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Abstract. The population-genomic structure of the Vyatka horses was studied in the context of 10 male genealogi-
cal lines bred in the breed. Purpose. Evaluation of the genetic and breeding potential of the Vyatka breed, as well
as the influence of factory breeds. Methods. Isolation of DNA from the hair follicles of Vyatka horses (n = 38) was
performed using “ExtraGene DNA Prep 2000” by allele-specific PCR. Statistical calculations of allele frequencies
and the types of studied loci were performed using MS Excel 10 software. Results. The polymorphism of MSTN,
GYS1, DMTR3, CAST, and PRLR genes in Vyatka breed lines was studied for the first time. According to the
frequency of occurrence CAST G/A (0.472) and PRLR G/C (0.417), as well as the genotype MSTN T/T (0.579) is
somewhat dominated by the heterozygous genotypes characteristic of local breeds. They revealed polysaccharide
accumulation mutation PSSM1 (0.189), characteristic of draft horses, and the DMRT3 mutation (0.087), which
determines the ability for a non-standard gait-amble, noted among Oryol trotters, which indicates the presence of
draft and trotting blood in the lines carrying these alleles. MSTN/C and DMRT3/A alleles, which are not typical for
aborigines, are noted in Znatok line, whose representatives are distinguished by a lightweight body type and pro-
ductive movements. The carriers of the mutant defective GYS1 allele (PSSM1) were identified in five lines: Bob,
Gabizon, Buran, Dobrik, and Malakhit. Genotyping of all used stallions for genes associated with economically
useful traits will allow more efficient selection in the Vyatka breed and prevent the spread of unwanted alleles,
which is especially important for small breeds. Scientific novelty. For the first time, an intrapopulation genomic
analysis of the domestic horse breed was studied in the interline aspect, and the influence of factory breeds on
certain genealogical lines was shown. The polymorphism of the calpastatin (CAST) and prolactin receptor (PRLR)
genes has not previously been studied in horse breeding.
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Introduction with genetic methods, which is especially important in

To study and protect animal genetic resources, it is
necessary to pay attention to breeding work aimed at
preserving the linear structural diversity of breeds. 10
lines have been bred in the Vyatka breed (Bob, Gabi-
zon, Bubenchik, Radius, Dobrik, Buran-Sobor, Znatok,
Vorobey-Bagulnik, Kabur, Malakhit), the ways of se-
lection and breeding work have been outlined in order
to preserve genetic diversity. The Vyatka breed is ex-
tremely small, there are only 85 stallions in it [1, pp. 22,
24]. Applied breeding should be inextricably linked

N

small breeds. The use of these technologies will make it
possible to multiply the intensity of breeding, avoid the
accumulation of negative genetic mutations, obtain up-
to-date information and transfer of genetic complexes
responsible for the severity of the main breeding traits
among the horses of different lines and types [2, p. 13].

In recent years, Russian scientists have begun to
introduce genomic analysis technologies in fundamen-
tal research to improve horse breeding [2, pp. 13-16;
3, pp. 14-15; 4, pp. 66-68; 5, pp. 57-62; 6, pp. 26-27;
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7, pp. 258-266; 8, pp. 4-6; 9, p. 6]. Based on gener-
alization of the study analysis of structural genes and
DNA sections (STR, SNP) polymorphism among hors-
es, they presented the trends of marker breeding use in
the industry [2, pp. 13—-16]. Among them, the selection
was noted according to the markers associated with ec-
onomically useful traits, as well as the diagnosis of he-
reditary diseases [2, pp. 13—16]. Studies have begun in
the Vyatka breed on the genotypic features of the paint,
as a valuable breeding marker of the breed [9, p. 6].
Scientists have determined the structure of the Vyatka
breed of horses by mtDNA haplogroups [8, pp. 4-7].

