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Abstract. In Kazakhstan, there is a growing demand for oil and gas pipes and general-purpose pipes made of steels with
high performance properties, high-quality blanks for mechanical engineering and structural steel for construction. The work
was carried out within the framework of the Targeted Financing Program, in which, as one of the most urgent, the task was set
to expand and improve the range of steel products of steel-smelting enterprises, which are in demand, first of all, in the domes-
tic market. Some questions on microalloying with molybdenum and titanium are considered. The article presents the main
results of experimental heats to obtain high-strength structural steel with titanium and molybdenum. Metallographic studies of
experimental laboratory samples were carried out using an Olympus 51BX (TRF) light microscope. The metallographic analy-
sis of the studied samples showed that the base steel 09G2S of the current production has a ferrite-pearlite structure. The grains
have an acicular structure (the formation of polygonal ferrite) and correspond to 5-6 points. At the same time, heterogeneity is
observed. The results of the study of laboratory samples alloyed with molybdenum and titanium (sample No.1 and No.2) con-
firm the effectiveness of the impact of microalloying elements on grain refinement, which is due to the release of a significant
amount of carbonitrides of the type (MoCN, TiCN) along the grain boundaries. The microstructure of both samples consists of
two well-defined phases - ferrite and pearlite, and the grain size corresponds to 7-8 points.
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1. Introduction

The Republic of Kazakhstan occupies one of the leading
places in terms of reserves of natural resources, including the
ninth in terms of oil and gas. To date, daily oil and gas pro-
duction is 195.9 thousand tons and 105.9 million m3, respec-
tively. Transportation of petroleum products to consumers is
carried out under high pressure through welded steel pipes of
large diameter. Severe climatic conditions for the operation
of pipelines, aggressive elements such as sulfur, hydrogen
and their compounds in transported products require the use
of steels with high strength characteristics for the construc-
tion of oil and gas pipelines and limiting the content of harm-
ful impurities (sulfur and phosphorus), gases (nhitrogen and
hydrogen) [1].

At present, the production of large-diameter spiral pipes
in Kazakhstan is carried out from imported rolled products.

Mastering the production of steel for oil and gas pipelines
at existing metallurgical plants located on the territory of the
Republic of Kazakhstan will expand the range of products
manufactured in the country and solve the problem of import
substitution. Constantly growing requirements for increasing
the productivity of main pipelines put forward the task of
improving structural steels for large-diameter electric-welded
pipes, fittings and valves.

To increase the productivity of pipelines, it is necessary
to increase pressure and, consequently, use pipe steels of a
higher strength class in order to avoid an increase in metal
consumption (pipe wall thickness) and while maintaining or
even increasing the toughness of steel, since an increase in
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pressure will inevitably lead to the risk of increased stresses
in the pipe wall, capable of causing destruction of the pipe-
line [2].

The improvement of pipe steels, aimed at increasing the
strength and toughness margin, is achieved both by changing
the chemical composition (reducing the carbon content, mod-
ifying, microalloying and alloying), and by using modern
metallurgical technologies (smelting, rolling and heat treat-
ment), which provide an increase in quality of the metal
(decrease in the content of harmful impurities, gases, non-
metallic inclusions, refinement of the structure, regulation of
the phase composition) [3].

One of the well-known ways to improve the strength
characteristics of pipe steels is alloying with alloys contain-
ing titanium, molybdenum, niobium and vanadium.

The main mechanism of steel hardening is grain refine-
ment with dispersion hardening, controlled by precipitation
of excess phases of carbonitrides of various types and fine-
ness. The formation of carbonitride phases occurs even in a
liquid solution through the chemical interaction of nitrogen
and carbon atoms in steel with alloying elements introduced
into it - titanium, molybdenum, niobium and vanadium [4].

The result of these reactions are solid and refractory mi-
croparticles of carbonitrides, which, with the achievement of
the temperature of the onset of solidification of steel, play the
role of centers for its bulk crystallization. It should be noted
that many works are devoted to studying the behavior of
carbonitride phases in high-strength low-alloy steels alloyed
with strong carbonitride-forming elements, but they, for the
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most part, consider the processes and parameters of the pre-
cipitation of these phases at the final stages - during rolling
and cooling [5].

