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Annotation. This article presents the results of studies of pigmentation of the hair of Karakul lambs
of various origins.

A morphological study of the coat of Karakul lambs revealed clear differences in the distribution and
shape of pigment depending on the color and genetic origin of the animals. In the hair of Karakul lambs,
pigment is found mainly in 2 morphological structures: in the form of individual melanin grains forming
linear aggregates of pigment granules, and in the form of voluminous clusters of pigment granules of a
fusiform, ellipsoid or spherical shape. The nature of these formations in hair of different colors is different.
In dark-colored lambs, melanin is present mainly in the form of linear chains of granules that form structures
concentrated in the cortical layer of the wool fiber. In lambs of the sur color, the number of individual
granules is small, and the main part of the pigment is concentrated in large aggregates due to the action of the
attenuating gene and the peculiarities of the spatial distribution of melanin. In lambs of the cambara color,
the pigment has a yellow-orange color and is localized mainly in the form of aggregates, and its size is 2-3
times lower than in black animals. It was found that differences in the morphology and distribution of
pigment affect the structural properties of wool fibers and may be related to the interaction of genetic factors
that control the intensity and shades of color.

Keywords: Karakul lambs, white and black wool fibers, melanin, eumelanin, pheomelanin.

Introduction. Pigmentation of animal integuments is of great biological importance. Firstly,
the pigment is a protective light filter for the body, and secondly, it plays a thermoregulating role,
protecting the body from overheating in conditions of high sunlight. The absence or insufficiency of
pigmentation in certain conditions leads to disruption of the vital activity of the body, which is
confirmed by numerous observations of biologists and animal scientists [1].

The coloring of the skin and hair of wild and domestic animals is very diverse. They depend
on the presence of special coloring substances called melanins. There are two types of melanin,
eumelanin, which is black or dark brown in color, and pheomelanin, which looks like small, almost
equal-sized yellow grains. The combination of these two forms of melanin explains the diversity of
mammalian integument colors. The difference in the chemical structure of eumelanin and
pheomelanin has not yet been revealed [2,3].

Numerous determinations of the quantitative content of melanin in mammalian hair have
shown that hair color also depends on the concentration of the pigment itself. Histological studies
were very valuable, on the basis of which it was proved that hair coloring depends not only on the
color of the pigment and its amount, but also on the nature of the distribution along the hair shaft
[4].

It is known that hair coloring depends not only on the type of melanin and its amount, but
also on the nature of its distribution along the length of the hair. Many scientists have studied t he
morphology of pigmentation of the hair of laboratory animals, fur-bearing animals and sheep using
the histological method, which is auxiliary in determining the color differences of hair [5,6].
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According to many scientists, the platinum coloration in Karakul sheep is formed by
reducing the amount of pigment and distributing it in the form of large clusters concentrated in the
cortical layer, on the border with the core. A similar pigment distribution was also revealed by these
researchers in Karakul lambs with pink and silver hair coloration [7,8].

In black lambs, the pigment accumulations in the hair are equal in size and have a spindle
shape, in lambs the colors of the sur are rounded and oval in shape and vary in size. Karakul, as
well as furs of fur-bearing animals, has a variety of colors. The value of the skin depends to a large
extent on one or another color [9].

Karakul sheep populations are characterized by a significant variety of colors. In the process
of evolution, this diversity contributes to the expansion of the range of hereditary variability, which
ensures a high level of plasticity of the species and its ability to adapt to changing environmental
conditions [10].

More attention should be paid to histological studies of the colors of Karakul furrows, since
the coloring of the hair is one of the important marketable qualities.

The processes of pigmentation of the skin and hair of Karakul sheep were first described by
E.Chiani (11) and K.M. Lakhanova (12). They established that the pigment in the skin of black
Karakul lambs appears in the third month of embryonic development. It is formed in specific
process cells called melanophores and spreads to nearby cells. Concentrating in the bulbs and
producing pigment, melanocytes stain the growing hairs.

It can be assumed that this phenomenon is directly related to adaptation to certain living
conditions. Animals of white color have a more developed layer of the core. Such a different-
quality condition of the hair, depending on the color, is not accidental. It is associated with certain
patterns of adaptation of animals to environmental conditions [13].