The myostatin gene (MSTN) has been studied suf-
ficiently in horse breeding. Myostatin is a regulator of
skeletal muscle growth in many mammalian species.
Mutations g.66493737 T > C and g.66493737 C > T
were found in horses [4, p. 66; 5, p. 57; 6, p. 26; 10,
p. 91]. The results of the study of myostatin poly-
morphism for the nucleotide substitution g.66493737
T > C indicate that this mutant allele is typical for
many native horse breeds [4, p. 66; 5, p. 58; 6, p. 26;
7, p. 262-263]. The presence of the nucleotide substitu-
tion g.66493737 T> C in the MSTN locus of local breed
horses suggests that it existed in the genome of their
ancient ancestors during the period of domestication [7,
p. 263]. The g.66493737 C > T was not found in the
donkey and zebra, which allows us to conclude that the
T-substitution is more ancient (wild), which is consis-
tent with the herbivorous lifestyle of wild horses, when
they needed to travel long distances in search of better
pastures [4, p. 66]. The relationship between the poly-
morphism g.66493737 C > T and the distance qualities
of racehorses was revealed. The horses with the C/C
genotype are adapted for short distances, those with
the C/T genotype for medium distances, and the horses
with the T/T genotype are the best stayers [3, p. 15; 11,
p. 29-33; 12, pp. 56-63]. Histological analysis con-
firmed that the horses with the MSTN C/C genotype
had the musculature with well-developed short muscle
fibers, which ensured a powerful start and productive
muscle work over short distances, while the horses with
the MSTN T/T genotype demonstrated mainly stayer
abilities [3, pp. 14—15]. Scientists have found that the
motivation of racehorses to win is conditioned by one
of the genes of the peptitase family, encoded by PRCP
with the function of cellular metabolism activation [12,
pp. 56-63]. The success of horses in classical equestri-
an sports is also fixed at the genetic level [5, pp. 59-61;
9, pp. 92-63; 13, pp. 965-974]. The animals with the
C/C and C/T genotypes are superior to the horses with
the T/T genotype in terms of athletic qualities and mea-
surements in equestrian disciplines [9, pp. 92—63]. The
horses with the MSTN C/T genotype have some advan-
tages in equestrian competitions in terms of the num-
ber of starts and the number of prize-winning places
[5, pp. 59-61; 13, pp. 965-974].

il il ol il il ol

The mutation in DMRT3 gene also became the his-
tory of microevolution of horse breeds due to the phys-
iological effect on the coordination and variability of
movements among horses and led to the appearance of
amble and other “non-standard” gaits [7, p. 260]. This
gene has replenished the gene pool of many breeds of
horses and was named “Gait kee” [14]. A recessive mu-
tation of DMRT3 gene, which determines the ability
of a horse to move with an amble, was found among
the horses of all breeds where pacers are found, also
among some trotter breeds, including the Orlov trotter
[15, p. 278]. During the study of Russian native breeds,
a nonsense mutation in DMRT3 gene g.22999655
C > A was found among Altai, Bashkir, Vyatka, Mezen
and Tuva horses [7, p. 264; 14, pp. 276-278]. Only two
genotypes, A/C and C/C, were identified when studying
the polymorphism of DMRT3 gene (g.22999655 C > A)
among the horses of local Russian breeds. The majority
of horses tested (90.0 %) had homozygous DMRT3C/C
wild-type genotype. The frequency of the DMRT3A
mutant allele occurrence in these breeds ranged from
0.043 (Vyatka) to 0.167 (Tuva). At the same time, the
variability of the DMRT3 gene was found both among
the horses of the northern forest breeds of the European
part of the Russian Federation (Vyatka and Mezen), and
among Tuva horses living in Southwestern Siberia and
with a high level of the mutant allele fixation (0.167).
It is assumed that the improvement of the local stock
of horses by Oryol trotters led to the introduction of
the DMRT3/A allele into some breeds [7, pp. 264—-265].

A point mutation in GYSI1 glycogen synthase lo-
cus (g.18940324 G > A) leading to polysaccharide ac-
cumulation myopathy (PSSM1) may be the reason for
the horse performance reduction. Increased activity of
mutant glycogen synthase leads to excessive accumu-
lation of polysaccharides, mainly glycogen, in skel-
etal muscles and is the cause of rhabdomyolysis dur-
ing exercise of horses. Clinical signs include muscle
rigidity, sweating, weakness, reluctance to move, and
often lameness [16, pp. 163—164]. This undesirable
mutation in GYS1 gene is prevalent mainly among
draft horses [7, pp. 265-266; 16, p. 164]. Among all
the studied horses of domestic breeds, the homozygous
defective A/A genotype in this locus was noted only in
the Russian draft breed. The mutant allele GYS1A was
found with a low frequency (0.016—0.050) among the
horses of three local breeds - Bashkir, Buryat and Vy-
atka, which indicates a low probability of this mutation
fixation in aboriginal populations. It is assumed that the
presence of this defective allele among the horses of
local breeds is conditioned by their long-term crossing
with heavy draft breeds [7, pp. 265-266].

