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Abstract. In Kazakhstan, sheep farming remains an important sector, providing both food and raw materials
for industry. In the context of declining wool value, the development of meat production has become particularly
relevant, making the selection of suitable breeds essential for improving productivity. The aim of the study was
to assess imported fine-wool rams from Australia and the Kyrgyz Republic when used for crossbreeding with
Kazakh Fine-Wool ewes under the foothill conditions of the Akbulak farm in Almaty region. Three groups of
ewes, each consisting of 150 head, were formed, using 3 Australian Meat Merino (AMM) rams, 3 Kyrgyz Mountain
Merino (KMM) rams and 3 Kazakh Fine-Wool (KF) rams. Both purebreeding and industrial crossbreeding
methods were applied, enabling accelerated modification of hereditary and physiological characteristics. The
results showed that the experimental rams exhibited a strong constitution, high live weight and excellent
wool yield. Clinical indicators in all groups remained within physiological norms, with no significant intergroup
differences. Haematological parameters were maintained at an optimal level and varied seasonally, reflecting
the intensity of oxidative-reduction processes. The highest fertility was recorded in Group | (KF xKF) at 121.0%,
which exceeded Groups Il (AMM x KF) and Il (KMM x KF) by 1.65% and 3.30%, respectively. Lamb survival to
weaning in Group | reached 97.3%, surpassing that of contemporaries by 1.4% and 1.7%. The practical value of
the research lies in demonstrating that the use of AMM and KMM rams in Kazakh Fine-Wool flocks can improve
wool fineness, enhance the histomorphological structure of the skin-fleece system, increase ewe fertility and
lamb survival, and contribute to higher mutton production in the foothill regions of south-eastern Kazakhstan
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Biological and productive features...

Introduction

Sheep farming remains one of the most important are-
as of animal husbandry in the Republic of Kazakhstan,
providing meat, wool and milk and making a signifi-
cant contribution to the socio-economic development
of pastoral regions. However, the modern development
of the industry requires the introduction of techno-
logical solutions aimed at increasing the efficiency of
pasture management and improving the productive
qualities of breeds used in Kazakhstan. It is becoming
increasingly important to develop fast-growing ani-
mals that are resistant to climatic factors and capa-
ble of producing high yields of mutton and wool. Pro-
ductivity can be increased both by improving existing
breeds and by combining genetic lines that are highly
adaptable and productive. One of the effective tools
for increasing the efficiency of sheep breeding is the
use of crossbreeding, which allows for the accelera-
tion of the consolidation of desirable traits. Practice
shows that correctly selected combinations of produc-
ers contribute to the improvement of the constitution,
meat productivity and quality characteristics of wool
in offspring (Iskakov et al., 2017). In this regard, it is
important from a scientific and practical point of view
to study the breeding efficiency and productivity of
Kazakh Fine-Wool sheep in various combinations with
producers of other highly productive fine-wool breeds
that differ in wool and meat characteristics.

The development of sheep breeding in modern con-
ditions is determined by a complex of factors, among
which the improvement of selection work and the in-
crease in the adaptive and productive potential of ani-
mals play a key role. The global market is seeing steady
growth in demand for high-quality fine wool and young
lamb, which increases the need to improve fine-wool
sheep in two areas simultaneously: improving wool fi-
bre characteristics and increasing meat productivity.
Data from E. Islamov et al. (2021) confirm that the pro-
ductivity of fine-wool breeds can increase significantly
with the optimal organisation of breeding and genet-
ic programmes. The market situation in Kazakhstan is
also shaping a trend towards increased lamb produc-
tion, which requires adaptation of breeding approach-
es. A significant portion of lamb is produced on farms
where industrial crossbreeding is considered an effec-
tive method for rapidly improving the meat quality of
the livestock. It is important to note that low sheep pro-
ductivity is often due to improper breeding practices, in-
cluding the prolonged use of the same producers, which
leads to inbreeding and a decrease in reproductive per-
formance (Vijayakumar et al., 2025). At the same time,
preserving the genetic integrity of breeds and stable ex-
terior traits is only possible through consistent purebred
breeding, which is especially relevant for regional geno-
types of fine-wool sheep (Lakota, 2025). One of the indi-
cators of the breeding value of fine-wool sheep is wool
fineness. As noted by A. Rahim et al. (2025), this trait

determines the quality of yarn, the strength of textile
products and the marketability of wool products. More-
over, fibre fineness largely correlates with the physio-
logical condition of animals and their potential for high
productive performance. Modern approaches to breed-
ing also involve the use of technological innovations
to improve the accuracy of selection and assessment
of animal behavioural characteristics, which allows
the most valuable individuals to be identified with-
out additional stress on the herd (Emsen et al., 2025).

A summary of the scientific data presented shows
that improving the efficiency of fine-wool sheep breed-
ing requires a comprehensive approach, including the
improvement of genetic resources, the scientifically
based organisation of the selection process, and the
adaptation of crossbreeding schemes to the natural
and climatic conditions of the regions. However, the
question of the optimal selection of combinations of
producers for specific areas of Kazakhstan remains
open, which makes further research in this direction
scientifically and practically significant. The aim of the
study was to evaluate the biological and productive
characteristics of Kazakh Fine-Wool sheep in purebred
breeding and crossbreeding in south-eastern Kazakh-
stan. To achieve this goal, the following tasks were set:
to identify the reproductive qualities of the breeding
stock; to analyse the productive and adaptive charac-
teristics of animals of different genotypes; to evaluate
clinical and haematological indicators in relation to
the conditions of keeping.

Materials and Methods
The research was conducted in 2018-2024 at the Ak-
bulak farm in the Zhambyl district of the Almaty region
(Kazakhstan), located in the foothills at an altitude of
650-820 m above sea level. The experiment included
450 ewes of the Kazakh Fine-Wool breed aged 3-4
years, class | according to the bonitation, with a live
weight of 65-68 kg, normal reproductive history and
confirmed veterinary status. Nine rams of three geno-
types were used for crossbreeding: Kazakh Fine-Wool,
Kyrgyz Mountain Merino and Australian Meat Merino.
The 3-3.5-year-old producers were brought in from
certified breeding farms in the respective countries
and had documents confirming vaccination, infection
diagnosis and the absence of parasitic diseases. The
ewes were divided into three groups by randomisa-
tion, taking into account age, body weight and phys-
iological condition, with 150 animals in each group.
The animals were kept on autumn, winter and summer
pastures. All animals were kept under the same grazing
conditions: during the warm season, they were grazed
on natural wormwood-grass and mixed-grass pas-
tures, and in winter, they were fed alfalfa hay (2.5-3 kg
per head) and barley bran (0.3-0.5 kg). The nutrition-
al value of the feed was determined using laboratory
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methods in accordance with GOST 31675-2012 (2013)
and GOST 13496.4-2019 (2020). Climatic factors (tem-
perature, humidity, wind, precipitation) and the epizoot-
ic situation were monitored daily. The experiment used
a flock of Class | ewes of the KF 450 breed, with a live
weight of 66.2 kg, original wool yield of 5.9 kg, washed
wool yield of 3.12 kg, wool length of 9.15 cm, and wool
fineness of 22.96 um.

