B paz0aBieHHBIX pacTBOpax,
TaK Kak B TAaKUX CHCTEMax Malbl CKOPOCTh
0o0pa3oBaHMs 4YacTUIl U HMX POCT (M3-3a HEOOIBLIMX
CTEIeHEl NPEeCHILCHNS U U3-3a MEeIUICHHOH AndPy3un
(azoo0pasyromero  BemIeCTBA K MOBEPXHOCTH
3apObIIIIa).

3akiouenne.

TakuM o0pa3om, B pe3ynbTare NPOBEICHHBIX
WCCIIECJIOBaHUN BIMSHHUS COCTaBA W COOTHOLICHUS
KOMITOHEHTOB IUICHKOOOpa3yIOINX pPacTBOPOB Ha
KHHETHUKY Iporecca reaeo0pa3oBaHus HCXOIHOTO 3071
nogo0paHsl ONTHMAJIbHBIE apaMeTpsl,
o0ecIeuynBaoLIe BEICOKYIO YCTOHUYUBOCTD HCXOTHOTO

VIK: 743.565.83

pacTBopa. YcTaHOBIICHO, 4TO HanOOJIbIIICH
YCTOMYUBOCTHIO OONAAIOT PACTBOPHI, IOIYYCHHBIC
NP  COOTHOIICHWHM  HCXOJHBIX  KOMIIOHCHTOB
TI0OC:HO:cnupt:HC1=1:20:30:0,05. PactBop,

TIOJTYYEHHBIH NPH ONTHMAJIbHBIX YCJIOBUSX, YyCTOHYNB
ot 18 mo 18,5 cyrok.
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CUHTE3 Y MOJIEKYJIbSIPHASI U KPUCTAJLTMYECKASI CTPYKTYPA TIAPA —
OKCHBEH30ATA YB(I1).
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HYDROXYBENZOATA YB (l11).
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Doctoral student of the Ganja branch of the
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AHHOTAIIUA

CHHTE3UpOBAaHO HOBBIE KOMILIEKC mapa-okcubensoinon kuciotsl ¢ YD (1), - monydyena MOHOKpHCTAIIBI
JUISL pEHTTCHCTPYKTYPHOBA aHAIIM3a M paciin(poBaHa MOJCKYISIPHAS M KPUCTAIIMYECKOTO CTPYKTypa HOBOTO
KOMILIeKCa. YCTAHOBICHO YTO, METAJT KOOPIMHUPYETCSl KHIOPOJaMHU KapOOKCHIIHON TPYIIBI MOHOAEHTAIHO,

OMIEHTATHO U OMAEHTATHO-MOCTHKOBA THUIIA.

ABSTRACT

New para-oxybenzoic acid complex with Yb (I11) was synthesized, single crystals were obtained for X-ray
diffraction analysis and the molecular and crystalline structure of the new complex was deciphered. It has been
established that the metal is coordinated by the carboxyl group kilorods monodentadno, bidentate and bidentate-

bridge type.

KaioueBble cioBa: napa-okcnOEH30HHOM KHCIIOTA, PEHTTEHCTPYKTYPHBIH aHanm3, kommekc Yb (IID),
MOHO/ICHTATHBIH, OMIEHTaTHBIN, OMIEHTATHO-MOCTHKOBBIE CBSI3BH.
Key words: para-oxybenzoic acid, X-ray analiz, complex Yb (l11), monodentadno, bidentate and bidentate-

bridge.

Ilapa — okcubensoiinas kwuciaora -4 —HO-
CsHsCOOH Bcrpeuaercs B mousax [1], B Mopckoi
Boze[2] W pasnMuUHBIX OpraHax PacTEHHH: JHUCTBIX W
arogax BuHOrpagumka [3], caxapmoii ceekne [4],
tomarax [5]. Buonoruueckas akTHBHOCTH mapa —
OKCHOCH30WHOW KHCIOTBI H3y4eHO JOCTaTOYHO:

CHHTE3 CTEPHMHOB B TKaHH TOJIOBHOIO MO3ra,
CTUMYJTHPYET PEaKIIUK CeKPEIIUH KUCIOTHI XKETyIKa Ha
TETPAYACTPHH U MOBBILIAET 0a3aIbHYIO CEKPELUIO [6].
CrpoeHne mapa — OKCHOCH30HHOW KHCIOTHI
YCTAHOBJIEHO TIPU pacliuppoBKe CTPYKTYpsl [7].
Mouoxkpuctamisl 1 —HO-CsH4sCOOH MoHOKIMHHBIE!
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a =17,752(9),b = 6,442(2),c = 6,731(3)A, = 105,48°,Z = 4,1ip. 1p. P,, /a

KoMmmekcel  MeTamnoB 1 —OKcHOEH30iHOH
KHCIIOTBl  HM3y4eHbl  xopomio.  PacmudpoBano
KPHCTAJTUYECKHE CTPYKTYphl Mapa —OKCHOEH30aTOB
Ag(l) [8], Mg(Il), Ca(ll) [9], Pb(ll) [10].

ExcnepmMeHTaJIbHASL YACTh.

CHUHTE3UpOBaHO HAMHU HOBBI KOMILIEKC B
coctae (4 —HO-CgHsCOOH);Yb(III)-3H,0 wu
paciumppoBaHO KpUCTAIMYECKass CTpykrypa. Jlms
CHHTE3a MOHOKPUCTAJIOB TPUC — akBa —TpHuc — (I —
okcubensoata) wurtpus (lII) — Yb (m -HO-
Ce¢H4sCOO); - 3H,0.  Hcmonb3oBamu  OOMECHHEIC

peakiu  Mexny Yb,(S0,);u m- oxcuOeH30aTOM
Hatpus B BogHo# cpene npu 25-30°C. Urobsl n3dexarth
BEITIAJICHUS MENKOKPHCTAILTIYECKOTO ocajka
KOMIUIeKCca, OBUIM B3ATHl OYECHb pa30aBICHHBIC
pacTBOpPHl YKa3aHHBIX COJEH B CTEXHOMETPUIECKOM
cootHowieHun. Yepez 4-5 nHell mocne cCMelIeHUs
PacTBOPOB BBINAAIH [UIACTHHYATHIE KPUCTAILIBL.
ITapameTphl TPUKIMHHON SYEHKU OIPEIENICHBI U
yTOouHeHbl Ha kpucrtamie pasmepom 0,16x0,29x0,22
MM®  Ha  YETHIPEXKPY)KHOM  aBTOMAaTHYeCKOM
mudpakromerpe BPYKEP ATIEKC CCJ]

A Mo — K, rpadurossiii Monoxpomarop): a = 11,968(15), b = 14,606(20),c = 14,109(14)
a TP p P
A a =92,155(9), 8 = 106,011(10),y = 102,818(9)°, np. rp. P1, Z=4, R =0,076.

Kpucrammuueckass crpykrypa Yb (m -HO-
Ce¢H4COO); - 3H,0 COCTOHT u3 JIUHEHHBIX
TeTpaMepHbIx Monekyn puc. 1. CoceactByromme B
JIMHEHHOM TETpaMepe aTOMBI HTTPHUS OOBEAUHIIOTCS C
HOMOIIBIO  IOBYX  KapOOKCHIIBHBIX  JIUTAHAOB
OUICHTATHO-MOCTHKOBOTO THIIA.

Dopmyiry
3amucaTth B
8H,0]. Ha
KPUCTAJUIMYECKON

TETPaMEpPHOM  MOJIEKYJbl  MOHO
Buge [Yb, (n-HO — C6H4C00),, -
puc.1 IIpUBE/ICHA IIPOEKLU

CTPYKTYPBI [Yb, (n-HO —

C6H4C00),, - 8H,0] na muockocts (010).

Puc. 1. Kpucmannuueckas u moaexynspnas cmpykmypa napa-okcubenzoama Yb (111).

Bce aTombr UTTpUS BOCbMH KOOPJAWHAIITMOHHBIC,

OJIHAaKO cocTaB KOOPAWHALIMOHHO chepsl
CUMMETPHYECKH HE3aBUCHMBIX aTOMOB MeTaia
pasubiit. [lommdap, o6pasyemsiii  aromom  Yh(I)

coctouT U3 IBYX atoMoB kuciopoaa O (7) u O (14)
MOCTHKOBBIX KapOOKCHIIBHBIX TPYIII, KOTOPBIE HMEIOT
cun —antukondurypammio (Yb(1) -Oyeer. 2,31 A cp.),
yetbipex atomoB O (4), O (5), O (16) u O(17) nByx
ounenratHo — wpukimdeckux rpymn (YP() —Ouucn,
2,41R) n nByx monexyn Boast (Yb(I) — OH; 2,38A cp.).

