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'Al-Farabi Kazakh national university,
Almaty, Kazakhstan
*E-mail: zbolatkhan@gmail.com

PROSPECTS OF USING CYANOBACTERIA FOR BIODIESEL PRODUCTION

Increasing growth of world costs on petroleum and growing deficiency of petroleum products lead
to necessity of using alternative motor fuels. Thus, technology of using cyanobacteria as raw material for
fuel production has one of the central place among tools of modern alternative energetics, because they
are considered as more effective biological producers of natural hydrocarbons in the form of fatty acids.
This allows observing it as a unique renewable biomass source, which is suitable for rapid conversion
to biodiesel.

Nowadays, creation of such technology is actual and prospective; additionally it presents a great
interest for development of alternative energetics. This article generalize literature data about problems
of introducing the alternative “green” technologies and development on new field of industry — bioen-
ergetics, about perspectives and possibilities of biofuel from photosynthetic microorganisms and their
preference among conventional sources of raw material. There are also data of experimental works on
screening of potential producers, optimization of cultivation of cyanobacteria for increasing the yield of
end product. In addition, possible ways of increasing efficiency of their energetical using with the help of
genetic engineering methods are reviewed. The main stages of technology of biodiesel fuel production
from phototrophic microorganisms are described and results of scientific investigations in this area, con-
ducted in the framework of scientific-research projects on the basis al-Farabi Kazakh National University
are presented.

Key words: biofuels, biodiesel, microalgae, cyanobacteria, fatty acids, lipids.
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19n-Dapabu arsimarsl Kasak yITTBIK yHHUBEPCUTETI,
Anmarsl K., Kazakcran
*E-mail: zbolatkhan@gmail.com

buoaM3seAbAi xkaHapMai aAy YLUiH LMaHOGaKTepraAapAbl NaiAaAAHYAbIH, GoAaLLaFbI

MyHanabiH, 8AeMAiK 6GaFacbiHbiH, ©CYi XKOHE MyHan OHIMAEPIHiH TarlbIAbIFbIHBIH ©cyi 6arama
MOTOPAbI >KaHapmaiAapAbl ManAaAaHyAblH KaXKeTTiAiriHe aabin keaeai. LlnaHob6aktepusinapabl wm-
Ki3aT peTiHAe nanaasaHy TEXHOAOTMSCbI 3amaHayM 6aramMa 3HepreTrkara KeLyAiH MaHbi3Abl Typi 6o-
AbIM TabblAaAbl, ceb6ebi oAap Mai KbILKbIAAAPbI (POPMACBIHAAFbI TaOMFN KOMIpCYTeriHiH 3phekTUBTI
OGMOAOTUSIAIK, TPOAYLIEHTTEPI GOAbIM TabbiAaAbl. ByA 0OAapAbl XKbIAAAM OMOAM3EAL BHAIPYTE KapamMAbl,
YHUBEPCAAAbI, KAAMbIHA KeAyLLi 61Momacca Kesi peTiHAE CaHayFa MyMKIHAIK Gepeai.

Kasipri yakbITTa OCbIHAQM TEXHOAOTMSIHBI AQbIHAQY ©3€KTi, MepCrieKTUBTI GOAbIN TabblAaAbl XXOHe
6anama 3HepreTuKaHbiH AAMYbl YLLIH YAKEH KbI3bIFYLIbIAbIK TyFbI3bIM OTbIp. bepiareH Makaraaa 6arama
«KaCblA» TEXHOAOTUSIHbBI EHT i3y MOCEAEAEpI >KalAbl 8AEOM MaFrAyMaTTap BGepiAreH KeHe eHAIPICTIH >kaHa
AaMblFaH 6aFbITbl — GMO3HEPreT1Ka XKaAbl, (DOTOCUHTE3ALYLLI MUKPOOPIraHM3MAEPAEH O1OsKaHapman
AAYAbIH, MYMKIHAIKTEPI MEH nepcrnekTrBaAapbl XeHe OAapAbIH ABCTYPAI LWIMKi3aT K&3AEPiHEH apTbikK-
LIBIAbIKTapbl KepCeTiAreH. [MoTeHuMaAAbl MPOAYLEHTTEPAIH CKPUHMHIT GOMbIHLIA TaXipnbeAik >Ky-
MbICTapAbIH MAaFAYMATTapbl, COHfbl OHIMHIH LWbIFybIH apTTbIPY MaKCaTbIHAQ, LiaHOBGaKTepUIAAPAbI OM-
TUMaAAbI AQKbIAAQY >KaFaarAapbl kepceTiAreH. CoHbIMEH KaTap reHAIK MHXXEHEPAIK BAICTI NanAaAaHa
OTbIPbIM, OAAPAbBIH SHEPreT1KachiH NanAaAaHyAbIH 3(OMEKTUBTIAITIH apTThIPYABIH bIKTUMaA >KOAAQpPbI
KapacTbipblAaAbl, XeHe Ae (hOTOTPOMTbl MUKPOOPraHU3MAEPAEH OGMOAM3EAb aAy TEXHOAOTUSIChIHbIH
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Herisri keseHaepi »oHe aA-Dapabu atbiHaarbl KasYY-AblH HerisiHAEri FbiAbIMM-3epTTey XKobaAapbl-
HbIH, LIeHOEePiHAE OTKI3IAETIH FbIAbIMM 3€PTTEYAEPAIH HOTUXKEAEP] KOPCETIATEH.

Tynin cesaep: OuoxkaHapmai, 61M0AM3eAb, MUKPODOAAABIPAAP, LMaHOOaKTepusiAap, Mai Kblll-
KbIAAAPbI, AVMIMATED.
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nepCHEKTMBbI UCMNMOAb30BaHUSA u,uaHoﬁaKTepuﬁ AAS TOAYHEHUSA 6MOAM3e/\bH0l’O TONMAUBA

[MPOAOAXKAIOLWIMIACSA POCT MMPOBbLIX LIEH Ha HeTb M PACTYLLMIA ACDULIMT HEPTENPOAYKTOB MPUBO-
AAT K HEOBXOAMMOCTU MCMIOAb30BaHMNS aAbTEPHATUBHbBIX MOTOPHbIX TOMAMB. Tak, TEXHOAOTMS UCMOAb-
30BaHMS LMAHOOAKTEPUI B KQUECTBE TOMAMBHOIO CbiPbsi 3aHUMAET OAHO M3 LIEHTPAAbHbIX MECT CPEAM
MOAXOAOB COBPEMEHHOM aAbTEPHATMBHOM SHEPreTHMKM, MOCKOAbKY OHM SABASIOTCA HamboAee sdhdhek-
TUBHBLIMU OMOAOTMYECKMMM MPOAYLIEHTAMM €CTECTBEHHbIX YTAEBOAOPOAOB B (DOPME XKMPHBIX KMCAOT.
ITO MO3BOASIET PACCMATPMBATL MX KakK YHMBEPCAAbHbIA BO30OHOBASEMbI MCTOYHUK GMOMACChI, MPU-
FOAHOM AASE BbICTPO NepepaboTki B OMOAM3EAD.

B HacTosllLee Bpemsi CO3AaHMe TaKoM TEXHOAOMMM aKTyaAbHO, NEPCTNEKTUBHO M NMPEACTABASET GOAbLLION
MHTEPEC AAS Pa3BUTUS aALTEPHATMBHOM 3HEPreTUKM. B AaHHOM cTaTbe 0600LLIEHbI AUTepaTypPHbIE AaHHbIe
0 NpoBAEME BHEAPEHMSI AABTEPHATUBHDBIX «3€AEHbIX» TEXHOAOMMI 1 Pa3BUTMS HOBOM OTPACAM MPOMbILLIAEH-
HOCTU — GUOBHEPTETMKM, BO3MOXKHOCTSIX M MEPCreKTUBE MOAYUeHUst B1UOTOMAMBA M3 POTOCUHTE3MPYIOLLIMX
MMKPOOPraHM3MOB M MX MPEUMYLLECTBE NepeA TPAAMLMOHHbBIMIN MCTOYHUKAMM Cbipbs. [prBeAEHbI AaHHble
3KCMEPUMEHTAAbHbBIX PaboT MO CKPMHUHIY MOTEHUMAABHbBIX MPOAYLIEHTOB, OMTUMM3ALMN YCAOBUIA KYAb-
TUBMPOBaHMS LMAHOBAKTEPUIA C LIEABIO YBEAUYEHMS BbIXOAA KOHEYHOrO MpPoAyKTa. TakxKe pacCMOTPEHb!
BO3MO>KHbIE MyTM1 MOBbILWEHNS 3(PHEKTUBHOCTM MX SHEPTETUYECKOrO UCTIOAb30BAHUS METOAAMM TEHHOI
MHXKEeHepuM. PaccMOTpeHbl OCHOBHbIE 3Tarbl TEXHOAOTMM MOAYYEHMSI OMOAM3EAS 13 POTOTPOHBIX MUK~
POOPraHM3MOB 1 MPUBEAEHbI PE3YALTATbl HAYUHbIX MCCAEAOBAHUIA B 3TOM 0OAACTU, MPOBOAMMBIX B PaMKax

Hay4HO-UCCAEAOBATEALCKMX MPOEKTOB Ha 6ase KazHY unm. aab-MDapabu.
KAtoueBble cAoBa: GMOTOMAMBO, GUOAM3EAD, MUKPOBOAOPOCAM, LIMAHOBAKTEPUM, KMPHbIE KMCAOTbI,

AVIMUADI.

The modern civilization require fuel in constant-
ly increasing volume and today world supply of lig-
uid fuel is almost fully dependent from petroleum
(Posten 2009: 64-69). However, according to fore-
casts of specialists in the coming decades, further
reduce of production of traditional energy sources,
including oil production is expected (CitocapeHko
2010: 36-40). In this regard, there is growing inter-
est in alternative renewable energy sources that can
provide stable energy production for an indefinite
period. According to forecasts of the International
Energy Agency in 2030, oil consumption will reach
106 million barrels per day. At the same time, the
cost of a barrel will grow to about $ 133 by 2035.

In this regard, the continued increase in world
oil prices and the growing shortage of petroleum
products lead to the need for alternative motor fuels
(OECD/IEA 2011).

The last decade is characterized by a stable
tendency to reduce the share of fossil hydrocarbon
raw materials in the production of liquid motor fu-
els by replacing them with alternative raw materi-
als of plant origin. The reason for this is a decrease

ISSN 1563-034X

in the explored reserves of high-quality «light» oil,
the complexity of developing new oil fields and
the depletion of old ones, which causes instability
in the prices of carbon raw materials for the grow-
ing demand for oil and products of its processing.
In addition, the burning of fossil fuels leads to the
release of carbon dioxide (CO,), the accumulation
of which leads to global warming (Mapxos 2009:
83-90). According to the Organization for Econom-
ic Cooperation and Development, the International
Energy Agency and the BCC Research agency, the
projected level of biofuel consumption will reduce
greenhouse gas emissions by approximately 2.1 gi-
gatons (BCC research 2010). All this stimulates the
introduction of alternative “green” technologies and
the development of a new industry - bioenergy.
Depending on the type of raw materials used for
production, biofuel is divided into four generations.
The most widespread is biofuel of the first genera-
tion, for which agricultural crops are used as raw
materials. In particular, sugarcane, corn, wheat are
used for the production of bioethanol, while oil
crops such as soybean, rape, oil palm, sunflower and

Eurasian Journal of Ecology. Nel (50). 2017 5
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others are used for the production of biodiesel. In
the production of second-generation biofuels, the
main part of the raw material base is non-food bio-
mass, namely wood pulp (cellulose, lignin), wood
processing waste and non-food residues of cultivat-
ed agriculture plants, and less valuable raw materi-
als - straw (Naik 2010:578-597, Pahl 2010). Biofuel
of the third generation, are obtained from microal-
gae, which can be cultivated in open water bodies
or in closed photobioreactors. Compared with the
production of biofuel of the first and second gen-
erations, the cultivation of microalgae is less ener-
gy-intensive, and also does not involve the use of
agricultural land (Pr-ibyl 2014, Chisti 2007, Schenk
2008). The fourth generation combines the proper-
ties of third generation biofuels primarily with the
genetic optimization of their producers (Al-Thani
2012:427-440). To date, we are on the verge of cre-
ating and using fourth generation biofuels, which
are based on rapidly growing, rapidly renewed and
genetically modified sources - prokaryotic photo-
synthetic cells of cyanobacteria (Nozzi 2013). At the

same time, it should be noted that biofuel research is
not just a matter of finding the right type of biomass
and converting it into fuel, but also finding environ-
mentally and economically sound options for using
by-products from biofuel production.

One of the most common types of biofuel is
biodiesel, perspective for diesel engines of tractors
and other agricultural machinery, trucks and cars
(Erdrich 2014:128). Biodiesel has become widespread
in many countries of the world, such as Germany,
Austria, Czech Republic, France, Italy, Sweden,
USA, as well as other countries (fig. 1). The world‘s
leading manufacturers of biodiesel fuel are companies
such as ADM, Direct fuels, lowa Renewable Energy,
Canadian Bioenergy Corporation, Algal Biomass
Organization (http://www.ebb_eu.org/stats.php). In
a number of Russian regions, such as the Krasnodar
Territory, the Lipetsk Region, the Altai Territory, the
own programs have been developed - RusbioDiesel,
the Association of Rapeseed Oil Producers, and
Rapes Biodiesel, which promote the introduction of
biofuel technologies (McKendry P 2002:37-46).

Middle East &
7 Africa

North
America

Latin America

Asia-Pacific

Figure 1 — Global biodiesel demand by region (http://www.ebb_eu.org/stats.php)

The active introduction of biodiesel fuel in the
consumer market led to the need of introducing
regulatory documents for this type of fuel — the
national standards with requirements for the
properties of biodiesel and its content in diesel
fuel or biodiesel percentage of total diesel fuel
consumption. Currently, the European Organization

for Standards has developed standard EN14214,
which regulates such parameters of biodiesel quality
as density, viscosity, sulfur content, water, glycerin,
sulphate ash, acid number, iodine number, etc. This
standard allows the content of 5% biodiesel in an
oil diesel. In addition, there are standards EN590
(or EN590: 2000) and DIN 51606. DIN 51606 is

6 Ka3YV xabaprusicel. Dxonorus cepusichl. Nel (50). 2017
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a German standard designed to be compatible with
the engines of almost all leading automakers, so it is
the most stringent. Most types of biodiesel produced
for commercial purposes in the West correspond to it
or even surpass it. So in the USA there is a standard
- ASTM 6751, adopted in 2002, in Austria - ON
C1191-1997, in Australia - FS (B) D -2003, in Sweden
-SS155436-1996 g. (http://www.ren21.net/).

Such an established production is realized due
to the significant advantages of biodiesel, unlike
a conventional diesel: biodiesel in combustion is
non-toxic and safe, because it has a high ignition
temperature, itdoes not contain sulfurand carcinogenic
benzene, and also reduces carbon dioxide emissions
to the atmosphere. It has good lubricating properties,
which significantly increases the life of the engine.
Because raw materials for biodiesel production are
renewable resources, the fuel spilled on the ground
is decomposed by 90% by microorganisms in three
weeks. So, for example, the production of biodiesel
is easy to organize, for example, on the basis of a
small farm (Knothe G (2010: 364-373). Rape is
used mainly for raw materials in Europe, soybean
in the USA, canola in Canada (canola variety), in
Indonesia - palm, coconut, in Brazil - castor oil.
Also waste vegetable oil, animal fats, fish oil, etc.
are used (Bezergianni 2013:110-116). The existing
technology for the production of diesel fuel based
on vegetable oil, is concentrated mainly on biodiesel
FAME (rapeseed oil).

There are several processes for producing
biodiesel. The most common is the process of
transesterification, representing the reaction of oil or
fat with a monobasic fatty acid alcohol, in most cases -
methanol. Triacylglycerides are compounds of trivalent

glycerol with three fatty acids. As a result, the reaction
of transesterification of triacylglycerides with methyl
alcohol (methanol) CH,OH in the presence of a catalyst
(NaOH) produces fatty acid esters (biodiesel), and a
by-product — glycerin. In this case, for the production
of raw materials for biodiesel from oilseed crops, large
land areas are allocated, often using increased doses
of chemical plant protection products, which leads to
biodegradation of soils and a decrease in the quality of
soils (Knothe 1999: 795-800).

In this regard, in recent years, the increasing
interest of biofuel producers has attracted
the bioenergetic potential of photosynthetic
microorganisms, with funding for research and
development in this area steadily growing (Greenwell
2010: 703-726). Moreover, in addition to obtaining
fuel, they can serve as a means for removing carbon
dioxide from the atmosphere. Algae have been
cultivated in significant quantities since the 1950s
for the needs of the pharmaceutical industry. The
technology of using phototrophic microorganisms as
fuel raw materials occupies one of the central places
among the approaches of modern alternative energy
(table 1). Studies have shown that phototrophic
microorganisms outperform in the potential energy
output of typical representatives of vegetable oil
crops. Thus, the comparison of the yield of biodiesel
from phototrophic microorganisms with the best
oil crops of higher plants (Singh 2010:2596-2610)
showed that the yield of biodiesel from it contain
only 30% oil (m/m) and made up 58700 l/hectare,
while for rapeseed and canola— 1190 I/hectare (Singh
2011:26-34); jatroph — 1892 l/hectare (Tamagnini
2007:692-720); For palm trees Pongamia — 2590 1/
hectare (Brennan 2010: 557-577).

Table 1 — Comparison of some sources of biodiesel (mt-metric tons, ha-hectare, boe-barrel of oil equivalents)

Oil source Biomass (mt/ha/yr) | Oil content (% dry mass) Biodies;rl)(mt/ha/ (1150 I;%%%gﬁg;g;;)
Soya 1-2,5 20% 0,2-0,5 3-8
Rapeseed 3 40% 1,2 22
Palmoil 19 20% 3,7 63
Jatropha 7,5-10 30-50% 2,2-5,3 40-100
m?g‘;f:;gﬁgﬁqs 140-255 35-65% 50-100 1,150-2,000

The production of biodiesel from phototrophic
microorganisms is of increasing interest due to the
fact that the content of lipids in some of them under
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optimal conditions of cultivation can be high up to
80%, and their biomass productivity exceeds the
corresponding yield of terrestrial plants in ten times
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(Chisti 2007, Richmond 2004). There are several
aspects related to the production of biofuels from
phototrophic microorganisms that are of interest to
researchers and entrepreneurs around the world:

These organisms are able to use water as an
electron donor for oxygenic photosynthesis.

They grow to a high density and have a high
productivity compared to conventional terrestrial
oil crops. Consequently, mass cultivation of
photosynthesizing microorganisms for commercial
production can be effective.

They are non-food raw materials and can be
grown in areas that are unsuitable for agricultural use.

They can use a wide range of water sources
(fresh, brackish, sewage, and seawater) and have
simple requirements for growth: light, carbon
dioxide, inorganic nutrients.

Their biomass can be used for the production of
both biofuel and valuable by-products (Sarsekeyeva
2015: 329-340).

From photosynthetic microorganisms for the
production of biodiesel fuel, microalgae and cyano-
bacteria are actively used. Among microalgae char-
acterized by high bioenergetics potential the Chlo-
rella sp. (20-50 % lipids), Neochloris oleoabundans
(35-54 %), Nannochloropsis sp. (31-68 %), Bot-
ryococcus braunii (25-85 %) etc. are the best ones
(bacosa 2005, Sharma 2012). However, in practice,
such high lipid yields are not achievable under real
production conditions, in which cultivation is car-
ried out in photobioreactors of various designs. The
oil content, as a rule, increases when algae grow un-
der stress, for example, if nitrogen or other nutrients
are not sufficient, while algae use oil as a storage
material (Wang 2009). However, most microalgae
strains have a high content of unsaturated fatty ac-
1ds, that does not allow to receive without additional
processing on the basis of their lipids fuel with low
cetane numbers and good resistance to oxidation.
Too high cetane numbers increase the viscosity of
the fuel at low temperatures. In principle, fatty acids
with a chain length of 14-18 carbon atoms with one
double chain are considered ideal for the production
of biodiesel (Jlocs 2014).

Cyanobacteria, unlike microalgae, have a
more suitable fatty acid composition, which makes
them potential candidates for obtaining biodiesel
fuel. Fatty acids, found in cyanobacteria, are rep-
resented by the following types: 14:0, 14:1A°,
16:0, 16:1A°% 16:2A%2 18:0, 18:1A°% 18:1A",
18:2A%12) 18:3A%125(@%)"3, 18:3A%%12  18:4A8%1215
(Sarsekeyeva 2015:329-340, Jlock 2014). So there
is evidence that the strain isolated from Kharg Is-
land, Synechococcus sp. ISC 106, was character-

ized by the highest accumulation of lipids in the
cell, which reached up to 204.91 mg /I per day. At
the same time, analysis of fatty acid composition of
lipids of strain ISC 106 showed that the amount of
myristic acid was 41.44%, palmitic acid -15.53%,
stearic acid - 5.28%, and palmitoleic acid - 30.74%.
According to their data, the strain Synechococcus
sp. ISC 106 can be recommended as a raw mate-
rial for biodiesel production (Kiaei 2015:236-245).
The composition of the oils depends very much on
the type and growth conditions of the cyanobacte-
ria. When cells grow actively, their metabolism is
accentuated by photosynthesis and biomass produc-
tion. Fatty acids are synthesized, most often in polar
lipids, such as phospho- and glycolipids, which are
necessary for photosynthesis. Unfortunately, only
30 to 50 percent of polar lipids can be converted to
fuel. But when cells experience metabolic stress,
like lack of essential nutrients, including nitrogen,
the metabolism reduces the rate of growth and is re-
directed primarily to the synthesis of carbohydrates
and triacylglycerides. Thus, it is very important not
only to select the right producer, but also to create
the optimal conditions necessary for the synthesis of
the producers we need.

To date, significant experimental material has
been accumulated to optimize the conditions of
cultivation and extraction of lipids to increase the
bioenergetic potential of cyanobacteria. At Anna
University-BIT Campus (India), cultures of Lyng-
bya sp. and Synechococcus sp. were studied for pos-
sible biodiesel production, cultivating on various
media such ASNIII, medium enriched by seawater
and BG-11. An increase in the growth rates of these
algae was observed in a medium enriched with sea
water. Nitrogen depletion has less effect on the total
chlorophyll content, while the lipid content of cul-
tures Lyngbya sp. and Synechococcus sp. increased
on 1,4 and 1,2% correspondingly. Increase in salin-
ity from 0.5-1.0 M, increases the lipid content by
2.0% for the strain Lyngbya sp. and on 0,8% in Syn-
echococcus sp. The results convincingly show that
cyanobacteria can be used as a renewable energy
source for the production of biodiesel (Selvan 2013:
262-268). In India, a study of lipids of freshwater cy-
anobacteria Oscillatoria annae BDUG, for the pro-
duction of biodiesel. Effective extraction of lipids
from O. annae was achieved by ultrasound in com-
bination with organic solvents (50.9%). Effective
transformation of triglycerides of the strain O. an-
nae in biodiesel fuel was obtained by transesterifica-
tion, mediated by alkali, with the release of biomass
O. annae, 5,3 g/l dry weight/inoculate (Anbuselvan
2011: 959-967). There are reports on the study of
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accumulation of lipids in cells of Synechococcus
sp., Cyanobacterium aponinum and Phormidium sp.
On BG-11 medium. For Synechococcus sp. The con-
tent of C16 and C18 fatty acids made up 42,8% and
46,9%, respectively. For C. aponinum — 45,0% and
67,7%, and for Phormidium sp. — 38,2% and 90,6%
respectively. The content of saturated fatty acids for
Synechococcus sp., C. aponinum and for Phormidium
sp. made up 74,5%, 77,9% and 84,7%, respectively.
These fatty acids can be a promising raw material for
the production of biodiesel (Karatay 2011).

At the same time, cyanobacteria are attractive
as producers of biodiesel because they can easily be
used as a suitable platform for genetic modification
of their metabolic pathways. Cyanobacteria differ
from microalgae and plants in that they are relatively
easy to perform genetic manipulations. One of
the ultimate goals of the genetic modification of
cyanobacteria can be the production of such strains
that are able not only to effectively assimilate
atmospheric carbon and produce a large amount
of raw biomass at the outlet, but also to store the
desired end products within it that are most suitable
for biofuel production. In addition, the genetic
modification of cyanobacteria theoretically allows
the production of strains capable of secreting
metabolic products suitable for the production of
biofuels (alkanes or free fatty acids) into the culture
medium. Thus, the expensive stages of collecting
and destroying the cells to extract the target products
can be omitted, which seems economically more
advantageous. It is these types of biofuels, whose
production costs can be reduced by simplifying
production technology, are currently considered to

be the most attractive (Quintana 2011: 471-490).
In Cho and Cronan’s works, thioesterase I (encoded
by the TesA gene) is a periplasmic enzyme at the
C-terminus of the E. coli fatty acid synthase. As a
result of the deletion, the TesA gene was modified
in such a way that the mature enzyme was localized
in the cytoplasm. The synthesis of thioesterase |
(named as * TesA) in the cytoplasm leads to striking
changes in the structure of the synthesis of fatty
acids in E. coli. Compared to normal E. coli cells, the
mutant strain synthesizes a huge amount of free fatty
acids at all stages of growth. Moreover, the mutant
protein * TesA redirects the synthesis of fatty acids
into the culture medium (Cho 1995). This concept
is implemented by the bioenergy company LS9 for
biofuel production, using E. coli strain (Steen 2010).
It will be more beneficial if we apply this concept to
cyanobacteria, because cyanobacteria do not require
an additional source of carbon, since the precursor
for the synthesis of fatty acids, acetyl-CoA, comes
directly from the Calvin’s cycle. In addition, there is
evidence that the genetic engineering strain E. coli,
lacking the gene acyl CoA fatty acid synthase fadD,
the amount of free fatty acids in the medium can
reach 2.5 g per liter per day (Peralta-ahya 2012: 320-
328). In case of Synechocystis or Synechococcus
(fig.2), Mutant by the same gene, the concentration
of free fatty acids in the culture medium reached
-6.4 nmol and 8.4 nmol in ml (Kaczmarzyk 2010).
Editing metabolic pathways of biosynthesis of fatty
acids in cyanobacteria allows to increase the yield
of free secreted fatty acids to 130 mg per liter of
culture per day at a cell density of 0.23 g dry weight
per liter (Liu 2011).
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The creation of a new technology for obtaining
biodiesel from the biomass of cyanobacteria, which
actively produces fatty acids, is currently relevant,
promising and of great interest for the development
of alternative energy in the Republic of Kazakhstan.
President of Kazakhstan Nursultan Nazarbayev
signed the law “On state regulation of production
and turnover of biofuel”. The main objective of the
law is to ensure environmental protection by re-
ducing emissions of pollutants into the atmosphere
through the use of biofuels, taking into account the
country’s food security issues (Vka3 Ilpesunenra
PK 01 29.09.14 1).

According to some reports, in Kazakhstan, oil
emissions into the environment made up several
million tons per year. In this connection, the issue
of developing ecologically safe and economically
justified measures aimed at intensifying the
processes of biodegradation of hydrocarbons,
cleaning and restoration of soil fertility is acute.
The development of biotechnologies in the country
is one of the priority directions, which is reflected
in the strategy of Kazakhstan’s entry into the list
of the 50 most competitive countries in the world.
For this purpose, namely, for an innovative and
technological breakthrough, we need to accelerate
the mobilization of scientific and technical potential,
create conditions for the active introduction of
scientific achievements in industry. It is the scientific
and technological resources that should become the
main factor of innovative development. According
to the Kyoto Protocols, by 2020 Kazakhstan
should transfer 20 percent of the energy sector
to eco-friendly type (http://www.zakon.kz/). At
present, 48 countries of the world have normatively
consolidated and actively develop the production
of “clean” energy of a biological type. Renewable
energy sources are actively used from agricultural
raw materials in the USA, Brazil, Japan, China,
India, Canada, EU countries.

Mass cultivation of cyanobacteria in Kazakhstan
can be carried out in special photobioreactors, or
organized in open ponds and pools located near
power plants. As you know, a typical coal-fired
power plant emits up to 13% of carbon dioxide into
the atmosphere, which is one of the main sources of
air pollution. Cultivation of cyanobacteria in such
ponds makes it possible to remove carbon dioxide
from exhaust gases of thermal power plants and other
industries due to its active absorption by cells (Wang
2008). For example, algae in the oceans absorb
annually up to 2 gigatonnes of carbon dioxide, while
terrestrial ecosystems absorb up to 1.5 gigatonons
(Huntley 2007). In addition, the waste heat of a

thermal power plant can cover up to 77% of the
heat requirements necessary for the cultivation of
cyanobacteria. This technology can be realized both
in the northern regions of Kazakhstan with a sharply
continental climate, and in the southern parts of the
country.

Production of biodiesel is one of the most
promising and profitable directions of bioenergy,
it allows receive high profits, while maintaining
a favorable ecological environment. Biodiesel
production from cyanobacteria provides the highest,
clean energy, because conversion of oil to biodiesel
is much less energy-intensive than conversion to
other fuels. The production cycle is practically non-
waste, raw materials can be grown on the used land.
After the production of biofuel, the oilcake remains,
it can be used as animal feed and the glycerin phase
remains, which after purification turns into pure
glycerin. The profitability of this production is very
high, the profit is the difference between the cost of
raw materials and the amount received from the sale
of fuel. Rentability of this type of business is very
high, because the demand for biofuel increases day
by day.

The economy of biodiesel production can be
improved by advances in production technology.
Different mutually complementary approaches to
genetic and metabolic engineering will increase the
productivity of cyanobacteria (Quintana 2011).

For the use of cyanobacteria for energy
purposes, screening of oil-producing strains and
the development of technology for their mass
cultivation with an increase in the productivity of
their biomass are required. Such works are actively
conducted in the biotechnology laboratory of the
Faculty of Biology and Biotechnology of al-Farabi
Kazakh National University in the framework of
scientific project “ Obtaining of biodiesel fuel
based on cyanobacteria — fatty acid producers”
started in 2010. As a result of several studies,
a highly productive strain of cyanobacterium
was obtained on the basis of the biotechnology
laboratory - Cyanobacterium sp. IPPAS
B-1200 (ITarenr PK 2016), characterized by
its ability to actively grow over a wide range
of temperatures, and a high content of C14
myristic and myristoleic acids (30% and 10%,
respectively) and C16 palmitic and palmitoleic
acids (20% and 40%, respectively). Which
allows us to recommend this strain as a
potential producer of biodiesel. Technologies
of mass cultivation of this strain have been
developed (fig. 3) (Sarsekeyeva 2015, Ilatenr
2016, Usserbaeva 2015, Sarsekeyeva 2014).
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Figure 3 - Fatty acid composition of Cyanobacterium sp. IPPAS B-1200 by gas chromatography (Sarsekeyeva 2014)

In addition, the possibility of using a strain
Cyanobacterium sp. IPPAS B-1200 In the

production of soap and cosmetic products, thereby
making biodiesel production waste-free technology.

purification of municipal wastewater with further
use of the biomass for bioenergy purposes The
biofuel technology developed within the framework
of the project includes the growth of cyanobacterial
culture, collection of biomass, extraction of lipid
fatty acids from the strain Cyanobacterium sp.
IPPAS B-1200, the process of transesterification,
separation, recovery of alcohol and purification
of the finished product. The resulting by-product,
glycerine can be used in the food industry, in the

Thus, ensuring the high efficiency of converting
light energy into cyanobacterial biomass and
achieving a high content of lipids, reducing the
cost of additional energy to ensure their cultivation,
optimizing the designs of bioreactors and a
transesterification system to create a continuous
production of biodiesel fuel, increases the
possibility of producing renewable biofuels , which
is environmentally and economically profitable for
Kazakhstan.
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PLANTS UNDER THE COMBINED EFFECT OF SALINITY AND HEAVY METALS

Large areasof soil and water, particularly in the vicinity of largecities and large industrial complexes
are contaminated with heavy metals. Another environmental problem is a salinity. The main threat to
water resources in many countries is irrigated agriculture. Saline ground water accelerate salinization
of soils. Salinization of ground water as desertification factor has two major aspects: the growth of salt
marsh deserts in drainage basins and salinization of irrigated lands. The proportion of saline soils is about
20% of the entire area of irrigated arable land. The result is the combined effect of salinity and heavy
metals on the ecosystems. In these areas, agriculture is developing, and there are located wheat, barley
and other crops. Heavy metals and salinity cause changes in the physiological, biochemical processes
due to accumulation of toxic ions in plant parts. In the review are presented data on the effect of heavy
metals and salinity on plant growth and biomass accumulation, effect of different concentrations of
heavy metals like cadmium, nickel, sinc, copper and sodium chloride on plants growth. The joint effect
of salinity and heavy metals is expressed in a change of anatomical parameters of leaves as a reduction
in the thickness of the upper and lower epidermis, reducing the diameter of the conductive beams as an
adaptive response to the flow of ions and salts of heavy metals. Change the anatomical parameters of
plants roots under the combined effect of salinity and heavy metals is expressed in increasing exoderm
thickness, providing a peripheral barrier to the penetration of toxic ions in the apoplast. An anatomical
indicator that affect the level of the whole organism - the diameter of the vascular bundles, the ratio
exoderm thickness to the thickness of the endoderm, the diameter of the central cylinder can be used
as a test for the resistance of plants to heavy metals and salinity. Under the combined effect of salinity
and heavy metal the physiological and biochemical parameters such as growth and accumulation of
biomass, relative water content, content of photosynthetic pigments are reduced and the level of lipid
peroxidation as an oxidative stress index is increased. In response to salinity and heavy metals the activ-
ity of antioxidant enzymes, polyamines, stressful amino acids as integral indicators of plant resistance
are increased. The combined effect of heavy metals and salinity aggravates the separate effect of both
stressors by increasing osmotic stress, as a result of the high level of dehydration (RWC) and the toxic
effect of salinity (NaCl) and heavy metals ions.

Key words: salinity, heavy metals, plants, growth, physiological and biochemical processes, ana-
tomical parameters.
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OcCiMAIKTEp Ty3AaHY XXKoHe ayblp MeTaAAAPAbIH, OipAeckeH acepiHae

Tonblpak, NMeH CyAblH YAKEH ayAaHAQpbl acipece ipi >eHe ipi eHAIPICTIK KelleHAepre >akbiH
OpHaAaCKaH ayblp METAAAAPMEH AacTaHFaH. TaFbl 6ip 3KOAOTMSAbIK, MpobAema — OA Ty3AaHy 6OAbIM
TabbiAaAbl. Ty3aaHYAbIH KayinTi Herisri kesi 6OAbIN Cyapy caHaAaAbl. Ty3AaHFaH XKep acTbl CyAapbl TO-
MbIPaKTbiH, TY3AAHYbIH XKeAeAAeTeAl. JKep acTbl CyAapbiHbIH, TY3AQHYbIHbIH, LLOAEATTEHY (hakTopbl pe-
TiIHAE eKi Herisri acrekTiAepi: CyapMaAbl aAaHAAPbIHAA Ty3AAHFaH LLOAAEPAIH KeOeloi KeHe CyapmaAbl
€ricTiK XXepAepAiH Ty3AaHybl. Ty3Abl TOMbIPAKTbIH YAECH XKAAMbI CyapMaAbl aAaHbIHbIH, lWamameH 20 %-blIH
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Kypanabl. HaTukeciHAe 3KOXKyMere Ty3AaHyAbIH XKoHe ayblp METaAAAPAbIH OipAeckeH acepi GanKkaraAb.
Ocbl anmMakTapAa aybiA LAPYaLLbIAbIK, AAMbIM XaTblp, 61Aait, apna xeHe 6acka Aa AaKbIAAAP OCipiAin
>KaTbIp. Ayblp METaAAAP BCIMAIKTED OpraHAapPbIHAA YAbI MOHAAPbIHbBIH, KMHAKTaAybiHa GaiAaHbICTbI (hu-
3MOAOTUSIABIK, OMOXMMUSIABIK, MPOLIECTEPAE 63repicTep TyFbi3aabl. LLIOAyAa ayblp METaAAQp MEH Ty3AaHY-
AbIH 6CIMAIK 6CYy >oHe GMomacca >KMHaKTayblHa acepi, KaAMMIA, HUKEAb, KOPFaCbiH, MbIC XXOHE ayblp
METaAAAp >KOHE HaTPMI XAOPUAI BCIMAIK ©cCyi Typaabl aepekTep 6epiAreH. Ty3aaHy MeH ayblip MEeTaAAap
GipAECKEH BCepiHeH >KarblpakKTbiH, aHATOMUSIABIK, MapameTpAepi e3repeai — Gerimaey >kayarn peTiHAe
>KarblPaKTblH, TOMEHT | XKOHE >KOFapFbl AMMAEPMUCIHIH XKYaHABIABIFbIHbIH, ©TKI3rill LWOKTAPAbIH, AMaMeT-
PiHiH Kiwipetoi. TaMbIpAbIH 3K30AEPMUCIHIH KaAbIHAQYbI YAbI MOHAQPAbIH, NepUdepPUsAbIK, aronAacTka
eHyiHe Keaepri »kacamabl. OTKI3rill WOKTapAblH AMAMETPi 3KTOAEPMaHbIH 3HAOAEPMaFa KaTbIHACHI,
OPTaAbIK, LMAMHAPAIH AMAMETPI CUSKTbl QHATOMMSAbBIK, MapamMeTPAEpAT 6CIMAIKTEPAIH ayblp MeTaAAapFa
>KOHE Ty3AaHyFa TypPaKTbIAbIFbIH Gararay OapbiCbIHAA TECT PETiHAE KOAAAHAAbl. Ayblp METAAAAPAbIH
>KOHE TY3AAHYAbIH OipAECKeH aCepiHAE O6CIMAIKTEPAIH TYPaKTbIAbIFbIHbIH MHTErPAAABIK, KOPCETKILLTEPi —
AHTMOKCMAQHTTbI (hePMEHTTEPAIH BEACEHAIAITT apTaAbl, MOAVMAMMHAEPAIH, CTPECC aMMHKbILIKbIAAAPAbIH
MOALLEpPi YAFasiAbl. ©CIMAIK KAETKaAQ AQMUTbBIH CYCbI3AQHYAbIH >KOFapbl A€Hreli KeHe MOHAAPAbIH TOK-
CUKaAbIK, 8cepi cebenTepiHeH ayblp METAaAAAPABIH, >KOHE Ty3AaHYAbIH BipAECKeH acepi OAapAbIH XKeke
acepiHeH 30p BOAbIM KEAEAI.

TyiiiH ce3aep: Ty3AbIAbIFbl, ayblp METaAAap, OCIMAIKTEP, ©cy, (OM3MOAOTUSABIK, XXoHe 6MoxXm-
MUSIABIK, MPOLIECTEP, aHATOMUSIAbIK, MapaMeTPAEPI.
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PacteHus B YCAOBUSAX COBMECTHOIo
AeﬁCTBMﬂ 3ACOACHUA U TAOXKEAbIX METAAAOB

BoAblLMe TeppUTOpHI NMOYUBbI M BOAbI, 0COOEHHO BOAM3M KPYMHBIX M KPYTHbBIX MPOMBILLIAEHHbIX KOMT-
AEKCOB, 3arpsi3HEHbI TSIXKEAbIMU METaAAaMU. APYroi 3KOAOrMYecKor NPOOAEMON SBASIETCS 3aCOAEHME.
OCHOBHbBIM OMacHbIM MCTOYHMKOM 3aCOAEHUS SIBASIETCSI OpoLlaemoe 3emaeaeAne. COoAeHble FPyHTOBble
BOAbI YCKOPSIIOT 3aCOAEHME MOYB. 3aCOAEHNE FPYHTOBbIX BOA B KQUeCTBe hakTopa OMyCTbIHMBaHUS UMeeT
ABA OCHOBHbIX aCMeKTa: POCT 3aCOAEHHbIX MyCTbiHb B APEHAXHbIX GaccerHax 1 3aCOAeHUE OpOoLLIAEMbIX
3emMeAnb. AOAS 3aCOAEHHbIX MOYB COCTaBAsIeT OKOAO 20% BCen NMAOLLAAM OPOLLAEMbIX MAXOTHbIX 3EMEAb.
Pe3yAbTaTOM $IBASIETCS KOMOMHMPOBAHHOE BO3AEMCTBME 3aCOAEHUSI U TSXKEAbIX METAAAOB HA 3KOCUC-
TeMbl. B 3TMX parioHax pa3BMBAETCS CEAbCKOE XO3$MCTBO, BblPALMBAIOT MLUEHWULY, SYMEHb WU Apyrue
KYABTYPbl. TS>KEAbIE METAAAbI U 3aCOAEHUE BbI3bIBAIOT M3MEHEHUS B (PU3MOAOTMUYECKMX, OMOXMMMUUYECKMX
MpoLeccax BCAEACTBME HAKOMAEHMS TOKCMUHbIX MOHOB B OpraHax pacteHuit. B o63ope npeaAcTaBAeHbl
AQHHbIE O BAMSIHUM TSXKEAbIX METAAAOB U 3aCOAEHMSI HA POCT PACTEHMIA U HAKOTAEHKE O1MOMACChI, BAMS-
HME Pa3AMUHBIX KOHLEHTPALUMA TSIXKEAbIX METAAAOB, TakMX Kak KaAMWI, HUKEAb, CBMHEL, MEAb M XAO-
prA HaTpus Ha pocT pacTteHnit. COBMECTHOE AEMCTBME 3ACOAEHMS M TSIXKEABIX METAAAOB BblpakaeTcs
B M3MEHEHMIX aHaTOMMYECKMX MapaMeTPOB AUCTbEB, KakK YMEHbLLIEHWE TOALLMHbI BEPXHErO U HUXKHEro
3MMAEPMMCA, YMEHDBLLIAS AMAMETP MPOBOASLLMX MYUKOB, KaK aAANTMBHbIN OTBET HA MOTOK MOHOB M COAEN
TSXKEAbIX METAAAOB. M3MeHEeHME aHAaTOMMUYECKMX NMApaMeTpoB KOPHEN PacTeHNiA NPy KOMOMHMPOBAHHOM
AEVCTBUM 3aCOAEHUS U TSXKEAbIX METAAAOB BbIPAXKAETCS B YBEAMUEHUM TOALLMHbI 3K30A€pMUca, obec-
neuvBas nepudepuueckmii 6apbep MPOHUKHOBEHMIO TOKCUYECKMX MOHOB B arorAacT. AHaTOMUYecKue
napameTpbl, Kak AMAMETP MPOBOASLLMX MyUYKOB, OTHOLLEHNE TOALLMHbI SK30AEPMbl K TOALLIMHE 3HAOAEP-
Mbl, AAMETP LIEHTPAABHOTO LIUAMHAPA, MOYKHO MCMOAb30BaTb B KQUECTBE TeCTa Ha YCTOMYMBOCTb pacTe-
HUIA K AEMCTBMIO TSXKEABIX METAAAOB M 3aCOAEHUS. [1py COBMECTHOM AEMCTBUM 3aCOAEHMS U TIXKEABIX
METAAAOB CHUXKAIOTCSI (PU3MOAOTMYECKME 1 BMOXMMMYECKME MapaMeTpbl, TakMe Kak POCT U HAaKOMAeHUe
6110MacChl, OTHOCUTEABHOE COAEP>KaHME BOAbI, COAEpPKaHMe (POTOCUHTETUYECKMX MUIMEHTOB U MOBbI-
LLEHWNE NEePEKNCHOIO OKMCAEHMS AVMUAOB - MHAEKCA OKUCAMTEABHOrO CTpecca. B oTBeT Ha 3acoAeHus
TS’KEAbIE METAAAbI MOBbILLAETCS aKTUBHOCTb aHTMOKCUAAQHTHBIX (DEPMEHTOB, MOAMAMUHOB, CTPECCOBbIX
AMMHOKMCAOT KaK MHTErpaAbHbIX Moka3aTeAei yCTOMUMBOCTM pacTteHuii. CoueTaHHOe AENCTBUE TsKe-
AbIX METAAAOB M COAEHOCTM yCyryoaseT 060CoOAeHHbIN 3hdeKT 060MX CTPECCOPOB 3a CHUET YBEAMYe-
HMSI OCMOTMYECKOr0 CTPECca, B Pe3yAbTaTe Yero BO3HMKAeT BbICOKMIA ypOBEeHb 06€3BOXKMBaHUS (HU3KOe
3HaveHre RWC) n tokecnueckuin acpdpexT 3acoaermst (NaCl) 1 MOHOB TSIXKEAbIX METAAAOB.

KAtoueBble cAOBa: 3aCOAEHME, TIXKEAbIE METAAAbI, PACTEHUSI, POCT, (PU3MOAOTMYECKME M BUOXMMU-
Yyeckure NPoLLeCChbl, aHaTOMUYECKMe NapaMeTpbl.
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Currently, the overall environmental problem in
many countries, especially in developing countries is
a pollution of air, water resources and soils by heavy
metals, accumulation of toxic and hazardous waste
in the environment. Another environmental problem
is a salinity. . It is observed the synergetic effect of
heavy metals stress and salinity in some regions. In
Kazakhstan Balkhash Lake region has a problem of
heavy metals contamination of soils due to function-
ing metallurgic plants (Fig. 1). In this region there is a
migration of heavy metals through the drainage from

the tailings of metallurgic plants. At the same time in
this region there is a problem of salinity. In the Ka-
zakh steppes groundwater very strongly mineralized,
respectively, the water penetrates into the ground
water, raises their level. As a result, the process sa-
linizationis occured (Stepanenko 2006). The main
threat to water resources in the south and south-east
of the country is irrigated agriculture.Salinization of
irrigated soils as desertification factor has two major
aspects: the growth of saltmarsh deserts in drainage
basins and salinization of irrigated lands.

Figure 1 - Balkhash region (http://infmir.ru/articles/kazakhstan_lake balkhash/)

The mechanism of the interaction of heavy met-
als and plant organism is extremely complicated,
this interaction can be schematically represented by
the following scheme: heavy metals— cell mem-
branes — cell — organ— plant organism — eco-
logical system.

In response to changes in the environment, the
cell modifies the functional activity of all its ele-
ments, adapting to the new conditions.

It is known that heavy metals negative effect on
the physiological and biochemical processes in plants,
changing the properties of membranes (Hernandez
1997: 1375; Zornoza 2002: 1003), activity of enzymes,
causing oxidative stress, resulting in inhibited growth
processes (Sandalio 2001: 2115; Fry 2002: 57; Ata-
bayeva 2005: 111) (Fig. 2). Along with numerous vio-
lations of the vital processes occurring in plants under
the influence of adverse factors, heavy metals cause
oxidative stress in plants. Free radicals can directly

ISSN 1563-034X

destroy proteins, amino acids and nucleic acids) and
cause lipid peroxidation (Cho 2004: 115; Dixit 2001:
113; Seregin 2001: 606; Romero 2007: 1346; Rast-
goo 2011: 375; Rastgoo 2014: 31). Lipid peroxidation
causes membrane damaging effect on their function
and integrity and may produce irreversible damage to
cell function. Cell membranes are the primary target
of action of heavy metals. A permeability of cell mem-
branes is also one of the specific mechanism, which is
based on the resistance of plants Stress accompanied
not only by the excessive generation of reactive oxy-
gen species (ROS), but also a change in the activity
of antioxidant enzymes (Fig. 3).The content of ROS
in the cell is controlled by enzymes - antioxidants:
superoxide dismutase, catalase, peroxidases (Mattuis
2000:83; Rodrigues 2002: 327). It is believed that the
level of antioxidant protection and the ability to quick-
ly react to a dangerous situation increased determine
the resistance of plants to stress.
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Figure 2 — Effect of heavy metals on plant metabolism (http://www.hindawi.com/journals/jb/2012/872875/figl/)

Many intracellular detoxification mecha-
nisms, as well as processes that limit penetration
of heavy metals into plants are nonspecific. For
example, associated with heat shock proteins,
cell response is not highly specialized - a gener-
alized system, activating the transcription of sev-
eral genes that provide cell survival in extreme
conditions. All organisms respond to stress at
the cellular level, the so-called fast synthesis of
stress proteins and the simultaneous inhibition
of normal protein synthesis. It is assumed that
under stressful conditions, these proteins con-
tribute to the repair of denatured proteins and
protect others from damage. This allows you to
recover and survive the cell under stress (Rast-
goo 2014: 31).

In response to heavy metals in plants is acti-
vated by a number of protective mechanisms, such

as increased synthesis of metallothioneins (phy-
tochelatins), organic acids, polyamines, aimed at
reducing the toxic effects of heavy metals, and
maintenance of homeostasis (Fig. 4). Glutathione
contains an unusual peptide bond between cysteine
amino group and carboxy group of the side chain
of glutamate. The importance of glutathione in a
cell is determined by its antioxidant properties.
In fact, not only glutathione protects cells against
toxic agents such as free radicals, but in general
defines the status of an intracellular redox environ-
ment. The increase in the cells of the content of
SH-groups also indicates the response of plant de-
fense reaction, which is expressed in the increase
in the content of glutathione, precursor phytochela-
tin that bind heavy metals, isolating them from par-
ticipating in the general metabolism (Rauser 1995:
1145; Cobbett 2001: 211).
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Figure 3 — Heavy metals induced oxidative stress (https://www.researchgate.net/figure/236785078 fig3)

High salt concentrations reduce the osmotic po-
tential of the soil solution, producing water stress in
plants. Secondly, salinity causes an ionic toxicity of
the plant organism. In the end, the medium salin-
ity causes an imbalance and disrupt ion homeostasis
in the cell (Sairam 2007: 407; Tuberosa 2006: 123;
Shao 2006: 2; Shao 2007: 143).

Processes such as seed germination, growth and
accumulation of biomass, flowering and ripening of
crops experiencing the negative effects of salinity.
This causes a decrease in yield and quality of ag-
ricultural products. It is known that plants fall into
halophytes and glycophytes. Glycophyte not with-
stand high salt concentrations. Reduced growth was
stated in rice plants, corn, cotton (Parida 2006: 324;
Carillo 2011). The salt stress and water stress (de-
hydration) show a high degree of similarity in re-
lation to the physiological, biochemical, molecular,
and genetic effects. High salt concentrations inhibit
plant growth. The inhibition is mediated by a de-
crease in the content in the plant hormone cytokinin,
stimulating plant growth, and an increase in the con-
tent of abscisic acid, inhibiting the growth ofplants.
Changes in hormonal status of the plant stimulate
the mechanisms of resistance. It is believed that the
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inhibition of growth under salt stress is not so much
due to the damaging action of salts as a plant hor-
mone adaptive responses. In nature, the degree of
resistance to the stressor is often characterized in-
verse correlation with the growth rate. Slow growth
allows the plants to survive under stress, so it frees a
lot of resources (energy and building blocks) needed
to implement protective programs (Alehina 2007:
625; Qados 2011: 10).

In conditions of osmotic stress it is very im-
portant the synthesis of an osmotically active
components, which are synthesized by plants to
minimize osmotic potentialfor the survival of
plants. They are called “compatible substances”,
as they do not cause changes in cell metabolism.
These molecules are characterized by high solubil-
ity and the ability to retain water (Alehina 2007:
628). By osmolytes include mannitol, sorbitol,
glycine betaine, proline, and others. Transgenic
plants with the introduced of mannitol-1-phos-
phate synthesisgene in saline conditions showed
high growth performance compared to wild type
(non-transformation). Mannitol partially reduces
the amount of inorganic ions in the cytosol (Burg
2008: 7309; Carillo 2011).
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1. Extracellular avoidance of metal buildup through immobilization by root exudates. 2. Ectomycorrhizal association restricts
metal movement to roots. 3. Metal ions are taken up by plant roots through channel proteins and/or H*-coupled carrier proteins.
4. From cytosol metals are transported and accumulated in vacuoles, the events are aided by vacuolar electrogenic proton fluxes.
5. Glandular trichomes and epidermal structures (hydropotes) sequester metals in leaves. 6. Metal ions in cytosol can be detoxified
via these routes. 7. Mechanisms involved in Cd chelation and compartmentalization in the vacuole. 8. Metal ions escaped from the
complexation damage cellular macromolecules via the production of ROS.

Figure 4 — Cellular mechanisms proposed to be involved in metal uptake, sequestration and detoxification in plants
(http://scialert.net/fulltext/?doi=ijar.2006.122.141&org=10).

In organisms from bacteria to higher plants
there is a strong correlation between proline con-
tent and the degree of their survival in the condi-
tions of a strong dehydration and salinity. Proline
can serve as a reserve of organic nitrogen during
the recovery after stress. In plants, resistant to
drought, found a high level of proline in leaves
and roots under water stress. Salinity also causes-
oxidative stress in plant cells. Increasing the ac-
tivity of antioxidant enzymes such as superoxide
dismutase, peroxidase, catalase, glutathione -S-
transferase caused an increase of plant resistance
to salinity (Burg 2008: 7312).

In response to salinity there are many protec-
tive mechanisms like the synthesis of osmolytes,
and other non specific mechanisms. Polyamines
play an important role in protection of plant or-
ganism under stress conditions. Polyamines pre-
vent damage of biomoleculescaused by drought,
salinity, heavy metals, etc. Polyamines stabilize
structures of DNA, RNA, ribosomes, and mem-
brane (Flores 1991: 100, D’Agostino 2006: 75;
Aldesuquy 2014:16) (Fig. 5). In terms of potas-
sium deficiency, osmotic stress, pH and other

low stress polyaminesare accumulated in plants,
in particular putrescine. Polyamines are synthe-
sized through ornithine decarboxylase or argi-
nine decarboxylase. Putrescine accumulation
correlated with arginine decarboxylase activity
in oat plants. Experiments with transgenic car-
rot cells in which the ornithine decarboxylase
gene was expressed, showed that these cells are
resistant to salinity and water stress (Aldesuquy
2014: 17).

However, the functioning of the plant protection
systems under joint effect of heavy metals and salin-
ity remains unclear (Helal: 1998: 443; Kholodova
2005: 850). It is possible that activation of certain
plant protection systems depends on the ratio of the
concentrations of heavy metals and sodiumchloride
or sodium sulfate, physical properties of soils and
plant species.

Different ratio of heavy metals concentrations
and sodium chloride differed on the effect on plants.
In some cases NaCl decrease the negative effect of
heavy metals on plants and increase the transloca-
tion of heavy metals to the above the ground organs
(Kholodova 2005: 849).
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Salt stress

NDOGENOUS PATH \\

Figure 5 — The role of polyamines in maintaining redox homeostasis during salinity stress
(http://journal.frontiersin.org/article/10.3389/fenvs.2015.00021/full)

Heavy metals and salinity cause changes in the
anatomic structure of leaves and roots of plants.
Changes in the structure of leaves mainly expressed
in the reduction of the thickness of the upper and
lower epidermis of leaves, in reducing the diameter
of the vascular bundles. The anatomical structure of
roots changes in the direction of reducing the thick-
ness of exodermis and endodermis.In some plants
the ratio of the exoderm thickness to the thickness
of the endodermis was increased under the effect of
these stressors. The diameter of the central cylinder
of plant roots reduced under the influence of salinity
and heavy metals (Atabayeva 2013: 2066).

Adaptation of plants to the action of metals in
saline conditions is a major problem due to the in-
creasing heavy metal contamination of saline soils.
Sairam et al. provided information on the accumula-
tion of zinc, copper and cadmium in the roots and
above-ground parts of plants. It was found that under
the strongcontamination by heavy metals and me-
dium salination plants accumulate a great amount of
heavy metals, and in strong salinity conditions and
medium contamination by heavy metals it is reduced
the accumulation of these heavy metals in the roots
and increases the translocation of them, especially
zine, in the aerial organs. The value of accumula-
tion factor increased from 0.1 to 3.5 for copper (Cu)
and from 0.4 to 6.3 for sinc (Zn), the concentration
of cadmium (Cd) has been a slight increase (Sairam
2004: 408).
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2005: 850). It is possible that activation of certain
plant protection systems depends on the ratio of the
concentrations of heavy metals and sodiumchloride
or sodium sulfate, physical properties of soils and
plant species.

Different ratio of heavy metals concentrations
and sodium chloride differed on the effect on plants.
In some cases NaCl decrease the negative effect of
heavy metals on plants and increase the transloca-
tion of heavy metals to the above the ground organs
(Kholodova 2005: 849).

Heavy metals and salinity cause changes in the
anatomic structure of leaves and roots of plants.
Changes in the structure of leaves mainly expressed
in the reduction of the thickness of the upper and
lower epidermis of leaves, in reducing the diameter
of the vascular bundles. The anatomical structure of
roots changes in the direction of reducing the thick-
ness of exodermis and endodermis. In some plants
the ratio of the exoderm thickness to the thickness
of the endodermis was increased under the effect of
these stressors. The diameter of the central cylinder
of plant roots reduced under the influence of salinity
and heavy metals (Atabayeva 2013: 2066).

Adaptation of plants to the action of metals in
saline conditions is a major problem due to the in-
creasing heavy metal contamination of saline soils.
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Sairam et al. provided information on the accumula-
tion of zinc, copper and cadmium in the roots and
above-ground parts of plants. It was found that under
the strongcontamination by heavy metals and me-
dium salination plants accumulate a great amount of
heavy metals, and in strong salinity conditions and
medium contamination by heavy metals it is reduced
the accumulation of these heavy metals in the roots
and increases the translocation of them, especially
zinc, in the aerial organs. The value of accumula-
tion factor increased from 0.1 to 3.5 for copper (Cu)
and from 0.4 to 6.3 for sinc (Zn), the concentration
of cadmium (Cd) has been a slight increase (Sairam
2004 : 408).

In contrast, the content of zinc and cadmium
in the roots of Tamarix maritima, increased 3-fold
in the area of high salinity. The copper content has
not changed, but the translocation of copper in the
aerial organs was suppressed. For copper and lead
in dicots translocation in aerial organs increased
(Fitzgerald 2003: 67). Some studies have found
that halophytes are more resistant to the joint ef-
fectof two stressors. In Sesuvium portulacastrum
and Mesembryanthemum crystallinum when ex-
posed to both stressors were not visible signs of
damage, but their biomass decreased by 40% in
Sesuvium portulacastrum and 70% in Mesem-
bryanthemum crystallinum (Ghnaya 2007: 73).
Most of research was performed with cadmium un-
der saline conditions. Plants Mesembryanthemum
crystallinumgrown 30 days at 50 and 100 uM of Cd.
Plant biomass inhibited by 50% and there were signs
of necrosis on leaves. In the presence of 100 and 400
mM NaCl necrotic spots disappeared. Dry biomass
plant exceeded control plants. Salinity decreased the
concentration of Cd in roots and aerial organs, but
due to elevated growth of these plant Cd content by
weight per plant increased significantly.

Plants Tamarix smyrnensiswere grown in the me-
dium with 16 mg/kg Cd (NO,), (Bunge 2008: 326).
Within 10 weeks in the presence of cadmium and
0.5% NaCl were not visible necrotic symptoms. In
the presence of 3% NaCl plant growth and biomass
reduced. Cadmium concentration in the absence of
salt was increased up to 2.45 mg/kg in roots, and up
to 3.3 mg/kg in aerial organs.

In the absence of salinity the total removal of
cadmium from soil by plants was equal to 9.4 g Cd,
at 0.5% NaCl- 19, 7 g Cd and of the and at 3.0%
NacCl - 338.3 g Cd. In other words, the removal of
cadmium increased 4-fold at 3% NaCl. In Egypt
when salty irrigation water is in common practice,
after 6 months of growing plants Leucaena leuco-
cephala (a leguminous tree) at 10 mM NaCl cadmi-

um concentration in leaves increased by 2-3 times,
and the concentration of zinc - by 1.5 times (Helal
1999: 589). The content of heavy metals per plant
increased by 1.23 times and bioaccumulation fac-
tor increased from 2.4 times up to 1.46 times for
zinc, but for cadmium these aparameters increased
slightly.

Plants Plantago coronopus L., Portulaca olera-
ceae L. L. and Inula critmoideswere grown at 100
and 200 mM Na Cl in the presence of Cd, Cr, Ni, in
concentrations of 2, 4 and 10 mg/kg, respectively.
After 21 days, cadmium and nickel significantly re-
duced biomass of Portulaca oleraceae. The highest
accumulation of Cd and Ni in the aerial parts of Por-
tulaca oleraceae noted L. In contrast, in Plantago
coronopusL. found a significant decrease in the con-
centration of these metals in above-ground organs at
both concentrations of NaCl, while the concentra-
tion of chromium increased (Zurayk 2001: 1773).