Many Karakul scientists have noticed a connection between the degree of pigmentation and
the viability of gray Karakul sheep. A particularly pronounced weakening of the constitution was
observed in animals of lighter shades. Thus, light gray lambs have significantly less vitality than
lambs of darker shades. Thus, it was established that the best resin qualities are characteristic of
black-colored skins [14].

Histological studies of hair pigmentation in black, brown, and fawn lambs have shown a clear
difference in pigment distribution types. While in the hair of black lambs the pigment granules are
more uniform, spindle-shaped, densely and evenly distributed, in brown lambs they vary in size and
are scattered, round, and oval in shape. They may be larger than in black lambs, but are less densely
distributed [15].

The mechanisms of pigment formation in sur-colored fetuses come into play after the
invagination of the hair follicle primordia has ended and the growth and keratinization of hair cells
has begun. Therefore, hairs with light ends become pigmented closer to the base. However, the
pigment granules at the base of the sur hair do not reach the same density as in black hair, which
indicates a certain inhibition of melanogenic processes in sur lambs and in subsequent stages of
embryonic development. Shifts in the timing of the onset of biochemical processes that ensure
melanin synthesis are hereditary, so they are reproduced in offspring, accumulate over generations,
intensify, and become constant. This theoretical explanation for the appearance of the sur color in
the Karakul breed and the statements of scientists and Karakul breeders about the birth of sur lambs
from black sheep allow us to consider the color of sur lambs not as a relict, preserved since the time
of domestication, but rather newly formed, having developed in a domesticated state and occurring
constantly in our time [16].

Materials and methods of research. The purpose of this study was to identify the
morphological features of the distribution of melanin pigment on the hair of Karakul lambs of
various colors and origins, as well as changes occurring in its structure during age-related
depigmentation. The object of the study was hair samples of Karakul lambs with an established
origin, selected from breeding farms in the Turkestan region (Table. 1), which made it possible to
take into account the influence of genotypic factors on the analysis results. Hair samples were cut
from lambs from the dorsal surface of the body in the sacrum area.
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This approach made it possible to take into account genotypic factors that potentially affect
the manifestation and nature of pigmentation. Histological analysis was performed using a standard
technique using microscopic preparations, which made it possible to study in detail the distribution
of pigment granules and the structural features of the hair depending on the color and age of the
animals.

The selected hair samples of Karakul lambs were subjected to sequential mechanical
cleaning in order to remove surface contamination. They were degreased in a Soxlet apparatus with
sulfuric ether, washed in a hot detergent solution, rinsed first with warm, then cold distilled water
and dried in a drying cabinet at a temperature of 105 © C. The purified samples were stored in a
desiccator.

Table 1 — Origin and coloration of lambs from which hair samples were taken

Parentage and coloring of parents Lamb coloring
Mother Father
Black, from black parents Black Black
Black, from black parents Sur golden Black, Sur golden
Black, from black parents Sur silvery Black, Sur silvery
Black I, II generations, from the mating of a Sur golden Black, Sur golden
black mother with a golden ram
Black I, IT generations, from the mating of a Sur silvery Black, Sur silvery
black mother with a ram sur silver
Black, from black parents Gray, from a black Black, Grey
mother and a gray father
Sur golden, from both parents sur golden Sur golden Sur golden, Black
Sur silver, from both parents sur silver Sur silvery Sur silvery, Black
Kambar from black parents or kambar Gray, from mother Pink (guligaz)
kambar and gray father
Kambar from black parents or kambar Kambar Kambar
Pink (guligaz) Kambar Kambar, Pink (guligaz)

Histological studies were performed on the hair of newborn, 20-day-old and 5-month-old
Karakul lambs of various colors and genotypes with varying pigmentation intensity. The hair of
harsh lambs was studied according to the staining zones. For histological studies, hair of the same
morphological type (awn) was used.