Thanks to modern methods of studying the horse
genome, more than two dozen genes responsible for
working capacity have been identified. Genotyping of
horses based on DNA chips of different density, which
can be used for early prediction of their working quali-
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ties, drawing up an optimal training plan and maximiz-
ing the potential of animals is the most effective one.
The task of assessing the genetic potential of horse
performance is inextricably linked with the control
problem of latent defects that reduce working qualities.
DNA genotyping techniques for six such anomalies
caused by single-locus mutations are available in our
country.

In general, the polymorphism of GYS1, DMTR3
and MSTN genes associated with the working qualities
of horses was studied in 10 Russian local breeds: Vy-
atka Altay, Bashkir, Mezen, Tuva, Tavdinskaya, Poless-
kaya, Priobskaya and Yakut breeds [7, pp. 262-267].
The C/C genotype of the MSTN gene was found, and
the DMRT3/A and PSSM-1/A alleles, rare for native
breeds, were also identified in the Vyatka breed, the
only one of all native breeds. The genetic variability of
horses at GYS1 and MSTN loci can affect the breed-
ing efficiency, so FAO (2015) recommends using these
markers when assessing the status of horse breeds and
populations [7, p. 258].

When identifying marker genes, economically use-
ful traits, other studies that affect the genetic condition-
ality of various physiological processes may be of par-
ticular interest. These genetic factors include the cal-
pastatin (CAST) and prolactin receptor (PRLR) genes,
which have not yet been studied in horses. The protein
encoded by the CAST gene is an endogenous inhibi-
tor of calpain (calcium-dependent cysteine protease). It
is involved in the proteolysis of the amyloid precursor
protein. The calpain/calpastatin system is involved in
numerous membrane fusion events such as exocyto-
sis of nerve vesicles and aggregation of platelets and
erythrocytes [17, pp. 70-75]. The studies of the CAST
gene conducted by Russian scientists in sheep breeding
have shown that it encodes growth factors, their recep-
tors, transport and regulatory proteins, i.e. participates
in the formation of muscle mass and, therefore, affects
the growth rate [18; 19, pp. 2-3]. The prolactin recep-
tor (PRLR) refers to membrane receptors associated
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with cytoplasmic protein kinases. It is a hormonal sig-
nal conductor for the gonadotropic hormone prolactin
and pituitary growth hormone. The hormones of this
family to some extent affect anabolic, hyperglycemic,
lipotitic, lactogenic, and growth activity [20, pp. 1-2].
The influence of prolactin receptor (PRLR) genotypes
on the milk productivity of cows and the reproductive
qualities of sows was revealed [20, p. 8; 21, pp. 37-38].

Intrapopulation genomic analysis of domestic horse
breeds has not been previously studied in the interline
aspect. The scientists assessed the genealogical struc-
ture of the Vyatka breed using the analysis of micro-
satellite DNA polymorphism [22, pp. 462-466]. How-
ever, microsatellites do not carry key information about
the genetic (phenotypic) characteristics of the horses
in which they are detected. Microsatellite analysis is
mainly focused on the main applied problem solution —
control and certification of the horse origin reliability,
implicitly the results of these studies will make it pos-
sible to judge intrabreed genetic diversity and genea-
logical relationships. Only a bioinformatic analysis of
genomes and the selection of suitable snips, also encod-
ing phenotypic traits, can provide valuable information
both about horse breeds and their populations in gen-
eral, and about individual animals. Genomic analysis
can also be used, among other things, to identify the
origin of animals [23, pp. 284-285].

The aim of the research is to study the population-
genomic structure of the Vyatka horses in the interline
aspect to assess the genetic and breeding potential of
the Vyatka breed and the influence of factory breeds. To
do this, the task was set in the context of the genealogi-
cal lines of the Vyatka breed to study the polymorphism
of genes that affect the health and working qualities of
horses, in particular, the loci that cause the accumula-
tion mutation of polysaccharides GYS1 (PSSM type 1),
non-standard gait (DMTR3), myostatin genes (MSTN),
as well as calpastatin (CAST) and prolactin receptors
(PRLR).

