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XUMHWYECKHUE HAVKH | CHEMICAL SCIENCES

UDC 66.095.253

ABOUT TECHNICALLY USEFUL PROPERTIES OF ESTERS ON THE BASE
OF ALKYLAROMATIC HYDROCARBONS

©Abdullayeva M., Ph.D., Azerbaijan State University of Oil and Industry,
Baku, Azerbaijan, mayaabdullayeva@hotmail.com
©Gasanov A., Dr. habil., Azerbaijan State University of Oil and Industry,
Baku, Azerbaijan

O TEXHUYECKH IOJE3HBIX CBOMCTBAX CJIOKHOT'O D®HUPA
HA OCHOBE AJIKMJIAPOMATHYECKHUX YIVIEBOJAOPOAOB

©Aoodynnaesa M. A., kano. xum. Hayk, A3epoatioAHcancKuil 20Cy0apCmeeHublll YHUgepcumen
Heghmu u npomvluiiennocmu, 2. baxy, Azepbaiioscan, mayaabdullayeva@hotmail.com
O©l'acanoe A. A., 0-p xum. nHayk, A3epbaiioxcancKuil 20Cy0apCmeeHHblll YHUBepCUmem
Heghmu u npomwviuienHocmu, 2. baky, Asepbaiioican

Abstract. Method obtaining of ecologically pure dielectric liquid of acetoxymethyl—secondary
hexylo—xylol has been developed. Its electro—physical properties allow considering it as perspective
substitute of natural castor oil. Efficiency of acetoxylation stage of chlorine methylation products
without prelaminar division has been shown. Carried out distillations at chlorinemethylation stage
lead to the formation of significant amount of diarylalkanes and yield dielectric liquid is 72.27%.
By involving of diarylalkanes into the acetoxylation stage, decomposition of chlorine methylate is
prevented under the influence of high temperatures and yield of dielectric liquid increases up to
87.7%. It has been determined that the reaction chlorine methyl-secondary—hexyl-o—xylol of
interaction with sodium acetate in presence of triethylphenmethyl chloride proceeds in conditions of
heterogenous interphase catalysis. The yield of the product obtained under heterogeneous catalysis
conditions is 98% compared to the yield in the product medium in acetic acid 89.5%.
The solidification temperature of the synthesized complex product was —42 °C, which greatly
exceeds the castor oil solidification temperature.

Annomayus. Pa3paboTaH MeTOA TONYyYEHHUS SKOIOTUYECKOW YHUCTOW AMAICKTPUUECKOM
KUJIKOCTH  alleTOKCUMETHJI—BT.T€KCHJI—O—KCHJIONA, AJIEKTPOPHU3NYECKHE CBOWCTBA KOTOPOTO
MO3BOJISIIOT pacCMaTpUBaTh €ro Kak MEpPCHEKTUBHBIM 3aMEHHUTENb HAaTypaJbHOTO KacTOPOBOTO
Mmacna. [lokazaHa 3¢¢GeKTHBHOCTh CTAIUM allEeTOKCUIUPOBAHUS MPOIYKTOB XIJIOPMETHIMPOBAHUS
0e3 mpenBapuTeIbHOrO pazaeneHus. [Ipu 3TOM meperoHka Ha CTaJAUHM XJIOPMETHUIMPOBAHHS
MPUBOJAT K 00Pa30BaHUIO 3HAYUTEIILHOTO KOJIMYECTBA JUAPUIIATIKAHOB U BBIXOJ AUDJIEKTPUUYECKOM
KUIKOCTH cocTaBisieT 72,27%. [lpu BOBIEUCHUHN NHUAPUIIAIKAHOB B CTAIUIO AllE€TOKCUIMPOBAHUS
MPEAOTBpAIACTCS PA3JIOKEHUE XJIOPMETHUIIAaTa MO/ BO3JIECHCTBHEM BBICOKUX TEMIEPATyp M BBIXOJ
JURIIEKTPUUECKON JKMJIKOCTHU MOBbIIAaeTcs 10 87,7%. YCTaHOBIEHO, YTO peakus B3auMOJEHCTBUS
XJIOPMETWI-BT.TeKCUI—O0—KCHJIOJAa C  aleTaroM HaTpus B O—KCWIOJIE B TMPHUCYTCTBUH
TPUATHUIIOCH3WIIXJIOPU/IA TPOTEKAET B YCIOBHUSAX TETEPOreHHOTo Mex(pasHOro karanms3a. Bwixon
MOJIY4eHHOTO TMPOJYKTa B YCIIOBUSAX T'€TEPOTCHHOIO KaTajau3a cocTaBisieT 98% Mo CpaBHEHHUIO C
BBIXOIOM B Cpelle MpOAYKTa B cpene yKCycHoW kuciaotel 89,5%. Temmeparypa 3acTbIBaHMS

12


http://www.bulletennauki.com/

bBroanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nell. 2018

CHHTE3UPOBAHHOIO CJIO)KHOTO MpoaykTa cocTaBwia —42 °C, 4TO 3HAYUTEIBHO MPEBOCXOIUT
TEeMIIepaTypy 3aCThIBAHUS KACTOPOBOTO Maclia.

Keywords: alkylation, chlorine methylation, acetoxylation, dielectric liquid, castor oil.

Knroueswie cnosa: AJIKUWJIMPOBAHUC, XJIOPMCTUIIUPOBAHUC, AlICTOKCUJIMPOBAHUC,
AUIJICKTPUYICCKAA JKUAKOCTb, KACTOPOBOC MACJIO.

One of the problems of modern electrical engineering is to ensure the reliability of
the operation of capacitors with electric field strengths exceeding 150-200MB.

In severe pulse regimes, castor oil (CO) is used as liquid impregnation. However, the CO does
not allow providing a resource of 104 charge—discharge pulses and reliability at the level of 0.95—
0.99, because the current state standards do not regulate the dielectric parameters. Development of
a substitute for natural castor oil, which is a universal impregnating liquid in capacitors, is an urgent
problem of the electrical engineering industry. Castor oil-ricinoleic acid triglyceride, despite
the difficulty of purification and achieving the necessary thermal stability, is used in low voltage AC
film capacitors in the USA, Japan, Italy and other countries [1-3]. By chemical composition, CM is
a high molecular organic substance, obtained from castor seeds, cultivated in the southern parts of
Asia, America and Europe. The main way to extract oil from seeds is hot and cold pressing, as well
as extraction. The composition of the oil includes is following: ricinoleic acid glycerides — 80—
95%, oleic 3-9%, linoleic 2-3%, and other unsaturated acids — 3-8%. The main share of
glycerides of ricinoleic acid is its mono-, di-, and triglycerides, the quantitative content of which
depends on the degree of maturation of the seeds [4]. Comparison of Russian and foreign CMs
shows the advantage of imported CM as dielectric liquids. Taking into consideration CO is of
vegetable origin, it becomes necessary to replace it with synthetic liquid. CO 1is used in power
capacitors used in electric power industry, industrial electrical engineering and power electronics. In
Table 1 the physical and electro-physical properties of the most promising esters used as dielectrics,
in particular as impregnants for small capacitors [1-2].

Table 1.
PHYSICAL AND ELECTRO-PHYSICAL PROPERTIES
OF THE MOST PERSPECTIVE ESTERS USED AS DIELECTRICS
= 3 %)_ @)
<X = © Q E © & )
o [=)] =209 o = - °
| 8 = 2B 2 S 8 5
Material = £ 3 5o S g S = L0
S 5§ g8 & £ g =
) = = = 7
& - 3 R
i) =
Castor oil 0.96 1003 -15 313 285  4.65 0.002
Di—n-butyl phthalate 1.04 16.3 -35 340 171  6.30 0.0013
Di—n-heptyl phthalate 0.98 325 -40 360 224 5.2 0.002
Diisooctylphthalate 12 0.98 53.0 —-46 229/0,6 kPa 221 5.0 0.005
Di-2-ethylhexyl 12 0.984 83.0 -55 385 218 5.3 0.0009
phthalate
Diisononyl phthalate 12 — 95 —-45  244-252/0.7 kPa 222 466 0.0005
Dihexylphthalate — 50 -33 212/2xPa 243  4.08 0.01
Di-tridecylphthalate 12 — 230 =37 285 /0.7xPa 243  4.08 0.01
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<X = © Q E © S ©
o P ®Wg 2 =3 1= < o
) % - 22 c S S N o
Material = £ BSoa 8 > S S S
> = o T By
m g 3 3 =
3 S
Di—2_ethylheptyl— 0928 222 256 130 40  0.001
sebacynate
Diisodecyl phthalate 0.97 9.9 -50 370 230* 456 0.003

* for Martens—Pensky.

Synthesis of esters of organic acids large of increased molecules mass, as a rule is carried out
on the basis of esterification reaction, which refers to classical. At the same time, the deficit of
higher alcohols and their high cost, the reversibility of the esterification reaction and the arising
difficulty the target product, separation present difficulties for its practical spread. In this
connection, the reaction of esters synthesis based on much more accessible halogen derivatives may
be of practical interest [5]. Such method synthesis of esters may also be preferable because
the carboxylic acid salt is cheaper and more accessible than the acid itself. The advantages of
the method include the irreversibility, simplicity and ease the target product, separation
the possibility of working on “anhydrous technology”, which becomes particularly important of
separation taking into consideration the high sensitivity of esters to water and the effect of
hydrolysis on deterioration of the properties of electrical insulating materials.

In connection with this, a three-stage synthesis of acetoxymethyl-sec.hexyl-o—xylene, which
is of interest as a potential substitute for castor oil, was carried out. We made an attempt to
synthesize the compounds with a shielded ester function based on o-xylene according to
the scheme:

CHs CH, CHs CHs
CH,CI
CH, @ CH, 2 CH; — CH,0COCH,
—> _ _—
CHg-CH-(CHy)3-CHs CHs-CH-(CHy)3-CHs CH3-CH-(CHy)s-CHs

Acetoxymethyl—sec.hexyl-o—xylene was synthesized on the basis of successive reactions of
alkylation, chloromethylation of alkyl-substituted aromatic hydrocarbons of increased molecular
weight, synthesis of esters by reaction of benzyl chlorides with sodium carboxylates. Is necessary to
note some results related to the production of alkylbenzenes by alkylation with Cs — and higher
olefins. An analysis of the above list of published sources allows us to conclude that the regularities
of alkylation reaction of aromatic hydrocarbons with higher olefins in a homogeneous catalyst
system are weakly illuminated.

It can be noted that in our specific case, we are talking about the synthesis of a dielectric
liquid, which places high demands on the purity of the target product, since small impurities in it
immediately reduce its practical value. It should be noted that in the publications reviewed, as a
rule, processes for preparation of alkylaromatic hydrocarbons mixtures are described, and the
problem of products synthesis for electrical purposes has not been solved. One can observe the
general regularities of the chloro—methylation reaction of monoalkyl derivatives of lower
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homologues of benzene with an increased molecular weight [6]. It was found that the high
selectivity of ZnCl, achieved in acetic acid solution is explained by the intermediate formation of
the compound H; (ZnCl, (OCOCH3),, which is the true catalyst of the reaction).

The chloroalkylation products yield decreases with increasing side chain length of
alkylaromatic hydrocarbons, thus requiring an increased catalyst consumption.

In the electrophilic substitution reaction, to which the chloromethylation reaction relates,
the solvent plays an important role. It is established that the reaction rate increases in the series:
C,HsCOOH <CH3;COOH <CH3COSH<HCOOH, which agrees with the fact that the acidity of the
carbonium ion in the given acid sequence is increased. In the interphase processes of solid-liquid
systems, tertiary amines, quaternary ammonium salts (HOA), crown ethers, crypts, linear
polyesters, diamines; polyamines are used as catalysts [7]. A number of studies are devoted only to
the reaction between benzyl chloride and potassium benzoate (or acetate).

Experimental part

During the synthesis of acetoxymethyl-volt-hexide—o—xylene, the reactive o—xylene and
hexene-1 grades “chemically pure”, para—forms, acetic acid of the “chemically pure for analysis”
brand was used. Sodium acetate was pre-dried at 100 °C. Hydrogen chloride was received from
hydrochloric acid, followed by drying over H,SO4. As the catalyst for the alkylation reaction,
the first stage of the synthesis of the desired product, both anhydrous aluminum chloride, its dry
hydrogen chloride promoted samples and solutions in nitromethane were tested: the catalyst solvent
was pre-dried over calcined K,CO3 and distilled 92% sulfuric acid was also used. Zinc chloride,
used as a catalyst for the chloromethylation reaction (second synthesis step), was pre-dried to
a melted form and stored in a desiccator over sulfuric acid; before use, the catalyst pieces were
quickly ground and loaded into a reactor. Reagents and solvents necessary for qualitative and
quantitative determination of intermediate and final products of acetoxymethyl-hexyl-o—xylene—
reactive synthesis have been used without additional treatment. Activated y—Al,O3 was used to dry
the dielectric liquid from current-carrying impurities. The process for the preparation of
acetoxymethyl-sec.hexyl-o—xylene as shown above consists of three stages: alkylation,
chloromethylation and acetylation. Reactions were carried out on laboratory units with agitating
devices. Alkylation of o—xylene with hexene-1 was carried out as follows. The calculated amount of
o-xylene was loaded into the reaction flask and warmed to the desired temperature. The calculated
amount of the catalyst under study was loaded. In the case of using the AICIl; - CH3NO; catalyst,
the latter was prepared separately by dissolving small portions of AICl; in nitromethane at room
temperature. When the reaction was carried out in the presence of an AICI; HC1 catalyst,
the contents of the flask were saturated throughout the experiment with dry hydrogen chloride.
Then, the required amount of hexene-1 was fed through the dropping funnel, with constant stirring,
for the selected time. After completion of the hexene-1 feed, the reaction mass was further subjected
to stirring for 30 minutes. At the end of the experiment, the reaction mixture was cooled to room
temperature, followed by the separation of the catalyst.