Biomass of Mersembryanthemum crystallinum
L. (Crystal grass) at 50 uM CuSO, and 800 mM
ZnCl, decreased biomass, plants did not maintaine
turgor, and there were other signs of toxicity of met-
als. The addition of 400 mM NacCl to the growth me-
dium neutralized the effect of copper and zinc. Cop-
per concentration increased in 7-8 and 20-40 times
for zinc (Kholodova 2005: 848).

In studies with monocotyledonous plants, such
as wheat, it was also found that of NaCl increases
metals content in plant organs . Wheat plants were
grown at 60, 120, 180 mM NaCl in the presence of
cadmiumthe biomass of above-ground organs re-
duced, but the concentration of cadmium in the aeri-
al organs increased by 3 times at the highest concen-
tration of NaCl Increasing the NaCl concentration
slightly decreased zinc content in the aboveground
organs (Khoshgoftarmanesh 2003: 582)

Some researchers have shown that chloride
ions reduce the absorption of cadmium in the soil,
increasing its accumulation in plants. Concentration
of cadmium in aerial organs increased up to 40 g/kg
for wheat at 75 mM NaCl and 10 mM Cd, the reduc-
tion in biomass was observed (Muehling 2003:219).
Other researchers observed the increase of cadmium
content in aerial organs in susceptible to salinity
genotypes. In different genotypes of barley cadmi-
um content increased with increasing NaCl concen-
trations (Smykalova 2003: 269; Huang 2006: 557).

Glycophytes as well as halophytes under saline
conditions adapt to salt stress changes in physiologi-
cal, biochemical and anatomical parameters (De-
genhardt 2002: 595; Akram 2002: 165; Javed 2001:
18; Ramos 2004: 103; Céccoli 2011: 10). Under the
influence of salinity plants have a decrease in cell
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size, changes in the number of stomata, reducing the
thickness of the epidermis of leaves (Akram 2002:
166). Salinity reduced root length and diameter of
roots. Under salinity stress the apical meristem size,
the diameter of the cortex and central cylinder de-
creased. Salinization leads to anatomical changes
in cell wall structure. In cotton plants was observed
suberinization ofi Casparian strips (Javed 2001: 19).

A decrease in the ratio of the central cylinder
and cortical parenchyma,. indicating a reduction
in the diameter of the central cylinder of plant
roots was observed. The ratio of the above-ground
organs and roots also reduced. Such observations
are described in cotton plants (Reinhardt 1995:
563).

The diameter of xylem elements and the charac-
teristic of cell walls is the main determinant in xy-
lem hydraulic resistance (Céccoli 2011: 10). In the
exodermis of plants Vracbiaria decumbens observed
the thickening of the endodermis and increase inter-
cellular spaces in the cortex, strong lignification of
exodermis cells (Ramos 2004: 103).

Heavy metals are found in the cell walls of the root
cortical cells. Under the effect of zinc in plants Brassi-
ca juncea a decrease in the cells of palisade parenchy-
ma and epidermal cells was observed. Also, there was
a reduction in starch content. Cadmium cause minor
changes in the cells of the epidermis and mesophyll,
an increasing of number of vacuoles in epidermis and
cortical cells of roots (Gomes 2011: 566).

In plants, collected from anthropogenically pol-
luted areas the thickness of the upper and lower
epidermis, the mesophyll cells and palisade paren-
chyma of leaves decreased (Sridhar 2005: 1310;
Mikovilovi 2010: 2413).

Thus, various kinds of plants have different ways
to respond to the combined effect of heavy metals
and salinity. But it can be concluded that NaCl is
partially reduces the negative effect of these stress-
ors as compared to their separate effect. Accumula-
tion of heavy metals and their translocation to aerial
organs in the presence of NaCl in many cases in-
creased. Heavy metals and salinity cause changes in
the anatomic structure of leaves and roots of plants.
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OCOBEHHOCTU AEMCTBUA KAAMUS HA PACTEHUS

C pasBuUTHMEM TSXKEAOM MPOMbBILUAEHHOCTW YPOBEHb 3arps3HeHus OKpy>Katollel CpeAbl MOHamm
KaAMMs pacTeT. MCTOUHMKaMM 3arpsiBHEHNS KAAMMEM SIBASIOTCS MPEANPUSTUSI TOPHOAOObIBatOLLLEN MPO-
MbILUAEHHOCTU, METAAAYPriyeckme 3aBOAbl. AKTYQAbHOCTb TEMbl BO3PACTaeT C B CBA3M C LUMPOKMM MpU-
MEHEHWEM B CEAbCKOM XO03SMCTBE (DOCOPHbLIX YAOOPEHMIA U MECTULIMAOB, B COCTAB KOTOPbIX BXOAMT
KaaMuiA. B AQHHOWM CcTaTbe paccMaTprBalOTCd MCTOYHMKM 3arpsi3HEHUS MOYBbl MOHaMK Kaammg. B ctatbe
OnNUCbIBaOTCA haKTOPbI, BAUSIOLLME HA MOTAOLLEHME MOHOB KAaAMMS PACTEHUSIMM, PACKPbIBAIOTCS MeXa-
HM3Mbl TOKCMUYECKOrO AEMCTBUS KaAMMSI Ha CTPYKTYPY M CBOMCTBA KAETOYHbIX MemOpaH, MexaHU3Mbl
BO3AENCTBUS CBOOOAHBIX PAAMKAAOB, BbI3BAHHbIX OKMCAUMTEAbHbIM CTPECCOM B YCAOBMSIX 3arpsi3HeHMS
MOYBbl MOHAMM KaAMMS, Ha CTPYKTYpPY GEAKOB M AMMMAOB, a TaK>Ke AEMCTBME KaAMMS HA POCT M KAE-
TOUHOE AeAeHMre. B cTaTbe MpUBOASTCS A@HHblE O BAMSIHUM MMHEPAAbHbIX SAEMEHTaX Ha MOrAoLleHne
KaAMMS PACTEHMSAMM, O MOAEKYASIPHBIX MEXaHM3Max MOrAOLLEHMS KAAMMS PaCTEHUSAIMM, O BEAKAX-TPaHC-
nopTepax KaAM1S U APYrmX MMHEPaAbHbIX SAEMEHTOB, KaK >KeAe30, LIMHK, KaAbLIMiA, KOTOPble KOHKYPU-
PYIOT C MOHaMM KaAMMS B MOFAOLLEHMM MX pacTeHusMU. B cTatbe 06Cy)KAQIOTCS MEXaHM3Mbl YCTOMYM-
BOCTM PACTEHUIA K AEMCTBUIO KAAMMS, POAb TAYTATMOHA M (PUTOXEAATMHOB B MEXaHM3Me AETOKCMKaLMn
KaAMMS, POAb CUTHAAbHOM CUCTEMbI B OTBETHOWM peakLmM PacTeHUM Ha AEMCTBUE TAXKEAbIX METAAAOB.

KAloueBble cAOBa: KaaMMiA, PACTeHMsl, CBOMCTBA MeMOpaH, OKMCAUTEAbHbINA CTPECC, MEeXaHU3Mbl
YCTOMYMBOCTU.
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KaaMMitAiH 6ciMAiKTepre acep eTy epekiUeAikTepi

OHAIpICTIH AaMyblHa 0aiAaHbICTbl KOpLUAFaH OPTaHblH, KAAMMIA MOHAAPbIMEH AaCTaHybl Aa
>koFapbiAan 6apaabl. KaAMMIAMEH AacTay Ke3AepiHe Tay-KeH eHAIPICTepi, METAAAYPrUSIAbIK, 3aybITTap
>KaTaAbl. AybIA LLIAPYALLIbIAbIFbIHAQ KypaMbiHa KaaMUIA KipeTiH (poCOPAbIK, ThIHAMTKbILUTAP MEH Mec-
TULMATEPAI KOAAAHY AQ TAKbIPbINTbIH ©3€KTIAIFH apTTbipaAbl. ByA Makarasa TakbIpbINTbIH ©3EKTIAIr
albIAbIM, TOMbIPAKTbIH KAAMMIA MOHAQPBIMEH AACTaHy Ke3Aepi KapacTbipblAaabl. Makarasaa eciMAiK-
TEPAIH KaAMMIA MOHAAPbIH CiHIpYiHe acep eTeTiH hakTopAap, KAAMMMAIH KAETKAAbIK, MeMOpPaHaHbIH
KYPbIAbICbI MEH KaCUMeTTepiHe YAbIAbIFbl 9CEpiHiH MeXaHM3MAEpPi, KaAaMUIA MOHAAPbIMEH 6cipy
caApapbliHaH OOAFaH AACTaHy >KaFAaiAapbiHAAFbI TOTbIKTbIPYLLbI CTPECTEPAIH, BCepiHeH naiiaa GOAFaH
60C paAMKaAAAPAbIH 6EAOKTAP MEH AMTMIMATEPAIH KYPbIAbIMbIHA 8CEP €Ty MEXaHM3MiH, COHbIMEH KaTap
KaAMUIMAIH ©6CYy MEH KAETKaAblK GeAiHyre acepi cuMmatTtaraabl. Makarasa MUHEPAAABI SAEMEHTTep-
AIH 6CIMAIKTEPAIH KaAMMIMAI CiHipyiHe acepi TypaAbl, OHbIH MOAEKYAAAbIK, MEXaHU3MAEpPI TypaAbl,
KaAMMIAIH >koHe 6acKa SAEMEHTTEPAIH (TEMIP, UMHK, KaAbLMI >kaHe T.6.) TaCbiIMaAAQYLLbIAAPbI TYPaAbl
KepceTKiluTep KeATipiareH. bya Makanapa eCiMAIKTEPAIH KaAMUIATe TYPAKTbIAbIFbl, KAAMUIAT AETOK-
cMKaUuMsgAay MEXaHM3MIHAETT TAYyTaTMOH MeH (PUTOXEAATMHAEPAIH POAI, ayblp METaAAAPAbIH acepiHe
AEreH eCiMAIKTEPAIH >Kayan peakUumSacbiHAAFbl CUTHAAAbI XKYMEHIH POAI cMMaTTaAaAbl.

Tyiin ce3aep: KaaMUIA, BCIMAIKTEP, MeMOpaHaAap KacMeTi, TOTbIKTbIPYLLbl CTPECC, TYPaKTbIAbIK,
MeXaHU3MAEPi.
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The Peculiarities of cadmium effect on plants

With the development of industry, pollution of the environment by cadmium ions is growing. The
sources of cadmium contamination are mining enterprises, metallurgical plants. The relevance of the
topic is growing with the widespread use of phosphorus fertilizers and pesticides in agriculture, which
include cadmium. This article reveals the relevance of the topic, and examines the sources of soil con-
tamination with cadmium ions. The article describes the factors affecting the absorption of cadmium ions
on the absorption of cadmium by plants, the mechanisms of the toxic effect of cadmium on the structure
and properties of cell membranes, the mechanisms of the action of free radicals caused by oxidative
stress in the presence cadmium in the growth medium, the structure of proteins and lipids, and the ef-
fect of cadmium on growth and cell division. The paper presents data on the effect of mineral elements
on the absorption of cadmium by plants, on the molecular mechanisms of cadmium uptake by plants,
on cadmium transporters and other mineral elements, such as iron, zinc, calcium and their role in the
absorption of cadmium by plants. The article describes the mechanisms of plant resistance to cadmium,
The role of glutathione and phytohelatins in the cadmium detoxification mechanism, the role of the sig-
nal system in the response of plants to the action of heavy metals.

Key words: cadmium, plants, properties of membranes, oxidative stress, mechanisms of resistance.

BBenenue

Kanmuii (Cd) B Hezarpsi3HEHHBIX MOYBAX MpH-
CYTCTBYET B CJICZIOBBIX KOJIMYECTBaX. TeM He MEHee,
HHIyCTpUAIbHAs JEATEITHbHOCTh YEJIOBEKA U CElb-
CKOXO3SIICTBEHHAS TIPAKTHUKA YBEIMUMBAIOT YPOBEHb
cojiepKaHus KaJMus B ouBe. OyHKIIMOHUPOBAHUE
METaJUTyPTUUSCKUX —TPEANPUATHHA, TMPUMEHEHNE
(dbochopHBIX ynoOpeHnit U MECTHIINI0B, KOTOPhIC B
CBOEM COCTaBE CONIEP)KAT KaJMHU, CIIOCOOCTBYIOT
ero HakorureHnto B mouse (Kpomblekou 2012: 2871;
Atabayeva 2016: 184). IloBceMeCTHO HCIOJb-
3yeMble YI0OPEHUS U MECTUITUIBI MOTYT COJIePKATh
OOJIBIIIHE KOTUIECTBA dTOTO METaIIa, KOTOPHIH MPO-
JIOJDKUATENIBHOE BpEeMs MTOCTyIaeT B mouBy. CTeneHb
3arpsi3HEHHsI KaJIMHUEM IIOYBBI, ymoOpsiemoin ¢oc-
(hopupIMH yHOOpeHusiMU, MOKeT gocturats 300
Mr/kr cyxoro Beca (Sheppard 2009: 919; Tirado
2012:10; Yargholi 2014: 519). bonpmas wacts Cd,
cojiep Kallascs B MOYBE, JAOCTYITHA JUIsl PACTECHHIA,
TaK KaK pacTBOpUMas (ppakiusi 3TOro MeTajia J10c-
turaet 10 35% ot obmero coxepxanus. [lpuan-
HOHM BBICOKOM TOKCHYHOCTH KaJMHUS SIBIISICTCS €TO
BBICOKasI MOJIBYKHOCTh B IOYBE, YTO YBEIMYUBACT
OMOMOCTYITHOCTh 3TOTO MeTajula JUIsl PAacTEHH.
Taxxe ormeuaercst Oonbiias goctynHocth Cd 1o
CPaBHCHHUIO C JPYTUMH TKEIBIMH METaJUIaMH,
TakuMH, kak Zn, Cu, Pb, koTopble HIMEIOT O0Jiee BBI-
COKHU OWoNOrHYecKuii kod(puIreHT adcopOounuu
(Chaney 2001: 288).

MexaHu3M JEHCTBHUS TSDKEIBIX METaIOB, B
TOM 4YHCJIC W KaJMHWs, B PACTHTEIHHOM OpPraHH3-

ME UpEe3BbIYAWHO CIIOKEH, 3TO CXEMATHYHO MOXK-
HO TIPEJICTABHUThH CICAYIONICH CXEMOMW: TSDKENbIe
MeTaJUlbl — KIJIETOYHBblE MeMOpaHbl — KIeTKa —>
OpraH — CHUCTeMa OPraHOB — OPraHU3M —> DKOJIOTH-
yeckast cuctema. [Ipu eiicTBUM KajMusi CHUKaeTCs
YPOXKafHOCTh pacTeHHi, HaOIIOmaeTcss HapyIleHHe
(pU3NOIOTNYECKUX U OMOXMMUYECKHX MPOIIECCOB —
CHIKeHHe konmdectBa nurmeHToB (Vassiliev 2013:
132), mapymenne hotocuaTe3a, 3PPEKTUBHOCTH BO-
JONOTPEONICHNs,, MUHEPAJIbHOTO MUTaHMs, MeTabo-
n3Ma caxapos (Zhao 2006: 647; Nazar 2012: 1477).
[locTymenne TSHKENBIX METAUIOB B KIIETKY pacTe-
HUSl OCYILNECTBISICTCS IMyTEM MPOHUKHOBCHUS WX
MOHOB Yepe3 KIETOYHbIE MeMOpaHbl. MemOpaHsbI
KJIETOK SIBJISIFOTCSI NIEPBUYHOM MHIIEHBIO JECHCTBUS
TSDKENIBIX MeTayioB. V3MeHeHHe MpOHUIIAeMOCTH
MeMOpaH — OJTHO M3 MPOSBICHUI OTBETHBIX PEAKITHA
pacTeHuil Ha BHEITHEE BO3JICHCTBHE, KOTOPOE CBUJIE-
TENBCTBYET O CTPYKTYpHOH MepecTpoiike MeMOpaH
(Vassiliev 2013: 132).

Hapsiny ¢ MHOTrOYHCICHHBIMH HapyIICHUSIMH
KM3HEHHO  BaXXHBIX  TPOLECCOB,  MPOUCXOISI-
X B PAcTUTEIHLHOM OpraHU3Me IOf| JIEHCTBHUEM
HEOMaronpusTHLIX (AaKTOPOB, HMOHBI KajMHUs BbI-
3BIBAIOT OKHCIIHMTEILHBIN cTpecc B pacteHusx. CBo-
OOmHBIE paUKaBI MOTYT pPa3pyIlaTh MHPOTEHHEI,
aMuHOKHCIOTHl (AK) W HyKIEMHOBBIE KHCIIOTHI
(HK) 1 BbI3BIBaTH NEPEKUCHOE OKUCIICHUE JTUMHUIOB
(ITOJ1) (Hendry 1992: 273; Smirnoff 1993: 30; Cho
2005: 115). Kanmuii, Hapsay ¢ IpyTUMH TSKENbI-
MU METa/llaMH, BbI3BIBACT YBEIMUCHHUE MPOIYKTOB
peakmmu ¢ THOOapOuTypoBoit kucnoror (THK), xo-
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TOpBIE SBJISIOTCS MHAEKCOM MEPOKCHIAIINH JTUITH/IOB,
CJIeZI0BATENbHO, OKUCIUTEIBHOTO cTpecca. Ilepekuc-
Hoe okucienue aunuaoB (I10JI) memGpan pa3pyuu-
TENBHO JeHCTBYeT Ha MX (QYHKIMU U LIEJIOCTHOCTD U
MOXKET IPOAYLHUPOBATh HEOOPATUMOE MOBPEKICHHUE
B (YHKLUH KJIETOK. B Halmmx nccienoBaHusx, mpo-
BE/ICHHBIX HA COpTax IIIEHUIbI, Pa3INYaroLIxcs
[0 YCTOHYMBOCTH K KaJMHIO, ObUIO MOKAa3aHO yBe-
JIMYCHHUC YPOBHS IMEPCKUCHOTO OKUCIICHUS JIMIIUI0B
Yy COPTOB IIIEHUIIBI ITPH BBIPALIVUBAHUN PACTEHNH B
cpene, copepxaniel HoHbl KaaMus. Y YCTOMYMBBIX
coproB miueHunsl yposeHb [1OJI yBenmuuBaics B
MEHBIIEN CTENEHH 110 CPABHEHHIO C HEYCTOWYHBBIMH
(AtabaeBa 2014: 167).

D E

—_—

Kanmuil BbI3bIBa€T HMHIHOMPOBAaHUE POCTAa,
MPUYUHON KOTOPOTO SIBIISIETCS CHIKEHHUE MUTO-
TUYECKOM aKTUBHOCTH, MHIYKIHUS XPOMOCOMHBIX
abepparnuii. Kaamuii BBI3BIBAl  XPOMOCOMHBIC
a0Oepamuu, BiiItodas C-MHTO3, XPOMOCOMHEIE
¢parmMenThl, anada3Hble MOCTHKH, CIUIaHUE XPO-
MOCOM, 4TO YKa3bIBA€T HA TEHOTOKCHYECKOE JeHCT-
Bue kaamust (Zou 2012: 132). C-muto3 Habmomancs
B KODHEBBIX KOHYMKAax BcCeX 00paboOTaHHBIX
KaIMHEeM IpynI SYMeHs. BrI3biBaeMblii HU3KUMU
koHIeHTpanusimMu kaamus (1 u 10 mxM) C-muto3
SBIISUICST OCHOBHBIM THUIIOM XPOMOCOMHOH abeppa-
MM C BBICOKOH CTENEHBIO YIUIOTHEHUs (Zou
2012:133) (pucynoxk 1).

C-merada3za (1 MmxM Cd, 48 9) (A), xpomocomubie MocTuku (10 MkM Cd, 24 ¥) (B—C), munkue xpoMocoMHbIe MOCTHKH (50 MKM
Cd, 24q) (D), ckneunBmmecst xpomocombl B MeTadaze (100 mxM Cd, 24 1) (E), ckienBmmuecs xpomocoMsl B Tenodase (50 mxM Cd,
48 u) (F); macmrad nuaeiiku = 10 MkM

Pucynok 1 — [Ieiicteue kaamus (Cd) Ha MOP(OIOTHIO XpOMOCOM KJIETOK KOHUMKOB KOpHEH stamens (Zou, 2012: 134)

MuroTrueckuil HHIEKC KJIETOK KOPHEH Mpu JAei-
CTBHMHU KaJIMUsI CUIILHO CHIDKAJICS Y pacTeHuit Allium
cepa L. Kagmuii cHM>Kan MUTOTHUCCKUNA HHIIEKC
B KOPHEBBIX KJIETKaX, YTO KOPPEIUPOBAIO CO CTe-
TIEHBIO0 CHIDKEHHS POCTa KOpHEH. JTO yKa3bIBaeT Ha
TO, YTO KaJMHIi CHIKAET POCT KIIETOK M3-32 MHI'HOU-
pOBaHMS KJIETOYHOTO AeneHus (Zou, 2012: 134).

Fusconi ¢ corp. (2007: 14) ycraHoBwiIH, 4TO
HapyIICHUS B MUTOTHYECKOM IIMKJIE MOTYT MIPOUC-
XOIWTH 3a cueT mHrnoupoBanns cuatesa JJHK mmn
G2-(ha3bl B KJIETOYHOM LHUKJIIE, TPEIATCTBYS KIIET-

ISSN 1563-034X

KE BCTYIaTh B MHUTO3. BBIIO BBISBIEHO, YTO KOH-
ueHTpauuu kaamus Hke 100 pM He BbI3bIBAIN U3-
MEHEHHSI MUTOTHYECKOTO MHAEKCA, YTO yKa3hIBAET
Ha KPUTUYHOCTb JAHHOW KOHIICHTPALUU AJIS Jelie-
Hus ki1etok (Jang 2009: 369).

Ucnonezys ~ Cd-4yBCTBHTENBHBIH  peareHT
Leadmium™Green AM, ObIJI0 YCTaHOBICHO, YTO B
TedeHHue | 4 3KCMO3UIIMU KOPHEU NPU KOHIIEHTpaIuu
0,5 MM KkaaMuii JIOKaIU3yeTCsl B 30HE PACTSIKEHUS
KOpHEH siuMeHs. Y YCTOMUMBBIX TEHOTUIIOB KaIMUN
HakarumBaJics B arekce kopueit (Cao 2014: 616).
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Kanmuit ”HTHOUPYET KIIETOYHOE JISJICHUE U POCT
pacTsDKeHHEeM depe3 MPsIMOe WIIA OTIOCPET0BAHHOE
JeificTBue Ha MeTadoiIM3M ayKCHHAa. YCTaHOBIIe-
HO, uTO (epmenT GH3 aykcnH-amMHIOCHHTA3a WM
ayKCHH KOHBIOTAaT-CHHTa3a OTBEYAET 3a CBS3bIBa-
HHE ayKCHHOB C aMHHOKHCIOTAMH B YCIIOBHSAX
cTpecca, BBI3bIBas TakUM OOpa3oM CHMKECHUE
aKTUBHOW (DOpPMBI ayKCWHA JJIs TOAABIICHHUS TIPO-
neccoB pocra (Park 2007: 306). Beuto ycraHOBIIEHO,
YTO y PacCTeHUU TOMOJS MOHBI KaJMHS BBI3BIBAIOT
CHIDKCHHE COIEp KaHMs CBOOOMHBIX (hOpM ayKCHHA
Y YBEJMYMBAIOT aKTUBHOCTb TIEPOKCUIA3bI, KOTOPast
MOBBIIIACT JTUTHU(MUKAIUIO KIETOYHBIX CTCHOK B
yenoBusix crpecca (Elobeid 2012: 417). Kammuit
YBEIUYMBAJ KOHIICHTPALUIO KalbIHs, U3BECTHOTO
KaK BTOPHUYHBIE MECCEH/KEPhI, B CHTHAILHOUW CHUC-
TemMe. DTO CrocOOCTBOBAIO CTUMYIIMPOBAHUIO CUH-
Te3a KalbMOAYJIMH-TIONOOHBIX OEJNKOB, KOTOpHIC
B3aMMOJICHCTBYIOT C HOHAMH KAJIBITUS M YYaCTBYIOT
B miepenade curnanos mmpu crpecce (DalCorso 2010:
664).

MoukoBaTasi KOpHEBas CHCTeMa, CII0COOC-
TBYIOIIAs YBEIWYCHHUIO TOTIONIAIONICH TOBEpX-
Hoctu kopHe#t (Hendry 1992: 272), xenatupytoriue
areHThl, TaKWe, KaK OpPTaHWYeCKHe KHCIOTHl PH-
30C(epHBIX MHUKpPOOPTaHU3MOB U (uTocuaepodo-
pbl, criocobcTBytoT moromennto Cd pacteHUsIMH
(Masuda 2009: 156). Huzkue xoddumueHTs! qud-
¢y3zun Cd B BOIHBIN pacTBOp MOKA3bIBAIOT, YTO
noromeHre Cd KOpHSIMU 3aBHCHUT OT MHTEHCHB-
HOCTH TPAaHCIIUPAIINH, C YBEIHYCHHEM KOTOPOH TT0-
BBIIIAETCSI CKOPOCTh MOMIOIIECHHS KaJMHsI KOPHIMHU
pacrennii (Sisvanto 2013: 134). IIpumenenue doc-
(hOpHBIX yIOOpEeHUH YBEIMYNBAIO KOHIICHTPAITHIO
Cd B pacrenusix. C yBeTMYCHHEM HOHHOW CHIIBI
MOYBEHHOT0 pacTBopa copbuus Cd yacturiamu nod-
BBl cHkaercs (Cepernn 2001: 609). unk (Zn),
npucyTcTByommi B (ocHOopHBIX yIOOPEHHSX, KOH-
kypupyeT ¢ Cd, 4ro yBenW4YMBaeT KOHIIEHTPAIUIO
Cd B mousennom pactBope (Francois 2009: 126).
CrenoBaTenbHO, KOJIMYECTBO HAKaIlUIMBAEMOIO B
pactennsix Cd 3aBUCHT OT pasNU4YHBEIX (DaKTOPOB,
TaKUX KaK COJIepKaHHWe KaJMHs B MOYBE, OMOMIOC-
TYITHOCTB, BHJ] PACTEHUS, a TAKKE OT XapaKTepHuC-
TUKHU TI0YB, BKJIFOYast pu3ocdepy.

VYBenuueHne ColepKaHUs KaJMHUSL B TIOYBE
HapyliaeT TOMIOIIEHHEe MHUHEPaIbHBIX JIIEMEH-
TOB KOpHsIMH pacTeHuil. KagMuii npu noromeHun
pacTeHUsIMH KOHKYPHPYET C MOHaMH LIUWHKA, MEJH,
xenesa. MccnenoBaHus Ha MOJIEKYJISIPHOM YpPOBHE
TeHOB OEJIKOB-TPaHCIIOPTEPOB METAIJIOB, TAKUX KaK
Zn** n Fe*, ycTaHOBHJIM, YTO T€ K& OCIKH-TpaHC-
IOPTEPsl MOTYT TEepeHOCHTh, MOHBI Cd B KOpPHSX
(Verret 2009: 308). YcTaHOBIEHO, YTO MEPEHOCUU-

ku xkene3a OsIRT1, OsIRT2 (Nakanishi 2006: 466)
u mmaKa OsZIP1 (Zhao 2002: 536) MOTYT CIy»KUTh
MIEPEHOCUNKAMU KaJMHsI TaKxKe.

VYcTaHOBIIEHO, UTO B PACTEHHAX CBEPXIKCIIPEC-
cus TeHoB OekoB-TpaHcTopTepoB AtNrampl, AtN-
ramp3 u AtNramp4, SIBISIOLUINXCS TPaHCTIOPTEPAMHU
Zn, Mn, Fe, Co u Ni u3 cemeiicrea Nramp (natural
resistance — associated macrophage protein), mo-
BBIIIAJIa YYBCTBUTEIBHOCTh K Kaamuio (Thomine
2000:4993).

V pacTeHuil CylIecTBYeT psiJi MEXaHU3MOB YcC-
TOWYMBOCTH K TSDKEJIBIM MeTajlaM, B TOM YHUCIE U
K KaJIMUI0. DTH MEXaHU3MBI MOXKHO ITOJIPa3/IeINTh
Ha JIBE TPYMIbL: 1) OTpaHWYEHHE TOCTYIICHUS
METaJIJIOB B PACTEHHE W IIUTO30JIb Yepe3 HaKOIIJIe-
HUE MPEUMYIIECTBEHHO B KOPHEBOW CHCTEME U U30-
JUPOBaHUE B BAKYOJIH; 2) U3MECHEHHs MeTaboIn3Ma
KJIETOK, HalpaBJIeHHbIC HA CHU)KEHHE TOKCUYECKOTO
NEHCTBHUS METAIJIOB M UX BBIBEJCHHUE U3 OpraHu3Ma
pactenuit. [IpouHo CBs3aHHBIE C OMOMOJICKYJIAMH
WOHBI METAJIOB MOTYT JACMOHUPOBATHCS B OIpE-
JISIEHHBIX OpraHax, YTO OrPaHUYMBAET MX TPaHC-
MOPT W BIIMSHUE HA JKU3HEAESITENIHHOCTh pacTe-
Husl. JlaHHBIA MeXaHW3M JIETOKCHUKAIUU CHHYKACT
HETaTUBHOE JCHCTBHE TsDKETBIX MeTamuioB (Cepe-
ruH 2001: 612).

B cootBercTBUM ¢ OHOM U3 TMIIOTE3 OCHOBHAA
pOIb B BBIPA0OTKE YCTOWYHMBOCTH TPUHAICKUT
CBSI3BIBAHUIO METAJJIOB KJIETOYHBIMHM CTEHKaMH B
KOPHSIX 1 HakoruieHHIo B Bakyonu (Dai 2012: 3779).

O PEKTUBHEIM MEXaHU3MOM JIETOKCHUKAIINH
OOJILIIMHCTBA HWOHOB METAJUIOB SIBIISICTCSI CBS-
3bIBAHUE WX OPraHUYEeCKUMH KHCIOTAaMH H
THOJIAMH B ITUTOIUIa3ME€ C TOCIEAYIONINM BBIBO-
JOM 00pa30BaBIIMXCS KOMILUIEKCOB B BaKyoOJb.
[myTaTnoH WrpaeT BaXXHyI pPOJb B aHTUOKCHJIAHT-
HOM 3alluTe pacTeHuil. [ yTaTHOH sIBIseTCs Npei-
LIECTBEHHHKOM (DUTOXENATHHOB, KOTOPBIE CIIOCO0-
HBI CBS3BIBATH Tsikebie MeTasutbl (Guptal991: 306)
(Pucynok 2). Onpenenennie SH-rpynm B KieTkax
pacTeHuii CIOy)KUT OJHHM M3 HMHTETPabHBIX
MoKa3aTelield OTBETHBIX PEaKlUi pacTeHUN Ha Jei-
cTBUE TshKeNbIX MeTauioB (Yadav 2010: 17).

Crietu()UIHBIMY B OTHOIIICHHUH CBSI3bIBAHHS UO-
HOB METAIIJIOB CYUTAIOTCS OOTaThle UCTEMHOM OeJI-
kn-metayutotTnoHenHsl (MT), cuHTe3npyronmecs B
KJIETKaX JKUBOTHBIX OPTaHU3MOB M PACTEHUH B OT-
BET Ha BO3/ICWCTBHE TSHKEIBIX MeTauoB (Grennan
2011: 1756).

MT — MeTayuICBSI3bIBAIOIINE OCIKH, MTOJTYYUITH
CBOE HA3BaHWE B CBS3HM C BBICOKHM COJEpPKAHHEM
MeTaiia, MOTyT nocturath 20% MoJeKynspHOn
Macchl. MeTaucBA3bIBAIONINE OCIKH CHHTE3HU-
pYIOTCS B HOpME B HE3HAYUTEIHHOM KOJIHMYECTBE.
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Hx copepxaHue B KJIETKE pE3KO BO3pACTaeT NpHU
nedcteurn TM u cHMKaeTcs B Cilydae yMEHbILIE-
HUs KOHLeHTpauuu TM B muTateabHOM cyOcTpaTe.
Cepa B HUX NPUCYTCTBYET, KaK MpPaBHJIO, B BHUJE
tnonmata u cocrasisger 10-13%. Ilpudem mOBHI-
LIEHHbIE KOHUEHTpauuu TM B cpesie CTUMYIUPYIOT
He Tonbko cuHTe3 MT, HO M CBf3bIBaHHE ATHUMHU
OenkamMu OOJNBINEH YacTH TIOCTYMHUBIINX B KIIETKY
noHOB MeTa/uioB (Ahner 1995: 649).

[eperiii kitacc (MT1) — meTamicBs3bIBatONTIE
Oenky MO3BOHOYHBIX. B MeTaicBsA3bIBaIOMIEM J10-
MmeHe monekyna MT1 cogepxur 20 ocTaTkoB IHC-
TEWHA, PACIOJIOKEHUE KOTOPBIX BCET/Ja MOCTOSHHO
JUTS 9TOTO KJ1acca.

Bropoit kmacc (MT2) — monunentusl, CXoi-
Hble o cTpoeHuto ¢ MT1, HO He uMmerolue CTOIb
KOHCEPBATHBHOTO TOJIOKEHUSI OCTATKOB IIMCTEHHA.
OHM pacnpocTpaHeHbl Y OeCIO3BOHOYHBIX KHBOT-
HBIX, pPACTeHHI, TPUOOB, IIMAHOOAKTEPUI M HEKO-
TOPBIX JPYTUX MPOKAPHOT, MOPCKHUX BOIOPOCIEH U
JIPOAKEH.

Tpetnii kmacc (MT3) — ¢uroxenatunsr (PX),
KaJaCTHHBI, TITyTaMWJI-NIENTH/IBI, T.€. TOJUIENTH-
JIbl HEKOTOPBIX BOJIOPOCIIEH, BBICIIMX PACTEHUN U
rpuOOB, COAEPIKAIINX Y-TITyTaMIUIITUCTEHHUIIOBEIE
OCTaTKH, HeXapaKTepHBIE JIJIs TEPBBIX JIBYX KJIACCOB,
ommyatoumecs or npounx MT ¢epmeHTaTHBHBIM
c11oco0OM CHHTE3a.

®X — 310 coemuHeHus ¢ oOiied (opmyoi
(y-I'my-Luc)n-I'mm, roe n MakcuManbHO paBHO 11,
HO dHalle W3MEHSeTCs OT JABYX no0 matu. [lo srto-
My mnpusHaky MT3 pa3nensior Ha JBe TPYIIIbI
— C HU3KMM M BBICOKUM MOJIEKYJISIPHBIM BECOM.
AMUHOTEpMHUHATbHAS aMHHOKHCIOTa B CTPYK-
Type MT3 MOXeT MEeHSAThCS: MOMHUMO TJIHMIUHA
(®X wimu KagacTHHBI) 3TO MOXET OBITh CEPHH
(rumpoxcumeTrn-OX), B-amapua (Tomo-OX), a
taxke mryramuH (I'ny) u mucrenn (Iuc). CootHo-
menne ®X ¥ UX TPOU3BOIHBIX 3aBUCUT OT BHUJIA
pacTeHuns, a Takke OT COOTHOIICHWH METaJlJIOB B
MoYBe WM NUTaTeiabHoM pactBope (Grennan 2011:
1757). Hampumep, y Oriza sativa L. ycronun-
BocTh K Cd obecnieunBaercsa ruapokcuMeTiin-OX u
KaJaCTMHaMH, HO MPH YBEIMYEHUM KOHIIEHTpalHuu
MeTallJla COOTHOIIIEHUE CIIBUTACTCS B CTOPOHY IIO-
ciennux. Y Vigna angularis oOHapy>KeHbI ITHUIIb
romo-®X (Oven 2001: 1275).

Ocobennocteto MT pacTeHmii sBisieTcs Ha-
auare  OOJBIIOTO TPOMEXYTKA JUIMHOH  OKO-
710 40 aMMHOKHCIIOTHBIX OCTAaTKOB, B TOM YHCJE
apOMaTHYECKUX, Pa3AENAIONIer0 Ba METAIICBS-
3BIBAIONIMX JIOMEHa. /lInHAa Takoro MpOMEXyTKa
y ocransHbix MT cocraBnser menee 10 ammuHO-
KHCJIOTHBIX OCTATKOB M HE COJIEPIKUT APOMaTHIECKUX
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amuHokucaot (Cobbett 2002:159). V Arabidopsis
thaliana L. buocunHre3 ®X HayMHaeTCs C aKTH-
BallMd METAJUIOM TPAHCKPHIILIUU TEHOB, KOJIH-
pytommmx rinyratuonpenykrasy (I'P) u depmen-
TOB, YYacTBYIOIIUX B OWOCHHTE3E TIIyTaTHOHA:
y-TmyTammcrenacuaTeTassl (y-Imy-Luc-cunTe-
taza) u mryratuoncunrerassl (I'C). Imyratmon
CIIy’)KUT OCHOBHBIM CyOCTpaToM i 0Opa3oBaHUs
OX, a wmodeBold (pepMeHT, aKTUBHOCTH KOTOPO-
ro SIBIISIETCSI pellaroliedl B mporecce OMOCHHTE3a
— ®X-cunraza. Y Triticum aestivumL. cuHTe3
OX W3 TIIyTaTHOHA MOMKET OCYIIECTBIATHCA O3
MIPOMEXYTOUHBIX cTanuil. Karamuzarop storo mpo-
necca — @X-cuaTaza. CriennuuecKuM aKTHBATOPOM
(hepmenra sisiercst B ocHoBHOM Cd, HO B 3TO# poru
MOTYT BBICTYIIAaTh U HEKOTOpbIe Apyrue TM. B nopsin-
Ke yOBIBaHUS CTISIM(DMIHOCTH UX PACIIONATatoT B P
Ag, Bi, Pb, Zn, Co, Hg, Au (Cobbett 2002: 161).

MexaHu3M JETOKCUKAIMM HWOHOB METAJIJIOB
®X BKJIIOYACT HECKONBKO CTamui: 1) aKTHBAIHIO
OX-cuHTa3pl MOHOM MeTaura, 2) oOpa3oBaHHE
koMmIniekca MT3 ¢ TshkenbIMu MeTalIaMu; 3) mepe-
HOC KoMILIekca B Bakyosb (JlebemeBa 1998:43).
[Ipuuem cumraercs, uto MT3 ¢ HU3KOH MOIEKy-
nspHO# Maccol TpaHcnoptupyroT Cd B Bakyoub,
IJe OH aKKyMYJIHPYeTCsl B BHZIE KOMIUIEKCA C BbI-
COKOMOJNIeKyIsIpHbIME  MT3  wnmm  opranmyeckoit
kucioroir. Hapymenne xors Obl OAHOH U3
CTanuii JIETOKCHUKAIMU TPHUBOAUT K CHUKEHUIO
TOJIEPAHTHOCTH OpPTaHU3Ma 110 OTHOIIEHHIO K TSKe-
neiM MeTaiuiaM (Inouhe 2001:1029).

Hanpumep, mnoBpexiaenus reHa DX-cuHTa3bI
6o ['C mnpuBOAST K THUINEPYYBCTBUTECIHHOCTH
opranu3moB 1o otHomreHno Kk Cd. Takue myTaHTBI
obnapyxensl y Schizosachcaromyces pombe (Oven
2001: 1276), Vigna angularis (Inouhe 2001: 1030).
Hao00poT, cCBEpXIKCIPECCHAITUX TEHOB YBEIIMYUBACT
TOJIEPAHTHOCTH PACTEHHH, YTO ITPOIEMOHCTPHUPOBAHO
Ha KJIETOYHBIX KynbTypax Lycopersicon esculentum
(Guptal995: 307). Hapymenue paboTsl (epmeH-
TOB, YYaCTBYIOIIMX B OOMEHE CEphl, U CHIKCHHE
cepyconepkaiieil aMuHOKUCIOTE — L{uc, Heobxo-
TUMO [t cuHTe3a TirytatroHa (Dominguez 2001:
9297), Toxe BIMAET HAa YCTOMYMBOCTH PACTCHHN
k Cd. C yBemuueHuneMm CTENEHH MNOIUMEPH3ALIN
pacter creneHb cpoactBa MT3 k umoHy Metaiia
(Delhaize1998: 703), a cienoBaTenbHO, 3-
(beKTHBHOCTh  JICTOKCHKAIUKU.  JIeHCTBUTEIBHO,
TOJIEPAHTHOCTh K TSKEITBIM METallslaM ITOBBITIIAETCS
C yBEeNWYEHHEM CTeneHu mnonumepusannn MT3
Y HACBHIIEHHEM KOOPAWHAIIMOHHOW BaJCHTHOCTH
Cynb(UIaHIOHAMH, T.€. C 00pa30BaHUEM JOTIOIHH-
TenbHBIX cBsAzelt ¢ S2- (Oven 2001: 1278). B cBoto
o4epeqb, BO3pacTaHHE JIOJIM MOJIEKYJ C BBICOKOM
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CTENEHBIO MOJIMMEPHU3ALMN IPOUCXOIHUT MIPU YBEJH-
yeHnn KoHIeHTpannu Cd u BpeMeHH BO3ICHCTBUS
(Grennan 2011: 1751). ®opmupoBaHue KOMIIIEK-
COB B 3HAYUTEJILHOW CTEIICHU 3aBUCHUT Takxke oT pH

| Cd sccumuintien in sink: |

Phicem medintes O tramsgrort
imlo seeds grains of plants

=] | A

| Transpartation: |

Uptake  of Cd  through  sylem |
depends on pH and seration and
interacts with macro.micre nutrents

| Almorption; l

elements i sail, but is absorbed
ensily due 1o high malsility

Cd competes with  other mu&:iln‘

pactBopa. B xucrnoii cpene merain 3ameniaercs Ha
BOZIOPOI W, CIIEAOBATEIIbHO, CHIDKAETCS d(h(HeKTHB-
HOCTh JICTOKCHKAIMU TsokeIbix MeTauioB (Delhaize
1998: 703).
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Pucynoxk 2 — [loromenue, TpaHCIOPT, HAKOIUICHHUE U AETOKCHKauus kaamus B pacteHusx (Nazar 2012:1478)

CooTHollleHne KOHIEHTPAIUI IeMeHTa, HaXo-
JSIILErocss B PAacCTeHUM B TPOYHO CBSI3aHHOM U
TTOJIBUKHOM COCTOSIHUHM, OOYCIIaBIMBAeT, OYEBHU]I-
HO, HE TOJBKO CTENEHb BIMSIHUA JAaHHOTO MOHA Ha
METa0ONIM3M, HO TAaKXKE OIpPEIeNsieT KICTOUHBIC
CTPYKTYPBI U CBSI3aHHBIE C UX (DYHKIIHEH MPOIIECCHI,
MOJIBEP’KEHHBIE MaKCHUMaJIbHOMY BO3JIEHCTBHIO CO
CTOPOHBI TOKCHKaHTa. [IpnunHoil Oombiel ycToi-
YUBOCTH WJIM YYyBCTBUTEIHHOCTH OTpPEACTICHHBIX
BUJIOB WJIM COPTOB PAaCTEHHUN MOMKET SABIATHCA 00-
nee Oe3onacHas KOMIIAPTMEHTALMsI MOHOB MeTaslia
B opraHemnax kietku. ComepikaHWe TKEIBIX
METAJIJIOB B KJIETKAaX PAacTEHUH Jalleko OTpakaeT
X COZEpKaHWE B LUTOIJIa3ME€ M YCTOHYMBOCTH
pacTeHuH K uX IEHCTBUIO MOYKET OBITH 00yCITOBICHA
3¢ (EKTUBHOCTBIO WX UCKITFOUCHHSI U3 IIUTOTLIA3MBI
IyTeM CBSI3bIBAHUS XEIATHUPYIOIIUMHU BEIIECTBAMH
Y W30JIMPOBAaHMEM HMX B BAaKyOJSX M KIETOYHBIX
CTEHKaX.

[Ipouno cBs3aHHBIE ¢ OMOMOJIEKYJIAaMU HMOHBI
METaJUIOB MOTYT JICTIOHUPOBATHCS B OMPEICICHHBIX
OpraHax, 4To OrpaHHUYMBaeT UX TPAHCIIOPT W BIIH-
STHUE Ha KU3HEACITSIIBHOCTh PACTCHHsI. DTOT MPO-
IIeCC, OTHOCHUMBIM K MEXaHH3MaM JIEeTOKCHKAIIMH,
CHI)KAET OHOJIOTMYECKOE JEHCTBHUE  TSDKEIIBIX
METaJIOB.

Takum 00pa3oM, CTENEHb HETaTHBHOTO BIIHsI-
HUSl KaJMHS Ha PACTCHHS SIBISIETCS PE3YIIbTaTOM
B3aMMOJICHCTBUSL MHOXECTBa (DaKTOPOB: CTCIICHU
3arpsi3HEHHS Cpellbl KajJMHUEM, W3MEHEeHHs (Qu3u-
0JIOTO-OMOXUMHYECKUX TIPOIECCOB, AHTArOHHUCTH-
YECKHX B3aMMOOTHOIICHUN MEXIy DIIEMEHTAMU,
(YHKIIMOHUPOBAHUS TPAHCIIOPTHBIX CHCTEM U
OCITKOB-TPAHCIIOPTEPOB METAIJIOB, CTEIICHU aKTH-
BallMM  3alIUTHBIX  PEAKIUHd  PACTUTECIHHOTO
OpraHu3Ma.

B cBs3m ¢ IOBCEMECTHBIM TPUCYTCTBHEM HO-
HOB KaJMHUS B TIOYBE B PE3yJAbTaTe aKTHUBHOU XO-
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3MCTBECHHOU ACATCIIBHOCTU YCJIOBCKA CYHICCTBYCT CEIIbCKOXO35HCTBEHHBIX KYJIbTYp, YYUTbIBAsA 3HI0-
OIMIaCHOCTBh 3arpsA3HCHHA OaHHBIM METaJlJlIOM CECJIb- TCHHBIC 1 3K30I'CHHBIC (l)aKTOpBI, KOTOPBIC OIIpEac-
CKOXO3SIMCTBEHHBIX KYJBTYDP. HeO6XOI[I/IMI)I nuc- JIAKIOT CTCIICHb TOKCHYHOCTH KaJIMUs OJIs KaXXKJI0I0
CJICIJOBAHMA 110 BBIABJIICHUIO YCTOﬁ‘lHBLIX K KaIMHIO BuUaa paCTeHHﬁ.
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MHPOBDIE 3AMACDBI YTASl, BAUAHUE ETO AOBbbIYN HA 9KOAOTHIO
OKPYXAIOLLUEUN CPEAbI B PA3HbIX CTPAHAX: Ob30OP

YroAb — camblii pacnpoCTPaHEHHbI BMA 3HEPropecypcoB Ha Haller nAaHeTe. Peaamsauus
pa3paboTaHHOrO KOMMAEKCA MEepOMnpUITUA AOAXKHA CMOCOOGCTBOBATb CHUXKEHMIO 3KOAOrMUECKOM
HarpysKku yraeA00bIBatoLLmMX MPEANPUSITUIA HA OKPY>KatoLLyio cpeAy. Elle 0AHMM acnekTom HeraTuBHO-
ro AENCTBUSI MOBEPXHOCTHOM AOOBIUM YIASl SIBASIOTCSI HEOAQrONPUSTHBIE MOCAEACTBUSI 3TOrO AAS OK-
py>KatoLLeit CpeAbl, Takne Kak MOAHOe MCUE3HOBEHWE MHOMMX BUAOB CYLLLECTBYIOLLMX BUAOB PAaCTeHUH,
BbITECHEHME AU YHUUTOXKEHME BUAOB MHOIMMX AMKMX >KMBOTHbIX, BCAEACTBME YXYALLEHUS CPeAbl UX
06MTaHUs, KaYecTBa BO3AyXa M T.1.

Taknm 06pa3om, AESATEABHOCTb MO AOObIUE U TPAHCTIOPTUPOBKE YIASl AOAXKHA MOAHOCTbIO OCHO-
BbIBATbCSl HA PALMOHAALHOM BO3AEMCTBMM Ha OKPY>KAIOLLYIO CPEAY, MOCKOAbKY AOObIYA YIAS HapyLuaeT
MpaKkTUYeCKn BCe SAEMEHTbl AaHALAdTa Ha 3eMHOM MOBEPXHOCTU M, KPOME TOro, Mpu U3BAEUYEHUU
YIASl MOSIBASIIOTCSl HOBble CTPYKTYpPbl, Takue Kak MOPOAHbIe OTBaAbl. PacTUTeAbHbI MOKPOB yAaAsieTcs
n neperpyxaercs AMbo nepemeiaeTcsi B CTOPoHy. [biAb, BUOPALMM, BbIXAOMHbIE ra3bl U AM3EAbHbIE
3araxu HapyLalT YyBCTBUTEAbHbIE CMIOCOBHOCTH YEAOBEUECKOro opraHmnama. Ipu paspaboTke TexHo-
AOTUN AOObIUM YTAS HEOBXOAMMO YUMTbIBATH, UTO AAS YAYULLIEHUS SKOAOTMUYECKON CUTYaLMK B PErnoHe
M CHU>KEHUS BPEAHbIX MOCAEACTBUIA FOPHO-LLIAXTHBIX PAGOT AASI YEAOBEKA MHOTME BUAbI BO3AEHCTBUS
Ha OKPY>KAIOLLLYIO CPEAY U YeAOBEKA AOAXKHbI ObITb MUHUMM3UPOBaHDI.

KAtoueBble CAOBa: 3KOAOTMSI, YTOAb, ra3, pecypc, A0Oblua, OKpy>KaloLLas cpeaa.
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OAEMAIK KOMIp KOpbl, 9p MeMAeKeTTepAeri oAapAbl
OHApYAeri KOpLUaFaH OPTaHbIH, 9KOAOTUSICbIHA 3USIHDI: LLIOAY

KeMip — aAeMAeri eH, KeH TapaAFaH 3Heprus Kopbl. O3ipAEHreH iCc-llapaAap KelleHi Kemip eHAipe-
TiH K&CIMOPbIHAAPbIHbIH, KOpLUaFaH opTaFa 3KOAOTUSAbIK, >KYKTEMECIHIH, a3atloblHa acep eTyi Tuic. TaFbl
6ip acrnekTici — 6eTTiK 8AICNeH KOMIp BHAIPYAIH KOpLLIaFaH OpTara >KarFbIMCbI3 8Cep eTyiHiH CarAapbIHaH
TipLWIAIK €Ty OpTacbiHbIH, aya carnacbiHbIH XX8He T.0. >KarAalAapAbIH, HalllapAaybliHaH KONTereH eciMAik-
Tep MeH >kabaibl )KaHyapAapAbIH TYPAEpPi XKOMbIAbIN H6apa >KaTbIp.

Ocblnaniiia, KeMipAi BHAIPY >KaHe TacbiMaAAdy BOMbIHLLIA XKYMbICTAP TOAbIFbIMEH KOpLLaFaH opTara
YTbIMAbI 8CEp eTyre HerispeAyi Tic, erMTKeHi Kemipai eHAIpY kesiHae XKep 6eTki KabaTbl AaHALLIADTbI-
HbIH 3AEMEHTTepi TOAblFbIMEH Oy3bIAaAbl, COHbIMEH KaTap KOMIPAi LWbIFAPbIN aAy Ke3iHAE >KbIHbIC
YHIHAIAEPI CeKiAAl XKaHa KypbiAbIMAAP Maraa 60AaAbl. OCIMAIK >KaMbIAFbIChI >KOMbIAAAbI Hemece
6acka >karblHa aybicaAbl. LLIaH, AipiA, BOAIHETIH razaap MeH AM3eAbAi MicTep apam OpraHM3MiHiH ce-
3iMTaAAbIK, KabireTiH 6y3aAbl. Kemip eHAIpY TEXHOAOTMSIAAPbIH AdibIHAAFaH KE3AE aliMaKTblH 3KOAO-
FUSIABIK, dKaFAQibIH XKaKCapTy >KoHe aaamFa Tay-KeH-LLaxXTaAblK, >KYMbICTapAbIH 3USIHAbI CAAAQPbIH >KOIO
YLWiH KOpLUAFaH opTara XXeHe aAaMFa TUETIH 8CEPAIH KenTereH TYpAepi a3anTblAybl THIC.

Ty¥iH ce3aep: KOAOTMSI, KOMIp, ra3, Pecypc, 6HAIpY, KopliaraH opTa.
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World coal reserves the impact of mining on the ecology of
the environment in different countries: overview

Coal is the most abundant form of energy on our planet. Implementation of the developed complex
of measures should contribute to reducing environmental burden of coal enterprises on the environment.
Another aspect of the negative effects of surface coal mining are adverse effects on the environment,
such as the complete disappearance of many species of different species of plants, displacement or de-
struction of many types of wild animals, due to the deterioration of their habitat, air quality, etc.

Thus, the mining activities and transportation of coal should be based entirely on a rational impact
on the environment, because coal mining disrupts virtually all of the landscape elements on the earth’s
surface and, in addition, when extracting coal there are new structures such as waste dumps. The veg-
etation cover is removed and reloaded or moved to the side. Dust, vibration, exhaust fumes and diesel
smells violate the delicate sensibilities of the human body. With the development of technology of coal
mining is necessary to consider that to improve the environmental situation in the region and reduce
the harmful effects of mining works for humans, many types of impact on the environment and humans

should be minimized.

Key words: ecology, coal, gas, resource, mining, environment.

B mocnennue roasl BO BceM MHpe HaOmromaeT-
Csl 3HAUUTEIBHOE CHIKEHHUE N0OBM yrimsa. Mupo-
Bas T0OBIYA €T0 COCTaBIsACT 4,7 MIIPI. T. B TOI. DTO
CBSI3aHO C TE€M, YTO B PsiJie CTpaH J00bIYa yIIIs CTa-
HOBHTCS HEpEeHTaOEIbHOH, T.K. Hanbojee Oorarbie
M CPaBHUTEIIFHO HEMTyOOKO 3ajieTalole IJIacThl,
B OCHOBHOM, OTPa0OTaHbl ¥ MHOTHE CTaphle IAXThI
3aKpBIBAIOTCS KakK yObITouHBIE. Kpome Toro, yromnb
B HACTOSIIIEE BPEMS YCTYIIaeT MECTO JPYyTUM BHAaM
9HEPIreTHUYECKOTO ChIPhs — HedTH U razy (Biochem.
and Biotechnol 1994: 935-952).

B Hacrosiiee Bpemst mepBoe MECTO 1o J00bIYe
yroia 3auuMaeT Kuraii, 3a aum cnenytor CHIA, As-
ctpamus u Poccusi. 3HaYUTEIHPHOE KOTMYECTBO YIIIS
nobeBaercs B ['epmanuu, [lompmre, FOAP, Manun,
Ha Ykpaumne u B Kazaxcrane (Japanese Research
1994: 154).

Tak, B CLIA uckonaemslil yroib — BaKHEHIIHN
1 Haubosee pacupoCTpaHEHHBIH UCTOUHUK SHEPTUU
B CIIIA. Crpana pacrionaraetT caMbIMU OOJBIITAMHA
B MHpE TPOMBIIUICHHBIMU 3amacaMu yris (Bcex
TUIIOB), KOTOpbIE OlleHuBaroTCcs B 444,8 mupa. T.,
oOrmue 3amacel B cTpane npebimatot 1,13 TpiH. T.,
MIPOTHO3HBIE pecypchl — 3,6 TpnH. T. Kpynueimmii
MOCTABIIUK Yy — ITaT KeHTyKku, 32 HUM Clemy-
o1 Baliomunr u 3anaanas Buprunus, IleHcuib-
Banus, Unnunoiic, Texac, Buprunus, Oraito, UH-
nuaHa u MontaHna. [IpuMepHo MmonoBHHA 3amacoB
BBICOKOCOPTHOTO YISl cocpenorodeHa B Bocrou-
HOHM IIPOBUHIIMM, IPOTSHYBILEHCS C ceBepa Ha IOT
0T ceBepo-3anagHoi [leHcunpBaHUU O CEBEpHOI
Anabampl. OTH BBICOKOKAUECTBCHHBIC YT KaMEH-
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HOYTOJIBHOTO MEPHOJa UCHOIB3YIOTCS Ul MPOU3-
BOJICTBA DJICKTPOIHEPTUU U TIONyUEHHUS METAIITyp-
THYECKOTO KOKCa, MOTPEONIIEMOro IpH BBIILIABKE
kKene3a U ctand. K BOCTOKy OT 3TOro yme€HOCHO-
ro nosca B IleHCHIbBAaHUU HAXOAUTCS YIOJbHBIN
Oacceitn mromaapo oK. 1300 KB. KM, Ha KOTOPBIH
MIPUXONUTCS TOYTH BCS JOOBIYA aHTpAIUTa B CTpa-
He. Cample KpyHHBIE 3arachl YT pa3MeNaroTcs
Ha ceBepe LleHTpanbHbiXx paBHUH U B CKaTUCTBIX
ropax. B yromeHoMm Oaccetine Ilaymnep-Pusep (.
BaifomMuHT) yrONBHBIE IIIACTHI MOIIHOCTBHIO OK.
30 M pa3pabaThIBalOTCS OTKPBITBIM CIIOCOOOM T'H-
TaHTCKUMH JKCKaBaTOpaMH-JpariaifHaMu, TOrJa
Kak B BOCTOUHBIX paiiOHaX CTpaHbl AaXKe Mallo-
MoIHbIe (OK. 60 cM) IIacThl YaCcTO JOCTYIIHBI IS
BBIEMKH JIMIIb MOA3EMHBIM criocobom. Ha Oypbix
yosix CeBepHoit JlakoTel paboTaeT KpymHeiiee
B CTpaHe MpeANpUsiTHe N0 ra3udukanuu yrisl. 3a-
nachkl OyphIX W KaMEHHBIX YTJIEH BEPXHEMEIOBOTO
M TPETHYHOTO BO3pacTa B 3amagHbix paiioHax Ce-
BepHOU u FOxHO# J[akOThI, a Takke B BOCTOYHBIX
palioHax MoHTansl W BailoMHHra MHOTOKPAaTHO
NPEBBIIIAIOT 00bEM YIS, JOOBITOTO JIO CHUX TMOp B
CIIA. KpynHble 3amachl KaMEHHBIX YIJIEM Melo-
BOTO BO3PacTa MMEIOTCS B MEKTOPHBIX OCaJJOYHBIX
Oacceiinax nmpoBuHINMN CKaJUCTBIX Top (B IITaTax
Mounrana, Baitomunr, Konmopamgo, HOrta). lanee x
0Ty YTOJIBHBIN OacceiH TpomoIpKaeTcs B TIpele-
nmax mraroB ApusoHa u Heio-Mexkcuko. HeGomb-
[IME YTOJbHBIE MECTOPOXKICHUS Pa3padaThIBAOTCS
B mrarax Bammarron m Kammdopuus. Ilournm 1,5
MJIH. T. YTJI €KeTrofHO Jo0bIBaeTcs Ha Auscke. 3a-
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nacoB kameHHoro yriss CHIA mpu coBpeMeHHBIX
TEeMIax ero MmoTpediIeHus MTOHKHO XBaTUTh Ha He-
CKOJIBKO cOTeH JieT. [loTeHInanbHbIM NCTOYHUKOM
SHEPIUHM SABISIETCA METaH, COJEPIKAIINNCSA B yIOib-
HBIX Iacrax; ero 3amackl B CIIIA oreHuBaroT-
cst 6onee yem B 11 tpar. m* (Dawn, Anderson and
Brehmer, 2007).

VYroneHele 3anexu KaHagsl cocpefoTOYEHBI B
OCHOBHOM B BOCTOYHBIX M 3allaJHBIX IMPOBUHIMUSAX,
rae gooObiBaercs oK. 64 MIH. T. OUTYyMHUHO3HBIX U
11 muH. T. OypBIX yIVIeH B TOA. 3aJIe’KH BBICOKOKA-
YECTBEHHBIX YIVIeW KaMEeHHOYTOJBHOTO BO3pacTa
nMmetorcs B Hosoii Llotnannuu n Heto-bpancyuxke,
0oItee MOJIOBIX YTIIEH HE CTOIh BRICOKOTO KayecTBa
— B Ipefenax MpPOJODKAIONIUXCS K CeBepy yriie-
HOCHBIX OacceitHoB Bennkux paBHUH 1 CKaTUCTHIX
rop B CackaueBaHe u Anp0epTe. BrIcOkoKaueCcTBEeH-
Hble HIPKHEMEIIOBBIE YIIIN 3aJIeraloT Ha 3amajie Ajlb-
oeptel u B bpuranckoit KomymOuu. OHM HHTEHCHB-
HO pa3padaThIBarOTCS B CBSI3U C PACTYIIUM CITPOCOM
Ha KOKCYIOILIHUICS yToib METaTypruieCKUMHU 3aBO-
JIaMH, PacoJIOKEeHHBIMUA Ha THX0OKeaHCKOM T00e-
pexne ctpansl (Olsson G., 1989 : 1027-1030).