B xoopmunanuio YD(2) BXomsT dersipe aroma
kucinopona O(8), O(10), O(11), O(14) or ueTsIpex

kapGokcntbrbix rpyr (YD(2) —Oyeer. 2,39 A cp.), 182
atoma kuciopoaa O(1) u O(2) ot ogHOTO OUIAEHTATHO
— mukimueckoro kapookcuna (YB(2) — O e 2,49A
cp.) u ase monekynsl Boasl (Yb —OH, 2,44 A cp.).
Paccrostane mexay aromamu metamia Yb(l) — Yb(2)
4,511 A, a mexxay Yb(2) —Yb(2) 4,851A.

CormocTaBlieHHE CPEIHUX 3HAYCHUI PACCTOSHUI
Me —Oyocr. 1 Me -O . IOKA3BIBACT, UTO TAK K€, KAK U
B HEKOTOPHIX JPYrux KapOOKCHIaTax  aTroOMH
KHCJIOPO/IA JIMTAH/I0B MOCTUKOBOT'O THITA 3HAYUTEIILHO
OJIKe K aTOMaM MeTajlla, YeM KHCJIOPOJHbBIE aTOMBbI
XETATUPYIONIMX JIUTAHIOB.
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Ceu C — O kapOOKCHJIBHBIX TpPYII BCEX
nurasaoB nouty skeuBanents (1,27 A cp.).

Cpennee 3nauenue paccTosTHUN Cyaps — Cpen. 1,48
A ¥ coBmamaer ¢ COOTBETCTBYIOIIMM 3HAUCHHEM B
CTPYKTYpE Mapa- OKCUOCH30HHON KUCIIOTHI C IPYTHUMHU
Metamiamu. JmmHa cBs3u C- OH wMensercs B
nepenenax 1,36 -1,41 A (1,39 A cp.). Mexaromusie
paccTosiHWST W BaJICHTHBIE VYIVIBI B JIMTaHOAaX
[8,9,10,11], B menoM mpakTHYECKH Te K€, YTO W B
AHAJIOTHYHBIX ~ (pparMeHTax Jpyrux ONU3KHX 10
cTpoeruto ymrafgoB. Cpemnee 3Hauenne OCO mus
MOCTHKOBBIX jurannoB 120,28°, a s XeJlaTHBIX
ectecTBeHHO MeHbIe (116,15°).

ymurangax He npesbimaer 0,05 A. Onnako MOJIEKYJIBI
JUTaHIOB B LEJIOM HEIUIOCKHE; KapOOKCHIbHBIC
TPYIIbL, B 3aBUCIMOCTH OT BBIMOJHSAEMON ()YHKIINHY,
UMEIOT PA3UYHYI0 CTEICHb HAKJIOHA K IUIOCKOCTH
(deHmTPHOrO KONbIa. B ciydae HMUKIMYECKUX TPYIII
STOT HAKJIOH M3MEHSETCS B HEOOJIBIINX Ipeaesiax OT
1,8 mo 9,8°. MocCTHUKOBBIE TPYHIIBI, COETUHSIOIINE
Yb(1) u Yb(2) 1 umeroriie KOHGUTYpPALIHIO CHH —aHTH,
CYIIECTBEHHO IUIOCKHE ( YIiBl oTKIOHeHHs 17,35 u
24,89° cooTBeTCTBEHHO). B ciygae ke TpymmHL,
coenunstomeit Yb(2) u Yb(2) u umeromei cun —cun —
KOH(UTypaIHIO, Yroj OTKIIOHCHUS! He3HAYUTEIBHBIA U
cocTaBiseT Bcero 6,6°.

Bce  (QeHWNBHBIE KON B IIpedeiax Mexy JIMHENHBIMU TeTpamepamu
HOFpeIHHOCTeﬁ IIOCKHUEC,; OTKIIOHCHUC OKCI/IprHHI)I oT OCyH_IeCTBHﬂ}OTCﬂ BO)JOpOL[HLIe CBJsI3H.
IUIOCKOCTU  COOTBETCTBYIOIIET'O KOJIbIla BO BCEX
Tabuuma 1
JUIMHBI CBSI3EN

CBs13b d A CBsI3b d A CBsi3b d A
Yb(1)-0() 240(1) C(15)C(16) 14702) C(27)C(28) 147(6)
Yb(1)-O(5) 241(2) C(16)-C(17) 138(2) C(28)-C(23) 1fi(27)
Yb(1)-0(7) 235(1) C(7)-C(8) 14203) C(22) C23) 154(6)
Yb(1)—O(13) 237(1) C(18)_C(19) 140(3) C(22)—0(13) 126(5)
Yb(1)—O(16) 242(1) C(19)_C(20) 140(3) C(22)—0(14) 128(5)
Yb(1)—O(17) 242(1) C(20)C(21) 140(3) C(30) C(31) 143(4)
Yb(1)—O(19) 241(1) C(21)C(16) 140(3) C(3) C(32) 141(4)
Yb(1)—0(23) 236(1) cpoce 140 C(32) C(33) 139(6)
Yb2)-0(1) 242(1) C(22)C(23) 15002) C(33) C(34) 142(6)
Yb(2)—0(2) 257(1) C(23)C(24) 140(2) C(34) C(35) 144(6)
Yb(2)—0(8) 238(1) C(24) C(25) 142(2) C(35) _C(30) 140(6)

Yb(2) —O(10) 227(1) C(25)—C(26) 139(2) cpomce 143
Yb(2)_0(11) 227(1) C(26)_C(27) 138(2) C(29) -C(30) 155(6)
Yb(2)_O(14) 237(1) C(27)C(28) 140(3) C(29)—0(17) 123(5)
Yb(2)_0(20) 242(1) C(28)_C(23) 140(2) C(29)—0(18) 132(5)
Yb(2)_0(21) 245(1) cpetce 140 C(37)C(38) 143(4)
o(1) () 124(2) C(29)C(30) 147(3) C(38) C(39) 152(5)
0(2) (1) 13002) C(30)_C(31) 137(2) C(39) _C(40) 137(6)
0(4) C(6) 127(2) C(3)C(32) 143(3) C(40) _C(41) 134(6)
0(5) C(6) 127(2) C(32) _C(33) 141(2) C(41) C(42) 147(6)
o) -C(15) 1252) |  C(33)-C(34) 1.36@2) cupc@n | 130
0(8) C(15) 1272) C(34) C(35) 14303) C(36) _C@37) 152(6)
0(10)C(22) 128(2) C(35)_C(30) 140(2) C(36)0(21) 130(4)
o(l1) C(22) 125(2) cpece 140 C(36)0(22) 128(4)
0(13)-C(29) 126(2) C(36)_C(37) 152(2) N(1)—C(5) 1.74(6)
0(14) —C(29) 129(2) C(37)C(38) 139(2) N(1)-0Q3) 116(4)
0(16) —C(36) 128(2) C(38) C(39) 141(3) N(1) —O(4) 1.08(6)
0(17)-C(36) 125(2) C(39)_C(40) 141(3) N(2) —C(12) 148(3)
c)-CQ) 148(2) C(40) _C(41) 131(3) N(2)-0(7) 121(5)
c(2)-C(3) 144(2) C(a1) C(42) 141(3) N(2) —O(8) 118(5)
C(3)-C(a) 141(2) C(42)_C(37) 141(3) N(3) —C(19) 156(5)
C(4)-C(5) 1.40(3) cperHee 1.40 N(3) -O(11) 1.16(5)
C(5)-C(6) 141(3) C(5)-0(3) 138(2) N(3)-0(12) 129(5)
C(6)-C(7) 135(2) C(12)-0(6) 140(2) N(4) —C(26) 154(6)
c(7)-C2) 137(2) C(19) C(9) 139(2) N(4) —O(15) 116(5)
cpemce 140 C(26)0(12) 141(2) N(4)—O(16) 123(5)
C(8)-C(9) 146(2) C(33)_0(15) 141(2) N(5) —C(33) 152(6)
C(9)-C(10) 146(3) C(40)—0(18) 138(2) N(5) —O(19) 120(5)
C(10)_C(11) 140(2) C(15)-0(9) 124(4) N(5) —0(20) 121(5)
c(l) (1) 13903) C(15)-0(10) 122(3) N(6)—C(40) 158(6)
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C(12)-C(13) 1.42(3) C(23) —C(24) 1.44(6) N(6) —O(23) 1.23(5)
C(13)-C(14) 1.40(2) C(24) —C(25) 1.43(6) N(6) —O(24) 1.19(5)
C(14)—C(9) 1.37(2) C(25) —C(26) 1.42(6)