In the case of using aluminum chloride catalysts, the reaction mixture was washed with water
to decompose it, and then neutralized with a 20% solution of Na,COj;, washed with distilled water.
The separated catalyst was dried over freshly calcined calcium chloride and accelerated in distilled
under vacuum. In the vacuum distillation process, fractions of unreacted reagents were selected, as
well as the target of hexyl-o-xylene. The fractions were analyzed by gas-liquid chromatography.

Chloromethylation of sec.hexyl-o—xylene was carried out according to the procedure
consisting in the following. A predetermined amount of hexyl-o—xylene, freshly prepared
anhydrous zinc chloride, perform and glacial acetic acid was charged into the reaction flask. After
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the necessary temperature was established with intensive stirring, the calculated amount of
hydrogen chloride dried over H,SO4 was started to flow for a predetermined time. To isolate the
reaction mass from moist air, the side waste of the flask was connected to the sulfuric acid gate.

The reaction was stopped by pouring the reaction mixture into cold water. The organic layer
was extracted with benzene. The benzene extract was washed with water, a weak soda solution;
after drying over K,COs, benzene was distilled off, the catalyst was distilled and subjected to
analysis.

Acetoxylation of chloromethyl-sec.hexyl-o—xylene was carried out as follows.
A predetermined amount of sodium acetate and acetic acid was charged into the reaction flask.
The necessary temperature was set and, after dissolving CH3;COONa, chloromethyl—sec.hexyl—o—
xylene, dropwise taken in some deficiency with respect to CH;COONa, was started, with vigorous
stirring. After feeding the entire amount of chloromethyl-sec.hexyl-o—xylene, stirring was
continued for one hour. The reaction mass was then cooled, decomposed with water; after
neutralization with a 20% solution of soda, the acetoxylation product over K,CO; was dried,
distilled under vacuum and analyzed.

Analysis of the initial raw material and reaction products was carried out by gas—liquid
column chromatography. Chromatographic analysis of alkylation products was carried out on a
Chrom-5 apparatus with a thermal conductivity detector with a sensitivity threshold of at least 3.10
— 3% (volume). The length of the column is 2 m, the inner diameter is 3—4 mm. The stationary
phase Apiezon-L applied on phytochrome (fraction 0.3—0.5 mm). Carrier gas is helium, internal
standard—n—dodecane. The temperature of the column is 180 °C, the evaporator is 300 °C,
the current is 100 mA, the hydrogen carrier gas consumption is 30 ml/min. Chromatographic
analysis of the products of chloromethylation of secondary hexyl-o—xylene was carried out on
a chromatograph LXM-8MD with temperature programming, a column 4 mm in diameter filled
with a stationary phase of chromotone (0.1-0.125 mm fraction) with an Apisezon—-L 15% liquid
phase applied and a silicone elastomer E-301 (1%); carrier gas-hydrogen, hydrogen feed rate of 30
ml/min. The temperature in the column is 160 °C, the evaporator is 300 °C, the detector current is
100 mA; n-dodecane was used as an internal standard. Chromatographic analysis of
the acetoxylmethylation products was carried out on a Chromium-5 chromatograph with a flame
ionization detector, a column length of 2 m, and an immobile Apeizon—L phase on an N-AW
chromatograph. Carrier gas is hydrogen, hydrogen supply rate is 24 ml/min, air is 500 ml/min,
nitrogen is 32 ml per minute; the column temperature is 200 °C.

For carrying out multiserial analyzes of chloromethyl derivatives, they were converted into
ethoxymethyl—substituted boiling samples of the sample with KOH solution in ethanol. The value
of the relative retention coefficient was determined by the formula:

K| — mi : Sst
mg; - Si
where m; — is the mass of the component, r; myg — is the mass of the standard, g;

S; — area of the peak of the component being determined, mm?; Sy — peak area of the standard,
mm®.

The electrophysical and physicochemical properties of synthesized acetoxymethyl-t-hexyl—
o—xylene were determined by standard techniques after vacuum distillation and fine purification
from current—conducting impurities by the adsorption method on aluminum oxide. The dielectric
dehydration plant was a one-liter flask with a tap for sampling and a glass stopper connected to

a three-way valve. A liquid was placed in the flask and a pre-prepared alumina was added to it in
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an amount of 10% of the weight of the liquid to be purified. To avoid undesirable contacts of
the dielectric with air oxygen, the flask was filled with nitrogen, evacuated, then nitrogen was again
fed through a three—way valve. The liquid was mixed with alumina evenly. The closed flask was
then disconnected from the vacuum pump and held for several hours at 90 °C.

Results and discussion

Table 2 presents the material balances of the processes of alkylation of o—xylene with hexene-
1 in the presence of various catalysts. The highest selectivity for the target product (secondary
hexyl-o—xylene) is observed when the catalysts AICI;CH3NO, are used, the conversion of
the olefin is 100%.

The synthesized sec.hexyl-o—xylene had the following physicochemical parameters: Thoy.point
104-106°C/4 mm mercury column; Elemental composition C — 88.21%, H — 11.32%. (calculated
elemental composition C — 88.43%, H — 11.58%). Found: Microscopy — 188; MRfound — 61.9;
MR calcul. — 61.8.

Table 2.
THE MATERIAL BALANCE OF THE PROCESS OF ALKYLATION
OF O-XYLENE WITH HEXENE-1 IN THE PRESENCE OF VARIOUS CATALYSTS

Catalyst
M Raw materials, products, indices H,S0, AICI, AICI;"CH3;NO, AICI;HCI

Taken
1 o—xylene, g 318 318 318 318
2 hexene-1, g 42 42 42 42
3 aluminum chloride, g — 10 — 6.7
4 92% H,SOq4, g 12,5 — — —
5 nitromethane, g — — 28 —

Total, g 3725 370 398 366.7

Received
6  o—xylene, g 258 271 275 282.8
7 hexene-1, g — — — —
8 aluminum chloride, g — 7.2 9.1 5.2
9 92% H,SO,, g 5.4 — — —
10  nitromethane, g — — 26 —
11  sec.hexyl-o—xylene, ¢ 64 57 82 71.25
12 poly-alkyl-o—xylenes, ¢ 21.3 28.8 24 6.2
13 losses, g 23.7 6.0 35 2.0
14 total, g 3725 370 398 366.7
15  Olefin conversion, % wit. 100 100 100 100
16  Selectivity for sec.hexyl-o—xylene, % wit. 67.4 56.8 86.2 75
17  Temperature, °C 20 25 50 50
18  o-xylene: hexene-1, mol / mol 6 6 6 6
19  catalyst: hexene-1, mol / mol 0.20 0.15 0.15 0.15
20  reaction time, hour 6.0 4.0 3.0 2.0

Of various modifications of the chloromethylation reaction, we have settled on the procedure
for it carrying out in a solution of acetic acid in the presence catalyst of zinc chloride as a highly
effective and selective system, applied to alkylaromatic substrates of increased molecular weight.
With the help of highly reactive monochloromethyl—alkyl-o—xylenes, highly branched radicals can

17


http://www.bulletennauki.com/

bBroanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nell. 2018

be introduced into other compounds, shielding adjacent functional groups, which can reduce the
sensitivity of shielded functions to undesirable effects of reagents or the acidic and basic media. In
this connection, the process of monochloromethylation of alkyl-o-xylene with increased molecular
weight was studied. For the start of the process, the moment of introduction into the reactor at the
reaction temperature of the whole portion of the paraform was taken. Chromomethylate samples
taken at regular intervals were analyzed by gas—liquid chromatography. In order to obtain
acetoxymethyl-sec.hexyl-o—xylene, two modifications of the acetoxylation reaction were
investigated (Table 3).

Table 3.
THE MATERIAL BALANCE OF THE PRODUCTION
OF ACETOXYMETHYL-SEC.HEXYL-O-XYLENE

In the conditions of interphase

In the medium acetic acid Process indices

catalysis
specific
taken received taken received yield, % productivity,
mol / 1, hour
Name of 5.2 0
compound %E g(_; SE '§§w
=2 2 @ o 88 E8 88 TEY
o o o [S) o o o o Eo 22 Eo 555
£ € € E oF 82 2§ O€%
59 o085 59 &=0
c®© S5 c® By
- = T =
CeHs(CHg)o(iso- 11925 05 1192 0.05 11925 05 3.7 0.016
CsH13)CH,CI
CH;COONa 41 0.5 41 0.05 41 0.5 14 0.02
CH,;COOH 100 167 82 100 — — — — 895 96 0.18 0.38
0-CgH4(CHs), —  — — — 100 094 947 092
[(C.Hs)sNCH,Cs — — — — 1 0.04 0.8 0.0035
Hs]CI™
H13)CH,OCOCH;5
NaCl — — 2635 045 — — 28.24 0.48
Losses — — 1855 — — — 6.91
Total: 260.25 160.25 — 261.25 261.25

The non-catalytic reaction of the reaction of chloromethyl-sec.hexyl-o—xylene with sodium
acetate was carried out in a solution of acetic acid. Catalytic acetoxylation was carried out in o—
xylene in the presence of trimethylbenzylammonium chloride — the Makoshi—-TEBH catalyst.

The reaction carried out in the solution of o—xylene can be attributed to interfacial processes
in the liquid—solid system, since in the temperature range studied 100—130 °C, sodium acetate is
only partially soluble in o—xylene. I also wanted to mention a simple but effective method of
acetoxylation, the essence of which is as follows. In the second stage, in addition to chloromethyl—
sec.hexyl-o—xylene, byproducts are formed-diarylmethanes (RAr) 2CH, and hydrogen chloride is
released as a result of the chloromethyl derivatives having a mobile chlorine atom undergoing
a partial conversion by reaction:

RArCH,CI + RArH — (RAr) 2CH, + HCI
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Distillation is carried out to separate the chloromethylate from the diarylalkanes. At the same
time, due to the influence of high temperatures, the rate of the side reaction increases, the amount of
by-product increases and the amount of chloromethylate, the desired intermediate, decreases, which
lead to decrease in the yield of dielectric liquid. As a result of the conducted studies, it was shown
that the separation of diarylalkanes does not require the rectification after the chloromethylation
stage. Diarylalkanes are involved together with the desired intermediate product into the third stage,
without being converted and having no effect on the course of the acetoxylation reaction. After
the third stage, the reaction mixture is distilled to separate the dielectric liquid from
the diarylalkanes. Thus, the sequence of technological operations is changed, allowing to reduce
the decomposition of the main intermediate product — chloromethylate and, thereby, to increase
the yield of the target product (Table 4). The synthesis of the ester is carried out as follows: the first
stage of alkylation of o-xylene with hexene-1 is carried out in the presence of a solution of
aluminum chloride in nitromethane at 500 °C for two hours and a mole ratio of reactants: o—xylene:
hexene-1: aluminum chloride: nitromethane = 5:1:0.15:0.45.

Table 4.
DEPENDENCE OF MATERIAL BALANCES OF INDIVIDUAL STAGES OF PRODUCTION
OF A SUBSTITUTE FOR CASTOR OIL — A SEQUENCE OF TECHNOLOGICAL OPERATIONS

Alkylation Chloromethylation Acetoxylation
component % of g component % of g component name % of g
name mass name mass mass
With distillation in stage 111

CesHa(CHs3), 61.8 790 RArH 22.5 109 (RAr),CH, 3.54 21
Oligomers 3.13 40 (CH,0), 2.9 14 RArH 18.40 109
CH;3NO, 5.06 68.7 R(Ar),CH; 4.33 21 (CH,0), 2.36 14
RArH 30 380 H,0 4.87 23.7 H,O 4.0 23.7
RArCH,CI 65.4 317.6 CH;COONa 2.0 12

NaCl 10.8 64

RArCH,OCOCH;  58.9 349

Without distillation in stage Il

CeHa(CHs), 618 790 RATH 225 91 CH,COONa 8.53 32

Oligomers  3.13 40 (CH,0), 2.9 21 NaCl 1467 55

CH3NO, 506 687 R(AN,.CH, 4.33 83  RAICH,OCOCH, 768 288
RAMH 30 380 H,0 487  20.12

RArCH,CI 65.4 262.2

After washing and neutralizing with 20% sodium carbonate solution, the reaction mixture is
distilled to separate the alkylate from unreacted o—xylene and the products of the polymerization of
hexane-1. Alkylate boils out at 102—104 °C / 3 mm. In the second stage, a mixture of paraform and
dry gaseous hydrogen chloride in the presence of zinc chloride in glacial acetic acid for 4 hours at
600 °C is used to prepare chloromethyl-hexyl-o—xylene on the obtained hex—o—xylene.

Molar Ratio of Reactants: alkylate: paraform: chloride zinc = 1:0.6:0.22. The hydrogen
chloride feed rate is 100 ml/min. After separation of the organic layer, washing and neutralization
with 20% sodium hydrogen carbonate solution and drying are followed.