Ho6braa yrst B Llentpansaoii u 3anagnoii Espo-
e B 1995 1. cocrarmsma 1/9 ot mupoBoii. Bricoko-
Ka4eCTBEHHBIN yTroJib, 100bIBaeMbIil Ha bputanckux
OCTpOBaX, UMEET B OCHOBHOM KaMEHHOYTOJbHBIN
BO3pacT. bospias yacTe MECTOPOXKIACHUH YISl Ha-
XONIUTCS B IOKHOM Y3JbCe, Ha 3amaje M CeBepe
Anruu u Ha tore [llotnanauu. B npenenax koHTH-
HEHTaJIBbHOW EBpOITBI yroms J0OBIBAIOT MPUMEPHO
B 20 cTpaHnax, IIaBHBIM 00pa3oM Ha YKpawHE U B
Poccun. U3 yrns, noosiBaemoro B I'epmanuu, oko-
7o 1/3 cocraBiseT BBICOKOKAYECTBEHHBIN KOKCYIO-
muiics yronb Pypckoro Oacceitna (Bectdanus); B
Tropuarum 1 CakCOHUU M B MEHBIIEM KOJUYECTBE
B baBapuu B OCHOBHOM MOOBIBAIOT OYpBIH YTOJb.
ITpomMsblluIeHHBIE 3an1achl KAMEHHOTO yIIsg B Bepx-
HECHJIC3CKOM yronbHOM Oacceline Ha tore [lompmm
3aHMMAIOT BTOPOE MECTO Iocie 3arnacoB Pypckoro
Oacceitna. B Uexun Taxke MMEIOTCS MPOMBIIIIICH-
HBIE 3aIachkl KAMEHHBIX U OyphIx yriiei (Pietropaolo
V., 1990: 339-340).

BaxHbIMH  yIieqo0bIBAIOIIMME  CTpaHAMH B
Azun sensitorcest Manus (278 miH. 1. B rox), Cesep-
nas Kopes (50 mnn. T.), Typrus (53,2 muH. 1.), Tan-
nasp (19,3 miH. T.).

B Poccuun Ha OCHOBE CKUTaHHSI YIVISI IPOU3BO-
JUTCSI B JIBa pa3a MEHBIIE YHEPTHH, YEM B PE3yilb-
TaTe CKUranusi HeQTu U raza. OQHAKO yroib Mpo-
JOJKACT UrpaTh BAXKHYIO POJb B sHepretuke. B
1995 cBbiiie 260 MJIH. T. YISt ObLJIO KCIIOJIB30BAHO
B KadyecTBe TorummBa i1 TOC M B cTajelIuTCHHOM
npombinuieHHOCTH. [lpuMepro 2/3 MCKOmaempIx

yrieit B Poccnu cocTaBnsior kameHHsbie, a 1/3 — Oy-
prle. BakHoe NpOMBINIIEHHOE 3HAaY€HHE HMEIOT
takxe YensOnnckuil u Kuzenosckuii OacceliHbl Ha
Vpane, Cyuanckuii Ha [lampHem BocToke u psin
MEJIKUX MeCTOpOoKcHul B 3abalikanbe. JJoHenkuii
YTONBHBIA 0acCeH ¢ BBICOKOKaYe€CTBEHHBIMU KOK-
CYIOIIUMHUCS YIISIMA W aHTPAIUTOM JIUIIb YacTHY-
HO 3aXOJHUT Ha Tepputopuio PocToBckoil obmactu
P®, a B ocHOBHOM pacmonio’keH Ha Ykpawmne. Cpe-
1 OypoyroibHBIX OacceiHOB BblnesitoTcs: JleH-
ckuii, Kancko-Aunnckuii, TyHrycckuii, Kysnenxuii,
Taitmeipckmii, [TommockoBHbIi (Khalid A.M., 1990:
469- 480).

Ha Ykpaune, xpome [Jonbacca, nmeercst JIbBoB-
CKO-BONBIHCKMIT KaMEHHOYTOJBHBIM OacceifH, B
Kazaxcrane — kpymnHoe DKuOacTy3CcKOe KaMEHHO-
yTrolbHOE MecCTOpokneHue u Typraiickuii Oypoy-
TONBHBIA OacceiiH, B Y30ekncTane — AHTPEHCKOE
MECTOPOXKIeHUE OYPBIX YIJICH.

Adpuka AOBOJIBHO O€AHA MECTOPOXKACHUSIMH
nckomnaembix yrineil. Tomsko B FOAP (B ocHOBHOM
Ha Iore M IOro-BOCTOKe TpaHcBaansl) KaMEHHBIH
yrojib HOObIBAE€TCS B 3HAYUTEIHLHOM KOJIMUYECTBE
(ok. 202 MJIH. T. B TO) U B HEOOJBIIIOM 00bEME — B
3umbaoee (4,9 mutH. T. B TOx) [16].

ABCTpanus — OANH U3 KPYIHEHUIINX B MUPE IIPO-
W3BOJUTENIEH YIS, SKCIIOPT KOTOPOIO B CTpaHbl Tu-
XOOKEaHCKOro OacceiiHa MOCTOsIHHO pacTeT. J{o0bI-
4a yrist 31ech npesbimaer 277 MiH. T B 1o (80%
outymuHosHoro, 20% Oyporo yrist). HanGonbimmit
00beM JIOOBIYM YISl MpUXOAUTCs Ha KBUHCIEHT
(yrmenocHsIi Oacceitr boyan), 3a HuM creaytoT Ho-
BbIH FOXKHBIN Yarbe (MECTOPOXKICHUE B TOJUHE P.
Xanrep, 3ananHoe u KOxHoe npudpexnoe), 3amaj-
Hast ABcTpasiusi (MECTOPOXKICHHUS B OKPECTHOCTSIX
banbepn) u Tacmanus (Mectopokaenue duHran).
Kpowme Toro, yronp nooeBaror B FOxHOW ABcTpa-
muu (JIn-Kprk) m Bukropun (yrimeHoCHBIH OacceliH
Jlarpo6-Bannm) (Momuanos A.E., 1997: 126-130).

Cpenu BenymMX MHPOBBIX JEpAKAB TOJIBKO
Slnonus He pacmosaraeT OOJIBIIMMH 3aracamu
yris. XOTs yrojlb — CaMblil PaclpOCTpPaHEHHBIN
BUJ SHEPIrOpPEeCcypcoB, Ha HAIICH IMJIaHETe UMEIOT-
cs1 OOLIMpHBIE TEPPUTOPUH, TA€ YTOJbHBIX MECTO-
POXKIAEHUI HET. YINIM pa3jInyaroTcs 10 TEII0TBOP-
HOW CHOCOOHOCTH: OHa camasi HHU3Kasi y Oyporo
yIyIs (JINTHUTA) ¥ camast BEICOKas yaHTparuTa (TBep-
JIoro OJIECTSIIIEro YepHoro yrist). MupoBast 1o0bI4a
yris coctasisieT 4,7 Mapa. T. B rol. OJTHAKO BO BceX
CTpaHax B TOCJEIHUE TOMIbI MPOSBIAETCS TEHCH-
S K CHUYKEHUIO €T0 JT00BIYH, TOCKOJIBKY OH yCTY-
[aeT MECTO JPYTHMM BUAAM 3HEPreTHYECKOIO ChIPhS
— medTH ¥ razy. B psne cTpaH g00bua yris cra-
HOBHTCSI HEpEHTAaO0ENbHOH B CBSI3M C OTpabOTKOH
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XKybanoBa A.A. u np.

HanOoJjee OOraThlX U CPaBHUTEIFHO HEMTYOOKO 3a-
JIETAOIMX I1aCTOB. MHOTHE CTaphle MAaXThl 3aKpPbI-
BaloTCcs Kak yobITouHbIe. [lepBoe MecTo 10 100bIue
yoia 3auuMaeT Kuraii, 3a Hum cnenyror CHIA, As-
cTpanus 1 Poccus. 3HauuTEIbHOE KOIUYECTBO YIS
nobwiBaercst B I'epmanuu, Ilonbine, FOAP, Muauu,
Ha YkpaunHe u B Ka3zaxcrane.

Camble KpynHbIE 3a11achl HCKOAEMOT0 YISl CO-
cpenoroueHsl B Kutae, rae Ha 3TOT BUJ 3HEpreTH-
YECKOro ChIphbsi npuxoautcst 76% mnoTpedisieMoro
toruuBa. O0ImHe pecypcsl yIist Ha Tepputopun Ku-
Tas MpeBbIaoT 986 MIpA. T, IPUMEPHO MOJIOBUHA
ux Haxomutcs B I»Hbcu u BuyTpenneit Mouro-
yun. bonpimme 3amacekl UIMEIOTCS Takke B MIPOBHH-
nusax Aubxoi, I'yitwkoy, llluascu u B Hunes-Xyait-
CKOM aBTOHOMHOM paiione. M3 obuiero konudyecTsa
1,3 mupa. 1. yris, noosrroro B Kurae B 1995, okoso
MOJIOBUHBI NMPUXOAUTCA Ha 60 ThIC. MEIKUX YTOJb-
HBIX KOIIEH M pa3pe30B MECTHOT'O 3HAYECHMSI, pyTas
MIOJIOBMHA — HA KPYIIHbIE TOCYJapCTBEHHBIE IaXThI,
Takue, KaKk MOIIHBINA pa3pe3 AHbTaii0ao B MPOBUH-
uyu IIsHbCH, TIe e3KeroaHo J00bBIBaeTCs 10 15 MiIH.
T. CBIPOTO (HEOOOTAIIEHHOTO) YIJIS.

Jloka3annsle 3anacsl ynist B Kutae, 1o coctosHHIO
Ha koHe1l 2009 r., cocrapmsitor] 14,5 miapa. T. [1o gaH-
HOMY TOKa3aTeJlfo CTpaHa 3aHUMaeT 3 MECTO B MHUpeE,
yerynas toiabko CIIIA u Poccnu m KOHLIEHTpHpYs
13,9% mupoBsix 3amacos (Taitr E.M., 1971: 120).

Kuraii sBnsgercs MHpPOBBIM JIMAEPOM IO JI0-
obrue yrisi. B 2009 1. o6beM yrienoObiuu B cTpaHe
coctaBun 3,05 mipa. T, 9TO 3KBUBaJeHTHO 45,6%
MUpoBO# 100buK. B nepuox 2000-2009 rr. cpenne-
rOJIOBOI IPUPOCT OOBIYM YIJISl B CTPaHE COCTABHUII
9,9%. Bcero 3a yka3aHHBIH nieprno]; 00beM T00b9n
yroia B Kurae yBennuunsics B 2,3 pasa.

Jlo6bIua yris BeneTcs Ha TeppuTOpun 27 peru-
OHOB, 3KCIUTyaTUPYeTCsl OKOJIO 16 ThIC. IAXT U pas-
pe3oB, u3 Hux 90% npuxoauTcs Ha 00BEKTHI MAIIOH
MOIIHOCTH. | JTaBHBIM yI71€JOOBIBAIOIIUM PETHOHOM
sprsieTcs: mpoBuHNMA 1llaHbCH, T pacmoiIoKeHbI
KpYITHEHIIINEe ToCyJapCTBEHHbIE YTrOJIbHBIE IAXTHI.
Ha npoBunuuu [lanscu u I»HbCH, a Takxke 3a-
MaJHYI0 4acTh aBTOHOMHOIO paiioHa BHyTpeHHsI
MoHromnus npuxoanuTcs cBbie 45% 1o0br4n yIiist B
Kurae. KpynHelmum yroinbHbIM MECTOPOKICHUEM
Kuras sBasiercst Lsubdy-/lyHIIeH, pacnonokeH-
HO€E Ha rpaHule BayTpeHHeil MoHromu u npoBUH-
i saecu (ITomos B.3., 1985: 94).

B umncino oCHOBHBIX yIen0OBIBAIOMINX PEro-
HOB CTpaHbl TAKKE BXOAT: BOCTOK HuHesA-XysicKo-
ro aBTOHOMHOI'O paiioHa, 3amajHble paloHBI MPO-
BUHIMN Xd5HaHb U [llaHbAyH, LIEHTpalibHAs YacTh
Xs06es1, npoBuHumu FOupHanp u ['yliwkoy. Yromib-
Hasl npoMblnuieHHOCTh Kurast (parmenTupoBaHa:

ISSN 1563-034X

Ha TPH KpYyMHEHIINE TOCYyJapCTBEHHbIE KOMITAaHUU
MPUXOAUTCS JHIL 15% HalMOHATBLHOW JOOBIYH
yrist. «Shenhua Coal», kpynHeiinas yroisHas KOM-
naHusi MHpa, J0ObIBaeT ToJbko 9% BCero yris B
Kurae. B oTpacnu geicTBYIOT THICSYH MEJIKMX KOM-
MaHUH, MPUHAAJIEKAIIUX TOPOACKUM U CEIbCKUM
aJMUHHCTPALMSAM, HA KOTOPBIE MPUXOIUTCS OKOJIO
40% noObrun yrns B crpane. IIpoBogurcs momm-
THKa, HAaIlpaBJICHHAs! Ha KOHCOJIMAALUIO OTPAcId U
3aKpBITHE MEIKUX HEdIP(EKTUBHBIX MpeIIpUsSTHI
(Tpy6eukoii K., 1994: 8-10).

Pecmryonuka Kopest siBisieTCst KpyImHEHTITIM UM-
MIOPTEPOM Kak aHTPauToB (56,2%), Tak U KOKCYIO-
mxces (58%) u suepretnyeckux (41,5%) yrneit uz
Kuras. [Ipomsimiennoctu Kuras apnsercs «China
National Coal Import and Export Corporationy.

Kwuraii paccmarpuBaeT npoeKTbl IO MOJBOIHOM
no0brve yTiis B 3asiMBe boxail y mobepexbs mpoBUH-
unu lanpayn (mpoekt «baiizao»). 3amacel MecTo-
poxkaeHust oueHuBaroTcst B 800 MIIH. T yIiIs.

ITo o6bemy moTpebnenus yris Kutait 3anumaet
1-e MecTo B Mupe — 0koi10 47% MUPOBOTO MOTpedIe-
nusi. Ha yrons npuxoautcst 1o 71% norpebisieMbIx
B CTpaHe NEepBUYHBIX IHEpPropecypcos. BHyTpen-
HUE TIOTPEOHOCTH B YIVI€ MPAKTUYECKH TTOJIHOCTHIO
o0ecreunBaroTcs 3a CY4eT COOCTBEHHOH HOObIUM.
OcHoBHBIME TIOTpeOuTeNsIMu yriis B Kurtae sBmsioT-
Csl IPEANPUSITUS SNEKTpodHepreTuku (55%), Kokco-
XUMHYECKON TIpoMbIiiieHHoCTH (17%), IeMeHTHOM
npoMeIieHHOCTH (7%), Hacenenue (4%). OgaumMu
13 HanOoJjee NPUOPUTETHBIX HAIIPABICHUH HCIIONb-
30BaHUs YDV SIBJISIETCSI IIPOU3BOJACTBO CHUHTETHYE-
ckoro xkuakoro torumBa (CXKT) (Kupnnua B.A.,
1990: 128).

B 2008 1. B0 BayTpenneit Mouronmuu ObUT TT0-
cTpoeH mepBelii B Kurtae 3aBoji 10 MPOU3BOJICTBY
CKT u3 yrnsg MOUIHOCTBIO 1,2 MITH. T TOILIMBA B TOI.
K 2015 . mmaHupyeTcs yBEIMYCHHE YCTAaHOBIICH-
HOUM MOIIHOCTH 3aBona 10 12 muH. T B roa. Onepa-
TopoM nipoekTa sipisiercs «Shenhua Group». K 2015 .
«Shenhua Groupy» manupyer npon3BomuTh 30 MIH. T
CXT, nepepabarbiBast 100 MITH. T YIJIsl €KETOAHO.

Oxenopm u umnopm yena. B 2009 r. Kurait sB-
JSUICA  KPYMHBIM  HETTO-uMIioprepoMm yrst. [lpu
skcriopre 22,4 MIH. T UMIOPT JOCTHUT PEKOPAHOTO
3HaueHust B 125,8 muiH. T. PocT MMIOPTHBIX MO-
CTaBOK OOYCIIOBIIMBAETCSI KOHKYPEHTOCIIOCOOHO-
CTBbIO UMIIOPTHBIX YINIEH B IOXKHBIX paiioHax Kuras
(OCHOBHOM TPOMBIIIJICHHOM LEHTPE CTPaHbl), IO
CPaBHEHUIO C YIUISIMH, TOOBIBAEMBIMH B CEBEPHBIX
permoHax (B T.4. BCJIEACTBUE HEIOCTAaTOYHOH pas-
BUTOCTH JKEJIE3HOAOPOKHON MH(PACTPYKTYPhI IS
TPAHCTIOPTUPOBKHU yIIIA) HA (POHE CHIKEHHS MUPO-
BBIX LI€H Ha yrojb BCJIEACTBHE MUPOBOTO 3KOHOMHU-
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yeckoro kpusuca. Poct umnopra yrms Kuraem u co-
KpalIeHrne SKCIopTa, TOMUMO POCTa BHYTPEHHETO
CIpoca, TaKXKe CBA3aHBI C [eJIEHAPaBICHHO MTPOBO-
JUMOI TOCyAapCTBEHHON SHEPreTHYECKON MOIUTH-
ko#. Tak ¢ 1 utonst 2007 r. oTMEHEHA UMITOPTHAS T10-
LIUIMHA Ha YToJlb, MapaJuIeIbHO C ATUM BBesieHa 5%
SKCIIOpTHAs nouuinHa. KpynHedmumMu 3KCopTHBI-
mu noptamu Kuras sisnstorcs Hunabxyangao, Tanr-
man u Kanrkoy. OCHOBHBIE TOPTHI, 00CTYKHBAFO-
M€ UMITOPT YTIIs, PACIIONIOKEHBI Ha I0T€ CTPaHbI B
nposuHIuH ['yannys (Jlumoswa B.I., 1988: 336).

OCHOBHBIM MOCTaBIIMKOM aHTpaluToB B Kurait
sBisiercs: Beetnam (70,1%), Kokcyromuxcst yrien —
Asctpamus (65,8%), sHEpreTHIEeCKUX yIiaeH — AB-
crpanus (40,7%) u Uunonesus (33,8%). [1o uroram
2009 1. Kutaem Obuto mMrioptupoBano 125,8 MitH.
T ymiei, B .4. 38,0 MIH. T SHepreTudeckux, 34,4
MJIH. T KOKCyromuxcst u 34,3 MIH. T aHTPaIUTOB.
Nmnopt yriiel xapakTepu3yeTcsl BBICOKOM KOHLIEH-
Tpamyeld OCHOBHBIX IOTOKOB: Ha 4 KpyMHEHIINX
MOCTAaBIIMKOB Tmpuxoautrcs 87,5% cymmapHOro
o0bemMa nocraBok. B wactHocth, B 2009 r. B Kurait
6610 TocTaBneHo 43,9 MITH. T yIi U3 ABCTpajuH,
30,3 muH. T — u3 Uugone3un, 24,1 miH. T — u3 Beet-
Hama u 11,8 maH. T — u3 Poccun. B uncno skcnop-
TepoB yriia B Kutaii ¢ 00beMOM MOCTAaBOK CBBIIIES
1 muH. T B roa Bxomwim Mounromaus (6,0 MIH. T),
Kanana (4,1 muH. 1) u Pecrry6nuka Kopest (3,6 miH.
T). O0beM 3kcniopra yrmieit Kuraem B 2009 1. cHu-
3uics A0 22,4 MIH. T, B T.4. 9KCIIOPT dHEpreTHYe-
CKUX yried coctaBui 18,5 MJH. T, aHTpaUTOB —
3,2 MiH. T, Kokcyromuxces ymiei — 0,6 muH. T. [lo-
CTaBKM B 3 cocegHHME CTpaHbl 00ecHeyrBaloT
94,7% BamoBoro o0beMa dKcTopTa. B wacTHOCTH, B
2009 r. Kuraem ObUTO 3KCHOPTUPOBAHO 9,9 MIH. T
yrist B Pecniyonmuky Kopest, 6,4 MiH. T — B SlnoHuto
u 4,9 miH. T — Ha TatiBanb. Pecrryommka Kopes siB-
JIeTCsl KpYMHEeHIINM UMIIOPTEPOM KaK aHTPaIUTOB
(56,2%), Tak u kokcyrommxcs (58%) u dSHEpreTHYe-
ckux (41,5%) yrmett u3 Kuras (Kuntasal Q., 1995:
155-171).

VYronbHask TPOMBIILIEHHOCTh TIO BO3ACHCTBHUIO
Ha OKPYXXAloIIyI0 Cpeay SIBISETCS OJHOM W3 Hau-
OoJiee CIOKHBIX OTpaciieil TOpHOA0OBIBaOLIEH PO-
MBIIUICHHOCTH. HeraTnBHbIME BO3IEHCTBUS TIpe-
HPUSATUIH 3TON OTPACIIH SIBIISIFOTCSI:

—3arpsA3HEHNE CTOUHBIX BOJ TPOM3BOJICTBEHHBIMU
1 X030BITOBBIMH CTOKaMH, HapyIlIeHHUE THIIPOJIOTHYe-
CKOTO PEXKHFMa MOBEPXHOCTHBIX U TTOJ3EMHBIX BOJI;

— U3BATHE U3 36MJIECTIONB30BaHMsI U HapyIllleHUe
3eMeJb, 3arpsI3HEHNE UX OTXO/IaMH JIOOBIUH U TIepe-
paboOTKH yIIIs;

— 3arps3HEHUE BO3AYIIHOTO OacceiiHa BBIOPO-
CaMH TOPHO-TPAHCIIOPTHOTO 00OpYyHOBaHUS, TPO-

MBIIUICHHBIX U KOMMYHAJIbHBIX KOTCJIbHBIX, ACIH-
PAIIMOHHBIX CHUCTEM, TOPSIIMX MOPOTHBIX OTBAJIOB
(Egglesfon B., 1994: 3-4).

HemanoBakHOe 3Haue€HUE UMEIOT T€ 00CTOs-
TEJIBbCTBA, YTO C TEUCHUEM BPEMEHU YBEIHMUHUBACTCS
TUTIOIIA/Ih HAPYIIEHHBIX 3€MeTbh U OJHOBPEMEHHO C
3TUM HPOUCXOJUT YMCHBILICHUE IUIOIIATN 3EMEJIb,
BOCCTaHABIIMBAaEMbIX M TepelaBaeMbIX Ha OajaHc
MECTHBIX OPraHoB BiacTh. K ToMy ke TUKBUIAIHS
yOBITOUHBIX U HEpPEHTAOCNBHBIX MPEIINPUATHI 3a-
4acTyr0 POBOJUTCS 0€3 peKyIbTUBAIIMYN HAPYIICH-
HBIX 36MeJIb, YTO TAKXKE OTPHIIATEIEHO CKA3bIBACTCA
Ha YKOJIOTHYECKOM 00CTAaHOBKE B YIJIEI00BIBAIOIIUX
peruoHax.

OfHMM M3 TJIaBHBIX HANPABICHHHA CHUKCHHS
OTPHIIATEILHOTO BO3JICHCTBUS HAa MPUPOIHYIO Cpe-
Iy OTXOAOB IPOW3BOJICTBA SIBISIETCS WX HCIIONB30-
BaHne. OTXOABI JOOBIYN U OOOTAIICHHSI YIS MOTYT
WCIIOJIb30BaThCSl B KaYE€CTBE TOIUIMBA, JOOABOK K
CBIPBIO UISI TIPOM3BOJICTB CTPOUTEIBHBIX MaTepH-
aJI0B, I'PYHTOBOI'O MarepHajia MpH CTPOHUTEIbCTBE
JIOPOT ¥ IpyTHe 1IN,

3akpeITHE HEPEHTAOCIBHBIX IIAXT U Pa3pe30B CO-
MIPOBOXKIACTCSl MU3MEHEHHEM XapakKTepa MPOsBICHHS
HETaTUBHBIX IPOIECCOB, JICHCTBOBABIIUX IPH JKC-
TUTyaTallly [axT, ¥ aKTUBU3AIMHA HEKOTOPBIX U3 HUX.

K takuMm mporieccam OTHOCSATCS:

— KapJIMHaJbHOE M3MEHEHUE THJIPOJMHAMUYC-
CKOW OOCTaHOBKHM B 30HE BIUSHUS 3aKPbIBAEMBIX
1aXT;

— CBOOOJTHBIC M3JIMBHI IAXTHBIX BOJ HAa TIOBEPX-
HOCTB, COpPOC KOTOPBIX B BOAHBIE OOBEKTHI TIPHUBO-
JIUT K MU3MEHEHUIO MX THJPOJOrHMYECKOr0 PeKrMa,
3arpsi3HCHUIO MUHEPATbHBIMU COJISIMU, TSKEIIBIMH
MeTaJIaMH U JPYyTUMH BPEAHBIMH BEIIECTBAM;

— BBITECHECHUE METaHa U JPYTUX BPEIHBIX ra30B
13 BBIPaOOTaHHOTO IPOCTPAHCTBA U YTOIBHOTO Mac-
CHBa TIPW 3aTOIUIEHWH IIIaXT, COMPOBOXKIAIOIIEECS
3ara3upoBaHUEM MOHMKCHHBIX YYaCTKOB MECTHO-
CTH, TIO/IBAJIbHBIX TIOMEIIEHUH MPOU3BOJICTBEHHBIX
Y JKUJIBIX 3[IaHUH U COOPYKEHU.

Ha noBepXxHOCTH 3eMJIM OCTArOTCSI BBIBE/ICHHBIC
W3 SKCIUTyaTalliy HaKOMTUTENH TBEPIBIX M JKUIKUX
OTXOJIOB ITPOM3BOJICTBA, K KOTOPBIM OTHOCSTCS: TEp-
PUKOHBI; TUIOCKUE TIOPOJIHBIC OTBAJIbI; IIAMOHAKO-
MUTEIN; THAPOOTBAIIBL, OTCTOWHUKU U TEXHOT€HHBIC
BOJIOEMbI, 3aHMMAIOIIUE OOIIUPHBIC TEPPUTOPHUH H
SIBJISIFOLIIECS] MHTCHCUBHBIMHI UCTOYHUKAMU 3arpsi3-
HEHUS TOA3EMHBIX U MOBEPXHOCTHBIX BOJ, aTMOC-
(depHOro BO3/yXa; HAPYIICHHBIC, 3arPS3HCHHBIC U
JIerpaJIiPOBaHHBIC 3€MJIA, KOTOPhIE HE MOTYT OBITh
WCTIOJIH30BAHbI M TIO/JIEKAT BOCCTAHOBIEHUIO. Xa-
paKTep 3TUX HEraTUBHBIX MPOLIECCOB CKIIAIBIBACTCSI
O] BIUSHUEM TMPUPOIHO-IKOJIOTHUECKHUX, TOPHO-
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TeOJIOTMYECKUX, TOPHOTEXHUYCCKUX (PAKTOPOB U B
Ka)KJIOM U3 YTOJbHBIX PETMOHOB UMEET CBOM CIIEL-
nupuuecKrue 0COOCHHOCTH.

IIpoextaMu NHMKBUJALMU IIAXT U Pa3pe30B
MIPETYCMOTPEH LENbId KOMIIJIEKC TEXHUYECKUX Me-
pOTIpUATUIN, HANIPABICHHBIX HA YCTpPAHCHHE HETa-
THUBHBIX 3KOJIOTMUECKUX IMOCIEICTBUNA ITUX MEPO-
npustuit (Beckmarm F.H., 1987: 1-20).

JIJ1st CHUKEHUsT HeraTUBHOTO BO3JICUCTBUS JeH-
CTBYIOIIMX NPEANPUITHI OTpaciu Ha OKpyXkKaro-
IIyI0 cpemy TakXke pa3paboTaH KOMIUIEKC CIIEIH-
AJTBHBIX MEPOIPUSITHH, B YUCIIO KOTOPHIX BXOAUT U
CHIDKEHHE cOpoca 3arps3HEHHBIX CTOYHBIX BOJ 32
CYCT MOBBINICHUS KA4ECTBA UX OYUCTKH.

Peanu3anus pa3paboTaHHOIO KOMILJIEKCA MEPO-
MIPUATHN JTOJKHA CIIOCOOCTBOBATh CHIKEHHUIO KO-
JIOTUYECKOW HATPY3KU YIIIET0OBIBAIONINX TPEIIIPH-
SITUN HA OKPYKAIOULYIO CPENY.

Enie ogHUM acnekToM HETaTUBHOIO JIEUCTBUS
MMOBEPXHOCTHOW MOOBIYM yTIIA SIBIISIIOTCS HeOaro-
MPUSATHBIC TMOCIEICTBUS ITOTO I OKPYXKarolei
cpenpl, TaKue KakK IMOJIHOE MCYE3HOBEHUE MHOTUX
BHJIOB CYIICCTBYIOIINX BUIOB PACTCHHH, BRITECHE-
HUE WX YHUUYTOXCHHE BUIOB MHOTUX TUKHUX KU-
BOTHBIX, BCIIEJICTBHE YXY/IICHHUS CPEIbl HX O0UTa-
HUsI, Ka9eCTBa BO3IyXa U T.II.

Kpaiine HeOnaromnpusTHBIM IMTOCIEACTBHEM JIO-
OBIYH JUTSI OKPYIKAFOIIEH CPEebl SBISIETCS TaKXkKe TO,
YTO TPU OTKPBITOH JTOOBIUE YIS MIAXTAMU OCTArOT-
Csl YYaCTKU 3€MIIH, KOTOPbIC OOJIbIIIE HEBO3MOXHO
WCTIOJIh30BaTh, & X peabniIuTanns MOXET TOIBKO
CMSITUUTh HEKOTOphIC U3 3TUX mpodiem. K npume-
Py, OOJIBIIIOE KOTUYECTBO KUCIIOTHI, HAXOIAIICHCS B
XBOCTOXPAHUJIMIIAX, MOXKET IIPOTEKaTh B BOJOTOKU
U BOJOHOCHBIC TOPU3OHTHI, CO3/IaBas JKOJIOTHYE-
CKHE MOCIEACTBUS, BIUIIOUIME HA 30POBBS YEIO-
Beka. Kpome Toro, Bo BceM MHpe INOBEPXHOCTHAsI
JIo0ObIYa YISl TIOJTHOCThI YHUYTOXKAET CYIIECTBYO-
[IME BUABl PACTUTEIBLHOCTH, Pa3pyllIaeT FeHETHYE-
CKHI MPOQUITH MTOYBBHI, BEITCCHSICT WIIM YHIHUTOKACT
JIMKUX JKUBOTHBIX M CPEJIbl UX OOUTAHHMS, YXY/IIIACT
Ka4eCTBO BO3/AyXd, M3MEHSET TEKYIIUA MPOLECcC
3eMJICTIONIB30BAHMSI, 4 TAaKKe B HEKOTOPOH cTere-
HU, TIOCTOSIHHO M3MEHSET OOLINI MPOpUIIb 3eMHOU

HOBerHOCTI/I. Hpoueccm JABWKXCHUS, XpaHeHI/ISI n
nepepacnpenesieHuss 3eMIM MOTYT Pa3pylIUuTh CO-
00IIeCTBO MHUKPOOPTaHU3MOB W THTATEIHHBIX Be-
mectB. Kak npaBuiio, HapylleHHE TIOYB U CBSI3aH-
HbIE C pa0OTOM MIAXT BUJIBI BO3ICHCTBUI B TAHHBIX
YCIIOBHUSIX CTHOCOOCTBYIOT 3pO3WH. YIalleHHE II0-
YBCHHOTI'O HOKpOBa N3 TAKOI'O paﬁOHa NU3MCHSCT UJIN
YHUUTOXKAET MHOXECTBO MPHUPOIHBIX MOYBECHHBIX
CBOMCTB, a Tak)Ke€ MOXKET CHHU3HUTH €T0 IMPOM3BOMIN-
TEIBHOCTH B CEIILCKOM XO3SMCTBE.

VYnaneHue pacTUTENBHOTO IMOKPOBa, MpPOBEIeC-
HHE MEPOIPHUATHH, CBI3aHHBIX CO CTPOUTEIHCTBOM
JIOPOT, TIEPEBO3KOH, XPAHCHUEM BEPXHETO CJIOS TI0-
YBBI MIPUBOMAAT K YBEIUYCHHUIO OOJBIIOTO KOIHYE-
CTBa TBIIM BOKPYT TOPHBIX padoT. I1euth yxymmaeT
KaueCTBO BO3J[yXa B HEMOCPEACTBEHHOU OJIM30CTH,
MOKET OKa3aTh HEOJIarONpHUsATHOE BO3JEHCTBHE Ha
pPaCTUTENbHBIA U KUBOTHBIH MUDP, U MOXKET MHpeJi-
CTaBJIATh YIPO3Yy 370POBBIO U OC30MACHOCTH ISt
PaOOTHHKOB | KUTENEeH OIM3NeKanux paioHOB.

TakuM 00Opa3oM, AESITEILHOCTH MO JOOBIUE H
TPAHCIIOPTUPOBKE YIS TOJDKHA MOJHOCTHIO OCHO-
BBIBaThCS HA PallMOHATILHOM BO3JIEHCTBUY HA OKPY-
JKAIOIITY IO CPEeNy, TOCKOIBKY TO0OBIUA YIS HApyIIIaeT
HpaKTI/I'-ICCKI/I BCC DJICMCHTBI HaHILHIa(I)Ta Ha 3GMHOI>'I
ITOBEPXHOCTH U, KPOME TOTO, PU U3BJICUCHUH YIS
MOSBJISIFOTCS. HOBBIE CTPYKTYpPBI, TAKHE KaK IOPOI-
HBIC OTBajbl. PacTUTENbHBIN MOKPOB yHaisieTcs U
Teperpykaercsi MO0 TIepeMeNIaeTcss B CTOPOHY.
HBIJIB, Bn6pau1/m, BBIXJIOITHBIC T'a3bl U OU3CJIbBHBIC
3araxy HapylIalT YyBCTBUTEIbHBIC CIIOCOOHOCTH
yeroBeueckoro opranmsma. llpu paspabotke Tex-
HOJIOTUU ZIO6LIT-II/I Y1t HeO6XOZII/IMO y‘II/ITLIBaTL,
YTO JUISL YAYYILICHUS IKOJIOTHYECKOH CUTyalluu B
pETHOHE M CHIDKEHHUS BPEIHBIX ITOCISACTBHH TOp-
HO-IIaXTHBIX pa60T JJIsT 4€JIOBEKA MHOI'M€ BUIbI
BO3JICHCTBUS HA OKPYKAIOIIYIO CPEely U YesOBEKa
JIOJKHBI OBITh MHHUMH3HUPOBAHEI.

Kazaxcran oOnagaeT 3HAUMTENILHBIMHM 3araca-
MU YINIS, Pa3BUTOW YIVIEAOOBIBAIOIICH TPOMBIIII-
JICHHOCTBIO, YTO TPpeOyeT pa3BUTHS HCCICIOBAHUIN
B 00JIACTH H3YYCHHUS DKOJIOTHUSCKUX IOCICICTBUN
MIPOMBIIIICHHON JTIOOBIYM YIJISL M MyTEH WX HUBEIH-
pOBaHUSI.
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Paznen 1
BO3JIENCTBUE HA OKPYKAIOIIYIO CPEIY
AHTPOIIOTEHHBIX ®PAKTOPOB
U 3AIIUTA OKPYKAIOUIEN CPEJIbI

Section 1
ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY
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THE ANTIMUTAGENIC POTENTIAL OF BIOLOGICALLY ACTIVE
COMPOUNDS OF INULA BRITANNICA L. FAMILY COMPOSITAE

Gytogenetic and mutagen-modified effects of biologically active compounds (BAC) of Inula britan-
nica L. extracts from both shoots and roots parts were investigated testing on count chromosome abnor-
malities of cells of barley root meristem. It was established that plant extracts in concentrations 50.0 and
100.0 mg/l decrease the level of spontaneous mutagenesis in root meristem of barley.

The combined exposure of seeds to methyl methanesulfonate (MMS) and extracts independently
on treatment sequence result in statistically significant reduce of MMS-induced mutagenesis. The data
obtained testify to the presence of antimutagenic effect in studied extracts. There was revealed no differ-
ences in gene protective effect of whether aboveground or underground parts of I.britannica despite on
greater content of BAC in underground part.

Key words: Inula britannica, biologically active compound, extract, mutagen, antimutagen, chro-
mosomal aberration.
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AHTMMYyTareHHbii MOTeHLMAA OMOAOTMYECKU aKTUBHBIX BELLLeCTB U3 PaCTeHUI
Inula britannica l. cemerictBa Compositae

M3yyeHa umMToreHeTMYeckas M MyTareH-MOAMMUUMPYIOLLAS aKTMBHOCTb KOMIMAEKCa BMOAOrMYeCcKm
akTuBHbIX Bellects (BAB) B akCTpakTax HaA3EMHOM M MOA3EMHOM YacTen pactennin Inula britannica c
MCMOAb30BaHMEM TECTa MO YYETY XPOMOCOMHbIX abeppaumii B KAETKaX KOPHEBON MEPUCTEMbI CEMSIH
guUMeHs1. YCTaHOBAEHO, UTO PAaCTUTEAbHbIE SKCTPaKThl B KOHUeHTpauumsx 50,0 1 100,0 Mr/A He nposiBuAM
MyTareHHOM aKTMBHOCTM, @, HAOOOPOT, HECKOAbKO CHM3MAM YPOBEHb CMIOHTAHHOIO MyTareHesa B Kop-
HEBOM MepucTeme gumeHs. B pesyabrate KOMOMHMPOBAHHOIO BO3AENCTBMS METMAMETAHCYAb(OHaTa
(MMC) 1 pacTUTEAbHbIX 3KCTPAKTOB BHE 3aBMCMMOCTM OT MOCAEAOBATEAbHOCTM 06PabOTKM MPOMCXO-
AMAO CTATUCTUYECKM 3HAUMMOE CHUXKEHME YPOBHS MHAYUMpoBaHHOro MMC myTareHesa (ykasaTb npo-
ueHTbl). [ToAyueHHble pe3yAbTaTbl AEMOHCTPUPYIOT HaAMUYME aHTMMYTareHHbIX CBOMCTB Yy M3y4vaembixX
3KCTPaKTOB. HaMmn He 0OHAPY>KEHO CTAaTUCTMUYECKM 3HAUYMMbIX Pa3AMUMIA B FEHOMPOTEKTOPHOM aKTUB-
HOCTM 3KCTPAKTOB U3 MOA3EMHOM M HAA3EMHOM YacTeil ABSICMAA OPUTAHCKOro, HECMOTPS Ha GOAbLLee
coAep>kaHne bAB B noA3eMHOM YacTu pacTeHUIA.

KAtoueBble cAoBa: AEBSCUMA BPUTAHCKMIA, OBMOAOTMYECKM aKTMBHbIE BELECTBA, SKCTPAKT, MyTareH,
aHTMMyTareH, XpOMOCOMHble abeppaumn.
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Inula britannica L. tybic Compositae ecimAiriHiH, 6MOAOrUSIABIK,
OeACeHA 3aTTapbIHbIH, aHTUMYTareHAIK NoTeHLaAbl

Inula britannica eciMairiHiH »ep acTbl KeHe Xep yCTi 6eAIMAEPIHEH aAbIHFaH OMOAOTMSABIK, GEeA-
ceHAl 3aTTapabiH (BB3) uMTOreHeTUKaAbIK, XKeHe MyTareH-MoAMMUUMPARYLLI GEACEHAIAIT apna ypbIK,
TaMbIPLIAAAPbIHBIH MEPUCTEMAAbIK, alMarFbiHAAFbl XPOMOCOMAAbIK, abeppaumnsAapAbl aHbIKTay TecTi
KOMeriMeH 3epTTeAal. OciMAiK cbiFbiHAbIAAPbI 50,0 >kaHe 100,0 Mr/A KOHUEHTpaLUMSAA MyTareHAIK
GEACEHAIAIK KepceTrneai, KepiciHue apra ypblK, TamblpllaAapbiHbIH MEPUCTEMAAbIK, aliMarblHAAFbI
CMOHTAHAbBI MyTareHe3AiH AeHremiH TOMeHAETKEHI aHbIKTaAAbl. MeTuameTaHcyAabpoHat (MMC) neH
OCIMAIK CbIFbIHAbIA@PbIHbIH, apaAac acep eTyi HaTvxeciHae MMC MHAYUMPAEHreH MyTareHe3 AeHreni
TOMEHAEAI. AAbIHFaH HOTUMXKEAED 3ePTTEAIN OTbIPFaH CbIFbIHAbIAAPABIH, aHTUMYyTareHAIK KacueTTtepre
ne eKeHairiH kepceteai. XXep actbl 6eAiMiHAe B3 MeALLEep skoFapbl 60AFaHbIHA KapamacTaH, XKep acTbl
JKOHE >Kep YCTi 66AIMAEPIHEH aAbIHFaH CbIFbIHABIAAPAbBIH, FEHOMPOTEKTOPAbIK, BEACEHAIAITIHIH CcTaTUC-
TUKAAbIK, MaHbI3AbI alblPMALLbIAbIKTAPbl aHbIKTAAMAAbI.

Tynin cesaep: OGpUTAHABIK aHAbI3, OMOAOIMSAbIK, GEACEHAI 3aTTap, 3KCTPAKT, MyTareH, aHTW-

MyTareH, XpOMOCOMABIK, abeppaumsAap.

Introduction

The modern period of biosphere development
is characterized by global pollution of environment
caused by intensive economical activity. Thus
the mutagenic factors of various kinds persist in
humane environment a lot of which has ability
to increase the optimal level of mutation that is
established throughout evolutional process for every
species including human beings. The radical method
to cease chemical mutagenesis is to eliminate
compounds with enhanced mutagenic potential out
of'environment. However it is not possible for several
reasons and there still is human activity related to
direct contact with chemical and physical mutagens.
Therefore the search for pharmaceutical substances
for protection of hereditary structures from various
genotoxicants and prophylaxis of mutagenesis is of
great interest (Vasilyeva, 2009: 659-662; Zasukhina,
2008: 464-473; Goncharova, 2005: 19-32).

Intensive researches on mutagenesis may lead
to the creation of new methods of prophylaxis of
hereditary diseases and congenital malformations.
Recently the biologically active compounds (BAC)
were atthe focus of antimutagenic investigations. The
majority of BAC have low toxicity and allergenicity
(Durnev, 2008: 307-312; Uzun, 2007: 1903-1908;
Carino-Cortés, 2007: 691-697; Sarac, 2014: 60—
64; Kumar, 2014: 815-826; Agabeili, 2012: 267-
273). All BAC are related to products of secondary
metabolism whereas proteins, carbohydrates and fats
are considered to be primary metabolic products. But
BAC exactly determine the probability of organism
survival in extreme conditions. Phytocompounds
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are intensively studied as factors playing the key
role in prophylaxis of main chronic diseases. They
influence metabolic processes and participate in
detoxication of xenobiotics account for cancer and
mutagenesis. BAC are able to bind free radicals
and reactive metabolites of foreign compounds,
inhibit xenobiotic-activating enzymes and activate
enzymes of detoxication (Petrov, 2008: 224).

Plants are the source of various biologically ac-
tive compounds among them are vitamins, polyphe-
nols, glycopeptides, aminoacids, sulfides, saponins,
polysaccharides, terpenoids, isoflavones, indoles
etc. the majority of BAC have antimutagenic, an-
tioxidant, anticancerogenic and immunomodulat-
ing activity (Al-Jaber, 2011: 293-307; Rice-Evans,
2001: 797-807; Havsteen, 2002: 67-202; Lin, 2008:
634-646; Middleton, 2000: 673-751; Lotito, 2000:
151-157; Hernes, 2001: 3109-3122; Milner, 2001;
1027-1031; Sprygin, 2006: 81-90; Miller, 2000:
312S-319S; Ajith, 2008: 24-28; Manjula, 2006:
113-116; Farghalaly, 2009: 1-7; Sram, 2012: 39-49;
Santos-Cervantes, 2007: 71-77).

Among the plants of Kazakhstan more than 100
herb species are considered to be medicinal. Gen-
der Inula family Compositae is the focus of interest
comprising high contents of polysaccharides, ami-
noacids, vitamins, tannins, saponin and flavonoids
known to possess antioxidant effect (Mamurova,
2009: 105-107). Since it is well known that a lot of
antioxidants have antimutagenic activity the aim of
current study was to research antimutagenic effect
of Inula britannica L. (fam. Compositae) extracts
from both shoot and root parts that are source of
biologically active compounds.
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Materials and methods

The seeds of spring barley (Hordeum vulgare L.)
Baisheshek variety attributed to Almaty region was
used as the test object for the current research. The
barley initially has low frequency of spontaneous
mutation and at the same time is highly susceptible
to chemical exposure, thus it is of great interest as
test object of the indication of xenobiotics impact
(Geras’kin, 2008: 55-56).

To assess antimutagenic activity of BAC in
extracts of aboveground or underground parts of
Inula britannica L., cem. Compositae the aque-
ous solutions were used in concentrations 50.0
and 100.0 mg/l. The positive control was aque-
ous solution of methyl methanesulfonate in con-
centration 5.0 mg/l, the distilled water was used
as negative control. Seeds were treated (soaked)
in appropriate solution for 4 hours, then washed,
slightly dried and germinated in Petri dishes on
filter paper wetted with dH,O at t = 25 + 1°C in
incubator.

Mutagenic and antimutagenic effects of plant
extracts studied were determined using test on
chromosomal aberrations count (metaphase meth-
od). To prepare temporary crushed cytological
preparations and to carry out cytogenetic analysis
the traditional methods were used (Pukhal’skiy,
2004: 33). For cytogenetic analysis 3 hours prior
to first fixation sprouting seed were transferred in
0.01% colchicine solution to accumulate meta-
phase plates. Main roots were fixed in the mixture
of ethyl alcohol and ice acetic acid (3:1). Roots
were subjected to cool hydrolysis with diluted HCI
(1:1) and stained with 0.54% aqueous solution
of acid fuchsin sulfite. In all variants 4 fixations
were carried out with 3 hour interval. Stained roots
were washed out in three portions of freshly pre-
pared sulphureous water after that the enzymatic
maceration was conducted with cytase for 40-60
min for the degradation of extracellular matrix and
cell wall. Cytological preparations were placed in
freezing camera at -74+1°C for 24 h. Than the fro-
zen preparation was released form covering slide
and processes in the raw of alcohols of ascending
strength for dehydration and obtaining constant
preparations.

The analysis of chromosomal aberrations in
the cell of root embryonic meristem was conducted
using digital microscope Olympus BX 43F
(Olympus, Japan). In analysis there were included
not only the total number of aberrations but all
types of chromosomal aberrations. In each test
variant 400 to 500 metaphases were calculated.

Statistic data processing was carried out with
standard methods using Student’s test. In all cases
the mean and standard deviation were calculated
(Lakin, 1990: 352).

Results and discussion

Recently it was established that extracts
of both shoot and root parts of 1. britannica
containing biologically active compounds do not
possess mutagenic effect when testing on barley
seeds as test-object. Mutation level in barley
seeds treated with plant extracts does not exceed
control indices (Kolumbayeva, 2016: 134-
145). It is well known, that many antioxidants
including some BAC possess antimutagenic
activity. Therefore we had conducted the
experimental research of antimutagenic activity
of extracts of [lnula britannica (table). The
frequency of aberrant cells in negative control
group was 1.67% (spontaneous mutation level).
The comparative analysis of the frequency of
aberrant cells and chromosome aberrations per
100 metaphases in barley seeds treated with
whether dH,O or BAC extracts has not revealed
any  statistically  significant differencies.
Moreover studied concentrations of BAC had
even slightly decreased the level of spontaneous
mutagenesis. That is under the treatment with
extracts of overground parts of elecampane
in concentrations 50.0 and 100.0 mg/l the
frequency of aberrant cells was 1.35% and
1.32% correspondingly that is in 1.24 beneath
the control level, however this difference is not
significant statistically. Similarly were the results
of treatment with extracts of underground parts
of elecampane. The obtained results thus are the
additional evidence of the absence of mutagenic
activity of studied extracts of elecampane. For
the positive control the methyl methanesulfonate
(MMS), widely used in experiments alkylating
agent of direct action was chosen as representing
well documented mutagenic activity in sort-time
standard tests both in vivo and in vitro (Khudolei,
1999: 374-375; Natarajan, 2005: 312-317).
Methyl methanesulfonate high frequently
induced structural mutations in root meristem of
barley. The level of aberrant cells was 6.56%,
that is statistically exceeds the control level in
3.9 times (p<0.01). The number of chromosomal
rearrangements per 100 metaphases was 7.43
that in 4.45 higher than in control (p<0.001) and
is determined by the presence of more than one
(2-3) chromosomal aberration in a single cell.
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Table — The frequency and spectrum of chromosomal aberrations induced in barley seeds treated with Inula britannica extracts and

methyl methanesulfonate

1 1ls stud- 1. frequency of Number of chromosomal aberrations per 100 metaphase cell
Variants o Cols st aberrant cells
ied, total (M £ m%) 1. aberrations, total | 2. chromosomal type | 3. chromatid type
Water (negative control) 540 1.67 +0.55 1.67 £0.55 0.74 +£0.37 0.93 +0.41
&gggfﬁf& 579 6.56+ 1.03%%* | 7.43+1.00% 3114 0.72%* 432 +0.84%%
L britannica, extract of underground part
BAC, 50.0 mg/l 520 1.35+0.51 1.35+0.51 0.77 £0.38 0.58 £0.33
BAC + MMS 570 2.81 £0.69°° 2.98 £0.71°° 1.23 £0.46° 1.75+0.55°
MMS + BAC 535 3.36£0.78° 3.55+0.80° 2.06 £0.61 1.50 £ 0.53°°
BAC, 100.0 mg/1 530 1.32+0.50 1.32+£0.50 0.75+0.37 0.57+0.33
BAC + MMS 510 2.35+0.67 2.75+0.72°° 1.57+£0.55 1.18 £0.48°
MMS + BAC 525 2.86+0.73°° 3.05+0.75°° 1.71 £0.57 1.33 £ 0.50°°
L britannica, extract of aboveground part
BAC, 50.0 mg/1 550 1.45+£0.51 1.45+0.51 0.91 £0.40 0.55+0.32
BAC + MMS 580 3.45+£0.76° 3.62+0.78°° 1.72+£0.54 1.90 £0.57°
MMS + BAC 580 3.62+0.78° 3.62+0.78°° 1.90 +0.57 1.72 +£0.54°
BAC, 100.0 mg/1 560 1.43 £0.50 1.43 +£0.50 0.89 +0.40 0.54+0.31
BAC + MMS 520 2.69+0.71°° 3.08+0.76°° 1.54+0.54 1.54 £0.54°
MMS + BAC 540 3.15+0.75° 3.33+£0.77°° 1.85+0.58 1.48 £0.52°
Note - * - p<0.05; ** - p<0.01; *** - p<0.001 as compared to the control group;
® - p<0.05;°° - p<0.01 as compared to methyl methanesulfonate

The spectrum of chromosomal aberrations in-
duced by MMS was wide and represented in all vari-
ants by rearrangements of both chromosomal and
chromatid types. As well the high frequency was re-
corded for the anaphases with chromosomes separa-
tion and movement to the cell poles. It is known that
fragmentation and pulverization of chromosomes
occur under the mutagen exposure. The fragments
may be single, pared or multiple. Those that lack
centromeres do not participate in metakinesis and
consequently do not move toward the mitotic poles
in anaphase. The massive chromosomes fragmen-
tation (pulverization) is characterized by chromo-
somes chaotic spreading in cytoplasm and ceases its
participation in metakinesis. As the result the part of
chromosome fragments may be included in daugh-
ter nucleus or resorbed or form separate micronucle-
us. The separate fragment may also reunite by their
ends, such a reunions are stochastic and lead to the
chromosomal aberrations (Kovalova, 2013: 33-41).
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The concurrent exposure of barley seeds to MMS
and plant extracts leads to alteration of genotoxic ef-
fect of MMS, the extent of those depends on the con-
sistency of seeds treatment (table). That is, prelimi-
nary treatment of seeds with BAC of underground
plant part in concentration 50.0 mg/1 statistically re-
duces the frequency of MMS induced chromosomal
aberrations (in 2.3 times; p<0.01). At the same time
the number of structural mutations per 100 meta-
phases decreased by 2.5 times (p<0.01). The reverse
combination of seeds treatment (MMS+BAC) also
leads to statistically significant decrease of the level
of induced mutagenesis. The general frequency of
aberrant cells decreased by 1.95 times (p<0.05), and
the number of chromosomal aberrations per 100
metaphases reduced in 2.1 times (p<0.05). The de-
crease of this indices at BAC+MMS variant takes
place due to rearrangements of both chromosomal
(p<0.05) and chromatid (p<0.05) types. The reverse
combination of seeds treatment was characterized
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by the significant decrease of structural chromatid
rearrangements only (p<0.01). Similar results were
obtained when using plant extracts in concentration
100.0 mg/1, but the alteration of mutagenic effect of
MMS towards decrease was more pronounced. The
frequency of aberrant cells and the number of chro-
mosomal aberration per 100 metaphase statistically
decrease by 2.8 (p<0.01) and 2.7 times (p<0.01) cor-
respondingly when testing the variant BAC+MMS.
The BAC treatment following MMS exposure also
reduces this indices in 2.3 (p<0.01) and 2.4 (p<0.01)
times, correspondingly. In both variants decrease
was due to structural mutations of chromatid type
(p<0.01). The preliminary BAC treatment decreases
the frequency of chromatid aberrations by 3.7 times
(p<0.01) and those following exposure - by 3.2
(p<0.01) times. It was established, based on com-
parative analysis no statistically significant differen-
cies in the level of MMS induced mutagenesis upon
pre- or post-exposure BAC treatment. The extracts
of aboveground parts of /. britannica as well had
been shown the ability to reduce the mutagenic ef-
fect of methyl methanesulfonate. Extracts pre-treat-
ment in concentration 50.0 mg/I causes the lowering

of the frequency of aberrant cells in 1.9 (p<0.05)
and the number of structural rearrangements per 100
metaphases in 2.1 (p<0.01) times. The BAC treat-
ment following exposure reduces mutagenic effect
of MMS as well — the frequency of aberrant cells de-
creases in 1.8 (p<0.05) and the number of structural
rearrangements in 2.1 (p<0.01) times and those re-
ducing is mainly due to rearrangements of chroma-
tid type. In the variant BAC+MMS the frequency of
chromatid aberrations decrease by 2.8 time (p<0.05)
and in reverse variant - by 2.9 (p<0.05) time.

Comparative analysis had reveled no statistically
significant differencies in the level of MMS induced
mutagenesis in concentrations 50.0 mg/l and 100.0
mg/l, also there was no differencies in the activity of
extracts of underground or aboveground parts of /.
britannica.

Thus the extracts of [ britannica have
significant antimutagenic activity against MMS
in all concentrations used and upon all variants of
treatment. The maximum of activity was observed
during BAC treatment preliminary MMS exposure
and was 62.99% and 58.55% for the underground or
aboveground parts, correspondingly (figure).
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Figure — The percentage of mutation’ inhibition (antimutagenic activity against MMS) of BAC from underground or aboveground
parts of Lbritannica

The MMS that is considered to be classic muta-
gen (C,H,O,S) was selected to be positive control.
This is monofunctional alkylating agent of direct ac-
tion transferring only on CH,-group. MMS leads to
alkylation of purine bases and that to transitions and
represents mutagenic activity in standard short-time
tests in vivo u in vitro, induces SOS-response in umu-
test on Salmonella typhimurium TA1535/pSK1002
and point mutations in bacteria without metabolic
activation. In Drosophila MMS causes recessive

somatic mutations and sex-linked lethal mutations.
It was also shown the increase in the frequency of
sister chromatid exchange and chromosomal aberra-
tions, as well as neoplastic transformation in rodents
cell culture. /n vivo methyl methanesulfonate causes
mutations in mice gametes and DNA damage, sister
chromatid exchanges, chromosomal aberrations in
somatic cells of rodents. In human cell culture MMS
induces one-chain breaks and unplanned DNA syn-
thesis, gene mutations, micronuclei and sister chro-
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matid exchanges . MMS also represents toxic and
mutagenic activity in various plant test-systems in-
ducing chromosomal changes in root meristem of
Hordeum vulgare, Vicia faba, Arabidopsis thaliana.
MMS represents extraordinary wide spectrum of ge-
netic activity in various test-systems which defines
its choice as positive control in current experimen-
tal research (Khudolei, 1999: 374-375; Natarajan,
2005: 312-317).

Recently it was shown, that preliminary
administration of various vitamin complexes to rats
exposed to chemical mutagens leads to reduced
DNA susceptibility to chemical impact . The thesis
that preliminary induction of metabolic enzymes in
vivo leads to weakening of effects of direct mutagens
was theoretically grounded and experimentally
confirmed by Sycheva L.P. and Zhurkov V.S.
(Sycheva, 2003: 87-91).

It may be considered that antimutagenic effect
of Lbritannica extracts containing the complex
of biologically active compounds is determined
whether by activation or recovery of reparatory
systems in a cell damaged by mutagen. Besides
the ability of BAC to inhibit free radical processes
induced by MMS and to stimulate chromosome
reparation as well participates in antimutagenic
activity of Lbritannica extracts

Conclusion

The herbal extracts are considered to be the most
of perspective preparations directing for leveling
effects of mutagens. Antimutagenic effect of plant
preparations is due to the high content of such a com-
pounds as vitamins, pigments, aminoacids, phenols
and polyphenols majority of whish possess antimu-
tagenic activity (Al-Jaber, 2011: 293-307; Rice-Ev-

ans, 2001: 797-807; Havsteen, 2002: 67-202; Lin,
2008: 634—-646; Middleton, 2000: 673-751; Lotito,
2000: 151-157; Hernes, 2001: 3109-3122; Milner,
2001; 1027-1031; Sprygin, 2006: 81-90; Miller,
2000: 312S-319S; Ajith, 2008: 24-28; Manjula,
2006: 113-116; Farghalaly, 2009: 1-7; Sram, 2012:
39— 49; Santos-Cervantes, 2007: 71-77). All classes
of biologically active compounds are represented in
extracts of Inula britannica.

Cytogenetic researches had revealed that ex-
tracts of underground and aboveground parts of
Inula in concentrations 50.0 and 100.0 mg/1 did not
show any mutagenic activity and moreover reduced
the level of spontaneous mutagenesis in root meri-
stem of barley. When combined with MMS indepen-
dently of the treatment sequence the plant extracts
significantly reduced MMS induced mutagenesis.
The obtained results demonstrate the presence of
antimutagenic effect of studied extracts. There was
revealed no significant difference in gene protective
activity whether of aboveground or underground
parts of Inula despite the latter contains more BAC.

It is well known that reparation of DNA dam-
ages is enzymatic process depending on the level of
cell metabolism. It may be supposed that the BAC
complex in Inula extracts intensifies the enzymatic
reparation of DNA in a cell decreasing thus the level
of MMS induced mutagenesis. The results of cur-
rent research focused on the investigation of BAC
of L britannica extracts in modulation of cytogenetic
activity of methyl methanesulfonate in plant test
system may be extrapolated so that to presume their
antimutagenic activity in mammals. The researches
directed to confirm this presumption are initiated.