Hardening by dispersed particles is very effective and has
become quite widespread. Moving dislocations interact with
dispersed particles and experience resistance to their move-
ment by the mechanism described by Orovan (particle bend-
ing and creation of dislocation loops) or by other mecha-
nisms (Hirsch, Ansel and Lenel, etc.) Hardening of the alloy
the more dispersed particles, the smaller the distance be-
tween them and the greater the elastic modulus of the parti-
cles of the second phase, i.e. the stronger the particles them-
selves. It can be assumed that the most intense hardening is
observed at the stage of formation of Cottrell clouds, when
the coherent bond with the matrix is still preserved. Such
separation can occur both during cooling after rolling or
normalization, and during tempering [6].

Less attention has been paid to the study of the formation
of carbonitride phases in liquid steel and the effect of already
formed carbonitrides on primary crystallization. At the same
time, it is well known that the grain size of steel, formed
during the casting and crystallization of ingots and slabs, has
a significant and inherited effect on their final structure, and
hence on the mechanical properties of finished rolled prod-
ucts [4].

These requirements created the prerequisites for the de-
velopment of steels with higher strength, increased impact
strength and resistance to ductile and brittle fracture at con-
struction and operation temperatures, as well as with good
ductility, weldability in the "field" and factory conditions,
with corrosion resistance. Sy and cold resistance with a lim-
ited number of alloying elements.

Therefore, there is a need to create pipes of a higher
strength category X100 (strength class K80) (ov 760-
990 N/mm?, o; 690-840 N/mm?).

New requirements for sheet rolled pipe steels, the need to
obtain high values of strength properties and at the same time
achieve a high level of toughness require the search for new
technological solutions by improving the technology of met-
allurgical processing in terms of optimizing the chemical
composition (charge, alloying and microalloying elements)
and developing thermomechanical rolling, including the use
of accelerated cooling [7-9].

So, at the present time at the Chemical and Metallurgical
Institute named after Zh. Abishev, work is underway to de-
velop a technology for producing high-strength steel of X100
strength class.

Steel grade X100 is characterized by high strength and
toughness combined with excellent weldability. These prop-
erties make it an ideal material for use in the offshore seg-
ment for oil and gas transportation - where pipes are con-
stantly exposed to harsh environmental conditions such as
waves, water currents and low temperatures.

The development of steel of X100 strength class is based
on the concept of production of X80 steel with a high content
of molybdenum, nickel, titanium, copper, vanadium and
niobium, i.e. elements that increase impact strength, ductili-
ty, hardenability and weldability, and another mode of accel-
erated cooling. In the transition from X80 steel to X100 steel,
the ferritic-bainite structure changes almost completely to
bainitic.

In recent years, extensive material has been accumulated
on the intermediate transformation of supercooled austenite
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and the properties of bainite in structural steels. The bainite
structure has a complex nature, and depending on the carbon
content, alloying elements and cooling conditions, it can
significantly change its morphology. According to the for-
mation temperature, upper and lower bainite are morphologi-
cally distinguished.

Features of the bainite transformation are associated with
the occurrence at temperatures where there is no diffusion of
iron atoms and alloying elements, but intense diffusion of
carbon occurs. This causes, firstly, the presence of a wide
variety of morphological forms of the resulting phases, and
secondly, obtaining a different chemical composition of these
phases, which differ in carbon content. The structure and
properties of steel after transformation in the bainite region
largely depend on the value of carbon redistribution [10-12].

An optimal structure with a bainitic a-phase can be ob-
tained only with the correct choice of cooling conditions in
the temperature range of phase transformations. In scientific
papers [13-15] it is shown that the use of accelerated cooling
provides an increase in the strength properties for steels of
simple composition by 40- 50 N/mm?, and for alloyed steels
by 80-100 N/mm?, in addition, it allows eliminate the band-
ing of the structure and reduce the anisotropy of properties.

Summarizing the literature data [7-9, 11], accelerated
cooling together with microalloying makes it possible to
control the processes of structure formation of low-alloy
steels by using additives of elements that increase the stabil-
ity of austenite during cooling, as well as changing the rate of
accelerated cooling and the temperature of completion of
accelerated cooling various structural components and their
combination in rolling can be obtained: ferrite of various
morphology, ferrite-bainite or homogeneous bainite, as well
as bainite-martensite microstructure.