10-15 hairs were taken from the cleaned and washed sample, laid out on a slide and filled
with a drop of molten wax. The slides were cooled to 0 © C and kept at this temperature for several
hours. Then the frozen wax and the hair were separated from the glass, applied to pre-prepared
blocks, cooled again and cut using a microtome. With two or three strokes of the microtome razor,
the blocks were leveled, and then sections were made, which were transferred from the tip with a
brush or a preparation needle onto a slide.The thickness of the sections should not exceed 5-6
microns, since thicker sections cannot be used to study the internal structure of the hair.

The finished micro-preparations were examined under an MBI-1 microscope at a
magnification of 600 times (10 X 60), which provided visualization of both individual pigment
granules and their aggregates. The severity of pigmentation of the hair of Karakul lambs was
determined visually (bonification) and objectively (EPR spectrometry).

The results and their discussion. Homozygous black lambs. We found two types of
morphological pigment formations in the hair of Karakul lambs of black color - individual pigment
granules and their bulk clusters (aggregates).

In the hair of Karakul lambs homozygous for black coloration, a large number of melanin
grains are located in both the cortical and core layers, which create the impression of a solid dark
brown background at low magnification.

On the longitudinal sections. in the cortical layer, individual granules can hardly be seen,
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arranged in long, tightly connected chains running parallel to the length of the hair. There is no
pigmentation between the individual granules.

There are also clusters of rod-shaped and spindle-shaped granules in the cortical layer, the
length of which is 3-4 times their transverse size. Due to the fact that the size of pigment granules is
less than 1 mm, it is impossible to study their shape and size using a light microscope, therefore,
first of all, we studied the morphology of volumetric clusters of pigment. The sizes of clusters of
pigment granules are shown in Table 2.

Table 2 — Age-related changes in the size of clusters of pigment granules (aggregates) in the hair of
black Karakul lambs of various origins

Coloration and The length of pigment accumulations The width of the pigment accumulations
genotype of the (aggregates) (aggregate)
lamb
. at the age of | at the age of . at the age of | at the age
at birth 20 days 5 months at birth 20 days of 5 months
M+m M+ m M+m M=+m M+m M+m

Black, from a
uniform black- | 6,3+0,06 | 4,3+0,03 1,9+ 0,04 2,2+0,03 | 1,8+0,01 1,1 +£0,01
colored mating

Black, from a
mating that is
heterogeneous
in black color

7,6 +0,04 | 4,7+0,05 1,4+ 0,06 2,7+£0,03 | 2,30,02 0,9+0,03

Black, from a
uniform harsh- | 5,2+ 0,04 | 3,1£0,02 1,3+ 0,02 2,3+£0,02 | 1,56+ 0,03 0,7+ 0,01
colored mating

In the future, the offspring obtained from the mating of black-colored producers are
conventionally designated as homozygous, while lambs obtained from crossing black queens with
sheep of the sur color are considered as heterozygous for black coloring.

It can be seen from the data in Table 2 that the average size of pigment aggregates in the hair
of black lambs of different genetic origin is not the same. The largest aggregates are found in the
hair of black lambs obtained from a mating with a heterogeneous black color (black x sur).
Differences in the size of pigmented aggregates of black hair of lambs of different origins are
statistically significant (in all cases, P<0.01).

There are significantly fewer pigment granules in the core layer and their arrangement has
the character of a random scattering. The accumulation of granules is usually thicker on the inside
of the curl. On the cross sections of the hair, melanin grains form 7-8 concentric circles, as well as
clusters of oval and rounded shapes. In the cross sections of the hair tips, the pigment is located in
the same way as at the base, but pigment granules do not occur at the very tip of the aggregates.

In 20-day-old lambs, clusters of pigment granules begin to lighten, acquire a brownish hue,
pigment aggregates acquire clearly defined outlines, become smaller, but their number does not
change significantly.

By the age of five months, lambs, along with a decrease in the size of pigment aggregates,
also have a decrease in the number of pigment granules. They are located less densely, free spaces
appear between them, devoid of pigment. With age, the process of melanogenesis slows down, and
melanocytes of hair follicles produce melanin granules of lighter tones. The number and magnitude
of volumetric accumulations of pigment decrease dramatically.