The third stage of acetylation of chloromethyl-t-hexyl-o—xylene is carried out with acetic
acid sodium in acetic acid for 5 hours at 120 °C. The reaction mixture was washed, neutralized with
20% sodium hydrogen carbonate solution, dried, distilled in vacuum to separate from unreacted
alkylate and diarylalkanes. The fraction 160—165 °C/4 mm mercury Colum was taken.
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As can be seen from Table 4, the distillation in the chloromethylation stugep leads to
the formation of a significant amount of diarylalkanes and the yield of the dielectric liquid is 72.3%.
When diarylalkanes are involved in the acetoxylation stuge, the decomposition of chloromethylate
is prevented under the influence of high temperatures and the yield of the dielectric liquid is
increased to 87.7%. In Table 5 for comparative evaluation, material balances and dielectric liquid
outlets calculated to convert alkylate during distillation in the second and third stages, respectively,
are presented. In Table 6 compares the electrophysical characteristics of castor oil and
acetoxymethyl-sec.hexyl-o—xylene. The traditional solvent used in this process, acetic acid serves
as a homogenizer of the system, which facilitates warming, speeds up the reaction.

Table 5.
MATERIAL BALANCE OF RECEIVED CASTOR OIL SUBSTITUTE
Alkylation Chloromethylation Acetoxylation
component ta- recei- componentname ta- recei- component name ta-  recei-
name ken, ved, g ken, ved, g ken, ved, g
g g g
CsH4(CH3), 318 262 RArH 80.75 23.35 RArH 2335 20
CeH1o 42 —  (CH,0), 13.7 3.6 R(Ar).,CH; 4.22 3
AICl; 20 1.65 HCI 25.12 9.81 RArCHyCI 60.7 —
CH3NO, 2745 25  ZnCl, 13.8 122 CH;COONa 28.6 6.8
dialkylbenzenes 10.24 CH3COOH 100 85 CH;COOH 100 92
RArH 80.75 H,0 — 485 RArCH,0COCHg; — 69.0
losses 10.76  R(Ar),CH, — 4.22 NaCl 14.9
RArCH,CI 60.7
alkylate yield % 85.0 losses 24.3  losses 3.8
The yield of 84.0 Theyield of 92.0
chlomethylate on chloromethylate,
converted %
alkylbenzene, % The yield on the 51.0
taken olefin, %
The yield of the 51.0
converted olefin,
%
Table 6.
COMPARATIVE CHARACTERISTICS OF THE ELECTROPHYSICAL PROPERTIES
OF CASTOR OIL AND ACETOXYMETHYL-SEC.HEXYL-O-XYLENE
Indices Castor oil Acetoxymethyl—sec.hexyl-o—xylene
Boiling point, °C 313 335-340
Degree of refraction 1.475 1.5032
Sodification point, °C -15 -42
Flashpoint, °C 285 162
Density, kg/sm’ 0.960 0.965
The dielectric constant:
by room temperature 4.65 4.5
by 90 °C, after 30 minutes 4.3
by 90 °C, after 48 hours 4.3
The loss tangent of a dielectric 0.002 0.002
by 90 °C, after 30 minutes — 0.026
by 90 °C, after 48 hours — 0.022
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Conclusions

Thus, it can be considered that the most expedient method for carrying out the third stage of
receives the dielectric liquid of acetoxymethyl-sec.hexyl-o—xylene is acetylation in the presence of
an interfacial catalyst, triethyl-benzyl ammonium chloride, a Makoshi catalyst in an o—xylene
medium. Electrophysical indices of liquid acetoxymethyl-sec.hexyl-o—xylene, obtained by
technology with distillation of the reaction mixture in the chloromethylation stage and by
technology with distillation in the acetoxylation stage, do not change. By carrying out the reaction
under the conditions of interphase catalysis, it is possible to increase the yield of the key product,
eliminate acidic waste (recycle o-xylene recycles), abandon the use of sufficiently scarce acetic
acid, and increase the specific productivity of the reactor. The received product obtained is not
inferior to the electro physical characteristics of a standard dielectric liquid.
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Annomayusa. VI3MeHeHHe KiMMara, B COYETAaHHM C BO3JCHCTBHEM 3arpsi3HUTENEH BO3IyXa,
MOXET HETaTUBHO OTPa3UThCd Ha KaueCTBE IKU3HM OOJNBHBIX TOJUTMHO30M. [lOCKONBKY
KOHIIEHTPAIMsI a9pOAJUICPIeHOB U 3arpsi3HUTENEH BO3yXa 4acTO YBEJINYMBAIOTCA OIXHOBPEMEHHO,
ycwieHHblid  I[gE—omocpeoBaHHBI  OTBET Ha adpoajulIepreHbl W YCHJICHHOE BOCHAJICHHE
IBIXaTeNbHBIX MYTeH MOXKET OOBSCHUTH BO3PACTAIOIIYI0 YacTOTy AJIEPTUYECKUX 3a00JeBaHUM,
BKJIIOYasi OpOHXHMAJbHYIO acTMy. B pasHble TOObI Takue METEOpOJIOTHYEeCKHE (HAKTOPBl Kak
TeMIeparypa U OCaZKd MOTYT CKOPPEKTHPOBATh a’pPOMAIMHOIOTHYECKH mporHo3. C yderom
yKa3aHHOTO, IeNIb HACTOSIIECH CTAaThbHM 3aKIodYasach B W3YyYCHUM BIHSIHUS METEOPOJOTHYECKHX
(aKTOpOB M 3arpsA3HSIOIINX BEIIECTB HA JMHAMHKY COJCPIKAHUS IBUIBIBI PACTEHHUI B BO3IYXE H €€
MOIM(HKALINH, CBSI3aHHBIX C M3MEHEHHUEM KJIMMara. YCTaHOBJICHO, YTO TOBBIIICHHE TEMIIEPATyPhI
BeCHOW B T. buIIKek OMaronmpusTCTBOBAJIO WHTCHCHBHOMY IBUIBIIEBAHHUIO  JPEBECHO-
KyCTapHHMKOBBIX, @ OCEHbIO — COpHBIX pacTeHuil. OcaJku M OTHOCUTENbHAs BIAXKHOCTb PE3KO
OTPULIATENIbHO BO3JCHCTBOBAIM Ha COJIEp)KaHWE NbUIbLBI, Onarogaps (parmMeHTanuu, pacrnamy
HAaTUBHOW TBUIBIIBI Ha Oojee Menkue (parMeHThl. 3arpsA3HUATENNM BO3JyXa BIHSUIM Kak
MOJIOKUTENBHO (TBUTb, OCH3—a—TIMPEeH) Ha TUHAMUKY COACP)KaHUS IBUIBIBI, TaK W OTPHIIATEIHLHO
(SO2, NO,, CO). B a’ponaJuHOIOIMYECKOM CIIEKTPE YBEIMUYMIOCh YHCIO MOJUMOPQHBIX,
TepaToMOP(HBIX, 1e(OPMUPOBAHHBIX U (PparMEHTUPOBAHHBIX MBUIBLIEBBIX 3€pEH, B OCOOCHHOCTH
37IaKOBBIX W COPHBIX TpPaB, YTO B TEPCHEKTHBE OyJeT CIOCOOCTBOBATh YTSDKEICHUIO TEUEHUs
MOJUTMHO3a U PAa3BUTHIO CUMIITOMOB TBUIBIIEBON OpOHXMANBHOHN acTMbI. [lomydeHHbIe pe3ylbTaThl
CIly’)KaT OCHOBAaHWEM JUISI CO3JaHHUS CIIY)KOBI PETHOHAIBHOTO MOHHTOPWHTA IBUIBIBI, €ro
BKJIIOYEHUSI B I[IOOAJbHYIO MHMPOBYIO CeTh U Yy4yeTa aJUICpreHHBbIX CBOWCTB JpPEBECHO-
KyCTapHHMKOBBIX PACTEHUH MTPH 03€JIEHEHUH TOPOJIOB PECITYOINKH.

Abstract. Climate change, combined with exposure to air pollutants, can adversely affect
the quality of life of patients with pollinosis. Meteorological factors such as temperature and
precipitation can correct the aeropalynological prognosis in different years. With this in mind,
the purpose of this article was to study the influence of meteorological factors and pollutants on
the dynamics of the pollen content of plants in the air and its modifications associated with climate
change. It was established that the temperature increase in the spring in Bishkek favored intensive
pollinating of trees and shrubs, and in the fall — of weeds. Precipitation and relative humidity
dramatically negatively affected the pollen content, due to fragmentation, the disintegration of
native pollen into smaller fragments. Air pollutants influenced both positively (dust, benz—a—
pyrene) on the dynamics of the pollen content, and negatively (SO, NO,, CO). The number of

23


http://www.bulletennauki.com/

bBroanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nell. 2018

polymorphic, teratomorphic, deformed and fragmented pollen grains, especially of grass and weeds,
has increased in the aeropatinological spectrum, which in the future will contribute to the weighting
of pollinosis and the development of symptoms of pollen asthma. The obtained results serve as
the basis for creating a regional pollen monitoring service, its inclusion in the global network and
taking into account the allergenic properties of trees and shrubs when greening cities in the republic.

Knwouesvie cnosa: M3MeHeHUe KIMMara, TEMIIEpAaTypa, OCAAKH, 3arpA3HUTEIM, IIbLIbLA
pacTeHuil, KOJIMYECTBEHHBIH M TAaKCOHOMHUYECKHH COCTaB, MOJIUMOpGHBIE M TeparoMop(dHbIE
(OpMBI NbUIBLIBI.

Keywords: climate change, temperature, precipitation, pollutants, plant pollen, quantitative
and taxonomic composition, polymorphic and teratomorphic forms of pollen.

CoBpeMeHHBIN KJIMMAaT U €ro U3MEHEHUsI CYIIECTBEHHO BIIMSAIOT Ha MPOAYKILHIO MBUIBLIBI, €€
YPOBHH, KOJIMYECTBEHHBIE M KAUE€CTBEHHBIC XAPAKTEPUCTUKH, a TAKXKE HA MPOAOKUTEIBHOCTD
cogepxanus B arMocdepe. B paszHbie Tobl Takue MeTeoposiornueckue (akTophl Kak TeMIieparypa
MU OCaJIKM MOTYT CKOPPEKTHPOBATh a’pOIAIMHOJIOTMYECKUN MporHo3. Ecnu mbuibiieoOpazoBaHue
aJIJIEpreHHBIX PACTEHUN HAYHETCS BECHOM paHblle, TO €€ KOJIWYECTBO HMMEET TEHACHIHIO K
YBEJIMYCHHIO, B OTBET Ha 3TO BBIPACTET YMCIIO OOJIHBIX MOJUTHHO30M, TSHXKECTh UX CUMIITOMATUKH, a
TaKKe€ CHU3UTCA Ka4eCTBO JKU3HU B PE3yNIbTaTe MPOUCHIEANINX U3MEHEHHM B OKPYXKaIOIIEH cpejie.
N3menenune kiMMara MOBIUSET HA aJUIEPTHIO K MBUIBLIE CIEAYIOMMUM o0pa3om: 1) Oosiee BBICOKHE
TEeMIIEpaTyphl BECHOM BBI3OBYT OoJiee paHHEe I[BETEHHE Yy JIPEBECHO-KYCTAPHUKOBBIX PACTCHHM, a
MOBBILICHHBIE TEMIIEPATYPhl OCEHBIO MPOJUIST MEPUOJ] BET€TAIlUU AJIsi COPHBIX PACTEHUMN, TAKUX KaK
MOJIBIHE, aMOpo3ust u nebena; 2) yBenmueHue KoHueHTpammu CO, Takxke crnocoOcTByeT Oonee
BBICOKOM MBUIBIEHPONYKIIUU alNIEPTeHHBIX pacTeHu, T. €. 6ombiie CO, = 6onbie mbUIbLE [1, C.
668; 2. c. 139].

B cBsi3u ¢ atum English P. B. ¢ coaBr. [3, ¢. 1673] oTMeTwim mbUIbIy KaK OJHY W3 IIECTH
AKOJIOTMUECKHUX MOKa3aTesie U3MEHEHUs KJIIMMaTa, BIUSIOMUX Ha 370poBke jronel B CHIA.

[enp HacTOSIIIIEH CTaThU 3aKJIIOYANIACh B U3YUYECHUU BIUSHUS METEOPOJIOTHIECKUX (PAKTOPOB U
3arpsi3HUTENed Ha AMHAMHKY COJEp>KaHWs MbUIbLBI pacTEHUH B BO3AyXe M ee MOoAu(pUKAlNH,
CBSI3aHHBIX C U3BMEHEHHEM KJIMMara.

Mamepuana u memooul
AbdponanuHonornueckue uccienoBanus B r. bumkeke (Opynze) Benuch ¢ 1982 mo 2013 rr.
CTaHJIaPTHBIM T'PAaBUMETPUUYECKMM METOJIOM C MOMOIIBIO JOoBYIIEeK [[fopama, pacroyio)KeHHbIX Ha
ONTUMaJIbHOU BbIcOTE 15-25 M B ropozackoil 3oHe. MarTpuiubl KO3(p(GUIMEHTOB KOpPPEISLUU
MOJTy4YeHbI NPH CTATHCTUYECKOH 00paboTKe NaHHBIX O KOJIMYECTBEHHBIX ITOKA3aTeNsX IbUIBIBI
pacTeHHii, METEOPOJIOrMYECKUX NTapaMeTPOB U 3arpsi3HUTENEH OKpyXkarome cpenpl. [ToBepxHOCTH

OK3WHBI HATUBHOM M T€paTOMOP(HOM MBLIBIEI H3y4eHA C TTIOMOIIBI0 CKAHUPYIOIIETO IIEKTPOHHOTO
mukpockorna (COM) — Hitaschi—-S—405A.