cpenHee 141 C(26) —C(27) 1.39(7)
Tabnuma 2
BAJIEHTHBIE YT'JIbI
VYron w, Tpaj. VYron W, rpaj.
0(5) -Yb(1) -0O(4) 53.3(4) O(1) -Yb(2) —O(21) 140.7(4)
0(5) -Yb(1) -O(7) 77.1(4) 0(2) -Yb(2) —0O(8) 72.0(4)
0O(5) -Yb(1) —0O(8) 81.9(3) 0(2) -Yb(2) —O(10) 126.0(4)
0O(5) -Yb(1) —0(9) 147.7(3) 0(2) -Yb(2) —0O(11) 78.1(4)
0O(5) -Yb(1) -O(13) 78.5(4) 0(2) -Yb(2) —O(14) 83.6(4)
0O(5) -Yb(1) —O(16) 135.6(4) 0(2) —Yb(2) —O(20) 145.4(3)
0O(5) -Yb(1) -O(17) 87.1(4) 0(2) -Yb(2) —0O(21) 135.7(3)
0(4) -Yb(1) -O(7) 124.4(4) 0O(8) —Yb(2) —O(10) 82.0(4)
0(4) -Yb(1) -0O(8) 131.0(3) 0O(8) —-Yb(2) —O(11) 147.4(4)
0O(4) -Yb(1) —0(9) 155.4(3) 0O(8) —Yb(2) —O(14) 105.8(4)
0O(4) -Yb(1) -O(13) 82.6(4) 0O(8) —Yb(2) —O(20) 141.6(4)
0O(4) -Yb(1) —O(16) 123.8(4) 0O(8) —Yb(2) —O(21) 73.7(4)
0O(4) -Yb(1) -O(17) 78.9(4) 0O(10)-Yb(2) —-O(11) 106.0(4)
O(7) -Yb(1) —0O(8) 47.2(3) 0O(10) -Yb(2) —-O(14) 150.0(4)
O(7) -Yb(1) —0(9) 70.8(3) 0O(10) —-Yh(2) —O(20) 77.5(4)
O(7) -Yb(1) -O(13) 113.2(4) 0O(10) -Yb(2) -O(21) 75.0(4)
O(7) -Yb(1) —O(16) 73.9(4) O(11)-Yb(2) —-O(14) 83.3(4)
O(7) -Yb(1) -O(17) 74.8(4) O(11) -Yb(2) —O(20) 70.4(4)
0O(8) -Yb(1) —0(9) 73.6(3) O(11)-Yb(2) -O(21) 138.8(4)
0(8) -Yb(1) -O(13) 68.4(4) 0O(14) -Yb(2) —O(20) 79.1(4)
0O(8) —Yb(1) —O(16) 101.3(3) 0O(14)-Yb(2) -O(21) 79.5(4)
0(8) -Yb(1) -O(17) 122.0(3) 0(20)-Yb(2) —-O(21) 69.7(4)
0(9) -Yb(1) -O(13) 110.5(3) C(2-C(3)—C(%) 117.9(15)
0(9) -Yb(1) —O(16) 36.3(3) C(3)-C(4) —C(5) 118.7(16)
0(9) -Yb(1) -O(17) 88.4(3) C(4) —C(5) —C(6) 122.7(16)
0(13) -Yb(1) —O(16) 144.3(4) C(5) —C(6) —C(7) 117.5(15)
0(13)-Yb(1) -0O(17) 161.0(4) C(6) -C(7) —C(2) 123.2(15)
0(16) —Yb(1) -O(17) 53.4(4) cpeniHee 120.0
0(1) -Yb(2) -0(2) 52.3(3) C(4) —C(8) —C(5) 116.3(15)
0(1) -Yb(2) —0O(8) 76.3(4) C(4) —C(8) —C(9) 120.9(15)
0O(1) -Yb(2) —O(10) 76.2(4) C(6) —C(8) —C(9) 122.7(15)
0O(1) -Yb(2) -O(11) 75.1(4) cpenHee 119.9
0(1) -Yb(2) —O(14) 133.6(4) C(8)—C(9)-C(19) 122.4(16)
0O(1) -Yb(2) —O(20) 128.2(4) C(8) —C9() —C(10) 117.6(15)
C(10) —C(9) —C(14) 120.0(16) C(21) —C(16) —C(17) 121.1(15)
C(9) —C(10) —C(11) 119.3(16) C(16) —C(17) —C(18) 121.8(16)
C(10) —C(11) -C(12) 118.0(16) C(17) —C(18) —C(19) 116.1(16)
C(11) -C(12) -C(13) 124.4(16) C(18) —C(19) —C(20) 122.1(16)
C(12) -C(13) —C(14) 116.3(15) C(19) —C(20) —C(21) 120.1(17)
C(13) -C(14) —C(9) 122.1(16) C(20) —C(21) —C(16) 118.1(17)
cpenHee 120.0 cpenHee 119.9
O(7) —C(15) —O(8) 120.2(15) 0(10) -C(22) -0(11) 121.8(15)
C(7) —C(15) —C(16) 119.7(15) 0(10) —C(22) —C(23) 117.5(14)
C(8)—C()—C(16) 120.1(15) 0O(11) —C(22) -C(23) 120.7(14)
cpeziHee 120.0 cpeniHee 120.0
C(8) —C(15) —C(16) 118.5(15) C(22) —C(23) —C(24) 116.8(14)
0O(13) -C(29) —0(14) 119.8(14) C(22) —C(23) —C(28) 121.0(14)
0(1) C(1) 02 119.7(14) C(28) —C(23) —C(24) 122.3(15)
0(1)-C(1)-C(2) 120.5(14) C(23) —C(24) —C(25) 118.5(15)
cpefHee 120.0 C(24) —C(25) —C(26) 117.7(15)
C(1)-C(2-C(3) 118.6(14) C(25) —C(26) —C(27) 124.3(16)
C(1)-C(2-C(7) 121.4(14) C(26) —C(27) —C(28) 118.1(16)
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C(3)—C(2)-C(7N 120.(15) C(27) —C(28) —C(23) 119.0(15)
C(15) -C(16) -C(17) 120.7(15) cpenHee 119.9
C(15) —C(16) —C(21) 118.1(15) 0(16) —C(36) —O(17) 118.5(15)
0(13) —C(29) —C(30) 121.9(15) 0(16) —C(36) —C(37) 118.9(15)
0(14) —C(29) —C(30) 119.4(15) 0O(17)—C(36) -C(37) 122.6(15)
cpenHee 119.9 cpenHee 120.0
C(29) —C(30) —C(31) 123.2(15) C(36) —C(37) —C(38) 118.0(15)
C(29) —C(30) —C(35) 115.2(15) C(36) —C(37) —C(42) 118.5(15)
C(31) —C(30) —C(35) 121.7(16) C(42) —-C(37) —C(38) 123.5(16)
C(30) —C(31) -C(32) 120.7(16) C(37) —C(38) —C(39) 117.2(16)
C(31) —C(32) -C(33) 115.9(16) C(38) —C(39) —C(40) 119.1(16)
C(32) —C(33) —C(34) 124.6(16) C(39) —C(40) —C(41) 123.3(17)
C(33) —C(34) —C(35) 118.2(16) C(40) —C(41) -C(42) 118.5(17)
C(34) —C(35) —C(30) 119.0(15) C(41) —C(42) -C(37) 118.4(16)
cpenHee 120.0 cpenHee 120.0
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BJUSHUE YCJOBUM PEAKIIUU HA IIPOIIECC TA30®A3ZHOM NOJIMMEPHU3AIIMA
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BudynkiponanbHele  KoOaNbTCOJEPKAIIME KATATUTHYECKUE JUTHOCUCTEMBI T'€TepOreHU3MPOBAaHBI Ha
CHJIMIKAreJjie METOOM KOBAJICHTHOTO CBSI3bIBAHHSA C IPEIBAPUTEIBHBIM aTIOMUHHPOBaHMEM. V3ydeHOo BIHsSHHE
pa3nu4YHbIX (AaKTOPOB (NMPUPOABI COEAMHEHHH KOOambTa M AIIOMHHHUS, THIA PACTBOPHUTEINS, KOHICHTPAIUU
coennHeHUs kobGanbTa M cooTHOomeHnH Al:Co mpH rereporeHu3anyy, YCIOBHH MOIMMEPHU3ANUH: KOIHIECTBO

KaTalu3aTopa, HIaBIeHHE OyTaaueHa,

TeMIeparypa H

BpEMs pCaKnnyi, Ha OCHOBHBIE TI0Ka3aTCIN

(TIpOM3BOAMTENEHOCTE KaTallM3aToOpa, MOJIEKYIIpHYI0 Maccy 1 MMP monmOyraamena) mporecca razoda3Hoi
MOJIMMEPH3AIUH OyTaareHa B IPUCYTCTBHH T€TePOTeHU3UPOBAHHBIX KOOATBTAUTHO(MOCHATHBIX KaTalln3aTOPOB.
KiroueBble ciioBa: OytaaneH, KoOambT, O] YHKI[HOHATBHBIC KATATUTUICCKUC JUTHOCUCTEMBI,
CUJIMKAreJjib, reTeporcHn3anus, ra30(ba3Ha;1 MoJIMMEpus3alus.
Keywords: butadiene, cobalt, bifunctional catalytic dithosystems, silicagel, heterogenization, gas phase

polymerization.