The ewes were inseminated between 20 Octo-
ber and 10 November each year with freshly collect-
ed sperm using an artificial vagina (IMV Technologies,
France). The quality of ejaculates (volume, concentra-
tion, motility, morphology) was assessed using a Sper-
mVision photometer (Minitube, Germany) and an MBS-
10 microscope (MICROmed, Ukraine). For insemination,
0.1 ml of semen containing at least 80 million actively
motile spermatozoa was used. Pregnancy in ewes was
determined using a Draminski ANIMAL profi ultrasound
machine (Draminski, Poland) on the 45" day after in-
semination. The physiological parameters of the ani-
mals (body temperature, respiratory rate and pulse rate)
were measured seasonally three times a day - at 08:00,
13:00 and 18:00 - using a Vet-100 veterinary thermom-
eter and counting physiological cycles for 1 minute.
Blood for analysis was taken on an empty stomach
from the jugular vein into VACUETTE tubes with EDTA
(Greiner Bio-One, Austria), after which laboratory tests
were performed on a Mindray BC-2800Vet haematolo-
gy analyser (Mindray, China) in accordance with ISO/IEC
17025:2019 (2021). Haemoglobin, erythrocyte, serum
protein and mean erythrocyte diameter were determined.
All procedures were performed in accordance with ethi-
cal standards according to the Code of Practice... (2014).

To assess the external characteristics of the sheep,
linear measurements were taken, including height at
the withers and sacrum, oblique body length, chest
depth and width, chest circumference behind the
shoulder blades, and pastern circumference. The meas-
urements were taken with a metal tape measure and
a measuring stick with an accuracy of 0.5 cm by two
specialists independently of each other, after which the
average value for each animal was calculated. Based on
the measurements obtained, body conformation indices
were calculated using standard zootechnical analysis
methods regulated by GOST R 57784-2017 (2019) and
methodological recommendations for the evaluation of
meat-wool sheep. The body elongation index was de-
termined as the ratio of the oblique length of the body
to the height at the withers, multiplied by 100%. The
massiveness index was calculated as the ratio of chest
circumference to height at the withers, also expressed
as a percentage. The bone index was determined as the
ratio of the metacarpal circumference to the live weight
of the animal, multiplied by 1,000 to facilitate compar-
ison of indicators. The compactness index was calcu-
lated using the formula: chest circumference x 100/
oblique body length. The pelvic-chest shape index was
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determined based on the ratio of chest width to width
at the hocks. All indices were calculated in accordance
with generally accepted zootechnical methods that al-
low assessing the proportionality, muscle development,
and body type of animals. To ensure accuracy, each in-
dicator was calculated twice, after which the average
value was analysed (Zhumadillayev et al., 2021). The
coefficient of variation (Cv) for assessing the degree of
variability in lamb weight at different ages was calcu-
lated using the classic biometric formula (1):

Cv = =X 100%, 1)

where S is the standard deviation of the trait,and is its
arithmetic mean. The mean values and standard devia-
tions were calculated automatically using R 4.1.2, SPSS
26.0, and MS Excel 2019 software. The obtained coeffi-
cients of variation (in the range of 8.1-11.9%) reflected
the low level of variability of the trait within each group.
The calculations were performed in three repetitions,
which ensured the statistical reliability of the results.

The reproductive qualities of ewes were assessed
based on the percentage of inseminated and lambing
animals, the number of lambs born, and their survival
rate up to 4.5 months. The weight of the animals was
determined before morning feeding with an accuracy
of 0.1 kg using Kern FKB 65K0.1 electronic scales (Kern
& Sohn, Germany). External measurements - height at
the withers and sacrum, body length, chest depth and
width, chest circumference and pastern - were taken
using a Stanley PowerLock metal tape measure (Stan-
ley Black & Decker, USA) and a Zootech Measuring Stick
MS-250 (Kaixin, China). Based on linear measurements,
body conformation indices (stretch, massiveness, bone
structure, etc.) were calculated using formulas regulat-
ed by GOST R 57784-2017 (2019). Each measurement
was performed by two independent specialists with
double repetition per animal. Wool productivity was
determined by measuring the fleece and analysing the
fibre fineness using the OFDA 2000 device (BSC Elec-
tronics, Australia). Statistical data processing was per-
formed using methods of variational statistics, Student’s
criterion, one-factor ANOVA and Tukey’s post-hoc test at
a significance level of p <0.05. The calculations were
performed using R 4.1.2 (R Foundation for Statistical
Computing, Austria), IBM SPSS Statistics 26.0 (IBM, USA)
and Microsoft Excel 2019 (Microsoft, USA) software.

Throughout the study period, the experimental
groups of sheep were kept in accordance with season-
al pasture rotation, which is a mandatory element of
the traditional system of pastoral animal husbandry in
foothill areas. In spring and autumn, the animals were
kept on lowland pastures with poorer vegetation cover,
while in the summer months they were transferred to
highly productive foothill pastures with more diverse
and nutritious grass cover. The herds were moved along
established routes twice a year - at the end of May
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and the beginning of September - with an adaptation
period of 5-7 days. Pasture conditions, grass composi-
tion and land productivity were documented annual-
ly based on an assessment of botanical composition,
grass height and estimated green mass yield.

The physical condition of the animals was assessed
seasonally using a set of indicators: body condition
(1-5-point scale), skin turgor, coat condition, respira-
tory and heart rates, body temperature, as well as a
visual assessment of activity and behaviour. Overall
body condition was determined by palpating the lum-
bar and spinous processes of the spine, which made it
possible to record changes in the animals’ energy sta-
tus against the background of seasonal fluctuations in
feed availability. In addition, physiological parameters
were recorded before blood sampling, which served as
additional indicators of the functional state of the or-
ganism. The analysis of seasonal shifts in blood param-
eters (haemoglobin, erythrocytes, serum protein) was
compared with data on pasture type, diet composition
and climatic conditions, which made it possible to take
into account the influence of barometric pressure, air
temperature and oxygen content in the summer and
autumn periods. All results were interpreted taking into
account the movement of animals between pastures at
different altitudes and changes in their feeding status
throughout the year.