Table 1

Genotype polymorphism in the genes of calpastatin (CAST), prolactin receptor (PRLR)

and myostatin (MSTN) among Vyatka breed lines (P)

Line CAST PRLR MSTN
n AA GA GG n cc GC GG n cC TC T
Bob 9 10444 | 0.111 | 0444 | 9 | 0444 | 0444 | 0.111 | 8§ | 0.250 | 0.000 | 0.750
Bubenchik 1 | 0.000 | 1.000 | 0.000 | 1 | 0.000 | 1.000 | 0.000 | I | 0.000 | 0.000 | 1.000
Gabizon 4 1 0.750 | 0.250 | 0.000 | 4 | 0.250 | 0.750 | 0.000 | 5 | 0.000 | 0.400 | 0.600
Buran 7 10286 | 0.714 | 0.000 | 7 | 0286 | 0.143 | 0.571 | 2 | 0.000 | 0.500 | 0.500
Znatok - - — — — — — — 7 1 0143 | 0429 | 0.429
Radius 1 10.000| 1.000 | 0.000 | I | 0.000 | 0.000 | 1.000 | 2 | 0.000 | 0.500 | 0.500
Dobrik 13 1 0231 | 0.538 | 0.231 | 13 | 0.308 | 0.308 | 0.385 | 5 | 0.000 | 0.600 | 0.400
Malakhit - - - - - - - - 4 | 0.000 | 0.250 | 0.750
Vorobey - - - - - - - - 2 1 .0.000 | 0.000 | 1.000
Kabur 1 | 0.000 | 1.000 | 0.000 | 1 | 0.000 | 1.000 | 0.000 | 2 | 0.000 | 1.000 | 0.000
Total 36 | 0333 | 0.472 | 0.194 | 36 | 0.306 | 0.417 | 0.278 | 38 | 0.079 | 0.342 | 0.579
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Methods

The object of the study is the horses of the Vyatka
breed (stallions, mares) in the amount of 38 heads.
Sampling was carried out during the period of 2019—
2022 among the horses owned by collective farms and
private owners of four breeding regions of the Vyatka
breed: the Udmurt Republic, Kirov, Lipetsk and Mos-
cow regions. DNA extraction from hair follicles was
performed using ExtraGene DNA Prep 2000 (“Isogen”,
Moscow). When scanning for mutations in GYS1 and
MSTN loci, DNA amplification was performed by al-
lele-specific PCR (AS-PCR) using specially selected
primers. DMRT3 gene polymorphism was detected by
restriction fragment length determination (PCR-PRFL)
using BstDE-I restrictase. Electrophoresis of the ampli-
fied samples was carried out in 2 % agarose gel with the
addition of ethidium bromide and visualization of the
results in UV radiation. CAST and PRLR analysis were
performed by allele-specific PCR. The main studies
were carried out on the basis of the HorseGen Indepen-
dent Research Laboratory (Moscow), and partially at
the Etalon Diagnostics laboratory (USA) with the great
assistance of Dr. M. Wilkinson. Statistical calculations
of the allele frequencies and the types of the studied
loci were carried out using MS Excel 10 program.

Results

For the first time, a genomic intrapopulation analy-
sis was carried out for a number of SNP markers of
great breeding and economic importance (MSTN,
DMRT3, PSSM1) in the Vyatka breed. For the first time
in horse breeding, the genes of calpastatin (CAST) and
prolactin receptor (PRLR) have been studied. Table 1
presents the results of Vyatka breed horse genotyping
for the CAST, PRLR and MSTN genes in the context
of lines.

CAST and PRLR genotypes were studied in seven
out of ten male lines of the breed. The Vyatka breed
demonstrated polymorphism of the CAST and PRLR
genotypes, represented by three genotypes and two
alleles at each locus. Heterozygous genotypes G/A
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(CAST) and G/C (PRLR) with the indicators of 0.472
and 0.417 dominate by the frequency of occurrence.
Intraline analysis of genotype occurrence frequency
in the CAST locus showed a certain predominance of
the homozygous genotype A/A and G/G in the Bob line
and the A/A genotype in the Gabizon line. The het-
erozygous genotype CAST G/A prevails in the Buran
and Dobrik lines. The prevalence of the homozygous
G/G genotype was noted in the most numerous lines
of Buran and Dobrik at the PRLR locus. The heterozy-
gous G/C genotype predominates in the Gabizon line
(Table 1).