Pesynomamut u ux obcyscoenue

B pamkax pa3paOoTaHHOW HaMU KOHIIETIIMM CYMMHPOBaHBI OCHOBHBIE 3(PPEKTHl BIUSHUSA
M3MEHEHUS KJIMMara U 3arps3HEeHui cpebl OOMTaHMsI YeJIOBEeKa Ha MBUIbIYYy pacTenwuii [4, c. 161; 5,
c. 3006; 6, c. 31]:

1. yBenuueHrne BpEeMEHHM Hayalla pocTa pPACTeHHl M, CIIeJOBarelbHO, Hauyaja
MBUTBIIENPOAYKIINH;

2. Ooyiee paHHEee CPOKH M YIJTMHEHNE CE30HA MBUTHIICBAHNS,

3. YBEJIMYEHUE KOJUYECTBEHHOIO W TaKCOHOMHUYECKOrO COCTaBa MbUIBIBI AJUIEPreHHBIX
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pacTeHuii B BO3yXe PETMOHOB, OCOOEHHO B TOpOJaxX M MO BEPTHKAIbHON 30HAJILHOCTH B TOPHBIX
YCIIOBUSIX;

4. I3MEHEHUE CTPYKTYpPhl W (OPMBI: TOJMMOpPHBIE (TUTAaHTU3M W HAHW3M MBUIBIBI) H
TeparoMopdHbIe (MATOJOTUYECKH pa3BUThIC) (hopmbl, Aedopmanus, ¢parMeHTANKs MhUILIEBOTO
3epHa, YBEIMUEHUE YKCia aJUIePreHHbIX OeNIKOB, cofepskamuxcs B nbuiblie (Pucynok 1-2);

5. UI3MEHEHUE B TEONPOCTPAHCTBEHHOM pACHPEACTCHUU IBUIBIBL, /.. TPAHCHOPT IBUIBIBI
pacTeHui Ha JaJbHUE PACCTOSHUS;

6. OSIBIICHUE B PErMOHAX, MUPOBOM MaciluTabe HOBBIX BUJOB aJIEPreHHBIX PACTEHUH, T. €.
yBEJIMYEHHUE TMana3oHa.

meuTbIeBbIe 3epHa (yBemmueHune COM x 1 000). Tepatomopdras dhopma (KOHTIIOMEpaThl U3 MBUIBIIEBBIX

3epeH exu cooproit) u3 r. Kapakon (yBennuenne COM x 2 000).

B wucrouHukax nauTeparypbl HHTEHCHBHO OOCYKIAeTCS BONPOC O CTENEHU BIUSHUS
MeTeo(paKTOpPOB Ha TWHAMHKY CONIEPKaHHs aJUIEPTeHHOHN MBUIBIEI B aTMocdepe. BaxxHbIi akieHT
CBSI3aH C TEM, YTO €€ KOJMYECTBO BO MHOTOM 3aBHCHT OT TEMIIEpPaTyphl, OTHOCHTEIHHON
BJIQKHOCTH, CKOPOCTH, HAampaBl€HHs BETpa M KOJIMYECTBA OCAIKOB. BBICOKYIO KOHLIEHTpAIUIO
IBIIBIEBBIX 3€PEH B aTMoc(epe yalle perucTpUpyroT MpHU COYETaHUH CIEAYIOIIUX METeOYyCIOBUM:
temmnieparypa 25-30 °C; ckopocth Berpa 5-15 KM/4; OTHOcHUTENbHas BIaXHOCTH 60—70%;
COJIHEYHAsl TIOTOJ[a; OTCYTCTBHE OCaJKOB. I, HAmpoTHUB, MUHHUMAJIbHOE CONEP)KAaHHWE TBUIBIBI B
BO3/1yXe Ha0JI0/1a70Ch IPU COYETaHUM BBICOKHMX IOKa3aTeNeil OTHOCUTENbHON BIaXKHOCTH, OCAJKOB
Y HU3KOU TeMrieparypsl [7, ¢. 27; 8, c. 109].

Craructuueckas o00paboTKa pe3yJIbTaTOB MHOTOJIETHUX adPOOHOJIOTHUECKUX UCCIICIOBAHUN U
MeTeo(aKTOPOB BbISIBUJIIA pa3HOOOpa3HbIil 3(h(eKT BO3AEHCTBUSA 3TUX MAapaMETPOB Ha JAUHAMUKY
COZIepKaHUs MbUIBLBI B BO3/lyXe roposioB KeIprei3crana.

Temneparypa Kak MeTEOpOJIOrHYECKHUl MMOKa3aTeNnb ABISIETCA OJHUM M3 Haubolsiee 3HAYMMBbIX
(dakTopoB, O0OYCIIaBIMBAIONMINX IUPKYISAIUIO THUIBIEL. [lOBBIIIEHWE TemIeparypsl BECHOW B
. bumkek  OIarompHUATCTBOBAIO HWHTEHCHBHOMY  MBUIBIIEBAHUIO  JIPEBECHO-KYCTApPHUKOBBIX
pactenuii B anpene (r=0,7, p <0,001) u mae (r=0,5, p <0,01). OnTumanbpHast TeMIepaTypa 0CEeHbIO
orpesesisija BRICOKYIO KOHIIEHTPAIMIO MBUIBLIBI COPHBIX pacTeHud B ceHTa0pe (r=0,9, p <0,001).
N3BecTHO Taxke, yTo OoJyiee BBICOKAsl TEMIEpaTypa BO3AyXa MOXKET YBEJIUYHMBATH AJIEPIe€HHOCTh
MBUTBITEI Oepessl [9, c. 369].

B nocnennue ronel HabmrogaeTcs pe3kue W3MEHeHHus B Temieparype. Eciu mocne xonomHon
MIOTO/IbI IPOUCXOAUT OBICTPOE MOTEIUIEHUE, TO MOCTYIUIEHNE MBUIBLIBI B aTMOC(hEpy YBEIUYHBAETCS.
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Konebanust cpeaHecyTo4HOM TeMmmepaTypbl OJIarONpHUsITCTBYIOT BbIOPOCY MBUIBIBI MHOTHX
aJIJICPreHHBIX PACTCHUH B OOJIBIIMX KOJMYECTBAX B TEUEHHE BCEr0 CE30HA BETETALMH, YTO PE3KO
YBEJIMYMBACT BEPOSTHOCTh KIMHUYECKHUX MPOSBICHUN MOJIMHO3a Y OOJIBHBIX.

Yactele nepemnajibl TeMIIEpaTypbl OTPULIATENILHO BIIMAIOT HA 370POBbE YEIOBEKA M MOTYT
MOBBICUTH YYBCTBUTEIBLHOCTH MAallMEHTOB K MbUIBIEBBIM aJlJIEpreHaM depe3 MpaMuHr uik 3¢ ¢dext
MOBBIIIEHUS] UYYBCTBUTEJIBHOCTH CIIM3HUCTBIX JIBIXATENbHBIX IIyTed OpraHu3Ma OOJBHOTO K
Hecenn(HUIECKUM pa3IpaKUTEISIM MOCIIE BO3ICHCTBHS MBUIBIIEBBIX AJJICPIeHOB.

Ocasku U OTHOCHUTENIbHAS BIAXXHOCTh PE3KO OTPHUIATENILHO BO3JEHCTBOBAIM Ha BEIUYHUHY
CYTOYHOT'O U CyMMapHOT'O MOJICUETOB MbUIbIIBL. VX BIMsSHUE HA TPOTSHKEHUU BCEro BEreTallMOHHOTO
[IEpHO/Ia HEPABHOLIEHHO M BKJIIOYAET MEPHOABL: 10 Hadaja U BO BpeMs LIBETEHUs pacTeHuil. Bo-
NEepPBbIX, OOMJIIBHOE KOJMYECTBO OCATKOB M BBICOKAs OTHOCUTENbHAs BIAXHOCTh JO LBETCHHUS
crocoOCTBOBaja HOPMAJIBLHOMY POCTY M DPa3BUTHIO TPABSIHUCTBIX PACTEHUH U MX JalbHEHIIeH
BBICOKOH TBUIBILIEBOM MPOAYKIIMH.

Bo-BTOpBIX, BO BpeMsl IbUIbLIEBAHUS PACTEHUI OCAJKM U OTHOCHUTEJIbHAs BIAXKHOCTb PE3KO
COKpAIlaJIA MPOLECC BRICBOOOKACHNUS MBUIBIBI U3 MBUTLHUKOB (OHA CTAHOBWIIACH BIIAXKHOW U Oosee
TSKEJION) U YCKOpsUIM €€ BBINAJCHUE M3 BO3/1yXa, YMEHbIIas TEM CaMbIM KOJIMYECTBEHHBIH U
TaKCOHOMUYECKU COCTAB MbUIbIIBI APEBECHO-KYCTAPHUKOBBIX U TPABSIHUCTBIX PACTEHUH.

B-TpeTbux, BO BpeMs OCAJIKOB TOBBIIIAETCA aJUIEPreHHOCTh MbUIBIBI, Onaromaps ee
¢dparmenTanyu, pacmnaay Ha Oojee MeJIKue (parMeHThl, YeM HAaTHUBHAsS, EIbHAS MBUIbIA U BBIXOAY
aJJIEPTeHHBIX OEIIKOB.

OtpunarenbHbie KOOPQPHUIIUEHTH KOPPENISALUA MEXKIYy AMHAMHUKON CONIEp:KaHUs MBUIbIBI U
ocaJikaMH OBLITU BBISIBIICHBI B allpesie—aBrycTe, T.€. BO BPEMsI BIPAKEHHBIX MUKOBBIX KOHIICHTpALIUi
U BapbHupoBasid 0T yMepeHHbIX (r=—0,5, p <0,01) no 3amernsix (r=—0,61, p <0,001).

Cpa3y mnocne JoXkAsl, Kak IpaBUJIO, BO3PACTAET HE KOJWYECTBEHHBIH U TaKCOHOMMUYECKHM
COCTaB IMbUIBIIEBBIX 3€PEH, a KOHLIEHTPAIIUS MbUIbLIEBBIX aJUIEPT€HOB. JTO SBIEHUE TECHO CBA3aHO C
(heHOMEHOM «TPO30BOI» OPOHXHMAIBHOM aCTMBI, YTO OOBIICHSIETCS CIACIYIOIIMMH TUIOTE3aMHU:

1. Bo BpeMsi rpo3bl B YCIIOBUSIX BBICOKOW BIIQKHOCTH INBUIBLEBBIE 3€pHA pa3pylIatOTCs
BCJIEJICTBUE OCMOTHYECKOIO II0Ka, UMEHHO TOT/a BBIJIEISIOTCS KpaxMajbHbIE 3€pHA, CIIOCOOHBIE
MIEPEHOCUTD TIBIIBLIEBBIC AJIEPTEHBL;

2. HOTOKHM XOJIOJJHOTO BO3/1yXa, BO3HUKAIOIIME BO BpeMs Ipo3, MOJHUMAIOT B arMocdepy
OCEBIIIME Ha OYBY II€JIbHbIE HATUBHBIE MBUIBLIEBbIE 3€pHA U UX (parMeHThI;

3. ¢parmenTs! (1-8 MKM) MbUIbLIBI, HAIPUMEP aMOPO3UM MOJBIHHOJMCTHONW HIPAIOT POJib B
BO3HMKHOBEHUH CHMIITOMOB OpOHXMaJbHOM acTMbl, BCIEICTBHE MX Oojee NITyOOKOro
MIPOHUKHOBEHUS B allbBEOJIbI JIETKUX, YEM HAaTUBHAas MbUIbLA. Menkue (parMeHThl MbUIbIbI JETKO
Pa3HOCSTCS BETPOM Ha 3HauuTeIbHOE paccrostHue [10, c. 667] (Pucynok 3-6).

O¢ddexT BIUAHNA OTHOCUTENIBHOMN BIaXHOCTHU Ha a’poaljiepreHbl MPOSBISUICS CUIIbHEE, YEM
ocaJiku, B ocoO0eHHOCTH B nepuoj anpens—mas (r=—0,6, p <0,001) u centsiops (r =—0,82, p <0,001).

OtHOocuTenbHAs BIAXKHOCTD M OCAJAKH B KOMIUIEKCE HEraTUBHO BO3ICHCTBOBAIM Ha
MBUIBLIEBYIO TPOAYKLHIO JAPEBECHO—KYCTapPHUKOBOM pacTeHUi, CUJIbHEE BCEro B MapTe U Mae
(r=—0,8, p <0,001).