This work is supported by scientific project
MES RK 0587/GF4, GR Ne 0115RK00378 (2015-
2017). Superviser — Kolumbayeva S.Zh.
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3PDPEKTMBHOCTb BUOOKUCAEHUS CEPbI
PASAMYHOUN AUCTIEPCHOCTHN TUOHOBbBIMWU BAKTEPUAMUA

Haanume B Ka3zaxcTaHe 3HaUMTEAbHOM MAOLLAAM LLLEAOYHBIX 3aCOAEHHbIX MOYB, HM3Kag adek-
TUBHOCTb HbIHE MPUMEHSIEMbIX MEAMOPAHTOB M OFPOMHOE KOAMYECTBO HAKOMAEHHOM cepbl TpebyioT
pa3paboTKM MHHOBALMOHHOM TEXHOAOT MU MEAMOPALIMK LLEAOUHbBIX 3aCOAEHHbIX MOYB C MPUMEHEHUEM
cepbl. [peanoAaraeTcs, 4To paumoHaAbHOE peLleHme NPoB6AEMbl MEAMOPALIMM LLEEAOUHbBIX 3aCOAEHHbIX
MOYB IAEMEHTAPHOM CEepPOit MOXKET ObITb OCYLLIECTBAEHO YCKOPEHUEM UHTEHCUMBHOCTU €€ OKMCAEHMUS
MyTeM BHECEHWI aKTMBHbIX LITAMMOB CEPOOKMCASIIOLLIMX GAKTEPUI B MOUBY MAM YBEAMUYEHUEM AUC-
NMEepPCHOCTM YacTuL, cepbl. Lleab nccaepoBaHnS — M3yunTb BO3MOXKHOCTb MOBbILLIEHNS MEAMOPATUBHOM
3P HEKTUBHOCTN IAEMEHTAPHOM Cepbl HA COAOBO-3aCOAEHHbIX MOYBaxX MyTEM NPUMEHEHNS CEPOOKMNC-
ASIOLLMX MUKPOOPraHM3MOB. 3aAaun: ONPEAEAUTb MOMYASILIMOHHbINA YPOBEHb TMOHOBbIX GAKTEPUI 1
MHTEHCUBHOCTb OKMCAEHWNS IAEMEHTApHOM Cepbl Pa3AMYHON AMCMNEPCHOCTUM B COAOBO-3aCOAEHHbIX
noysax; onpeAeAnTb 3hHEKTUBHOCTb OMOOKMCAEHMS YACTULL SAEMEHTAPHONM Cepbl PA3AMUYHON AMC-
NepCHOCTU MOHOKYABTYPAMM M aCCOLMALMSAMM TUOHOBbIX HakTepuit. Yncao TMOGALMAA B NMOYBE Of-
peAEAsAn MyTeM BHECEHMS MOYBEHHOM CyCrneH3Mn B TMOCYAbdaTHYIO cpeay, coaepxkawyto 0,01 %
OGPOMKPE30A KpacHbli. KyAbTMBMpOBaHMe cepobakTepuili OCyLecTBAIAOChL B cpeae baaacpyaa. B
XOA€ KYAbTMBMPOBAHMS CEPOOKMCASIOLLMX MMKPOOPraHM3MOB KOHTPOAMPOBAAM M3MEHEHMe KOH-
LeHTpaumm cybcTpaTa-TMOCYAb(aTa, a TakxKe MPOAYKTOB GMOOKMCAeHUs — CyAabdaToB. Onpeaeae-
HME YPOBHS OGMOOKMCAEHMS Cepbl MOHOKYAbTYPAaMM U aCCOLMALMAMU TMOHOBbIX GAKTEPUI MPOBO-
AVIAM B MOAEAbHbIX 3KCMEpUMEHTax B TeueHune 12 HeaeAb. B 06pasubl COAOBO-3aCOAEHHbIX MOYB
BHOCMAM 3AEMEHTApHYI0 Cepy pa3HOM AMCMepcHOCTU B koAndectBe 400 mr/100 r nousbl u 50-MA
MHOKYASITa 96-4acoBOI KYAbTYpPbl. YpPOBEHb GMOOKMCAEHMS OMPEAEASIAM MO ABYM mapamertpam: pH
MOYBbI M KOAMYECTBO CyAb(DAT-MOHA B OMbITHbIX (MHOKYAMPOBaHHbIX WTammamu Thiobacillus) n koHT-
POAbHbIX (6€3 cepbl) o6pasuax. pH NoOUYBEHHOM CyCrneH3MM ONpeAeAsiAM CTEKASIHHbIM SAEKTPOAOM Ha
pH-meTpe FisherAccumet 320. TnocyAabaT ONpeAeAsiAv METOAOM LiaHOAM3a. KoAnuecTBo cyabdat-
MOHa ornpeaeAsiAn KomrnaekcoHomeTpuueckn no FTOCT 26423-85. Moka3aHo, UYTO MOCAe BHeCeHUs
MEAKOAMCIEPCHOM Cepbl, KOAMYECTBO TMOHOBbIX GakTepuit B NMoYBeHHbIX obpasuax 6aktepuii B 1,8
pasa 6oAblue, yem nocae o6paboTku rpybon amcnepcHoit opmont. CoaepskaHne cyabdaTa K KOHLLY
cpoka HabAaeHMs (90 AHeN) B CAyyae MCMoAb30BaHMS MEAKOAMCTIEpCHO cepbl (0,005-0,05 Mm) B 5
pa3 60AblLE, HEXEeAN MPU BHECEHWMU KPYMHOAMCNEPCHOM. B MOAEABHbIX 3KCMEPUMEHTAX YCTAHOBAE-
HO, UTO MapaAAeAbHOE BHECEHMWE B NMoYBY GMOMACChl TMOHOBbLIX HAKTEPUIA 1 MEAKOAMCIIEPCHOM Cepbl
NPUBOAMT K MOBbILLIEHMIO €6 GUOOKMCAMTEABHOM aKTUBHOCTU. Yepes 12 HeAEAb MOCAE MHTPOAYKLMM
MOHOKYABTYDP MAM aCCOLMaUMM M3 TpeX LITaMMOB CoAep>KaHue cyAbdaTt-moHa B 100 r movBeHHbIX
06pasuoB pocturaet 35 Mr, a pH NoBepxHOCTU NOUBbI CHUXKAETCS A0 6,8. PesyabTatbl paboTbl GyayT
MCMOAb30BaHbl AAS Pa3pabOTKM TEXHOAOTMM YCKOPEHHOW MEAMOPALIMM LLIEAOUHbIX 3aCOAEHHbIX MOYB
3AEeMEHTAPHOM Cepon.

KAtoueBble cAOBa: 6MOOKMCAEHUE, TMOHOBbIE GAKTEPUM, MEAMOPALIMS MOYB.
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AmcnepcTiairi apTypAi KYKipTTiH, KYKIpT 6aKkTepusiAapbiMeH 6MOTOTbIFYbIHbIH, TUIMAAIT

KasakcraHaa CIATIAI copAaHFaH TOMbIPAKTbiH, Kem 6GOAybl, KOAAAHbIAATbIH MEAMOPAHTTAPAbIH,
TUIMAIAITIHIH TOMEeH OOAYbl >KOHEe KYKIPTTiH KOer MOALIepAE XXMHAKTaAybl KYKIPTTi KOAAAQHY apKbiAbl
CIATIAI Ty3A@HFaH TOMbIPAK, MEAMOPALMSICbIHbIH MHHOBALMSABIK, TEXHOAOTUSAAPbBIHBIH, OHAEAYI YAKEH
KaXKeTTiAIKTep TyblHAAMAbI. CIATIAI Ty3AaQHFAH TOMbIPAK, MEAMOPAUMSICbIHBIH MOCEAEAEPIH KapanaribiM
KYKIPTMEH WeLly OHbIH TOTbIFy MPOLECIHIH OEACEHAIAIrH Tomblpakka 6EACEHAI KyKipT TOTbIKTbIPY-
Wbl GakTepUsIAAPAbIH LUTAMAAPbIH €Hri3y apKblAbl HeMece KYKipT GOALIeKTepiHiH AMCIEPCTIAIAIriH
JKOFapbIAATY apKbIAbl >KYy3ere acblpblAaAbl. 3epTTeyAiH MakcCaTbl — COAAAbI-COPAQHFaH TOMbIPAKTbI
KYKIPT TOTbIKTbIPYLUbI MUKPOOPraHN3MAEPAI KOAAQHY apKblAbl KapanarbiM KYKipTTiH MEAMOPATUBTIK
TUIMAIAITIH >KOFapblAaTy MYMKIHLIIAITIH 3epTTey. MiHAETTEpi: TMOHABI BaKTEPUSIAAPADIH, MOMYASLMS-
AbIK, AEHI€MiH XKOHE COAAAbI-COPAAHFaH TOMbIPAKTaFbl AMCNEPCTIAIN OPTYPAI KYKIPTTiH TOTbIFY GeA-
CEHAIAITIH aHbIKTay; AMCMEPCTIAIri 8pTYPAI KapanambiM KyKipT OOALIEKTEPIHIH MOHOAAKbIAAAPMEH
KOHe TUOHAbI GaKTEPUSAAPABIH COAAAbI-COPAAHFAH TOMbIPAKTAFbl aCCOLMALMSIChI MeH BUOTOTbIFYbI-
HbIH OGEACEHAIAIrH aHbikTay. TonblpakTarbl TMOBGALUMAAAAAPAbIH CaHbIH TOMbIPAK, CYCMEH3MSCbIH
0,01% Kbi3bIA BPOMKPE3OAAAH TYPaTbiH TMOCYAbATTHI OPTaFa eHri3y apkKblAbl aHbIKTaAAbl. KyKipTTi
GakTepusinapAbl KYABTMBMpPAEY Bbaaacpyaa opTacbiHAa Kyprisiaai. KykipT TOTbIKTbIpYLIbI MMKpPOOpPra-
HM3MAEPAI AaKbIAAQY 0APbICBIHAA TMOCYAbGAT-LUMKI3ATTbIH, KOHLEHTPALMSChbIHbIH, COHbIMEH KaTap
OGMOTOTbIFY BHIMAEPI-CYAb(ATTbIH ©3repyi O6akblAaHAbI. KyKipTTiH MOHOAQKbBIAAAPMEH XKOHE TUOHAbI
6GakTeprsiAapAbIH OMOTOTbIFY AEHreiiH aHbikTay 12 anTa 60/bl MOAEABbAI TOXKIPUOEAEPMEH XKYPTi3iAAL
CoaaAbl-COpAaHFaH TOMbIpakKa AMCMEPCTIAIr apTypAi Kapananbim KyKipTTi 400 mr/100 r MeAliepae
>kaHe 96 caraTt AakbIAAAH 50 MA MHOKYASIT EHTI3IAAIL

buoTtoTbiFy AeHreiii exi napameTp 6OMbIHLIA aHbIKTaAAbI: TOMbIpakTbiH pH >xeHe 3epTTey (Thioba-
cillus WwTamaapbIMeH MHOKYAAEHTEH) MeH GakblAay YAriAepiHAEri CyAb(aT-MOHHbIH MEALLEPI. Torbipak,
cycneHsmscbiHbiH pH-bi FisherAccumet 320 pH MeTpage 8MHeKTi SAeKTPOATA aHbIKTaAAbl. TMOCYAbATTbI
LIMAHOAM3 BAiICIMeH aHblkTaAabl. CyAbdaT-MOHHbIH MeALlepi KomMrnAekcoHomeTpusabl TOCT 26423-85
6OVibIHLLIA aHbIKTaAAbI. A3 AMCMEPCUSIAbI KYKIPTTI €Hri3reH COH TOoMblpak, YAriAepiHAEri TMOHABI GakTe-
PUSIAQPABIH, CaHbl XKOFapbl AMCMEPCUAABIK, (DOPMaMEH BHAEreHMEH CaAbICTbipFaHaa 1,8 ece >Kofapbl
ekeHi aHbiKTaAabl. CyAbhaTTbIH MBALLEPI 3epTTey >KYMbICbIHbIH, COHbIHAQ (90 KyH), a3 AMCNepCTi KyKi-
pTTi KoAAaHFaHAa (0,005-0,05 Mm) 5 ecere >korapbl 60AAbL. MOAEABAT 3ePTTEYAEPAE TOMbIPaKKa TMOH-
Abl 6aKTEPUSIAAPAbBIH, GIOMacCcachl MEH a3 AMCMEPCTI KYKIPTTi eHri3yAl MapaAAeAbAi XKYPridy acepiHeH
OGUOTOTbIFY BEACEHAIAITT )KOFAPbIAQMATbIHbI aHbIKTaAAbl. MOHOAAKBIAAADP MEH YL LUITAMHbIH aCCOLMSIChbI-
HbIH MHTPOAYKUMSCbIHAH 12 anTaaaH coH 100 r TonbipakTaFbl CyAb(aT-MOHHbIH MEALLEPi 35 Mr, aA To-
nbipak, 6eTiHiH pH 6,8 60AaAbl. JKyMbIC HOTUXKEAEPI CIATIAI-COPAAHFaH TOMbIPAKTbIH MEAMOPALIMSIChIH
KapanambIM KyKipTTi NanAaAaHy apKbIAbl TEXHOAOTMSICbIH OHAEYAE KOAAQHBIAQADI.

Ty#in ce3aep: GMOTOTbIFY, TMOHAbI GakTepusiAap, TOMbIPak, MEAMOPALLUSCHI.
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The effeciency of bio-oxidation of sulfur of various dispersions by thiobacteria

The presence of a large area of alkaline saline soils in Kazakhstan, low efficiency of currently ap-
plied ameliorants and huge amount of accumulated sulfur requires the development of an innovative
technology for reclamation of alkaline saline soils using sulfur. It is assumed that a rational solution to the
problem of amelioration of alkaline saline soils by elemental sulfur can be achieved by accelerating the
intensity of its oxidation by introducing active strains of sulfur-oxidizing bacteria into soil or by increas-
ing the dispersity of sulfur particles.

The purpose of study was to investigate the possibility of increasing the meliorative efficiency of
elemental sulfur on soda-saline soils by using sulfur-oxidizing microorganisms. Tasks: to determine the
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population level of thiobacteria and intensity of oxidation of elemental sulfur of various dispersity in
soda-saline soils; to determine the effeciency of biooxidation of particles of elemental sulfur of various
dispersity by monocultures and associations of thiobacteria in samples of soda-saline soils.

The number of thiobacilli in soil was determined by applying a soil suspension to a thiosulfate
medium containing 0.01% bromocresol red. Cultivation of sulfur bacteria was carried out in Baalsruda
medium. During the cultivation of sulfur-oxidizing microorganisms, the change in concentration of thio-
sulphate substrate, as well as the biooxidation products — sulfates, was monitored. The determination of
bio-oxidation level of sulfur by monocultures and associations of thiobacteria was carried out in model
experiments for 12 weeks. Elemental sulfur of different dispersity in amount of 400 mg/100 g of soil and
a 50-ml inoculum of a 96-hour culture were added to the samples of soda-saline soils. The biooxida-
tion level was determined by two parameters: soil pH and amount of sulfate ion in test (inoculated with
Thiobacillus strains) and control (without sulfur) samples. The pH of soil suspension was determined
by a glass electrode on a FisherAccumet 320 pH meter. The thiosulfate was determined by cyanolysis.
The amount of sulphate ion was determined in accordance with GOST 26423-85. It is shown that after
application of finely dispersed sulfur, the amount of thiobacteria in soil samples of bacteria is 1.8 times
greater than after treatment with a coarse dispersed form. The content of sulfate at the end of observation
period (90 days) in case of using finely dispersed sulfur (0.005-0.05 mm) is 5 times greater than when
applying a coarse dispersion sulfur. In model experiments it was established that parallel introduction
of biomass of thiobacteria and finely dispersed sulfur into the soil leads to an increase in its biooxida-
tive activity. Twelve weeks after the introduction of monocultures or an association of three strains, the
sulfate ion content in 100 g of soil samples reaches 35 mg, and the pH of soil surface is reduced to 6.8.
The results of work will be used for development of a technology for accelerated reclamation of alkaline
saline soils with elemental sulfur.

Key words: biooxidation, thiobacteria, melioration of soil.

BBenenune

[upokoe pacnpocTpaHEHUE INEIOYHBIX 3aCO-
JICHHBIX IIOYB B CTPYKType IOYBEHHOTO IOKpPOBa
KazaxcTtana, ocoOeHHO cpemu Hanboee II0H0POI-
HBIX 3eMelTb (JIyTOBBIX U JTyTOBO-CEPO3EMHBIX ), 00yC-
JIOBIIUBAET HEOOXOIMMOCTh ITOCTOSIHHOTO ITOHMCKa
MTePCIIEKTUBHBIX CTOc000B mx Menuoparun. Cy-
HICCTBYIOLIME TEXHOJOTHUH OTIUYAIOTCS  JIOPOTO-
BU3HOH M HM3KOH 3(]dexTruBHOCTHIO. OCHOBHBIM
MIPUEMOM MENTHOPAITHH 3aCOJICHHBIX TIOYB SIBIISACT-
csl MIPOMBIBKa Ha (POHE HCKYCCTBEHHOIO ApECHAKA
(bakamait 2011:73). OTOT IpHEM JAOCTATOYHO XOPO-
mo pa3paboTaH W MPHUMEHSETCS HBbIHE TTOBCEMECT-
Ho (Follet 2001:557). OnHako, OH HEeIpUEMJIEM JUIS
IIEJIOYHBIX COJIOBO-3aCOJICHHBIX MTOYB, YTO CBSI3aHO C
UX KpaifHe HU3KOH BOIOTPOHHUIIAEMOCTHIO U Cc1aboit
pactBopumocThio cozbl (Prather 2008:782-786). Cy-
IIECTBYIOIIAs B PECITyOIIMKe TPaAUIIUOHHAS TEXHO-
JIOTHST MEJTMOPAIIMU COIOBO-3aCOJICHHBIX TIOUB (OHH,
KaK MpaBHJIO, IIEJIOYHbIC) C TIPUMEHEHUEM TUIICa WITH
(hocdorurica u3-3a BBICOKOOOBEMHOCTH X BHECCHHUS
(15-40 1/ra), MeaJICHHBIM B3aUMOICHUCTBHEM C I10Y-
BOW M3-3a TMOKPBITHSI MOBEPXHOCTH UX KPUCTAIIIOB
TYMYCOBO-IJIMHUCTO-KapOOHATHOM TJICHKOW 3HAUYH-
TENPHO CHIDKAET WX TIEPBOHAYAIBHYIO CKOPOCTh
B3aUMOJICUCTBUS C MOYBOH, YTO OOYCIIOBIMBAET ee
HemocTaTouHyo 3(dekTuBHOCTh. B cBsi3n ¢ 3THM
BO3HUKAET HEOOXOJAMMOCTh MOMCKAa HOBBIX 3KOHO-
MHUYHBIX ¥ 9KOJIOTMYHBIX BHJOB MEIHOPAHTOB LIS
IIEJIOYHBIX 3aCOJICHHBIX TTOYB.

TakoBEIM MOKET SBUTHCS MOOOYHBIA MPOMYKT
HedrerazonepepabOTKH — 3JJIEMEHTapHasi cepa, J0-
75T KOTOpoi B Macce chipoii Kaszaxcranckoir nedTn
coctasisieT 10-18%. Kazaxcran mo o6peMy HaKoTIIeH-
HO cepbl (8 MITH. TOHH) 3aHIMAET BTOPOE MECTO B MH-
pe, ycrynas Mpany. [loatomy mpoOnema yTuim3aniu
CepHl SBISIETCS BECbMa aKTYaJIbHOM IS PECITyOITHKH.
Takum 00OpazoM, HaIMYKME 3HAYUTENBHOM IUIOLIAIN
LIEJIOYHBIX 3aCOICHHBIX TT0YB, HU3Kast 3 (eKTHBHOCTh
HBIHE TIPUMEHSIEMBIX METHOPAHTOB M OTPOMHOTO KO-
JIMYECTBAa HAKOIUICHHOH cepbl TpeOyeT pa3paboTKu
VHHOBAITMOHHOW TEXHOIIOTMH MEITHOPAIHK  ITIeI04-
HBIX 3aCOJICHHBIX TI0YB C TPUMEHEHHUEM CEpPHI.

Onnaxo, cepa sIBISIETCS MEIJICHHO JIEHCTBYIO-
MM MEJTHOPAHTOM. YCTAaHOBJIEHO, YTO B TIEPBBIH
TOl TOJMBKO ~25% BHECEHHOW Cephl MEepexOonuT B
ee okcugHbie hopmbl (Weiz 1975:40-49). s to-
Jy4eHHs TIOJIHOTO MEJIHOPAaTUBHOTO 3¢deKrra OT
BHEeceHHOU ceprl (100% mepexos cephl B €€ OKCHI-
Hbele (opmbl) TpeOyeTcsi He MeHee TpeX-ueThIpex
net (Nor 2007:736-741). Pemenune naHHO#U mpoO-
JIEeMBI MOXKET OBITh OCYILECTBIICHO ITyTEM YCKOpe-
HUS OKHCJICHUSI SJIEMEHTAPHOU Cepbl MOYBEHHBIMU
CEPOOKUCISIONMME MHUKpoopranuzmamu (Muyzer
2008:441-454). Ilpuuem, menecooOpa3HO HCIOIb-
30BaTh MUKPOOPTaHU3MBbI, BbIACTICHHBIC U3 COIOBO-
3aCOJIEHHBIX TIOYB IEJIEBOTO PETHOHA, TOCKOJBKY
UHTPOAYKIMS IITAMMAaMH 3HJOTEHHONH MHUKpPOQIO-
pBl o0ecreunBaeT UX CyIIECTBOBAHHE U (YHKIHO-
HHUPOBAaHUE B COOTBETCTBYIOLIEH 3KOJIOIMYECKON
aume (Luptakova 2007:17-22).
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Ha namr B3misij, paiiuoHaibHOE PelIeHHe Mpoo-
JIEeMBbl MENUOpAIMH IIEJIOYHBIX 3aCOJCHHBIX ITI0YB
JJIEMEHTAPHOW CEPOil MOXKET OBITH OCYIIECTBICHO
YCKOPEHHEM HHTCHCHUBHOCTH €€ OKHCJIECHHUS JIHO0
MMyTeM BHECEHHUS aKTHBHBIX INTAMMOB CEPOOKHC-
JAIOMMX OakTepuil B MOuBY, JHOO YBEIHMYEHUEM
JIUCTIEPCHOCTH YaCTHI[ Cepbl. DTH JIBa MPUEMa MO-
T'yT OBITh WMCIOJB30BAHBI KaK B OTAEIHHOCTH, TaK
U B codyeTaHuU. B 3Toil cBA3M nenb HccienoBa-
HUSl — W3YYHUTh BO3MOXKHOCTH TIOBBIIICHUS MEJH-
OpaTUBHON 3PPEKTUBHOCTH DIIEMEHTAPHOU CEpPHI
Ha CO/IOBO-3aCOJIEHHBIX IOYBAX IIyTEM IpUMEHe-
HUSI CEPOOKUCISIONINX MUKpoopraHu3moB. [lis ee
OCYIIECTBIICHUS] HEOOXOMUMO OBLIO OIpEeNeInTh
MOMYJISALIMOHHBIA YPOBEHb THOHOBBIX OaKTEepUd U
WHTEHCHBHOCTh OKHUCIICHUS AIIEMEHTAPHOU Cephl
pa3IMYHON JAWNCIIEPCHOCTH B COIOBO-3aCOJIEHHBIX
nouBax. Bropas 3amaua npegycMmarpuBaia onpene-
nenne 3(pPeKTUBHOCTH OMOOKHUCIICHUS YaCTHI] lle-
MEHTapHOU Cepbl PA3IMUYHON JUCIEPCHOCTH MOHO-
KyJIbTypaMU U acCOIMAIUSIMU THOHOBBIX OaKTepHii
B 00pasiax cofi0BO-3aCOICHHBIX TI0YB.

Metoabl

Obvexmul uccie008aHui:

— 00pa3ibl CO0BO-3aCOICHHBIX TTOYB FOT0-BOC-
tToka PK;

— 3JIeMEHTapHasl cepa Pas3InYHON JHMCIIePCHOC-
tH: 0,25-0,5 mm; 0,1-0,25 mm; 0,005-0,05 mm;

—1rraMMel cepobaktepuit Thiobacillus thiooxidans
31, Thiobacillus thioparus 13 w3 KOIIEKIH Kaemphbl
ouorexnonoruu KasHY um.ans-®apadu u Thiobacil-
lus ferroxidans Thio A-1, nomydennsiit 13 HUU sxo-
noruu U 6norexnonorun FOxno-Kazaxcranckoro I'Y
uM. M. Ay330Ba 1 UX acCOIMAIUS.

Onpeoenenue codeporcanus muobayuil 6 nouse.

Uwucito TnoOanuiuT B TOYBE OBLTO OMPEICIICHO C
MOMOIIIBIO MPOIEYPHI BHIYMCICHHUST Haubonee Be-
posiTHOTO uHcia. [OTOBUIIN IECATUKPATHBIC pa3Be-
nerus 1 T mouBsl B pu3pacTBope. 1 MII CycTIeH3UH
MOYBBI M3 KAXKJOTO Pa3BEJCHHsS BHOCHIU B TIPO-
OMpPKY, 3aMOJHEHHYI0 4 MJI HEOPraHWYECKOH THO-
cynbartuoii cpeast (pH 5.0), comepsxameit 0,01%
WHIUKATOP OPOMKpPE30J KPACHBIH U MPOTUBOIPUO-
KOBBIM aHTHOMOTHK IuKiIorekcuMun (140 mr/m).
[Ipobupku nukyoOupoBamm 20-90 muert mpu 30°C.
KonnyecTBo THOOAUMII ONpeAesiN KOJIOPUMET-
pudeckn Ha criekrpodoTtomerpe «Hitachi 200-20»
[0 WHTEHCHBHOCTHM HW3MEHEHUS I[BETa Cpelbl Ha
JKETTBIH, TaK KaK THOCYJb(AT OKUCISETCS B CEPHYIO
kucinoty. Haubosee BeposSTHOE YMCIIO BBIUUCIISIIN
IO CHEIUAIBLHBIM TaOIHUIIaM.

[Tonyuenne Ouomacchl
OaxTepuii.

CCPOOKUCIIAOIINX

ISSN 1563-034X

KyneruBupoBanue cepobakTepuil 0CymecTBIs-
nock B cpene baancpyna ciemyromero cocrasa (T/71):
Na S 0, - 1,0; KNO, -2,0; NH,CI - 0, 5; NaHCO,
- 1,0; MgCl,-0,5; K,PO, - 2,0; FeSO, - 0,01; H,0
-1 1; pH 7.0. BakTepun KyJIbTUBUPOBAIUCH B KHJI-
KOH cpezie Ha Kadainke npu 160 00/MUH U IPH TeM-
neparype 28°C.

Hccnedosanue npoyecca b6uono2uyecko2o oKuc-
JleHUst MOOENbHO20 cybocmpama (muocyibgama)

OKCHepUMEHTaIbHbIE HCCIIeIOBAHUS IPOLIEC-
COB OMOJIOTHYECKOTO OKMCIIEHUS MOJEIFHOTO CyOC-
Tpara (THocyab(ara) Npu pa3BUTHH CEPOOKHUCIISIO-
IIMX MHKPOOPTaHWU3MOB TPOBOAWIN B YCIOBHSX
MIEPUOINIECKOTO KYJIBTUBHPOBAHUS B KOIOAaxX Ha
TEPMOCTATHPYEMOM TEPEMEIINBAIOLIEM YCTPOUCT-
Be (ckopocTh BpamieHus 60 00/MUH, TemrepaTypa
28°C).

B Xome KynIbTHBHPOBaHHS CEPOOKHCIISFOIINX
MHUKPOOPTraHU3MOB Ha MUTATEILHON cpelie KOHTPO-
JTUPOBAIM M3MEHEHHE KOHIIeHTpaIlu CcyOcTpaTa-
THOCYynb(daTa, a TakkKe MPOAYKTOB OMOOKHCIICHHUS
— cynbdaroB. Tuocynbdar onmpeaeisiii METOIOM
nmaHoim3a. KonmmaecTBo cynmear-noHa ompenens-
mn koMmruiekcoHomeTpudecku o 'OCT 26423-85.
B xadecTBe KOHTPOJII XUMHUYECKOTO OKHCICHHS
BOCCTaHOBJICHHBIX COEIMHEHHI CephI MapajIebHO
aHaJM3UPOBAJIH KOHIEHTPALUIO OCHOBHOTO CyOcC-
Tpara B cpejie 0e3 BHECEHUSI MEKPOOPTaHU3MOB.

Onpedenenue yposHs OUOOKUCTEHUSL Cepbl MO-
HOKYTbMypamu i AcCoyuayusami muoHOBuIX baxme-
PUll 8 MOOEIbHBIX IKCHEPUMEHMNAX.

HccnenoBanust TpOBOAMIIN B TAOOPATOPHBIX yC-
JoBUsIX B TeueHue 12 Hemenb. st MX OocymecTBIe-
HUS 00pa3Ibl COIOBO-3aCOJICHHBIX MTOYB U3 IIEJIEBOTO
peruoHa MoMeIIaiy ¢ CreluallbHbIe TOPIIKU CII0eM
10 20 cM. B xaxaplii BHOCHIIM 3JIEMEHTApHYIO Ce-
py pa3Hoii nucnepcHocTr B KommyecTBe 400 mr/100
r nouBsl. [lepBbiii Habop 3 10 0Opa3noB ObLT UC-
MOJIBb30BaH B KauecTBe KOHTpoJs. Brtopoit Habop
WHOKyIUpoOBaIH mTammamu Oakrepuid Thiobacil-
lus ferroxidans Thio A-1; Thiobacillus thiooxidans
31, Thiobacillus thioparus 13. Ha xax1plii BapuantT
onbiTa — 10 sKCIIepUMEHTaNBHBIX cucTeM. Kaxkiblit
HHOKYJAT comepkan 50-Ma 96-4acoBoil KyIbTypHI,
pactymeld Ha MonuUUMpOBaHHOH cpene baanc-
pyna, B kotopoi SO, conu ObUIM 3aMEHEHBI Ha
SKBUMOIIIPHYIO KOHIIEHTPAILIMIO COJNEH XJopuma.
VYpoBeHb YBIaKHEHHOCTH BCEX 00pas3loB MOJIEp-
KHUBAJICSI AOOABICHUEM IUCTUIUIMPOBAHHON BOIBI
JIBA paza B HEJEIO.

VYpoBeHb OMOOKHUCICHHST ONPEACISUTN O JBYM
napamerpam: pH MOUYBBI M KOIWYECTBO CyNb(at-
MOHA B OIBITHBIX (MHOKYJUPOBAHHBIX IITAMMaMH
Thiobacillus) n KOHTPONBHBIX (03 cephl) 00pa3max.
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[IpoObl st aHanu3a OTOMpaANU  €XKEHENENBHO.
VYpoBenb pH 1OBEPXHOCTH MOYBBI ONpEAEsICS
CMeIIrnBaHueM | T TTOBEPXHOCTHOM MOYBHI C 2 MII
JUCTHIUIMpOBaHHOM Bonbl. pH cycnensum ompene-
JISITTU CTEKIISTHHBIM AJIeKTpoaoM Ha pH-metpe Fisher
Accumet 320.

Pe3ynbTaThl 1 00Cy:KIeHIE

Uzyuyennem MennopatuBHOU 3((GEKTHBHOCTH
cepbl Ha IIEIOYHBIX 3aCOJICHHBIX I0YBAX 3aHUMAIOT-
cs B Pa3HbIX CTpaHax. PesymbraThl 3THX HCCIe-
JIOBaHMH TIOKa3aJli, YTO OKHUCIIEHHE JIeMEHTapHOM
cepbl B MOYBE MPOUCXOIUT NPU YHYACTHH IOIYJIsi-
A CEPOOKHUCIIIIONTNX MHUKpoopranm3moB (Fried-
rich 2001:2873-2882; Foti 2007:2093-2100). Otun
0akTepuu, MIMPOKO PacpOCTPAHEHBI B IOUBAX, OHU
OKHCIIIOT cepy N0 cyab(aToB, aenas e€ MOCTyI-
HOH JUIsl pacTE€HUM, KOTOpPbIE HE MOIYT yCBauBaThb
aneMeHTapHy0 cepy (Rabus 2006:659-768; Thauer
2007:1-37). O6pa3yemast MU cepHast KUCIIOTa MO~
KHCIISET TOYBY, CHOCOOCTBYS KOHBEPCHHM HEKOTO-
PBIX BaKHBIX JUIS PACTCHHUM 3JIEMEHTOB B AOCTYII-
Hyto dopmy (Vidyalakshmi 2009:270-278).

[IpoGneMoli TMOBBILICHUSI OKUCISIEMOCTH 3Jie-
MEHTapHOM Cephbl B T0YBE NPOJOIKUTEIBHOE BPEMs
3aHUMAIOTCS B JISTOPUHKCKOH CENbCKOXO03HCTBEH-
Holi onbITHOM ctanmu (Kanana). Kanagckumu yge-
HBIMH pa3BUBAETCsl HOBOE HAIIPABJICHUE B 00JIacTH
MEJIHOPALIMHU COJIOHIIOB M COJIOBO-3aCOJIEHHBIX ITOYB
— COBMECTHOE BHECEHHE DJIEMEHTapHOM cepsl C
HanOoJee aKTUBHBIMY IITAMMAaMK THOHOBBIX OaKTe-
puii (McCready 2002a:13-31). imMu BbISIBIICHBI BU-
JIOBbIE OCOOCHHOCTH CEPOOKHCISIONINX OakTepuit
(McCready 2002b:105-110) u ycraHoBiena Oojee
BBICOKAsI OKHCJISIFOIAsi CHOCOOHOCTh (OKHCIICHHE
84% BHeceHHOH B MOuBY cepbl 3a 12 nexnens) Thio-
bacillus thioparus, aem Thiobacillus thiooxidans
(Chapman 1990:479-482).

B nocnennue ronet 310 npobieMoil 3aHuMaroT-
csi uccienosateny B Uumuu u Hosoil 3enanauu.
WMy ipoBOANTCS M3yUYEHUE CEPhl U CEPOOKHCIISIO-
mux OakTepuil sl MOBBILICHUS TUIOJOPOIUS TTOYB
HE TOJbKO KaK MEJIHOpAaHTa Ha ULIEJIOYHBIX 3aCO-
JICHHBIX TTOYBaX, HO U KaK 3JIEMEHTa CEPHOTO MUTa-
HUS pacTeHH Ha He3acOoJIeHHBIX mouBax (Germida
2003:101-114). B paboTax 3TUX YICHBIX OTMEUCHO,
YTO CEPOOKHCIAIONINE OaKTEpPUU WIPAIOT KIFOYe-
BYIO POJIb B IIMKJIE CEPbl B IOYBEHHOM SKOCHUCTEME.
Kax moxazanm mccriemoBaHusi, dIeMEHTapHas cepa
B [OYBE OKa3bIBACT 3HAYMTENBHBIA dPQEKT Ha J10-
MUHAHTHBIE ITOCJIEI0BATEIBHOCTH SOXB reHa xemo-
autoTpodHbIX Oakrepuit Thiobacillus, 3¢ et ObLT
3aMeueH Ha 6 JeHb nocie BHeceHus cepsl (Tourna
2014).

B nacrosiniee Bpemst B nauu u Kurae yupexie-
HBI crienuaiibabie HHCTUTYTHI «The sulfur institute»
(TSI), nzydatonue mpoOIEMBI UCTIONB30BAHUS Ce-
pBI B pacTeHneBojicTBe. [1o ux yTBepKIeHHIO cepa
SIBJIIETCS] YE€TBEPTHIM BAYKHBIM 3JICMCHTOM IHUTAHUS
pacTeHuii mocie a3ora, ¢ocdopa u Kanusi, K TOMYy
K€ TO3BOJSIOIIAs peryaupoBarb pH IouBeHHOM
cpensl (Behera 2014:1-5). B wactHoctn TSI Kuras
pu cogecTBum 10-TH KpyIHBIX HEPTIHBIX KOMITA-
HUN Mupa u3y4deHsl 11 MUIITMOHOB TeKTap TeppH-
TOPUU MEPCTIEKTUBHBIX PETHOHOB 18-TH MpOBHHIUI
W ompeAeNeHbl IUIoaan, TpeOyrome IpruMeHe-
Hus cepbl. B Kutae 3annMarorcs M301MpoBaHHEM
U WJICHTHU(PUKAIMECH CEPOOKHUCISIONNX OaKTepHid
(Luo 2013: 1393).

B KazaxcraHe Taxxe B IOCJIEIHUE TObl HAYaThI
WCCIIEZIOBaHUSI BO3MOKHOCTH HCIIOJIE30BaHUS 3Jie-
MEHTapHOW Cepbl Ui MEIHNOpAIH IIETOYHBIX
3aconenHbix moyB (Kubenkulov 2013:1245-1252).
YcTraHOBIIEHO, YTO cepa B IOYBE C y4acTHEM Ce-
POOKHCISIOINX ~ MHKPOOPTaHM3MOB TIO  CXeMe
S°—S80,*—80,? MeIeHHO NEPEXOUT B €€ JIU- U
TPUOKCUIHBIE (POPMBI, T/I€ MTOCIEAHUN, COSTUHSISICH
¢ Bonoit (SO,+H,0—H,SO,), o6pasyer nieanbHbIii
MEJIMOPAHT JUIS IIEJIOYHBIX ITOYB — CEPHYIO KHCIIO-
Ty. [Ipr 5TOM MeIMOpaTUBHBIN MpolecC — MePexo
wenounbix conedt (Na,CO, n NaHCO,) B Heidt-
panbnbie (Na,SO,, MgSO, u CaSO,) o cpaBHeHHIO
C METOZIOM OpOIIEHHUS TMOYB cIabbIM PacTBOPOM
CEpHOI KHCIOTHI, Oiarogapsi MOCTENIEHHOMY Iepe-
XOJy Cephl B CEPHYIO KHCIIOTY, IPOTEKAET B MATKHX
ycioBusiX. THTEHCHBHOCTDh OKWCIICHUS CEPHI 3aBH-
CUT OT BJIXKHOCTHU, TEMIIeparypsl, adpauur u pH
nouBeHHOH cpenbl (Bernardez 2013:1861-1869). B
CBSI3M C ATHM CO3J[aHWE ONTHUMAJFHBIX MapaMeTpoB
9THX TIOKa3aTesiedl MO3BOJIUT 3aMETHO IOBBICHTH
WHTEHCHBHOCTH OKHCIICHHS CEPBI, a JOTOTHUTETh-
HOE BHECEHHE B ITOYBY IITAMMOB CEPOOKHUCIISIONTUX
OakTepuii 3HAYUTENBHO MOBBICHTH 3()(HEKTUBHOCTD
€€ OKHCIICHUSI.

Opnaxo, oObIYHAs KOMOBas cepa HEyIOOHa B
NPUMEHEHUH. DJIEMEHTHasl cepa SIBISIETCS XUMH-
YECKH YCTOWYHMBBIM BEIIECTBOM M OaKTEpPHAIBLHOE
OKHCIIEHHE ee /10 Cylb(aToB, HECMOTPS Ha KaTaju-
3UpylolIee JICHCTBHE CEPOOKUCISIONINX OaKTepHi,
npoucxoaut meieHHo (Janssen 2001:85-90). Cko-
POCTh OKHUCIICHHS JIEMEHTHOH Cepbl OaKTEpUSMHU,
MpoOUCXOsIas Mo (epMEHTATUBHOMY MEXaHU3MY
MIPH TPUKPEIUICHUH KIIETOK K TIOBEPXHOCTH CEpHI,
3HAYUTEIFHO MEHBIIIE, YeM CKOpPOCTh €€ 0Opa3oBa-
HUS [IPU OKUCJICHUH CYIb(PHIIOB, TIOATOMY dIEMe-
HTHas cepa OCTAaeTCs B TBEPABIX OCTaTKax OMOO-
kuciaeHust (Ouokekax). CremyeT OTMETUTh, YTO
pa3NnuYHble MaTepUallbl, KOTOPHIE CMEIIUBAIOTCS C
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Cepoil MOTYT M3MEHHUTh YPOBHH €€ OMOOKHCIICHUSI.
OO0HapyeHO yBEIWYECHHE YPOBHS OKHCIECHUS TpPU
CMEIIMBAHUU 3JIEMEHTapHOU cepbl ¢ (ocdaTHoM
nopognoii (Ullah 2014:550-556).

DneMeHTapHas cepa J0JDKHA OBITH OKUCIICHA IO
cynb(}haroB, 4TOOBI OBITH OMOJIOTUYECKH JIOCTYITHOM
[t pacteHui. OKHCIeHNe 3aHUMAaeT BpeMst U KOHT-
ponHMpyeTcss HeCKOJIBKUMHU (haKTOPaMH, TAKUMHU KaK
Temneparypa u BraxnHoctb (Germida 2003:101-
114). B TembIx paifoHaX OKHCIICHHE YaCTHII TTPOUC-
xomut OwicTpee (Vidyalakshmi 2010:73-77).

OpHako, MOXanyid, OJHUM M3 OCHOBHBIX
(haKTOpOB, BIUSIOMHUX HA UHTEHCHUBHOCTH OaKTe-
PHANTBHOTO OKUCIICHUS, SIBJISICTCS pa3Mep YacTHll
(Lee 1988:179-186). KpymnHble YacTULBI OKHUC-
JNAOTCS MeieHHee. Hampumep, nume  1olo-
BHHA Macchl TpaHyJd Cepbl pasMepoM 1- 2 MM
npeBpamaercst B cynbdar uepes 5 net. [panyis
pasMepoM MeHee 250 MKM OKHUCIHSIIOTCSL HAMHOI'O
osicTpee (Priyanka 2014:28-34). Takum o0pa3zom,
CKOPOCTb, C KOTOPOW MPOUCXOAUT MpeoOpa3oBaHue
AIIEMEHTAPHOU cepbl B CyIb(aThl, ONMpeaesieTcs
JIByMsI OCHOBHBIMH (akTopaMu: MHKPOOHOIIO-
TUYECKUMHU MOKa3aTEeIsIMU OYBbI U (PU3UUCCKU-

SEI 20kV
jeol isono

WD10mm  S550
Sample

MH CBOMCTBAMH HCTOYHHMKA S°, TAKMMH KakK €ro
pasMepbl. BOJNBIIMHCTBO  CEIBCKOXO3SHCTBEH-
HBIX [OYB COIEPKAT MUKPOOPTraHU3MBI, KOTOPBIE
crroco6Hsr okuCIATE S° (Shinde 1996:291-295).
Hawubosnee BaxkHOW TpyNIol CEpPOOKHUCISIOIIUX
MHUKpPOOPTaHU3MOB SIBIISIETCS TpyIlna OaKTepui,
npuHauIexkamux K poxny IThiobacillus (Garcia-
de-la-Fuente R. 2011:1481). KonuuectBo 3THX
OakTepuil ompenensieT CTeNneHb, A0 KOTopoi S°
npeobpasyercs B SO, B nousax (Sen 2001; Bole
2006:347-356; Beech 2007:459-482).

B cBsi31 ¢ 9THM OBLIO U3YYCHO BIUSHHUE pa3Mepa
Y4acTHUIl BHOCUMOH B MOYBY 3JIE€MEHTApPHOM Cephl Ha
comepkanne B HeW Oaxrtepwii poma Thiobacilllus,
MMOCKOJIbKY OHHU OCYIIECTBIISIFOT ONOOKUCIICHHE dJIe-
MEHTapHOH cepbl B cynbgat. [ 3Toro B MoYBeH-
HbIe 00pa3Ibl BHOCHJIA CEPHBIE TPAHYIBI Pa3ind-
HOW aucniepcHocTd. K mepBoit rpymme oTHOCHUTCS
00paboTKa MEIKOIUCIIEPCHOW AIIEMEHTApHOU Ce-
poH, KOTOpas COJEPKUT YacCTHLbl BEJIMUYUHOU
<0,25 mm B tuamerpe. Ko Bropoil rpymnne oTHOCHT-
cs1 00paboTka TPYyOBIMU YaCTHUIIAMH AIIEMEHTAPHON
Cephl, pa3Mep YacTHIl B KOTOPBIX COCTaBJISIET
>0,25 MM B tuametpe (puc. 1).

SEl 15 o 4 —_—

jeal isono 18 May 2016

Pucynoxk 1 — DnexrpoHorpamMMa 4acTUL] JIEMEHTApHOM cepbl pa3IMuHON JUCIIEPCHOCTU
A — rpy6onucnepcHas cepa; b — BeIcokoquciepcHast (MUKpOHH3UPOBAHHAs) cepa

KonnyecTtBo THOOaumMIn omnpenesuin  de-
pe3 20, 60 u 90 gHell mociie BHECEHUSI B MOYBBI
YaCTHI] CEPBI PA3JIMYHON AUCIIEPCHOCTH. Pe3ynb-
TaThl 3TOTO KCIEPUMEHTA IPEJCTABIEHbl HA PU-
CyHKe 2.

KonmmdyecTBO THOHOBBIX OaKTepuili B MOYBE J0
00paboOTKH 3JEeMEHTapHON cepoll OB HU3KHUM,
OIHAKO OHO JOCTOBEPHO YBEJIMYHMBAETCS IOCIIE
ee pobaminenwus. [IpuueM, mpu BHECEHUU Mell-
KOJIUCIIEPCHON 3JEMEHTApHON Cepbl KOJIUYECTBO
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Oakrepuii OBUIO 3HAYUTEIBHO OOJIBIIE, YEM IMOC-
ne oOpaboTku rpyboit aucnepcHo# Gpopmoii. ITo
CBHJICTCJIBCTBYET O TOM, YTO JUJIs MEJIMOpaIUu
COJIOBO-3aCOJICHHBIX IOYB JyYIlle BCErO HCIOJIb-
30BaTh MeJKoaucIepcHble yacTuibl < 0,05 MM B
JMaMeTpe.

Buookucnenue cepbl OakTepUsSIMU 3aKaHUNBALT-
csi oOpazoBanueM cyibdara. [losTomy ObIIO ompe-
JICJICHO €r0 COJICP’KaHUE B IMOYBEHHBIX 00pasiiax B
TEeX e OMBITHBIX BapuaHTax (Tabm. 1).
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ad)(i)eKTI/IBHOCTL OHOOKHCIICHHUS CEPBI pa3J’IPI‘{HOﬁ JUCIIEPCHOCTU THOHOBBIMU 6aKTepI/DIMI/I

OcHoBHOM

OcHoBHOW

OcHoBHOW

OcHoBHOW

OcHoBHOW

OcHoOBHOM

OcHoBHOW

OcHoBHOM

OcHOBHOW

OcHOBHOM

OcHoBHOW
0,005-0,05

0,1-0,25 0,25-0,5

W20 gHer M60 gHerr W90 aHew

PucyHnok 2 — Coneprkanue THOOALMILT B 00pa3Lax MOYBbI 10CJIC BHECCHHS YaCTULL CEPbl PA3INYHON TUCIIEPCHOCTH

Ta6muna 1 — Copepxanne cynb(ar-noHoB (MKr/100 T HOUBBI) TTOCIIE BHECEHHS YaCTHI[ CEPBI PA3INYHOMN AUCTIEPCHOCTH

JlucrepcHOCTh Pa3mep wactung JIHU 11ociIe BHECCHUS JIIEMEHTapHOM Cephl
0,005-0,05 mm 1140,5 120+6 240+12
MernkoaucnepcHas cepa
0,1-0,25 mm 9+0,4 7043 90+4
KpymHoaucnepcras cepa 0,25-0,5 mm 8+0,4 30+1 50+2

Cepa B MeIKOOUCHEPCHOH QopMe  OKWHC-
nsietcst ObicTpee, yem Oosiee rpyOble yacTHibl. B
1a00paTOPHBIX OMBITAX TOKA3aHO, YTO COAEPKaHHE
cynbdaTa K KOHI[y CpOKa HAONIOACHHS B CIIydac
WCTIOJIb30BaHMsl HanOoyee MEJIKOJUCIIEPCHON ce-
pst (0,005-0,05 mm) B 5 pa3 Oonblue, HEXEIH MPU
BHECEHMM KpynHoaucnepcHoil. CrenoBarenbHO,
YacTUIbI dNIeMeHTapHOH cepbl ¢ pazmepoM <0,05 MM
ONTUMAJIbHBI ISl TPUMEHEHHS, MOCKOJIBKY CO-
Jiep>KaHue THOHOBBIX OakTepuil B IOYBE U KOJIHMYE-
CTBO MOHOB cyib(aTa yBeJITMUUBACTCS MTOCIIE BHECE-
HUS B [I0YBY YaCTHL CEPbl MUHUMAJIbHBIX Pa3MEPOB.

[MockonbKy dreMeHTapHast cepa, BHECEHHAsI B TOU-
BY, IIpEBpAILiaeTcs B CylIb(aT C HOMOLIBI0 MHKPOOHO-
ro okucieHus Oaxkrepusimu Thiobacillus, cnenoBareo
0XKHJIaTh, YTO CKOPOCTh OKHCIICHHs S° MOXKET ObITh
3aMETHO yBeNMYEHa IyTeM HHTPOAYKUUH B IOYBY
Oaktpuit poma Thiobacillus. Ha kadenpe 6morexHo-
norun KasHY wnm.anp-®Papabn MMeeTcsi KOJUTEKITH
LITaMMOB CEPOOKHUCIISIOIINX OaKTepUii, N3 KOTOPBIX
HaJ10 OBIIO 0TOOpaTh HanboIee aKTHBHBIE.

Ha nepBom 3Tare or0opa mTaMMbl BHICEBAIIH IIIT-
PHUXOM Ha THOCYJb(]aT-arap ¢ HHAUKATOPOM OPOMK-

pe30510M KpacHbIM. Ecii mrraMm criocoOeH OKUCTISTh
THOCYJIb(]AT, TO OKpACcKa CpeJibl MEHSETCS Ha JKEJIThII
o xomy mrpuxa. B pesynsrare oToOpaHO 7 aKTHB-
HBIX THTaMMOB: Thiobacillus ferroxidans Thio A-1,
16, 24; Thiobacillus thiooxidans 5, 31, Thiobacillus
denitrificans 1; Thiobacillus thioparus 13.

Cpenu HUX OBLT TIPOBEIEH CKPUHUHT I10 YPOB-
HIO OMOOKHCIIUTEIbHOM aKTMBHOCTH. JlIs 3TO-
ro OBITM HUCCIIEOBAaHBI OCOOCHHOCTH OKHCIICHHS
MOJETHLHOTO cyOcTpara (THocynbdara), KOTOPHIH
BHOCWJIU B JKUJKYIO MUTATEIBHYIO CPEIy IJIS Kylb-
TUBHUPOBaHUs OaKTepUil. AHAIN3 OCHOBAaH Ha U3Me-
HEHHUH I[BETa CPEIbl ¢ MAJIMHOBOIO B JKEITHIH, IO
Mepe cHWKeHHs ypoBHsi pH m3onsitamu Gaxkrepuit
(B cpene Takke MPHUCYTCTBYeT MHAMUKATOpP). B mipo-
1ecce KyJIbTUBUPOBAHUS LIBET CPEIbl MCHSICTCS H
HAaYUHACT IMOCTCICHHO >KEITETh, COOTBETCTBEHHO
cHIkaeTcst ypoBeHb pH. Ecnu mtamm «pabotaer,
TO Tocie 8 aHeH KyJIbTHBHPOBAaHUS cpela ToJj-
HOCTBHIO MEHSIET I[BET C MaJMHOBOTO Ha YKETHIN.
[lo WHTEHCHBHOCTH OKpAacKHd MOXKHO OTIPEICTHUThH
cojiepKaHHe CEepOCoepkKAIINX KOMIIOHEHTOB B HEH
U CTEIEeHb OMOOKHCIICHUsI CyOCTpaTa MCCIelyeMbl-
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mu mrammamu. Ltammer Thiobacillus ferroxidans
Thio A-1, Thiobacillus thioparus 13, Thiobacillus
thiooxidans 31 XapakTepu3yrTCs OOJBIIMM HAKOII-
JIeHHEM Cynb(daTa B KyJIbTYPaTbHOM HKHUIKOCTH — JI0
4100- 4800 mr/n, KOE 10°/mu. TTpu atoMm cybeTpar
HE OOHAPYXHMBAJICS Y)KE Ha IIECThIC CYTKU KYJIBTH-
BHUPOBAHHS.

BromMaccy 3THX IITAMMOB, & TAKXKE aCCOLUAIIHIO
M3 HUX UCTIOIE30BAITH [T HHTPOLYKIMH TTOYBEHHBIX
00pas3IoB, B KOTOphIe OblIa BHECEHA Cepa Pa3liny-

HOU aucriepcHOCTH. J{7s mony4yeHust OMomMacchl ce-
POOKHCIIIOMNX OaKkTepuil M3 Hamboyiee aKTHBHBIX
IITAMMOB, WX BBIPAIMBAIIU B KUJIKOU Cpe/ie ¢ THO-
cynbdarom (0,75 r/m). KyneruBupoBanue ocymiect-
BT B T€UCHHE 7 JHEH Ha OpOUTAIIEHOM IIEHKepe
npu 160 06/mMuH u npu Temmeparype 28°C.

buomaccy kaxaoro w3 mMTaMMOB CMEIIHBAIH
B cooTHomeHUH 1:1. MUKpPOCKOTMUECKH KOHTPO-
JUPOBAJIUA TIPUCYTCTBUE B ACCOLMAIMH KAXKIOTO U3
mraMMoB (puc. 3).

Pucynoxk 3 — Mopdonorus acconuanuii ITaMMOB CEPOOKHCISIONINX OaKTepUit

[lepen BHeceHHEM B MOYBY OHOMAcCy KOHLIECHT-
pupoBanu 1enTpudyruposanuem jgo 107 KOE/mi.
Bnusinue pasMepa udacTul, BHOCUMOW B IIOUBYy Ce-
pBl Ha MHTEHCHBHOCTb €€ OKHCJIEHUS B YCIOBHUSX
WHTPOMYKIIMM TIOYBBl THOHOBBIMH OaKTepHUAMHU

OLICHUBAIIM TI0 JIBYyM KIIIOYEBBIM KpuTepusMm. Bo-
MIEPBBIX, OIPENESNISUIN CONepKaHue Cyab(aT-noHa
B KOHTPOJIbHBIX (0€3 cepbl) U OMBITHBIX BapHaHTaX.
Bo-Brophix, onpenensuii pH B TOYBEHHBIX BBI-
TSDKKax (Tadn. 2).

Ta6anua 2 — Conepxxanue cyab(aroB u usmeHenue pH B oOpasiiax comoBO-3aCOJICHHBIX MOYB MOCIEC WHTPOAYKIMHA B HUX Ce-

POOKHUCIISIFOIINX OaKTepuii

SO,, mr/100 1 mouBsl pH

| “ 9 n = ) “ 9 n =

JlucrepcHoCTh § é ~ % 2 % - = % §N.‘ ,§ 2 § - =
gacTun S° STT S S g £ ST |88 §¢ £
< 8- < B < S g < B8 < 3 QE g

S8 ISES SRS S SES | 28] 28 S

S S5 S35 g | 897 |85 88| ¢

500 -250 MM 13,5+1,30 14,1+1,25 14,3+0,70 15+0,70 7,5 7,0 6,9 7,1
250-100 mxm 19,2 40,22 17,6+1,21 18,4+1,28 28+0,22 7,5 7.4 7.4 73
50-5 MKM 28,9+1,42 26,5+0,35 27,340,23 35+0,22 7,0 7,8 6,9 6,9
Be3 cepot 1,5+0,4 1,6+0,32 2,0+0,01 1,9+0,35 8,1 8,3 8,0 8,2

Kak crenyer u3 moiay4eHHBIX JaHHBIX, IPH
UCIIOJIb30BAHUU HMHTPOLYLUPOBAHHBIX B IIOYBY
IITaMMOB B HEll MOBBIIIAETCA KOHIEHTPAIUS Cyilb-
(haT-noHOB, 0Opa3yeMbIX NPHU OKUCICHUH JIEMEHT-
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HOM cepbl. 3HaueHnue pH B mouse uepe3 12 Henmensb
CTAaHOBUTCSl HEHUTPAJIHHBIM WM CIAOOKUCIBIM, T.C.
IPOUCXOIUT IOJKHUCICHHE 3a CUeT 00pa30BaHUS
KHCJIOTHI U3 cepbl. [Ipn yMeHbIIEHUN TUCTIEpPCHOC-
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TH YaCTHUI] BHECCHHON B MOYBEHHBIC 00PA3Ibl dJc-
MEHTHO# Cepbl CKOPOCTh €€ OKHCIICHHSI BO3PACTAET,
4YTO, BEPOSITHO, IPOUCXOAUT H3-3a JIUIICIO IPUK-
perieHus: K Helt MuKkpoopranusmoB. Haubonee s¢-
(EeKTHBHOE OKHCIICHHE CEPhI OCYIIECTBIISUT MITAMM
Thiobacillus thioparus 13, a Takke accolManus U3
TpeX HITAMMOB.

3akJ/oueHue

Hacrosimiee wccnemoBanne ObLTO TPEATIPUHS-
TO C LEJBI0 MPOBEPKU padoueil TUIOTE3bl O TOM,
YTO TOBBIMIEHUS METHOPATUBHON 3(h(HEKTUBHOCTH
Cepbl MOXXHO TOCTHYh MyTEM BHECEHHWS aKTHBHBIX
HITAMMOB CEPOOKHCIISIONINX OaKTepHid B IOYBY MITU
YBEJIIMYCHUEM JUCIIEPCHOCTH YaCTHIL Cephbl. AHAIIN3
pe3yJIbTaTOB MCCIIEIOBAHUI IO3BOJISIET NMPUUTH K
3aKJIIOYEHHIO, YTO CKOPOCTh OMOOKHCIIEHHS dleMe-
HTHOW Cepbl MOXXHO CYIIECTBEHHO YCKOPHUTH Clie-
TYIOIITIMH CTIOCO0aMHU:

— YBEJIIMYEHUEM IOMYIALHUOHHOIO YPOBHS MUK-
POOPTraHU3MOB, OKHCISIONIUX SJIEMEHTHYIO Cepy,
npesxe Bcero 0akrepuii pona Thiobacillus;

— UCTIOJIb30BAHUEM JJISl METMOPALINU MEITKOANC-
[IEPCHOM AIEMEHTAPHOM Cepbl;

— HNPUMCHCHUEM accounaum‘/i BUIOB U KYJIb-
Typ OaxkTepwii, OKUCIISIOUIMX SJIEMEHTHYIO Cepy ¢
HauOOJBIIEH CKOPOCTHIO.

Pe3ynbraThl MPOBEAEHHOTO WCCIENOBAHUS 103~
BOJISIIOT CAEJATh CIEIYIONINE BHIBOIBL:

1. Ilocne o0OpabOTKM METKOTUCTIEPCHON dIie-
MEHTapHOW Cepoil KOIMYEeCTBO THOHOBBIX OaKTe-
puil B mouBeHHBIX oOpasuax Oakrepuil B 1,8 paza
Ooxbire, yem mocie o0padoTku rpy0oil qucnepc-
HO#l (opmoii. Conmepxanue cyinbdara K KOHILY
cpoka Habmronenus (90 gHel) B ciaydae HCIIONb-
3oBaHUs MeakoauciepcHoit cepsl (0,005-0,05 mm)
B 5 pa3 Oosblie, HEXXETU MPU BHECEHUH KPYITHO-
JUCIIEPCHOM.

2. B MOIeIbHBIX KCIIEPUMEHTAX YCTAaHOBJIEHO,
YTO MapajieIbHOE BHECEHHE B IMOYBY OHOMACCHI
THOHOBBIX OaxkTepuil W MEJIKOAUCIEPCHON Ccephbl
MIPUBOANT K TIOBBIMICHUIO €€ OMOOKHCIUTEIHbHON
aktuBHOCTU. Yepes 12 Hemenb mocie HHTPOAYKITHI
MOHOKYJBTYp WM aCCOIMAlMU M3 TPEX IITaMMOB
comepkanne cymbdar-roHa B 100 T IMOYBCHHBIX
o0pazuoB gocturaet 35 mr, a pH noBepxHoCcTH M0Y-
BBI CHIDKaeTcs 710 6,8.