In the hair of lambs with weakened black pigmentation, the concentration of melanin
granules and bulky pigment accumulations is the same as in hair with normal pigmentation.

Lambs , heterozygous for black coloration. The hair of black lambs, descendants of black
queens and sheep of the sur color, contains significantly less pigment than in black lambs descended
from both black parents. On microsections of the hair of black-colored heterozygous lambs, we
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noted a less dense arrangement of pigment granules with significantly fewer volumetric
accumulations of pigment, but the distribution of melanin granules and volumetric accumulations is
the same as in the hair of black lambs obtained from both black parents.

As can be seen from Table 2, the process of pigment destruction is most rapidly intense in
the hair of lambs of severe coloration. With age, both the destruction of pigment granules and the
formation of more friable pigment aggregates occur: their number decreases, and the granules
themselves become lighter. This is the result of a gradual decrease in the tyrosinase activity of
melanocytes contained in the hair follicle.

Studies of the hair of black lambs of different genetic nature and different pigmentation
intensity have shown that the distribution of pigment along their hair length is identical, but the
density of the pigment granules and the size of the volumetric accumulations of pigment
(aggregates) are different.

Colored Karakul lambs. Histological studies of the hair of lambs of the colors sur golden,
sur silver, cambara and pink were carried out by us, taking into account their origin and color
variations in the age aspect. The origin and coloration of the lambs from which hair samples were
taken are shown in Table 1.

On the longitudinal and transverse sections of the hair of colored Karakul lambs, both
individual pigment granules and their volumetric accumulation are found. The hair of such lambs
contains significantly less pigment than the hair of black lambs.

In the hair of lambs, sur colors are golden and silver, cambar and pink pigment are large
aggregates of ellipsoid and rounded shapes located along the length of the hair. The gaps between
these clusters of pigment are filled with a scattering of small pigment granules. Pigment granules
and their voluminous accumulations in the hair of golden and silver sur have a black - brown color,
the same as in the hair of black lambs. Pigment granules and their clusters in the hair of kambar
lambs and in the brown hair of guligaz lambs have a color close to yellow-orange.

In the hair of silver-haired cows, pigment accumulations have the shape of an ellipse, in
golden ones - ellipsoid and rounded, in the hair of lamb flounders - only rounded.

A disorderly scattering of melanin granules is revealed in the core layer of the hair of
colored Karakul lambs. Cross-sectional studies of this hair show that most of the pigment is located
in the cortical layer, where aggregates are mainly concentrated. It is very rare to find individual
aggregates in the core layer.

The hair is harsh, the scattering of pigment granules is very thin, the pigment aggregates are
loose and large. Closer to the top of the hair, aggregates of pigment granules are less common and
have smaller sizes. Aggregates acquire a mostly rounded shape. The tip of the golden sura hair is
filled with a fine scattering of pigment granules, and small rounded aggregates are also found here.
At the base of the hair, the aggregates and pigment granules are more dense.

We have not established differences in the size of pigment aggregates in the hair of colored
Karakul lambs, depending on their origin, except for the fact that larger clusters of pigment granules
are found in light-colored hair, smaller ones in dark hair. The sizes of clusters of pigment granules
are shown in Table 3.

Table 3 — The size of pigment aggregates (mc) in the hair of colored Karakul lambs of different shades
at birth

Length Width
Coloring light Average Dark light Average Dark
M+m M+m M+m M+m M+m M+m
Sur golden 30,6+3,1 | 193+12 [129+1,1 |93+04 8,5+£0,6 67,8 +0,6
Sur silvery 446+£3,0 [249+24 |16,6+08 |121+03 |7,9+0,7 6,104
Brown 104+0,5 |8,7+0,3 2,6£0,3 8,9+0,1 8,1+£0,2 2,1+0,2
Pink (guligaz) 7,6 +0,3 6,8+0,2 2,9+0,3 7,2+0,1 6,1 £0,3 3,1+0,1

In colored Karakul lambs, aggregates are located thicker in dark-colored hair than in light-
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colored hair. The densest accumulation of pigment aggregates and granules is observed on the inner
side of the curl. Aggregates in the hair of lambs of the color sur silver are much larger than in the
hair of lambs of the colors brown and guligaz, as well as sur golden. The difference in the size of
pigment aggregates in the hair of colored and Karakul lambs is highly significant. With age,
depigmentation of the hair in colored Karakul lambs proceeds much faster than in black lambs of
various origins.