1. Bsenenmue
CrepeoperymsipHsle TTOMUINCHB (B YaCTHOCTH,

noMMOyTaAiWeHbl W TIOJIMM30NPEHbI) TIONydaloT B
MPOMBIIUICHHOCTH C TPHUMEHEHHEM T'OMOTEHHBIX
KaTanuzatopoB Ttuma llurmepa-Hatra B cpene
OPTaHUIECKUX pacTBopHTeNeH (>xunkodasznas
nonuMmepusauusi). Mcmonmp3zoBaHue B Ipoliecce
MOJIMMEpHU3allud  PAacTBOpPHUTENEH  MPHUBOAAT K

OIPE/JCIICHHbIM 3KOHOMMYECKHM U 3KOJOTMYECKUM
mpobiemMaM, CBSA3aHHBIM C OUYHCTKOW U  CYIIKOM
pacTBOpuUTENs, HEOOXOAWMOCTBIO HAJIM4YUS CTaaAuil
OTMBIBKM IIOJJMMEpPAa OT OCTAaTKOB KaTalu3aropa,
Jiera3aliiy U yCpeJHEHUs OIUMEPH3aTa.

B TIOCJIICAHHUEC oAbl 0oJIbII0E BHHUMAaHUEC
yaeiasaeTca reTeporeHu3anuu TOMOI'CHHBIX
KaTAJIMTUYCCKUX CHUCTEM, a TaKKE IIPOBCACHHUIO

mpoIiecca MOJMMEPH3aliy TUCHOB B Ta30Bod (ase ¢
MpUMEHCHAEM reTepOreHU3NPOBAHHBIX
KaTaiauzatopoB. IIpouecc momuMepusanuu B ra3oBOi
(aze oOnamaeT HEKOTOPHIMU MPEUMYIIECTBAMH Ha
KUAKOGA3HOW — MOJMMepH3alMell IpH  y4acTHH
pactBoputens. [loyydeHHbIE MOJIMMEPHbIE YaCTHUIIBI
HAllOMUHAIOT 4YaCTHIBl KaTaiu3aTopa, U 3TO JaeT
BO3MOXKHOCTh YHPaBIATh HX (popmoit. Kpome Toro,
OCBOOOXKIICHHBIC U3 PEAKTOPa TOJIMMEPHBIC YACTHIIBI
MOTYT OBITh YNAKOBaHBl KakK TOTOBBIH MPOJYKT.
Hao0bopor, B xuIxo(a3sHON TOTMMEPH3aUN TYaCTUIIEI

nojnuMepa  IIOXo  (OPMHUPYIOTCS, W BO3HHKAET
HE00X0IMMOCTh B ux JIOIOJIHUTEIbHOM
TPAHyJIUPOBAHUM.

B razoga3zHoi momuMepu3anuy pacTBOPUTENb HE
HCTIONB3YETCs, TOATOMY HE MOSBISIOTCS OCHOBHEIC
mpoOJieMbl  KUAKO(GA3HOW  MONMMMEpHU3aluu  —
pacTBOpeHHUE U BA3KOCTh. MeTO0M MOJIMMEPU3aluK B
ra3oBoil (asze MOXHO TONYYHUTh MOJHMEPHl C
Pas3IMYHBIM YJEIbHBIM BECOM, MOJIEKYJIIPHON Macco,
MHUKPOCTPYKTYPOH M IpyTUMH Ka4eCTBAMH.

B  obOnactm razodasHoil  moiaMMepU3anNU
OyrazueHa mepBble paOOTHI MPOBOMWINCH HAUHWHAs C
1994 roma B  bepmunckom  TexHuueckom

VYuusepcutrere (I'epmaHus) mo 3akazy KOMIaHUH

Baitep[1-4]. B pmanpHeiinieM aHAIOTHYHBIE PaOOTHI
craniu npoBoautcs ydeHeimu KHP [5-8]. Ho, npu
TETePOTCHU3AINN CYIIECTBYIONIMX KOOAJIbTOBBIX U
JTAHTaHOUIHBIX TOMOTEHHBIX KaTallM3aToOpPOB
CTIKMBAINCh CO MHOTHUMH TpPyZHOCTAMH. OCTaTKH
9THX KaTaJW3aTOpPOB TaKKe€ MOTYT IIPHBOIUTH K
YXYIIIEHUI0 OCHOBHBIX KAaueCTBEHHBIX IIOKa3zaTesei
HoJIUMeEpa.

budynknuonansHbe KobOanbpTCOIEpIKaIINe
autHocucTeMbl, paspaboranHeie B MHXIT HAHA,
HapsJy C BBICOKOM KaTaJUTHYECKOM aKTUBHOCTBHIO U
CTEpPEOCENIEKTUBHOCTHIO, 00JIaAal0T TaKXKe M BBICOKUM
CTaOMIM3UPYIOMKUM 3(PPEKTOM TPOTHB TEPMO- U
(DOTOOKHCIUTENILHOTO  CTAPEHUS] IOJMMEPOB  TIPH
XpaHeHMH W  OKcuryatanuu.  [lostomy, npum
MPUMEHEHUN  3TUX  JUTHOCHUCTEM  OTCYTCTBYIOT
BBIIIIEYKa3aHHbIE HEOCTATKH.

B cBa3m ¢ atHM, paspaboTka mporecca
nonuMmepusanuu OyrajueHa B ra3oBod (dase ¢
IpUMEHEHHEM reTeporeHu3NPOBAHHBIX
Ou( YHKITHOHATBHBIX KOOAIbTCOAEPIKAIIINX
KaTATUTHYECKUX TUTHOCHUCTEM, SIBISACH aKTyalbHOM
3amadeii, oOyiagaeT TakXkKe BAKHBIMH HAy4dHBIM U
MIPaKTHYECKUM 3HAYECHHUSMHU.

2. JKCHepuMeHTAIbHAS YaCTh

2.1. MoHomep, KOMIIOHEHTHI KaTAIN3aTOPA,
PACTBOpPHTEIH, HOCUTEIH

MoHomep - Oyrammen (uucrora 99,8%, Mmac.),
IIOMUHUIOpraHUYecKre COKaTalu3aTopbl (YHUCTOTa
85,0-90,0% wmacc. B OEH30JIbHOM pacTBOpe) ObLTH
moiayueHsl ot Sigma-Aldrich.  Opranunueckue
JUTHOIIPOU3BOIHBIE (muTHOOChATHI,
JMUTHOKapOaMaThl W alKHIKCAHTOTE€HAThl) KoOaibTa
CHUHTE3UpOBaHbl B cooTBeTcTBUH ¢ [9]. Hekotopsie

XapaKTePUCTUKU CHHTE3WPOBAHHBIX
JTUTHOTIPOU3BOIHBIX KoOaIbTa MPUBEICHBI B Ta0. 1.
B kawectBe Hamboiee pacHpoCTpaHEHHOIO

HOCHTEINII OBUT WCIOJB30BaH OOBIYHBIA CHIIMKATeEIb,
9TO0 OOYCJOBJICHO €ro HH3KOH CTOUMOCTBIO U
MPOCTOTON (yHKIIMOHATH3AIHH. IToBepxHOCTH
CHJTMKAreysl CONEPKUT aKTHBHBIC THIPOKCHIBHBIE H
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CUJIOKCAHOBBIC (DYHKIIMOHAJBHBIC TPYIIIBI, KOTOPHIC
UMCIOT 0c000€¢ 3HAa4YeHUE MpHU  MOAU(UKALUN
MOBEPXHOCTH M UMMOOHIIH3AIINU KaTaIH3aTopa.

2.2. Tunu4HbIE METOAbI HMMOOHIH3ANNHU

CymecTByeT MHOKECTBO croco0oB
MMMOOWIIN3aIHA METaJUTOKOMIUTEKCHBIX
KaTaJIn3aTOPOB HAa HOCUTEIISAX, X MBI HCIIOJIB30BAIH TPH
OCHOBHBIX METOAA Ui HWMMOOWIM3AaIMA METajo-
KOMIUTIEKCHBIX KaTain3atopos [10, 11]:

1) MeTon «npsiMo# aicopOIumy (MITH MPOTTATKH).
D10 mpormecc (GUINISCKOW aACOPOIMU KOMILIEKCa,
TAKOr0 KaK KOOPIMHAIMOHHOE COCIMHCHUE METAllIa,
Ha MOBEPXHOCTH HOCHUTENs. DTO Hambosee yaoOHBIN

METO/I MMMOOUIIN3alUA METANIOKOMIIIEKCHBIX
KaTajgnu3aTopOB.