The microstructure consisting of granular bainite as the
matrix phase is the best choice for pipeline high strength
steel. The structure of bainite in high-strength steels is
formed due to alloying with elements that inhibit ferrite
transformation, such elements include additions of Mn, Mo,
Ni, Cr, Cu and Nb, which increases the volume fraction of
bainite. Molybdenum forms carbides in steels, as soon as the
carbon content in the steel becomes high enough, it is able to
provide additional thermal hardening during tempering of
hardened steels. It increases the creep resistance of low alloy
steels at high temperatures. Molybdenum additives contrib-
ute to the refinement of steel grains, increase the hardening
of steels by heat treatment, and increase fatigue strength.

Molybdenum predominantly enters the solid solution,
distorting the lattice of the main solid solution, thereby
strengthening it [6, 7].

Low-alloy hot-rolled steel alloyed with titanium (= 0.1%)
is characterized by high strength, but low ductility and
toughness, while the low content of titanium in steel (0.01-
0.03%) refines its primary structure, since refractory titanium
nitrides formed in liquid steel serve as crystallization centers.

The degree of recrystallization of such steel during hot
rolling is lower than that of coarse-grained steel, therefore,
its recrystallized austenite grain is more uniform and finer.

The binding of free nitrogen to titanium nitrides is the
viscosity of the finished rolled product. After crystallization,
titanium, in its excess with respect to nitrogen, binds sulfur
and weakens the stringiness of manganese sulfides, forming
sulfides and carbosulfides, which is accompanied by some
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improvement in plastic and viscous properties in the trans-
verse direction [7].

Niobium forms NbC carbide with carbon, and NbN ni-
tride with nitrogen, fine nitrides and carbonitrides of niobium
are located along the boundaries of grains and subgrains,
inhibit the movement of dislocations and thereby strengthen
the steel. Niobium is an effective element for grinding grains
of austenite and ferrite during heating for rolling or heat
treatment. In addition, the effect of microalloying steel with
niobium is to slow down the recrystallization of austenite
during thermomechanical rolling due to dispersion strength-
ening and solid-solution transformation. The amount of nio-
bium that passes into a solid solution when heated to a given
temperature depends on the carbon content. A decrease in the
carbon content in steel provides an increase in the solubility
of niobium in austenite [16, 17].

Compliance with the correct ratio of alloying additives
(Mo, Ti, Nb) helps to control weldability and provide an
optimal balance of the content of carbon-nitride-forming
elements that have a similar effect on the physical and me-
chanical properties of steel.

Based on the analysis of literary sources [4-7], it was es-
tablished that the formation of a bainitic structure of optimal
morphology is based on the following aspects of metallurgi-
cal science:

- reduction of carbon content (0.04-0.06%), which is fa-
vorable for toughness, weldability and segregation uniformi-
ty of the metal,

- increasing the degree of purity for harmful impurities
and gases;

- complex microalloying of Mo, Ti and Nb in a stoichio-
metric ratio with nitrogen Ti > 3.4N;

- reduction of harmful impurities and gases (< 0.002%
[S]; <0.010% [P]; < 0.006% [N]; < 2 ¢m3/100 g [H2]);

- the use of thermomechanical rolling with accelerated
cooling for maximum grain refinement.

In addition to the factors listed above, progress in the de-
velopment of steels is accompanied by the improvement of
metallurgical technology at all stages, including the desulfu-
rization of cast iron, a complex of out-of-furnace processing,
which ensures a high degree of purity of the metal.

2. Materials and methods

Experimental part. The employees of the laboratory of
metallurgy and materials science of the Chemical and Metal-
lurgical Institute named after. Zh. Abisheva conducted exper-
imental melting to obtain high-strength structural steel with
titanium and molybdenum. Changes in the microstructure of
steel during its alloying with titanium and molybdenum have
been studied.

For the base steel, as a comparison, we have chosen the
09G2S steel grade, which is close in its chemical composi-
tion to pipe steel grades, and which is mastered at the exist-
ing steel-smelting plants of the Republic of Kazakhstan.

Experimental melting to obtain high-strength steel with
titanium and molybdenum was carried out in a Tamman
high-temperature furnace, in alundum crucibles in an inert
atmosphere. As a charge for smelting high-strength steel
alloyed with molybdenum and titanium, metal samples were
used, taken at the outlet from the converter of ArcelorMittal
Temirtau JSC (AMT) of the following chemical composi-
tion: C - 0.03%; Mn - 0.04%; S - 0.04%, P - 0.06%.
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After melting the scrap metal, upon reaching the required
melt temperature of 1635°C, the steel was deoxidized with
ferrosilicon (FeSi65) (GOST 1415-93), metallic manganese
(Mn 998) (GOST 6008-90) and aluminum wire (99% Al)
(GOST 295-79).