By the age of 5 months, the hairline of colored Karakul lambs is strongly depigmented. By
this time, the pigment aggregates have already been almost completely destroyed or are very rare,
the scattering of pigment granules is very thin, and occasionally small groups of them are found.
The color of granules and pigment aggregates ranges from light brown to light straw. With age, the
tyrosinase activity of melanocytes in hair follicles partially decreases, and therefore they produce
more friable pigment aggregates and light-colored pigment granules.

The process of depigmentation of the hair of lambs of the cambara color, brown hair of
lambs of the guligaz color and the tip of the golden harsh hair proceeds much faster with age than in
the base and middle part of the hair of lambs of the sur color. This is due to the presence of yellow-
orange pigment in the tip of the hair of golden cows, in the hair of lambs of guligaz coloring, which,
apparently, is susceptible to faster decay.

Conclusion. Thus, morphological studies of the hair of Karakul lambs revealed clear
differences in the distribution of pigment in the hair, depending on their color and origin.

In the hair of Karakul lambs, pigment is found mainly in 2 morphological structures: in the
form of individual melanin grains forming linear aggregates of pigment granules, and in the form of
volumetric clusters of pigment granules of a fusiform, ellipsoid or spherical shape. The nature of
these formations in hair of different colors is different.

The black lambs' hair is dominated by individual melanin grains, which form a series of
concentrically arranged cylindrical surfaces in the cortical part, the longitudinal axis of which runs
parallel to the length of the fiber. These cylindrical surfaces have the appearance of chains on the
longitudinal sections, and concentric circles formed by melanin granules on the transverse sections.
In addition, rod-shaped and ellipsoid clusters of pigment granules are found in black hair, which do
not have clear boundaries at the birth of the lamb and acquire clear outlines with age.

The main amount of melanin in black hair has the appearance of linear formations consisting
of individual pigment granules, a much smaller part of it looks like bulky clusters.

In lambs' hair, the color of individual pigment granules is significantly less, and the main
amount of melanin is represented in the form of large volumetric accumulations. The dark base of
the hair of lambs of the sur color contains 9.8 - 10% of the pigment, i.e. about the same amount as
in the black hair of heterozygous lambs. The reason for the formation of discoloration of the sur
should, apparently, be sought not so much in a decrease in the total melanin content in the hair, as in
the distribution of pigment granules in it.

The strength of the curls of colored doodles is weaker than that of black ones, and this is
probably explained not only by the pleiotropic effect of color factors, but also by the different
distribution of pigment. It is possible that the pattern of pigment distribution at the base of the hair
in sur lambs is due to the action of the attenuating gene.

The pigment content in the hair is apparently influenced by other factors responsible for the
hereditary transmission of shades of light, medium, and dark. Most likely, this is a combination of a
dominant and recessive allele, as it allows, and also explains the inheritance of shades in red-brown
lambs (cambar). In flounder-colored lambs, the pigment in the hair is mainly in the form of clusters,
and the pigment granules and their clusters are colored yellow-orange, while the granules and
clusters of pigment in harsh and black lambs are black-brown. The hair of flounder-colored lambs
contains 2-3 times less pigment than the hair of black lambs of various origins. Hair coloring of
brown (cambara) Karakul lambs are caused by a different chemical nature of yellow-orange
melanin, as well as a smaller amount of it and a peculiar distribution along the length of the hair.
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IIBIKKAH TEI'T OPTYPJII KAPAKOJI KO3bIJIAPBIHBIH KYH KAMBIJIT BICBIHBIH
IHIUT'MEHTALNOUACBIHBIH 'EHETUKAJIBIK ACITEKTIJIEPI