Myostatin genes (MSTN) have been studied in all
ten genealogical lines of the Vyatka breed. Almost
all lines showed the highest cumulative frequency of
MSTN T/C and T/T genotypes. C/C genotype, which
is not typical for aborigines, was detected in only two
lines, including the Znatok line, whose representatives,
in terms of type, agility and quality of movements, de-
viate towards the “leptosome” (quickly agile) type. The
predominance of the T/T genotype characteristic of lo-
cal breeds was noted in Bob, Gabizon, Malakhit and
Vorobey lines, among the studied representatives of the
Buran, Znatok and Radius lines, the T/C and T/T geno-
types are equally found, and there is a predominance of
heterozygous T/C genotype in the lines of Dobrik and
Kabur. In general, for the breed, the maximum frequen-
cy of occurrence was noted among the horses with the
T/T genotype (0.579), the minimum — among individu-
als with the C/C genotype (0.079) (Table 1).

In order to identify potential genetic trends in the
Vyatka breed, the laboratory of Etalon Diagnostics
(USA) with the great assistance of Dr. M. Wilkinson
conducted genomic studies of almost standard Vyatka
stallion Blagovest by phenotype, obtained from the
Dobrik x Gabizon cross line common in the Vyatka
breed. Genotyping was carried out at 19 loci. In partic-
ular, genetic predisposition to immune system diseases
(SLC5A3, DNAPK, OAS1), muscular (GYS1 (PSSM
type 1), GBEI, SCN4A, RYR1, CLCN4), neurologi-

Table 2

The frequency of allele A occurrence in GYSI (PSSM type 1)

and DMRT3 mutations among Vyatka breed lines

Line DMRT3 PSSM-1
N n P N n P
Bob 5 0 0.000 4 1 0.250
Bubenchik 1 0 0.000 1 0 0.000
Gabizon 3 0 0.000 3 1 0.333
Buran — — — 6 3 0.500
Znatok 6 2 0.333 4 0 0.000
Radius 1 0 0.000 3 0 0.000
Dobrik 2 0 0.000 10 1 0.100
Malakhit 3 0 0.000 2 1 0.500
Vorobey 2 0 0.000 1 0 0.000
Kabur - - — 3 0 0.000
Total 23 2 0.087 37 7 0.189
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cal MUTYH, MYOS5A), reproductive disorders (AR,
FKBP6), and skin diseases (PPIB, LAMC2, LAMA3)
was revealed among this stallion. Among the genes re-
sponsible for economically useful traits, the following
have been studied: lordosis of horses — a predisposi-
tion to age-related spine collapse (ECA20), to non-
standard gaits (DMRT?3), the aforementioned myostatin
(MSTN) and the “curiosity/vigilance” gene responsible
for the good nature of a horse (DRD4), which geneti-
cally confirmed the good nature and human orientation
of this horse. The latter gene is of particular interest
for practical application, however, since the DRD4 iso-
lation technique was not finally tested in the Russian
laboratory “HorsGen”, where our genotyping was car-
ried out, the studies of this gene of interest to us have
not yet been continued on a large sample of animals.

The results of the studies revealed the absence of
14 out of 15 protyped mutant alleles that cause heredi-
tary diseases. Among the genes responsible for health,
the stallion Blagovest turned out to be a carrier of
the PSSM type 1 allele encoded by A, which gave us
grounds to analyze the frequency of this allele occur-
rence in a given sample. Along with this, we typed a
group of Vyatka horses for the mutation DMRT3_Ser-
301STOP, which is not typical for the Vyatka breed,
also encoded by A (Table 2).

The studies of GYSI1 allele (PSSM1) in Vyatka
horses found that its frequency in the breed makes
0.189. The carriers of this allele were identified in the
lines of Bob, Gabizon, Buran, Dobrik, and Malakhit
(Table 2). We believe that this allele was introduced
into the Vyatka breed through wide cross-breeding
with the Russian draft horse. The ancestors of the lines
with the highest frequency of occurrence of the PSSM-
1 mutation (0.500) Buran and Malakhit were pheno-
typically characterized by a rather massive “airizome”
physique, which suggests that they have a certain pro-
portion of draft horse blood. Besides, Sobor, the only
successor of the Buran line, who also had a mutation,
was inbred to the Russian heavy draft stallion Gilita
(II-IV). Homozygous individuals for this mutation
with the GYS1A/A genotype were not found in the Vy-
atka breed. Two carriers of the mutant allele of DMRT3
gene were identified in the Znatok line, which, like the
ancestor, represented a pronounced lightweight type by
phenotype.
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Discussion and Conclusion