2) MeToj UMMOOWIM3ANUN «IIPEIBAPUTEIEHBIM
ATIOMUHUPOBAHUEM». ITO TpOIEcC, B KOTOPOM
MaTepHa HOCHTES KOHTAKTHPYET C COKATATH3aTOPOM
(METHITATFOMOKCAaHOM WA
ATKWTATIOMUHANATAIOTCHUAMH ) nepen

UMIIPETHUPOBAHUEM COCIHMHCHUSIMETAIIOKOMILIEKCA.
B omHOM mporecce CHIMKareilh IEPEMEIIHBAIOT C
pactBopoMm  cokatanuzatopa (MAO) wu 3arem
¢unpTpyroT. TBepAyrO 4acTh MPOMBIBAIOT U CYyIIAT B
BakyymMe, mnonydas ~ MAO-MoauduiupoBaH-HbIi
CUJIUKAreb.

3) MeTon «KOBaJ€HTHOTO CBS3BIBAHUSA». OJTOT
MeTO]T MMMOOUITU3AIUI TOMOT€HHOTO
METaJUIOKOMIUIEKCHOTO KaTalln3aTopa Ha CHIINKareie
Omm30K K METOIY TPeIBApUTEIHLHOTO
ATIOMAHUPOBAHMA. B 5TOM MeTome TOMOTCHHBIH
METAJUIOKOMIUICKCHBI ~ KaTalli3aTop  IIOJyYaloT
B3anMOJIeHiCTBHEM pactBopa K00aIbTOBOTO
COCIMHEHHUST MeTalokoMIiekca W MAO  (wim
ATKWITATIOMUHANATAIOTEHUIOB) B MIPUCYTCTBUU
MOJICKYJT MOHOMEpA, a 3aTeéM K pacTBOpY A0OaBIAIOT
«TpeABAPUTEIHLHO ATIOMUHUPOBAHHBIN» CHITUKATEIb.
CycneH31I0 IepeMennBaioT U CyIIaT ¢ 00pa3oBaHUEM
HaHECEHHOT'0 KaTaJn3aropa.

XapaKkTepUCTUKH reTepOTeHN3UPOBAHHBIX
KaTaJIn3aTOPOB MPUBEACHHI B Ta0I. 2 U 3.

2.2. Omnpenejenne MOJIEKYJISIPHOIl MacChl H
CTPYKTYPHI OTUOYyTATHEHA

MonexymspHas Macca BBICOKOMOJICKYJISIPHOTO
1,4-mmuc-nonuOyTaareHa " 1,4-umc+1,2-
nonuOyTaareHa, COOTBETCTBEHHO, Obljla OIpeesieHa
METOJIOM BHCKO3MMETPHH, COIJIACHO ypPaBHEHUSIM:
[N]30= 3,05 ¢ 104eM%7%5; [n]30 = 15,6 » 10-5M°7®

MUKpOCTPYKTYpY MOIMOYTagreHa ONPEaeIIsLTH
metogom MK-cnexrpomerpun (MK-ciekrpodoTomerp
bekmana). 1,4-muc-, 1,4-tpanc- u 1,2-monm0yTaaueHb
pa3M4YarTCs MO HaOIIOMACMBIM ITHKaM B BOJHOBBIX
yucinax mMexnay 600 et u 1100 cm? (namHA BOMNHEI
Mexay 9 u 16 MuUKpoMeTpamu), OTHAKO PACTIONI0KEHHUE
€MHUL OBLIM CABUHYTHL: 1,4-1uc - 740 cmt; 1,2 - 912
cmt u 1,4-tpanc - 960-970 cmL.

1)  3.Pesynbrarsl HCCJIEI0BaHUs u
obcyxeHue.

Jns cpaBHEHHsS aKTHBHOCTEM KaTajJU3aTOpPOB B
3aBHCUMOCTH OT JurangHoro okpyxenus Co-ATII u
tuna AOC B Tabimuax 4 ¥ 5 IpUBEACHBI PE3yNbTaTHI
pacTBOpHO MOJIMMEPU3ALIUU OyTagneHa B
MNPUCYTCTBUM  TOMOTCHHBIX  OM(YHKIHMOHAIBHBIX

KOOQJIbTCOEPKAIINX KATATUTHUECKUX IUTHOCHCTEM,
MPOBEACHHOW COMIACHO YCJIOBHsIM paboT [16], a B
Tabn.6 u Ha puc.1-6 - pe3ysibpTaThl HCCIEIOBaHUN C
reTepOreHU3UPOBAHHBIMU KaTallM3aToOpaMu C ITHMHU
)K€ AUTHOTPOU3BOJHBIMU KOOAIbTA.

Kak BumHo w3 Tabm. 4, B TPUCYTCTBHH
KOOaMbTIUTHOPOCHATHBIX KATATUTHIECKUX CHCTEM
IOTy4aeTcs BBICOKOMOJICKYIISIPHBIH 1,4-mc
rmomuoOyranuen (comepxkanme 1,4-muc-3BeHbeB  91-
98%) c monekymapaoir maccoir 250000-438000, c
MMP 2,2-3,0 1 mpon3BOAUTEIFHOCTHIO KaTaIu3aTopa
44-97 xr I1BJl/r Co-uac.

KobGanbTurnokapbamaTHas KaTaJuTHYEeCKas
cUcTeMa MPHBOAWT K oOpasoBanuioo 1,4-muct1,2-
nmonuOyTanuena (comepxkanue 1,4-mmc 3BeHbEeB 58 %,
1,2-3BeHbeB 34 %), monekymspHOH Maccoit 290000,
MMP 2.5 u npomsBogurenbHocThio 44 kr IIBJl/ r
Co-uac.

KobanpTKCaHTOTE€HAaTHAS KaTaJUTHIeCKast
CHCTEMa C AalKWIATIOMHHUHTAIIOTEHUIHBIMH ~ CO-
KaTall3aTopaMu MO3BOJISIET MIOTy4aTh
BBICOKOMOJICKYILIPHBIN  1,4-uc  monmOyTaaweH ¢
conepxanueM 1,4-miuc 3BeHbeB 95%, MoseKyIspHOM
Mmaccoit 255000, MMP 2.2 u mpou3BOAUTEIHHOCTHIO
kataimuzatopa 65 kr [IBJl/ r Co-uac. [Ipu npumMeHeHun
B KauecTBe cokartammzatopa TDA  oOpasyercs
BBICOKOMOJIEKYJISIPHBIH, BBICOKOKPUCTAJJINYHBII
CUHJINOTAKTHYECKUN 1,2-nonubyranueH c
cogepxkanueM 1,2-3BeHpeB  99%, MonekyIsIpHOM
maccoit 250000, MMP 1,8 u npou3BOIUTENBHOCTHIO
100 xr ITIBJI/ r Co-yac.

[t cpaBHEHUS B Ta0J1. 4 IPUBENICHBI PE3yJIBTATHI
C IPUMEHEHUEM U3BECTHOH KaTAINTHIECKOW CHCTEMBI
Co(HadT.)2+[IDAX. B MIPUCYTCTBUH 3TOTO
Katajgu3aTopa o0pa3yercs BHICOKOMOJEKYISApHBIN 1,4-
UC monuOyTaaueH ¢ coaepx anueMm 1,4-1uc-3BEHbEB
90 %, monexynsp-uHoit maccoit 176000, MMP 2.8 u ¢
OuYeHb HU3KOH mpou3BomuTeasbHOCThIO 12 kr IIBl/ T
Coruac.

B Tabmume 5 mpuBeneHs!  pe3yibTaThI
WCCIIEIOBAaHNS THIA aTIOMUHHHOPTaHMYECKOTO CO-
KaTajlu3aTropa Ha BBIXOJ, MOJEKYJSIDHYIO Maccy M
MHUKpPOCTPYKTYpY TOJIMOyTaaneHa B TPHUCYTCTBUHU
TOMOTEHHBIX KOOAJIBTCOAEPKANIMX KaTaTUTHUECKUX
qutnocucteM  Co-ATII+ AOC npu  ycnoBusx
nommepuzanuu: [M] = 3,0 mons/n, Al:Me = 100:1, t =
25°C, pactBoputenb-Tonyos. Kak BuaHO U3 Tabi. 5, B
NIPUCYTCTBUU kobanmpTIUTHOOChATHOM
karanutuaeckeord cucteMsl (Co-HI'IT® u Co-KTD)
THI ATFIOMHUHAHOPTaHNYECKOTO COCTUHEHHUS HE BIHUACT
Ha MHKPOCTPYKTYpPY HonmuMepa u obpasyercs 1,4-mmc
noaubyTagueH ¢ copepxkanueMm 90-95%. Ilpu srom
MOJTY4aeTcsi  BHICOKOMOJIEKYJSIPHBIN  TOMMep ¢
MoJekyspHoit mMaccoit 345000-630000 1 MMP 2,2-
3,3 ¢ BeixonoM 80-98%.

B  mpucyrcrBum  kobanbTauTHOKapOaMaTHOM
KaTaJTuTUYECKON CHUCTEMBI (Co-ADATK) B
MUKPOCTPYKTYpE 1,4-tmc nonuOyTaareHa
Ha0II0aeTCsl U3MEHEHNE COJIepKaHus 1,2-3BEHBEB OT
ot 16-17% (BAX u DACX) o 30% (IDAX).