Pe3ynbraTer paboTsl OyAyT MCTOIB30BAHBI IS
Pa3paboOTKH TEXHOJIOTUH YCKOPEHHON MeIHopanuu
IIEJIOYHBIX 3aCOJICHHBIX TT0YB 3JIEMEHTAPHOM CEpoii.
PazpaboTtanHas MHHOBAIMOHHAS TEXHOJIOTHS OymeT
npeiokeHa MUHUCTEPCTBY CEJIbCKOTO XO3SIHCTBa
PK, kpecThsiHCKMM XO3siicTBaM, a Tak ke HedTe-
repepadbaThIBAIOIINM KOMIIAHHUSIM, 3aHUMAIOIIIMCS
XpaHEHUEM U YTHIIU3AIHEH Cephl.

Pabora mponenana B pamkax I'panta Ne4932/
I'd4 «Pa3paboTka TEXHOIOTHH MEITHUOPALUH IIe-
JIOYHBIX 3aCOJICHHBIX MOYB AJIEMEHTapHOH Cepoii»,
(urancupyemoro MOH PK.
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3K3OlEHAI ®AKTOPAAPADBIH, ETEYKYMUPBIKTAP
IPUTPOUMUTTEPIHIH, PEBUCTEHTTIAITIHE SCEPI

JKyMbiCcTa 3HTEPOCOPOEHT KOMEriMeH 3K30reHAl (PakTopAap MeH LWMKI MyHan eHimaepimeH
KAAbIMTbI >KaFAAMAAFbl aK, ereyKynpbiKTapAbl YAQHABIPY XKOHE OAapAbl SHTEPOCOPOEHT apKblAbl €M-
A€Y MaKCaTbIHAQ 3epTTey XKYPri3iAAi KoHe OMOXMMMSABIK, KOpCeTKiLlTepi aHbikTaaAbl. CopbeHTTep ic
)KY3iHAE a3 AO3aAbl COYAEAEPAIH BCepiHeH 3apAan LIeryLli XaAblK, AEHCAYAbIFbIH KOPFayFa YAKEH YAEC
KOCYbl MYMKiH. ByriHAe aHTEpPOCOPOLMSHbBIH, MeAMLIMHaAAFbl POAI apTyAa. 3epTTey 0ObekTiCi peTiH-
Ae 8 anAblk, opTalla AeHe caamarbl 150-200 1 ak, 3epTxaHaAbIK, ereyKympbiKTap aAblHAbl. MyHaliMeH
YAQHFAHHAH KENiHT 3epTXaHaAbIK, XKafAarnAa KQHHbIH, KaAMbl 6EAOK MOALLIEPIH, HECEMN HaP >KeHe KpeaTu-
HWH, aAaHMHaMMHoTpaHcdepasa (AAT), acnaprtatammHoTpaHcepasa (ACT) meawepiH «Bio-Lachema-
Test» SA, (HTI, CLLIA) aHaAn3aTOpbl apKblAbl CAAbICTBIPMaAbI TYPAE KAPACTbIPAbIK, aA KaH NMAA3MaCbIHbIH,
MOALLEPIH MIMMYHOPAAMOMETPUSABIK, 8AIC aPKbIAbl aHbIKTaAAbl. JKypri3iAreH >KyMbICTbIH HOTMXKECIHAE
3K30reHAI (DakTOpAAp MEH LLMKI MyHan eHIMAEPIMEH YAQHFaH aK, ereyKympbiKTapAblH GUOXUMMUSABIK,
kepceTkilTepiH 30 KyH KarTaAan 6akblAar, KepceTKilTepiHAe aybITKy 6ap ekeHiH 6arkasblk. COHbIH,
HOTUXKECIHAE LLIMKI MyHal eHiMAepi 6ayblp, Oy1Mpek KbIBMETTepPiHiH Oy3bIAFAHABIFbIH KOPCeTeAl. IK30-
reHAl hakTopAap MeH WMKi MyHarMMeH KaTap HaHOIHTepPoCopbeHT «MHro-2» Kocbin 6epreHae, sHTe-
POCOPOBEHTTIH 6ayblp KbI3METIH KAAMbIHA KEATIPETIH KOPFaHbIl MEXaHU3MAEPIH GeACEHAEHAIPEAI, T1-
No- K8He AMCTIPOTEMHEMUS KOPiHYiH BaceHAeTeAl, 6aybIpAbIH IMAMKOreHCcaKTayLlbl KbI3METIH KAAMbIHA
KEATIpeAi, MaAbIK, AUCTPOMUSHBIH, AAMYbIHbIH aAAbIH aAdABbI.

Ty¥iiH ce3aep: MyHait AaCTaHyAapbl, 3K30reHA | hakTopAap, 3HTEPOCOPOEHT, KAHHbIH OUOXMMUSIABIK,
KepceTKilTepi.
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BAusiHMe 3K30reHHbIX (paKTOPOB Ha Pe3UCTEHTHOCTb 3PUTPOLLUTOB GEAbIX KPbIC

B pabote mccaepoBaan AevebHbIN 3eKT OT NMPUMEHEHUs SHTepocopbeHTa NMpu BO3AENCTBUM
3K30reHHbIX (DaKTOPOB M OTPaBAEHMS CbiPOi HETbIO. M3yyaan M3MeHEHNS BUOXMMMYECKMX MoKasaTe-
A€ KPOBU KPbIC MPU BO3AENCTBMM BHELWHMX (DAKTOPOB M OTPABAEHUU CbIpbIMM He(DTENPOAYKTaMM.
INprMeHeHre cOpOEHTOB MOXKET BHECTM CBOM BKAQA B OXPaHy 3A0POBbsSI HACEAEHMS, KOTOPOE MOABEPT-
AOCb BO3AENCTBUIO HM3KMX A03 paaraumm. CeroaHs Bo3pacrtaer poAb MCMOAb30BaHMSI SHTEPOCOPOEH-
TOB B MeamumHe. OObekTaMM MCCAEAOBaHMS ObIAM 8 MecCsiuHbIX GeAbIX AAaBOPATOPHbIX KPbIC-CaMLIOB
¢ mMaccon 150-200 r. MccaepaoBaHMe MPOBOAMAOCH C MOMOLLBIO aHaAu3aTopa «Bio-Lachema-Test» SA,
(HTI, CLLIA) 1 MICNOABb30BaACS METOA UMMYHOPAAMOMETPUYECKUIA. B pe3yAbTaTe BO3AEMCTBUS 9K30reH-
HbIX )aKTOPOB M CbIPO HEDTM Ha KPbIC MPW UX OTPABAEHMM OOHaPY>KEeHbI USMEHEHMSI BUOXMMUYECKIMX
rnokasateAer KPpoBM M OTKAOHEHME MX OT MoKasaTeAeir KOHTPOAS, KOTOpble COXPaHIAMCH M Yepe3 30
AHEN MoCcAe BO3AENCTBUS. B pesyabTaTte BO3AENCTBUS HETU M3MEHEHMS HADAIOAQIOTCS KaK B MeYeHn,
TaK 1 B noukax. [Mpu AencTBUM Cbipoi HeTbIO 1 IK30reHHbIMU DaKTOpPamm NMPUMEHEHNE HAHOIHTe-
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pocopbeHT “UMHro-2” BoccTaHaBAMBaET (PYHKLMM MEYEHU Yyepes 3alMTHbIA MeXaHM3M, KOTOPbI BK-
AIOYaeT rmmno- u AUCNPOTEMHEMMIO 1 BOCCTAHABAMBAET aKTMBHOCTb MMKOAM3a NeYeHu, MpeAynpexkaas
pasBuTUE CTeaTo3a.

KAtoueBble cAoBa: HehTsHOE 3arpsi3HeHue, 3K30reHHble hakTopbl, SIHTEPOCOPOEHT, BUOXMMMYEC-
KMe nokasaTeAn KpOBMU.
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Effect of exogenous factors on the resistance of red blood cells of white rats

The paper examined the therapeutic effect of the enterosorbent under the influence of exogenous
factors and the poisoning of crude oil. We studied the changes in blood biochemical parameters in rats
under the influence of external factors and the poisoning of crude oil. The use of sorbents can contribute
to the protection of public health, which has been exposed to low doses of radiation. At the present time
the role of the use of enterosorbents in medicine is growing. The objects of the study were 8 monthly
white laboratory male rats weighing 150-200 g. The study was conducted using the analyzer «Bio-Lache-
ma-Test» SA, (HTI, USA) and used immunoradiometric method. As a result of the impact of exogenous
factors and crude oil on rat poisoning when they found changes in blood biochemical parameters and
their deviation from the performance monitoring, which persisted 30 days after exposure. Because of the
effect of oil, changes were observe in both the liver and the kidneys. The action of crude oil and the use
of exogenous factors nanoenterosorbent «Ingo-2» restores the function of the liver, through a protective
mechanism, which includes a hypo and Dysproteinemia glycolysis and restores the activity of the liver,
preventing the development of steatosis.

Key words: oil pollution, exogenous factors, enterosorbent, biochemical indicators of blood.

MyHaii-ra3 enaipyae 6aio MeH maiina taly Kesi
peTiHme Kapamaii, mamaibl TaObicKa 00ia omapbl
JKBIPTKBIIITHIKIICH )KYMCaIl, TAOUFU OPTaHBI aJIaMJIap
MEH OapJibIK TIpLIUTIK YIIiH 3USHABI KaJIBIKTApPMEH
nacrayra OomMalThIHBIHA OyTiHAE K63 xkeTTi (Bon-
koB A. 2012: 4-11). Ocsiran opaii, COHFbI KbIIAAPHI
pecryOnnKamMbI3/a, )KaKbIH KOHE aJIbIC IIEeTeNepae
KOpIIIaFaH OpPTaHbl KOpFay MoceleciHe KOI KOHLI
oemninyne (dassinosa, C.JI. 2006: 155). Kasipri ke3-
e IIEKTEH ThIC JIACTAHFAaH aiMaKTap/IbIH JKaFJaiibIH
OakpuTay, KOpITIaFaH OpTa camacklHa Oara Oepy, Ke-
nemerine 0OJbKaM jkacay JKOHE TaOMFATThl KOpray
HIapajapblH 5Ky3ere achlpy MaHbI3Ibl MAceIeIepaiH
6ipi 6omerm oteip (Eperma B. 2009: 6, [laBbinosa,
C.JI. 2010: 173).

TaOuru sSKoXKyHeNnepAiH MyHail KoHE MyHal
OHIMIIEPIMEH JIaCTaHybl TEK MYHAl OHTIPYIIi
aiiMakTa FaHa eMec, OJlaH aJlbICTaFbl aliMaKTapra J1a
SKOJIOTHSUITBIK, TipoOiieMa TybiHAaTaabl (MaHcypoBa
B.b.2010: 197). MyHaiiibIH anaTThl )KoHE Ke3/1eHCOK
TOTUTyi Ke31H/IE TOMBIPAKTHIH (PU3UKATIBIK-XUMHUSIIBIK
KacHeTTepl e3repil, Cy-aya pexuMi OY3bUIaJbI, TO-
MIBIPAKTBIH MUKPOOHOJIOTHSUTBIK OCTICCHILTITT O9CEH-
Jiert, OMOIIEHO3 KYpbUTbIMBI 63repei (MaHcypoB 3.A.
2009: 257, Antonmamu 1. 1997: 314).

MymHaiitmMeH, OHBI OHACY Ke3iHAeTi OHIMIEePMEH
JKOHE OHBIH JKEeKEe KOMIOHEHTTEPIMEH JIACTaHFaH
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TOTBIPAKTHI Ta3apTy Maceieci ol KyHTe JediH o3
menriMia Tankad Kok (bemsxoB H.A. 2000: 41).
COHJIBIKTAaH TOMBIPAKTHIH MYHAalMEH JacTaHybl-
HBIH OSKOJIOTMSJIBIK 3aplalTapblH 3epTTey JKOHE
Ta3apTyAblH KaHCBIOIp ojicTepiH MmakaaHy/bl,
YTUIM3ALUSIIay MEH PEKyJIbTUBALMSIAYAbl KOHO-
MUKaJIBIK TYPFBIJAH HETi3Aey aca MaHbI3Abl MiH-
net Oounbin Tabbiagsl (Mancypos 3.A. 2010: 11,
Tan6eprenos C.O. 2008: 126). MyHaii >koHe MyHal
OHIMEpI TOMBIPAKTa, Cyda, OCIMIIKTE >XWHAJIBIIL,
KOPEKTIK Ti30eK apKbUIbI )KaHyap jKOHE ajiaM opra-
HHU3MIHE TYCE/I1, COJl apKbLIbI alMaKThIH SKOXKYHeci-
HE XOHE XaJbIK JCHCAYJIBIFBIHA HYKCAH KeNTipemdi
(Tan6eprenos, C.0.2004: 428, Owmapanmue T.O.
2001: 450). Kazipri 3amanma TaOUFaT KOMITOHE-
HTTEPIHIH TOJIBIK ACPIIiK ©3repyiHe BIKITaj jKacarl,
HETI3r  OKOJNOTHSUIBIK TpoOiieManapabl TYFbI3BII
OTBIpFaH MYHall MEH ra3 eHEpKACINTIK KelIeHepi
MeH e mekeraep (AceroB A.P. 2010: 132, Mano-
BsiH A K. 2001: 568). Kopiiiaran oprara OyKiJ oJeM-
Jle Kbl caiibiH 3, 0 MJIpJ TOHHAIAH acTaM ©HEPK9-
CINITIH KaTThl KAJIABIFBI | MIIPI TOHHATMAH IIBIFBIT
typansl (AxmeroB C.A. 2002: 672). luki myHaii
©3iHIH TaOWFaTKa dcepi JKarblHAH OCH3WHIE YKAKbIH
(Miyazaki T. 2004: 1773, Aoyama 1. 2003: 8).
MyHaiineiH Oysl OHImIA 3UsH OOJIMaraHbl-
MeH, CYMBIK MYHall ajiaM JIeHECiHe OopTYypii Tepi
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Dk30reH i (GpaKkTopIapAbIH ereyKYHpBHIKTap S)PUTPONUTTEPIHIH PE3UCTEHTTUIrIHE acepi

aypyaapsiH Ko3abipanasl (Alvaro D. 2000: 174). ben-
3WH MEH KePOCHH aJ]aM aF3aChIHa THIHBIC KOJIIapbl-
MeH Kipil, OJlaH iIIeK-KapblH apKbUIbl KaHFa OTe-
ai (Solter Ph. 2000: 216). CeliTinn OpTaJbIK KXYHKEe
TaMBIPBIHA 9Cep €TeMi, YMaHABIPasbl, Keiie COHBI
eJIiMre arapajibl. AF3a UHTOKCUKAIUSFA YIITBIPAN bl
(Konev S.V. 2012: 5).

WnTOoKCHKanus, SIFHU YIIaHy, aypyabl CE3iHy MeH
JKAJITIBI JKal KYHJIH HallapiayblH KaJIbINITACThIPaIbI
(Comperts B.D. 2010: 250). DHporeHmik WHTOK-
cukarus (imTei yiaaHy) — KONTereH MaTOJIOTHSUTBIK
MIPOLIECTEP MEH YKaF Al IbIH HaIllapiiayblHa TOH CHH/-
pom (Hazen S.L. 2010:5629). Toxcunnepmis (yibl
3aTTap/bIH) HECEITICH, HOXKICTICH, KeH/IE TINTEeH IeM
ApKBUIBI CHIPTKA LIBIFAPBUTYBIHBIH 031 KOHII-KYHIi
Oipmrama xaxcaprazpl (Comporty M. 2009: 199).

AypynaH — caybIFy[bIH KOHE JICHCAYJIBIKTBI
KOJIJIaylblH OipieH Oip JKOJNIbIHA, YKMHAIFAH 3WSH-
Ibl 3aTTap KOCBUIBICTAPBIHBIH OpPraHU3MHEH Jiep
ke3inge mbiFysl kataasl (Li Chuanuu 2001: 1121).
Kazipri meauiiuHaaa ar3ajgaH apThiK dHIOTSHIl (iM-
Ki) ykoHe OefTaHbIC 3aTTap/Ibl IIbIFapyFa HeTi3/IeIreH
emzeyaid aprypi 3dhdepenti («efferens» — naThiH
TUIIHEH ay#apraHia WIbIFapy JAereHmi Ourmipeni)
omicrepi kommansniansl (Comperts B.D. 2010: 250).
OHTepocopOius 3h(hepeHT] TepanusHbIH (EMICYIIIH)
Kypay1sl 6eiri. OHbIH MaKcaThl LIBIFY TET1 opTypIi
YABI 3aTTapIbIH (TOKCHHIEP/IIH) 9CEPIH TOKTATY KO-
He Jie onapnel ar3anad snumuHanmsuiay (Fedortsev
O.E. 2004: 219, Comperts B.D. 2011: 33).

DHTEepocopOIUs — OV SHTEPOCOPOCHTTEPHiH
ar3ajiaH opPTYPJIl AK30TCH/l 3aTTapibl, MUKpPOOpra-
HU3MJIEPl KOHE OHBIH TOKCHHJIEPiH, 3aT ajaMacy-
IBIH apaiblK JKoHE asgKKhl OHIMAEpiH Oaiinmar,
HIBIFAPYBIHA HETI3/ICNITCH eMJIeY 9J1ici. DHTEpOCopO-
usl peTiHje KeOiHIe COpOSHTTEp KOJIaHBLIAIIbI
(Murata Y. 2004: 1184). DHTepocopOeHTTEp
(OCB) — xoFapbl copy CHIMBIMIBIIBIK KacHETi Oap,
acKasaH-ilIeK KOJJapblHIa OY3BIIIMAWTHIH JKOHE
abcopbmus (ciHipy), MOHAIMacy Kabimeri 6ap Me-
JUITMHAJIBIK OaFbITTa KOJJIAHBLIATHIH IIperaparrap
(Ali F. 2004:174, Begon, M. 2006: 32).

3epTTey MaTepuaniapbl MeH dicTepi

3epTTeyre Matepuall peTiHae 8 aliIbIK CaaIMarkl
150-200 1. OonatbkiH aboparopusiiblk 60 aK erey-
KyUpbIKTap anblHAbl. KaHyaprnap BuUBapuil skarna-
WeIHAa ecipinai. 3epTTey JKYMBICHIHBIH TXKipHOe-
Jepi exi TonTamana xyprisinai. bipinmi Tontamana
OakpLIay TOOBI J)KOHE IIIMKI MYHAMEH acep eTKeHIeT1
YKaHyapJap KaHBIHBIH OMOXUMHUSIIBIK KOPCETKIITEpi
aHBIKTAIBI. AJl €KiHIIII TONTamMaja IMUKi MyHalMeH
yhaaFaHHaH KeWiHTi JKaHyapyap KaHBIHBIH OHOXH-

MUSUTBIK  KepceTkimTepine «/Hro-2» HaHORHTEPO-
COpOEHTIMEH KOppeKuusuiayabH ocepi 3eprrenmi: |
tort — 30 KyH OoifbIHa MyHaliMeH yJlaHFaH ereyKyi-
peIKTap TOOBI; «MHTO-2» HaHOIHTEPOCOPOEHTIMEH
KOppeKUusUlaHFaH ereykyipbikrap toosl 11 tom (10
kyH), lII Ton (20 xyH), IV Tom (30 xyH). 3epTXaHAIBIK
JKardadia I[IMKI MYHAil ©HIMJEPIMEH KaJIbIIThI
JKaraigarsl aK ereyKyWpbIKTapAbl YAaHABIPY jKOHE
OJap/bl SHTEPOCOPOSHT apKBLTBI EMJIEY MaKCaThIHAA
3eprrey okypriziimi. Toxipube OapbichiHAa —aK
ereyKyHpBIKTapFa CO3bUIMalbl OONaThIHAAN IIUKi
MYHaliMeH yJaHy¥a JKafaaiiap skacasjpl.

AKX ereyKyHpbIKTap/IblH HETI3ri TaraMbl peTiHIe
Teni3 MyHall KeH OpHBIHBIH IIMKI MyHail eHiMuepi
Oonmpl. bakpuiay TOOBIHA TOXKIPHUOETIK TOMTAFbImait
Oipreit Medtiepie, MPONOpIHsa, OipaKk MyHalMeH
KOCBUIMaraH Cy J>KOHE TaMakKIieH KOPEKTEHIPiiIi.
Kempmeri myHail koHHIEHTpamusickl Imamamer 1%.
CoHaii-aK cy/ia Jia MyHai IbIH 9JICI3 KOHIICHTPAIHSICHI
xkacangpl  0,001%. Ocpuraifiiia  TOYNMIK — PAIHOHBI
OOMBIHIIIA eCETTereHIe ereyKyUphIkTap KyHine 5,85 T
MeJIIIEePIHIIC MYHaHMEH KOPEKTEeHIIPiII.

KaHHBIH OMOXMMUSITBIK KOPCETKIIITEPiH aHBIK-
Tayna buoxummsansik kepcetkimrep Biochem SA,
(HTI, CILA) ananuzatopblHIa aHbIKTangbl. Erey-
KYHPBIKTApbIH Ta3a KaH aly VIIiH OHBIH apTepus
TaMbIPbIHAH KOHBIOJNMSI apKbUIBI TPOOUpPKara Ky-
HbIN alaMel3 1a, HeHTpudyrara 20 MUHYTKa KOMBIIL,
OMOXUMMUSIIBIK aIlapaTiieH KOPCETKIIITEePiH aaMbI3.
BruoxumusIIbIK anmapar OMOXUMHUSUIBIK, KOPCETKIIII-
Tepze aybITKybIH aHbIKTan Oepeni. HanosnTepocop-
OEHT ereyKyHpBIKTapFa acep eTKeHIe OJap/IblH Kop-
CETKIIITEpi KYHTE Jie acepi Oap EKeHiH KopeMis.

BHOXMMHUSIIBIK  aHATU3ATOP-ONTHKAJIBIK JKOHE
KOMITBIOTEPITIK MEXaHUKAJBIK TEXHOJIOTHsIAp KaH-
HBIH capanramachl YIIiH KOJIaHBLIATHIH acriail.
Ocpbl anmapat KeMeriMeH KaHHbBIH KeJIeCiIei MaHbI3-
ITbI KOPCETKIMITEP1 aHBIKTAIaIbl: JKaJIIbI OSJIOK, MO-
YeBHHA, KPEaTHHUH, aMHJia3a, Kbl OHITUpYOHH,
Typa OwnupyOuH, Typa emec OmnupyouH, AunaT,
AcaT, XonecTepuH, YIITIIUITUPHUITED, T.O.

3epTTey HITHIKEJIepi

MyHaliMeH ynaHaplpygaH —kediH — «UMHro-2»
HAHOPHTEPOCOPOCHTIMEH  KOPPEKIUSUIAYNbIH  JKa-
HyapJyap KaHBIHBIH OMOXUMUSITBIK KOPCETKIMTepiHe
acepin Tayay. XX raceiparbl 60-KbULIAP/IbIH asFbl
MeH 70-KbUTaapabIH O0achlH/Ia TEMOHATN3, I1a3MO-
(epes3re apHaiFaH ammaparTapMeH, KaHIbl TiKeeH
Tazanay oJici SHTOPOCOPOLMS SMICIH BIFBICTBIPHII
eKIHIIII OpBIHFA KOHIBI. BipaKk iIIKi )KoHE CHIPTKBI YIIbI
3arTapaad KaHAbl Ta3ajJayablH ammaparThl omicTepi,
3 PepeHTTI TepanusIChl KAXKET ETETIH HayKacTap/IbIH
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5-6%-He raHa KojmaHbUFaH. byn xarmaiinel Ty-
CiHy napirepiepMeH KaTap TYpFhIHIAp apachlHaa
Ja dHTepocopOIust dficiHe KBI3BIFYUIBUIBIK TY-
IOBIpABL.  3epTTey IKYMBICBIHBIH ToXipuoenepi
eki TomTamama >Kyprizimmi. bipiami TomTamana
Oaxpiay TOOBI )KOHE HIMKI MYHalilMEH dCep eTKEH-

JIeT1 JKaHyapiap KaHBIHBIH OMOXUMHUSIIBIK KOPCET-
KIiImTepi aHBIKTAIIbI. AJT €KIHIII TOTTaMaaa IIHUKi
MyHaliMeH ylaraHHaH KEHIiHT1 jkaHyapyap KaHbI-
HBIH OWOXMMUSIIBIK KepceTkimrepine «MHro-2»
HAHOJHTEPOCOPOCHTIMEH KOPPEKITUAIAYIbIH ocepi
3epTTENII.

1-kecte — KaJbInThI XKaF/1aii1arbl %koHE SK30TeH 1 (haKTOpIIap dcep eTKeHHEH KeliH aK ereyKyHpbIKTap KaHbIHBIH OMOXHUMUSUIBIK KOPCETKIIITepi

Kepcerkimrep Kansmrs: )KaFF[aﬁHaFH I'ron _ (M¥HaﬁM£LT;;HFaHua),
KOpCeTKilI (6axputay ToOBI), n=12 0=12
JKanmer 6enok, r\in 66-87 67,3+£0,04 89,1+0,05
I'mroko3a, MOJIL/1 8,8-16,3 9,240,05 17,6+0,05
Hecen Hopi, MMoib\in 2,3-8,3 6,4+0,03* 10,4+0,03*
Kpearunnn, Mmosb\n 45-115 62,1+0,04 116,2+0,08**
AnaT, Bipn/n 110,0-140,0 123,0+0,07** 156+0,05
AcaT, bipn /n 72,0-196,0 93,2+0,05 213+0,07**
JKanmsl OunupyOuH, MKMOJIB\T 22,2-35.6 36,7+0,03* 31,4+0,04
Typa OumupyOHH, MKMOJIB\IT 5,1-8,2 6,24+0,04 2,16+0,05
XonecTeprH, MMOJI/IT 2,2-2,6 2,4+0,03* 3,1+0,04*
Eckepry — *p<0,05

EreykyiippikTap TamarblHa MIMKI MYHail ©HIM-
JICPiH apaJIaCThIPbII, 24 caraT OaKbLIal, aJbIC KYH-
JIIK OMOXUMHSITBIK KOPCETKIIITEPiH CANBICTHIPAMBI3.
EreykyiippikTapaan Ta3a KaH ajry YIIiH OHBIH apTe-
pHYsi TaMbIpbIHAH KOHBIOJMS apKbUIbI MPOOHpKara
KYHBIIT aJIbll, IeHTpUdyrara *ublpMa MUHYTKA KO-
WBIT, OMOXUMUSUIBIK aIllmapaTieH KOpCeTKIMTepiH
ajaMbl3. BHOXMMUSIIBIK anmapaT apKbUIbl KaHHBIH
KOPCETKIIITEPiH KaiTamam Toxipube kacay apKbl-
JIBI CATTBICTRIPMAITBI TYPJIC aHBIKTaMBI3 (1-KecTe).

Bakpuiay TOOBIHAAFBI €reyKYWPBIKTAP/IbIH OHO-
XUMHSIIBIK KepceTkimTepi (1-kecte) skanmbl Oemok
67,3%0,04, mecennHopi 6,4+0,03, kpeatunnn 62,1+0,04
oomca, ain AmaT 123,0+0,07, AcaT 93,2+0,05, sxanmst

ommmpyoun 36,7+0,03, typa Owmmupyoun 6,2+0,04,
xonectepun 2,4+0,03. KanpinTe! sxarnaiiMeH calbic-
ThIpFaHaa OakplIay TOOBIH A CLIKAHAAHN ayBITKY JKOK.
ToxiprOeNiK KYMBICTAPABIH EKIHII TONTaMaChIH/Ia
MYHalMeH ylaHFaH )KaHyapiap opranusMine «Hro-
2» HaHO’HTEPOCOPOCHTIMEH KOPPEKLIHMSIIAYAbIH dCe-
pi zeprrenmi. XKanyapiap 4 tonka 6emnini: [ torn — 30
KYH O0iibIHa MYHaIMEH yJIaHFaH ereyKyHpbIKTap To-
osr; 11 — 10 xyH «HT0-2» HaHOPHTEPOCOPOCHTIMEH
KOppeKIsIanFaH ereykyipsikrap Toosr; 111 — 20
KyH «VHro-2» HaHO’HTEpOCOPOCHTIMEH KOPpEK-
[UsIIaHFaH ereyKyipbikrap To0sr; [V — 30 kyH «H-
ro-2» HaHOPHTEPOCOPOCHTIMEH KOPPEKLHUsIIaHFaH
ereyKyHpbIKTap ToObI (2-KecTe).

2-kecte — MyHaiiMeH ynaHapIpyaan Keilin «Hro-2» HaHOAHTEPOCOPOEHTIMEH KOPPEKIHMsIIAyIaH KeHiH aK ereyKyHPhIKTap KaHbIHBIH

OMOXMMUSIIBIK KOPCETKIIITEPL

Vsrakrii tom Hanosnrepocopbent «Hro-2» MeH koppekuusiiay, n=12
Kepcerkimrep (mynaiiven I Tont 1T Tont T Ton
yiaaHFaHga), n=12 10 kyn 20 kyH 30 kyH
JKanmer 6emok, T\ 98,7+0,05 91,4+0,12% 89,2+0,17** 65,2+0,05
I'mroko3a, MOJIb/J 17,6+0,05 18,3+0,05 16,5+0,08 11,3+0,08
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2-KecmeHiH Jcaneacvl

Hecen Hopi, MMoub\n 10,4+0,03 9,6+0,06 8,9+0,01* 7,1+0,05
Kpearunun, Mmob\in 116,2+0,08 109+0,05 92,3+0,23 74,0+0,04
AJIT, 6ipn/n 156+0,05 150+0,06 139,6+0,09 130,7+0,08
ACT, 6ipa/n 213+0,07 208+0,01* 170,5+0,02 110,5+0,03
YKaurer OnupyOuH, MKMOJIB\T 20,4+0,04 21,6+0,05%* 25,7+0,03 30,3+0,07
Typa OuTupyOuH, MKMOJIB\T 2,16+0,05 3,35+0,08 5,08+0,03 6,2+0,08
XonecrepuH, MMOJI/JT 3,14+0,04 3,0+0,05 2,4+0,05 2,5+0,02
Eckepry — * p<0,001, p<0,01, p<0,05

KaHHBIH OMOXMUMUSUIBIK KOPCETKIIITepi Tipek-
KUMBUT KYMBICHIHBIH O€JICeHIUTITIHIH TOMEH/EY,
0ayblp QYHKUIMSICHIHBIH ayBITKYbIH, OYHpPEKTi, peB-
MaTUsUIBIK YPIIC, COHBIMEH Oipre MHKpPOIJIEMEHT-
TepIiH Cy-Ty3 anmacy YpIiciHiH aucOaraHChIH
aHBIKTayFa MYMKIHJIIK Oepeni. 3epTXaHalbIK 3epT-

TeyJlep KOPCETKeHIEH JHTepOoCOpOeHTTepAl Ka-
ObIIaraH ereyKyWpbIKTapAblH KaHBIHBIH Kypa-
MBIHIA OpTalla MOJEKYJSPJIBIK TEeNTUATEPAIH,
VIABI METOOOIUTTEPIIH, OJIMTONENTHATEPIIH, HECeTl
KBIIIKBUIBIHBIH JKOHE a30T KaJIABIKTAPBIHBIH KOH-
LIEHTPAIUSACHI TOMEHICTSH IIr OalKaFaH.

AKannel de1ox

OcHoBRHO

OcHOBHOI -

OcHOBHOIT -

= | Ton

]l Ton

e i -
= Ocuosnoi

=11 von

OcHoBnoi

® IV Ton

OCHOBHOMH -

1

OcHoenoi -
11 Ton

I Ton

1 Ton IV ton

I Tom — 30 xyH GoiibiHA MyHAMEH yJIaHFaH ereyKyipbIKTap T00b1; «IHro-2» HaHOIHTEPOCOPOCHTIMEH KOPPEKIHUsIaHFaH
ereykyitpsikrap To0s! 11 Tom (10 xyn), 111 Ton (20 xyn), IV Tomr (30 kymH).
1-cypet — MyHaiimMeH ynaaasipyaaH Keifid «Hro-2» HaHOPHTEPOCOPOCHTIMEH KOPPEKIUSIAYIBIH
aK ereyKyHpBIKTap/IbIH XKalIbl 0eJI0K KOpCceTKiITepi

OcHoBHOMH

OcHORHOH

I'mroxko3a

=1 ron

w1l Ton

= ]Il Ton

u [V ton

= OcHoBHOH +——

=

s

# Ocnosuoii -
Ocnosnoit
OcnorHoii - -

I ton

1T ron

I

IV ton

111 Ton

I Tom — 30 xyH GoiibIHa MyHalIMEH yJTaHFaH ereyKyHpbIKTap TOObL; «HT0-2» HAHOAHTEPOCOPOCHTIMEH KOPPEKIUSUIAHFAH
ereykyipsikrap To0s! 11 Torm (10 xyn), 111 Tom (20 xyn), IV Tomm (30 kyH).
2-cypert — MyHaiiMeH ynaHabIpyaaH Keifin « IHro-2» HaHOPHTEPOCOPOEHTIMEH KOPPEKIMSIIAYAbIH aK ereyKyHPBIKTapIbIH
[JTFOKO3aHBIH KOPCETKIITepi
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OcHOBHO#

OcHOBHO#M

OcHOBHO#M

OcHOBHOIT

Mmoub/a

OcHOBHOIT

OcHOBHOIT

OcHOBHOIT

Hecen Hop

4

i

1 Ton

1I ront

1II Tont

IV ton

= ] Ton
=[] Ton
® 11 Ton

B[V ton

I Tom — 30 xyH GoiibiHa MyHaMEH yIaHFaH ereyKyipbIKTap To0bl; «IHr0-2» HAHOAHTEPOCOPOEHTIMEH KOPPEKLUSIIAHFAH erey-

I Tom — 30 xyH GoiibiHa MyHalMEH yIaHFaH ereyKyHpbIKTap To0bI; «IHr0-2» HAHOIHTEPOCOPOSHTIMEH KOPPEKLMSIIAHFAH
ereykyiipsikrap To0s1 11 Tor (10 xyn), III Tom (20 kyn), IV Tom (30 kyH).
4-cyper — MynaiimMen ynanapipyaad keitin « 1Hro-2» HaHOAHTEPOCOPOSHTIMEH KOPPEKLUSIIAYIbIH aK ereyKyHpbIKTap/IbIH

I Tom — 30 xyH GoiiblHa MyHalMeH yIaHFaH ereyKyHpBIKTap ToOBI; «/HT0-2)» HAHO3HTEPOCOPOSHTIMEH KOPPEKIMSIIaHFaH
ereykyiipsikrap To0s! 11 Ton (10 xyn), III Ton (20 xyn), IV Tomm (30 xyH).

5-cyper — MyHaiiMeH ynanabIpynaH keifin «IHro-2» HaHO3HTEepPOCOPOSHTIMEH KOPPEKIISIIAYABIH aK ereyKyHpBIKTap/IbIH
AJIT-HBIH KepceTKimTepi
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ky#ipbikrap 10051 I Tor (10 kyn), III Tom (20 kyH), IV Tom (30 kyH).
3-cyper — Mynaiimen ynanapipyaan keifin « IHro-2» HaHOAHTEPOCOPOCHTIMEH KOPPEKIHUSIIAYIbIH

aK ereyKyHpbIKTap/IbIH HeCeH HOP/IiH KOpCeTKImTepi

OcHoBHOI
OcHoBHOI
OcHoBHoOI
E OcHoBHoW
2 .
© OcHoBHOM
OcHoBHoIA

OcHOBHOI

OcHoBHoI

Kpeatunnn

Hn

| Ton

Il Ton

Ill Ton

IV Ton

| Ton
m |l Ton
m il Ton

u IV Ton

OcHoBHOI
OcHOBHOIT
OcHOBHO#
OcHOBHO#
E OcHoBHOI
{% OCHOBHOI
OcHoBHOI
OcHOBHOIT
OcHoBHO#I

OcHOBHO#

KpPEaTHHUHHIH KOpCeTKImTepi

AJIT

1

1 Ton

1I Tonn

III Tonn

IV Ton

= ] Ton
® ] ton
= 11 ron

BV ton
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JKanmer 6e10K GMOXUMHSIIBIK KOPCETKII JKOFa-
poutaran. KaH mua3mMachlHIarsl HECel HOp MeEH
KPEaTWHUHHIH MOJIIEPiHIH OCKEeHIIr JXKoHE To-
KIpUOeNiK ereyKylpbIKTapablH eceOinaeri 0Oemox
alKBIHOAIIBI, Oy DHTEpOCOpOSHT KaObuImaraH
Ke31HJIeT1 JKaHyapiap/blH OyHpeK KbI3MeTiHiH Oy-
3bUIFAHBIFbI AHKBIHAATIA B

HanosnTtepocopbent «Muro-2» KaObuImaraH
JKaHyapiap/blH OMOXUMUSIIBIK KOPCETKIIITEPIHIH
OTBI3BIHIIBI KYHIH/E KepceriumreHneid [ Tommen

canbicTeipranna Hecern HOp, AJIT men ACT (ac-
rmapTaaMuHaMHHOTpaHC(epa3a) aybITKylIap JKOK,
SFHU Oayblp KBI3METiHIH JIECTPYKTUBTI MPOLECIHIH
KymieiiMereHin kepcereni (1-5 cyperrep). Awmu-
HOTpaHcdepaszagap OpraHu3MHIH OapiIbIK KIIeTKaIa-
pBIHIA Ke3zaeceli, TpaHcdepazanap imiHAe KIu-
HUKQJIBIK MarblHaFra He KeOiHece alaHMHAMM-
HOTpaHcdepaszamap MeH acmapTaTaMHHOTpaHcde-
paszanapplH OeNCeHAUTIriH aHbIKTayFa MYMKIHJIIK
Oeperi.

AaT
OCHOBHOIH
OCHOBHO#M -
= OCHOBHOIi = T Ton
E u ]I ron
*° OcroBHoii - ® 1T Tort
B ]V Ton
OCHOBHOM |
OCHOBHOH -
I Ton II ot IIT Tom IV ton

I Tonm — 30 xyH GoiibIHa MyHalIMEH yJTaHFaH ereyKYHpBIKTap TOObL; «HT0-2» HAaHORHTEPOCOPOCHTIMEH KOPPEKIUSIIaHFAaH
ereykyiipsikrap To0sI 11 Tom (10 xyr), 111 Tom (20 xyn), IV Tom (30 kyH).
6-cyper — MyHaiiMeH yiaaHabIpyaH Keifin «Hro-2» HaHOHTEPOCOPOCHTIMEH KOPPEKIMSIIAYAbIH aK ereyKYHpPBIKTap IbIH
ACT-HBIH KepceTKimTepi

AKaanbl OnupyouH

OCHOBHO

OCHOBHOM

OCHOBHO
= . H [ ton
2 OCHOBHOM
5 I ront
5 OCHOBHOM
H ® 1T Tom

OCHOBHOM BV ton

OCHOBHOM -

OCHOBHO# -

I tont 11 ront III Ton IV Ton

I Tom — 30 xyH GoifbIHAa MyHalMEH yIaHFaH ereyKyHpBIKTap ToObI; «Hro-2» HaHOIHTEPOCOPOCHTIMEH KOPPEKIUSIaHFaH eTey-
ky#psikrap 165! 11 Tor (10 kyn), I1I Tom (20 xyn), IV Tom (30 kyH).
7-cypet — MyHaiiMeH ynanabIpyaaH Keifin « 1Hro-2» HaHOPHTEPOCOPOEHTIMEH KOPPEKIMSIIAYAbIH aK eTeyKYHPBIKTAPIBIH JKaJIITbl
OMMpyOMHHIH KepceTKimTepi
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Typa Onanpyoun
OcCHOBHOM
OcHoBHOM T
OcHoBHOM

= . B ] Ton

2 OcHOBHOI

s B [ Ton

z 0 .

E CHOBHOM 11 Tor
OCHOBHOH - B[V ton
OCHOBHOM -

OcHoBHOH -
I o 11 rort III Ton 1V Ton

I Tom — 30 xyH GoifbIHAa MyHalMEH yIaHFaH ereyKYHpBIKTap ToOBI; «HT0-2» HAHO3HTEPOCOPOSHTIMEH KOPPEKIMSIIaHFaH
ereykyiipsikrap To0s! 11 Ton (10 xyn), III Ton (20 xyn), IV Tomm (30 kyH).
8-cyper — MyHailiMeH ynanabIpynaH keiiH «IHTo-2» HaHO3HTEPOCOPOSHTIMEH KOPPEKIMSIIAYABIH aK ereyKyHphIKTap/IbIH
Typa OHIMpyOHHHIH KepceTKimTepi

JKanmer OunupyOuH OyJ1 KaHHBIH Capbl TYCTI IUT-
MEHTI, MHOIJIOOMHHIH, I'€MOINIOOMHHIH J>KOHE I[U-
TOXPOMHBIH KaJJIbIFbl, OYJI IMUTMEHTTIH KYPaMbIHBIH
JKOFapbLIall KeTyi 0aybIp KIIETKAIAPBIHBIH 3aKbIMIAHYbI
Jiett aiftyra oonmanel. Typa OnmpyOrH — yKasTbl OWITH-

pyOuHHiH 6ip 6emueri. Typa OunmpyOHHHIH >KOFapbLIaybl
OTTIH ocep eTyiMeH OalTaHBICTBI 00TIa bl OAYBIP HKOHE
OT arbIMBl TybIHJIAybIHAH Taiiaa Oomaasl. byn xepcer-
KIIUTEpAiH aybITKYbl aF3aHblH (DYHKIMOHATIIBIK KyMi-
HiH ©3repiCKe VITIHIPaTKAHBIH aHBIKTAMIBL.

XoJiecTepuH

OcHoBHOMI

OCHOBHO#1

OCHOBHO#
= ® [ tom
% OcHOBHOH -
s Bl Ton
E OCHOBHO# - 11 Ton

OCHOBHOH B[V ton

OCHOBHOU

OcHoBHO# -

I Ton II Ton III Tonn IV ton

I Tom — 30 xyH GoiiblHa MyHalMEH ylIaHFaH ereyKyHpBIKTap ToOBI; «HT0-2» HAHOPHTEPOCOPOEHTIMEH KOPPEKIMSIIAHFAH eTey-
ky#psikrap To65! I Torr (10 kxyn), III Tom (20 xyn), IV Tom (30 kyH).
9-cyper — MynaiiMeH ynanapIpyaaH keifin « IHro-2» HaHOAHTEPOCOPOEHTIMEH KOPPEKIMSIIAYAbIH aK eTeyKYHPBIKTapAbIH X0JIec-
TePUHHIH KOPCETKIMTepi

AnNBIHFaH 3€pTTey HOTHXKEJIEpiH Taljay Ke-
3iH/IEe KaH IUIa3MachIHJIAFbl OWOXMMHSUIBIK KOp-
CETKIIITEePAIH HOTHXKEJEPiHAe (U3HOIOTHSIIBIK
e3repicTep 0ap €KCHIH IANEIIC/IIK, COHBIH HOTH-
JKeciHe HaHO3HTepocopOeHT «MHT0-2» KOoppek-
LUsTaFraHia aK ereyKyHpbIKTap KaHBIHBIH OHOXH-
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MUSUIBIK KOPCETKIIITEP1 )KUBIPMACBIHIIBI KYHI KOHE
OTBI3BIHIIBI KYHJIEPIHIH HOTIDKENIEPIHAE KaJIIbl
oemok 89,2+0,17-man, 65,2+0,05kepceTKimke To-
MeHjen, rioko3a 16,5+0,08-ga, 11,3+0,08 cambic-
TBIPFAHJIa ©3repicTep aHbIK Oaikanael. Hecenm Hop
OTBI3BIHIIBI KYHT1 Kepcetkim 7,1+0,05 sxorappunarl,
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KUbIpMachIHIIBI KYHTe 8,9+0,01 Kaparana KannbsHa
kenred, ain AnaT 139,6+0,09 nen AcaT 170,5+0,02
JKUBIPMACHIHIIBI KYHJIEPI TOMEHEI, OTBI3BIHIIBI
KYHI KillkeHe OipiiKKe TeMeHJAeN KaJlblHa KeJe-
ni. KoppekmusianraHHaH KeWiH KaImsl OMmpyOonH
YKUBIPMACHIHIIBI KYHi 25,74+0,03 TemMener, ai oThl-
3piHIbL KYHI 30,3+0,07 xanmeina keneni. Typa Oou-
TUPYOUH >KUbIpMAachIHTITBI KyH1 5,08+0,03, OTHI3BIH-
bl KyHi 6,2+0,08 kepceTkimi )orapbuiaiasl (6-9
cyperTep) SIFHM KOpbITa KEeAreH ¢ HaHO3HTEPOCOop-
O0cHT «HT0-2» MEH KOppEeKIHsIIaFaH/Ia aK eTeyKYh-
PBIKTap KaHBIHBIH OHOXUMHSJIBIK KOPCETKIIITepi
OHBIHIIBI KYHMEH OTBI3BIHIIbI KYHHIH apaJibIFbIHIA
KepceTKimTepae Oakplay TOOBIHIAFBI KOPCETKIII-
Ke ColKec KeJli.

HoTtu:kesepai Tankpliay

KopsiTa kenreHae HaHOIHTEPOCOPOCHTTEP KO-
Fapel COpy CHIMBIMABLIBIK KacHueTi Oap, acka3aH-
iIeK KoJJapblHaa OY3bUIMAWTBIH KoHE abcopO-
uus (CiHipy), MOHaIMacy HeMece KelIeHKYpay
apKbUIbI  JHAOTCHJI  3aTTapAbl  MEIUIMHAIIBIK
OarbITTa KOJJaHBLIATHIH Npenaparrap. COHbIMEH
KaTap DHTEPOCOPOCHTTI mMaijanaHFaHIa opra-
HU3MHIH OaraHa KJIeTKalapbIHIaFBl MEXaHH3M-
JIK KACUETI KOHE KUMBLI iC-OpEKETiHEe HOTHIKEINI

OOJIFaHBIH JKOHE OYJI ar3aiapiarbl OEJIOK CHHTE3I-
HIH WHTEHCUBTUIITIH KepceTeai. DHTepoCcopOeHT-
TepAeri MaiJlblH, KOMIPCYIbIH, OCIOKTBIH, 3aT
alMacylarbl CYHBIKTBIKTAPIBIH allHAJIBIMBI JYPBIC
KYpYiH OaliKaIbIK,

1. Dk3oreHni QakrTopiaap ocepiHEeH acipece
IUKI MyHail OHIMJIEepiMeH yJaHFaH aK ereyKyii-
PHIKTapbIH OMOXUMUSITBIK, KopceTKimTepin 30 KyH
KalTaman Oakplian, KepCEeTKIIITEepiHAe aybITKY
Oap exeHin OalikanbiK. COHBIH HOTIKECIHIE MUK
MyHal eHiMJepi Oaybip, OyHpeK KbI3MeTTepiHiH Oy-
3BUIFAHBIFBIH KOPCETE/].

2. Dx3oreHai hakTopIap ocepi MUK MyHalMeH
Katap HaHO3HTepocopOeHT «MHro-2» Kockin Oep-
TeHJIE, PHTEPOCOPOCHTTIH Oayblp KbI3METIH KaJllbIHA
KENTIPETiH KOPFaHBII MEXaHU3MICPiIH OCICCHICH-
JUpei, TUIIO- XKOHE JUCIPOTCHHEMHUS KOPiHYIH 0o-
ceHjieTe/i, OaybIp/bIH TTTMKOT€HCAKTAYIITbI KbI3Me-
TiH KaJmblHA KENTipemdi, MaWIBIK TUCTPO(OUSIHBIH
JaMYyBIHBIH aJlJIbIH aJlaibl.

Ocpuraiima  «MHro-2» HaHORHTEPOCOPOCHTIMEH
KOppeKLusiIayaaH KeiiH kaHyapiap KaHbIHBIH OMOXH-
MUSIIBIK KOPCETKIIITEP/Il AaHBIKTANUTHIH MapameTpliep
KanmbiHa Keni. HaHosHTepocopOeHT opraHm3mii
TOKCUKAHTTapllaH Ta3apTylIbl PETIH/AE CO3bLIMAIIBI
MHTOKCHKALMS Ke31H/Ie KaH KOPCETKIIITepiHe KaFbIM-
JTbl 9Cep ETETiHi 3ePTTey HOTHKEIIEPIH/Ie aHBIKTAII/Ib.
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KYPILLI COPTTAPbI TAMbIPbIHbIH (ORYZA SATIVA L.)
K¥PbIAbIMbIHA KAAMNU MOHAAPDBIHbIH OSCEPI

Makanaaa kypiwTiH, (Oryza sativa L.) ep TYpAi copTTapbliHa KaAMMIA MOHAQPbIHBIH, 8CEpPiHIH, 3epT-
Tey HoTuxKeAepi GepiareH. 3epTTey HbiCcaHbl peTiHAe KypiluTiH 4 copTtbl Yancapu, bapakat, bakaHac,
MaamHa aabiHABI. OCbl aTaAFaH Kypill COPTTapbl TamblpPbiHbIH, KYPbIAbIMABIK, ©3repictepiH 6arnkayaa
6akpbiray, 100 MkM Fe + 200 mxM CdSO,, 0 mkM Fe+ 200 mkM CdSO,, 200 MkM Fe+ 200 MkM
CdSO, Hyckanapbl 6oMbIHIIA 7 KYH CipiAAi. Kypill TambipblHbIH CbIpTbl pr3oAepMameH xabblAFaH.
KabbIKTbiH eH, illKi KabaTbl 3HAOAEPMA KAETKaAapbiHaH Typaabl. KaAblH KabblpFaAbl 3HAOAEPMA OT-
Ki3rill yAraAapblH CEHIMAI KOpFalAbl >KOHE TaMbIpAbIH, MbIKTbIAbIFbIH KylueTeai. Kaamninain 100
MKM Fe + 200 MkM CdSO4 KOHLLEHTpaUmChl acepiHAeri bakaHac COpTbIHbIH 3K30AepMa KAETKAChI
9%-Fa KaAblHAAFaH, aA ce3iMTaA Yancapm copTbl 36%-Fa KAETKA KAAbIHAbIFbl TOMEHAEreH. 3epTTey
6apbicbiHaa 0 MKM Fe+ 200 MkM CdSO4 KOHLIEHTPAUMSICbIHAQ ©CipiAreH KypiwTiH bakaHac copTbl
TaMblp 3K30AEPMACbIHbIH, KaAbIHAQYbl 6%-Fa »KOFapblAaFaH, ce3iMTaa Yancapu copTbiHAQ OCbl Kep-
ceTkiw 50%-ra TeMeHaereH. CoHaan-ak, 200 MkM Fe + 200 MkM CdSO4 KOHLLEHTPALMSAChI 8CepiHAeri
3K30A€epMa KAETKaCbIHbIH, KaAblHAQybl bakaHac copTbiHAa 7%-Fa, aA ce3iMTaa Yancapu coptbl 45%-
Fa KAEeTKa KaAblHAQYbl TeMeHAereH. TesiMai bakaHac copTbiHAQ OCbl HyCcKaAap GoMblHLIA 3K30AepMa
KAETKACbIHbIH KAAbIHAQY AEHIeNi XKOFapblAaFaH, aA KepiciHe ce3iMTaA Hancapm copTbiHAQ 3K30AEpPMA
KAETKACbIHbIH KaAblHAQY AeHreii 6ipliama TeMeHAEreH. JK30AepMa TamMblPAbIH, CbIPTKbl OpPTaHbIH
>KaFbIMCbI3 8CepPAEpiHEH, TaMblp KAETKACbIHAAFbI KOpLUaFraH OpTaAaH TYCKEH 8PTYPAI YAbl 3aTTapAbIH
LLIOFbIPA@HYbIHAH KOPFaAbl. IK30AEPMa KAAbIHAAYbI CTPECKE KApPChl KYPbIABIMABIK, KABIAETTiH AaMyblH
KkepceTteai. To3IMAIAIK OA ©3apa GaAaHbICTBIAbIKIEH XXOHE 63apa TOYEAAIAIKNEH XXoHe MamaHAaHFaH
KeLIEHA] KYPbIAbIMABIK, KOPCETKILLTEPIMEH aHbIKTaAaAbl, OCbl CTPECC 8CcepiHeH Bi3AiIH 3epTTeyre aAraH
copTTapfa Taxipmbe xyprizy 6apbiCbiHAQ HAaKTbl KYPbIAbIMABIK, KOPCETKILITEPAIH TO3IMAI COPTTapmeH
6aAQHbBICTBIAbIFbI OANKAAADI.

Ty#iH ce3aep: Kypill, KaAMMIA, 3K30AEPMA, SHAOAEPMA, ayblp METAAAAP.

A.C. HypmaxaHnoBa'', C.A. AtabaeBa’, A. Tuaeyoepabi’, P.A. AAbibaeBa’,
C.LU. Acpanauna', C.C. Kenxxeb6aeBa’,
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Hay4Ho-ucciieioBaTenbCKuil HHCTHTYT TpoOJieM SKOJIOTHH, T. Anmarsl, Kazaxcran
*E-mail: akmaral.nurmahanova@gmail.com

AeiicTBME MOHOB KAAMMS HA CTPOEHUE KOPHSI HEKOTOPbIX COPTOB puca (Oryza sativa L.)

B aTOIM cTaTbe MpuBeAeHbl Pe3yAbTaTbl MCCAEAOBAHWMIN BO3AEMCTBUS MOHOB KaAMMS Ha pasAmy-
Hble copTa puca (Oryza sativa L.). B kauecTBe o6bekTa nccaepoBaHUs OGbiAn 0TOOpaHbl 4 copTa puca:
Yancapu, bapakat, bakaHac, MaauHa. YToObl BbISIBUTb M3MEHEHUSI B CTPOEHWM KOpPHS, B TeueHue
7 AHei BblpallMBaAM HECKOAbKO BapMaHTOB puca — KOHTPOAbHbIN, 100MkMFe + 200 mxM CdSO,,
OmkMFe + 200 mkM CdSO, 200mkMFe + 200 mkM CdSO, KopeHb pyica cHapy>kv NOKpbIT pu3oaep-
Mor. CaMblii BHYTPEHHWIA CAO KOPbl COCTOMT M3 KAETOK 3HAOAEPMbI. TOACTAs CTEHKa 3HAOAEPMbI
HaAEXHO 3aliMLLIaeT MPOBOASLIME TKaHW M YBEAMYMBAET MOLLHOCTb KOPHS. [1py BO3AENCTBMM KOH-
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Kypimr coprrapsr TambIpeiHBIH (Oryza sativa L.) KypbUIBIMBIHA Ka MUl HOHTAPBIHBIH dcepi

ueHTpaumm kaamms B 100 MckMFe + 200 MkM CdSO4y copta bakaHac kaeTka a3Kk30A€pMbl YTOALLMAACH
Ha 9%, a y YyBCTBUTEAbHOIro copta Yancapu kAaeTka ctasa ToHblue Ha 36%. Bo Bpems nccaepoBaHus
BbIpaLLeHHbI Ha KoHUeHTpaumn 0 MkMFe + 200 mkM CdSO, y prca copTa bakaHac ToAWMHA KAETOK
3K30AEPMbl KOPHS YBEAMUMAACH Ha 6%, a y copTa Yancapm TOALWMHA yMeHbLUMAACh Ha 50%. A Takxke
Mpy1 BO3AENCTBMM KoHLeHTpaumn 200 mkMFe + 200 mkM CdSO,y copTa bakaHac KAeTKM 3K30A€ep-
Mbl YTOALLMAMCH Ha 7%, a y copTa Yancapu ctaam ToHblue Ha 45%. Y ycTonumsoro copta bakaHac no
5TMM BapyaHTam MOXXHO YBMAETb, UTO TOALLMHA KAETOK 3K30AEPMbI YBEAUYMAACD, & Y YYBCTBUTEABHO-
ro copta Yancapu, HQO60POT, — YMEHbLIMAACH. JK30AEPMA 3aLUMLIAET KOPEHb OT HEBAAronpUSTHbIX
BO3AENCTBUIN BHELLHEN CpeAbl, MPEnsSTCTBYET HaKanAMBAHMIO Pa3AMUHbBIX TOKCUUHBIX BELLECTB W3BHE.
YTOALLEHME 3K30AEPMbI MOKA3bIiBAET pas3BUTHME CTPYKTYPHOM CMOCOHOCTM MPOTUB CTpecca. YCTonum-
BOCTb OMPEAEASETCS CreLmaAn3MpoBaHHbIMM KOMMAEKCHbIMM CTPYKTYPHbIMM NMOKa3aTeAIMM, B3aMMOC-
BS3bl0 M B3aMMO3aBMCUMMOCTbIO. B mpoLiecce npoBeAeHNS MCCAEAOBAHUS MOA BO3AENCTBMEM CTpecca
Mbl BbISIBUAM CBS3b KOHKPETHbIX CTPYKTYPHbIX MOKa3aTeAen C yCTOMUYMBBIMM COPTaMM puca.
KAtoueBble cAoBa: puc, KaaAMUI, 3K30AePMa, SHAOAEPMA, TIXKEAbIE METAAADI.

A.S. Nurmahanova™, S.D. Atabayeva’', A. Tleuberdy’, R.A. Alybayeva’, S.S. Asrandina’, S.S. Kenzhebayeva'

'Al-Farabi Kazakh national university,
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Action of cadmium ions on the structure of the root of some varieties of rice (Oryza sativa L.)

Cadmium is one of the most mobile heavy metals. It is actively absorbed by plants, rather quickly
transported to their aerial parts. Rice has radial cadmium transport along the root tissues to xylem. The
movement of the metal along the xylem is fundamental in the roots. Results of researches of impact of
cadmium ions on various varieties of rice are given in this article (Oryza sativa L.). As an object of a re-
search, 4 varieties of rice have been selected: Chapsari, Barakat, Bakanas, Madina. To reveal changes in
the structure of the root, within 7 days grew up several options of rice — control,100mMkMFe + 200 MkM
CdSO,, OMkMFe + 200 mkM CdSO, 200mkMFe + 200 MkM CdSO, The root of rice is outside covered
by rizodermy. The innermost layer of the cortex consists of cells of the endoderm. The thick wall of an
endoderma reliably protects the tissues and increases the power of root.At influence of concentration of
cadmium in1T00mMkMFe + 200 MkM CdSO, the cell of exoderm became thickness for 9%in the variety of
Bakanas, andthe cells became thinner for 36%in sensitive varieties of Chapsari. During the researchthe
thickness of the root exoderm cells grown by a concentration of OMkMFe + 200 MkM CdSO, of Bakanas
variety increased for 6%, and in the Chapsari variety the thickness decreased for 50%. Moreover, under
the action of 200MkMFe + 200 MkM CdSO ;the cell of exodermwere thickened for 7%in the variety of
Bakanas, and they became thinner for 45% the variety of Chapsari. It seen that the thickness of exoderm
cells increased in the resistant variety of Bakanas by these options, and it is, contrary, decreasedin a
susceptible variety of Chapsari. Exoderm protects the root from the adverse effects of the environment
and prevents the accumulation of various toxic substances from the outside. The thickening of exoderm
shows the development of structural ability against a stress. Specialized complex structural indicators,
interconnection and interdependence determine sustainability. In the process of carrying out a research
under the influence of a stress, we have revealed communication of concrete structural indicators with
steady varieties of rice. As studies show, inhibition of root growth in the presence of cadmium is associ-
ated with its direct effect on cell division and stretching. The result of the negative effect of cadmium on
the physiological processes of plants is a decrease in their productivity. First of all, disturbances in the
normal life of plants are manifested in a decrease in the accumulation of biomass.

Key words: rice, cadmium, exoderm, endoderm, heavy metals.