Results and Discussion
In Kazakhstan, the Kazakh Fine-Wool breed was devel-
oped in 1946 by crossbreeding Kazakh fat-tailed ewes
with Prekos rams. An analysis of the long-term results
of breeding and selection work to improve the Kazakh
Fine-Wool breed of sheep has established that their
average wool fineness is 22.5-23.4 microns (Zhuma-
dillayev et al., 2021). Consequently, the most important

task for the future is to improve the technological qual-
ities of the wool of the Kazakh Fine-Wool breed. At the
same time, it is necessary to preserve the meat qualities
and good adaptability to natural climatic and feed con-
ditions, which will significantly increase the profitabil-
ity and cost-effectiveness of Kazakh Fine-Wool sheep.

In solving this problem, considerable importance
is attached to enriching the gene pool of Kazakh Fine-
Wool sheep by using the best breeds from other coun-
tries. According to D. Rasali et al. (2006), Australian Me-
rino wool best meets the current requirements of the
global market, as the light industry obtains 30% more
yarn from it. Modern merino sheep in Australia and the
Kyrgyz Republic are well developed, with high (3-4 kg)
yields of washed wool of high quality and a clean fi-
bre yield of 60-70%. The most interesting breeds in
this regard are the Australian Meat Merino and Kyrgyz
Mountain Merino. Australian Meat Merinos optimally
combine high wool quality with good meat productivity
and reproductive capacity. In the best flocks, they yield
8-9 kg of wool. According to A. Ombayev et al. (2020),
Kyrgyz Mountain Merinos, which are bred for wool and
meat, are characterised by good reproductive capaci-
ty, early maturity, high wool fineness and meat quality.
On average, 5-6 kg of wool with a fineness of 18-22
microns is sheared from each sheep. They easily adapt
to changing environmental conditions. The improve-
ment of selection and breeding work in sheep farming
is carried out on the basis of selecting rams according
to economically useful traits and identifying improvers
for their widespread use, since the genetic improve-
ment of sheep is mainly achieved through producers.
Studies have confirmed that the effectiveness of breed-
ing work increases with a comprehensive assessment
of rams, taking into account their biological and pro-
ductive characteristics (Table 1).

Table 1. Productivity of experimental sheep

Sex and age group Breed n  Live weight, kg gr:::/OI yleld,clregan Wool length, cm Quality of fine wool, pm
KF 3 109.5+4.00 11.20+0.58 6.37 10.57+0.22 23.5+0.37
Rams AMM 3 112.6+4.28 10.23+0.39 6.45 10.21+0.30 21.00+0.71
KMM 3 106.3+5.31 ' 11.16+0.43 7.09 11.10+0.49 20.60+0.24
Ewes KF 450 66.2+0.51 5.9+0.20 3.12 9.15+0.09 22.96+0.05

Note: KF - Kazakh Fine-Wool breed; AMM - Australian Meat Merino; KMM - Kyrgyz Mountain Merino; n - number of animals
in the group; X*m - arithmetic mean value of the trait and its error

Source: compiled by the authors based on research results

As shown in Table 1, the live weight of rams was
quite high (106.3-112.6 kg). Kazakh Fine-Wool rams
slightly exceeded KMM rams in this respect by 3.2 kg,
or 2.9%. In terms of unwashed wool yield, AMM rams
were inferior to KF rams by 0.89 kg, or 7.9%, and to KMM
rams by 0.78 kg, or 7.0%. No significant differences were
found in the yield of washed wool, which ranged from
6.37 to 7.09 kg. KMM rams had longer wool - 11.10 cm,
which is their distinctive feature. Their superiority over

Kazakh Fine-Wool rams was 0.43 cm, or 4.8%, and over
AMM rams - 0.89 cm, or 8.0%. During visual assessment
during bonitation, the wool of the rams was fine meri-
no, with a fineness of 23.5 microns for the Kazakh Fine-
Wool breed, 21.0 microns for the AMM breed, and 20.60
microns for the Kyrgyz Mountain Merino breed. The im-
ported AMM and KMM breeds had finer wool than the KF
breed, by 2.5 pm, or 10.6%, and 2.9 um, or 12.3%, respec-
tively. In order to obtain a more complete description
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of the rams and ewes used in the experiment, their ex-
ternal characteristics were studied. For this purpose,
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body measurements were taken from all rams and 30
ewes, which are presented in Table 2.

Table 2. Measurements of breeding rams and ewes

Indicator Breeding rams Ewes

Breed KF AMM KMM KF

n 3 3 3 30
Height at withers, cm 80.5 80.0 81.5 68.5+0.14
Height at the croup, cm 81.5 82 83.5 68.9+0.12
Oblique torso length, cm 82 81 81.5 68.5+0.14
Chest depth, cm 42.5 42.0 41 35.6+0.12
Chest width, cm 38 35 36 32.7+0.13
Chest circumference, cm 123.5 122.0 120 106.5+0.14

Wrist circumference, cm 10 10 10.5 9.0+0.12

Note: KF - Kazakh Fine-Wool breed; AMM - Australian Meat Merino; KMM - Kyrgyz Mountain Merino; n — number of animals
in the group; ewe indicators are presented as the mean value *standard error of the mean (X£m)

Source: compiled by the authors based on research results

For selection purposes, tall animals with well-de-
veloped meat conformation and a strong constitution
are of greatest interest. As can be seen from Table 2,
no significant differences in basic measurements were
found. The rams in the experimental groups are tall
and fairly large, as evidenced by their height measure-
ments. They have well-defined meat conformation, a
long torso, and a deep and broad chest, characteristic
of meat animals. Characteristically, they have well-filled
thighs, combined with a developed hindquarter, which
determines their good meatiness. The animals are of
strong constitution, with pastern circumference meas-
urements ranging from 10.0 to 10.5 cm across breeds.
A similar pattern was found in ewes. When assessing
the exterior of farm animals, it is important to know
the development of body conformation indices. This
is necessary to evaluate the proportions and harmony
of the animal’s body and its suitability for a particular
economic use. The body conformation indices, as well
as body measurements, characterise the experimental
rams and ewes as long-legged animals with a long
torso, deep and broad chest, strong constitution, and
pronounced meat conformation. Thus, in the growth
and overall development of the studied sheep breeds,
general biological patterns characteristic of fine-wool
sheep of meat productivity and some features depend-
ing on their origin have been identified. At the same
time, a slight decrease in productivity in imported rams
of the AMM and KMM breeds is probably explained
by their lesser adaptability to the foothill conditions
of south-eastern Kazakhstan and year-round grazing
(Khamzina et al., 2025).

In addition to comparing the exterior of the exper-
imental breeding rams, the experiment aimed to study
the individual characteristics of each ram depending
on their origin as a potential sire of future offspring.
As pointed out by N. Ruziboev & B. Ashurov (2025), a
ram selected for its phenotype and origin is of breed-
ing value only if it has sufficient sexual activity, is
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capable of long-term exploitation with year-round
grazing on natural pastures, and produces good qual-
ity semen. Thus, the studies conducted show that the
experimental rams of various breeds have the best
sperm production indicators, which characterises their
high reproductive capacity.