Alloying of steel was carried out using ferromolybdenum
(FeMo60) (GOST 4759-91) and FeTi30 (GOST 4761-91) in
the amount, respectively, %: FeMn-2.23; FeSi -0.47; A99.9-
0.1; FeM060-0.57 and FeTi30 - 0.18 and from the total mass
of the metal charge. The consumption of deoxidizers and
alloying materials is presented in Table 1.

Table 1. Consumption of deoxidizers and alloying agents

Mn998, FS65, | Aluminum wire = FeTi30 = FeMo60,
g/100g ¢/100g @ (99.0%) g/ 100g g/ 100g g/ 100g
2.23 0.47 0.1 0.18 0.57

The mass of ferroalloys to be added is calculated by the
formula:

A=(B-C)-D-100/(I-F) 1)

where: A — mass of ferroalloy, ton; B is the average con-
tent of the element in the finished steel, %; C is the content of
the element in steel before deoxidation, %; D — mass of metal,
considering the amount of metal from the previous heat, ton; I
— is the content of the deoxidizing element in ferroalloys, %; F
—assimilation of the deoxidizing element, %.

The deoxidation of the metal was carried out at the time
of production based on obtaining the mass fractions of man-
ganese, silicon and aluminum below their average values by
10.0 to 13.0%.

Table 2 shows the degrees of assimilation of elements
during deoxidation and alloying.

Table 2. Assimilation of elements during deoxidation and al-
loying

Element Assimilation, %
Silicon 95.00
Manganese 95.00
Aluminum 40.00
Molybdenum 85.0
Niobium 95.0

As a result of deoxidation and alloying with the indicated
ferroalloys, prototypes of steels of the following chemical
composition were obtained, table 3.

Table 3. Chemical composition of experimental steels

Content of elements, % mass

Steel )

grade C Sl Mn P S Mo Ti AI
not more than

09G2S ' 09 06 15 0021 0012 - 002 004

(basic)

Sa”l‘p'e 005 015 1.6 0011 0005 021 -  0.03

Sa”z‘p'e 006 0.16 1.5 0013 0004 - 003 004

To create the same heat treatment conditions, metal sam-
ples were placed together in one muffle furnace and heated to
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1100°C. Exposure of the samples in the oven at the specified
temperature was 15 minutes. The samples were cooled with
an oven to room temperature for 140 minutes.

Metallographic studies were carried out on an Olympus
51BX (TRF) metallographic microscope. The structure of the
steel was determined according to GOST5638-82 (Methods
for detecting and determining grain size) after pickling the
samples in a 4% nitric acid solution.

Figure 1 shows the microstructure of base steel 09G2S
and experimental steels alloyed with molybdenum and titani-
um.

a) Grain score corresponds to 5-6. Steel 09G2S: 1 — ferrite
(bright area); 2 — perlite (dark area)

b) Grain score corresponds to 7-8. Experimental steel (sample
1) with molybdenum: 1 — ferrite (bright area); 2 — perlite (dark
area)

¢) Grain score corresponds to 7-8. Experimental steel (sample
2) with titanium: 1 — ferrite (bright area); 2 — perlite (dark area)

Figure 1. Microstructure of comparative steel 09G2S and ex-
perimental steels - sample 1; sample 2, x100
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3. Results and discussion

Metallographic analysis of the studied samples showed
that the base steel 09G2S has a ferrite-pearlite structure.
Grain score corresponds to 5-6. Insufficiency is observed
throughout the thin section.

The microstructure of steel alloyed with molybdenum
(sample No.1) consists of fine grains of ferrite and pearlite,
the grain score corresponds to 7-8. The grain structure of this
steel is equiaxed.

The microstructure of steel alloyed with titanium (sample
No. 2) consists of fine grains of ferrite and pearlite, the grain
score corresponds to 7-8. The grain structure of this steel is
equiaxed.

The results of a metallographic study of laboratory sam-
ples confirm the effectiveness of the impact of microalloying
elements on grain refinement, which is due to the release of a
significant amount of carbonitrides of the type (MoCN,
TiCN) along the grain boundaries.