Kipicme

Kanmuii agam opranu3minjie KUHAKTAJICA, Y3aK
KbUIap Oolbl caktanazbl. OHBIH OCEepiHEH ajaM
WTau-UTau aypybiHa MmanjaeiFaapl. Kagmui kamb-
LUMAIIH aHTAaroHWCI. OJEMJIIK JICHCAYJIBIK CaKTay
YUBIMBIHBIH miemiMi Ooiibiaia Cd-miH TaraMarbl
IeKTi Meepi Toymiriae -60-70 MKT KypanIbl 5Ko-
HE TaraMJIbIK KOMUCCHUsSI OOWBIHIIA XaJIbIKAPAJIBIK

QNeMJIIK HapbIKTa CATBUIATHIH JOHMI JaKbUIAAp MEH
Maiiel ecimaikrep yurid 0,1 MI/KT meKTi MeJmepin
KaObuIganpl. Ayblp MeTangap MEH eCIMIIKTepAiH
OaifaHpICy MexaHm3Maepi Kypaemi. OHBI TOMEH-
Jieri cbI30a OolibIHIIA KepceTyre 00aibl: Ol aybIp
MeTangap — KJIeTka MeMmOpaHachl— KiIeTka —
MYIIe — MyIIesnep Kyieci — OpraHu3M — IKOJI0-
THSJIBIK JKYHe. Ayblp MeTanJapAblH YIIbl dCepiHeH
OCIMJIIIKTEp/IiH ©6cyi MeH Onmomacca >KUHAKTATYBI
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TOMEH/IEHIi, XJI0PO3, CY aJIMacybl OY3bIIaJbl KOHE
oHIM Oepy KapKbIHABUIBIFBI ToMeHaenai (I'eHkens
IT.A. 1987:221). Ayslp MeTajiiapiblH OCEPIHCH
OCIMIIIKTIH ecyi Texelei, OipiHiIiaeH MeTaboIn3M
OY3bUIABI, EKIHIIIIEH KIIETKA KAOBIFBIHBIH MBIKTHI-
aeirbl Tomennaeiai (Titov ALF. 2001:85). Ocimpuik-
TEpAIH JKep YCTI MyLIeJepi ayblp MeTalaapra eTe
cesimran. Kemreren 3eprreynepae KepceTiareHaei
KOIl JICHTeWJIC TaMBIPJBIH ©CYyi TEeXKeJeli, TaMbIp
TYKTEpiHIH CaHbI a3as]ibl, )KOHE TaMBIP OOMAacCcachl
TOMEHCHTI. AYBIp MeTaagapAblH TaMbIpFa ocepi-
HeH, OIpiHII MepucTeMa aliMaFbl OY3bUIaJIbl, COChIH
TaMBIP TYKTEPi OCETIH TAMBIPJIBIH COPY aliMarbl Oy-
3puTabl. HoTmkeciHae TaMbIpABIH TOJBIK KeJeMi
JKOHE aJicopOnmsiiay Kabineri temeneiiai. Tambip
apKbpUIBl  KOPEKTIK 3aTTapiabl  CiHipy KaOimeri
HaIapaaiapl, OCIMIIKTIH 6Cy1 )KOHE JaMYbI TEXKeIe-
Jli, HOTMXKECIHJIE OCIMJIIKTED TiPIILIITiH TOKTATaIbl.
Ayblp MeTtangap OCIMIKTIH JKep YCTI Mylene-
piHIH ecy HeHreWiHIH TeXelyliHe Ae ocep eTeml.
ACCUMIISIUSUTBIK MYIIEIEP/IiH 1aMybl Oy3bLIabl,
KypFak OMOMacCaHbIH >KMHAKTalIybl TOMEHJICHI,
OCIMJIIKTIH ecy KaOineri Hamapiaiasl (ArabaeBa
C.A. 2002 a, 79). KagmwuiiniH yiel ocepiHEH
anuKabIbl MEPUCTEMAaHbIH SAPOJAPbIHIAFEl XPO-
MOCOM/IBIK a00epaIusiiap HHAYKIUsIaHa b, MUTO-
TUKAJBIK OCJICEHIUTIK TOMEHIEY HOTHKECIHIC
OCIMIIIKTIH ocyi Oasynaiinbl. MUTOTHKAIBIK WHIEKC
(1000 kyeTkaHbIH ilIiHEH OOJIIHETIH KIIeTKaIap/IbIH
CaHbl) KIETKaJIbIK O6JiHy XHUIriH KepceTeTiH
YKOHE TaMBIPJIBIH OCY JICHTeHiH aHBIKTayaa MaHBI3-
JIbl TIapameTp OobIln TaObuIafbl. MHTOTUKAJIBIK
WHJIEKC KaJMHUH OCEpiHeH KaTThl TOMEHJICH/II.
KanMmuii XpoMoCOMIBIK KECKIHIAEPIiH TY3UIyiHe,
XpoMocoMasapbIH Oipiryine ainsin kenemi. Kagmuii
KIICTKAJIBIK OOiHY/I TiKenel Texenai. OciMaikTep
aybIp METaJIIap dcepiHe op Typili ACHTeHIe kayar
oepeni (Aradaesa C./1. 2002 6,114).

Kypim ecimairinge (Oryza sativa L.) MeTanisig
Mmeic (0,002 — 6,26 Mr/m), KOHIEHTPAIUSICHIHBIH
KoOeIoiHeH a koHe b XJIOopo(uILI, KapOTHHOUITAP
memmepi TemeHaereH (Lidon F.S. 1992:143).
Kanmuii HOHBI Kamblpak KYpbUIBIMBIHZA J€30pra-
HU3aIUsl TYFBI3aJbl, KJIETKAapaliblK TaChIMaJIaHy-
JTbI TOMEHJIETE/I1, XJIOPOILIACTAFbl THIAKOUATAPIBIH
KYPBUIBIMJIBIK ©3repicTepiH 3akbiMainer (Aravind
P. 2005:4), kmetka KaOBIPFaChIHBIH KaJbIHIAYbIH
esrepreni (Vitoria A.P. 2003:564). Kagmwmii xio-
podusut mesmiepi sxoHe Rubisco depmenTiHiH 3¢-
¢dexrupriniria Tomenaereni (Vassiliev A. 2003:37).
Apma coprrapeira NaCl a3 memmiepiH KOCKaH/a,
(OTOCHHTE3IIK  anmaparThlH TEPMOTYPAKThUIbI-
reiH xorapbutaTagsl  (Belkhodja R. 1994:669),
ecimuikrepreri cy sxericneymriirine (Baryla A.
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2001:701), ycrpunanap/iblH *KaObUTybIHA 9cep eTe-
I skoHe kenemi Kbickapaznsl (Shi G.R. 2008:628).
Yerpunanapaply jKaObUTYBl a0CIIM3 KBIITKBUTBIHBIH
OCEpiHEeH TYHWBIKTAJIFaH KJICTKAJarbl TYpProp/IbIH
TeMeH/IeyiHe, coHnai-ak Cl jxoHe Hemece, Kajuii
JKOHE aHMOHAAPJbIH IIbIFybIHA, IUTOILIA3MAIAFbI
KaIbIM HMOHIAPBIHBIH KOFAPBUIAYBIH TYFHI3a[Ibl.
YerpunanapapH  KaObUTyBl  TYHBIKTAIFaH —KIET-
Kajapra KaJMHH WOHJApBIHBIH TiKelel ocepiH
TYFBI3a/Ibl. YCTBHIIA OTKI3TIIITITIHIH TOMeH/EeYi
Kapokcuiey caiTeinaarel CO, eHyiH TMMUTTEH I,
dorocunresre CO, acep eryi Tomenneini. Kaamuii
Ca-curHanp/ibl KYHeciHe XKoHE KaabMOAYIWH pe-
TYJSIUSICBIHA Tikened ocep eryi mMymkiH (Perfus-
Barbeoch L. 2002:539). Ocimaikrepae Kagmuii
HMOHIapbl KOOIHECEe OCIMIIIK aloIUIaCThIH/A KIHAK-
tanaasl (Frank V.B. 2006:4).

Kanmuii ecy jeHreiliH MHruOMpIeini, MHUTO-
THKQJIBIK OEJICEHAUIIKTI TOMEHAETEMl, AlUKaabIbl
MepucTeMa SAApOCHIH  ymaHmeipamel (Qin R,
2010:1477). MuTOTHKAIBIK UHJIEKC (KIIETKa OOJIiH-
yiHig canbl 1000 kierkara) KieTka OeIiHy JKHii-
TiH K9HE TaMBIP/IBIH OCYIH aHBIKTAYIaFbl MAaHBI3IbI
KepceTkimTep Oonbin TadbuIaabl. Kagmuii ocepi-
HEH MHUTOTUKAJIBIK WHACKC ToMeHnuenmi. Kaamuii
KJIETKaHBIH O6JIiHYIH MHTHOMpPIIEHAl KoHE OCYiHIH
TeXeNyiHe TiKeleld HeMece ayKCMH MeTabomu3MiHe
JKaHama ocep erexi. Kaamuii kanpiui e CiHIpUTyiH
TOMEH/ICTE/Il, MUTOTUKAJIBIK aybITKY MPOLIECTEPiH
Tyrbizaasl (Zou J.2012:131). Cheverry J.L opin-
tecrepimer (Cheverry J.L 1988:54) xambuunit med-
HIepIHIH e3Trepyl dTHJIEH CHHTE31H XKYpyiHe KaFmaan
JKacainel jgem artam KepcerkeH. Kammuii ocepi,
KIIETKAHBIH CO3BLTYBIH MHTHOUPIIEH I, KIIeTKA TJIac-
THUHKACHI KOJIEMI Killliperesi.

Kerreren 3eprreyiin FabIMIap/IbIH 3€PTTEY KY-
MBICTAphIH/Ia KOPCETIITeHACH ayblp MeTallap/IbiH
€H YKOFapbl KOHIICHTPAIUSICHI TAMbIP/Ia OpHAJIacaibl.
AybIp MeTanmapiablH cabakKTa JKOHE JKarbIpaKTa
JKUHAKTAITy MeJIIepi TaMbIPMEH CallbICThIpFaHIa
TOMEH, aJl YPBIKTap MEH JOHHIH KYpaMbIH/a aybIp
MeTaiap MeJepi ete a3 0onaabl. Ayslp MeTaiaap
KOHIICHTPAIUSCH OCIMIIKTIH JKep YCTi MeJIIepiH-
Jie a3 OoJiybl, ayblp METaJJIapJblH HOHJAPbIHBIH
TambIpAa «ycTajbll Kainy d¢ddekriciven» Oen-
rinedeni. Cebebi, ayblp MeTaul THIEP TYPAKTHI
TYpJEp/C TYPAKChI3 TYPJCPMEH CallbICThIPFaH/a
eTe JKoFapbl Oomanel. TOMBIPAKTaFBl JKOHE OCIM-
K MYIICNepiHAeTi ayplp MeTajjaap MeJIIepiH
CaNIBICTBIPFaHIa ©CIMIIKTEpE TOIMBIPAKTAFbl KOH-
[EHTpalusChiHA OalIaHBICTBI Jlapa KapHAKTHI
OCIMIIKTEp YIIIH KeJeci KOPCETUIreH PEeTHeH Op-
HaacaThIHIBIFBI Oenrii 6omapl: Cd > Zn > Cu >
Pb > Cr. Opranacysl ayslp MeTaiap TONbIPAKTAFbI

Eurasian Journal of Ecology. Nel (50). 2017 79



Kypimr coprrapsr TambIpeiHBIH (Oryza sativa L.) KypbUIBIMBIHA Ka MUl HOHTAPBIHBIH dcepi

KBUDKBIMAJIBIFBIHA TYEI/l. AJl KOC JKapHAKTHI ©CIM-
JIKTep YIIiH OYJI mapT OapiIbIFRIH/IA OPBIHIATA Oep-
Mmeiini. TombIlpak epiTiHIICIHIH KypaMblHAa aybIp
METaIIapAbIH KOHICHTPALUACH METaIgapAblH ©CiM-
JIiK apKBUTBI CiHIpYiHIH 6acThl GaKkTopIapAsIH Oipi.
MemOpaHa apKbUIbl ayblp METalJap MOHIAPBIHBIH
TachIMaJIaHYbl OPTYPIl AEMEHTTEPIIH XUMUSIIBIK
KACHUETTEPIHE JKOHE OMOJOIMAJIBIK MAaHBI3IbLIbI-
FBIHA TOYEJJIi 9PTYPJIi JKOJNJAPMEH KYPYl MYMKIH.
OcCIMIiK KJIETKachlHa CHIeH ayblp MeTajaapiblH
OCIMIIK MYyIIeNepiHAe >KHHAKTATYBl OCIMIIKTIH
JKOHE ayblp METaJIap/IbIH TYpiHE Toyesi OoJaibl.
Ayblp MeTanjap KJIEeTKaapajblK KEHICTIKTE, AMK-
THOCOMANap/a, SHIOMIA3MAaJbIK PETHKYIYM/IC, Si1-
pPOHBIH KaObIFbIHIA Jia TaObuIFaH. Onap Ouomo-
JeKynajiapMeH  OaiijlaHblcKaH —Kyhae —Oosajbl.
AyBIp MeTajul XeNaTThl KelIeHI BaKyoJble Cak-
tanaapl. TesiMal eciMIikTepae ayblp MeTanaap
BaKyoJIbJIe JKMHaKTada bl LluTo3ombaeri metangap
CHMIDIACTBIK JKOJIMEH JKep YCTI MyIIelepre Tachl-
Mangananpl. Kagmuii KiIeTKaHbIH IMIiHAE Kol
MeJIIepae JKUHaIaAbl, OJ1 JH30COoManapra yKcac
rpa”ynanapMer Oainanbicanbl. Kammuiire xapcel
JKayarl PeakIusIChl PETIHIE OCIMJIK KIETKaChIHIA
TOMEH MOJIEKYJ1aJIbl MeTall- OallIaHBICTBIPYLIIBI LIHC-
TeuHre Oail OeloKTap — METa/NIOTHOHEHHACP MEH
¢uroxenarunaep Tysinedi. TambIpAblH KaaMuiire
KOpFaHbIC ()YHKIMSICHI MBIPBIIIIICH CAJIBICTBIPFAHA
kymTipek (Hecreposa A.H. 1989: 73).

Cynbel opTajan ayblp METajiap yCThUIA XKo-
HE KYTHKYJIa apKbUIBI TTacCUBTI muddy3us Hemece
AKTHBTI TPAHCIIOPT JKOJIbIMEH Tycyl MyMKiH (Ikosb-
nuk H.A. 1983:176). Aysip MeTangapabIH TOMBIPaK
epITIHAICIHAETI KOHIICHTPAIIUSACH METaJIapIbIH
(DUTOKOIDKETIMALTITT YIIIH MaHBI3IbI (haKTop OONIBIIT
taobutael (Keller C.1995:1623).

JKorapeima alTBUTFAHIAM, TaMBIp JKYHeci ap-
KbUIBl TOTBIPAKTaH HEMece KOPEKTIK OpTaaaH
WOHJAP/BI CIHIPY SPTYpHi KOJJap apKbUIBI XKY-
3ere acanapl. An Oyl MOHAAPABIH KIETKa IIH-
TOIJIa3MachlHA TYCYy BIKTUMAJABIFBIHA JKOHE
OJIapABIH OCIMIIKTIH yJmajgapbl MEH MyIIeJepine
TachIMaJIJJaHy JKbUIAMJIBIFbIHA Toyesai. MeTai-
JIBIH ©CIMJIIK MYIIEIePiH/Ie )KUHAKTAYbl ©CIMIIK
TYpiHE XoHE MeTalIapAblH TYpiHe OaillaHBICTHI.
OciMaik MyIIelepiHe ayblp MeTalJapiAblH JKH-
HaKTally 3aHJbUIBIFBIH aHBIKTAYy MaKCaTBhIHIA
KOIITEIreH 3€pTTey JKYMBICTapbl >KYpPri3iireH.
Aprna copTTapbl MBICTBIH JKHHAKTAIY IOpeikKeci-
He Kapaih axeipaTbuirad. CoHJal-ak, MBICTBIH
OCIMJIIK MYIIeNepiHAe KUHAKTATYbl 1a op TYpdi
Oosran. Kagmuii eciMIIKTEpIiH BaKyOJiH/E KO-
HE KJeTKajapJarbl amorulacT Ta >KUHAKTalaJbl
(AtabaeBa C./1. 2010:205).

KenTeren aBTopiapiblH TYXKBIPBIMIAYBI, Op-
TaJa METaJAblH KOHIEHTPALMICH XKOFaphl OoJca,
acipece TO3IM/Ii MOMYIAIUAAA, TAMBIPIbIH 0a3aib-
Jbl 06JIirl anmuKaablbl O6JIiKKe KaparaHIa aybIp
MeTabpl Kemnl Memnmepnae xuHakraiaer (Cataldo
C.A.1983: 838).

Sairam >xoHe OipJieCKeH aBTOpJap, ©CIMIIKTEp-
JiH Kep YCTi MyLIeJepiMEeH TaMbIPbIHAAFbl IIMHK,
MBIC, KaJMUH aKKyMYJSIUSCHl IKaWbIHIAA MOJi-
Mertep Oepren (Sairam R.K. 2004:407). Aysip
METanap TaMblp KICTKACHIHBIH KOPHUKAIB/IBI
KJIeTKa KaObIprachlHaH TaObUTFaH. 3epTTelreH
Brassica juncea eCIMIIKTEpiHJE MBIPBII OCEPi-
HEH ShujepMa KIeTKalapbl MEH MOJUCAXapHIThI
MapeHxnMa KJeTKanapsl Kimipeireni OaiikanraH,
Kpaxmal MeJiuepi temenaereH. Kaamuii ocepinexn
Me30(HIT KOHE SMUICPMUC KIIETKAIaphl ©3repreH
(Maruthi B.B. 2005:133). AuTpoIIOTreH/Ii JIacTaHFaH
aiiMmakta eckeH Tanacetum vulgare L. eciMIiriHig
JKAaIbIPAFbIHBIH TOMEHTI, JKOFAPFbI SIHJICPMHUCTEDI,
Me30(HIIT KOHE TMapeHXUMa KIIeTKATAPBIHBIH KO-
JeMi KilripenreH, KamnblpakTarbl XJI0pO(UILT CaHbl
azaifran (Mikovilovi V.S. 2002:2415).

3epTTey MaTepuaIAPbI JKIHE dicTepi

3epTTey KYMBICBIHIIA 3€pTTE€y OOBEKTICI pe-
TIHJIE aybUIIIAPYANIbUIBIK JaKbLI KYPIll COPTTaphl
(Mamuna, bapakat, bakanac, Yamncapu) maiimana-
HEUIIBL. Kypimn eciMmiriHiH >KOFaphila aTairaH
COpTTaphl 3€pTXaHAIBIK JKaFrgaiiga TeMip MeH
KaJIMUUTIH op TYpJili KOHIEHTPAIMACHIHAA ©cCyi
MeH Ouomacca KHMHaKraybl 3eprrenmi. Kypim
COpTTaphl apHaibl KypaMblHAa Temipi Oap Kopek-
TIK opTama ecipiimi, KeHiH TeMipmiH Keleci KOH-
HEeHTpanusUIapbiHa Kemipinai: 6axputay-100MkM+
200 mxM CdSO,, temipain audduuuri (opraga
MyJiaeM Temipain 6onmaysr) + 200 mxM CdSO,, Te-
MIPJIIH apThIKIIBUIBIK kaFaaiiel + 200 MkMCdSO .
OCBHI aTainFaH opTajga 4 BapuaHT OOWBIHIIA eCipin-
Ii. 3epTTeyre ajblHFaH KYpilll COPTTAphIH OPTYPIIi
KOHIICHTpALMsa JNalbIHIAIFaH epITIHIIre 7-KYH
ecipim, Kypilll cCOpPTTapbl TaMbIPBIHBIH KYPBUIBIM-
IIBIK €PeKIIeITiKTepi 3epTTEI/Ii.

AHaTOMHSUIBIK 3epTTey dicTepi

KypimriH KypbUIBIMIBIK €peKIICTIKTEPiH 3ePT-
TE€y YUIH ONapAblH TaMbIPbIHA, MYIIEIEpiHe
(ukcamms xacansiHaapl. 70% crmpTTe, aj KUHAI
anpiaran mMarepuan CrpacOyprep-PneMMuHTr d11ici
(ciupt, mmnepus, cy, l:1:1) OoibiHma ¢uxca-
IUSUTaHABL. 3epTTeyre aIBIHATBIH TYpIIEp JKarblpa-
FBIHBIH aHATOMUSUIBIK CPEKIICIIKTEPIH aHBIKTAY
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YIIIH TOJNBIK JaMbIFaH, 3aKbIMJIaHOaFaH OpKEH-
HIH OpTa JACHTeHIHIeTi KambIpakTap IpiKTesimn
anbiHanpl. Tamblp KeCciHZiNepi Heri3ri TambIpaaH
Oacranran | perTi )kaHaMa TaMBIPBIH OPTAaHFbI 06-
JKTEepiHEH aJbIHAABI. AHATOMUSIIBIK KECIHIIIEp
KOJIMEH JKOHE TOHA3bITKbIII Mukpotomaa (TOC-2)
nasipnanabl. Kecinai kanbraapFsl 10-15 MxM. AHa-
TOMUSIJIBIK 3€PTTEY KE€31HJE CBI3BIKTHIK OJIIIIeyTe
apHaJFaH OKyJsapiasl Mukpomerp MOB  1-15%
(yorFaiitysl — 15,4 ece, 00beKTHB X §) Nai1aTaH/IbIK.
OCIMIIIKTEp TaMBIPBIHBIH AHATOMUSIIBIK KYPBLITBI-
ceiH cumnartayna PII. bapeikuna (bapeikuna PII.
2004:311) enOexTepi KOIMAHBULABI. AHATOMUSIIBIK
3epTTEYIIep TONBIK 7 KYHIK )KOFaphIIa KOPCETIITeH
OPTYpIIl KOHIICHTpAIMsIIa ©CIPUIreH OCIMIIKTEP/IiH
JKambIpaK >KOHE TaMbIPBIHBIH OPTAHFBI OOJIIT1 aJbIH-
Itb1. JKaubel ©CIMIIKTIH BET€TaTUBTIK MYIIEIepiHeH
1500-2000 xecinminep AaspiaHbIl, capanTajbI
cypeTke Tycipineni. OciMIikTep ©pKeHAEpiHiH
MOP(DOJIOTHSIBIK JKOHE AHATOMHSUIBIK KYpPBUIBI-
ChIH cHIarTayia OeNrim MamMaHIap/bliH eHOeKTepi
(ITepmsixoB A.M. 1988:62), (Ilpozuna M.H. 1960:
208), (93ay 1980:558), (Kypcanos A.K. 1966:423),
(3aiiues I"H. 1973:60) naiinanaHbiiasl.

Caraypl aHaTOMUSUTBIK KeCiHAUIEp JalbIHIAY
ymin MOB-1-15 (o6bektuBre X 9, x 10,7 ynraiT-
KBIIITICH) OKYJISIP-MUKPOMETP/IiH KOMETIMEH ©JI-
meMep alblHAbL. AHATOMHSUIBIK KeCIHIIepai
nateramayna MC 300 wmmkpockonmen, CAM
V400/1.3M BumeokaMepachbliHbIH KOMETIMEH MHK-
podoTorpadusiiap skacanbl.

3epTTey HITHIKeJIepi JKIHe 0J1apAbI TAJIKBLIAY

3eprrey Matepuannapsl petiane (Orisa Sativa
L.) Maguna, bakanac, bapakart, Yancapu coprrapsl
naiaanansulel. OCBl aTaFaH cOPTTapAbl KYpbUIbI-
MBIH Tajgay MakcateiHaa Oakeuiay, 100 MmxM Fe +
200 mxM CdSO,, 0 MmkM Fe+ 200 mxM CdSO,, 200

MKM Fe+ 200 mxM CdSO, nyckanmapsl Oo¥biHIIa
KYpill copTTapsl ecipimim, Tanmay xacamabl. Ky-
PIll TAMBIPBI CHIPTHIHAH PU30JICPMaMEH JKaObIIFaH.
Puzomepma copymibl yimara jkaTaibl, COHJIIBIKTaH
TaMBIPJBIH OapNBIK JKac YINTapblHA Tamblp TYK-
TepiHiH 00jybl ToH. KaOBIKTBIH €H ilKi KadaTsl
SHJOEPMA KIETKaNapblHAaH Typansl. Onap y3bI-
HbIHAH OipHEIIe IIBIFBIHKBI KalbIH KaOBIpFasbl
KJIeTKanapaaH Typaabl. Kypinn TambIpbiHIa KaMOuid
OoNMalapl JKOHE TIPHIUITIHIH COHBIHA JICHiH
aIFalliKpl AHATOMHUSJIBIK KYPBUIBIMBI CaKTaJFaH,
SHJIO/ICPMA KJICTKACBIHBIH KAJBIHJAAYbl  YIIIHIII
Ke3eHIe ©Tyl MYMKiH, IIIKi KaOBIpFajabl KATThI
KaeIHIaHa61. KaaslH KaObIpFaiiel SHIOIEpMA OTKI3-
rilll ymanapbiH CeHIMII KOpFaiabl )KOHE TaMBIPIIbIH
MBIKTBUIBIFBIH apTThIpaabl. OpTajblK IMIMHAPAIH
€H CBIPTKBI KJIETKA Tap MeperukKIire bacrama oepei.
TaMbIpAbIH ©TKI3TIII KYyieci (osma snemMeHTTepi
KCHJIEMa 3JIEMEHTTEepIMEH Ke3eKTeCiI, cayieli MoK
Ty3eni. Kypimn eciMairi cyapl MOJ KaKeT €TETiHIIi-
riHe OailJIaHBICTHI A3PSHXUMAIIBIK YJIIIAIap JKAKChI
xetinreH. KieTkanap apaceriia, TaMbIpbl Oonai
CO3BLIBII JKATaThIH KJICTKA apaJiblK KybICOpPTa Maiiia
Oomagel. OChl KIIETKA apaliblK KybICTap apKbLIbI
TaMBIp KIIETKATAPBIHBIH THIHBIC allyblHA KOPEKTIK
raznap tapanansl. Cyapl KaXeT eTeTiH eCiMIIKTep
TaMBIPJIAPBIH/IA OTTET1 JKETICTIETeH IIKTEH, OJIap IbIH
AJFAIIKbl KAaOBIKTAPBIHBIH KJIETKAJIAPBl O©TE KUl
a’peHXMMara aiHajbIn OThIpajbl. COHBIMEH a3peH-
XMMa OTTETiHIH pe3epByapbl OOJbII TaObLIaIbI.
Kypimrinl00 mxM Fe + 200 mxM CdSO, xomn-
[eHTpausIChIiHAa eocipimreH bakanac, MannHa,
bapakat, Yancapu copTTapbl TaMbIPbIHBIH KYpPbI-
JBIMABIK e3repicrep 3eprrenai. Kypim coprrapst
TaMBIPBIHBIH  KYPBUIBIMIBIK —epekmrerikrepi 100
MkM Fe + 200 MmxM CdSO4 KOHLIEHTPALUSAChIHAA
©CIpUITreH KYPIlI COPTTAPBI TAMBIPBIHBIH YK30/IepMa

KOHE SHOJEepPMa KIIETKAJapbIHBIH ©3repy TeH/CH-
LUSUIApbl OalKaibl.

A Bakputay B - 100 MM Fe + 200 mxM CdSO, C - temipain audduuuti + 200 MxM CdSO, JI- TeMipaiiH apTBIKIIBLIBIK Karaibl
+200 MmxM CdSO,
1 —sK301€pMa, 2 — 3HA0AEPMA, 3 — OPTAIBIK LIMITHHID
1-cyper — Kagmuii moHRapbIHbIH ocepiHeH bapakar copThl TAMBIPBIHBIH KYPBUIBIMIAPbI
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Kypimr copTrapsl TaMBIPbIHBIH pHU307EpMa  ac-
TBIH/IA OpHAJIACKAH dK3071epMa KabaTTaphl OOajbl.
SIFHM BK307)€pMa TaMBIPIBIH ayblp MeTalgapra Kop-
FaHBIIUTHIK >KaOBIHIBIK Yimackl bakanac copTeiHaa
9K30/IepMa  KIIeTKajapbl Oip-OipiMeH THIFBI3 JKaHaca
OpHaacKaH. DK30/iepMa KIIeTKaJIapbIHbIH KaJIbIH/Iaybl
bakanac copreiga 109%-ra, bapaxar copreiga 97%-

Fa, ManuHa copteiHia 76%-ra, Yancapu copTeiHIa
64%-ra e3repred. OchI atamFaH COpPTTapIbl OaKbUIAY
JICHreiiMeH CalbICThIpaThIH OoJicak, bakanac cop-
TBIHJIA HK30[€pMa KIIETKATAPbIHBIH KAIBIHIBIFB 9%0-
Fa JKOFapbUIaraH, ajl OCbl opTrara cesimran Yamcapu
COPTBIHBIH, 9K3071epMa KJIETKAJIAPbIHBIH ~KaIbIHAQY
nenreiii 36%-ra remennereH (1,2 — cyperrep).

A bakpitay B — 100 mxM Fe + 200 mxkM CdSO, C — temipain audduuuti + 200 MmxM CdSO, [ — remipain
apTHIKIIBLIBIK Karaaiier + 200 MkM CdSO,
1 —sKx301€pMa, 2 — 3HAOAEPMA, 3 — OPTANIBIK LIMIIHHIID

2-cypet — Kagmnit nonapsHbiH ocepineH bakanac cOpThl TaMBIPBIHBIH KYPBUTBIMBI

A baxsitay B - 100 mxM Fe + 200 mxM CdSO ,C- temipaiH aupdunuti + 200 MM CdSO A - TeMIpIiH
apTHIKIIBUTBIK kaFnaiiel + 200 MmxkM CdSO A
1 —sK301€pMa, 2 — 3HJ0IepMa, 3 — OPTAJIBIK HUIUHAP

3-cyper — Kaqmuit nonapsIHbIH ocepiHeH MauHa COpTHI TaMBIPBIHBIH KYPBUTBIMBI

M

= OcroBHOI

MK

OcHoBHO

-

OcHoBHOIT

OcuoHOIT —

Z OcHOBHOH T —

DK30IEPMA KIETKE KaLIHALITbI
o
&
=
=)
=
=
=)
s

Ocnoenoi —

H

OcHoBHOI T
bakanac

Obaksuiay
B(OmeMFEe + 200 MM CdSO4

bapakat

Maauna Yancapu
B 100 MM Fe + 200 meM CdSO4

0200 MeMFe+200 MeMCdSO4

4-cypet — Kypir copTrapbiHbIH 7 KYHIIK ©CKiH TaMBbIPbIHA 9K30/IepMa KJIETKAaChlHA Ka MUl HOHHBIH dcepi

82 Kaz¥V xabapubicsl. Dxonorus cepuscel. Nel (50). 2017



Hypmaxanosa A.C. xxoHe T.0.

Kagmuiinin 100 mxM Fe + 200 mxkM CdSO,
KOHIIEHTPALMSCEl  9CEpPiH/Eeri TaMBIPIBIH AK30-
JepMa KJICTKAChIHBIH KaJIbIHAAybl OOMBIHILIA Ke-
Jeci Karapra OpHalacTblpambl3  (OakpUIayMeH
canpicThipranna %):— bakanac (109%) > bapakar

(97%) > Manuna (76%) > Yancapu (64%); 3ept-
TeyTre ajbIHFaH KYpill copTTaphIHBIH Oipi bakanac
COpTTapblHAa ©3apa OalIaHBICTBUIBIK OaifKalabl
JKOHE TaMBIp SHJI0JICPMA ©3TepiCTEPiHIH COUKECTIri
AHBIKTAIIBI (3-CypeT).

OCHOBHOI

CHOBHOH

HH
H

o O

CHOBHOM

OCHOBHON

OCHOBHOH |

OCHOBHO#

OCHOBHON |

'_)H,LlU,Lle.’\‘Hi KJICTd Ka/ILIHALIF B, MKM

HH

OCHOBHO¥ T

bakanac bapaxar
Obakpuiay

B OmxMFe + 200 MM CdSO4

Manuna Yancapu
0100 mxM Fe + 200 MM CdSO4

0200 MmxMFe+200 MkMCdSO4

5-cypet — Kypiti copTTapbHbIH 7 KYHIIK ©CKiH TaMbIPbIHA dHI0/IEpPMa KIIETKAaChIHA KaJMUil HOHHBIH dcepi

Ocy neHreiii OOibIHINA TO3IMAUIIK TaHBITKAH
bakanac copThIHBIH 3HJIOJEpMa KIETKAChl OaKbI-
JayMeH canbIcThiprania 8%-Fa >KOoFapbliaraH, Ol
JIETeHIMI3 OChI aTaJlFaH CTPECCKE Kapchl OeHiMIeITy
PEaKIUsICHIHBIH OCJICeHIUNTIH KepceTedi. DHJIO0-
IepMa KJIeTKa KaJTbIHIBIFEIHBIH MOJIIICPiHIH 03repi-
ci Yaricapu copThiHia OaiiKkanraH.

Kanmuiinin100 mxM Fe + 200 mxM CdSO,
KOHI[CHTPALIMSCHI 9CEPIH/ETT TaMBIPIBIH SHIOIEP-
Ma KaJbIHJBIKTAPbIHBIH KOPCETKIITepl OOMbIHIIA
KeJecl Karapra OpHaJacThipambl3 (OaKbUIayMEH
canpicTeipranna %): — bakanac (108%)> bapakar

(100%) > Manauna (72%)>Yancapu (71%). 3ept-
tey Oappichina 0 MkM Fet+ 200 mxkM CdSO xon-
HEHTPAIMSACHIHAA OCIPUITeH KYpIlll COPTTaphl Ta-
MBIPZIBIH K30/IpMa KaJIbIHBIKTAPBIHBIH KOPCET-
KilTepi OOMBIHINA KeJIeCi KaTapFa OpHAIACThIPaMbI3
(bakputaymen canbicThIpranna  %): — bakanac

(106%) > bapaxkar (84%)>Manuna (67%) >Yarcapu
(50%); anm sumomepma KepceTKimTepi OOHBIHILIA
(OakplmayMeH canbIcThIpFaHza %), keieci Ti30ek
OolibiHaH e3apa es3repicTepiH Oalikayra OOJIajbI:
bakanac (97%) > bapakar (87%) > Manuna (74%)
> Yarmcapu (64%) (4, 5, 6-cypetTtep).

A Bakpuiay B - 100 mxM Fe + 200 mxM CdSO ,C - temipain audpdurmti + 200 MM CdSO - TeMip/IiH
apTHIKIIBUTBIK jKaFaaiier + 200 MM CdSO .
1 —sk30mepma, 2 — 3H70EpMA, 3 — OPTANBIK HUJIUHAD

6-cyper — Kaamuii noHIapbIHbIH dcepiHeH Yaricapu TaMbIPbIHBIH KYPbUIBIMIAPBI
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TemipmiH  KETKUTIKCI3  JKOHE  KaJIMHUHIIH
KOFApFbl KOHLIEHTPALMACHl HOTMDXKECIHIE OCHI
opTara Te3IMJIUNK TaHbITKaH bakaHac COPTHIHBIH
9K30[lepMa KIIETKAChIHBIH KaJbIHABIFBl 8%-Fa, ai
cesimTan Yamcapu COPTHIHBIH 3K30A€pPMa KaJIbIH-
nbirbl 50% Ttemenaeren. Kypimr copTrapbl Tambl-
PBIHBIH KYpbUIBIMABIK e3repictepine 200 MxM Fe+
200 MxM CdSO,KoHIEHTPAIHUSCHI SCEPIHAETI K-
30/lepMa KaJbIHJBIKTapPBIHBIH ©3TepiCTepiH Keneci
Karapra oOpHajacThlpaMbl3 (OaKbpUIayMeH cablc-
TeipraHga %): bakxanac (107%) > bapakar (80%)
> Manuna (79%)>Yancapu (55%); an sHgogepma
KepceTKimTepi OoibiHIIa (OaKbUIayMEH —cablc-
THIpFaHa %) KeJici Ti30ek OOWBIHAH e3apa e3repic-
Tepin Oalikayra 0omajel: bakanac (105%) > bapakat
(92%) > Manuna (103%) > Yarncapu (92%);

JKyprizinren 3epTTeyiepaiH HOTIKeNIepi OOHBIH-
11a ajbIHFaH OapibIK HycKanapia KypimriH bakanac
COPTBIHAA CTPECTiH 3(PQeKTici KYMIEIiHeH 3K30-
JiepMa JK9HE DHOJIepMa KIIeTKanaphl KajlblHIaFaH, al
cesimTan Yarcapu copThiHAa IK30A€pPMa KIETKACHI-
HBIH KaJIBIHIBIFBI OipiaMa sxykapraH. Ocbl KepceT-
KIIITep/iH >KOoFapbl OOMyBI, OCIMAIKTEp TO3IMILi-

TiH KOpPCEeTy/ie MaHbI3bI KOFapbl OOJBIN TaObLIa b
DK30/1epMa KaIBIHIBIFEI CTPECKEe KapCchl OeHimMmen-
TeH peakUysUIapAblH KOPCETKIITepiHiH Herisi 0o-
abmn TaObutanbl. Kagmuii MOHIApBIHBIH dCepiHEeH
COPTTap/IbIH 6CY IEHIeiIMEH, 9K30/IepMa KOHE H/I0-
JiepMa KaJlbIHJIBIKTAPbIHBIH KOPCETKIITepi O0MbIH-
IIa HaKTHI epeKmernikTep Oaikanasl. OChl atarFaH
KOPCETKIITep OCIMIIKTEeP/iH KOpFaHbIC OeJceH-
ninirine OainmaHbICTBl OONMYBl MYMKIiH, Oipak o
0apibIK yaKbITTa OPraHU3M JCHIeHiHIe KapChUIBIK
KepceTe anManpl. JK30/epMa KIeTKAChl TaMbIPIbI
CBIPTKbI OPTaHBIH JKaFbIMCBHI3 dCEpIIEPIHEH, TaMBIp
KJIETKAChIHIaFbl KOpIIAraH OpTaJlaH TYCKEH dpTyp-
T yJIBI 3aTTap/AbIH HIOFbIPIIaHYbIHAH KOPFalbl. JK-
3011epMa KalbIHAAYbl CTPECKE KapChl KYPBUTBIMABIK
KaO1TeTTiH MaMybIH KepceTemi. JleMek, To3iMmiTik
071 e3apa 0alIaHBICTBUIBIKIICH JKOHE 03apa ToyeJ i
JIKIIEH J)KOHEe MaMaH/IaHFaH KeIICH I KYPBhUIBIMIBIK
KOPCETKIMTEPIMEH aHBIKTAJIAIBI, OCHI CTPECC dce-
piHeH Oi31iH 3epTTeyre alfaH cOpTTapra TIKipuoe
XKYPrizy OapbIChIHIa HAKThl KYPBUIBIMIBIK KOPCET-
KIIITePAiH TO3IMII COPTTapMeH OaiIaHBICTHUTBIFHI
OaliKasIbl.
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REVIEW OF GENUS ANTHEMIS L. (ASTERACEAE) SPECIES,
STORED IN SOME KAZAKHSTAN HERBARIAL FUNDS

The big and important task is represented by research of rare endangered species for the purpose of their
preservation, profound studying of features of rare species of plants and their resources is necessary. The pur-
pose of this work is careful viewing of specific structure of the sort Anthemis L., stored in the herbarial funds of
Institute of botany and phytointroduction of Ministry of Education and Science of the Republic of Kazakhstan,
Al-Farabi Kazakh National University, K. Zhubanov Aktyubinsk regional state university. For achievement of
goals the abstract of types of the sort Anthemis L. is made, meeting in the territory of Kazakhstan by means of
critical viewing of the herbarial material which is stored in the herbarial funds. Scientific and practical value
are that herbarial samples of the studied type of the sort Anthemis L., met in the territory of Kazakhstan, will
be used by students for definition on special courses and on big practical works on botany. As a result of care-
ful viewing, there are 74 herbarial samples of the sort Anthemis L., the abstract of types of the sort Anthemis
L. is made in the territory of Kazakhstan, including the location of a type of Anthemis trotzkiana Claus in the
research territory (The Aktyubinsk region) is given. According to the results of research, 5 types of the sort An-
themis L. have been noted. They are met in the territory of Kazakhstan (Anthemis trotzkiana Claus, Anthemis
candidissima Willd.ex Spreng., Anthemis tinctoria L., Anthemis cotula L., Anthemis microcephala (Schrenk)
B. Fedtsch.), out of 6, except for the A. deserticola Krasch. & M. Pop. type. In the herbarial funds there have
been studied in total 12 gherbarial samples of the only Red book type of Anthemis trotzkiana, meeting in
the territory of Kazakhstan, including the own sample. The herbarial materials collected in the course of the
field researches will fill up herbarial funds of Institute of botany and MES of RK phytointroduction, Al-Farabi
Kazakh National University and K. Zhubanov Aktyubinsk regional state university. Results of research have
theoretical value and can be used for the solution of questions of systematization.

Key words: Asteraceae, Anthemis L., Anthemis trotzkiana Claus, rare species, herbarial funds.
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KasakcTaHHbIH, Keibip repbapmii KopAapbliHAA cakTaAfad Anthemis L.
(Asteraceae) TybICbIHbIH, TYPAEPiHE LLIOAY

Cupek >KeHe >KOMbIAbIN 6apa >kaTkaH TYPAEPAI KOpFayAa OCIMAIKTEPAIH CMpeK Ke3AeceTiH
TYPAEPIiHIH epeKLUeAiKTePi MEH OAAPAbIH PECYPCTapbiH TEPEH, 3ePTTEY YAKEH XXOHE MaHbI3AblI MOCEAE.
BepiareH xxymbiCTbiH MakcaTbl KP BFM FK «boTaHmka xxeHe (hUTOMHTPOAYKLMS MHCTUTY Thi», 9A-Dapabu
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atbiHAarbl Kasak, yATTbIK, yHMBepcuteTi xoHe K. DKybaHoB aTbiHAafbl AKTO6E BHIPAIK MEMAEKeTTiK
yHuBepcuTeTi repbapuii KOpAapbiHAQ cakTaAraH Anthemis L. TybICbiHbIH TypAiK KypamblH Kapay
60AbIN TabbiraAbl. KOMbIAFAH MakcaTKa XeTy yiliH rep6apuii KOpAApbIHAAFbI MaTEPUAAAAPAbI Kapait
oTbipbin, KasakcraH aymarbiHAQ Ke3aeceTiH Anthemis L. TybiCbl TYPAEPiHiH KOHCMEKTICI KYPbIAAbI.
PKYMbICTbIH, FbIABIMU XK8HE TaXiPUOEAIK MaHbI3bl, apHaKbl KypCTap MeH 6G0TaHMKaAaH YAKEH NMPaKTUKYM
cabakTapbiHAQ CTyaeHTTep KasakcraH TepputopmscbiHaa kesaeceTiH Anthemis L. TybiCbl TYpAepiHiH
3epTTeAreH repbapui yAriaepid abikTanabl. KasakcraHaa kesaecetiH Anthemis L. TybiC TypAepiHiH
74 repbapuit YAriAepiH Kapay HOTMXKECIHAE KOHCMEKTI KypaCTbiPbIAAbI, COHbIMeH Gipre Anthemis trotz-
kiana TypiHiH 3epTTey TeppuTopusicbiHAa (AKTE6E 0OAbICHI) HAaKTbl OPHAAACKaH HYKTeAepi GepiAreH.
3epTTey >XKyMbICbIHbIH HOTHXKeCi GorbiHWwa Anthemis L. TybicbiHbIH KasakcTaHAQ Ke3AECETIH 6 TYpPiHiH
A. deserticola 6acka, 5 Typi (Anthemis trotzkiana Claus., Anthemis candidissima Willd., Anthemis
tinctoria L., Anthemis cotula L., Anthemis microcephala (Schrenk) B. Fedtsch.) kepcetiaai. lepbapmii
KopAapbiHAa KasakcTtan TepputopusicbiHaa kesaeceTiH Anthemis L. TybiCbiHbiH, KpbI3bIA KiTanka eHren
>KaAfbi3 Typi Anthemis trotzkiana ecimairiHiH AkTe6e 0BAbICbI TEPPUTOPUSICbIHAH >KMHAAFAH YATICiH
KOCKAHAQ, >KaAnbl 12 repbGapuii yAriAepi aHblKTaAFaH. AaAaAblk, 3epTTey 6apbiCbiHAQ >KMHAAFaH
rep6apuii Mateprassapbl KP BfM K «boTaHuka xeHe (UTOMHTPOAYKLMS MHCTUTYThi», aA-Dapabm
atbiHAarbl Kasak, yATTbIK, yHMBepcuteTi xoHe K. DKybaHoB aTbiHAafbl AKTO6E OHIPAIK MEMAEKeTTIK
YHUBEPCUTETIHIH repbapmi KOpAapbIH TOABIKTbIPAAbL. YKyMbIC HOTUXKEAEP] TEOPUSIAbIK, MOHIE Ue XKaHe
cUCTeMaTrKa CypakTapbiH LeLlyAe NaiAAAAHbIAYbl MYMKIH.

Ty#in cesaep: Asteraceae, Anthemis L., Anthemis trotzkiana Claus, cupek Typ, repb6apmii KopAapbi.
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0630p BMAOB poaa Anthemis L. (Asteraceae), xpaHsiLLMxcs
B HEKOTOpbIX repdapHbix poHaax Kaszaxcrana

BoAblLyio 1 BaXKHYIO 3apauy MPeACTaBASIOT MCCAEAOBAHWUS PEAKMX MCUE3AIOWMX BUAOB C LIEAbIO
MX COXPaHEHMWSs, B CBSA3M C Yem HEOBXOAMMO YrAyGAEHHOE M3yueHue 0COBEHHOCTEN PEAKMX BUAOB
pacTeHui 1 nx pecypcoB. LleAbio AaHHOI paboTbl SIBASIETCS TLLATEAbHbIM MPOCMOTP BUAOBOMO COCTaBa
poaa Anthemis L., xpaHsuwmxcs B repbapHbix poHaax MHCTUTYTa 60TaHUKM M (PUTOMHTPOAYKLMM
MOH PK, Kasaxckoro HauMoHaAbHOro yHuBepcuTeTa uM. aab-Mapabu, AKTIOOMHCKOro permoHaAbHOro
roCcyAapcTBeHHOro yHusepcuteta umenn K. XKybaHoBa. AAsi AOCTUMXKEHUS LLleAM COCTABAEH KOHCMEKT
BMAOB poaa Anthemis L., BCTpeyalowmxcst Ha TeppuTopun KasaxctaHa nocpeACTBOM KPUTUYECKOro
npocMoTpa repbapHOro MaTepuana, xpaHsiierocsi B repb6apHbix hoHaax. HayuHoe u npaktuueckoe
3HaueHMe 3aKAIOYAETCs B TOM, UTO repbapHble o6pasibl MCCAEAOBAHHOTO BMaa poasa Anthemisl.,
BCTpevalollmecs Ha Tepputopun KasaxcraHa, OYAYT MCMOAb30BaTbCS CTYAEHTaMM AASI OMPEAEAEHMS
Ha CreuMaAbHbIX Kypcax M Ha GOAbLUMX MpakTMKymax Mo 6GoTaHuke. B pesyabTate TuATEAbHOrO
npocMoTpa 74 repbapHbix 06pa3uoB poaa Anthemis L. cocTaBAeH KOHCMEKT BUAOB poaa Anthemis L.
Ha TeppuTopumn KasaxcTtaHa, B TOM YMCAe MPUBOAMTCS MeCTOHaxoXAeHue Buaa Anthemis trotzkiana
Claus Ha nccaeayemon Teputopmm (AKTIOGUMHCKOM 06AacTK). o pesyabTaTam paboTbl 6bIAO OTMEUEHO
5 BMAOB posa Anthemis L., BcTpeyvatolmxcst Ha tepputopum KasaxcraHa (Anthemis trotzkiana Claus.,
Anthemis candidissima Willd., Anthemis tinctoria L., Anthemis cotula L., Anthemis microcephala (Sch-
renk) B. Fedtsch.), u3 6, kpome Buaa A. deserticola. B repbapHbix hoHAax GbiAK M3yueHbl B 06Leit
CAOXHOCTU 12 repbapHbix 06pasLOB eAMHCTBEHHOIO KPACHOKHUMXKHOIO BMAA Anthemis trotzkiana m3
poaa Anthemis L., npouspacTaioimx Ha TepprTopmn KasaxcraHa, BkAalouvas o6pasiibl coOpaHHble Hamu
B AKTIOGMHCKOM 06AacTH. TepbapHble Matepuanbl, COOpaHHble B MPOLIECCE MOAEBbIX MCCAEAOBAHUIA,
NOMOAHAT repbapHble PoHAbl MHCTUTYTa 6oTaHukm U putomnHTpoAykumn MOH PK, KasHY mm.aab-
®apabu M AKTIOOMHCKOTO PEernoHaAbHOrO roCYAQpPCTBEHHOrO yHuBepcuTeta mmenun K. XKybaHosa.
Pe3yAbTaTbl paboTbl MMEIOT TEOPEeTUUECKOEe 3HauYeHWe U MOryT ObiTb MCMOAb30BaHbl AASl PELIEHUS
BOMPOCOB CUCTEMATUKM.

KatoueBble caoBa: Asteraceae, Anthemis L., Anthemis trotzkiana Claus, peakue Bua, repbapHbie
OoHADI.
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Introduction

Now the problem of preservation of a biodiver-
sity of plants because of fast reduction of areas of
distribution of many wild-growing types in connec-
tion with vigorous economic activity of the person
is very urgent (Zholobova, 2012: 195). Anthropog-
enous impact on flora was many-sided, including
direct alienation of phytoweight, destruction, pol-
lution by xenobiotics, climatic changes, etc. which
lead to extinction of separate types that as a result
some species of plants becomes more and more rare,
others are under the threat of total disappearance.
The problem of loss of rare species of plants is a part
of a common problem of decrease in a biodiversity
(Netsvetayev, 2000: 26).

According to V. E. Flint, “disappearance, extinc-
tion of each species is no other than the test for qual-
ity of the environment, for the latent defects of our
work on preservation the biodiversity, is a crack in
integrity of structure of a biodiversity” (Flint, 2002:
286). For preservation of biodiversity in Kazakhstan
implementation of measures for an assessment of a
state and inventory of objects of a biodiversity, ex-
pansion of network of especially protected natural
territories and preservation of natural populations of
rare species are necessary.

Rare species — the most vulnerable part of bio-
logical diversity on Earth. Disappearance of any
kind of a plant is catastrophic and irreplaceable loss
for the nature. Protection of rare species of plants, as
well as preservation of vegetable communities with
their participation, are priorities (Borisova, 2015:
64). The most widespread threat for rare species is
loss of habitats to which they are adapted. When
studying rare species of plants, population level is
especially urgent. It is caused by the fact that any
kind of plants exists in the nature as independent lo-
cal population. Researches of rare species of plants
at the population level are the most demanded and
productive. In recent years researches of genomes of
various household - valuable plants and their wild-
growing relatives by means of various modern cy-
togenetic and molecular - biological methods were
widely adopted. It gives the chance to better under-
stand genetic features of the studied types and to
define their genomic and evolutionary relationship
as with wild-growing, and cultural closely related
types. The obtained data allow to find purposefully
effective ways of selection of the forms enriched
with useful genes. However, genomes of not all use-
ful species of plants are well studied.

Steppes of Eurasia are a sad example of anthro-
pogenous pressure of an ecosystem of the whole

landscape zone. The special attention on preserva-
tion of a gene pool of the environment is deserved
by the poorly studied, intensively developed steppe
territories.

In botanical-geographical relations, the Aktyu-
binsk region, one of the most considerable indus-
trial areas of Kazakhstan, is of special interest. In
the territory of which the unique steppe commu-
nities, cretaceous massifs, relic forest and marsh
natural boundaries needing protection of flora have
remained (Aipeisova,2011:5). In the territory of the
Aktyubinsk floristic district there are sphagnum
bogs with a sundew, a cranberry and other boreal
types, cretaceous ridges with relic calciphile and
other micro refugium in which the most part
and relic types have remained. Obligate calciphile
of the Aktyubinsk flora of desert and steppe Plio-
cene relicts are Anthemis trotzkiana, Linaria creta-
cea, Silene cretacea, Artemisia salsoloides, Crambe
tataria, Capparis herbacea, Matthiola frangans,
and also Anabasis salsa, Nanophyton erinaceum,
Thesium refractum and other types are carried (Ai-
peisova, 2012:3). Among them Anthemis trotzkiana
is not only obligate calciphile, it is first of all a Red
Book species which is under the threat of disappear-
ance and demands protection of the habitat. The
species is included in the Red List of Kazakhstan
(2014) with the status of the II category — a rare spe-
cies. The species meets single copies, small groups
and also is included in the list of rare plants of the
European Union (Bilz, 2011:130).

The complex researches of cenopopulation of
this species including studying of number, age struc-
ture, level of a genetic variety, interpopulation dif-
ferentiation and the analysis of all received results
in the territory of the Aktyubinsk region have not
been conducted earlier. The complex research of the
current state and biological features of a rare species
of Anthemis trotzkiana meeting in the Aktyubinsk
region requires versatile studying of this look.

Relevance of work is caused by importance of
definition of molecular - genetic bases of a genetic
variety of rare species of plants at the population
level and a lack of methods for optimization of pres-
ervation of gene pools of rare and endangered spe-
cies of plants.

The rare species of Anthemis trotzkiana is for the
first time found by P. S. Pallas in 1769 and named by
Claus in honor of professor of the Kazan university
P. Ya. Kornukh Trotsky (1803-1877).

Anthemis trotzkiana is a long-term semi-bush
which is from the family Anthemis L. of the Astera-
ceae. The Asteraceae families include about 1300
species and 25000 types spread during three sub-

90 KasYV xaGapuisicsl. xonorus cepusichl. Nel (50). 2017



Izbastina K. et all.

families and 17 tribes (Ayad, 2012: 151). The tribe
camomile has distribution around the world though
taxons are concentrated in Central Asia, the Medi-
terranean and South Africa (Funk, 2009:171). Some
subtribe members are Ursinniinae, Artemisiinae,
Chrysantheminae, Leucantheminae, Anthemidinae,
Matricarinae and some types of Achillea, Anthe-
mis, Artemisia, Glebionis, Leucanthemum, Matri-
caria and Tripleurospermum are widespread weeds
in northern and southern hemispheres (Oberprieler,
2007: 89). Nevertheless types of the tribe already
long time are used as medical herbs in traditional
and alternative medicine. Many researches have
been conducted on essential oils of tribe taxons
(Faik,2016:11576).

Anthemis L. - second-large, in camomile tribe. It
includes more than 210 types (Bremer& Humpries,
1993: 71; Bremer, 1994: 112). General geographi-
cal range of Anthemis L. covers the most part of the
Western Eurasia, the Mediterranean and a small part
of East Africa. The main center of a variety is in the
southwest of Asia where there can be met 150 types
from 210 (Ergin, 2011: 85).

In the territory of the CIS one can meet 51 types
of the sort Anthemis L., and in Kazakhstan - 6 types:
Anthemis trotzkiana Claus — Camomile Kornukh -
Trotskovskaya, A. candidissima Willd. ex Spreng.
- the C. the whitest, A. tinctoria L. - Item tinctorial,
A. cotula L. - C. dog, A. microcephala (Schrenk)
B. Fedtsch. - C. capitellate, A. deserticola Krasch.
& M. Pop. - C. desert (Flora of Kazakhstan, 1966
: 654).

Many types of the sort Anthemis L. are charac-
terized as rare, endemic and being under the threat
of disappearance (Uzel 2004 : 151). For example,
Anthemis pestalozzae Boiss. (Asteraceae) is an en-
demic sort, living on volcanic, limestones and hilly
slopes located in the south Anatoly. Both these en-
demic and ornamental plants at the local level the
industry were left by negative impact on popula-
tions of plants (Arslan,2002: 411), evolutionary
history and eco - climatic differentiation of the sort
Anthemis L. is studied. (Compositae, Anthemida-
ceae) in vicinities Mediterranean (Lo Presti,2009:
1313). And also types of the sort Anthemis L. are
widely used in pharmaceutics, cosmetics and the
food industry. Flowers of a sort have use in qual-
ity antiseptics and curative herbs which main com-
ponents are natural flavonoids and essential oils
(Vaverkova,2007: 283). Vida Anthemis L., which
the containing essential oils have extracts antimicro-
bic activity. (Cigdem,2016: 55) some types of the
sort Anthemis L. are used in digestion treatment - an
intestinal path spazmolitichesky, anti-inflammatory
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and as sedative. In Europe extracts, infusions and
teas are widely used in anti-inflammatory, antibacte-
rial, digestive- spasmolytic and sedative ways . In
traditional medicine are applied to alleviate pain and
irritation, tidy wounds and ulcers, and also treatment
of the irradiated injuries of skin, treatment of cystitis
and tooth illnesses (Grace,2002: 183). Abdul Gafor
the to scientific work reconsiders the sort Anthemis
L. (Compoistae - Anthemideae) meeting in Arabian
Peninsula which includes 19 types which are relat-
ing to the sections Odontostephana, Maruta, Anthe-
mis, and Rascheyana including A. tenuicarpa, being
a new sort for the Saudi Arabia (Abdul,2010: 79).

The variety and value of types belonging to the
sort Anthemis L. it was described above, however it
should be noted that there is a set of not resolved sys-
tematic and taxonomical questions. When studying
systematic, floristic and biogeographical researches
there is often used a herbarium. As the herbarium is
an archive of valuable scientific information which
has multipurpose value, and a herbarial sample - the
document confirming existence of a type in the con-
crete place in certain time (Bezrodnova,2015:16).
The main objective of the Herbarium is storage of a
reference material necessary for definition of plants
and their classification.The herbarial fund of Insti-
tute of botany and phytointroduction of Ministry of
Education and Science of the Republic of Kazakh-
stan is included into the list of the largest scientific
botanical collections of the CIS of national value,
has the AA international index. The herbarium rep-
resents the only thing in the Republic storage of bo-
tanical collections where the richest flora of Kazakh-
stan is most fully presented. Now the Herbarium is
at the department of biodiversity and bioresources
of al-Farabi Kazakh National University and depart-
ment of biology of K. Zhubanov Aktyubinsk region-
al state university and it serves the purposes, first of
all, of improvement of students’ education quality
of faculty and has educational - methodical value.
On the basis of materials of the Herbarium there are
also carried out theses on disciplines of botany and
geobotany.

The purpose of this work is careful viewing of
specific structure of the sort Anthemis L., stored in
the herbarial funds of Institute of botany and phy-
tointroduction of MES of RK, Al-Farabi Kazakh
National University and K. Zhubanov Aktyubinsk
regional state university.

For achievement of goals it is necessary to solve
the following problems:

— to carefully observe herbarial samples of the sort
Anthemis L. and to allocate types meeting in Kazakhstan;

— to make the abstract of types of the sort An-
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themis L., meeting in the territory of Kazakhstan by
means of critical viewing of the herbarial material
which is stored in the herbarial funds;

— to specify location of a rare species of Anthe-
mis trotzkiana in the research territory (The Aktyu-
binsk region).

Materials and methods

In the course of the forwarding research there

was used reconnaissance traversing method.
Collecting material was made on cretaceous breaks
and limestones in August, 2016 in the Aktyubinsk
region. GPS of coordinate are noted (N: 49 022’
8, E:54 0 31 23”) collecting points of Anthemis
trotzkiana(Fig. 1-2).

The morphological-geographical method was
applied to carrying out the systematic analysis.
During determination of the type there were

Figure 1 — GPS collecting point coordinates of Anthemis trotzkiana

Figure 2 — Collection point of Anthemis trotzkiana

considered the main morphological features in
a blossoming phase. There is a number of the
morphological features distinguishing a camomile
from other types of the Anthemis L. The main
characteristic sign are that Anthemis trotzkiana
- a long-term semi-bush; a stalk at the basis is
stiffening, ascending, simple or low-branchy;

leaves twice-cut, young white-tomentose; baskets
are single; flowers diverse: regional pistillate
with a wide lingular yellow nimbus, central
monoecious with a tubular nimbus; seed pots are
obypyramidal, 4-faced, cop is short, in the form
of a cogged bit.

And also materials of herbarial funds have
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been studied in detail: Institute of botany and
phytointroduction of MES of RK, Al-Farabi Kazakh
National University, K. Zhubanov Aktyubinsk
regional state university and their own collecting.

By drawing up the abstract of types of the sort
Anthemis L., and also by drawing up systematic
and geographical analyses the following main
references have been used: “Flora of Kazakhstan”
(1966) where processing of a sort was carried out by
A. O. Orazova, in “Flora of the SSSR” (1961) An.
A. Fedorov, in “The illustrated determinant of plants
of Kazakhstan” (1972) Myrzakulov P.M., in “The
hand book of Central Asian plants” (1993) Kamelin
R. V., Kovalevskaya S. S.

In the course of work in herbarial fund the
data, which are contained in the herbarial, labels
where a surname of collectors, date of collecting,
a geographical and administrative arrangement of
point were specified without change.

In work Latin names of types of the sort
Anthemis L. have been verified according to S.
K. Cherepanov’s reports (1995), and are given
the Kazakh name of plants according to S. A.
Arystangaliyev, E.R.Ramazanov (1977).