IIpu wmcmonp30BaHMM KOOATBTKCAHTOTEHATHON
karamutnaeckoi cuctembl (Co-bBKc) coBmecTHO ¢
JO2AX u DACX obpasyercs 1,4-uuc nmonubyranueH ¢
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cogepkanueM 1,4-muc  3BeHbeB  95-96%. A, ¢ (Kar-1 — Kar-3) mnpuBomsr Kk 00pa3oBaHHIO
UCIIONIb30BAaHUEM B KayecTBEe co-Kartajuzatopa TOA  BBICOKOMOJIEKYJSIPHBIX  1,4-IMC-NONMOYyTagueHOB C
cTepeocnennMUIHOCTh PE3KO MEHSETCS U 00pa3yeTcss  CoJAep:KaHHEeM 1,4-11uc-3BeHBEB 92-96%,
BBICOKOMOJIEKYJISIPHBIH, KPHUCTAJNINUECKUN,  MOJIEKYJISIPHOU Maccoi 310000-490000 u
CHHJIMOTAKTHYECKHUI 1,2-noaubyTanueHH C  NpPOM3BOAUTENBHOCTHIO KaTanmmzatopa 225-470 xr

cozepkanueM 1,2-38eHbeB 98%.

B Tabmume 4 mokasaHBl TaKKe IaHHBIC IIO
ra3odasHoit TTOJTUMEPHU3ALIH OyranueHa c
HCIIOJIE30BaHUEM reTepOreHN3NPOBAHHOM
HEONUMCOJEpXKAIEH  KaTAIUTUYECKOW  CHUCTEMBI
Bepmunckoro Texmmdeckoro Yausepcutera (BTY)
[1]. Kak BugHO, T™pH 3TOM  JOCTUTaIOTCA
MPOU3BOIUTEIHHOCTE KaTanm3aTopa S00 kr [15/]/mons
Kat-uac, Beixon nomumepa 80%, MonekysipHas Macca
nonumepa 1500000, MMP 2.3 u conepxkanue 1,4-nuc
3BeHbEB 97%

2) 3.1.BausHue THma, METOHOB 00pabOTKH
HOCHUTEIIS ¥ YCIIOBHU T€TePOTeHU3AINN

Tun, meron oOpaOOTKH HOCHUTENS U YCIOBHSA
TeTepPOTCHU3AINH OKA3bIBAIOT CYIIECTBEHHOE BIMSIHUE
Ha AKTUBHOCTH u CTEpPEOCEIEKTUBHOCTh
TeTePOTCHU3NPOBAHHBIX HAMH  KaTalnu3aTOpOB B
npouecce razoasHoil MoJMMepH3aluu OyTaJueHa.
Pe3ynbTathl HcclieJOBaHUS CBEACHBI B Ta0M. 6.

Kak BupHO M3 Tabm. 6, B cilyyae CHJIMKAaresis
TepMoobpadoTanHoro mpu 600°C u 6e3 MoaubuKau
¢ AOC (CT's00-0), mocne rereporenuzanuu Co-X 1o
MeTony «mpsimoit mporutkun» (Kat-1), momydaercs

BBICOKOMOJICKYJISIPHBIH nondyTaaueH c
conepxanueM 1,4-nuc-3BeHbeB 92%, MonekyspHON
Maccou 466000 u MIPOU3BOJUTEIBLHOCTHIO

katanm3atopa 225 kr [1BJ]/r Co-4ac.
Cunukarens, TepmMooOpaboransstii mpu 600°C u

06e3 w™omupukarmmm ¢ AOC  (CIepo-0), mocme
reTeporeHu3aIu METAJIOKOMILIEKCA Co-
AOATO+IDAX+B]l 1o MeTromy «KOBaJEHTHOTO

cBs3pl-Banus» (Kar-2) obOpasyer monubyTtagueH c
conepxanueMm |,4-muc-3BeHbeB 94%, MonexkymnsapHO
Maccoi 310000 " MIPOM3BOIUTEIHHOCTHIO
karanusatopa 375 kr I1BJl/r Co-4yac, COOTBETCTBEHHO,

9TO  TOATBepkIaeT  3PPEeKTHBHOCTH  MeToja
«KOBAJICHTHOTO CBSI3bIBaHMsI» (Ta0. 6).

Cumkarenb, MOIUGUIMPOBAHHBIN
«IIpeABapUTEIbHBIM ~ATIOMUHUpOBaHUEM» ¢ TOA,
MoCJe TEeTePOrCHU3all METOJOM «KOBAJICHTHOTO
CBSI3BIBAHUS» METaJUIOKOMIUIEKCa Co-
KTO+IUBAX+b/l (Kar-3) naer BO3MOMXHOCTh

cunaresnpoBath [1B]] ¢ mokazaremsamu 96%, 490000 n
475 xr [IB/l/rCo-uac, coorBercTBeHHO. [lomyueHHbIe
pe3ynpTaTel  TMOKa3pIBalOT Ha  3(deKkTuBHOCTH
KaTaJln3aTopa cO CHJIMKareieM, TepMooOpadoTaHHBIM
npu 600°C U reTeporeHU3UpOBaHHBIMU IO METOAY
«KOBAJICHTHOTO CBSI3BIBAHUSL C IIPEBapUTEIbHBIM
ATFOMAHUPOBaHUEMY (Ta0II. 6).

3.2. Buusinme JHMraHAHOTO  OKPY:KEHHS
coeTMHEHUsI K00aJIbTa " TPUPOIBI
ATIOMIHUHOPraHNY€eCKOT0 CO-KaTAJIM3aTopa

B rereporeHU3MpOBaHHBIX KaTalU3aTopax, TaKk
K€ KaKk ¥ B UX TOMOTEHHBIX aHaJorax, JIMTaHJHOE
OKpYy’KEHHE KOOaIbTa MMEET CYIIECTBEHHOE BIHSHUE
Ha OGG}EeKTHBHOCTh, KaTanu3aTopa W Ha THII
MOJyYEeHHBIX MOIUMeEpoB. Tak, kKak BUIHO U3 Taldi. 0,
koOanbTIUTHO(OChATHBIE KAaTAINTHYECKUE CHUCTEMBI

I15/rCo-uac.
B Tex ke ycrmoBMsAX KoOaNbTAMTHOKapOaMaTHas

KaTaIUTHYeCKast cucTeMa c
JHAIIKUIATTFOMITHUAMOHOXTOPH THBIMH co-
karanmatopamu  (Kar-4) mo3BomseT  HOIXy4HTH
BBICOKOMOJIEKYILIpHBIN  1,4-minc+1,2-monmubyraauex,

conepxxauuit 55% 1,4-uuc-3Bennes, 40% 1,2-3BeHbeEB,
UMEIoIUH  MOJIeKyJsipHylo  Maccy 220000 wu
npousBoautenbHOCTh 275 kr I1BJl/r Co-uac (Tabi. 6).
3nech HEOOXOOMMO 0CO00 MOAYEPKHYTh BIHSHHE
npupoasl  AOC  Ha 3ddeKkTuBHOCTH Ipolecca
nojuMepuzanuy. Tak, B aHAJOTMYHBIX YCJIOBHAX, HO
npu HCII0JIb30BAHUH B KauecTBe AOC
ATKWIATIOMHUHAN TIXT0pU A WIH
ATKIIATIOMHUHAHCECKBUXIIOpUIA TIOTY4aeTCs
BBICOKOPA3BETBJICHHBIA BBICOKOMOJNEKYJSApHBIN 1,4-
nuc+1,2-monnbyTaareH.

I'eTeporeHn3upoBaHHas KOOaJIbTKCAHTOT€HATHAS

KaTaJuTH4YecKast JTUTHOCHCTEMA c
ANKWIATIOMUHUNTATIOTEHUIOM (Kar-5) JaeT
BBICOKOMOJICKYJIApHBIA  1,4-11uc-onnOyTagnes ¢

conepxanueM 1,4-muc-3BeHbeB 95%, MonekyyspHOI
Mmaccoir 420000 u mnpousBoAUTENBHOCTBIO 450 KT
[BJ/r Co-wac. Ho, npu mcrmons30BaHAN B Ka4eCTBE

AOC tpuankmramomuans  (Kar-6) momywaercs
BBICOKOMOJIEKYIISIPHBII KPHCTaJUTNIECKUH
CHUHINOTAKTUYECKUN 1,2-monubyranueH c
cogepxanueM 1,2-3BeHpeB  97%, MonekyIspHOM

maccoit 270000 m npousBoaurenbHocThi0 500 Kr
IIB/I/r Co-uac, 94TO yKa3bIBaET Ha CYNICCTBEHHYIO POJIb
npupoast AOC (tabu. 6).