4. Conclusions

Metallographic analysis of the studied samples showed
that the base steel 09G2S of the current production has a
ferrite-pearlite structure. The grains have an acicular struc-
ture (the formation of polygonal ferrite) and correspond to 5-
6 points. At the same time, heterogeneity is observed. The
results of the study of laboratory samples alloyed with mo-
lybdenum and titanium (sample No.1 and No.2) confirm the
effectiveness of the impact of microalloying elements on
grain refinement, which is due to the release of a significant
amount of carbonitrides of the type (MoCN, TiCN) along the
grain boundaries. The microstructure of both samples con-
sists of two well-defined phases - ferrite and pearlite, the
grain size corresponds to 7-8 points.
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BepikTiri skorapbl KYObIp 00/1aTBIHBIH TYHIPIIIK MOJILIEPiHE TUTAH KOHE
MOJIMOIEeHMEH JIeripJeyaiH dcepi

E.K. Myxam6erranues”, I'.JI. Kycaunosa, C.B. Illapkaes, ®.0. Tycyn6ekosa
JK. Obiwes amvinoasvl xumusa-memannypaus uncmumymol, Kapasanowl, Kazaxcman

*Koppecnonoenyus ywin agmop: ye.kenzhegaliuly@gmail.com

Angarna. Ka3akcranna MmyHaii-ra3 KyObIpJapbiHa JKOHE JKOFAphl ©HIMIUIIK KacHeTTepi Oap OoNaTTaH jKacallFaH JKalIIbl
MaKcaTTarbl KyObIpIapFa, MalliHa jkacay YIIiH KOFapbl canalibl JablHIaMaiapra )KoHe KYPBUIBICKA apHaJIFaH KYPBUIBIMIBIK
OosaTka cypanbic ecyzae. JKyMbIC HbICaHAJbl KapKbUIAaHJBIPY OafriapiamMachl aschlHIA >KYPTi3iigi, OHIAa €H ©3eKTi
Mocenenepaiy Oipi peTiHme Oonatr OajKpITy KOCIMOPBIHIAPBIHBIH CYpPaHbICKA He 00JaT eHIMACPiHIH HOMEHKIIATYPaChIH
KEHEUTY KOHE KETUIAIpY MIHIETI KOWBUIIAbI, €H ajJbIMeH, IIIKi HapblKTa. MOJIHO/IEH JXOHE TUTAHMEH MHUKPOKOPBITIIANAY
OoiibIHIIa KelOip cypakrap KapacThIpbUiabsl. Makajaja TUTaH JKoHE MOJHOIEH KOCBUIFaH JKOFapbl 0epiK KYpBUIBIMIBIK OosaT
aly YWIH ToKIpUOeNiK  KbI3JBIPYIbIH Heri3ri  HoTkenepi OepinreH. Toxipubenik — 3epTXaHaNbIK  YJITUIEpAiH
metamiorpadusuibik  3eprreyiiepi Olympus 5S1BX (TRF) jkapblk MHUKPOCKOIBIHBIH KOMETiMEH Kyprisiiai. 3eprTreneriH
YIrinepaig MeTtautorpadusiiblK Tanmaysl Kasipri eHmipictTiH 09G2S Herisri OomaThIHBIH (QeppUT-TIEpIUT KYPBUIBIMEI Oap
eKeHiH KepceTTi. [IoHmep WBIK Topi3mi KYpBUIbIMFA He (KemOYpHIITH (heppHUTTIH Ty3lIyi) skoHe 5-6 OaiFa colikec Kememi.
ConbpiMeH Oipre Oipkenki eMecTiri Oaiikamaapl. MonnOaeHMEH jKoHE TUTAaHMEH JISTHPIICHTEH 3epTXaHANBIK YATLICpAl 3epTTey
HoTmkenepi (Nel sxoHe No2 yiri) MUKPOKOPHITIIA 3JIEMEHTTEPIIH ASHAI Ta3apTyFa ocep eTYiHiH THIMIUITIH pacTailmbl, 0y
JIOHII TAKBULABIH KapOOHHUTpHATEPIiHIH exoyip menmmepin OemymeHn OaitmanpicThl. TYpi (MoCN, TiCN) acThIK mIekapamapbl
Ootipiama. EXi YATiHIH e MUKPOKYPBUTBIMBI €Ki HaKTHI aHBIKTAIFaH (a3amaH — GeppuT MEeH MEePIUTTEH TYPAIbl, IoH MeIepi
7-8 bannra coiikec Kenesi.