[TonmydeHHble pe3ynbTaThl WUTIOCTPUPYIOT BO3JCHCTBHE PAa3HOOOPA3HBIX 3arps3HSIONINX
BELIECTB Ha AWHAMMKY COJEP)KAaHUS MbUIBLBI B BO3AYyXE: KaK DPE3KO OTPULATENIBHOE, TaK M
noJsiokuTesbHoe. DPdexT BiausiHUs ra3000pa3HbIX 3arps3auteneit (SO,, NO,, CO) nposiBisics Kak
orpunarenbHbii (r=—0,4-0,6, p <0,001), 4To CBsA3aHO ¢ MOBPEKIACHHUEM HAPYKHOTO CIIOSI — JK3UHBI
U (parMEHTHPOBAHUM LIEJIOCTHOTO MBUILIIEBOIO 3€pHa Ha Oosee MenKkue (GparMeHThl, KOTOpbIE
IpPaBUMETPHUYECKUM METOJIOM HE YIaBIUBAJIUCH.
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Pucynok 3-4. HatuBHbIe (3TaNOHHBIC) MBUIBIIEBLIC 3epHA SIMUTPUTHH MOJI3YYeH, UMEIONIeH TOHKYIO
sk3uny. [Iporiece paspsiBa MBUTBIIEBOTO 3epHa exu coopHoi (yBemuuenrne COM x 1000-5000).

Pucynoxk 5-6. Ilpomecc ¢parmMeHTamMu MBITBIEBOTO 3€pHA €XKH COOpPHOW, HAYMHAIOMIUKCSA C
MOSIBJICHUS TIIyOOKHX TPEIIMH M KaBEpPH Ha IMOBEPXHOCTH SK3HMHBL. DparMeHTUPOBAHHOE MBUIBLEBOE 3€PHO
©XKH COOPHOIT U3 MPOMBIIUICHHOTO paiioHa r. Omr (yBennuenne COM x 7500-10 000).

HanpoTuB, Ha KOIMYECTBEHHBIH COCTaB MbUIbLIBI IMOJOXKHUTEIBHO BIIMSIA IbLIb BECHOW B
anpene (r=0,5, p <0,01) u ocenpto (r=0,8-0,9, p <0,001), BEeposATHO 3a CYET AKKYMYJSAIIUU
MEJKOIUCIIEPCHBIX YaCTUI[ U YCKOPEHHUIO CeIUMEHTalMMu Oosee Tsokenod mnbuiblibl. Ha ypoBeHb
IBUIBIBI TaK K€ BO3JEHCTBOBaJa MbUIb B COYETAHWU CO CBUHIIOM B KOMILJIEKCE M HM30JIMPOBAHO
OeH3—a—TTUpEH.

[IpencraBieHHble pe3ynbTaThl WUTIOCTPUPYIOT BBIBOJL O TOM, YTO HaJMHOMOP(OJIOTrHUYECKUE
M3MEHEHHUsl 3aBHCST OT YPOBHS, WHTEHCHUBHOCTH BO3JCHCTBHS 3arps3HSIONIMX BEIIECTB U OT
OIIpENENAEMON FEHOTUIIOM M YCIIOBUSIMHU CPEbl YCTOMYMBOCTHIO MIIM UyBCTBUTEIBHOCTHIO BU/IA.

[lpibIia  @IepreHHBIX  37AKOBBIX  TpaB  O4YeHb  YYBCTBUTEIbHA K  BO3JCHCTBHIO
METEOPOJIOTHYECKNX (PAKTOPOB M 3arps3HEHMNA Yy HEe BBIABICH BBICOKHI €CTECTBEHHBIN
nonuMopdusm. B aspoOuonornueckux o6pasmax MHOrO MNOIUMOPGHON, TepatoMophHON u
MOBPEXJCHHON TMbUIBLBI, M, BEPOSATHO, HE CIy4ailHO MbUIbIA 3JIAKOB CIYKUT BaKHBIM
ATHOJIOTUYECKUM (PAKTOpPOM TMOJUIMHO30B B CTpaHaxX MHPOBOrO cooOiiecTBa. Bo3HHMKHOBeHME
MHOTOIOPOBBIX 3€pE€H y THUIMYHO OIHO-TIOPOBOM MBUIBIBI €XKH COOPHON CBUAETEILCTBYET O
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npoueccax MoJUIUIONANH. B Moiabp3y XpOMOCOMHBIX MyTalluil YKa3bIBaeT TAK)Ke HAJUUHUE U pa3Mep
TepaToMOp(HBIX (HOpM (KOHITIOMEPATOB), COCTOSAMIMX U3 3 1 OoJee MbIIMHOK (PucyHoK 2).

[Teibia  moONBIHM, HA00OPOT, TOJEepaHTHA K AGQeKTy ACHCTBUS aHTPOIIOTECHHBIX
3arpsi3HUTENEH, OHA OTHOCUTCS K YHCIY aKKyMYJIHPYIOIIUX BUIOB M BUAUMBIX MOBPEKICHUM Ha ee
000JI0YKEe HE BO3HHKAET, O CTENEHW HU3MEHEHHH CYIIT MO JaHHBIM XMMHYECKOTO aHalIu3a
(xpomarorpadusi, CHEKTPOMETPHS).

MexaHu3M BO3IECUCTBUS 3arpsA3HAIOMIMX BELIECTB HEOPraHMYECKOM MPUPOIBI 3aKIHOYAETCA B
TOM, YTO Ta3, MPOHHKAs BIIYyOb KJIETKH, PAacTBOPSAETCS BIAXKHBIX BHYTPEHHHUX MPOCTPAHCTBAX,
BKJIIOYAeTCSI B META0OJIMTUYECKUE IMPOLECChl W pa3pyllaeT CTPYKTYpY MbUIBLIEBOTO 3€pHA.
Hanpumep, SO; paspeiBaeT IUCyIb(GUAHbIE MOCTUKH, YBEIMYHMBAas TEM CaMbIM COJCpKaHUE
CBOOOIHBIX aMHHOKHCIIOT, CITyXKAaIlluX, KaK U3BECTHO, MIOKa3aTeIeM aJuIePreHHOCTH.

B neuibiieBoM 3epHEe Hanboliee YyBCTBUTENBHOM 007acThiO ABISIOTCA alepTyphl, Haubolee
YyBCTBUTEIbHBIE K OTPHUIATEILHOMY BIMSHUIO 3arpssHutencii. Hampumep, y mbuiblibl OGepesbl
MOBHCJION YaCTHYHO WJIM MOJHOCTBIO (SKCIEPUMEHTAIbHbIE W HAaTypHBIC HAOIIONEHUS) HMCUE3aeT
OTIEPKYIYM (KpBIIIEUKA).

Taxkum o0Opa3oM, B pe3yinbTare BO3AEHCTBUS SKCTPEMAIILHO BBICOKUX TEMIEPATYp, BbIIAACHUS
OOJbIIIEr0 KOJMYECTBA OCAJAKOB W TOBBIMICHHUS YPOBHS 3arps3HSIONIMX BEIIECTB HA TUHAMHUKY
CoZiepaHus TbUIbIIBI HAOMIOMAIOTCS CIIEAYIONUE JTOMHHHUPYIOIIUE TEHACHIWH, OCHOBAaHHBIE Ha
pe3ysbTarax a3poOHoIOrH4ecKoro MoHuTopunra 3a 30 yer:

1. mepuoa UUPKYISALUU MbUIBLBI B Bo3ayxe I. buiikek yBenuuuics Ha 20-30 nHeil: B pa3Hble
ro/Ibl OTMEUasoch 0oJiee paHHee MOSBICHHE MbUIbLIBI, HAPUMEpP B KOHIIE (heBpast u OoJiee Mo3IHuE
CPOKH €€ MPUCYTCTBUA BILIOTH 710 HOsiOpst 2013 rona, mo cpaBHeHuto ¢ 1983;

2. B M3MEHEHHOM, ypOaHU3UPOBAHHOM PpACTUTEIBLHOM IIOKPOBE OTYETIUBO JOMUHHUPYIOT
COpHBIE TpaBbl (3JIaKM, IOJbIHb, MapEeBblE-aMapaHTOBbIE U KOHOIUIS), UMEIOUIMX BBICOKYIO
aIJIEPreHHYI0 aKTUBHOCTh, YTO HETaTHMBHO OTPa3WIOCh Ha MPOJOKUTEIBHOCTH U TSHKECTH
CUMIITOMOB TOJJTUHO30B y OONBHBIX PECITYOIHKH;

3. yBeIMUYWIOCh ~ YHUCIO  TMOJUMOPQHBIX,  TEeparoMOpGHBIX,  OePOPMUPOBAHHBIX U
(GbparMeHTUPOBAaHHBIX MBUIBLEBBIX 3€PEH B a’PONAJIMHOJIIOTUYECKOM CIIEKTpE, B OCOOEHHOCTH
37IaKOBBIX W COPHBIX TpaB, YTO B IEPCIEKTHBE OyaeT CIocOOCTBOBATh YTSHKEICHUIO TEUECHUS
MOJUIMHO3a U PAa3BUTHIO CUMIITOMOB IBUIBIIEBON OPOHXHATBHOM acTMBI;

4. mosiBUIach TEHJEHIMS B pacHpoCTpaHEHHH Yke mpouspacraomux B Keipreizcrane
«MHOCTPAHHBIX» COPHSKOB, HAI[pUMep aMOpO3UH, AypHULIHUKA U ApyruX. [lockoiapKy MX mbuiblLia
00J1a1aeT CUJIBHO BBIPAKEHHBIMM AJJIEPIEHHBIMU CBOMCTBAMH, 3a UX PAaclpOCTPAHEHUEM CIEIST
SKCHEPTHI BO BCEM MHUpE, TaK KaKk OHM MOTYT CTaTb MCTOUYHHMKAMHU PA3IUYHBIX (OPM aljepruu
Oynyuiero;

5.UJeT CMelleHue MPHUPOIHO-KINMAaTHUYECKUX TOSCOB BBEPX IO CKJIOHaM TIop IO
BEPTUKAJIbHOM 30HaNbHOCTHU [11, c. 29], 4TO, BEpOsATHO, OTPA3UTHCS U HA AMHAMUKE COACPKAHUS
MBUIBIIBI AJUIEPT€HHBIX PACTEHUIA.

[TomyueHHble pe3ynbTaThl CIIY)KaT OCHOBAaHUEM JJIsl CO3/IaHUsl CIY)KObl PErHOHAIBHOTO
MOHUTOPUHTA TBUIBIBI, €T0 BKJIIOYCHHUS B TJI00aJbHYIO MHUPOBYIO ceTh (Toibko B EBpome 600
CTaHLMI) U y4eTa aJUIEPreHHBIX CBOWCTB JIPEBECHO-KYCTAapPHHUKOBBIX PACTEHUU IIPU O3EJIIEHEHUU
rOpOJIOB PECITYOIHKH.

BriBogbI:

1. Temneparypa siBasieTcss HauOoyiiee 3HAYUMBIM  METEOPOJOTUYECKUM  (hakTopom,
00yCIIaBIMBAIOIINX [UPKYIISINIO MBUIBIIEI PACTEHUH B Bo3ayxe. [loBbIIeHNE TeMIIEpaTyphl BECHOM
B I. bumkek OmarompusTCTBOBAIIO WHTEHCUBHOMY MBUIBIEBAHUIO JIPEBECHO-KYCTAPHUKOBBIX, a
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OCEHBI0O — COpHBIX pacTeHUU. Ee MOBBIIIEHHE MOXET CIIOCOOCTBOBATH IOSIBICHHIO HOBBIX WIIU
PacTIpOCTPAHCHHUIO YK€ UMEIOIINXCS a3p0aJICPreHOB, U3MEHSTh AJIJICPTeHHBIE CBOMCTBA MBLIBIBI.

2. OcaJky ¥ OTHOCHTEIbHAS BIAXXHOCTh PE3KO OTPHUIIATEIILHO BO3JCHCTBOBAIN HA BEITUYHHY
CYTOYHOTO M CYMMAapHOTO IIOJICYETOB IBUIBIBI, W3MEHSUIM €€ aJUIePreHHOCTh, OJjaromaps
(dbparMeHTaIyu, pacnaay HaTHBHOM MBUTBIBI Ha OOsiee MeJKrue parMeHTHI.

3. BEISBJIGH KOMILJIEKC METEOPOJIOTHUECKHX (PAaKTOPOB. BIUSIONIMX HA KOJIMYECTBECHHBIA U
TaKCOHOMHUYECKHI COCTaB a’pOJlIePTEeHOB.

4. Oddexr BmusHUA Trazoo00pazHbix 3arpssHuTenceit (SO, NO,, CO) nposBisics Kak
OTPHIIATEIILHBIN, YTO CBSI3aHO C TOBPEKACHUEM SK3UHBI M (pparMeHTHPOBAaHHUEM IEIOCTHOTO
MBUTBIIEBOTO 3epHA Ha Oosee mMenkue ¢pparmMeHTsl. HarpoTuB, Ha KOJIMYECTBEHHBINH COCTAB MBUTBIIBI
MOJIOKUTEIIBHO ~ BIUSUIA TIBUIb  BECHOW M OCCHBIO, BEPOSATHO 3a CUET aKKyMYJSIUU
MEJIKOJICTIEPCHBIX YaCTHIl U YCKOPEHHUIO CETUMEHTAIIUU 00JIee TSHKEIIOH MMBUTBITBL.