Y4uuTteIBas MONy4YeHHBIE TYUIINE MOKAa3aTeNn KaK
MO TPOIECCY MOJUMEPHU3AIUU, TaK U MO CBOHCTBAM
MOJIyYEHHOTO 1,4-muc-nonubyTtaauena, HaMu
BeIOpanbsl: Co-KT® - B KkauecTBe ONTHMAIbHOTO
coequHeHUs kobOanpra; AOC: mpm MomudUKauu
cunukarens — TOA, a npu nonumepuzanuu —[IUBAX,
B Ka4eCTBE ONTHMAJBHBIX CO-KaTaU3aTOPOB.

3.3. Bamsnue xoHumentpamumm Co-ATII Ha
HOCHTeJIe

Bnmsane xonnentpanuu Co-/ITII Ha HOCHTenNe

U3YYIIN IS CHJTUKAreJs, o0paboTaHHOTO
HarpeBanneM 1npu  600°C u  mpemgBapUTEIHHO
MoaubummpoBaHHoro ¢ TOA  KOBaJeHTHBIM

CBSI3BIBAHMEM METAJNIOKOMIUIEKCHOTO KaTaln3aTopa
Co-KTO+IUBAX+B]] u pu MTOCTOSTHHBIX
snaueHusx: Al:Co=100:1; Psg=1,0 MIla; T =60°C; t=
90 muH (puc.l, a). B 3TuX yclioBHsX NpH yBEeIHYECHUH
[Co] B unreprane (1,0-10,0)-10° mons/r nabmromaeTcs
CHI)KEHHE TPOM3BOJUTENFHOCTH KaTaln3aTopa B
narepae ot 810 nmo 500 kr IIBJ/r Cowwac n
MOJIEKYJIIPHOH Macchl MOJHOyTalieHa B HHTEPBAJIE OT
470000 mo 180000 ¢ ogHOBpPEMEHHBIM YBEITHUYCHHUEM
MMP ot 1,5 go 2,6. B obeux cmydasx CHMKaeTCs
conepxanue 1,4-1c 3BeHbeB B HHTEpBaiax 96-92% u
98-95%, cootBerctenno (Kar-8/0,Kar-8/1, Kar-8/2,
Kar-8/3).
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C Y4€TOM TMIOJYUYCHHBIX YIOBJICTBOPUTCIbHBIX
PpE3yJIbTaTOB W 3KOHOMUHM pacxoda KOJHNYCCTBA

KaTaJ'II/ISaTOpa OIITUMAJIbHBIM 3HAYCHUCM
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Puc. 1. Brusnue konyenmpayuu Co-/[TII na nocumene (a) u coommnowenus Al:Co npu cemepoeenuzayuu (6) na
npoussooumenvHocms kamaauzamopa (1), moaexyaapuyro maccy (2) u MONEKYIAPHO-MACCOBOE PACNPeOeieHUE

koHueHTpauuu Co-KT®dHa HocuTene s qanbHeHmux
uccienoBanuii Hamu BeIOpan [Co]=1,0-10 mMoms/r.
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noaubymaouena.
3.4.Bansinue cootHomenusi Al:Co mnpm 3.5.BausinuexonyecTBa KaTtajau3aTopa Ha
rereporeHN3anuyu HOCHTeJIe
Bnusinue COOTHOIICHUS Al:Co pu Bausiaue KOJIMYeCTBa reTepOreHHOT0
rereporeHusanuu u3ydeHo B uHTepBane (10-100):1. karamu3atopa Ha aKTHBHOCTb M CEJICKTHBHOCTb
Ipu yeemmuenun AlCO B 3TOM HHTepBaje  TIeTEPOrCHH3MPOBAHHBIX O yHKIMOHATIBHBIX
YBEIMYHMBAIOTCS TPOW3BOJUTENHFHOCT KaTaln3aTopa  KaTaJUTUYECKMX  JWTHOCHCTEM B nporuecce

ot 260 no 750 kr [IB/1/r Co-uac u MMP or 1,2 o 1,7,
C OJIHOBPEMEHHBIM CHMXEHUEM MOJICKYJISIPHON MAacChl
o1 590000 10 420000. B 3ToM cyuae conepxanue 1,4-
IKC 3BEHBEB MOYTH HEe MeHsiercs (95-96%) (Kar-8/0,
Kat-8/4, Kar-8/5 n Kar-8/6) (puc.1, 6). CooTHOImECHHE
Al:Co npu rereporeHusaimu, papHoe 100:1, Hamm
BBIOPaHO KaK ONTHMAJILHOE 3HAYEHHE.

razoa3Hoi monmMmepr3anuu OyTagueHa H3Y4eHO B
naTepBare  0,5-10,0 T Ha KaXOylo 3arpysKy.
PesynbraTel npuBeneHs! Ha puc.2, a. C yBenndeHneM
KOJIMYeCTBa  TETEPOTeHHOr0  KaTaju3aTopa B
yKa3aHHOM HWHTEpBaie CHIDKAIOTCS
MPOU3BOJIUTENBHOCTh KaTtanu3aropa oT 830 no 320 kr
I[IbJI/r Co-uac, MojekyisipHass Macca IojJuMepa OT
450000 no 270000 u comepxanue 1,4-11c-3BE€HBEB OT
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97 no 92%. Ilpu 3Tom 3Hauenue MMP yBennuuBaercs
ot 1,6 1o 3,1 (Kat-8/0).

OnTUManbHEIM KOJIMYECTBOM KaTaau3aTopa Juis
BCeX OnbITOB BbIOpaH 1,0 T.
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Puc.2. Brusinue xonuuecmsa kamaiuzamopa (a) u oasienusi 6ymaouena (0) Ha npouzso0umebHoCHb
kamanuzamopa (1), monexynsapuyro maccy (2) u MOAEKyIAPHO-MACCOB0E pacnpedeieHue noaubymaoueHda.

3.6. Bansinue naBieHusi OyragueHa
VYBennuenue navienus oyraguena ot 0,1 mo 2,5

MIla NIPUBOJIUT K YBEJIMYEHUIO KaK
MPOU3BOIUTENLHOCTH KaTanu3aTopa oT 320 mo 850 kr
IIb/I/r Cowyac, Tak ¥ MOJIEKYJSIPHOH MAacChI

nonuOyTaguenHa ot 320000 xo 600000 (mpu cHIKEHUN
3Hauenuss MMP ot 2,8 no 1,4) u conepxanus 1,4-1uc
3BeHbEB OT 93 10 96% (Kat-8/0) (puc.2,0).

N3-3a BBICOKHMX ITOKa3aTENeN IpoLecca U CBOMCTB
MOJIYYeHHOTO TOJMMepa, a TaKkke yHoOCTBa pabOThI
HaMH B KaueCTBE ONTHMAJILHOTO BHIOpaHO aBJICHUE
Oyraguena 1,0 MITa.

3.7. Biusinue TeMneparypbl peakiuu

BnusHue TemrepaTypsl peakMu HM3YYWIH B
nHTepBane 15-100°C. Kak BugHO u3 puc.5, B
npucyrcTBun Kar-8/0 mpu mOBBIIICHUN TeMIIEpaTyphl
B wuHTepBaNe oOT 15 mo 60°C He3HAYUTETHHO
YBEJIMYIHUBAIOTCS KaK MIPOM3BOUTEIHHOCTD
karanmuzatopa ot 700 go 750 kr IIB/I/r Co-uac, Tak u
MoJIeKy IsipHas Macca noiuMepa ot 405000 mo 420000.
JanbHelimee moBeimieHue Temmepatypsl jgo 100°C
MIPUBOJUT K CHIDKEHUIO KaK IPOM3BOANUTEIHLHOCTH
kartanuzaropa 110 530 xr I[1B/l/r, Tak 1 MoseKyIsIpHOI
Maccel nonmbOyragueHa 1o 350000. B unTepBane
TeMIIepaTypsl 15-100°C 3HA4YEHUs MMP
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yBenuuuBaercs ot 1,5 no 1,9, a conepkanue 1,4-muc-  karaimuzaTopa CHIKAETCS u3-3a BO3MOXKHOM
3BCHBEB MpakTHYecKH He MeHseTcs (93-95%) (puc.3, nme3akTuBanMu, HAMH  BbBIOpaHA  ONTHUMAJbHAS
a). temmeparypa peakuu 60°C.
C yyeToM HauJyylIMX [OKa3aTenei mpoiiecca,
MOCJ€ KOTOPOH aKTHMBHOCTH T'€TEPOTCHHU3UPOBAHHOTO
a
BOD - -
f 3
o 100 - - 18
E[E &0 - [ 16
é'." - 14 §
o o 1 o E
22 5o - o
i L
52 a0 - — 1 38
i z :
E E 0 - 0.8 E., %
= B - 06 f 2
22 s 2
g5 100
- 0.2
&2
1] . : 1 ' 0
0 20 40 &0 80 100 120
I.°C
a)
Y
= 900 4 - 185
|+
U 800 4 -
k. 4 - 18
Hs 700 o
B 1 .
5 600 - 175 2 ;
d & ] &
53 3 8
& = 2 17 o =
22 40 - & s
E = B9
a
EZ 300 165 B3
e 8 2E
2g M $3
z 2 - 16 =
S 100 4
=
0 : - r : - T 1.55
0 0 a0 60 80 100 120 140
1. MHH
0)