The study of the acclimatisation of import-
ed experimental sheep in the foothill zone of the
south-eastern region of Kazakhstan includes the
body’s responses to new, unfamiliar climatic factors -
high temperatures and dry air in the summer months,
as well as increased atmospheric pressure and thin
air in the foothill pastures (Dossybayev, et al., 2019).
Fine-wool sheep tolerate high ambient temperatures
and direct sunlight easily. Table 3 shows the results of
two years of experiments measuring the temperature,
respiratory rate and pulse rate of sheep. In the morn-
ing, the body temperature, respiration, and pulse rate
of the animals in the compared groups were at their
lowest, and increased during the day. This is probably
due not only to the increase in ambient temperature,
but also to the large number of stimuli that cause a
certain reaction in animals, as indicated in the work
of V. Dvalishvili & V. Milchevsky (2021). As the ambi-
ent air temperature increased, the body temperature,
respiratory rate and pulse rate of the rams in groups |
and Il were significantly lower than those of the oth-
er groups. The relative increase in body temperature,
respiratory rate and pulse rate in the rams in groups
I and Il was significantly lower than that in the rams
in groups Ill and IV. The results obtained for physio-
logical indicators confirm the conclusions of A. Abdul-
muslimov et al. (2024) and Y. Islamov et al. (2025) on
the need to take regional characteristics into account
when selecting breeds for crossbreeding. Rams of Aus-
tralian and Kyrgyz origin showed stable clinical pa-
rameters (Table 3), however, during the summer period
at an air temperature of +27°C, KMM rams showed an
increase in respiratory rate to 49 breaths/min and an

45



Biological and productive features...

increase in body temperature to 39.6°C, which indi-
cates a lower adaptability to the hot climate of the
foothills compared to the local Kazakh Fine-Wool

breed. This is consistent with the data of Y. Islamov et
al. (2025) on the importance of animals’ adaptive ca-
pabilities when moving to new climatic zones.

Table 3. Average body temperature, number of breaths and heartbeats per minute (average over 2 years)

" o 1 (KF) Il (AMM) 1 (KMM) IV ewes (KF)
o e 5 el n=3 n=3 n=3 n=3
8 o o o
=5 < S o o (S (O]
-g' s z ® oa; oo oa; oo ou? oo oq; oo
- © = o c = c = < = <
& & 2 8 2 = g z2 = g z2 = g z32 = g
@ 3 ° £ o0 s = oD ® e o ® i o ® ]
E o o e 2 g @ < 2 g @ < 2 g @ < 2 g @ <
= ©° £ c 2 =5 2 =5 2 =5 2 5
= = £ £ £ £
(] (] (] (]
£=] - £=] £=]
Winter 8 4 38.9 14 71 38.6 22 73 38.9 22 68 38.5 21 66
13 6 39.5 22 72 39.2 23 70 39.0 23 69 39.2 21 67
Earl 8 6 39.2 23 78 39.4 24 75 39.2 21 74 39.4 22 74
spar:nyg 13 11 39.4 21 77 39.6 22 75 39.7 21 84 39.5 22 85
19 12 39.6 25 24 39.2 25 24 38.8 20 80 39.2 21 81
Sorin 8 16 39.6 89 85 39.3 86 81 38.9 37 98 39.1 34 96
AR 13 19 40.0 196 103 39.6 190 96 39.3 39 102 39.3 36 104
8 20 39.2 34 86 39.2 36 85 39.2 26 84 38.6 24 83
Summer 13 26 39.5 71 95 39.4 69 95 39.3 46 90 39.6 49 88
19 22 39.6 74 94 39.6 71 92 39.4 74 92 39.4 74 91
Autumn 8 9 393 62 82 39.3 62 81 38.9 24 69 38.4 23 68
13 14 39.5 82 83 39.2 79 85 39.0 26 83 38.3 24 85

Note: KF - Kazakh Fine-Wool breed; AMM - Australian Meat Merino; KMM - Kyrgyz Mountain Merino; n - number of animals
in the group; breathing - number of respiratory movements per minute; pulse - number of heartbeats per minute; | - group
of Kazakh Fine-Wool rams; Il — group of Australian Meat Merino rams; IIl - group of Kyrgyz Mountain Merino rams; IV - group

of Kazakh Fine-Wool ewes
Source: developed by the authors based on research results

In winter and spring pastures, when the ambient
temperature was no higher than 14-17°C, the exper-
imental rams of groups | and Il felt satisfactory and
grazed well. Although their physiological indicators re-
mained normal, they still differed slightly from the same
indicators in rams of group Ill and ewes of group IV.
When the ambient air temperature in the pasture rose
to 27°C and above in summer, the body temperature of
some animals in groups Il and IV rose to 39.6°C, their
breathing rate to 49 and their pulse rate to 88 beats
per minute. During the heat, they were depressed, did
not respond to external stimuli, did not graze, some had
diarrhoea, and their body condition score decreased.
Normal rapid breathing and increased body tempera-
ture for rams in groups | and Il is an ecological feature.
Their physical thermoregulation mechanism is highly

developed for hot climates and is probably different in
nature from that of rams in groups Ill and ewes in group
IV. The data obtained show that imported test animals
from different geographical areas differ in clinical in-
dicators, probably due to their constitutional structure.
They possess the necessary plasticity to adapt to the
foothill pastures of south-eastern Kazakhstan with
increased partial oxygen pressure and tolerate high
temperatures normally, which causes normal shifts in
their vital functions. According to N. Zhumadillayev et
al. (2022), an important indicator is the change in the
morphological composition of blood in farm animals in
connection with changes in living conditions. Studies
have shown that experimental sheep from different
natural and climatic zones in different seasons of the
year differ in their red blood cell patterns (Table 4).