5. B a’pomanmHOIOrnYeCcKOM CIIEKTPE YBEIUYMIOCH YUCIIO MOTUMOP(HBIX, TepaTOMOP(DHBIX,
neOPMUPOBAHHBIX W (PParMEHTHPOBAHHBIX TBUIBIICBBIX 3€pEH, B OCOOCHHOCTH 3JIAKOBBIX U
COpPHBIX TpaB, YTO B TEPCIECKTHBE OYIET CIIOCOOCTBOBATh YTSHKCICHHUIO TCUCHUS TOJUIMHO3a U
Pa3BUTHIO CUMIITOMOB TIBLIBIICBONM OPOHXHALHOW ACTMBI.
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Annomayusa. IlpoBeneHo u3ydyeHHE OCOOEHHOCTEH pa3BUTHUA LMaHOOAKTEpuil poOIOB
Anabaena n Nostoc Ha pa3nUYHBIX MUTATENBHBIX cpenax. [lokazano, yTo MUAHOOAKTEPUU UMEIOT
MIOHIKEHHBIA U CpPEeIHUN YPOBHM H3MEHUYMBOCTH B KyabTypax (6,15-22,7%), a xapakTepuCTUKU
KOJIOHUHM, HUTEH M KIETOK 3aBUCAT OT COCTaBa IMUTATEIILHOW CpeAbl. YCTAHOBIEHO, YTO
ONTUMAJILHOW Cpeof JUIsl KyIbTUBUPOBAHUS MpeJcTaBuTeNnell pogoB Anabaena n Nostoc sBisiercs
cpena bonna 0e3 azora. KynbTuBupoBaHue 1IMaHOOAKTEpUI HA ATOM cpeie IPUBOAUT K aKTUBHOMY
HAaKOTUICHUIO OMOMACCHI M YCHUJICHUIO MPoIecca a30T(HUKcaInu.

Abstract. The study of the characteristics of the development of cyanobacteria of the genera
Anabaena and Nostoc on various nutrient media was carried out. It has been shown that
cyanobacteria have low and medium levels of wvariability in cultures (6,15-22,7%), and
the characteristics of colonies, filaments and cells depend on the composition of the nutrient
medium. It has been established that the optimal medium for the cultivation of representatives of
the genera Anabaena and Nostoc is the Bold’s Basal Medium without nitrogen. Cultivation of
cyanobacteria on this medium leads to an active accumulation of biomass and an increase in
the process of nitrogen fixation.

Knrouesvie cnosa: KyTsTUBHPOBAHKE, TUTATCILHBIC CPEIIbI, TOYBCHHBIC ITHAHOOAKTESPHH.
Keywords: cultivation, nutrient media, soil cyanobacteria.

B nocnennue necATuneTuss MUKPOBOIOPOCTH M ITMAHOOAKTEPUH MMPHOOPETAIOT BCE OOIBIIYIO
aKTyaJIbHOCTh B Ka4yecTBe OOBEKTa OWOTEXHOJIOTHYECKHX wuccienoBanuid [1-2]. OHm wumes
MPUMHUTUBHOE CTPOCHHE U OTIWYasICh HETPeOOBaTEeIbHOCTHIO K YCIOBUSIM CYIIECTBOBAHUS,
SBIISIOTCS TEPBUYHBIMU MPOAYIECHTAMH M XapaKTePU3YIOTCSl 3HAUUTENBHBIM BKIAJIOM B
(YHKIIMOHUPOBAaHUE BOJHBIX M HA3eMHBIX JKochcTeM. [[MaHOOaKTepuu y4acTBYIOT B CO3JIaHUU
OpPraHWYECKOTO BEIIECTBA, CIIOCOOHBI K a30TQUKCAIMH, YJaCTBYIOT B HAKOIUICHUM psja
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OMOJIOTMYECKH aKTHUBHBIX BEIIECTB, IPX 3TOM OHH JIOCTATOYHO OBICTPO HAKAIUIMBAIOT OMOMAcCy U
OTJIMYAIOTCS IPOCTOTON B KYJbTUBUPOBaHUHM [3—5].

Lenpto maHHOW PabOTHI SABISAJIOCH M3yYEHHE OCOOEHHOCTEH pa3sBUTHS a30T(HPUKCHUPYIOIIUX
nuaHoOakrepuil ponoB Anabaena m Nostoc Ha pa3NMUYHBIX HUTATENBHBIX cpelgax A Moadopa
ONTUMAJIBHOW CPEbI ISl UX KYJIBTUBUPOBAHMUS.

Mamepuan u 0o6vexmul ucc1e008aHUs

OObeKkTOM HUCCIIeIOBaHUS SIBISUIUCH KYJIBTYpbl LinaHoOakrepuit Anabaena sp. u Nostoc sp.,
BBIJICJICHHBIE U3 I10YB | OMENIbCKOTrO pailoHa.

Kynerypa nmanoGakrtepun pona Anabaena XapaxkTepu3oBajach JOCTaTOYHO SPKOM CHHe-
3eJIeHOI OKpacKoi. TpuxXombl ObLIM MPSAMBIMU WM U30THYTHIMU (Pucynok la), ouenb peako ciabo
CYKMBAJINCH T10 HANpPaBJICHUIO K KOHLIAM, OJIMHOYHBIEC WJIM COEJAMHEHHBIE B JIETKO pa3pyLIaroIHecs
JepHOBUHKH [6—7]. Bnaranumia Obuin 3ameTHbI ciiabo. BereTaruBHblE KIETKH UMENH OKPYIIIYIO
Wwin OOYOHKOBHAHYIO (OpMY, pa3IMUMMbIe Ta30Bble BaKyosd. TOJCTOCTEHHBIE TETEPOLUCTHI
OTIIMYATCh TOMOTEHHBIM COACPXKUMBIM. CIIOpBI (POPMUPOBAIKCH B CTAPBIX KYJIBTYpaXx.

Pucynok. 1. MukpodoTtorpaduu rimanodakrepuii pogos Anabaena (a) u Nostoc (6), x 400.

Kynerypa nmanoGaktepun poma Nostoc mmena OKpacky OT CHHE-3€JIEHOH /10 OJIMBKOBOIA,
omiMyagach Ooyiee BbIpaXKEHHOW ciu3bl0. HUTM HOCTOKAa COCTOSUIM M3 KIETOK OKPYIJIOW Win
OOYOHKOBHIHOW (DOPMBI, BKITFOYATN TEPMUHAIBHBIC M WHTEPKAJSIPHBIC TETEPOLUCTHI. AKHHETHI HE
BBISIBIICHBI.

B coorBercTBMHM €O CXeMOH OJKClepUMEHTa s KYIbTUBHUPOBAHUS LMAHOOAKTEPHi
UCTOJIBb30BAIM YEThIPE CHHTETUYECKHX MUTATENIbHBIX CpeAbl: OCHOBHYIO cpeny bonna (BBM),
cpeny bonma 6e3 azora (BBM-N), cpeny pro u cpeny UYy-10 [8-9]. ToroBbie cpens
aBTOKJIaBUpoBanu mpu Temmneparype 121 °C u panenun 1 arm. KynsruBupoBaHue Bopopocieit
OCYIIECTBIISZIM B TATUKPAaTHOM IOBTOPHOCTU C TOMOIIBIO METOJa BOJIHBIX KYIBTYp IIpHU
temneparype 25+3 npu 14/10 gacoBoM uepeqoBaHHH CBETOBOW M TEMHOBOW (a3 W OCBEIICHUU
35004000 nx B kimmmaroctate KC-200. Habmronenue 3a KyapTypaMu TPOBOIMIH Ha MPOTSIKEHUH 8
Henenb, (GoTtorpagupys WX M BHU3YaJIbHO OTMEYash OCOOCHHOCTH HaKOIUICHHWs Omomaccel. Ha
nocieHell Hezjene WCCIEAOBaHMs H3ydasld KynbTypbl moj mukpockonoM Nikon Eclipse 80i:
M3MEPSIIH JINHEHHbIe pa3Mepbl 50 BereTaTuBHBIX KJIETOK U TeTepOIMCT (PU HAIWYHMK), ONTUCHIBAIN
MOP(OJIOTHIO KOJIOHUH, HUTEH U KJIETOK.
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[Tomydyennsie maHHBIE OOpabaThHIBAIM C TIOMOIIBIO KOMITBIOTEPHOM mporpammbl StatSoft
Statistica 7.0. Jlns OLEHKHM YpOBHA H3MEHYMBOCTH Ha OCHOBaHMM KO3((UIIMEHTa BapHalluH
ucnonp3oBanu mkany A. C. MamaeBa [10] comiacHO KOTOpOM BBLAEHSIM TPU YPOBHSA
M3MEHYUBOCTH, OTpaKalollue pa3HOoOOpa3he paCTUTEIbHBIX OpPraHU3MOB: IOHUKEHHBII —
ko3(pduurent Bapuanmu MmeHee 15%; cpeanuit — kosddunueHt Bapuanuu — 15-25%;
MOBBIIEHHBIN — K03 unment Bapuaruu 6omnee 25%.

B xome »kcnepuMeHTa HaKOIUICHHE OWOMAcChl I[MaHOOAaKTepusiMu pona Anabaena
MIPOUCXOWIIO TOCTENEeHHO; IPH 3TOM Ha BOCHMOM Helene KyIbTUBUPOBaHUS HaOIronamu
yBenudeHue Ouomaccel nuanei Ha cpene bonma (BBM) u Ha cpene bonna 6e3 azora (BBM-N) —
cpenax Hambosee OOraTbIX MO KOJIMYECTBY COACPKAIIUXCS B HUX KOMIIOHEHTOB.

Jlnsa npencrasureneil poga Nostoc B IIEpBbIE YETBIPE HENEIU KYIBTUBUPOBAaHUS Ha BCEX
MUTATeNBHBIX CpeJax HaKoIUIeHHe Ouomacchl ObUIO HE3HAUMTENbHBIM, K BOCBMOM Hejelne
SKCIIEpPUMEHTa HauboJiee aKTUBHOE pa3BUTHE KYIbTYp Nostoc sp. oTMedeHo Ha cpeze Jpio u cpeze
Bonna 6e3 azora (BBM-N), Haumenee aktuBHOEe — Ha cpeze bonna (BBM) u cpene Uy-10.

B TaOmuue mnpuBeAeHB XapaKTEPUCTHKH KYIbTYp LHAHOOAKTEpHil HAa BOCBMOW Henene
MCCIICIOBAHUS.

Tabnuua.
XAPAKTEPUCTUKA KYJIbTYP [IUAHOBAKTEPHIA
Kyno- Tumamenvuwvie cpedovl
mypa BBM BBM-N cpeda Jlpro cpeda Hy-10
Oxkpacka KyJabTypbl Oxpacka KyJIbTyphl Oxkpacka KyJIbTyphl Oxkpacka KyJIbTyphbl
SIPKO-CHHE-3€JI€Hasl.  SIPKO-CHUHE-3€JICHAasl. SIPKO-CUHE-3€JIeHasl. SIPKO-CUHE-3€JIeHasl.
Ciu3p He otmeuena.  Comsp oOwnbHas. Hutn  Cnuse cnabo Cnu3p HE OTMEYCHa.
Hutu nnvnnsie, Pa3IMYHON JIJTUHBI, BbIpakeHHas. Hutu Hutu onpuHoYHBIE MK
W30THYTBIE pexKe MpsIMbIE WJIM U30THYThIE  KOPOTKUE, MPsIMbIE COEJIMHEHHBIE B
npsimele. Knetku u BereratuBHbIE KIETKU WJIU U30THYTHIE. CPYIIIbL, U30THYTHIE
= TeTepOLUCTHl UMEIH  UMEIH KOPOTKO KneTku xBagpaTHbie nnu npsimele. Kietkn
© TUIIMYHYIO QOpMY. HWIMHAPUYECKYIO UM WM HWINHAPUYECKHE, | reTepOIHCTH HMEH
§ Enunuuno B MOYTH KBaJAPATHYIO HHOTJIA C TUTTUYHYIO POpMY.
© KyJIbType OBbLIH ¢dopmy. Berpeuanmch MaHO(PUIINEBBIMH I'eTeponuct maio,
I BBISIBJICHBI MOJIOZAIBIE  KIIETKH C rpaHyjamHu. OTMEYEHBI CTIOPHI.
CIIOPBI. MaHO(UIINEBBIMH I'ereponucTsl
rpanynami. ['etepo- TUTTUYIHOH (POPMBEI,
LUCTHI TUITMYHOU CIIOpHI HE BBIABIICHBI.
¢dopmel. Criopsl He
OTMEYECHBI.
Oxpacka KyJbTypBl Oxpacka KyJabTypBl Oxpacka KyJbTypsl Oxpacka KyJbTypsbl
cuHe-3eneHas. Cnu3b  CHUHE-3€JeHasi C OJINBKOBO-3€JICHAs, CHHE-3€JIeHas C
HEIUIOTHAS, OJINBKOBBIM OTTEHKOM.  PEXE CHHE-3€JICHAas. OJINBKOBBIM OTTEHKOM.
PaCIUIBIBAIOIIIASICS. Crnu3b ci1abo Crnu3b c1abo Ciu3b HETUIOTHAS.
Hutn B KONOHMAX BBIpaXCHHAS. BBIpQKEHHAS. Hutn B KOonoHusx
i Obutn psiMbIME Wi Hutwu Obiit foctatouHo  HuTu B KOMOHUSX — MPSIMBIE WITU
% W30THYTBIMHU. TJIOTHO yTIaKOBaHBI MPSIMBIE WITH n3orayTele. Kietkn
S Kitetku xopoTko- BHYTPH KOJIOHU, n30ruyThie. Knetku TUIIMYHBIE.
é OOYKOBHU/IHBIC. MPSIMBIE WITU TUTIUYHBIE. I'erepouucTsl 1 crIOpEI
I'erepouncTsl n n3ornytsle. Kietkn I'erepouucTsl HE BBIABJICHBI.
CIIOPHI HE BBISBIICHBI. THUITHYHBIE. WHTEPKAJISIPHBIE U
I'erepouucTsl TEpMUHAJIbHBIE.
MHTEPKAJISIPHBIE U Cnopsl He OTMEUEHBI.
TepMHUHAJILHBIE.