Results and discussion

Among the types which are found in Kazakhstan
by results of own collecting the exact location of
a rare species of Anthemis trotzkiana is noted (N:
49 022 87, E:54 0 31 “23”") Population was at the
height of 144 m over level. The Aktyubinsk region,
Uilsky district, on chalk of the mountains Akshatau
in 3 km from the settlement of Akshatau which are
confirmed by the herbarial data which are brought
together in 2013 by Aipeisova S.A. (Aipeisova,
2013: 312). The type is also confirmed by the re-
search associate of Institute of botany and a phy-
tointroduction by Danilov M. P., and professor of
department of botany of the Kemerovo state univer-
sity and the director of the Kuzbass botanical gar-
den IEC Siberian Branch of the Russian Academy
of Science and Doctor of Biological Science A. N.
Kupriyanov.

On herbarial samples of KazNU there have been
studied 3 types (A.trotzkiana, A. tinctoria., A. micro-
cephala), growing in the territory of Kazakhstan,
from three samples of a type of Anthemis trotzki-
ana one of the sample has been redefined by us as
it is not confirmed according to morphological data
and the location does not correspond according to
references. The label has been corrected on Anthe-
mis subtinctoria L., on consultation of the candidate
of Biological Sciences, associate professor, leading

ISSN 1563-034X

florist of the department. A.A. Ametov and and also
has been confirmed by A. N. Kupriyanov.

In funds of “Institute of botany and a phyto-
introduction” of MES of RK and department of a
biodiversity and bioresources at KazNU among the
herbarial samples of the sort Anthemis L. herbarial
samples of outstanding scientists, such as N. V. Pav-
lov, M. G. Popov and P. P. Polyakova and herbarial
samples of scientists - botanists as Z.V.Kubanskaya,
M. S. Baytenov, A. Gamayunova, V. P. Goloskokov
are of special value.

In herbarial fund of “Institute of botany and a
phytointroduction” of MES of RK in 1962 - 1963
years several types of the sort Anthemis L. It is rede-
fined by A. O. Orazova. Type of Anthemis arvensis
L. = Anthemis candidissima Wild., Maruta micro-
cephala Schrenk. = Anthemis microcephala Sch-
renk, Anthemis tinctoria L. = Anthemis subtinctoria
Dobrocz.

At the Institute of botany and phytointroduction
there has been observed 57 herbarial leaves of the
sort Anthemis L., where 13 types have been noted:
Anthemis arvensis L., Anthemis austriaca Jacq., An-
themis altissima L., Anthemis candidissima Willd.
ex Spreng., Anthemis cotula., Anthemishirtella
C. Winkl., Anthemismicrocephala (Schrenk) B.
Fedtsch., Anthemis ruthenica M. Bieb. Anthemis
rigescens Willd., Anthemis sosnovskyana Fed., An-
themis subtinctoria Dobrocz., Anthemis tinctoria L.,
Anthemis trotzkiana Claus.

Abstract of types of the sort Anthemis L. met in
the territory of Kazakhstan

5 types from 6 met in the territory of Kazakhstan
are given in the abstract. The abstract of types
contains the following information: the Latin,
Russian, Kazakh name, the general area, and
distribution within the explored territory, data
on a vital form, ecological habitats and terms of
blossoming and fructification.

Section 1.RumataFed.

Section type - A. Saportana Alb.

Row 3: Fruticulosae Fed.

1. Anthemis trotzkiana Claus - Delect. sem.
Dorpat. (1847)3, in obs.—Camomile Kornukh-
Trotskovskaya - Kapnayx erizke3(Fig.3)

H.,Grows on cretaceous breaks and limestones.

Blossoming VII -VIII, fructification VIII- IX.

Collection point:Aktyubinsky. Bass. river
of Hobda (49-510 NL, 25 - 270 EL from Pulk.),
the mountain Bes-tau. Cretaceous exit is at top.
31. V II. 1926, Sobr. M. M. Ilyin and M. N.
Avramchik, 2 copies (A, B); Aktyubinsk Western
Mr. Magadzhanovek val. On  cretaceous. 24. VI.
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1927, Leg. A. Dergageva, 2 copies (C, D); Zap.
Kazakhst. the Region, the valley of the Urals River,
cretaceous exit is on the coast having lived Burli.
9.1X.1947 of Leg., Teste: N. V. Pavlov, 2 copies
(E, F); The Ural Region Burlinsky district to / 3
Lenin’s Testament. Dark - chestnut undeveloped,
sublene. 28. June, 1978, Leg.: Gubanova, Teste:
Lapshina M. S. (G); The 150th km.eastern
Aktyubinsk on cretaceous hills. 21. VI. 1978 of
Sobr. Baytenov M. S. Opr. 1990, Kudabayeva G.
M. (H); Aktyubinsk Region, Hobdinsky area, Mr.
Bestau. mountain top (cretaceous). Sobr. and S.
Aipeisova. 31.05.2004 (I); Wil. area. 5 km. from
Wil, city Karatobe, cretaceous is high., Sobr. S.
Aipeisova and Not Ling N. V. 11.07.2005 (J); in
3 km.s. Akshatau, Mr. Akshatau, slope. Sobr. and
S. Aipeisova. 13.07.2005 (K); Aktyubinsk Region,
Wil. the area in 3 km.s. Akshatau, Mr. Akshatau,
on cretaceous slope. (N 51 °41°38”, E 54 °01°22”),
collected. K. S. Izbastina; Opr.: A. A. Ametov, K.
S. Izbastina 26.08. 2016 (L).

Section 2.Anthemis
Section type — sortlectotype
Row 1: Arvenses Fed.

2.Anthemis candidissima  Willd.ExSpreng.
Syst. nat.IlI(1826)-Camomile beleishaya - Anmak
erizke3(Fig.4)

H., Grows on coast of streams in desert areas.

Blossoming and fructification V-VI.

Collection point:The Jambyl Region, between
the village of Chaldovar and Merke, pasture.,
04. V.1952r,, Leg.: A. Gamayunova., Teste: N.
V. Pavlov (A); The Jambyl Region, on a stream
at the village of Chaldovar., 25. Vi.1952g., Leg.,
Teste: A. Gamayunova., 1962 of Teste: A. Orazova
(B); The Jambyl Region, between the village of
Chaldovar and Merke, pasture., 25. V.1952r., Leg.
O. Lushka. Teste: N. V. Pavlov, 1962. Teste: A.
Orazova (C).

Section 3. Cota ( J. Gay ex Guss.)Rupr.

Sectiontype- Anthemis tinctoria L.

Row 1: TinctoriaeFed.

3. Anthemis tinctoria L. - Sp. pl. (1753) 896. —
Camomile tinctorial - bosty erizkes (Fig.5)

H., Grows on steppes, in fields, on deposits.

Blossoming and fructification VI -VIIL

Collection  point:  Camomile tinctorial
Ridder pine forest at. 20. 06.1933 V. Evsiyev
(A); Altai, Ridder. Vicinity of the Botanical
garden. Sokolny sopsa. 7/10/1936 of Leg. Kuban
Z.V. Teste. Goloskokov (B); East Kazakhstan
Kirovsky district. K-z of Budenny crops of wheat,

30.07.1937 of Leg.:mizulevsky. Teste: Kornilov
(C); East Kazakhstan Kirovsky district. K-z “the
Red Dawn” crops of wheat of 09.08.1937 of Sobr.
Bryuzgina. Opr. Kornilov. (D); In - R regional,
Ridder the district, S. Cherelmaniye right coast. r.
Ul protected 7/11/1937 city Alt.Bot. RFNN. (E);
North Kazakhstan Region Shortandinskaya e / x
experimental station steppe. 01:07. 1947 of Sobr.
and Opr. Solomchenko A. Z. (F); It is southern -
Kazakhstan regional, Bostandyk. East. Ugalsky,
The gorge Boguchal - Sai. 1200 m 1. V II. 1953,
Leg. V. Pavlov. Teste: N. V. Pavlov. 2 copies
(G); Territory of botanical garden AN Kaz. SSR.
2. Y II. 1962, Leg., Teste. P. Myrzakulov (H);
Kalbinskiykh rebit. Gore Medvedk. 18. V IIL.
1971, Opr. Stepanova (K); East - the Kazakhstan
Region Leninogorskiyprom. area. Ridder - the
Sokolsky field. On June 15, 1989 SOBR. Popova.
Opr. Kazenas. (Kazgiprozem) (L).

Section 4.Maruta (Cass.) Boiss.

Section type- Anthemis cotula L.

Row 1: Cotulae Fed.

4. Anthemis cotula L. - Sp. pl. (1753) 894.-Cam-
omile dog - Ut erizke3 (Fig.6)

H.,Grows on weed places.

BlossomingV -VI, fructificationVII- VIII.

Collection point:West. Tianshan. Verkhovayar.
Pskemaukishl. pokem. Vogorade. 8. YIII. 1936,
Leg. A. Dmitriyeva(A); Big Alma - Aty gorge next
to the turn. 4. X. 1962, Leg: A. 1. Povrkova. Teste:
A. Orazova (B).

Row 3: Microcephalae Fed.

5.Anthemis microcephala(Schrenk) B.Fedtsch. —
in Turkest. (1915)-Camomilecapitellate- Maiinabac
erizke3(Fig.7)

H.,Grows on sandy deserts and saline soils.

Blossoming and fructification VI.

Collection point:Kazakhstan Ural federal dis-
trict. Low-Talas district. Sorniye in crops of the Ke-
naf next to the Talas River. Uch-Aral Sea. 15. VL.
30 g, SOBR. E. Hando (A); Kazakhstan-Ural dis-
trict. Low- Talas district. Uch-Aral Sea, meadows.,
10. VI. 30 g, OPR. M. Pop. (B); Kazakhstan Ural
federal district. Low- Talas district. Uch-Aral Sea.
Uroshitsedzhelanda. Meadow. SOBR. Hando, 19. V.
30 g, OPR M. Pop. (C); Kazakhstan Syrdariya dis-
trict. The river of the Expert at a confluence. lakeBi-
yli-Kul. 25/V. 1930, SOBR. P. A. Volkova (D); The
Lake Biymo - a sack. On it is gray 12/Vi.1934g.,
Leg.Ponamoreva (E); Jambyl regional, meadows on
river of Chu near the village of Alekseyevka. 15.VIL
1941, Leg. S A. Nikitin. Teste. P. Polyakov. 2 cop-
ies (F, G); Taldyuzen. On the coast of river of Sark-
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roma. 10.VIIIL. 1941, Collected: S. A. Nikitin, M. K.
Deulina (H); The Almaty Region of Chu - Iliyskiye
a horn, xp. Koysharylgan, on a stream. 20.VI. 1952,
Leg. M. Baytenov. Teste. N. V. Pavlov (I); East coast
of the lake Biblikul (Dzhambulsky Region). On sa-
line a meadow zapadinok 22.V. 1963 of Leg: V. P.

Goloskokov. Teste: V. P. Goloskokov; Dzhambul-
sky Region Moyyunkumsky district. local river of
Chu. 29.06. 1967 of Leglyusyik (K); Dzhambulsky
Region. Flood plain of river of Chu. Furmanovsky
floods hospital. 29.06. 1968 of Leg., Teste: Suyrim-
betova (L).

Figure 3 — Anthemis trotzkiana Claus
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Figure 4 — Anthemis candidissima Willd. ex Spreng.

Figure 5 — Anthemis tinctoria L.
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Figure 7 — Anthemis microcephala (Schrenk) B. Fedtsch

Conclusion tinctoria, A. cotula, A. microcephala, A. deserticola.
From them the location of 5 types is noted in

1 Accordingtotheresultsofcarefulobservation  herbarial fund, except a type of 4. deserticola.
of 74 herbarial samples of the sort AnthemisL., 2 The abstract of types of the sort Anthemis
6 types of the sort Anthemis L. are allocated in L. is made meeting in the territory of Kazakhstan by
Kazakhstan. — A. trotzkiana, A. candidissima, A.  means of critical observation of the herbarialmaterial
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which is stored in the herbarial funds of Institute of 3 For the research territory (The Aktyubinsk
botany and phytointroduction of MES of RK, Al-  region) types of the sort Anthemis L. are revealed,
Farabi Kazakh National University, K. Zhubanov  also the exact location of a rare species of Anthemis
Aktyubinsk regional state university. trotzkiana is noted.
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Kaszaxcran, n. Anmatunckas o0i1., Aamansioak
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BAUAHUE A/\/\HE/\EIZ INFOTEHUHKOAUPYIOLLUEITO AOKYCA GLU1B
HA XO3AMCTBEHHO-LLEHHbIE NTOKA3ATEAU TMNLIEHNLIbI
MPU PA3HbIX AO3AX A3OTHbIX YAOBPEHUU

B craTbe npeacCTaBAeHbl pe3yAbTaTbl M3YyUEHWsl BAMSIHMS BO3PACTAIOLLMX AO3 a30THbIX yAOOpe-
HWMIA Ha rokKasaTeAM ypO>KalHOCTM M KauyeCTBEHHble XapaKTepUCTMKM 3epHa 2-X 00pasLoB SiPOBOW
MArkon nwenunupl (coptT CapaTtoBckas 52 1 pereHepaHTHas AMHMS), MCMOAb30BAHHbIX B KayecTBe MO-
AEAen BMOTUMOB MOoAMMOpPHOro copta. CTpyKTYypHbIA aHaAM3 SAEMEHTOB YPOXKaMHOCTM PaCTEHWI
KOHTPOAbHbIX 1 OMbITHbIX BAPUAHTOB MOKa3aA, YTO peaklims reHOTUMOB Ha BHECeHME a30THbIX YAOO-
PEHWI CYLLLECTBEHHO Pa3AMYaAaCh MO MPOAYKTUMBHOM KyCTUCTOCTM, AAMHE TAQBHOIO KOAOCA, YMCAY 3e-
peH C pacTeHunst U Macce 3epHa C pacteHunst (P < 0,05). YCTaHOBAEHO pa3AMuMe MeXAy reHoTMnamm
no coaepykaHuio obuiero 6eaka B 3epHe, GEAKOBbIX (hpakLMid, rPynn KOMMOHEHTOB, KauyeCTBEeHHbIX
nokasaTeAen, 3a UCKAIOUEHMEM COAEP>KaHMS aM(PUDUAMHOB 1 TBEPAO3EPHOCTU. A30THOE yAOOpeHMe
OKa3sblBaeT 3HAUMMOE BAUSIHME Ha coAep KkaHue obLuero 6eAka B 3epHe, HakoMAeHue aAbOYMUHO-TAOBY-
AVIHOBOM, aM(PUPUAMHOBOM, TAMAAMHOBOW M TAIOTEHMHOBOM (DpaKLUMit M NMoka3aTeAb ceAMMeHTaumm (P
< 0,05). CratMCTNYeCcKM 3HaUMMble Pa3AMUMS MEXAY FreHOTMNaMM Ha (DOHE MPUMEHEHMS Pa3HbIX AO3
YAOOpPEHUsi OTMEYEHbl MO COAEPXKAHMIO aAbOYMUHO-TAOOYAMHOBOM M FAMAAMHOBOW (hpakuUmii U Cym-
MOI Bcex 6eAKoBbIX hpakumit. Y pereHepaHTHOM AMHMM, no coctaBy BMCI, oTHocsweics K rpyn-
Me C HM3KOW OLEHKOM KauyecTBa Mo FAIOTEHMHY, NMPU BbICOKMX AO3aX a30THOrO NMuTaHusi HabAlAeTCs
NPenMyLLLECTBEHHOE YBEAMYEHME KOHLIEHTPaUMM aAbOYMUHO-TAOOYAMHOBBIX M TAMAAMHOBbBIX GEAKOB.
BospacraioLume A03bl a30THbIX YAOOPEHUIT CYLLIECTBEHHO BAMSIOT Ha COAEpXKaHWe CyObeAHULbI FAIO-
TEHWHa 5, BbICOKO PaH>XMPYyEMOW MO BKAAQAY B KauecCTBeHHble nokasateAun nienuusl (P<0,001). Pe-
3yAbTaTbl UCCAEAOBAHMI MOKA3aAM, YTO MPU HAAMUMK B COPTE OMOTUMOB, PA3AMYAIOLLMXCS MO AAAEASIM
FAIOTEHMHKOAMPYIOLLMX AOKYCOB, CAEAYET YUMTbIBATb MX HEOAHO3HAYHYIO PEeaKLMIO HA arpoTexHuyec-
KM1e MpreMbl, BKAIOYAIOLLME NPUMEHEHME a30THbIX YAOOPEHUIA.

KAtoueBble cAOBa: MileHnLa, MOAMMOPGU3M, a30T, YyAODPEHME, YPOXKaMHOCTb, CeMeHa, HeAoK.
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Effect of glutenin coding Glu1B locus alleles on economic valuable traits of
wheat in case of the different doses of nitrogen fertilizers

In the article results of study the effect of increasing doses of nitrogen fertilizers on the yield traits and
grain quality characteristics of two samples of spring bread wheat (variety Saratovskaya 52 and regener-
ate line), used as biotype models of polymorphic variety. Structural analyses of control and test plants
yield show that response of genotypes on the incertion of nitrogen fertilizers essential differed on pro-
ductive tillering, main spike length, namber of grain per plant, mass of grain per plant (P < 0,05). It was
determined the differences between genotypes on the total proteins content in grain, protein fractions,
components groups, some quality indices, except amphiphilic proteins content and hardness. Nitrogen
fertilizers significantly affected on the content of total protein in grain, accumulation of albumin/globu-
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lin, amphiphilic, gliadin and glutelin fractions and sedimentation test (P < 0,05). Statistical significance
differences between genotypes under the using of different fertilizers dozes are marked on the content
of albumin/globulin and gliadin fractions and sum of all protein fractions. Preferably increasing of al-
bumin/globulin and gliadin proteins concentration under the high dozes of nitrogen nutrition observed
in regenerated line, which has a low glutenin quality score according the HMWG subunits. Increasing
dozes of nitrogen fertilizers influence on the glutenin subunits 5, having high range in the contribution
to quality traits of wheat (P <0,001). Results of investigations show that it is necessary take into account
the different response of variety with biotypes having diverse allelic variants of glutenin coding loci to
agrotechnical ways including fertilization.
Key words: wheat, polymorphism, nitrogen, fertilizer, productivity, seeds, protein.

K.M. byaatoBa™, LLI. Ma3kupat’, A.T. PaumbekoBa’', A.U. babucekosa'

Kazak eriHmmik »xoHe ociMAiK MapyallbUTbIFbl FEUIBIMU-3€PTTEY HHCTUTYTHL,
Asmartsl 00sbIckl, AnManbi0Oak aybuibl, Kazakcran
“E-mail: bulatova_k@rambler.ru

A3OTTbIK, ThBIHAMTKbILUTAPAbIH, SPTYPAI AO3aAapbIH NMarMAaAaHy 6apbiCbiHAQ OMAANADBIH,
LLUAPYaLUbIAbIK-KYHAbI KOpPCeTKiluTepiHe rAlTeHUH KoATaylubl Glu1B
AOKYCbIHbIH, aAAAAEPiHiH, acepi

Makanapa noAMMopTbl copTTap GUOTUNTEPIHIH MOAEAbAEPI PETIHAE KOAAQHBIAFAH, >KA3AbIK,
JKyYMcak, 6uaanabiH, 2 yAriaepiHi (CapaTtoBckasi 52 COpTbl XKoHe pereHepaHTTbl AMHMS) OHIM KepceT-
KilUTepi MEH ABHHIH camnaAblK, KacuMeTTepiHe a30TTbIK TbIHAMTKbIWTbIH YAEMEAI AO3ACbIHbIH 9CepiH
3epTTey HOTMXKeAepi kepceTiAreH. bakbinay >koHe ToxiprMbeAik HycKaAapAarbl ©CIMAIK ©HIMAIAIri-
HiH, AEMeHTTepiHe XYPri3iAreH CTPYKTYPaAbIK TaAAQY HOTUXKEAepi, 6CIMAIK ABHIHIH Maccacbl, CaHbl,
Heri3ri MacakTbiH, Y3bIHAbIFbI YKOHE CaHblHbIH, KOpCeTKiluTepi GOMbIHLIA, a30TTbl ThIHAMTKbILUTAPAbI
namaaAaHyra 6aniA@HbICTbl FEHOTUNTED PeakUMSCbiIHAQ eAeyAi arblpMallbAbIK, 6OAATbIHbIH KOPCET-
Ti (P<0,05). KaTTbl ABHAIAIK NeH aM(PUDUAMHHIH, KyYpaMblH eCKeEpPMEreHAe, carnaAblk, KepceTKilTepi,
KOMIMOHETTIK TonTapbl, GEAOKTIK (DpaKLMIAAPbl MEH YKAATbI @30TThiH KypPambl GOMbIHLLA FTEHOTUMNTEPAIH
apacblHAQ albIPMALLIbIAbIK, 6OAATbIHAbIFbI AHBIKTAAAbI. A30TTbIK, ThIHANTKBILUTAP CEAMMEHTALIMS KOp-
ceTKilwTepiHe XaHe aAbOYMUH-TAOBYAMH, TAMAAMH, TAIOTEHWMH (PPAKLIMSAIAAPbIHBIH, SKMHAKTAAYbl MEH ABH-
A€ri >kaArnbl GeAOKTIH KypamMbiHa eaeyAai acep eteai (P <0,05). ToiHaMTKbILLUTaPAbIH 8PTYPAI AO3aAAPbIH
namaaAaHy (OOHbIHAQ FEHOTUNTEPAIH apacbiHAA aAbOYMUH-TAOBYAMH, TAMAAMH (DpaKLMsIApbl XKaHe Oe-
AOKTbIH, >KAATbI XKMbIHTbIFbl GOMbIHILIA KOPHEKTI CTAaTUCTUKAABIK, abIPMALLbIABIK, aHbIKTaAAbl. A30TTbIK,
ThIHANTKbILITAPAbIH, KOFapfFbl AO3aCbIMEH KOPEKTEHAIPreHAE aAbOYMUH-TAOOYAUH XaHe rAMaAuH Ge-
AOKTapbIHbIH KOHLIEHTPALMSCh KOPHEKTI TYPAE XKOFapbliAaiTbiHAbIFbI XKMIC Kypambl 601bIHLLIA Canach!
TOMeH TOoOblHA KipeTiH pereHepaHTTbl AMHMSAQ GarKaAAbl. BuaaiAbiH, canaAblk KepCeTKilTepiHiH,
KOFapbl YAECIHe Me TAIOTeHUH 5-Cy606ipAiKKe a30TTbl ThIHAWTKbILITHIH YAEMEAI AO3aCbl aNTapPAbIKTaM
acep eteai (P<0,001). 3epTTey HoTMXEAEpi, arpOTEXHMKAABIK, >XOOaAayAapAbl MaAaAaHy KesiHAe,
FAIOTEHUH KOATAYLLbl AOKYCTapblHbIH aAAeAAepi GOMbIHILA alibiPMALLbIAbIFLI 6ap copTTapFa a3oTTbik,
TbIHANTK bILITAPAbIH 8CEPi 9PTYPAI BOAATBIHAbIFbIH €CKEPY KePEeKTIriH KepCeTTi.

Ty#in ce3aep: 61aan, NOAMMOPMOU3M, a30T, ThIHANTKbILL, OHIM, ABH, GEAOK.

BBenenue

IImennna sBnsgercd OOHOM W3 BaKHEHIINX
CeJIbCKOX03AMCTBEHHBIX KYJBTYp, BO3/IENIbIBAEMBIX
B Kazaxcrane xak 1j1st BHyTPeHHETo MoTpebieHus,
TaKk W JUI DKCIIOPTHPOBAHUSI B JPYTHE CTPAHBI
3epHO MUICHUIIBI SIBISIETCS ICTOYHUKOM Oelka, Co-
JiepKaHue KOTOporo Bapeupyer ot 8 10 20% B 3aBu-
CHUMOCTH OT COPTa M OT YCJIIOBHH BBIPAIINBAHUSI.

Jlo Hacrosiiiero BpeMeHH NpH XapaKTEPUCTHKE
OenkoB coxpansiercs: Kinaccudukamus Ocoopra (Oc-
6opu 1924: 1875), ocHOBaHHas Ha PacTBOPUMOCTHU
0EJIKOB, COTTTACHO KOTOPOH OEJIKH MIIEHULIBI MOpas/e-
JISTIOTCS Ha anbOyMUHBL, NIOOYJINHBI, [TIMAIUHBI U TITHO0-

ISSN 1563-034X

TeHuHbI. [locnenHue 2 Gpakipn npeodiaaaroT B 3ep-
HC MIIEHUIIBI U COCTABJIAIOT OCHOBY meﬁKOBHHBI, oT
KOJIMYECTBA M KAYECTBA KOTOPOH 3aBHCST IUTATEIb-
HbIE, BKYCOBBIC, MAPKECTUHIOBBIC TIOKA3aTEIH KOHEY-
HBIX MIPOMYKTOB TIEPEpaOOTKH 3epHA.

KauecTBo 3epHa onpenensercsi FTeHOTHIIOM U Te-
HOTHUI-CPEAOBBIMU B3auMooTHoIeHusiMu (Fagnano
2012:9).

A30THBIE ynOOpeHHs SBISIOTCS Haubonee 3¢-
(eKTUBHBIM (DAaKTOPOM OKPYIKAFOIICH CPEIIbI, BIHSIO-
MMM Ha Ka4C€CTBO 3€pHA U MYKHU MNIICHUIBI, IIPUYEM
CTCNCHb BIMSHHS 3aBUCHT OT HOTOIHBIX YCJIOBHH,
OCTaTOYHOTO a30Ta B TOYBE, CPOKOB W IPUEMOB
BHecenust ynoopenuit (Lopez-Bellido, 2001a: 197),
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(Abedi, 201006: 384). BHecenue a30THBIX ya00pe-
HUH TOBBIIIACT COACPKAHNE KIICHKOBHHHBIX OCITKOB
3epHa — DMaAUHOB U TmroTeHHHOB (Dupont, 2003a:
133), (Martre, 20036: 1959), (Johansson, 2004c: 345),
TOT/Ia KaK Ha abOyMUHBI M TIIOOYIMHBI MX BO3pacTa-
HUE HE OKa3bIBaeT 3HauuTeNnbHOro BiusiHus (Pedersen,
2007a: 132), (Fuertes-Mendizabal, 20106: 52).

3HauuTeNbHAS YaCTh KOJUIEKITHOHHBIX 00Pa3IoB
U COPTOB TIIEHUIIBI M JIPYTUX 3CPHOBBIX KYIBTYD
SIBIISIETCS TIOJIMMOP(HOM U MPeICTaBIsIeT COO0H 1mo-
JTUOWOTHITHBIE TIOMYJIANNN. JTO CBSI3aHO C TEM, YTO
B IPOLIECCE WHAMBHYATHLHOIO 0TOOpa M3 THOPHU/I-
HOW TIOMYJISIIMA TOMO3UTOTHOCTH CEIIEKTHPYEMBIX
JIUHUA JOCTUTAETCs JIMIIh [0 OIPaHHYCHHOMY
YUCIy TEHOB, ONPEACISIONMX Mopdoyiornyec-
KM€ W XO3SWCTBEHHbBIE MPU3HAKH, TOTJA KaK «IIOJ-
HYI0» FOMO3HMIOTH3AIMIO 110 BCEM F¢HaM BO3MOYKHO
JIOCTUYb TOJIBKO TYTEM TallJIOUTHOW TEXHOJIOTHH.
BryTprcopToBo#l mOTMMOP(U3M TIICHUIBI U S4-
MEHSI 110 COCTaBY 3alacHbIX OCJIKOB-NPOJIAMHHOB H
[JIFOTEITUHOB MO3BOJIsIET MU (EPeHIMPOBATh UX Ha
OMOTHITBI, OOBEAMHEHHBIX CXOACTBOM KOMITOHEHT-
HOTO cOCTaBa. BHOTHIBI SBISIOTCS MOPQOJIOrH-
YECKU Maji0 OTIIMYMMBIMH, HO, HEPEIIKO, B 3HAYM-
TENBHON CTENEeHW pa3INyaloTcs 10 aJanTalud K
OKPYKAIOIIUM YCIIOBUSIM CPEJibl, Pa3HBIM YPOBHEM
MPOAYKTUBHOCTHU, KAUECTBEHHBIMH [TOKA3ATEIISIMU H
1.1. (bymatoBa, 1985a: 37), (IlonoBunkuHa, 20146:
47). CenexnmoHephl MPUACPKUBAIOTCS MHEHHS, YTO
MOMUMOP(GU3M TIOBBIMIACT AJANTUBHBIE BO3MOXK-
HOCTH CaMOOTBUISAIOMNXCA KyasTyp (Bamexxanus,
2011a: 25), (Jlorunos, 20136: 25).

UccnenoBaHusi OTHOCHTENFHO BIHSIHUSI  arpo-
TEXHHYECKNX TIPHEMOB, B YAaCTHOCTH TIPHMEHe-
HHE YHOOpeHui, Ha TPOSIBICHHUE XO3SIHCTBEHHO-
LIEHHBIX TIPH3HAKOB Y COPTOB MSTKOM TIIICHUIIBI,
Pa3THYAIONIIXCS TI0 ATUIEISIM OSITOKKOANPYFOIIHX JI0-
KYCOB U SIBJISIFOIIUXCSI KAK MOHOMOP(HBIMH, TaK U TI0-
JUMOP(HBIMH 110 OEITKOBOMY COCTaBY, OT PAHHYCHBIL.

Llenpro HAIIUX HCCIICAOBAHUI SIBIISIOCH H3Y-
YCHHME BIIMSHUS YPOBHS a30THBIX YHOOpEHH Ha
ypoKkaliHbIE TIOKa3aTelN U KaueCTBEHHbBIE XapaKTe-
PHUCTHKH 3€PHA JIByX T€HOTUIIOB SPOBOM MIIICHUIIBI,
Pa3IMYAONINXCS] AJUICIBHBIM COCTOSIHUEM TIIFOTE-
HUHKOAMpYIomIero Jokyca Glul.

MarepuaJibl U METOAbI HCCJIeJOBAHUS

B xadectBe OOBCKTOB WCCIICAOBAaHWN OBLIA HC-
TOJTB30BaHbL: COPTOOOpA3el] IPOBOM MSTKOM IIICHU-
el CaparoBckast 52 (WcCXOmHas JIMHUS) U €r0 pere-
HepaHT. PerenepanTHas TUHMS ObLIa TOTyYeHA B XOIe
JIBYKPATHOT'O KYJIETUBUPOBAHUS OJTHOM U3 JUTAIION -
HBIX JIMHUM — MPOM3BOAHBIX COPTa SIPOBOM MSTKOM

meHur bl CapaTtoBekast 52 B oTAesie OMOTEXHOIOTHI
Kazaxckoro HUUN s3emiienenus um. B.P. Buibsmca
(OKambaxwH 1992: 18). AHAMMBUPYIOIIAM CKpEIIBa-
HHEM ObLIO YCTaHOBJICHO, YTO Y JIAHHOH JIMHUH TIPOH-
3o1u1a MyTaiys B tokyce Glu Bl, pacnioioKeHHOM B
JUIMHHOM IJIEYE XPOMOCOMBI /B M KOHTPOIUPYIOLIEM
3aracHOW OEJIOK TIIEHUIIbI — IIIOTCHHH. PereHepanT
OTIIMYAJICS OT UCXOHOM JIMHHH U COPTA IO YPOXKAHHBIM
Y KadecTBeHHBIM rokazatersiM (bymatosa 2006: 41).
lameToKNIOHANBHAS W3MEHYMBOCTH  BO3HHKAFOLIAS
B XOJIC KYJBTHBUPOBAHUS «IN-Vitro» COOBITHE OUYCHB
pelKoe, COXpaHeHNE U U3y4eHHE HOCUTENEH MyTalluu
UMEET Ba)KHOE 3HAYCHHE B PACIIUPEHHU OHOJIOTH-
YECKOro pa3Ho00pa3usl MILIEHHIBI, 0OOralieHn Tre-
HETHUYECKOW 0a3bl IS CEJIEKIIUHA HOBBIX COPTOB, M3Y-
YeHHMS BIMSHUS Pa3IMYHBIX (PaKTOPOB OKpYKArOIIEeH
Cpenbl, B TOM YHUCJIE U MUHEPAIBbHBIX YIOOpeHWH Ha
ypOoXKaiiHble M KayeCTBEHHbIE ToKa3aTenu. B Hammx
MCCIIEIOBAHUSIX 00pa3Ibl HCIOB30BAINCH B KAYECTBE
MojIeNeii OMOTHITOB TIOMUMOP(HOTO CopTa.

KoHTposbHBIE BapuaHTBl BO3ACIBIBAIUCH HA
¢onax N, P, K, Kr/ra B Tpex OBTOPHOCTAX Ha Jie-
JSIHKaX IUI0Iansio 2m>. PacdyeTHble 103bI a30THO-
ro ynoOpeHus (aMMuadHasi ceJIuTpa) JOBEICHBI Ha
OTIBITHBIX JICJITHKAX B CTAIMSIX KyIIEHHUS U KOJIOIIe-
Hust pactenui 10 Ny u N kr/ra.

CTpyKTypHBIA aHATN3 PACTCHUH IO dIIEMEHTaM
YpOXalHOCTH MPOBOIMIICS Ha BbIOOpKe B 10 pacte-
HUA 10 8§ TMOKaszaTelisiM: BBICOTa PACTeHMM, TPO-
JIYKTHBHasi KyCTHCTOCTb, JUIMHA TJIABHOTO KOJOCA,
YHCJIO 3€pEH B IJIABHOM KOJIOCE, YHCIO 3€peH C
pacTeHms, Macca 3epeH C IIaBHOTO KOJOoca, Macca
3epeH ¢ pactenusi, macca 1000 3epen. Bwimenenue
3amacHeIX OenkoB Benock meropom Galili, u jp.
(Galili 1983: 77), anexkrpodope3 OeTKOB B IMIECTOTHOMN
cpene — merogoM Laemmli (Laemmli, 1970), B mMo-
mudukanuu bymatosoii (bymnatoa 1985: 37), B kuc-
Joii — cornacHo miportucu [lonepens @.A (Ilomeperns
1989: 2). Wpentudukanusi BBICOKOMOJCKYISIPHBIX
cyosemuann TmoternHa (BMCIY) ocymiectsisiach
MyTEM COIOCTABJICHUSI MEKTPodoperpaMMbl aHAIIH-
3UpyeMOro oopasiia co CIIeKTPOM COPTOB aHAIN3aTO-
POB C U3BECTHBIMU BapHaHTaMU CyObEIMHHII, UICH-
TUQHUIIMPOBAHHBIX 110 Katanory Hypnencosa M.A. n
np. (Hypneuncos 2008: 38). B kauecTBe mapkepa Mo-
JIEKYIISIPHBIX MacC HCTIOIB30BaT HA0OP BHICOKOOUH-
nieHHbIX 0enkoB ¢pupmbl Thermo scientific (JIntea) ¢
MonekyisipHoi Maccoit ot 10 go 200 kDa.

Jns  KOMMYEeCTBEHHOTO H  Ka4eCTBEHHOTO
aHanu3a OCNKOB 3epHA MPOBOIMIN JKCTPAKIUIO B
cootBercTBuu ¢ Triboi, E. u ap. (Triboi 2003: 1731),
B XOJIe KOTOPOH BBIJIENSIOTCS: ajIbOyMUHO-TII00YH-
HOBasi, aM(pUPUINHOBAS, TVIMAAMHOBAS U TIIFOTCHH-
HOBasl GpaKLUH.
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Conepxanue oOmiero Oenka B 3€pHE U €ro
¢bpaknmii  ompexensim  MUKpoMeTonoMm JlayGepa
(ITepyanckuit 1989: 21).

KonnuecTBeHHBIN aHanu3 cyObeAWHUL IIIO-
TEHWHa ¥ KOMIIOHEHTOB TJIMAJMHA OCYIIECTBIISIN
JICHCUTOMETPUPOBAHUEM C MTOMOIIBIO T€JIb-PETUCT-
pupyromeil cuctemsl Quantum ST4, oTHOCUTENb-
HOE TPOIIEHTHOE CONlepKaHue KaXI0TO KOMITOHEHTA
B CIIEKTpPE PACCUMTHIBAIM IO OTHOLIEHHIO K CO-
JIEPKAaHUIO BCEX KOMITOHEHTOB. TEXHOJIOTHYECKHE
MOKa3aTeNld 3epHa OMpPENeNsIn Ha WH(PaKpacHOM
ananmzarope «HMudppalliom OT-10». Bece nanHbie
MOJTy4eHbl B TPEXKpaTHOW moBTopHOCTH. CTaTHc-
THdeckass o0paboTKa JaHHBIX TMPOBOAMIACH C TIO-
motikto mporpammsl STATISTICA 7.

Pe3y.]'ll>TaTl)l H UX oﬁcymuelme

CTpyKTypHBII aHaJIU3 PacTEHUN KOHTPOJIBbHBIX
U OIBITHBIX BapuaHTOB copta CapaToBckas 52 u
€ro pereHepaHTHOM JIMHUHU MOKa3ajl, YTO TeHOTH-
bl [0 PEAKLUMU HAa BHECEHHE A30THBIX yAOOpeHMIH
CYIIECTBEHHO Pa3INYalIiCh MO TMPOIYKTHBHOHN KyC-
THUCTOCTH, JUIMHE TJIABHOTO KOJIOCA, YHCITY 3€epeH

¢ pacrenus u macce 3epHe ¢ pactenus (P < 0,05).
[lo moxazaTemo «BBICOTA pPacTeHHS» Y OOpasma
CaparoBckasi 52 yBenUueHHE J03bI a30THBIX yH00-
PEHUH NPAaKTUYECKU HE OKa3aJl0 BIUSHUI, TOTIa KaK
pacreHus pereHepanTa Ha ()OHE MOBBINICHHBIX 103
ynoOpeHus: okasanuch 0ojiee BHICOKMMH. BnusiHne
(haKTOPOB «a30THOE YIOOPEHHE)» U KTEHOTHUID» OBLIO
noctoBepHbIM (P < 0,01). Takxe 3HaUnMOE BIHS-
HUE a30THOTO YOOOpPEHHs MPOSBHIOCH HA TaKUX
AIIEMEHTAX YPOXKAUHOCTU PEreHEPAaHTHOW JIMHUU
KaK: «MPOAYKTHUBHAS KyCTHCTOCTBY, «YUCIIO 3€pPEH
C IIaBHOTO KOJIOCa» — yBeJIM4YeHue Ha 6,5%, «uuc-
JI0 3epeH ¢ pacTeHus» — Ha 12,5%, macca 3epeH c
[JIaBHOTO Kojoca» — Ha 9,6%) m «macca 3epeH ¢
pacteHus» pocT Ha 16%. JlnmuHa m1aBHOTO Kojoca
c1a00 BapbupoBaia B 3aBUCUMOCTHU OT YBEIMUYECHUS
JI03bI a30THBIX yA0OpeHn# (pUCYHOK 1).

Conepkanue Oenka B 3epHE B 3HAYMTEILHOU
Mepe 3aBHCUT OT YCJOBHUIl BbIpallUBaHMS pPacTe-
HUH, B TOM YHUCIEe U OT J03 a30THBIX YJOOpEHH.
VYBenuueHue ypoBHS IPUMEHSIEMbIX YIOOpEeHUH mo-
JIO)KUTEJIPHO CKAa3bIBAETCSl Ha HAKOIUICHUU OOILETo
Oenka u ero gpakuuii (Dupont, 2003a: 133), (Tri-
boi, 200006: 47), (Fowler, 2003c: 260).
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a — IPOJYKTUBHAsSL KYCTUCTOCTb; O — YHCIIO 3ePEH C INIABHOTO KOJIOCA; B — YHCJIO 3€PEH C PACTECHHUS;
T — Macca 3epeH C INIaBHOTO KOJI0Ca; JT — Macca 3epeH ¢ pacTeHus; e — Macca 1000 3epeH.
Pucynoxk 1 — BriusiHue a30THBIX yooOpeHNUil Ha 3IEeMEeHTHI yposkaitHOCTH copTooOpasia CapaTtoBckas 52 U pereHepaHTHOM JIMHUH
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3epHO MIIEHUIBI CONEPKHUT 2 TPYMIBI OCIKOB
— MeTtabonuvecKkue (He3amacHbIe) U CTPYKTYPHBIE
(3anacubie Oenku). HesamacHble Oenku mojpassie-
JISIIOTCA B 3aBUCHUMOCTHU OT PacTBOPSIEMOH cpelibl Ha
BOZIOPAaCTBOPHMBIC — aJTbOYMUHBI U COJICPaCcTBOPH-
MbI€ — IOOYNMHBIL. 3anacHble OCIKH MPECTABICHBI
CIHMPTOPACTBOPUMON (paknueld — DIMaaguHaAMH U
OekaMu, PacCTBOPSIOMIUMHUCS B CIA0BIX pacTBOpax
miesoueit MMdo KUCIOT (TIIOTETMHAMM).

ANBOYMUHBI B&XKHBI C TOYKU 3PSHUS TINTATEIb-
HOM IIEHHOCTH, TTOCKOJIBKY XapaKTepHU3YIOTCs 3HAUH-
TEJNBHBIM COJep)KaHUEM HE3aMEHHMBIX aMHUHOKHC-
JIOT, TAKUX KaK JIN3UH, TPUNTO(paH, MeTHOHUH. OHI
BBITIONTHSIOT B KJIETKaX (PU3NOJIOTHYECKHE, OMOXH-
MHUYECKHE W PETYIATOPHbIC (QYHKIHMH, a TaKKe
OKa3bIBAIOT MHTHOMpyrOmui ddhdekt Ha neiicTBre
BO30yauTENEeH OOJNEe3HEH W HACEKOMBIX. AJBOyMHU-
HBI UTPAIOT TAaKXKe BaYKHYIO POJIb TIPH IPOpacTaHUN
3epHa, PeryJupys pacIleIyICHUE YIIIEBOIOB H OCMO-
THYECKOE JIaBJICHUE.

Ambpudunuabl — ampupuIbHBIE OETIKH, CBI3aHBI
C JIMIHMIHBIM KOMIUTIEKCOM MeMOpaH, SKCTparupyroT-
Csl pacTBOpaMH JICTEPreHTOB U, TAKXKE KaK albOyMHu-
HBl U IOOYJHMHBI, BKIIOYAIOT 3HAYMTEIBHYIO 4acTh
tdepmentoB (Debiton 2011: 160). HememOpanubie

ampuuIbHbIE O€NKH, TaKWe KaK ITypOWH/IOIH-
HBI, IMCIOT OOJBIIOE BIMSHUE HA TBEPAO3EPHOCTH
u peosnornueckue cpoiictBa tecra (Dubreil, 1998a:
222), (Giroux, 19986: 6262), (Simeone, 2003c: 521).

I'roTenuHbl M NIMAUHBL SIBISIFOTCS. COCTaBHOM
YacThl0 KJICHKOBMHBI M oOecneyuBaroT Xjebo-
MEKapHOE Ka4eCTBO MYKH.

I'moTeHuHbl mmIeHUnbl 4eTko auddepenim-
PYIOTCSI Ha TPYIILY BBICOKOMOJIEKYIsipHBIX (BMCT')
1 Hr3koMoneKyIsIpHeix (HMCI) cyOobenunaut (pu-
CYHOK 2, a). B a5iekTpoopeTHIECKOM CIIEKTPE HU3-
KOMOJICKYJISIpHBIE CyObEANHUIBI [IIOTEHUHA Pacl-
peliesieHsl B TOH JKe 30He, I7Ie U Y, 3, 0 — NIHaAUHBL.

CHexTp BBICOKOMOJICKYISPHBIX —T[JIIOTEHUHOB
copra CapaTtoBckas 52 cocTosul u3 cyobequuur 2%;
7+9; 5+12, kouTponupyemsix Tokycamu Glu A1 Glu
BI v Glu DI, cootBeTcTBeHHO. B criekrpe OenkoB
pereHepaTHONW JIMHUM B CPaBHEHUHM C HCXOAHBIM
COpPTOM OTCYTCTBOBaJIa OFHA M3 «X» BBICOKOMOJIE-
KyJSIpHBIX CyObeAMHUI, Kiaccuduuupyemas IO
karasnory Payne P., Lawrence G. xak cyObenuHUIIA
7 (Payne 1983: 29). Ha pucynke 2 6 npuBeleHbI
CHEKTPBl OTAETBbHBIX OCIKOBBIX (pakKUuil, BbIIE-
JICHHBIX NOCJIEIOBATEIbHON 3KCTPAKIUEH U3 3epHA
CpaBHHBAEMBIX COPTOOOPA3IOB.

1D
e

| e
e — e ——— e

1IWH
19HK
LRHL |

1 — anpOyMUHBI ¥ ITOOYIHHEL, 2 — aM(UGMINHEL 3 — IIHAAUHEL 4 — TIIOTCHUHEI
Pucynok 2 — CriekTp 3anacHbIX OEJIKOB ceMsiH copTooOpasna CapaTtoBckas 52 (a) U pereHepaHTHOM JinHIH (0)

Hapsiny c¢ conmepxanumem Oenka B 3epHE
MOKAa3aTeNIb CEJUMEHTAlMH, COAEp)KaHUe KIei-
KOBUHBI, mokasaHuss MK, TBepro3epHOCTb SB-
JIIIOTCS MTOKA3aTelsIMU, 110 KOTOPBIM BEAETCs Iep-
BOHA4YalbHAs OIICHKA TEHOTHIIOB IIIICHUIBI Ha

MIPUTOTHOCTH K TOW WJIM MHOW TEXHOJIOTHH MOTyue-
HUSI KOHEYHOTO TIPOTyKTa MepepadoTKH.
JlucriepcHoHHBI aHAN3 TTOMYYCHHBIX JAHHBIX
MOKAa3aJl, YTO UCXOMHBIA COPT U pereHepaHTHas Ju-
HUSI 3HAUUTENHHO PA3HATCSH 10 KOJMYECTBEHHBIM
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nokazateisiM oOmiero Oenka B 3€pHE, OEIKOBBIX
(pakiuii, TPy KOMIOHEHTOB, Ka4eCTBa, 32 UCKIIIO-
YEHUEM COoJIeprKaHus aM(PU(UITUHOB U TBEPI03EPHOC-
T (Tabmuupl 1 1 2). A30THOE ynoOpeHHE OKa3hIBaeT

3HAYMMOE BJIMSHUE Ha colepkaHue oOuiero Oenka B
3epHe, HAKOIICHHE alThOYMUHO-TTI00YTMHOBOM, aM(H-
(UIMHOBOH, TNTMAAMHOBOM 1 IIIOTEHUHOBOM (ppakimit
1 nokasarenb cequMenTanuu (P < 0,05).

Ta6anua 1 — BrusiHue BO3pacTaronux /103 a30THBIX yI0OPEHHI Ha KaueCTBCHHBIC TIOKa3aTelH 3epHa coproodpasia CapaToBckas

52 ¥ pereHepaHTHOU JIMHUU

KauecrBennble nokaszarenu 3epHa CapatoBckas 52 Perenepant

KonTpons Ny, N, KonTpons Ny, N

1. AnpOyMuHBI, IMOOYTUHBL, % 4,15 4 3,9 3,09 3,8 4,06
2. Amoudunuasl, % 0,61 0,69 0,76 0,64 0,66 0,87

3.I'muanunsl, % 4,1 3,83 2,59 2,75 2,5 2,9

4 I'morenunsl, % 4,75 4,65 4.4 436 4,65 4,63
5.>. bpaknuii, % 13,61 13,17 11,65 10,84 11,61 12,46
6.benoxk, % 17,4 17,7 18,3 16,7 17,24 17,6
7.BMCT, % 18,67 18,87 19,02 14,96 15,05 15,3
8.0 mmagusel, % 15,46 15,46 15,44 16,76 16,93 16,94
9.0,y mmuagunsl 1 HMCT, % 65,88 65,67 65,52 68,28 68,02 67,76
10. BMCI'/rnaguast 0,228 0,233 0,236 0,176 0,178 0,183
11. ® /opy mmaguasr, HMCT 0,235 0,288 0,235 0,245 0,249 0,228
12. CenumeHTanus, Mi 55,67 61,67 70,00 49,50 48,67 61,00
13. KneiikoBuHa, % 36,30 35,90 38,10 39,40 42,05 40,73
14. UJK, ycn.en. 87,00 78,00 88,00 95,50 99,00 98,67
15.TBepao3epHOCTD 82,50 82,00 81,33 81,33 81,50 81,33

Bospacranue aib0yMHHOB W TIOOYIMHOB B
3epHE TMIIEHHUIIBI IPU MPUMEHEHHUH a30THBIX YI100-
peHHIT OTMEYaeTCss MHOTMMHU aBTOPaMHM, TOTIA Kak
CBEJICHHS O TIOJIOKHUTEIBHOM BIHSIHUU YAOOpeHUI
Ha HAKOILJICHHUE TIINAJMHOB U TIIFOTEHUHOB IMPOTHUBO-
peunBbl. Tak Liu u gp. (Liu 2013: 646) ormevaror
YBEIUYCHHUE MPOTIOPIUHN TTIOTCHUHOB M CHU)KCHHE
[JIMaIUHOBOM (DpakiMu NMpU NPUMEHEHUU YBEJIH-
YUBAIOIIUXCS 703 a30THBIX YIOOpPEHMI, TOT/IA Kak
JIPyTUE aBTOPbI 3aKIFOYAIOT, YTO TIPU TOBBIIICHHOM
YPOBHE a30THOTO INUTAHHs B 3€PHE MHTCHCHUBHEE
HAKaIUIMBAIOTCSI MOHOMEPHbBIE OENKU (TJIHauHbI),
HEXeNH ToiauMepHble (TmroTeHuHBI) (Saint 2008:
407). B pse nyOnukanuii mokasaHo, 4To yBejIrue-
HUE a30THBIX yAOOpEHUWH TOBBINIAET KaK TIIHAIIH-
HOBYIO, TaK W TIIOTCHHHOBYIO (ppakmum (Dupont,
2003a: 133), (Martre, 20036: 1959), (Johansson,
2004c: 345).

ISSN 1563-034X

B Hammx mccinenoBaHUSIX CTaTHCTHYECKH 3HAYH-
MBIC Pa3jiniud MCKIY I'CHOTHUIIaMHU Ha q)OHe npume-
HEHUS pa3HbIX 703 YIOOPEHHUS OTMEUEHBI 110 COIepIKa-
HUIO aTEOYMUHO-TTIOOYTMHOBOM W TJIMAIUHOBOU M
CYMMOI1 BceX OITKOBBIX (ppakiiuii (Tabnuia 2).

[Ipu BBICOKHX J103aX a30THOTO yAOOpEHUs Co-
JiepKaHue ajabO0yMHUHO-TIIOOYJIMHOBOM W TJIMaJH-
HOBOHM (ppakiuii 3HAYUTEIBHO BO3pPACTaeT y pere-
HEPaHTHOMW JIMHUH, IOCTOBEPHOTO Pa3IHUIUS MEKITY
coptom CapaToBckas 52 U ee pereHepaHTHOH JH-
HUCH 110 BIUSHUIO YIOOPEHUI Ha HAKOTUICHUE TITHO-
TEHUHOBOH (hpaKIuu He BBISABICHO (Ta0bmuIs! 1 u 2).

Cremyer OTMETHTh, YTO y PETrCHEPAHTHOM JIU-
Hun B cnektpe BMCIT orcyTtetByer x cyObenmu-
HUIIA 7, UMEIOIIas BECOMBIMA BKJIAJl B KAUYECTBEHHbBIC
XapakTepUCTUKH MyKH. CopTa, JIMHUM, TMIICHUIIBI,
XapaKTePU3YIOIIUECss OTCYTCTBUEM OT/ICIBHBIX CYOb-
eNUHUI] TIIOTEHWHa, OymTyT WMETh HH3KYI0 OIICH-
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Ky KauecTBa IO DIIOTCHHHY, YUHUTHIBAIOIIYIO BKJIAJ
BMCI, wxomnpyembix noxycamu Glu I. Ha ocHoBe
g pepeHIna  COPTOB TIICHHIBI TI0 COCTaBY
BMCI u uccnenoBaHus BiIMsSHHS a30THBIX yHIoOpe-
HHUH YCTaHOBJICHO, YTO COpTa, MMEIOIINE HeOnaromn-
pUsiTHOE B XJIeOOINEKapHOM OTHOIICHWH COYETaHHe
BMCT, npu Bo3pacTaHMu 103 a30THBIX YIOOpEHHIH
HaKaIUTMBAIOT B 3€pHE B OOJIbIIEH CTEIIEHH MOHOMED-
weie Oenku (Krejéitova 2006: 285). B nienom, copra

CXOJIHBIE TIO COZICPYKAHHUIO M COCTaBY 3aIlaCHOTO OeJIKa,
HPOSIBJISIIOT CXOJICTBO B PEAKIMH HA BO3PACTAIOLINC
JI03BI a30THBIX ynoopenwuit (Saint 2008: 407). Ha mpu-
Mepe TPUTHKaJe, MMEIOLIEro 2 TeHOMa IIIICHHUIIBI,
YCTAHOBJICHO, YTO YBEJINYCHHE J103 a30THOTO IIUTaHHS
BCACT K NPECUMYILIECTBCHHOMY HAKOIIJICHUIO aJII)6yMI/I-
HO-IJIOOY/IMHOBBIX U MPOJAMUHOBBIX OEJIKOB, YTO HE
CIOCOOCTBYET YIyUIICHHUIO XJIeOOMEKapHBIX CBOICTB
(Wojtkowiak 2013: 3778).

Ta6anua 2 — [{ucniepcnonnstii anamms (ANOVA) no conepkaHunro 6ertka, OeKoBBIX ()pAKIIHii ¥ KaeCTBEHHBIM ITOKA3aTeIISIM ITIIISHUIIBI

DaxTOpbI Df A6y 5 Anmdudu- I'mmaguael | [IIFOTEHUHBI 2 dp ? K Benox CenuMeHTarms
IOOYJIMHBL JIUHBI ui
Tenorun 1 12,4%* 0,45 50,5%* 18,9%* 86,9%* 118,5%* 6,8%
N (azot) 2 4,3%* 4,2% 49, 4%* 6,2% 0,96 4,43* 5,4%
ek
Tenorun x N1 %7 0,46 107,8%* 0,97 75,8%* 1,24 1,2
(a3or)

[Mpumeuanus: * ypoens 3Haunmoctu P<0.01, ** yposens 3naunmoctu P = (0.01-0.05), Df -cTenens cBo601b1

Pe3ynpraThl HAIIMX HCCIIEIOBAHUM TaKKe MOAT-
BEPKJIAIOT JAHHOE 3aKitoueHue. Tak, y pereHepaHT-
HOM nmHuH, o coctaBy BMCI, otHOcsmeics K
IPyIIE C HU3KOM OLEHKOW KauecTBa 10 III0TCHUHY,
IIPU BBICOKHX J103aX a30THOIO IMUTaHMs HaOJIIOnaeT-
Csl IPEUMYIIIECTBEHHOE YBEJIMUEHNE KOHIIEHTPAIUN
IbOYMUHO-TIIOOYIMHOBBIX M TIIMAJANHOBBIX OCIIKOB.

JUI OLIEHKM BIIMSHUS YBEIUYHUBAIOIIUXCS 03
A30THBIX YJ0OpeHH Ha HaKoIieHue cyOdpakimi,
OT/ICBHBIX CyObEeAMHUIL ITTIOTEHUHA U KOMITOHEHTOB
IMaguHa ObUIO MPOBEICHO ACHCUTOMETPHUPOBAHHE
1 00paboTKa remne ¢ moMoIbio mporpaMmsl Quan-
tum-Capt resib perucTpupyrone CucTeMbl

JlucriepcHOHHBIN  aHAIM3  COOTHOIICHUS CyO-
(pakiuii U OEJIKOBBIX 30H 3JeKTpodopeTHuec-
KOoro crekrpa coprooOpasua CapaToBckas 52 wu
pEreHepaHTHON JMHUYU MOKa3ajd OTCYTCTBHE JOCTO-

BEPHO 3HAYMMOTO BIIUSHHS a30THOTO YIOOpPCHUS Ha
VX HaKOIUICHWE. AHAJIIOTUYHBIE PE3YNbTaThl TIONY-
yeHsl Ramirez-Wong B. u ap.(Ramirez-Wong 2014:
1997). ABTOpEI He BBISIBUIIN BIIMSIHUS 230THBIX Y100-
pennii Ha cyOodpakiwm ®- 1 o+3- muaauaoB. Chope
u jip. (Chope 1987: 4399), u3yuas BiausiHIE TEHOTHTIA,
roJia BEIPAIIUBAHUS U YPOBHS a30THOTO TIHTAHUS Ha
aKKyMYJISIMIO OelKa B 3epHE, OTMEYAIOT CHIKEHHE
MIOJTUMEPHBIX OCIKOB (IIIOTCHUHOB) MPH MPUMEHE-
HUM BO3PACTAOIIMX JI03 a30THBIX YAOOPEHUH.

AHanm3 MaHHBIX M0 HAKOIUICHHIO OTAEITHHBIX
BBICOKOMOJICKY/ISIPHBIX ~ CyOBEIUHMII TJIFOTEHUHA
(Tabmuma 3) mpu BO3pACTAOIIMX J103aX A30THBIX
ymoOpeHuii oka3aj, 9To y 000WX TCHOTHUIIOB UACT
YBEJIMYCHHE MMPOLIEHTHOTO COJICPKAHUS CyOheTUNHU-
bl 5, BRICOKO PaH)KHPYEMOW MO BKJIAJy B KayecT-
BEeHHBIE TIoKa3aTenu mmreHutsl (P<0,001).

Tabauna 3 — Brusnue a30THOTO y100peHHs Ha HaKOMJIeHHEe CyObeMHUI] ITTIOTEHHHA U TIIHAANHA B 36pHE MSTKOH MIeHHUIB, %o

BMCT Caparosckas 52 Perenepanr
KOHTPOJIb Ny, N5 KOHTPOJIb Ny, N5
5 3,9+0,26 4,3+0,33 4,8+0,08 3,9+0,13 4,24+0,09 4,8+0,37
2% 2,4+0,04 2,8+0,41 2,9+0,3 2,7+0,18 2,7+0,44 2,7+0,07
7 4,3+0,35 3,8+0,13 4+0,35 0 0 0
12 3,6+0,27 3,7+0,19 3,4+0,12 4,3+0,62 4,1+0,49 3,6+0,26
9 4,4+0,84 4,1+0,08 4,1+0,45 4,1+0,08 4+0,36 4,2+0,12
106 Bectauk KazHY. Cepust sxonorudeckas. Nel (50). 2017




Bynarosa K.M. u np.

YBenuueHue /103 a30THOTO YA0OpEHHs TPUBEIIO
K HE3HAYHUTEIILHOMY BO3PACTaHUIO YPOBHS CYOBE M-
HUILIBI 2% y coprooOpasiia CapatoBckas 52. Orta cyOb-
€/IMHUIA TaKXXe BHOCHT BBICOKHH BKIIAJ B OICH-
Ky KadecTBa IO TIIOTEHWHAM COTJIACHO KaTajory
Payne u nip. (Payne 2014: 51). Y perenepanra pocra
JaHHOW CyObEeAMHUIBI B IPOLIEHTHOM OTHOILEHHH
He oTMevaeTcsa. KoppensaiuoHHbli aHaiu3 JaHHbBIX
no cofepkaHuio Oenka, OenkoBBIX (pakuui,
cyOdpaknmii IrauHa ¥ TIIOTCHHHA 3epHA M TeX-
HOJIOTHYECKHUX TIOKa3aTesei 3epHa 1 MyKH (Ta0inIa
4) mokazaj, 4YTO YpPOBEHb CEJUMEHTAIlUH I0JIO-
JKUTEITFHO B3aUMOCBSI3aH C OOIIMM COJEep)KaHHUEM
Oelka ¥ coiepKaHUeM BBICOKOMOJICKYISIPHBIX CyObh-
equnull TiroteHuHa (r = 0,93 u r =0.69, cooTBeTCT-
BEHHO) ¥, HAIIPOTHB, OTPHUIIATEIIHFHO KOPPELTUPYET
¢ QpaknusIMHy TITHaIUHA.