Puc.3. Brusnue memnepamypui peakyuu (a) u epemenu peakyuu (6) Ha npouzsoo0umerbHoOCms Kamaiuzamopa
(1), monexynapuyro maccy (2) u MOAEKyIAPHO-MACCOB0E pacnpeodeieHue Noaubymaouend.
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3.8. BinsiHue BpeMeHH MOJTHMeEpPH3aluu

Bpems nonmmepuzanun uMeer ocoboe 3HaYeHUE
Ha MOKa3aTelsx mporecca razoga3Hoii
nonuMmepusanuu OyTajueHa, Kak ¢ SKOHOMHYECKOH
TOYKH 3pEHHs, TaK W IO CBOMCTBaM IIOJy4YEHHOTO
nommbyTtagueHa.  IIpy  yBenW4eHHMM  BpEMEHH
nonmMepm3anuu oT 10 1o 60 MuH B ipucytcTBun Kat-
8/0 pe3ko yBEMMUMBACTCA IPOM3BOIUTEIHHOCTH
katanmzatopa ot 550 go 800xr I1B I/ Co-uac, koTopoe
camkaercs 10 650 kr [1B/]/r Co-uac npu gansHeinem
YBEIMUYEHUU BpeEMEHU nonuMepusauuu 10 120 mun. B
uHTepBaie BpeMeHu 10-120 MuH. MoJeKyIspHas Macca
MOJY4YEeHHOTo MoJauMepa yBenuuusaetcs ot 355000 no
435000, a MMP wu conepxanue 1,4-nuc 3BeHbEB
MEHSIIOTCA He3HaumTenbHo — 1,6-1,8 m  94-96%,
COOTBETCTBEHHO (puc.3,0).

VYuuteiBas OTHOCHTEIIEHO BBICOKYIO
MPOU3BOJUTENBHOCTh W JIydIINE TIOKAa3aTeNd 110
CBOHCTBAM TIOJIydYEHHOTO IIOJMMEpa MBI BBIOpaIN
ONITHMaJIBHBIM 3HA4YECHHEM UL BpPEMECHHU
nosumepuzanuu 90 MuH.

B pesynbTarte MpoBeJCHHBIX HCCIIEIOBAHIH HAMHU
BBIOpaHBIL:

- TepmooOpaboTaHHBIH  HArpeBaHUEM
600°Ccunukarenb Kak ONTHMATbHBIHHOCHUTEIb;

- TOA umu MAO B xadyecTBE ONTHMAIBHOTO CO-
KaTajau3aTtopa NpH MOAMGUIMPOBAHUM CHIIMKArels
(m7s1 «TIpeABapUTEIBHOTO ATIOMUHUPOBAHUSDY);

- [Co]=2,5-10® mMomb/r Kak oONTHMaNIbHAsA
koHueHTpauus Co-JTII npu rereporenuzanuu;

- Al:Co=100:1 kak onTUMaIbHOE COOTHOIICHUE
IIpU TeTepOreHN3alINY;

- Co-KT®+[IMBAX+B]J] (pacTBOp B TOIyOJIE,
OcH3oe, TeKcaHe, XJIOpOCH30iIe) B  KadecTBe
ONTHMAJILHOIO  TOMOTEHHOTO  KaTaJUTHYECKOIO
KOMIIIEKCa [T TeTepOTreHU3alIuH;

- TeTepPOreHHU3alUsl «KOBAJICHTHBIM CBSI3bIBAHUEM
C  TpeNBapUTEIbHBIM  AIIOMHHHUPOBAHUEM»  Kak
ONTHMAJILHBII METOJI TeTepPOreHN3aI1H;

- [Co]=1,0:10%momb/r; Al:Co=100:1; Psz=1,0
MIla; T = 60°C; t=90 MuH. KaK ONITUMAITFHOE YCIIOBHE
Jutst Ta3o(ha3Hol MoIuMepu3anny OyTaIieHa.

B yka3aHHBIX YCIOBHSAX C HCIIOJIb30BaHUEM
onTuMansHOTO Kartanmsatopa Kar-8/0 momywaercs
BBICOKOMOJICKYJIpHBIA  1,4-1Tiiic-ionmuOyTaaneH ¢
MPOU3BOIUTEIBHOCTRIO KaTamusaTopa 750 kr IIB]I/r
Co-uac, monexynsipuoit Maccoit 420000, 3HaUueHUSIMU
MMP 1,7 u cogepxannem 1,4-1uc-3BeHbeB 96%.

OTH onTUMaJbHBIE NapaMeTpbl B JalbHeillieM
HaMH HCIOJIB30BaHbl IPU HCIBITAHUH Ipoliecca

npu

razogazHoi MTOJIMMEPU3AITUN OyragmeHa  Ha
HENpPEePHIBHOAECHCTBYIOLIEH YKpYIHEHHOU
71a00paTOpPHON YCTaHOBKE.

4. BpiBoabI

1. Metomamu «(puzmyeckoi agcopOoImmy,
«IPEABAPHUTEIILHOTO ATFOMHHUPOBAHHS u
«KOBAJICHTHOTO  CBSI3BIBAHMS»  Ha  Pa3IM4HBIX
HOCHTEIAX reTepOreHN3NPOBAHBI TOMOTEHHBIE
OuyHKITOHATEHBIE KoOaJIbTCOIepKAIIIE
KaTaJINTHYECKUE TUTHOCHUCTEMEI,

2. Ha NEPUOANUECKON YKPYIIHEHHOM
nabopaTtopHoOi YCTaHOBKE o razogazHoi
nojnuMepusanuy  OyTajueHa  W3y4EeHO  BIIMSIHUE

MIPUPOJIBI COSMHEHNH KOOAIbTa M aJIFOMUHHUS, & TAKKE
TUIIA PACTBOPUTENS, KOHIEHTPALUU COEIUHEHUS
KoOanbTa u COOTHOILICHUH Al:Co pu
reTeporeHu3aIuy, yCIOBHI MOJUMEPHU3aLU
(konmMuecTBO KaTalu3aTopa, [JaBlieHHe OyTaaueHa,
TeMIepaTypa u BpeMs peaKum) Ha
TIPOU3BOANTEIBHOCTh KaTalu3aTopa, MOJIEKYISIPHYIO
Maccy 1 MMP nmonmubyranuena;

3. OmpenmeneH  ONTHUMANBHBIM  KaTann3aTop
razodazHoii  mommmepmsamum  OyraameHa:  Co-
KTO+IUBAX+B/]] Ha cUJIUKaresie,

TepMooOpaboTanHoro mpu Temmeparype 600°C u

TeTePOTCHU3UPOBAHHOTO METOIOM  «KOBaJCHTHOTO
CBSI3LIBAHUS c MIpEIBAPUTEIHLHBIM
ATIOMUAHUPOBAHUEM ),

4, C HCIIOJIb30BaHUEM OINTHMAaJILHOTO
TeTePOTeHHOTO KaTtanusaropa YCTaHOBJICHBI
ONTHMAJIbHBIE YCIOBUS Ta30(a3HON MOTUMEpPHU3ANT
OyTanueHa: [Co]=1,0-10"¢ MOJB/T  HOCHUTEIIS,

Al:Co=100:1 mpu rereporenuzarun u Pgp=1,0 MIla; T=
60°C; 1= 90 MuH. IpH NONMMEPHU3ALIUY;

5. Tlpy oNTUMANBHBIX YCIOBHAX IOJy4YEH
BBICOKOMOJICKYJISIpHBIM ~ 1,4-1ic  monuOyTagueH
NPOM3BOJUTEIBHOCTRIO KaTanmu3atopa 750 xr ITBJI/r
Co-uac, monekynsipHoit maccoit 420000, 3HaueHUSIMU
MMP 1,7 u conepxanuem 1,4-1tuc-3seHneB 96%;

6. Ilpeanmaraecmbic B paboTe CrOCOOBI CO3MAHUSL
HOBBIX KaTaJM3aTOpPOB AAal0T BO3MOXKHOCTB IOJTy4yaTh
BBICOKOAKTHBHBIE " BBICOKOCEJICKTUBHBIC
reTepOreHU3NPOBAHHbIE METaITIOKOMIUICKCHBIE
KaTaJIATUYECKHE CHCTEMbI, KOTOpPBIE MOTYT OBITh
HCTIONIB30BAHbI B ra3o(a3HbIX mporeccax
OJIMTOMEPH3ALUH | TIOJMMEPH3ai 0Je(UHOBBIX U
JMEHOBBIX YTJIEBOJIOPOJIOB ULt CHHTE3a
MaKpOMOJIEKYJISIPHBIX COEJANHEHUI.
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