Cropsl He OTMEYCHEI.
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Pezynomamut u obcyscoenue

CornacHO JaHHBIM HaONMIOACHUH, KYIBTYphI ponia Anabaena Ha cpenax «TOJOTHBIX IO a30TY»
(BBM-N, cpena Jlpio) xapaKTepH30BaJINCh HAJMYUEM OOWJIBHOW HIIM CJIa00 BBIPAXEHHOM CIIU3H,
OTCYTCTBHEM CIIOP U HAKOIUIEHUEM B BEI€TaTUBHBIX KJIETKAX LIMAHO(DUTUHOBBIX TPaHyIl.

Kynberypsl pona Nosfoc Ha JaHHBIX CpeAax TaKXKe MMEIH CXOAHbIE XapaKTePUCTUKU: ciIaldo
BBIP@XEHHAsI CJIU3b, OTCYTCTBHE CIIOP U HAJIIMYUE TEPMUHAIBHBIX U MHTEPKAJISIPHBIX T€TEPOLIUCT.

Hannune nmaHoO(UTHHOBBIX TpaHyl B KIETKax ponaa Anabaena M OONBIIOTO KOJHMYECTBA
reTepoLMCT B KYIbTypax poaa Nostoc Ha cpellaX «TOJOAHBIX IO a30TYy» YKa3bIBaeT Ha aKTMBU3ALIUIO
nporecca a30T(UKcauy HHaHOOAKTEPHSIMU Ha JaHHBIX CPEAax.

BappupoBanu u pa3MepHbIE XapaKTEpPUCTUKHM BEr€TaTHBHBIX KIETOK M T'E€TEPOLUCT
IUaHOOAKTEPHA, KYTFTUBHPYEMBIX Ha PA3IMUHBIX MUTATENbHbIX cpeaax (Pucynok 1).
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Pucynok 1. CpaBHeHWe CpeIHMX [UIMHBI M HIMPUHBI KiIEeTOK Anabaena Sp. Ha pa3uYHBIX
MUTATEeIbHBIX Cpesiax.

CpenHss IMHA KJIETOK Haxoauaachk B uHTepBaie ot 4,95 mxm (BBM-N) no 5,94 mxm (BBM),
cpenHsisi mupuHa BapeupoBaia oT 4,40 mxm (BBM) no 4,98 mkm (cpema [pro). Ha cpemax
«TOJIOAIHBIX 10 a30Ty» OTMEUEHO YBEJIMYEHUE IIMPUHBI BETETAaTUBHBIX KIETOK Anabaena.
MakcumanibHasi JJIMHA KJIETOK aHaOeHbl Obuta 3aduxcupoBaHa Ha cpeae [pio u cocraBuna 8,44
MKM, MakcMMaibHas mupuHa — Ha cpene Uy-10 (6,45 MKM); MUHUMAaNbHbIE AJUHA U IIAPUHA
KJIETOK BbIABIEeHbI Ha cpeae Uy-10 (2,85 MM u 3,69 MKM COOTBETCTBEHHO).

Mopdomerpuueckue IMoKazaTesid TeTepOUUCT ObLIM Oojiee CTaTUUHBIMM: CpelHss AJIMHA
TeTepOIMCT Haxoawnachk B mpenenax 7,33-7,51 mxm, cpemnsisi mupuHa — 5,19-5,58 Mxwm.
MakcumanibHasi JAJIMHA TeTeponucT Obuta oTMedeHa Ha cpene Uy-10 m cocraBmma 10,53 Mkw,
MakcuMaJbHas mupuHa — Ha cpene Jpro (7,50 MKkM); MUHUMAaNIbHAS JUITMHA KIETOK BBISBICHA Ha
ocHOBHOI cpene bonna 6e3 azora (4,02 mxm), mupuHa — Ha cpene pro (4,00 mrm).

Ha Pucynkax 2 u 3 mpencraBieHo cpaBHeHHE KOA(GGUIIMEHTOB BapUalliy JJIUHBI U IIUPHUHbI
BEreTaTUBHBIX KJIETOK U TeTepOLucT Anabaena sp. Ha pa3lINYHBIX MUTATENbHBIX CpPEaax.

W3 nanubix PucyHka 2 BUgHO, 4yTO Hanboublee 3HaueHue koddduiinenTa Bapuanuu JIHHBI 1
IIMPHUHBI KJIETOK 3aukcupoBaHo Ha nurarensHol cpeae Uy-10 (17,80% u 13,91%), nHaumenbiee
3HaueHue Kod(duImeHTa BapuanuM JUIMHBI KJIETOK — Ha cperae bomma 6e3 azora (14,97%),
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UIMPUHBI KJIETOK — Ha OCcHOBHOM cpene bomma (6,15%). IlogoOHble 3HaueHHs yKa3bIBalOT Ha
MTOHIDKEHHBINA U CPEHUI YPOBHU NU3MEHUMBOCTH BET€TaTUBHBIX KJIETOK B KYJIBTYpaXx.

Haubonpiiee 3naueHne kod(h@uUIMeHTa BapuallMd JUIMHBI T€TEPOIMCT 3a(UKCHPOBAHO HA
nuTarensHOM cpene bonmma 6e3 azora (15,91%), nHammensbliee — Ha nuTaTelbHON cpene Jpro
(13,65%). HauOonbiee 3HaueHue Kod(pduIUMEHTa BapHallMd [IUPUHBI KIETOK T'E€TePOLUCT
3adukcupoBaHo Ha muTarenbHOU cpene [pro (14,59%), HamMmeHbllee — Ha MHUTATENBHON cpene
bonga (9,05%). llomoOHble 3HAYeHHMS YKa3bIBAIOT HA MOHWKCHHBIM M CPEOHHMNA YPOBHHU
M3MEHYUBOCTH IETEPOLIUCT B KYJIBTYpeE.
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Pucynok 2. CpaBHenue kod3(h(QHUIMEHTOB BapHallid JUIMHBI W IIUPHHBI BETETATUBHBIX KJIETOK
Anabaena sp.
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Pucynok 3. CpaBHeHue k03¢ GHUIIMEHTOB BapHallMy JUTMHbI U IIHUPHHBI TeTeporuct Anabaena sp.

CpaBHeHHe cpeHUX MOP(POMETPUUECKUX MOKa3aTesell BEreTaTUBHBIX KJIETOK M I'eTepPOLUCT
Nostoc sp. Ha pa3IUYHbBIX TUTATEIbHBIX CpeAax NMpecTaBieHo Ha Pucynke 4.

Cpennsis JUIMHA KJIETOK HOCTOKA BapbupoBana oT 3,48 Mkm (BBM-N) 1o 4,44 mxm (cpena Uy-
10), cpennsist mMpuHa HaxoauIachk B uHTepBaie ot 4,43 mMxm (cpeaa Uy-10) no 4,88 mxm (BBM-N).
MaxkcumanbHble pa3Mepbl BETETaTUBHBIX KJIETOK Nostoc sp. ObIIIM OTMEUEHbI Ha MUTATeNbHOM cpene
bonna 4,14x4,80 MKM, MUHUMaJIbHBIE pa3Mepbl K1eTok — Ha cpeze [pro (3,81x4,56 Mkm).
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Pucynok 4. CpaBHeHHe cpeTHIX MOp(HOMETPUYECKUX TOKa3aTeliell BereTaTuBHBIX KieTok Nostoc sp.
Ha PA3IMYHBIX MUTATEIBHBIX Cpeaax.

I'erepouncThl B KyJabTypax HOCTOKa OTMEUEHBI TOJIBKO Ha CPEAax «TOJOAHBIX IO a30Ty», YTO
CBHUJIETEJILCTBYET OO0 OTCYTCTBUM a30T(HMKCAlMM Ha TMMTATEIbHBIX CpPEAax C JIOCTATOYHBIM
KoJMuecTBOM a3oTa. CpenHsis AJMHA IeTepoLycT BapbUpoBaia He3HauuTenabHO (4,06-4,34 MkMm);
CpeIHssl UPHUHA TEeTePOIUCT Ha cpene bomnma 6e3 azora 6puta Ha 0,74 MKM OoJblie, YeM Ha cpejie
Jpro. MakcumaneHbIe [UIMHA W IIMPHHA TETEPOUUCT ObUIH 3aUKCHpPOBaHBI Ha cpene bonma 6e3
azora (4,34 mxM u 4,05 MKM COOTBETCTBEHHO), MUHUMaJIbHble — Ha cpene pro (4,06 MM u
3,91 mxm). IlonyueHHble JaHHbBIE YKa3bIBAlOT HA 3aBUCUMOCTb MEXAYy MOP(HOMETPUYECKUMHU
[IOKa3aTeJIIMU  OT COCTaBa KOMIIOHEHTOB B MMTaTelabHOM cpene (cpena /[lpro oTiuyanack
MUHUMAaJIbHBIM KOJIMYECTBOM 3JIEMEHTOB).

Ha Pucynke 5 mpeacraBieHO CpaBHEHHE CpEIHUX KOA(P(PHUIMEHTOB BapHAIMU JUITMHBI H
IIMPUHBI BETETATUBHBIX KIETOK U FeTepOLUCT Nostoc sp. Ha pa3IMUHBIX MUTATEIbHBIX CPEIax.
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0
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Pucynok 5. CpaBHeHHe cpeqHUX KO3()(GUINEHTOB BapHAIlMH JJIMHBI M ITUPHHBI BETETaTUBHBIX KIETOK
u rerepouuct NOStoc sp.
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3HayeHWe cpeAHMX Ko3()(QUIMEHTOB BapHallMd YKa3blBaeT Ha CpeIHUN ypOBEHb
M3MEHYMBOCTHU ISl KYJABTYphl Nostoc sp. Ha muTarenbHbIX cpenax bonma, bonna 6e3 azora u [pro
(15,75-22,70%), n HU3KUN YpOBEHb U3MEHUYMBOCTHU JUIsl IIUPUHBI KIETOK KYIbTypbl Nostoc sp. Ha
nutarensHoi cpene Uy-10 (14,64%) ¢ yueTom Bcex HOBTOPHOCTEH.

[Ipu cpaBHeHuu cpenHux Ko3()PUIMEHTOB BapHallUM JUIMHBI U IIUPUHBI T€TEPOLUCT Ha
cpenax BBM-N u [Ipto ormeueH mnoHmwkeHHbIH ypoBeHb u3MenuuBoctu (10,61-14,58%). Ha
nuTaresnbHoi cpene [pro Kod(p@UIMEHT BapualMy JJIMHBI yKa3bIBaeT HAa CPEIHUI ypOBEHBb
u3menuuBoctu (16,75%).

3axnouenue

B xozne npoBeeHHOT0 3KCIEPUMEHTa YCTAaHOBJICHO, YTO HAKOIUIEHHE OMOMACCHI KYJIBTYpaMHU
nuaHoOaKkTepuil Ha aHAJIM3UPYEMbIX MUTATENbHBIX CPelax OTIMYHO: A LHaHed pona Anabaena
ONTUMAJIBHO HCIIONIb30BaHue cpeasl bonna u Ha cpensl bonga 6e3 a3zora, Uit mpeAcTaBUTENel pona
Nostoc — cpenst [pro u cpenst bonna 6e3 a3ora.

3HavyeHus K03()(OUIMEHTOB BapHUalliy JUTHHBI U IIUPUHBI BETETATHBHBIX KIETOK M TETEPOIUCT
HaxoAwIuch B uHTEpBasie 6,15—-17,82% nnsa kyneryp pona Anabaena n 10,61-22,7% st KyasTyp
pona Nostoc, 4T0O yKa3bIBaeT Ha MOHMWKCHHBIN U CPETHUN YPOBHU UX U3MEHUYUBOCTH B KYIIBTYpax.

[Ipy 5TOM XapakTepUCTUKU KOJIOHUN, HUTEH M KIETOK 3aBUCAT OT COCTaBa MHUTATEIBbHON
cpensl. Ha cpenmax «rojofHBIX 1O a30Ty» OTMEYEHO HATMYHE ITUaHO(DHUTUHOBBIX TPAHYI B KJIETKAX
Anabaena u 0G0IBIIOrO KOJIMYECTBA T€TEPOLUCT B KylIbTypax poja Nosfoc, 4TO yKa3blBaeT Ha
aKTUBU3ALIMIO TIpoliecca a30THUKCAIUU B KYIbTypax.