Heczizzi co30ep: necuprey, sco2apvl bepixmi 601am, OUCnepcusivlK, bepikmendipy, kapoonumpuomi ¢asanap, myuipuikmi
yumaxmay, geppum, nepaum.

Bausinue JierupoBaHusi THATAHOM U MOJIMOICHOM HA BEeJIMYHMHY 3€pPHA
BBICOKONIPOYHOI TPYOHOH CTAIHU

E.K. MyxamGerranues”, I'.JI. Kycaunosa, C.B. [llapkaes, ®.0. Tycyn6ekosa
Xumuro-memannypeuveckuui uncmumym um. XK. Abuwesa, Kapaeanoa, Kazaxcman
*Aemop onsn koppecnonoenyuu: ye.kenzhegaliuly@gmail.com

Annoranus. B Kazaxcrane pacrer notpeOHOCTb B HehTera3oBbix Tpydax u Tpydax oOliero HazHaueHus U3 craieii, obna-
JIAIOIUX BBICOKMMU 3KCIIIyaTallUOHHBIMU CBOMCTBaMH, 3arOTOBKAaX BBICOKOI'O KadecTBa JIS MALIMHOCTPOEHUS U KOHCTPYK-
IIMOHHOW CTaJIN JUIS CTPOUTENbCTBA. PaboThl ObLIM BEINMOMHEHB! B paMkax [Iporpammel nesneBoro puHaHCUPOBaHUS, B KOTO-
pOH, Kak OJlHa M3 aKTyaJbHBIX, OblJIa OCTABJIEHA 337a4ya 110 PacUIMPEHHIO M YJIYYIIEHUIO COPTAMEHTa CTalIbHON MPOAYKIIMU
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CTAICIVIaBIIIBHBIX NPENPHATHH, BOCTPEOOBAaHHOM, B MEPBYIO O4Yepelb, HA BHYTPEHHEM PBIHKE. PacCMOTpEeHBI HEKOTOpBIE
BOIIPOCHI IT0 MUKPOJIETUPOBAHHIIO MOJIHOICHOM M TUTAHOM. B CcTaThe MPHUBOISTCSA OCHOBHBIE PE3YNBTATHI ONBITHBIX IUIABOK IO
MOJIYYEHHIO BBICOKOIIPOYHOI KOHCTPYKLIMOHHOM CTaJIM ¢ TUTAaHOM U MoiynOaeHoM. [IpoBeneHsl Metamiorpaduieckue mccie-
JIOBAHHMS OTBITHBIX JIaOopaTopHBIX 00pa3noB B cBeToBoM MuKpockorne Olympus 51BX (TRF). Meramnorpaduyeckuii aHamus3
HCCIIEZIOBaHHBIX 00pa3loB MoKa3ai, 4ro 0azoBas ctaib 091'2C Tekyliero npou3BOACTBa UMEET (HEPPUTO-TIEPIUTHYIO CTPYK-
Typy. 3epHa UMEIOT UroJIbYaToe CTpoeHHe (00pa3oBaHue MOJIUTOHAIBHOTO (eppHTa) U COOTBETCTBYIOT 5-6 Gayuiam. I1pu sTom
HaOJIogaeTcs, Pa3HO3EPHUCTOCTh. Pe3ynbTaThl HCCieI0BaHMs J1a00PaTOPHBIX 00Pa3LoB, JIETUPOBAHHBIX MOJINOJICHOM M THTa-
HoM (ripoda Nel u Ne2) noareepxkaaroT 3ppeKTHBHOCTh BO3IEHCTBHS MUKPOJIETHPYIOIINX JIEMEHTOB Ha N3MENbUCHHE 3epHa,
YTO 0OYCIIOBJICHO BBIICJICHHEM IO TPAHUIIAM 3E€PEH 3HAYUTEIBHOTO KoimdecTtBa KapooHuTpuaos Tuma (MoCN, TiCN). Muxk-
POCTPYKTYypa 000MX 00pa3ImoOB COCTOUT U3 IBYX XOPOIIO BBEIPAXCHHBIX (a3 - heppuTa U MepiuTa, pasMep 3epHa COOTBETCTBY-
et 7-8 bammam.

Knrwouegvie cnosa: necuposanue, biCOKONPOUHAs CMAlb, OUCNEPCUOHHOE YNpOoUHeHue, Kapoonumpuousie Qaswl, usmensvye-
Hue 3epHa, geppum, nepaum.
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