Table 4. Red blood cell patterns of breeding rams and ewes from different geographical zones by season

Haemoglobin content, Erythrocyte content, % protein Average red blood cell

Groups | Seasons | n g/l million/pl in serum diameter, pm
Autumn | 10 57.3+0.41 11.3+0.50 7.4+0.09 3.96
I (KF) Spring | 10 50.6+0.44 10.4+0.47 - 3.94
Summer 10 61.0+£0.33 14.4+0.68 8.4+0.26 3.97
Autumn 10 56.4+0.30 9.3+0.29 7.2+0.24 3.96
Il (AMM) = Spring | 10 49.7+0.31 8.6+0.31 - 3.94
Summer 10 60.0+0.40 12.5+0.64 8.1+0.29 3.98
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Table 4. Continued

Haemoglobin content, Erythrocyte content, % protein Average red blood cell
Groups Seasons n o . .
g/l million/pl in serum diameter, pm
Autumn 10 56.7+0.26 10.4+0.41 6.4+0.20 3.84
I (KMM) | Spring | 10 48.5+0.40 9.8+0.31 - 3.86
Summer 10 59.7+0.52 13.4+0.40 7.1+0.24 4.04
W autumn 10 58.4+0.51 10.4+0.29 7.4+0.22 3.99
ewe .
+ + -
lambs KF) Spring | 10 49.7+0.31 9.8+0.32 3.96
Summer 10 60.7+0.38 14.4+0.46 8.1+0.16 4.06

Note: KF - Kazakh Fine-Wool breed; AMM - Australian Meat Merino; KMM - Kyrgyz Mountain Merino; n = number of animals in
the group; | - group of Kazakh Fine-Wool rams; Il - group of Australian Meat Merino rams; Il - group of Kyrgyz Mountain Merino
rams; IV - group of Kazakh Fine-Wool ewes; indicators are presented as the mean value * standard error of the mean (X m)

Source: compiled by the authors based on research results

The data obtained are consistent with the results
of S. Ceccobelli et al. (2023), who found that fine-wool
sheep show significant variability in physiological pa-
rameters depending on the season and housing con-
ditions. In the experiments conducted on Kazakh
Fine-Wool rams, seasonal variation was also noted:
erythrocytes increased from 10.4 million/ul in autumn
to 14.4 million/pl in summer, reflecting the body’s
adaptive response to changes in pasture altitude and
oxygen levels. The highest blood haemoglobin and
erythrocyte content, as well as serum protein content
in the experimental sheep, was observed in the sum-
mer when the sheep were on summer pastures located
at an altitude of 600-800 m above sea level. The in-
crease in haemoglobin and red blood cell content in all
groups of sheep during the summer period is associat-
ed with their transfer to high-altitude pastures (600-
800 m above sea level) with lower barometric pressure.
Haemoglobin in KF rams increased from 50.6 units in
spring to 61.0 units in summer (+20.5%), indicating a
compensatory response of the haematopoietic system
to high-altitude hypoxia. O.Karatieieva et al. (2022) em-
phasise that such physiological adaptations are closely
related to the constitutional characteristics of animals
and are an important criterion in selection. A compar-
ison of the results of blood composition studies in ex-
perimental sheep from different natural and climatic
zones showed that in all seasons of the year, rams in
groups | and Ill had lower levels of haemoglobin in the
blood and protein in the serum, they had fewer erythro-
cytes per unit of diameter, and they were smaller than
the rams and ewes in groups | and IV. There are proba-
bly grounds for saying that the rams in groups Il and Il
have a reduced ability to adapt to the conditions of the
foothills of south-eastern Kazakhstan.

Sheep production and its profitability depend to a
large extent on the number and quality of young an-
imals raised. In modern sheep farming, in a market
economy, one of the important factors contributing to
an increase in the industry’s production is the prop-
er organisation of herd reproduction (Deniskova et
al., 2019). To achieve this, it is necessary to ensure

maximum hereditary determination, fertility of ewes
and lamb survival. This leads to the most important
problem of intensive use of the reproductive composi-
tion of the flock to obtain the largest number of lambs
in a short biologically acceptable period of time, which
is one of the most difficult problems in sheep breeding.
A certain level of fertility is a breed characteristic and an
important component of their adaptive qualities to en-
vironmental conditions and the system of keeping and
feeding. The adaptive ability of animals allows them to
adapt to frequently changing environmental conditions
in which they can reproduce, grow, develop and produce
stable yields. In this study, the reproductive qualities of
Kazakh Fine-Wool ewes in purebred breeding and two-
breed crossbreeding with Australian Meat Merino and
Kyrgyz Mountain Merino rams were studied, and the
following indicators were examined in the resulting
purebred and crossbred young stock: the ability of ewes
to conceive, their fertility, and survival during the suck-
ling period (Table 5). A total of 450 ewes were insem-
inated, with a fertility rate of 97.3-98.0%. The highest
fertility rate (98.0%) was observed in ewes of group |
inseminated with rams of the Kazakh Fine-Wool breed.
A total of 176-182 live lambs were obtained in the ex-
perimental groups. A higher percentage of barren ewes
was observed in ewes of groups Il and Il inseminated
with semen from rams of the AMM and KMM breeds -
2.7%. Fertility in all groups of ewes was good - 117.0-
121.0%. At the same time, the fertility of ewes in group
I, inseminated with semen from KF rams, was 2.0-4.0%
higher than that of ewes inseminated with semen from
imported rams. During the suckling period, the high-
est survival rate was observed in lambs obtained from
KF rams - 97.3% and from AMM rams - 95.9%, rather
than from imported KMM rams - 95.6%. The fertility
rates obtained correspond to the data of A. Azhibekov et
al.(2023) and K. Yessengaliev & G. Kassimova (2023) for
fine-wool sheep in the south-eastern region. The higher
fertility of KF x KF ewes (121.0%) compared to industrial
crossbreeding variants (119.0% and 117.0%) is explained
by the better adaptation of the local genotype to pas-
ture conditions. K. Yessengaliev & G. Kassimova (2023)
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indicate that when using meat genotype producers, this experiment, lambs from AMM exceeded their peers
there is a 2-4% decrease in fertility, which is compen- in weight by 2.7-5.7%, which confirms the feasibility of
sated by an increase in the live weight of offspring. In  industrial crossbreeding to increase meat productivity.

Table 5. Reproductive qualities of ewes

Group
Indicator | Il n Total
KF x KF AMM x KF KMM x KF

Number of inseminated ewes, heads 150 150 150 450
Ewes that have given birth, head 147 146 146 439
Fertility, % 98 97.3 97.3 97.5

Lambs obtained, head 182 179 176 537
Fertility, % 121.0 119 117.0 119.0

Survival rate during the suckling period, % 97.3 95.9 95.6 96

Note: KF - Kazakh Fine-Wool breed; AMM - Australian Meat Merino; KMM - Kyrgyz Mountain Merino; | - crossbreeding
group Kazakh Fine-Wool x Kazakh Fine-Wool (KF x KF); Il - crossbreeding group Australian Meat Merino x Kazakh Fine-Wool
(AMM x KF); Ill - crossbreeding group Kyrgyz Mountain Merino x Kazakh Fine-Wool (KMM x KF); fertility (%) - ratio of ewes that
lambed to the number of ewes inseminated; prolificacy (%) — number of lambs born per 100 ewes; survival rate (%) - survival
of lambs during the suckling period

Source: developed by the authors based on research results

In meat sheep farming, live weight is a compre- a more sophisticated selection and matching system.
hensive indicator that characterises the growth, devel-  Against the backdrop of higher live weight, the effective-
opment and meat productivity of animals. Ultimately, ness of sheep selection and the formation of animals of
it determines the amount of product obtained (Lako- the desired type increases. A special criterion determin-
ta, 2025). According to J. Young et al. (2011), changes in  ing the growth and development of animals should be
average live weight, its increase or decrease over the considered to be the dynamics of live weight variability
years, serve as a clear illustration of the state of breed-  with age. Based on the indicators of this trait and its
ing work with the breed. An increase in live weight is  variability, it is impossible to plan breeding and selec-
a consequence of improved animal development and tion work or to select and match parent pairs (Table 6).