BrinonHeHHOE HCCleIOBAaHUE MO3BOJIMJIIO YCTAHOBHUTH, YTO ONTHUMAJIBHOW Cpemod Ui
KYJIbTUBUPOBAHUS IIMAHOOAKTEPU 000MX POJOB siBIsieTCs cpena bonma 6e3 azoTa, KOTOPYIO MOYKHO
WCIIOJIb30BaTh KaK JIJISi HAKOIUICHHUS OMOMACCHI ITUAHOAKTEPUSMH, TaK M ISl OOOTAICHUsS CPEIIbI
a30TOM.
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ASSESSMENT OF BIOLOGICAL AVAILABILITY OF RADIONUCLIDES IN THE SOIL
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Annomayusa. B cratbe TPUBOAATCS pE3YIbTaThl OLIEHKH OMOJOTMYECKOW JTOCTYIMHOCTH
paauoHyKIUIOB B mouBe. Llenbio paboThl sBisieTcs BbIsABIeHHE (HOPM HaXOKIeHHs 1e3usi-137 B
MOYBE U YCTAHOBJICHHE MX KOJIMYECTBEHHOTO COOTHOIEeHHs cmycTs 30 neT mocie karactpodsl Ha
ADC B YepnoObuie. [Inst ompeneneHus NOABMKHOCTU PAAMOLE3Hs] B MOYBE MPUMEHSUIM METOJ
MOCJIEZIOBATENIbHOTO  OKCTparupoBaHus. Pe3ynbraTsl HCCIEAOBAaHUN BBISBHIM CYIICCTBECHHbBIC
pa3nuuus KOHIIEHTPAIUi paarone3us B MpuMeHseMbIX pacTBoputersax. Conepikanue paauore3us B
BOJIHOM BHITsDKKE BapbupoBasio oT 0,4 bk nmo 5,5 bk, anerarno—ammonwuitnoit — (0,3-2,8) bk;
HaubOosee CyIIECTBEHHbIE NEPEXO/Abl pPaauole3uss HaOMoAadd MpPH HUCHOJIb30BAaHUM COJISTHOM
kucnotel. [Ipu ucnonp3oBanuu 1M constHON KHCIOTHI conepkanue coctaBuio (0,4-4,2) bk, mpu
KOHLeHTpau 6M — (2—-88) bk. AHanu3 nMHAMHMKH COAEp KaHUS pajuolie3Us B BOJHON BBITSDKKE
CBUJETEILCTBYET 00 YMEHBUICHHM pPa3MEpOB Iepexofa paJuOoHYKIuAa MO BceM mouBaM. Jlis
cynecu 3a 2017 u 2018 rr. cpennue nokazarenu coctaBuiu 2,3% u 1,8%, necuanoit nmoussl 4,3% u
2,2%, u Tophsauuka 0,8% u 0,3%. Jlns aneTaTHO—aMMOHUNWHOM BBITS)KKU Ha CyMECcsX UMENI0 MECTO
yBenuuenne mnepexoga ¢ 1,3% mo 2,5%. Ha mecke u Topde HUMENO MECTO YMEHbIIEHHE
JOCTYIMHOCTU coO0TBeTCTBEHHO (7,6—4.5) u (1,8-0,7)%. IIpu skcTparupoBaHUM COJITHON KUCIOTOU
IM KOHLIEHTpalMM Ha CyNecH Mepexoi paJuoHyKiInaa ymensiuics ¢ 2,9% no 2,2%. Ha necke
BBISIBJICHO yBenuueHue noctymHoctu ¢ 4,4% no 5,2%. Ha topdsiHuke M3MeHeHUs AOCTYMHOCTH
MuUHUMabHbIE. OO0paboTKa MOYBEI 6M COJNSHOM KHUCIOTOW yBENWYHMIIA MEepPexXol paJuoHYKIHIa Ha
Cylecu W Ha TOpQsHHUKE. YBelIMUeHUE KOJMYeCTBa paauole3us B 6M KuCIOTEe MOXET O3HadyaTh
JaNbHelIee 3aKkpeIuieHne pPaJuOHYKIUAAa IMOYBEHHBIM MOMIOMIAIONIUM KOMIUIEKCOM. Memoodsi
Uccne006anys: METO MOCIEI0BATEIbHOTO SKCTPAruPOBAHHUS.

Abstract. This article presents the results of the assessment of the biological availability of
radionuclides in the soil. The object of this work is to identify the forms of cesium-137 in the soil
and to establishing their quantitative ratio 30 years after the disaster at the Chernobyl nuclear power
plant. We were determined the mobility of radiocaesium in the soil, a sequential extraction method
was used. Research methods: Research revealed significant differences in the concentration of
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radiocaesium in the solvents used. The content of radiocaesium in the aqueous extract varied from
0.4 Bq to 5.5 Bq, ammonium acetate varied from 0.3 Bq to 2.8 Bq. The most significant
radiocaesium transitions were observed using hydrochloric acid. When we were using 1M
hydrochloric acid, radiocaesium content was (0.4—4.2) Bq, at a concentration of 6M (2-88) Bq.
Analysis of the dynamics of the content of radiocaesium in the aqueous extract indicates a decrease
in the size of the radionuclide transition overall soils. Average rates for sandy loam were 2,3% and
1.8%, sandy soil 4.3% and 2.2%, and peat bog 0.8% and 0.3% for 2017-2018 years. For
the ammonium acetate extract on sandy loops, there was an increase in the transition from 1.3% to
2.5%. On sand and peat there was a decrease in availability, respectively (7.6-4.5)% and (1.8—
0.7)%. The radionuclide transition decreased from 2.9% to 2.2%, when extracting with hydrochloric
acid (IM concentration) on sandy loam. On the sand revealed an increase in availability from 4.4%
to 5.2%. Accessibility changes have occurred minimal, on the moor. Soil treatment with 6M
hydrochloric acid increased the radionuclide transfer to sandy loam and peatlands. An increase
the amount of radiocaesium in 6=M acid means further fixation of the radionuclide by the soil
absorbing complex.

Kniouesoie cnosa: 6uonorndeckast J0CTYITHOCTb, MOYBA, 1e3HUii- 137, BRITSIKKA.
Keywords: bioavailability, soil, cesium-137, extract.

OmHuUM W3 HEraTUBHBIX TocCHeAcTBUM KaTacTpodbl Ha UYADC sBISICTCS paJdOaKTHBHOE
3arpsi3HEHUE CEeNIbCKOXO3SIIICTBEHHBIX YroAuil. B HacTosiee Bpemst HanboblIue panoIornuecKue
MIPOOJIEMBI BBISIBIICHBI JJISl 3AJTUBHBIX JTyTOB.

KopmoBbie yromess Ha Tepputropu lomenbckod 007acTH XapakTEepPU3YIOTCS OOJIBIIUM
pa3HOOOpa3ueM IOYBEHHOIO ITOKPOBA, IUIOAOPOAUS W BIArooOECIICUEHHOCTH II0YB, KayecTBa H
MIPOJYKTUBHOCTU TPABOCTOEB.

OCHOBHBIM 103000pa3yrONIMM TPOAYKTOM IUTAHUS [JIi HACEJICHHUS, MPOKHUBAIOMIETO Ha
3arpsi3HEHHOW PaJMOHYKIUIAMU TEPPUTOPUH, OBLJIO M OCTAETCS B HACTOAIIEE BPEMsI KOPOBHE
MOJIOKO. 3a cueT ero ¢GopMUpyeTCcsl OCHOBHAS YacTh CPEIHErOI0BOM WHIUBUAYATbHOW O3B
BHYTPEHHET0 O0JIy4eHHsI.

Murpatusi pagHOHYKIUIOB Ha CEHOKOCHO—TIACTOMIIHBIX YrOAbsSX HMEET CYIICCTBEHHBIE
pasznuuus MO CpaBHEHUIO ¢ mamrHed. Ha ecTecTBEeHHBIX JiyraX OCHOBHAsl YacTh PaJMOHYKIUIOB
MPOJOJIKAET OCTaBaTbCsi B ClIO€ JO S5 CM. OTO NPHUBOJUT K YCHUJIEHHOMY MOIVIOLIEHUIO
PaANOHYKIIUIOB JTYTOBBIMU PACTEHUSIMH.

Bropoii HemanoBakHOW 0COOEHHOCTBIO €CTECTBEHHBIX JIYTOB SIBISETCS PEKHUM YBIAKHEHUS.
[lepuonuueckoe 3aroruieHHE CHOCOOCTBYET HE TOJBKO HMHTCHCHBHOMY  IEPEIBHIKEHUIO
PaMOHYKIIUIOB 110 TOYBEHHOMY MPO(HITI0, HO U YCUTICHUIO HAKOTUICHUS B TpaBaMH.

Paguouesnii, wnmm B7Cs — ocHoBHOIH J03000pa3yIoNINil PaTUOHYKINA Ha TEPPUTOPHU
I'oMenbckoit 00acTu.

Crapenue paaOHYKIIN/IA WIH YMEHBIIICHHE €T0 TOCTYITHOCTH CBSI3aHO C €ro CIIOCOOHOCTHIO K
OOMEHHOMY W K HEOOMEHHOMY MOTJIOIIEHUIO TTOYBEHHOMOTIOMAINIUM KoMIuiekcoM. CTapeHue
paMOHYKIIUA OOBIICHICTCS BXOXKIECHUEM B MEKIIAKETHBIE MPOCTPAHCTBA M 3aKpEIICHHE MOHOB
Cs" KpHCTamTHIecKol peneTKol BTOPHYHEIX TIMHHUCTBIX MHUHEpanoB. dukcupoBaHHbIe HOHBI CS*
CTaHOBSITCS MEHEE JJOCTYIMHBIMU sl OOJIBIIMHCTBA CEIbCKOXO35MCTBEHHBIX KYIbTYP.

Ha noaBwxHOCTH M JOCTYHHOCTh ey BO3JICHCTBYET MHOXXECTBO MapaMEeTPOB, CpEAH
KOTOPBIX MOYKHO BBIICNTUTH CIEAYIOIINE: BIAKHOCTb MOYBBI, ()OPMbI HAXOXKIEHUS PAIHOHYKIHIOB
B TIOYBE, TPAHYJIOMETPHUUYECCKUNA W MHUHEPAIOTHYECKHU COCTaBbI, COJIEpPKAHWE OPraHUYECKOTO
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BEIIECTBA, CoJIepKaHne OOMEHHBIX KaTHOHOB U EMKOCTh KATHOHHOTO OOMEHa, a TaK)Ke KHUCIOTHOCTh
MOYBBI.

HemanoBaxHoe BIHUSIHUE HA pa3Mephl Mepexoaa PaaIuoHYKIUIOB B 3BEHE «I10YBA—PACTCHHEY
UMEIOT (OpMBI HAXOXKIEHUS PAaTUOHYKIMAOB B mouBe. llog <¢dopMamu paguoOHYKIHIOB
MOJPa3yMEBAEeTCsl OIEHKAa IMPOYHOCTU CBSI3W paJUOHYyKIKWAa ¢ mouBod. [IpoyHocTs cBsi3u
OILICHUBAIOT, KaK MPABUJIO, C TOMOIILIO BO/IbI, alleTaTa aMMOHHUSI, U KUCJIOT Pa3HOW KOHILICHTPALIUH.
Takum 00pa3oM, BBIACISAIOT BOJAOPACTBOPUMEIC, OOMEHHBIC, MOJIBUXHBIE W (PUKCHPOBAHHBIE
(hopMmBL.

Kak wu3BecTHO, moYBa NpeCTaBlieHAa pa3iHYHbIM (Pa30BBIM M XUMHUYECKUM COCTaBaMH,
CJIEJIOBATENIbHO, PAMOHYKIUABI 3aKPEIUISIOTCS C PA3IMYHON MPOYHOCTHIO. B CBS3M ¢ 3TUM MOXKHO
MPEIMONIOKUTh, YTO MEKIY pa3IUYHBIMU  (opMaMU  PAJIUOHYKIUIOB  TOMIEPKUBACTCS
IuHaMuueckoe paBHoBecue. OTcroa CleayeT, YTo JOCTYITHOCTh PAaIuOLe3Usl MOXKET U3MEHSThCS.

Oco0oe BHHMMaHHE YNETSUIOCHh BOMPOCAaM OLEHKH (OpPM HaxOKIEHUS PaIUOHYKIHJIOB B
MIEPBBIC TOJIbI TUKBHUIAIIUHU TIOCIEACTBHIA KaTaCTPOQHI.

Tak, mo wmuenuto lO. A. VIBaHoBa c coaBTOpamu, P7Cs B mouse HaxomMTCs B
MPOYHO(UKCUPOBAHHON (hOpMe, KaK B COCTaBE TBEPIBIX TOIUIMBHBIX YaCTHIl, TAK U B COCTaBE
a’po3oiiell (KOHJEHCAIIMOHHBIX BBIMAAEHUI). DTO 3aBUCUT KakK OT YIAJICHHOCTH OT MecTa
BBIOPOCOB, Tak U OT BpemeHu [1], uto moaTBepxkaaercs uccienoBanusmu 0. WM. TonukoBa u
npyrumu [2].

B HavasIbHBIH [EPHOJ JIMKBUIAINN KAaTacTpohbl GHOIOrHYECKask JOCTYTHOCTh - CS B [IOYBAX
30 kM 30HbI B 1988—1989 rogax ouenena I1. ®@. bonnapem ¢ coaBropamu Ha ypoBHe 59%, a 3a ee
npeaenaMu — 74% 1o CpaBHEHUIO CO CBEKEBHECEHHBIM BOJIOPACTBOPUMBIM B7Cs [3].

B nmuteparype uMeroT MecTo (akThl O B3aMMOCBSI3U COACPIKAHUS PAUOIC3Us B PACTCHUSIX C
KOJIMYECTBOM JIOCTYMHBIX (hopMm pamumonykimuaa B mouse. [lo muenuro I. C. Memankuna, A. H.
Apxurnosa, H. I1. Apxumosa Beicokoe coneprkanme” Cs B «(pHKCHPOBAHHON» PopMe B Ipeaenax
76-98% onpenenser pa3Mepsl OCTYIUIEHUS PaIMOHYKINIOB B pacTeHus [4].
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