AxanoB Y.K., aybU1 mapyanibuIbIFel FUTBIMAAPBIHBIH KaHTUIAThI
Hopaumona K.K., PhD
Jaypenoexosa K.II., aybi1 mapyalbUIbIFbl FRUTBIMIAPBIHBIH KaHUIAThI
HdxamunaoB U.C., XT-22-5k2 TOOBIHBIH CTYyIEHTI
EpmexobaeBa A.T., PhD

M.Ayez06 amevindazer Oymycmik Kasaxcman ynusepcumemi, [llviukenm k., Kazaxcman

Anparna. Makanajna opTypii IIBIFY TETi 9PTYPJi Kapakes KO3bUIAPBIHBIH KYH JKaMbUIFBICBIHBIH
MUTMEHTAIUSICHIH 3ePTTEY TYPalbl MATIMETTEP KENTipUITeH.

Kapaxen Ko3bUT1apbIHBIH KYH KaMBUIFBICEIH MOP(GOJIOTHAJIBIK 3€PTTEY HOTIKECIHIE KaHyapiapIbIH
Tyci MeH TCeHETHKANBIK IWIbIFy TeriHe OalIaHbICThl NUTMEHTTIH Tapalybl MeH (QOpMachiHIa alKbIH
afBIPMAIBUIBIKTAP aHBIKTAIBI. Kapaken Ko3bIapbhIHBIH INAIIBIH/A TMTMEHT HETi3iHeH 2 MOpP(OIIOTHSITBIK
KYpbUIbIMAA OOJafpl: MUTMEHTTI TYHIPLIKTEpAiH CBI3BIKTHIK arperarTapblH KYPaWThIH >KE€Ke MeJaHuH
ToHAEpl TypiHae xoHe (y3udopMIbI, MILTUIICOUATE HeMece cepalblK MUTMEHTTI TYHIPIIKTepIiH KeIeMIi
HIOFBIpIIapbl  TypinAe. JKyH TanmbFbIHAAFbl OYI TY3UTIMIEpJiH TaOWFaThl OPTYpHi TycTeple e3repin
epekieneneni. Kapa TycTi Ko3puiapjia METaHWH HETi3iHEH JKYH TaJIIbIFBIHBIH KOPTHKAJIbIbl KaOaThIHIA
LIOFBIPJIaHFaH KYPBUIBIMAAP TY3€TiH TYHIpIIIKTEpIiH CBI3BIKTHIK Ti30ekTep TypiHze Oomamsl. Cyp TycTi
JKaHyapJjiapJa eKe TYHIpHIKTepaiH CaHbl a3, aj MUTMEHTTIH HEri3ri Oeiiri aJcipeTeTiH I'eHHIH ocepiHe
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JKOHE MEJIAaHWHHIH KEHICTIKTIK Tapally epeKIIeTiKTepiHe OaiIaHBICTHI YJIKEH arperarrapiaa IIOFBIpIaHFaH.
Kambap TycTi Ko3bDIapjia MUTMEHT CapbI-KBI3FBUIT Capbl TYCKE W€ KOHE HETI3IHEH arperarrap TYpiHIE
JIOKAJIM3alisIaHFaH, all OHBIH MeJIepi Kapa jKaHyapiiapra KaparaHnga 2-3 ece TeMeH. [IurmeHTTIH
MOP(]OJIOTHUACH MEH TapalybIHJAFbl aWbIPMAIIBUIBIKTAp KYH TAIIIBIFBIHBIH KYPBUIBIMIBIK KaCHETTEpPiHE
ocep eTeTiHI aHBIKTANABl JKOHE TYC KAPKBIHIABUIBIFEI MEH pEHIOEpiH OaKbUIAMTHIH T'eHETHUKAIBIK
(hakTopIapaBIH ©3apa speKeTTecyiHe OalIaHbICThI OOTYBl MYMKIH.

Tipek ce3aep: Kapaken ko3bLIaphl, aKk *oHE Kapa TYCTi )KYH TaJIIIBIKTaphl, MEIaHWH, 3YMEJIaHUH,
dheomenanuH.