Table 6. Age-related variability in the live weight of lambs of different genotypes

G Sex n At birth 4.5 months 12 months
X+mX Cv X+mX Cv X+mx Cv
I rams 10 3.74£0.13 11 37.31£0.85 7.5 56.6+0.51 4.8
KF x KF ewes 16 3.5+0.10 11.7 36.7+£0.56 6.4 47.0+1.50 5.9
I rams 38 3.810.66 9.6 38.6+0.30 6 57.9+0.54 4.2
AMM x KF ewes 20 3.6+0.10 11.4 37.0+£0.43 6.8 48.3+0.59 5.5
1] rams 14 3.91£0.13 11.9 37.810.71 8.4 56.910.48 3.9
KMM x KF ewes 10 3.6+0.10 8.1 37.0+£0.67 6.8 47.0+1.52 5.7

Note: KF - Kazakh Fine-Wool breed; AMM - Australian Meat Merino; KMM - Kyrgyz Mountain Merino; n — number of animals
in the group; X#m - mean value of the trait and standard error of the mean; Cv - coefficient of variation, %; | - crossbreeding
group Kazakh Fine-Wool x Kazakh Fine-Wool (KF x KF); Il - crossbreeding group Australian Meat Merino x Kazakh Fine-Wool
(AMM = KF); Il - crossbreeding group Kyrgyz Mountain Merino x Kazakh Fine-Wool (KMM x KF)

Source: developed by the authors based on research results

The experimental lambs from all crossbreeding The differences in live weight observed in lambs at
options had average indicators at birth: the average birth were significantly smoothed out by the age of 4.5
live weight of rams in groups Il and Ill was 3.8 and months, as evidenced by the coefficients of variation. In
3.9 kg, respectively, and that of ewe lambs was 3.6 kg.  terms of live weight, both rams and ewes had the high-
Newborn rams in group | were significantly inferior to  est growth energy when weaned from their mothers. In
their peers in live weight by 2.7 and 5.7%, respective-  absolute terms, the live weight gain in rams was in the
ly. The difference in live weight between ewe lambs of  range of 33.3-34.9 kg, and in ewes - 33.4 kg.
all groups is insignificant and mathematically unrelia- The high early maturity of lambs in all groups
ble. At the same time, it should be noted that at birth, mainly depends on the genotype of the parents, in this
the variability of live weight is still insignificant and case on the maternal side. As can be seen, they pass
amounts to 11.9% for rams and 11.7% for ewe lambs.  on these abilities well through inheritance. In addition,
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this can be attributed to the high milk yield of Kazakh
Fine-Wool ewes, which ensures enhanced growth and
development of lambs. The early maturity of young an-
imals and their weight in the first year of life are of
exceptional importance in the formation of meat qual-
ities in sheep. In young animals of all groups at one
year of age, it was quite high in all crossbreeding op-
tions. The average live weight of ewe lambs, depend-
ing on the crossbreeding options, ranged from 47.0 to
48.3 kg and reached 70-75% of the live weight of their
mothers. According to the data obtained, the most in-
tensive live weight gain of lambs in all crossbreeding
options from birth to 4.5 months of age was within the
range of 98.4-103.1%; from 4.5 months to one year -
65.9-66.6%, and ewes, respectively, 97.2-99.1% and
76.6-78.0%. Analysis of the data obtained showed that
lambs in all crossbreeding variants differed in terms
of better growth and development during the suckling
period, after which the growth rate decreased signifi-
cantly until one year of age.

According to J. Oberpenning et al. (2025), the study
of the external characteristics of animals is not only
scientifically significant but also a production necessity.
Under the conditions of the existing technology in the
industry, constitutional strength and optimal size are of
vital importance for increasing meat productivity with
round-the-clock grazing in the foothills of south-east-
ern Kazakhstan. In the studies conducted, the method
of measuring basic external measurements was used
to obtain a more complete and objective assessment of
the growth and development of animals.To fully charac-
terise the physique of the test animals, the most impor-
tant physique indices were calculated for the animals
under study. In doing so, both the patterns common to
all groups and the characteristics specific to each ani-
mal selection variant were identified. Lambs in groups
I and Il differed in their more intensive growth during
the suckling period. Thus, in rams and ewes of group
[, the height measurements at the withers during this
period increased by 46.6 and 41.9%, respectively, in
group | - by 48.6 and 48.2%, and in group Il - by 43.6
and 44.7%. By the age of one year, the growth rate had
decreased significantly and varied between 16.3-20.5%
for rams and 13.6-23.2% for ewes, depending on their
origin. Similar data were obtained for the growth of
cross-sectional height measurements for the specified
periods and amounted to 37.3-21.2% and 31.8-25.0%
for groups | and 11, respectively,and 40.0-18.8 and 41.0-
12.5% for group lll. Measurements characterising the
meat qualities of group Il: lambs - 68.0-35.4%, 51.8-
21.6%, 71.3-30.9% and ewe lambs 62.4-26.0%; 61.2-
8.4%; 63.9-31.6%, in group | - 54.7-18.3%; 69.8-30.0%;
60.0-18.3% and 42.7-29.1%; 39.3-31.8%; 70.8-33.3%;
and in group Il - 60.7-20.5%; 49.3-20.0%; 65.7-33.5%
and 44.6-27.3%; 37.1-30.3%; 63.8-31.9%.

As can be seen, the lambs of group Il slightly sur-
passed the lambs of groups | and Il in terms of growth
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and development intensity according to the main exte-
rior measurements. Moreover, the greatest oblique body
length at one year of age was observed in the rams and
ewe lambs of group II, followed by the rams of group I.
The difference in chest width between the experimen-
tal animals is quite significant. Both rams and ewes of
group |l differ particularly in these measurements, sur-
passing their peers by 7.7-9.0% and 11.0-14.8%, respec-
tively. The chest of the experimental animals is char-
acterised by an increase not only in width but also in
depth. Thus, depending on their origin, the depth of the
chest in rams ranges from 35.1 to 35.9 cm, and in ewes
from 33.0 to 34.7 cm. The chest circumference behind
the shoulder blades in the experimental animals var-
ies significantly depending on their origin. The largest
chest circumference at one year of age is also found in
rams and ewes of group Il (106.0-104.7 cm). Differences
in limb development between the test animals of all
groups are not particularly evident, with the exception
of ewes of group Ill, which slightly exceed their peers in
terms of metacarpal circumference.