Ha ypoBHE OTIENBHBIX BBICOKOMOJEKYISIPHBIX
cyObenuHuIl (B TaOnuile NaHHBIE HE TIPUBEICHBI)
tonpko HaxomieHne BMCI' 12, koHTpommpyeMoit
nokycom Glu DI, oTpunaTenbHO CKa3bIBaeTCs Ha

HoKa3aresie CelMMEeHTalMOHHOro Tecrta. Conepixa-
HUE KJIEHKOBUHBI B 3HAYUTEIBHOW CTENEHU IOJIO-
JKUTEJIBHO COIPSKEHO ¢ HAKOIUIEHUEeM cyOdpaxuii
IVIMaJMHA 1 HU3KOMOJICKYJISIPHBIX CYyOBbEIUHHUIL ITTFO-
teanHa (HMCT'), B To ke BpeMsi ¢ 00IIiM cozieprKa-
HUEM [IMaJUHOBON (DpakiMu B 3epHE OTMEYaeTCs
oTpullaTeIbHas B3aUMOCBs3b. [IpuumHON 3TOTO
MOXKET OBITh HallMuue MpuMeceid Ipyrux (paxnuit
0EJIKOB B XO/I€ SKCTPAKUUH TINAJNHOBBIX OCIIKOB.
Hakormmmeane BMCI' 7+9, KOHTpOJIHMpYEeMBIX JIO-
kycoM Glu BI, HEraTMBHO BJIMSET Ha COJCpKAHUE
KJICHKOBHHBI U BMECTE C TeM ONaromnpusTCTBYET
YAy4IIEHUIO NTOKa3aTessl TBepro3epHocT. TBepro-
3€pPHOCTb TIOJIOKHUTEIBHO B3aUMOCBSI3aHA CO BCEMHU
0enKOBBIMH (DPAKIMAMHU 338 UCKIIOYEHHEM amdu-
(OUITBEHBIX OENKOB. DTOT XapaKTep B3aUMOCBS3H
OOBSICHUM C TOYKH 3peHHsI cocTaBa ampuduimHo-
BOW (pakuuu: B HEe BXOIAT OCJKH, CBSI3aHHBIC C
MSITKO3EPHOCTBIO, UCXO/IS U3 UEro CJIEAYET OKUAATh
CHIDKCHHUSI TBEPAO3EPHOCTU 10 MEpE YBEIUYCHUS
JTAaHHOH OeKOBOM (hpaKIuul B 3epHE.

Taﬁ.mma 4 - KOppeJ’[HHI/IOHHaH B3aMMOCBA3b MCKAY Ka4€CTBEHHBIMHU IMOKA3aTCIIAIMU 3€pHA ﬂpOBOfI NIICHUILIbI, npompaCTaBmeﬁ

MPY BO3PACTAIOIIHUX J103aX a30THBIX YA0OpeHUiT*

TMpusnaxu | 1 2 3 4 5 6 7 8 9 10 | 11 |12 13] 14 | 15
1 1
2 032 | 1
3 049 |-036 | 1
4 0,75 | -0,10 | 0,64 | 1
5 0,83 | -0,04 | 0,89 | 0,83 | 1
6 0,67 | 0,52 | 0,03 | 007 | 032 | 1
7 0,55 | -0,14 | 0,60 | 0,17 | 0,61 | 0,69 | 1
8 0,45 | 025 | -0,63 | -0,13 | -0,57 | -0,60 | -0,99 | 1
9 0,6 | 0,07 | -0,58 | -0,19 | -0,62 | -0,75 | 0,99 | 0,98 | 1
10 0,56 | -0,10 | 0,58 | 0,16 | 0,6 | 0,72 | 0,99 | -0,98 | -0,99 | 1
11 0,02 | -0,31 | 037 | 0,15 | 023 | -0,02 | 029 | -0,31 | -0,28 | 029 | 1
12 0,51 | 0,59 | 0,08 |[-0,15| 027 | 0,93 | 0,69 | -061 | -0,73 | 0,71 | -0,03 | 1
13 031 | 032 | -0,82 | -0,16 | -0,64 | -0,31 | -0,87 | 0,91 | 0,84 | -0,86 | -0,42 [-043| 1
14 0,35 | 026 | -0,71 | -0,17 | -0,59 | -0,45 | 0,89 | 0,9 | 0,87 | -0,88 | -0,66 |-0,49] 0,93 | 1
15 0,51 | -0,56 | 0,93 | 0,72 | 0,85 | -0,01 | 0,59 | -0,62 | -0,55 | 0,56 | 0,28 [-0,07]-0,71|-0,61| 1

*- Hymepanus Mpu3HaKkoB COOTBETCTBYET aHAIOTHIHON Tadmume 1.

P€3y.]'II)TaTLI MNPOBCACHHBIX HaMH HUCCJICOA0BA-
HUHU ImoKa3ajiv, 4YTO r€HOTUIIbI NIICHUIIBI, pa3jIn4aro-
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CCHHE BO3PACTAIOLIMX /103 a30THBIX yIOOpEeHUH Kak
10 TI0Ka3aTeNIsIM YpOXalHOCTH, TaK U IO KayecT-
BEHHBIM XapaKTEPUCTUKaM 3epHa, CONPSHKEHHBIM C
cozepkanueM obuiero 6enka u ero gpakuuid. [lpu
YBEJIMYEHUH 103 a30THOTO yHOOpEHUs y TeHOTHUIa,
oTHocsmerocs no cocrasy BMCI' k rpymme ¢ Hu3-
KO OLIEHKOW Ka4decTBa I10 TIIIOTCHUHY, HaOJItonaeT-
Csl IPEUMYIIIECTBEHHOE YBEJINUEHUE KOHLCHTPALUU
IbOYMUHO-TIIOOYITMHOBBIX U TIINAINHOBBIX OCIIKOB,

YTO MOKET HETaTHUBHO MOBJIHATH HAa KAUCCTBEHHBIC
MOKA3aTeNN 3epHa U MYKH.

[NomyueHHble AaHHBIE YKa3bIBAIOT HA HEOOXOIH-
MOCTB NPEBAPUTEIHFHOTO U3yUESHHS MOIUMOPQHOC-
TH COPTa M Pa3pabOTKM arpOTeXHUYECKHX MPHEMOB
BO3/ICIIBIBAHUS IIICHUIIBI C YUYETOM PEaKIiu BHYTPH-
COPTOBBIX OMOTHIIOB Ha BHECEHUE YIOOPEHHUI.

Pabora BhIMONIHEHA B paMKaXx TIPAHTOBOTO
npoexra MOH PK3889/T'®4, I'P Ne0115PK00707
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MORPHOLOGICAL STUDYING OF RATS SKIN IN AN EXPERIMENT

The integument of a human body and animals can damage or destroy many substances having the
chemical nature. Violations of integrity of integuments can occur under the influence of various factors.
The chemical burn of skin is especially aggressive. It can be caused by chemicals and means on their ba-
sis. Chemical burns result from influence of acids, alkalis and aggressive substances. A chemical burn of
skin of various parts differ in acids, alkalis or salts of heavy metals on expressiveness degree. Interaction
of chemical with protoplasm of cells of tissues is characteristic of them. At effect of acids there is a dehy-
dration of skin which is followed by allocation of heat and overheating of tissues that leads to coagulation
of proteins and formation of a dense dry scab. At long influence of elements on integuments, there is
a violation of integrity of the last. Extent of defeat depends on concentration of harmful substance and
duration of his stay on the surface of skin. Even the low-concentrated solutions can become the cause of
a burn if in time not to notice them. After hit of substance on skin chemical reaction is formed. It causes
destruction of proteinaceous structures of skin, and membrane phospholipids. In this case on a surface
there are wounds, inflammatory process. Hit of aggressive substance on a surface of an epithelium is re-
sulted by the local chemical reaction leading to a destruction of dermal proteins, phospholipids of mem-
branes. Morphological changes are supplemented with an ulceration of wounds and development of
inflammatory process. All this in total gives an overall picture of the corrosive burn which is shown one of
four degrees. In recent years considerably interest of researchers in search of the new materials suitable
for use in the medical purposes, in particular nanosorbents grew. By the present moment approaches to
treatment of wounds of a skin are developed. In this regard, undoubted interest for the experts working
in the field represents our research which was referred on studying of local changes of structure of a skin
after influence of a chemical factor with use of medical bandages, possessing antimicrobial action at the
expense of a carbonaceous fiber, activly deleting a pathological microflora from a wound. This scientific
experiment pursued the aim to give a comparative assessment to efficiency of use of a new method for
treatment of combustions of a skin a medical bandage with a sorbent No. 1, No. 2. The sorbent bandages
was a part No. 1 vitamin A, E, the dimined powder 3 gr., camphoric oil of 1 ml, and structure No. 2 the
sorbent bandages consisted of the dimined powder 3gr., olive oil of 1 ml., vaselinum of 1 g.

Key words: organs, destruction, enterosorbent, histology, morphology, necrosis, pathology.
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Taxipubeaeri ereykyipbiKTapAbIH, TEPiCiH MOPPOAOTUSABIK, 3epTTey

AAaM X8He >KaHyapAap OpraHU3miHiH Tepi xabbiHbIHA XUMUSABIK, TaburaTka ne KernTereH 3aTrap
3USH KEATIpe aAaAbl. Tepi )KabbiHbIHbIH, TYTACTbIFbl 8PTYPAI (hakTopAap acepiHeH 6y3blaaabl. Ocipece
TEPiHIH XUMUSABIK, KYRIKTEPI arpeccuBTi 60AbIN keaeai. OFaH XMMUKATTAp XKOHe XMMUKAT HerisiHAeri
KOCbIAbICTAp ceben 60Aaabl. KbILLKbIAAAD, CIATIAED XK8HEe arpeccMBTi KOCMaAap XMMUSAbIK KyilikTepre
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aAbIn Keaeai. KbilLKbIAAAD, CIATIAEP HEMECE ayblp METaAAAPAbIH Ty3Aapbl acepiHeH naiaa 60AaTbiH
TEePiHiH XUMMSIABIK, KYMiKTepi KepiHy AapexxeciHe kapain epekileAiHeai. OAapra XMMMUSABIK 3aTTblH,
>K8He YAMaHbIH KAeTKa NMPOToNAa3MacbiIMeH e3apa apekeTTecyi ToH. KbILKblAAQp 8CepiHeH YANaAapAbIH
AETMAPATALMSCHI XKYPIM, XbIAy OOAIHEAI, HOTUXKECIHAE YAMaAap Kbi3bin KeTeAi. bya 6eaokTapAblH
KOQryAsiILMSICbiHA >K8He KaTTbl, KYPFaK, KabbIpLIaKThiH Mainaa 60AybIHA aAbin KeAeai. Tepi >kabblHbiHA
SAEMEHTTEpAIH Yy3aK, Mep3iMAi ocepiHeH Tepi >KabOblHbIHbIH TyTacTbiFbl Oy3blAaAbl. 3aKbiMAAHY
AEHreni 3usHAbl 3aTTblH Tepi >KabblHbiHAQ OGOAY Y3aKTbIFblHA >KOHE OHbIH KOHLEHTpAUMsCbiHA
GaiAaHbICTbl. TiNTi TOMEH KOHLEHTpaUMsAbl epiTiHAIAepP yakbITbiHAQ 6arkaAmar KaAca, Kymikke
aAbIn KeAyi MyMmKiH. Kocrnaaap Tepi >kabblHbiHA TYCKEHAE XUMMSIAbIK, peakuus xype 6actanabl. bya
peakumnsi TepiHiH 6eAOKTbl KyPbIAbIMAAPbI MeH MembpaHaAblk, (POCHOAMMUATEPAIH, 3aKbIMAAAYbIHA
ceben 6oraabl. Ocbl ke3ae, 6eTki KabaTblHAQ >KapakaT, iCiHy npoueci namaa 60AaAbl. ArpeccmBTi
KOCMaHbIH 3MUTEeAMIA OeTiHe TYCKEHAE >XXEPriAIKTI XMMMSABIK, peakumst XXypeAi, oA Tepi 6eAokTapsbl
MeH mMembpaHa (HOCHOAMMUATEPIHIH, AECTPYKLMACBIHA aAbIl KeAeAi. MOp(OAOTMSAbIK, ©3repicTepAi
iCiHY npoLeci TOAbIKTbIPaAbl. ByHbIH GapAbIFbl XMMUSIAbIK, KYMIKTIH >KaAMbl KepiHiciH 6epeai. OA TepT
caTbiHbiH GipeyimeH kepiHeai. COHFbl >KbIAAQP iLIIHAE MEAMUMHAABIK, MakcaTTa KOAAAHa aAaTbiH
>KaHa MaTepuanAapAbl i3AECTIpYA€, COHbIH iliHAE HaHO3HTEPOCOPOEHTTEPre 3epTTeylliAep YAKEeH
KbI3bIFYLLbIAbIK, OiAAipeal. Kasipri yakbiTTa, Tepi »kapakaTTapblH eMAEYAE >KaHa TaCiAAep TabbIAFaH.
bipak kenbip xxaraanAap eMAEAYTe KeAepri Xkacaybl MyMKiH. MbiCaAbl, MH(DeKLMS, AnabeT, erAe >KacTbik,
Ke3iHAE EeMAEAYAIH >KaAMbl dAicTepre KaparaHaa 6acka TOCIAAEPAI KOAAAHY KaXKETTIAIr TyaAbl.
OcblHbIH 68pi Taxipnbeaepai Xyprisyai Taran eteai. bya 3epTreyaep, >kapaHbiH XKasblAy NpoLECiHe,
KAETKaapaAblK, KapbIM-KaTbIHACTap >KMbIHTbIFbI, NPOAMMEPaLMSHBIH, CTUMYASILMSCbI, BPTYPAI KAeTKa
MOMNyASILUMSIAAPbIHbIH AMbdepeHUMpoBKa MEH MUrpaLms NpouecTepiHe TYCiHik 6epeai. OcbiHbIH 6api
KAETKaapaAblK, MaTPUKC MeH AepMa KAETKaAapbIHbIH 6apAbiK, TunTepiHe ToH. COHAbIKTaH, 6i3 >Kypri3reH
ToXipnbe OoCbl CaAaHblH MamaHAAp Has3apblH ayAapTa aAaAbl. 3epTTeyAep XMMUSAbIK (haKTopAap
9CepiHEH, eMAIK TaHFbILTapAbl KOAAAHY OapbICbiHAQ Tepi KypbICbIHbIH >KEPriAiKTi e3repicTepiH
aHbIKTay YLWIiH >XYypriseai. EMAIK TaHFbILWITAp >KapakaTtTaH MaTOAOTMSAbIK, MUKPOMAOpPaHbl KeTipe
aAaTbIH KOMIPTEKTI TAALLbIKTAP apKacbiHAA aHTUMUKPOOTBI acepre ne. bya TexipnbeHiH MakcaTbl, Tepi
KynikTepiH emaey ywid N21 >xoHe N22 eMAiK COpOEHTTI TaHFbIll KOMEriMeH >KaHa 8AICTiH KOAAAHY
3 eKTUBTIAITIH caabiCTbipy. N21 cOpOeHTTi TaHfblll KypambiHa A, E BuTammnHAepi, 3 rp AMMUHAI
yHTaK, T MA Kamdpopa Maiibl KipAi, aa N22 cop6eHTTi TaHFbIlW KypamMbiHAA 3 TP AMMMHAI YHTaK, 1 MA
30MTYH Maibl, T MA BazeArH BOAAbI.
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MOpd’)O/\Ol’M‘-IECKOE U3yvdeHUe KOXXU KPbIC B SIKCINMEpUMEHTEe

KO>XHbIM MOKPOB UYEAOBEYECKOrOo OpraHmM3ma M >XMBOTHbIX MOTYT MOBPEAMTb WMAWM PaspyLlvTb
MHOIMe BellecTBa, MMeloLMe XMMUYECKYIo npupoAy. HapylueHne LLeAOCTHOCTM KOXKHbIX MOKPOBOB
MO>ET MPOUCXOAMTH MOA BO3AEMCTBMEM pasAMUHbIX (akTopoB. OCOBEHHO arpeccuBHbIM SIBASIETCS
XUMUYECKUI 0XKOr KOXM. OH MOXeT ObiTb BbI3BaH XMMMKAaTamy M CPEACTBaMM Ha MX OCHOBE.
XrMUYeckre 0>Korn BO3HUKAIOT B Pe3yAbTaTe BO3AEMCTBUS KMCAOT, LLEAOYEN M arpeCCUBHBIX BELLLECTB.
XVMWYECKMIA 03KOT KOXKM Pa3AMUHBIX YacTel KMCAOTaMM, LLLEAOYAMM MAM COASIMM TSKEAbIX METAAAOB
OTAMYAeTCs MO CTeMeHW BbIPAXXEHHOCTU. AAS HUX XapakTepHO B3aMMOAENCTBME XMMUYECKOro
BELLLeCTBA C MPOTOMAA3MON KAETOK TKaHei. [1pu AeMCTBUM KUCAOT MPOUCXOANT AerMApaTaLms TKaHew!,
COMPOBOXAQIOLLASCS BbIAEAEHMEM TerMAa M MeperpeBaHMeM TKaHei, UTO MPMBOAMT K KOaryAsumm
6eAKOB 1 06PaA30BAHMIO MAOTHOIO CyXoro ctTpyna. [pn AAMUTEABHOM BAMSIHUM SAEMEHTOB HA KOXHble
MOKPOBbI MPOMCXOAUT HapylleHre LEeAOCTHOCTM MOCAeAHMX. CreneHb MOpaXkeHUs 3aBUCUT OT
KOHLLEHTPALMM BPEAHOTO BeLLeCTBa U AAMTEABHOCTM €ro HaXOXXAEHMS Ha MOBEPXHOCTU KOXU. Aaxe
HM3KOKOHLLEHTPMPOBAHHbIE PACTBOPbI MOT'YT CTaTb MPUYMHONM BO3HMKHOBEHMS 0XKOra, ECAM BOBPEMS He
3ameTuTh nx. [locae nonaaaHuns BewlecTBa Ha KOy obpasyeTtcs xummdeckas peakums. OHa Bbi3blBaeT
paspyuieHne GeAKOBbIX CTPYKTYP KOXM, a Takxe MembpaHHbIx hocoAnnuaoB. B 3Tom cayvae Ha
MOBEPXHOCTU MOSIBASIOTCS PaHbl, BOCMAAUTEAbHbIN Npolecc. B pesyabtaTe nonasaHusi arpecCMBHOrO
BELLEeCTBA HA MOBEPXHOCTb 3MUTEAMS MPOUCXOAUT AOKAAbHAs XMMMUUecKas peakuus, MpUBOASLIAs K
AECTPYKLIMM KOXKHbIX 6eAKOB, hochoAnnmnaos membpaH. MopdoAaornyeckme n3meHeH st AOMOAHSIIOTCS
M3bS3BAEHMEM PaH U Pa3BUTMEM BOCMAAMTEABHOrO Mpolecca. Bce aTo B COBOKYNHOCTM AaeT o6uyto
KapTMHY XMMMUUYECKOrO OXKOra, MpPOSIBASIOLLErOCS OAHOM M3 UeTblpex CTerneHer. 3a MOCAeAHWE FOAbI
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3aMEeTHO BbIPOC MHTEPEC MCCAEAOBATEAEN K MOUCKY HOBbIX MaTEPUAAOB, MPUFOAHBIX AAS MPUMEHEHMS
B MEAMLIMHCKMX LIEASIX, B YaCTHOCTM HAHOCOPOEHTOB. K HacTOsILLEMY MOMEHTY BbipaboTaHbl MOAXOAbI K
A€YeHMIo paH KoXKW. Ho HekoTopble 0cobble CUTyaLMK MOMYT OCAOXKHUTb BO3MOXKHOCTH NMPOBOAUMOTO
A€YeHUsl, Kak MHDeKLMS, AMabeT, MOXKMAOI BO3PACT, BO3HMKAET HEOOXOAMMOCTb MOAXOAQ K AEUYEHMIO
AQHHOM NMATOAOTUM B HECKOABKO HEOObIUHbIX (DOPMAX, B OTAMUME OT OOLLENPUHSTHIX METOAOB A€UEHMS.
Bce 37O 3acTaBAsieT MPOBOAMTb 3KCMEPUMEHTAAbHbIE WMCCAEAOBAHMS, ObOecrneumBaioliMe MOAHOE
MOHMMaHMe 3aKOHOMEPHOCTEN NPOoLLeCCca 3aXXKMBAEHMS PaH, MPEACTABASS COBOKYMHOCTb MEXXKAETOUHbIX
B3aMMOAENCTBMI, COMPOBOXAAIOLLMXCS CTUMYASLMEN NPOAnEpaLLMM, MUTpaLLm n AnddepeHLMPOoBKM
Pa3AMUHBIX KAETOUHBIX MOMYASUMA. DTO KACaeTCsl BCEX BUMAOB KAETOK AEPMbl M MEXKAETOUYHOrO
MaTpuKca. B cBS3M C 3TMM, HECOMHEHHbIN MHTEPEC AASI CMIELLMAAMCTOB, PaboTaloLMX B AQHHOM 06AACTH,
NPEACTaBASIET Halle UCCAEAOBaHME, KOTOPOE ObIAO HAMPABAEHO Ha M3YUYEHME AOKAAbHbIX U3MEHEHMI
CTPYKTYPbl KOXKM MOCAE BO3AEMCTBUS XMMUYECKOTO (DakTopa C UCMOAb30BaHMEM AedebHbIX MOBA30K,
obAapalolMe aHTUMUKPOOHbIM AENCTBMEM 3a CYET YIAEPOAMCTOrO BOAOKHA, aKTUMBHO YAdAsioLme
M3 paHbl MaTOAOrMYECKYI0 MMKPOMAOPY. AaHHbIA HAay4YHbI 3KCMEPUMEHT MPECAEAOBAA LieAb AATb
CPaBHUTEAbHYIO OLLeHKY 3(D(EKTUBHOCTU UCMOAb30BaHNS HOBOTO METOAQ AASI A€UYEHUS OXKOFOB KOXKM
AeuebHoi nossskon copbeHtom N21, N°2. B coctaB N21 COpOEHTHbIX MOBSA30K BXOAMAM BUTaMMH A,
E, AMMMHMPOBaHHBIA MOpoLWwokK 3 rp., kKamdopHoe MacAo 1 MA, a coctaB N22 COpOEHTHbIX MOBS30K

COCTOSIA U3 AMMMHUPOBAHHOIO MOPOLUKA 3 rp., OAMBKOBOro mMacAa 1 MA., BaseAmHa 1.
KAtoueBble CAOBa: opraHbl, AECTPYKLMS, IHTEPOCOPOEHT, MCTOAOIUS, MOPQOAOrus, HEKPO3,

MnaToOAOIrn4.

Introduction

At a combustion first of all the tissue caused
by local influence of high temperatures, more than
55-60C, aggressive chemicals, electric current,
light and ionizing radiation is damaged. The corro-
sive burn meets as a result of production injuries,
disturbances of safety measures, accidents in life,
etc. Depending on structure, chemicals make vari-
ous impact on a skin. Acids form coagulative, and
strong alkalis necrosis. Lesion depth at a corrosive
burn in many respects depends on concentration of
substance and time of an exposition. It is necessary
to remember that at corrosive burns the bubbles
characteristic of corrosive burns of the II—III de-
gree seldom appear. Chemical damages of a skin are
widespread type of pathology and demand effec-
tive methods of treatment. Annually several million
cases of damages of the integuments demanding
delivery of health care are registered. Every year it
is carried out ablations of extremities, which reason
complications of a wound process were. The mortal-
ity from traumatic damages around the world takes
a leading place at persons of working-age among
other causes of death. The majority of cases is fol-
lowed by damage of integrity of an integument that
treats tissues to action of aggressive agents, bacteri-
al contamination, chemical influence, etc. promotes
development of complications of a wound process.
(AnexceeB 2010:23-37), (AnexceeB 2011:45-58),
(Bernd 1988:582-586), (Botchkarev 1997:379-395),
(Cruise 2004:1-10), (Dodd 1993:131-135), (Eck-
ert 1989:109-116), (Endl 2000:231-237), (KyukoB
2007:68-72), (JIyuesuu 2006:84-89).
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By the present moment approaches to treatment
of wounds of a skin are developed. But some special
situations can complicate possibilities of the car-
ried-out treatment an infection, diabetes, advanced
age. In this regard there is a need of approach to
treatment of this pathology for a little unusual forms
unlike the standard methods of treatment. All this
forces to conduct the pilot studies providing a full
comprehension of patterns of process of an adhe-
sion of wounds. Process of an adhesion of wounds
represents set of the intercellular interactions which
are followed by stimulation of a proliferation, mi-
gration and a differentiation of various cell popula-
tions. It concerns all types of cells of derma and an
intercellular matrix. In this aspect, secretory func-
tion of the cells mentioned above and migrating in a
wound is important. (Chen 1995:97-107), (ToncTbix
2006a:40-47), (T'eitnnn 2015:124-128), (JlyneBnu
2006:73-80), (JlyueBuu 2006:89-94), (Toncteix
20076:96), (I'myookoBa 2005:27-33), (Foreman
1979:707-715), (Heen 1998:123-126), (Li 2007:
9-18).

Now it is shown that in the course of an healing
wound a large amount of biologically active agents
appears. It both growth factors, and cytokines, and in-
hibitors of the proceeding processes. It is possible to
claim that process of an adhesion of wounds includes
the whole cascade of the reactions controlled by the
humoral regulators operating locally in a wound auto-
crine and paracrine mechanisms. In recent years, con-
siderably interest of researchers in search of the new
materials suitable for use in the medical purposes, in
particular nanosorbents grew. (Bernd 1990:782-787),
(BopoGner 2009:404-406), (I'myxos 2010:368-373),
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(I'myxoB 2009:14-19), (Crish 2002:738-747), (Eck-
ert 2004:13-22), (Enjolras 1991:2174-2176), (Es-
sers 2005:9350-9359), (Kapamoa 1988:604-606),
(Koncanor 2009:199-200).

In this regard, we have made an experiment
on morphological studying skin of rats at a chemi-
cal burn sulfuric acid in an experiment against the
background of use of medical bandages with a sor-
bent No. 1 and No. 2. However, it should be noted
what the purposeful and systematic morphological
researches devoted to studying of opportunities of
application of medical bandages with use of medical
bandages with use of a nanoenterosorbent as new
material of medicobiological appointment, wasn’t
carried out earlier.

Purpose and research problems: The purpose
of our work was morphological studying of leather
of rats at a chemical burn sulfuric acid in an ex-
periment against the background of use of medical
bandages with a sorbent No. 1 and No. 2. Entered a
research problem:

1. To study a morphological structure skin of the
rats who haven’t undergone a chemical burn in an
experiment;

2. To conduct a morphological research of leath-
er of rats at a chemical burn sulfuric acid within 7,
14 days;

3. To reveal morphological changes of leather of
rats at a chemical burn with use of medical bandages
with a sorbent No. 1 and No. 2 within 7, 14 days.

Materials and methods of a research

For performance of experimental work of a re-
search, we used white not purebred rats at the age of
three months with the average body weight of 180-
220 g. Total 24 rats, all contained in identical stan-
dard conditions vivariums, received usual forage,
drank water beyond all bounds. For drawing wound
damage, the site of a skin was cleared of wool in the
beginning. After preliminary excision of wool on a
skin back caused a corrosive burn in experimental
animals sulphuric acid and got burn of the III de-
gree of 5-8%. Experimental rats were divided into
4 groups on 6 animals in everyone: The first con-
trol group of rats didn’t undergo a corrosive burn;
The Second group of rats got a corrosive burn of a
skin sulphuric acid and got burn of the III degree
of 5-8%. The third group of rats which got a cor-
rosive burn of a skin sulphuric acid used a medi-
cal bandage with a sorbent No. 1 on the damaged
wound; The Fourth group of experimental rats, got
a corrosive burn of a skin sulphuric acid, and used a
medical bandage with a sorbent No. 2 on the dam-

aged wound. The chemical burn was put by means
of the cotton wool moistened with sulfuric acid. The
amount of sulfuric acid was calculated taking into
account the area of skin.

All operations were performed under anesthetic.
The burn at all animals was put on the right half of
a trunk in a lower back. The study of morphology of
a burn wound during the different periods of a burn
disease and wound process was the main objective
of this experiment. For this purpose made a biopsy
of a burn wound at rats with a burn an injury on
7 and for the 14th days after plotting of damages
under anesthetic. After coretraction of a section of
a wound (the central part and the edge of a wound),
the burn wound was partially taken in nodal seams
as well mobilized leather of rats allowed execution
of such option of elimination of a burn wound.

As object of a histologic research served pieces
of leather of the experimental rats with a diameter of
5-6 mm, fixed them in 10% neutral formalin. In case
of such processing decay of cells and corrupting of
fabric structure under the influence of own cellular
enzymes and in the course of rotting is prevented.
Therefore, the lifetime structure remains and the
possibility of a full-fledged study of material is cre-
ated. The fixed pieces of skin washed out in flowing
water within 24 hours, then dehydrated in alcohols
of the increasing fortress. Material was flooded par-
affin, and produced on the sled microtome cutoffs
thickness Smk.

Histologic processing of material were carried
out by traditional methods of microscopic technique
of preparation of thin cutoffs. Cutoffs colored hema-
toxylin — eoziny. Viewing and photography of his-
tologic medicines realized by means of a luminous
microscope of Leica DMLS with the LeicaDFS 280
digital camera.Medical sorbent bandages No. 1 vita-
min A, E the dimined powder 3 gr., camphoric oil of
1 ml, in structure No. 2 medical the sorbent bandag-
es consisted of the dimined powder 3gr olive oil of
1 ml. Vaselinum of 1 g. After drawing a combustion
as analgetics used analginum and Dimedrol. And
also after drawing a corrosive burn within one week
daily intramusculary entered a complex of vitamins
B (milgamm) in a dose of 0,2 mg.

Results of researches and their discussion

The conducted visual research control rats
showed that the general satisfactory condition, deli-
cacy, a malaise, change of behavior at control rats
isn’t revealed, the gross weight, pupils and a wool
integument is normal, physiological deviations
weren’t observed. The animals which got a cor-
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rosive burn sulphuric acid it is visible that in both
groups experimental animals show excitement and
even some aggression which is bound to strong
shock. From the table No. 1 it is visible that at con-
trol rats during the experiment a skin without chang-
es (fig. 1). At experimental rats of the second group,
getting a corrosive burn sulphuric acid an adhesion
of wounds a partial cuticularization (fig. 2-3) is re-

Table 1 — Chemical burn of rats skin by sulfuric acid

vealed. The rats of the third group who subjected to
a corrosive burn sulphuric acid, and treatment by a
bandage a sorbent No. 1 an insufficient adhesion of
wounds (fig. 4-5) is observed in 7-14 days. Animals
of the fourth group, subjected to a corrosive burn
when using a medical bandage with a sorbent No. 2
it is visible that in 14 days a full adhesion of wounds
(fig. 6-7). The lethal outcome wasn’t.

Group of animals In 7 days In 14 days
1 grozlrli):%(;ntrol norm norm
2 group (n=6) chemical burn o o
3 group, treatment by a bandage with a sorbent No. 5 -
1 (n=6)
4 group, treatment by a bandage with a sorbent No.
2 (n=6) o M

Addition: n — number of animals in group;

o — a lethal outcome;

m — insufficient healing of wounds;

o — healing of wounds with a partial epitelization;

¥ — full healing of wounds.

The histologic research of skin of control
rats has shown that on the basis of a growth
layer one number of the high prismatic cages
directly adjacent to a basal membrane lies.
Cages of a basal layer breed and are the main
source which is filling up the decrease of cells
of epidermis resulting from an cornification.

Cages of the flattened form, kernels are painted
by hematoxylin eozin in violet color. On the
surface epidermis shrimps, but thickness of a
horn layer from it doesn’t decrease as process
of an cornificationtakes new cellular ranks all
the time, and the decrease is replenished due to
reproduction of cages of a basal layer (fig. 1).

Figure 1 — Skin of Rats - normal Gematoxilin-eozin. x400
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At a microscopic research of skin in the place of a
burn at rats of the second group for the 7th days after
drawing a burn trauma the expressed hypostasis of
all layers terms, inflammatory cellular infiltration, a
widespread focal necrosis of all layers of skin, a spasm
of small vessels and their squeezing was noted by
exudate. Places of rejection of a scab and suppuration,
lack of the top layers of skin came to light. Skin in a
condition of a coagulative necrosis with fragmentation,
a vakuolization, and the centers of total absence of

epidermis, a necrosis, hypostasis, dystrophy and the
centers of a necrosis in a term and massive infiltration
by polimorphnucleic leukocytes (Fig. 2). In researches
of the second group of animals with a chemical burn
of a wound for the 14th days it was visible that skin
is presented by unripe granular tissue with capillaries,
focal hemorrhages, it is purulent - necrotic imposings
on a surface. In the subject departments — muscle
fibers with intermuscular hypostasis and inflammatory
infiltrates (fig. 3)

Figure 2 — A chemical burn of skin of rats with sulfuric acid in 7 days
Gematoxilin-eozin. x 400

Figure 3 — A chemical burn sulfuric acid in 14 days
Gematoxilin-eozin. x400
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At a morphological research at rats, subjected to
a chemical burn against the background of treatment
by a bandage with a sorbent No. 1 for the 7th days
at animals on medicines skin with a large number
of hair follicles, a multilayered flat epithelium on a

bigger extent in a condition of a small necrosis, in a
term — hypostasis, a purulent inflammation is visible.
The wound remained pale, friable and edematous
with the single granulations and edges which are
pulled together towards the center (Fig. 4).

Figure 4 — A chemical burn against the background of treatment by a bandage with a sorbent No. 1 in 7 days.
Gematoxilin-eozin. x400

Figure 5 — A chemical burn against the background of treatment by a bandage with a sorbent No. 1 in 14 days.
Gematoxilin-eozin. x400

The histologic research of rats in 14 days has
shown that on a surface of wounds of skin there were
scab remains in the form of fibrous leucocyte layer
under which granular tissue with the ordered course
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of collagenic fibers settled down. Also ill-defined
diffusion infiltration of granular fabric of a wound
was observed by lymphoid elements. Granular
tissue of the healing burn wound was characterized
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by prevalence of cellular elements over collagenic
fibers (Fig. 5).

Histologic research of medicines at animals with
a chemical burn + treatment in an initial stage unripe
connecting fabric decided on single muscle fibers, on
the diffusion cellular infiltration presented by mainly

lymphoid elements with impurity of eosinophils, the
segmented leukocytes, capillaries by a bandage No.
2. After treatment of a burn wound the new growth
of vessels goes a bandage No. 2 for the 7th days, the
wound gains pink color, considerable reduction of
inflammatory infiltration (Fig. 6) is observed.

Figure 6 — A chemical burn against the background of treatment by a bandage with a sorbent No. 2 in 7 days.
Gematoxilin-eozin. x400

Figure 7 — A corrosive burn against the background of treatment by a bandage with a sorbent No. 2 in 14 days.
Hematoxylin eosine. x400

The morphological picture of healing
of wound defects at rats at treatment by a
bandage No. 2 for the 14th days after drawing
a burn significantly differed. At many rats the
epitelization of wounds was noted. In granular
tissue the moderate number of thin-walled

vessels came to light. The sufficient number
of collagenic fibers was noted. Diffusion and
ill-defined infiltration of granular tissue was
observed. In the regions of wounds of animals
it is observed epitelization of a wound surface
mainly due to proliferation of epidermis (Fig. 7).
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Thus, at a comparative research of rates of an
adhesion of wounds and morphological features of
a wound process in experimental groups we noted
retardation of phases of a wound process when
using a bandage No. 1, terms of demarcation of
necrotic tissues, the period of cellular infiltration,
sharply slow rate of growth of vascular network and
development of a granular tissue, than a medical
bandage with a sorbent No. 2 were extended

Conclusion

Treatment of a corrosive burn, considering set
of the pathogenetic factors causing gravity of this
type of a trauma showed morphological features of
a current of a wound process in the conditions of
experimental to the combined scheme: a corrosive
burnagainstthe background ofuse of sterile bandages
with a sorbent No. 1, No. 2, showed a series of
morpho-physiological changes. A combustion and if
to speak more precisely, the burn disease, represents
not only and not so much local pathological process,
and suffering, undoubtedly, taking an organism in
general. Therefore our research was referred also
on studying of local changes of structure of a skin
after influence of a chemical factor. This scientific
experiment pursued the aim to give a comparative
assessment to efficiency of use of a new method of
treatment of combustions of a skin a medical bandage
with a sorbent No. 1, No. 2. The sorbent bandages
are a part No. 1: AE vitamin, the dimined powder
3 rp., camphoric oil of 1 ml. The sorbent bandages
are a part No. 2: the dimined powder 3gr., olive oil
of 1 ml., Vaselinum of 1 g. The histological research
of sections of a skin in the place of a burn trauma
validates judgments concerning larger therapeutic
effect from treatment moBs3kuNe2 in comparison
with treatment by a bandage No. 1. In particular,
thickness of a rostkovy layer of a false skin at rats
of the fourth group in a zone of a cuticularization of
a wound surface it is reliable above, than at rats of
the third group. Acceleration of rates of an adhesion
of burn wounds is reached due to weakening of
expression of a destructive and inflammatory phase
of'awound process and activization of a proliferative
and reparative phase.

Efficiency the sorbent bandages was observed
in 7-14 days after drawing a corrosive burn. From
the first observation it is already possible to draw
a conclusion, that the sorbentny bandage No. 2
affected locally - only the sick site and all depth.
During action of a bandage No. 2 within 7 days
of a naozhoga updating of liquid in tissues of
the sick site and their disinfection - purification
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from a pathogenic factor, so, and elimination
of pathological process came acid, at the same
time tissues carried out a role of the peculiar
filter passing through itself microorganisms and
particles of substance. Impact of bandages No. 2
on an adhesion of wounds was more expressed,
than bandages No. 1. Rats with bandages No. 2
were more active, than rats with bandages No. 1.
And the bandage No. 1 insufficiently effectively
affected process of an adhesion of combustions and
wounds. Use of a sorbent bandage No. 2 promoted
not only reliable acceleration of a healing, but also
reduction of range of terms of a cuticularization,
(to decrease of dispersion of indicators), healing
took place under a dry scab. By results of a
research it is possible to draw a conclusion that
No. 2 the sorbent bandage in comparison cNel a
bandage has more effective wound healing effect.
The medical sterile bandages with a carbon sorbent
which are possessing antimicrobial actions at the
expense of a carbonaceous fiber, actively deleting
a pathological microflora from a wound are for
the first time developed. The main indications to
use composite carbon the sorbent bandages was
treatment of corrosive burns. The obtained data
allow to speak about unique properties the sorbent
bandages which have good ability to absorb a wound
secret, to render at the same time the expressed
sorption effect in relation to microorganisms,
reducing a bacterial activity to wounds and trophic
ulcers. Completely eliminates exsudate smells.
The carbonaceous sorbent creates the conditions
necessary for prophylaxis of complications of
primary injuries. Are used as primary and medical
dressing

1. The histologic research of cuts of skin after
a chemical burn validates judgments concerning
bigger therapeutic effect from treatment of a
bandage No. 2 in comparison with treatment by a
bandage No. 1 as the sorbit bandage No. 2 affected
locally - only the sick site and all depth.

2. During action of a bandage No. 2 within 7-14
days on a chemical burn updating of liquid in fabrics
of the sick site and clarification from a pathogenic
factor, elimination of pathological process has come
sulfuric acid. Rats with bandages No. 2 were more
active, than rats with bandages No. 1, the bandage
No. 1 insufficiently effectively affected process of
healing of a burn and wounds.

3. Application of a sorbent bandage No.
2 promoted not only reliable acceleration of
healing, but also reduction of range of terms of
an epitelization, quick healing, has more effective
wound healing effect.
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THE OBTAINING OF THE SHEEP WITH ODD NUMBER OF
CHROMOSOMES AND THE POSSIBILITY OF ITS INHERITANCE

The inheritance of the sheep karyotype with odd number of chromosomes was analyzed basing on
the results of interspecies crosses in Shymkent Zoo and the data of other researchers. As the sheep wild
species (or subspecies) populations have different “even” number of chromosomes in their karyotype
(Ovis ammon musimon — muflon 54 and O. ammon nigrimontana — arhar 56) their crosses have odd
chromosome number (54/2 + 56/2 = 55) the hybrids being principally fertile. The progeny of interspe-
cies hybrids with odd chromosome number (2n=55) can inherit such karyotype at least for 3 generations
without obligate transfer to “even” chromosome number (2n=>54 or 56). The mechanisms of karyotype
transfer to “even” chromosome number within the stable natural population is not clear. We can suppose
that fertility of animals with odd chromosome number is somewhat lower than of normal animals with
“even” chromosome number and the latter after all outnumber animals with odd chromosome number
in several generations up to elimination of the animals with odd chromosome number.

Key words: wild sheep species, chromosomes number, sheep interspecies hybrids, inheritance of
odd chromosome number.
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LLbIMKeHT 3006arbl MeH 6acka Aa 3epTTeyLLIAEPAIH MOAIMETTEPI GOMbIHLLA, TYPAPAAbIK, LLAFbIAbICTbI-
pyAa XpOMOCOMA CaHAAPb! TaK, KAPUOTUITEPAIH TYKbIMKYaAdy HOTUXKEAEPi TaAKblAaHAbI. XKabaribl Typ (He-
MEC TYpacCTbl) MOMYyAIUMSAAFbI KOM KaPUOTUIMIHAE BPTYPAI Ky XPOMOCOMaAAP XKMbIHTbIFbI GOAFaHAbIKTaH
(Ovis ammon musimon — muflon 54 and O. ammon nigrimontana — arhar 56), oAapAbIH TMOPUATEPIHAE
XPOMOCOMa CaHApbl Tak, 6oAaabl (54/2 + 56/2 = 55), COHbIMEH KOCa KOPbITbIHAbIAAM KEATEHAE TMOPUA-
Tep eciMTaAa GoAaabl. TypapaAbik, TMOPUATEPAIH XPOMOCOMA CaHbl Tak, 6OAFaH ypnarbl (2n=>55), MyHAa#
>KaFAaMAQFbl KapUMOTUI KEM AereHae 3 yprakka AeriH XpOMOCOMAaAapbl «Kyr» caHFa e3repmert (2n=54
Hemece 56), Tak KyMiHAE TyKbIMKyaAaybl MyMKiH. TypakTbl TabWFM MOMyASILMSIAQ KAapUOTUIMTIH XPOMO-
comanap CaHbl «KyrM» CaHFa aybiCy MexaHM3MAEepi Kasipre aeiiH 6earicis. COHbIMEH MblHaAalM GOAXKaM
»acayra 60AaAbl, XPOMOCOMaAapbl Tak, CaHAbl >KaHyapAapFa KaparaHAd, XPOMOCOMAaAapbl Ky CaHAbI
>KaHyapAapAblH ypriak, 6epyi aAAeKanAa >KOFapbl, HOTMXKECIHAE OAAPAbIH YPrakTap apacbiHAQ CaHbl
>KarblHaH 6aCbIMABIFbI apPTbIM, aA XPOMOCOMAAApbl TaK, CaHAbI >KaHyapAap Kemuai. XpOMOCOMaAap CaHbl
TaK, GOAATbIH KOMAAPAbIH TYpPapaAblk, TMOPUATEPIH LLAFbIALICTbIPY HOTUXKECI TaaAaHAbI. YKabarbl KO Mno-
NYASLUMSAQPbIHbIH 8P TYPIHAE KapUTOMMTEPI 8P TYPAI XPOMOCOMAAAP CaHbIMEH epeKLLIEAEHEAI.

Tyiin ce3aep: >kabaribl KOMAAPAbBIH TYPAEPi, XPOMOCOMaAAPAbIH CaHbl, KOMAAPAbIH TYpPapaAbik,
rMOPUATEPI, XPOMOCOMaAAPAbIH, Tak CaHAAPbIHbIH, TYKbIM KyaAaybl.
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BbIAO MpOaHaAM3MPOBaHO HACAEAOBAHME KapMoTUNA C HEYETHBIM YMCAOM XPOMOCOM Ha OCHOBE pe-
3YABTAaTOB MEXBMAOBBIX CKpeLLMBaHUii B LLIMMKEHTCKOM 300MapKke M AQHHBIX APYTMX MCCAEAOBATEAEN.
[MOCKOABKY MOMyASILMU AMKMX BUAOB (MOABMAOB) MMEIOT B CBOEM KapuOTUME pa3Hoe «YeTHOEe» UMCAO
xpomocom (Ovis ammon musimon — muflon 54 and O. ammon nigrimontana — arhar 56) 1x rmépuabl
MMEIOT HEYETHOE YMCAO XPOMOCOM (54/2 + 56/2) = 55), npuyem rubpuAbl MPUHLMIMAABHO NMAOAOBUTDI.
[MOTOMCTBO MEXKBMAOBbBIX TMOPUAOB C HEYETHBIM YMCAOM XPOMOCOM (2N = 55) MOXKET HACAEAOBATb TaKOM
KapuoTwWI, No KpaviHei mepe, B 3 MOKOAEHMsX 6e3 0BAMIaTHOrO MEPexoAa K «4eTHOMY» YMCAY XPOMO-
CcoM (2n=54 nAn 56). MexaHn3mbl NMepexoAa KapruoTuna K «4eTHOMY» YMCAY XPOMOCOM B CTaOMAbHOM
€CTeCTBEHHOM MOMYASILMMN OCTAIOTCH HEACHBIMU. MOYHO MPEeANOAOXKMTb, UTO MAOAOBUTOCTb KMBOTHbIX
C HeYEeTHbIM YMCAOM XPOMOCOM HECKOABKO HMXKE, YeM Y HOPMAAbHbIX >KMBOTHBIX C «4ETHbIM» UMCAOM
XPOMOCOM UM 3TN NMOCAEAHME MPEBOCXOAIT MO YMCAEHHOCTU KMBOTHBIX C HEYETHBIM UMCAOM XPOMOCOM,

BbITECHSS B TeUEHME HECKOAbKMX MOKOAEHUI XXMBOTHbIX C HEYETHbIM YMCAOM XPOMOCOM.
KAroueBble CAOBa: BUAbI AUMKMX oBeLl, YNCAO XPOMOCOM, MeXXBNAOBbIE I'l/l6pl/lAbI oBel, HaCAeAOBa-

HNEe HeYeTHOro YnMcAa XpoOMOCOM.

Introduction

General karyotype structure

Several species of sheep genera differ in their
diploid chromosomes (C) number (Orlov 1978:
5, Bunch 1978: 77, Sharipov 1989: 20). These
differences seem to be caused by Robertsonian
translocations (RT) which may happen also within
the domestic animals (Kanapin et al.1991: 1).
Domestic goat females have 60 C (all acrocenric).
In other words the female karyotype is presented by
30 pairs of C (Sharipov 1989: 20)]. The C within
the pair are called homologous, usually have the
same morphology and dimensions, include the
same loci but rather often these loci are presented
by different alleles. So female karyotype consists
of 30 homologous pairs. But males have only 29
homolog pairs and these 58 C are called autosomes.
Two last C do not look like a pair because one of
them (Y-chromosome) is much shorter than another
(X-chromosome), includes much less loci some
of which are absent in X-chromosome and has
quite different morphology (metacentric in goats)
while all other goat C (including X-chromosome)
are acrocentric. X- and Y-chromosomes are
called sex C. Each normal male cell includes one
X-chromosome (female sex chromosome) and one
Y-chromosome (male sex C). Normal female cells
never include Y-chromosomes. It is well known
that in the course of meiosis (unlike mitosis)
homologs find each other and conjugate (connect
with each other in several particular C sites). X-
and Y-chromosomes (as mentioned above) cannot

referred to as real homologs, but still they conjugate
in meiosis.

Sheep karyotype evolution and odd C number
interspecies hybrids karyotypes

The karyotype of goats seems to be most
probable original karyotype for Bovidae family
(Sharipov et al. 1980: 20 ) . Later one after another
RT took place. First of all the Ist and 4th C of the
goat-like karyotype ‘“fused” by their proximal
(centromere) ends. It is supposed that one of these
acrocentric chromosomes (AC) was broken near
centromere (Bruere et al. 1974: 342, Vorontsov et
al. 1972: 1109 ) and was lost. The other AC was
broken near centromere in the very short shoulder
which is still present in AC. This short shoulder
was lost like centromere (together with short arm)
was lost from the first AC. So both C loci of fresh
breaks (“adhesive ends”) fuse (RCT) to produce
the new metacentric chromosome (MC) with two
well developed shoulders corresponding to the long
shoulders of the 1st and 4th goat AC. Thus the C
number in the cell became 59 instead of 60.1f these
events happened in a cell of germinal line (zygote
—> some definite blastomeres —> primordial germ
cells = oogonium or spermatogonium cells —>
oocytes or spermatocytes —> egg or spermatid)
which might become a gamete (spermatozoid or
egg) the new MC could be transferred to the next
generation. In the course of the meiosis this new MC
might conjugate with two AC (one shoulder with
its homolog AC 1st and another shoulder with its
homolog AC 4th). At the anaphase stage one of the
daughter cells was to receive the new MC but no AC
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homologs of its shoulders. The zygote originated
from the gamete of the parent with normal karyotype
and another gamete bearing C mutation of RT type
might produce heterozygous organism where all the
cells had 59 C one being MC (RT). These organisms
proved to be fertile (Bruere 1975: 323, Bruere et al.
1974: 342, Bunch et al. 1980: 9). This fact demands
explanation. When two homologs conjugate and
later part - one moving to one daughter cells and
another to the other daughter cell no problem of
correct distribution of genetic material between two
cells seems to arise. But when three chromosomes
conjugate such distribution is somewhat problematic.
The MC must move to one of the daughter cells and
two independent AC being together its shoulders
homologs must both move into another daughter
cell or the DNA distribution between two daughter
cells would not be correct (balanced).Such organism
originated from structurally heterozygous diploid
germ line cell having new metacentric autosome and
its shoulder homologous presented by different AC
(Highman et al. 1976: 197) was expected to produce
two types of haploid cells (gametes): 1) with new MC
(RT) (n=29) and 2) having instead two different AC
(n=30). As there appeared many offspring (male and
female) of the ram with 59 C bearing the RT there
might appear the offspring originated from zygotes
where both spermatozoid and egg brought the RT.
So these offspring became homozygotes with 58 C
and the homolog pair of the RT.Such 58 C karyotype
became the species (semispecies) characteristic of
Ovis ammon vignei (Urial).On the basis of such
58 chromosome karyotype happened another RT
( Hungerford 1965: 333) which fused 5th and 11th
C of the goat type karyotype and when it became
homozygous there appeared 56 C karyotype of
Archar (Ovis ammon nigrimontana) and later 54 C
karyotype of some other semispecies (Atilla et al.
2011: 81, Evans et al. 1973: 383, Bunch et al. 1980:
199, Orlov etal. 1983: 200, Highman etal. 1976: 197).
At last on the basis of such 56 C karyotype happened
another RT which fused 2nd and 8th C of the goat
and when it became homozygotic there appeared
54 C karyotype of Ovis ammon musimon (Muflon),
Ovis orientalis anatolica (Ford 1980: 145) and Ovis
area (domestic sheep).All these sheep species were
crossed with each other (Sharipov 1998: 1) and the
hybrids proved to be fertile when crossed back with
any original species inspite of the difference between
diploid C numbers (2n) of the species. For example,
Archar 2n=56 with 2 pairs of large metacentric
autosoms. Domestic (or Mouflon) sheep 2n=54 with
3 pairs of large metacentric autosoms.So F1 hybrid
2n=55 (the sum of two haploid numbers Archar n=28
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and domestic (or Mouflon) n=27.The F2b hybrid:
{F1 (2n=55) X Archar (2n=56)} is expected to have
2n=56 (probability 50%) or 2n=55 (probability 50
%). Indeed, Archar is supposed to be structurally
homozygous at the chromosome structure level.
It means that both daughter cells produced by the
first meiotic division invariantly receive n=28
C (including 2 metacentric and 25 acrocentric
autosomes). Unlike original Archar species, F1 hybrid
is structurally heterozygous as the balanced daughter
cells must receive 28 chromosomes (including 1
sex chromosome, 2 metacentric and 25 acrocentric
autosomes) or 27 C (including 1 sex chromosome,
3 metacentric and 23 acrocentric autosomes). The
expectation of these results supposes the lack of
interaction of C in what concern their structure during
interphases of the germinal line cells or in the course
of meiosis. But the results of some backcrossing of
the F1 hybrid 2n=55 {(archar X domestic sheep)
X domestic ram 2n=54} produced the unexpected
karyotype 2n=56. It supposes a kind of homologous
C interaction increasing the probability of C level
mutation causing the restoration of 2 different AC out
of one MC (“reversed RT”). Such C mutations might
be the result of homologous C interactions during
“somatic crossingover” (Luchnik. et al. 1974: 219) at
the zygote stage or at the early cleavage stages where
such mutation happens in a single cell (blastomere) from
which the whole bone marrow later develops..So the
aim of this research was to analyze some new original
material about the interspecies sheep hybrids karyotype
heredity in different generations of the hybrids obtained
in Shymkent Zoo in several recent years.

Materials and methods

In the recent time in Shymkent zoo were
obtained some new hybrids whose parents had
odd karyotypes 2n=55. Their karyotypes were also
studied to determine whether they could keep the
parental karyotype structure in the 3rd generation of
hybrids or they would inevitably acquire the “even”
number of C. To prepare the [ymphocytes metaphase
spreads of different sheep species and their hybrids
some of existing (Sumner 1972: 304) traditional
methods traditional methods were used (Sharipov
1998: 1). They include:

1) collection of peripheral blood from the jugular
vein, into the tubes containing heparin,

2) its transportation to the laboratory within the
termoboxes with temperature several degrees over 0oC,

3) cultivation the blood lymphocytes (Radjabli
et al. 1977: 231, Orlov et al., 1976: 1) in vitro in
the medium 199 + cow fetal serum with the addition
of lymphocyte prolipheration stimulating factor
phytohemagglutinin for 3 days,
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4) arrest of transgression of metaphase to
anaphase and to accumulate the cells at the stage of
metaphase by adding colchicine 3 hours before the
cells fixation,

5) swelling the metaphase to increase the
distances between the chromosomes to make their
structure more clear,

6) the fixation of the metaphases,

7) spreading the cells on the glass slides,

8) dying them with Gimsa dye (Grafodatski
1988: 1, Orlov et al., 1976: 1),

9) inserting them into transparent medium under
cover glass,

10) selection of the metaphases spreads of high
quality using the light microscope Axioscope 40
(Zeiss)

9) microphotography of the carefully selected
spreads by the digit photocamera (Baumer optronic)

using computer
objective 100 X,

10) printing the photos on the paper for analysis
of the structure and the number of chromosomes in
the cells.

CYTOGENETICAL INVESTIGATION OF
SHEEP INTERSPECIES HYBRIDS

The karyotype of several lambs obtained in
Shymkent zoo were studied including those whose
both parents had 2n=55 C (Table 1).

Some progeny of the parents with 2n=55 had
2n=54 but the frequency of these latter did not
dominated over the 2n=55.

So our own data displayed the possibility of
reproduction of 2n=55 odd chromosome number
karyotypes at least for 3 generations but 2n = 54
“even” karyotypes also could be produced by the
parents both of which had 2n=55.

program Video-KaryoTest-3.1

Table 1 — Progeny of the animals with 2n=55 chromosomes karyotypes

N Parents Progeny

Origin 2n Origin 2n
FI(Mf x Ar) 55

1 F1(Mfx Ar) 55 F2{FI(Mf x Ar) x FI(Mf x Ar)} 55
F2 55

2 F1 55 F3(F2 x F1) 55
F2 55

3 Fl 55 F3(F2 x F1) 55
F2 55

4 Fl 55 F3(F2 x F1) 55
F2 55

5 " 55 F3(F2 x F2) 55

Mf — Muflon, Ar — Arhar, F1, F2, F3 — hybrids of 1%, 2¢ and 3™ generations, 2n — diploid chromosome number.

Results and discussion

So having at our disposal ram and ewe of different
species with 2n= 56 and 2n=54 karyotypes we can
easily obtain the fertile progeny with odd number of C
2n=55. The fertility of such F1 hybrids put the question,
why usually the species characteristic C number is
“even” (not odd) though in the wild nature near the
border of two species areals the particular animals were
found with odd C number (most probably as the result
of interspecies hybridization) (Sharipov 1989: 20).
Sharipov presented data of Bunch and Cox (Bunch et
al. 1980: 9) who obtained F2 hybrids from F1 hybrids
Archar (2n=56) X Muflon (2n=54).

126

F1 hybrids had 2n= 28 + 27=55. F2 hybrids had
2n depending on whether both parents “sent” non-
paired MC into gamet or only one of them. In the
last case 2n=55 (structural heterozygote) and in the
former case 2n=54 (structural homozygote). These
data shown that the odd structural heterozygote
karyotypes (2n=55) were obtained at least not
less often then “even” structurally homozygous
karyotypes (2n=54). Of 37 such crosses 23 had
2n=55 and only 14 had 2n=54 C.

As karyotype 2n=54 means that all 3 MC are
paired, the F3 karyotype seems to receive inevitably
at least 5 MC and F3 2n can’t be expected to be
56 excluding the cases of C mutations described
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above (page ..., lines ....). Such mutations must be
rather rare as not a single C mutation of this kind
was met among 37 F3 obtained. We must take
into account that the cells with C level structure
geterozygosity may produce not only “unexpected”
variants of karyotypes by Robertsonial or “inverted”
Robertsonial mutations but also such mutation
which imitate “expected” variants of C distribution
and so the C mutations may happen more often than
we can detect by methods used.

We can suggest that C meiotic (or, perhaps,
interphase) conjugation of the type metacentric + 2
different AC homolologous to its two shoulders may
be followed by:

1) Unbalanced distribution of C material
between two daughter cells:

one cell receives MC + one of AC homologous to
one of its shoulders and the other cell receives only
one AC homologous to the other shoulder of MC.
Both these gamete karyotypes can't support normal
development, cause early death of the embryos and
must lower the fertility. So the animals structurally
heterozygous will have less progeny and will be
outnumbered and step by step excluded from the
population by the more fertile progeny of structural
homozygotes.

2) Crossingover interaction between MC and 2
AC with production “expected” and

“non-expected” chromosome mutations perhaps
like that we suggested to explain the correlation
between the cattle color mutation and chromosome
Robertsonian translocation in the cattle (Kanapin et
al. 1991: 704).

Such mutations may influence by
mechanism the frequencies of different

karyotypes distribution in the progeny of the
crosses and lower the fertility of odd

karyotypes.

According to Bunch (Bunch et al., 1980) odd
2n=>55 karyotype proved to be not

more rare (100 x 23/37= 62%) in the 37 hybrids
mentioned above, than “even”

2n=54 karyotype (100% x 14/37 = 38% ) at least
in artificial breeding condition. The corresponding

some

expected frequencies basing on supposed equal
probability of balanced C distribution variations is
50% / 50%. In artificial breeding condition a ram
and a ewe may be put into the same cage and several
repeated inseminations may easily happened after
the early death of the embryo while in the natural
conditions many ewes are to be inseminated and
the recycling dam may more easily escape repeated
insemination and thus proved to be less fertile than
structurally homozygous dam with “even” C number.

Conclusions

1.We can easily obtain principally fertile (at
least in artificial conditions of breeding) sheep with
odd chromosome number by crossing the animals
of different species (for example Domestic sheep
with 2n=54 and Arhar with 2n=56) or interspecies
hybrids for further studing the chromosome behavior
in meiosis when structurally non-homozygous
chromosomes conjugate.

2. The progeny of interspecies hybrids with
odd chromosome number (2n=55) can inherit such
karyotype at least for 3 generations without obligate
transfer to “even” chromosome number.

3. The mechanisms of karyotype transfer
after all into structurally homozygous ‘“even”
chromosome number karyotype within the stable
natural population is not clear.

4. We can suppose that fertility of animals
with odd chromosome number is somewhat lower
than of normal animals with “even” chromosome
number structural homozygotes and the latter after
all outnumber heterozygots in several generation
up to disappearing of the odd chromosome
number,

5. Crossingover interaction between metacentric
chromosomes and acrocentric chromosomes
producing  “expected” and  ‘“non-expected”
chromosome mutations perhaps may influence
by some mechanism the frequencies of different
karyotypes distribution in the progeny of the crosses
(Demin 1982: 105) and lower the fertility of odd
karyotypes.
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