IFEHETUYECKUE ACHEKTBI IN'MEHTAIIU BOJIOCAHOI'O IIOKPOBA
KAPAKYJBCKHUX ATHAT PA3JIMYHOTI'O ITPOUCXOXKIEHUA

AxanoB Y.K., kaHIuIaT cenbCKOX035HCTBEHHBIX HAYK
HNopaumona K.K., PhD
JaypenoexoBa K.II., kanaumat cenbCKOX03IHCTBEHHBIX HAYK
JxanuiaoB U.C., ctynent rpynmbl XT-22-5k2
Epmexo6aeBa A.T., PhD

FOsicno-Kazaxemanckuil ynugepcumem um. M.Ayaszoea, LLlvimkenm, Kazaxcman

AnHoTanusi. B HacTosmeil cratbe NpeACTaBICHBI PE3yJIbTAThl HCCICIOBAHUNA ITUTMEHTAINH
BOJIOCSTHOTO MTOKPOBA KapaKyJIbCKUX SITHAT PA3INIHOTO MPOUCXOKACHHUS.

B pesynbTare MOp(OIOrHIECKOTO UCCIEIOBAHUSI NIEPCTHOTO MOKPOBA KapaKyJIbCKUX STHAT OBLTH
BBISIBIICHBI SIBHBIC pa3iW4usi B pachpelesieHnH W (opMe NUTMEHTa B 3aBHCUMOCTH OT OKpaca |
TEHETUYECKOTO MPOUCXOKIEHHUS )KUBOTHBIX. B BoJOCE KapakyJIbCKHX SITHAT MUTMEHT HAXOIUTCS TIaBHBIM
ob6pazoM B 2-x MOpQOJIOTHYECKUX CTPYKTypax: B BHAE OTICJIBHBIX 3€PEH MeJIaHHHA, O0pa3yIoIIKX
JUHEHHBIE arperatbl NMHTMEHTHBIX TpaHyl, W B BHJEC OOBEMHBIX CKOIUICHMH MUTMEHTHBIX TpaHyll
BEPETECHOBUIHOM, JJUTUIICOBUIHBIN WiH cdepuueckuid Gopmbl. XapakTep 3THX 00pa3oBaHHI B BOJIOCAX
Pa3HBIX OKPACOK pa3iIu4eH. Y ATHAT TEMHOTO [[BETa MEJNAHMH NPUCYTCTBYET B OCHOBHOM B BHUJIE JINHEIHBIX
Henel rpaHyi, KOTOpble 00pa3yloT CTPYKTYpPbI, CKOHIEHTPHPOBAaHHBIE B KOPKOBOM CIIO€ IIEPCTSIHOTO
BOJIOKHA. Y SITHAT PacUBETKU CYp KOJWYECTBO OTIENIBHBIX I'paHyJ HEBEJIMKO, a OCHOBHAs 4acTb IMUTMEHTA
cocpeloTodeHa B OOJNBIIMX arperarax u3-3a JEHCTBUS OCNa0sIONIEr0 TIeHa W OCOOEHHOCTEH
MIPOCTPAHCTBEHHOI'O pacIpeesieHnss MeJlaHHHA. Y STHAT PaclBeTKH KaMOap MUIMEHT HMMEeT XKelTo-
OpaH)KEBBIH IIBET U JIOKAJIN3YeTCs MPEUMYIIIECTBEHHO B BHJIE arperaTos, a €ro pa3Mep B 2-3 paza HUXKe, YeM
Yy UYEpHBIX JKMBOTHBIX. BBIIO OOHapyXeHo, 4TO pa3nuyusg B MOPQOJIOrHH M paclpelesieHMH NUTMeHTa
BIMSIOT HAa CTPYKTYpPHBIE CBOWMCTBA LIEPCTSHOIO BOJOKHA W MOTYT OBITH CBSI3aHBI C B3aMMOJIEHCTBHEM
TeHETHUYECKHX (PAKTOPOB, KOHTPOJIMPYIOIINX HHTEHCUBHOCTh M OTTEHKH IIBETA.

KawueBbie caoBa: Kapakyibckue srHsTa, Oenble M YepHbIE HIEPCTSAHBIE BOJOKHA, MEJIAHHH,
SyMeNaHuH, (eoMeNaHNH.
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