The differences noted in the measurements of indi-
vidual body parts of the experimental animals only par-
tially reflect their overall exterior type. As a result, body
type indices are of great importance, as they fully char-
acterise and, to the greatest extent, allow for judging
the development of the organism, its body proportions
and overall constitutional type. The animals studied are
characterised by varying degrees of development of the
elongation (or format) index with age. At the same time,
a higher format index is characteristic of meat-type
animals. According to the data obtained, the highest
value was recorded at birth in rams and ewe lambs of
group Il (64.4-64.2%). At the age of 4.5 months, lambs
of groups I and Ill,and at the age of one year, ewe lambs
of groups | and IIl exceeded rams in size by 2.3-4.6%.
At birth, the lowest compactness index was observed
in lambs of group Il (90.7-93.2%), and the highest in
lambs of group 11 (102.7-103.1%). Rams and ewe lambs
of group | differed insignificantly from each other. How-
ever, at 4.5 months of age, some differences appeared
depending on origin. Thus, the indicators of this index
were slightly higher for ewe lambs in group Il (172.4%)
and ram lambs in group Il (169.0%). At 12 months of
age, the lowest value of this index was recorded in rams
of group | (152.4 cm) and ewes of group Il (153.6 cm).
It should be noted that the values of this index in the
studied animals changed unpredictably with age. The
highest values of the mass index in all age periods
were observed in lambs of group Il, and at the same
time, at 4.5 months of age, they were slightly inferior
to animals of group 1. No significant differences were
found in the bone index of the animals in the compared
groups. Thus, based on the studies conducted, it can
be concluded that in the selection process, in order to
increase the productivity of Kazakh Fine-Wool sheep
at the Akbulak farm, along with purebred breeding
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(KF x KF), it is advisable to use Australian Meat Merino
and Kyrgyz Mountain Merino rams with Kazakh Fine-
Wool ewes in industrial crossbreeding.

Conclusions
The studies conducted showed that the genetic re-
sources of fine-wool sheep brought to the foothills of
south-eastern Kazakhstan are highly diverse and form
pronounced differences in a number of productive and
biological traits. It was established that Australian Meat
Merino rams demonstrated a statistically significant
advantage in live weight compared to producers of the
Kazakh Fine-Wool breed and Kyrgyz Mountain Merino;
the magnitude of superiority was 2.83% and 5.92%,
respectively, with a coefficient of variation Cv=12.7%,
which indicates a fairly high stability of the trait with-
in breed groups. The results confirm the presence of a
pronounced growth potential in AMM rams, which is of
important breeding and production significance for the
foothill zone conditions. Analysis of clinical, physiolog-
ical and haematological blood parameters showed that
all the groups of rams studied, despite their different
origins and the specific natural and climatic condi-
tions of their habitats, demonstrated a sufficient lev-
el of adaptation to the new environmental conditions.
Haemoglobin, erythrocyte and serum protein levels
were within the physiological norm and changed pre-
dictably depending on the season, which indicates the
high adaptive potential of the genotypes studied. Such
stability of homeostatic mechanisms allows for the
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KOMAYH 6MOoNoruanbiK yXaHa eHAYPYMAYY/YK €3reydenyKrepy
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TywTyk-BaTblw Man Yapbaubifibirbl YaHa 6CYMAYK 6CTypyY 600HYa UNMMUN-U3UNOEO UHCTUTYTY
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Kamun BacutoB
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BakbIT ATal6eKoB

Alnbin yapba UNMMOEPUHWH KaHaMaaThl, apaakTyy npodeccop
Kazak ynyTTyK arpapablK M3Mna0ee YyHUBEepPCUTeTH

060013, Abai npocn., 8, AnMaThl L., KazakcTaH Pecnybnukachi
https://orcid.org/0009-0002-6845-2030

AHHoTaumsaA. KaszakctaHaa Kol 4yapbaybiibirbl a3blK-TYIYK MEHEH KaMCbI3L00M0 XaHa eHep Xal YYYH YMIKK
3aT H6epyyae MaaHwnyy TapMmak 60MaoH kanyyaa. XXYHAYH HAapKbIHbIH TOMEOHABLWYHe 6ainaHbIWwTyy 3T 6arbiThiH
BHYKTYpYY ©3reye akTyanayy 6o0nyn, NnpoayKTMBAYYAYKTY >KoropynaTyyra 6arbiTranraH nopofanapibl TaHA0O
3apbin. M3unpeeHyH Makcatbl — ABCTpanusanaH xaHa Kbiprbi3 PecnybankacbiHaH anbiHbIN KereH TYHKOPYHAYY
acbll TYKyM KouykopnopyH KasakcTaHAblH TYHKOPYHAYY KOM MOPOAACbIHbIH KayKblHAAPbI MeHeH, Anmartbl
06NyCyHyH TOO 3TekTepuHaern “Akbynak” depmepauk yapbacbliHAa KYPry3yareH aprbiHAAWTbIPYY Yy4ypyHAa
6aanoo 6o0nroH. Ap 6upuHpe 150 GawTaH TypraH y4 Tonm Ty3yAym, anap y4yH ABCTpanuanbliK 3T MepUHOCY
(ABMM) nopogacbiHaH 3 koukop, Kbiprbiz Too MepuHocy (KI'M) nopoaacbiHaH 3 koukop aHa Kasak TyHKopyHAyy
(KT) nopopacbiHaH 3 KOYKOp KOALOHYAraH. MwTe Tasa TykyMm 6aryy >aHa MyyH ©3repyycyH Te3JeTKeH eHep
XKaWnbIK aprblHAALWTLIPYY bIKManapbl KONAOHyAraH. HaTbikanap KepceTKeHAew, KaTblKaH Kovkopnop Hekem
KOHCTUTYLMAChI, YOH, TUPYY CasiMarbl XaHa XYHAYH XaKLbl HACTPUTUHE 33 6onylKaH. KnnHUKanbik KepceTkyyTep
6apablk TONTOPAO (GM3MONOTUSANBIK HOPMaHbIH YermHae 60ayn, onyTTyy avblpMayblfbIKTap aHbIKTaaraH sMec.
KaH apanawmMacbiHbiH reMaToNornaIbiK KepCeTKy4YTepy ONTUManayy AEHr33NAe CakTanraH aHa mesrunpepre
Xapawa e3repyn TypraH, Oyn KbluKbingaHyy-kanbacyy npoLEeCcCTEPUHUH WMHTEHCUMBAYYAYIYH 4arbingbipraH.
| TonTory (KT x KT) kaukblHOapAbiH TyyT 6otoHYa KepceTkydy 3H oropy - 121,0 % Tty3yn, [l (ABMM x KT)
xaHa Il (KI'M = KT) tontopaoH TuewenyynyryHe xapawa 1,65 % xaHa 3,30 % xoropy 6onroH. Ko3ynapabiH
3IMYEKTEH YblrapraHra YerMunHku caktanyycy | tonto 97,3 % Ty3yn, 6yn kepceTkydy TeHTywTapbiHa kaparaHga 1,4 %
xaHa 1,7 % >xoropy 60nroH. MWTUH npakTukanblk MaaHncu — ABMM xaHa KI'M nopopacbiHAarbl KOUKOpaopay
KaszakcTaHablK TYHKOPYHAYY KOM MOPOAACbIHbIH YAYPNOPYHAS KOMLOHYY XYHAYH >KYKaAbIbIH KaKLWbIPTYyra,
Tepu-Tan YaublHbIH TMCTOMOPMONOTUANbIK TY3YAYLIYH 6PKYHAOTYYre, TYYyTTYYyK MEHEH KO3YNapAblH CaKTanyyCyH
)KOropynaTtyyra xaHa 3T 6arbiTbiHAArbl OHAYPYLITY KebelTyyre ebenre Ty3epyH kepceTeT

Herusru ce34ep: KasakK yaH XyHOYyY Koﬁnopy; dBCTPannAnblK 3T MEPUHOCY; KbIprbl3 TOO MEPUHOCY; TEN466;
TUPYY CanMarbl; AEHEHUH 6/14eenepy,; CDI/I3MOJ'IOFI/I9IJ'IbIK XXaHa reMatonoruanblk napameTpaep
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BakbIT ATan6eKkoB

KaHauoaTt cenbCKOXO39MCTBEHHbIX HAyK, MOYETHbIN Npodeccop
Kasaxckuhn HaumoHanbHbIM ArpapHbin MiccnenoBaTteNbCKMM YHUBEPCUTET
060013, npocn. Abaq, 8, . AnMaThbl, Pecrnybnmnka KasaxctaH
https://orcid.org/0009-0002-6845-2030

AHHoTaumsa. B KasaxctaHe 0BLIEBOACTBO COXPAHSIET BAXHOE 3HAYEHWE KaK MCTOYHWMK MPOLOBONALCTBUS WU
Cblpb€BOM 6a3bl MPOMBILIIEHHOCTH, @ B YCI0BUAX 0bOeCLeHUBAHMS WepcTu 0Coby aKkTyanbHOCTb nNpuobpeTtaeT
pa3BuUTME MACHOrO HanpaeneHus. Llenb uccnepnoBaHMa 3akn4vanacb B OLEHKE 3aBE3EHHbIX TOHKOPYHHbIX
H6apaHoB-npousBoauTeneit n3 Asctpanuu u Koiprbiscko Pecny6nvku npu Mx MCNONb30BaHUU B CKPELLMBAHUU
C MaTKaMM Ka3axCKOM TOHKOPYHHOW MOpoAbl B MNpearopHoi 30He depMepckoro xo3sancTtBa «AkbOynak»
AnmMaTtuHckow obnactu. beinn copmupoBaHbl Tpu rpynnbl MaTtok no 150 ronos, 4ng KOTOpPbIX MCNOAb30BAAN TPU
H6apaHa aBCTpanUMCKoro MacHoro mepuHoca (ABMM), Tpu BapaHa Kblprbi3ckoro ropHoro Meputoca (KI'M) un tpu
H6apaHa Ka3axckow TOHKOpYHHoW nopopbl (KT). MpMMeHANMCb YMCTONOPOAHOE pa3BefeHUEe U MPOMBbILLIEHHOE
cKpelmBaHue, obecrneymBaBLLIME YCKOPEHHOE M3MEHEHUE HACIeACTBEHHbIX U DU3MONOTMYECKMX XapaKTePUCTUK
XMBOTHbIX. Pe3ynbTaTbl Mokasanu, YTo NofonbITHbie HapaHbl 061afanu Kpenkow KOHCTUTYLMEN, KPYMHOM XXMBOM
MaCcCoOM M OTAMYHBIM HACTPUroM LepcTu. KnMHuyeckue nokasaTenu y Bcex GapaHOB HAaxXoAMNWCb B npepenax
$OU3M0NOrMYeCcKon HOPMbI, CyLLECTBEHHbIX Pa3NMUuMUii MeXAY rpynnamMu He BbisBNEHO. [eMaToNorMyeckuin cocTas
KPOBM COXPAHANCSA Ha ONTUMAZbHOM YPOBHE U MU3MEHSNCS MO Ce30HaM, OTpaXkast MHTEHCUMBHOCTb OKUCIUTENbHO-
BOCCTaHOBUTENbHbIX NpoueccoB. Mnogosutoctb MaTok | rpynnbl (KT x KT) 6bina camoi Bbicokon - 121,0 %, uto
Ha 1,65 % u 3,30 % Bbiwe no cpaBHeHuto co Il (ABMM x KT) u Il (KM x KT) rpynnamun. CoxpaHHOCTb MOMIOAHSKA
[0 oTbeMa y MaTok | rpynnbl coctaBuna 97,3 %, uto npeBblllano nokasatenu ceepcTHuy Ha 1,4 % u 1,7 %.
MNpakTnyeckas LeHHOCTb paboTbl COCTOUT B TOM, YTO UCNONb30BaHMe BapaHoB ABMM u KI'M B cTafilax kasaxckow
TOHKOPYHHOM NOpOAbl CMOCODOCTBYET YNYYLIEHUK TOHWHbI WepcTh, GOPMUPOBAHUID TUCTOMOPPONOTUYECKUX
CTPYKTYP KOXHO-BOJIOCSIHOrO MOKPOBA, MOBbILIEHWUIO NAOAOBUTOCTU U COXPAHHOCTU AMHAT, @ TaKXe YBEMYEHUIO
Npou3BOACTBa BapaHMHbI B MPeAropHbIX 30HaX ro-soctoka KasaxcraHa

KnioueBble cnoBa: Ka3axckas TOHKOPYHHas MOpPOAa; aBCTPANIMIACKUIA MACHOW MEPUHOC; Kbiprbl3CKMIM FOpHBbIi
MEpPWMHOC; NNOLOBUTOCTb; XMBas Macca; MpoMepbl Tena; GU3N0NOTMYECKME 1 TEMATONOMMYECKME NOKA3aTeNM
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