Polymorphism of the CAST, PRLR and MSTN
genotypes was revealed in the Vyatka breed, hetero-
zygous genotypes G/A (CAST), G/C (PRLR) and the
T/T genotype typical of local breeds (MSTN) domi-
nate by the frequency of occurrence. The homozygous
genotype MSTN T/T prevails in almost all lines of the
Vyatka breed. They revealed the mutation of polysac-
charides PSSM1 accumulation, which is characteristic
of draft horses, and the mutation that determines the
ability to amble DMRT3, noted in Oryol trotters, which
indicates the presence of draft and trotting blood in the
lines carrying these alleles. MSTN/C and DMRT3/A al-
leles, which are not typical for aborigines, are noted in
the Znatok line, whose representatives are mainly char-
acterized by a lighter type and productive movements.
The carriers of the defective GYSI allele (PSSM1)
were noted in five lines (Bob, Gabizon, Buran-Sobor,
Dobrik, Malakhit). The comparison of the above genet-
ic and phenotypic factors gives grounds to assume the
obvious influence of trotting blood in the origin of the
Znatok line ancestor, as well as the possible influence
of draft horses in the origin of the Buran and Malakhit
line ancestors. Genotyping of all stallions used for the
genes associated with economically useful traits will
allow more efficient breeding of the Vyatka breed and
prevent the spread of defective alleles, which is espe-
cially important for small populations.

The data on the genetic profile of the prototyped
Vyatka horses is included in the list of bioinformatic
data about horses entered into the electronic database
of the Vyatka breed developed by us. The results of our
research are applied already in drawing up a program
of selection and breeding work with the Vyatka breed
of horses. It is planned to continue and expand the stud-
ies of genotypic markers that are responsible for the
economic and biological characteristics of a horse, as
well as carrying undesirable alleles. Also, in order to
increase the efficiency of breeding work, preserve and
improve horse breeds, it is necessary to expand the list
of DNA genotyping methods available in Russia for
other unexplored animal markers, especially those with
the most economic importance.
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Biausinue ¢puroBeniecTB HAa OMOXUMHUYECKHI COCTAB
MbIIIEYHON TKAHU UbIIJIAT-0POMJIEPOB

I. K. Oyckaes'™, M. . Kypunknuna'

! @emepaIbHBIN HAYYHBIN LEHTP OMOTOTMYECKUX CHCTEM Y aTPOTEXHOTOT I
Poccniickoii akagemun Hayk, Open6ypr, Poccus

“E-mail: gduskaev@mail.ru

Annomayusn. Ueab nuccienoBaHus — OIEHKA BIMAHUS (DUTOBEIIECTB HAa OMOXMMHYECKHH COCTaB MBIIIEUHOMN
TKaHU IBIUIAT-OpoitnepoB. MeToabl HMcC/IeA0BaHMIl: aTOMHO-OMUCCHOHHOM CIIEKTPOMETPHS, KaIJUISPHBIA
anekTpodopes, razoxpomarorpadus. Hayunasi HoBu3Ha. BriepBble NpoBeeHa OLCHKA BIUSHUS (DUTOBEIIECTB
(raMMa-OKTaJaKTOHA, BAHUIMHOBOW KHCJIOTHI) HA OMOXMMHYECKHH COCTAB MBIIIEYHON TKaHM LBIILIAT-Opoiiie-
poB. Pe3ysabTarhl. BoxnuMudecknii cOCTaB MBIIIEYHON TKAHW XapaKTEPH30BaJICs Oollee HU3KUM COAEpIKaHUEM
AMHHOKHUCIIOT: THPO3WHA (TPyAHbIE MBIIIIIHI), IN3WHA, TPEOHNHA, aJlaHUHA, JIEHINHA + n3oieinnHa (OenpeHHbe
mprisl) Bo I rpymme (P < 0,05), u BBICOKMM BaJliHa M THUCTHAWHA (TpyaHbIe MBIE!) B I rpynme (P < 0,05) B
CpaBHEHHUH C KOHTposeM. Takke yCTaHOBJICHO YBEIHMUYCHNE KOHIIEHTPAIUU KHUPHBIX KUCJIOT B TPYJHOM MBIIIIE
(P <0,05): mupuctunoBoii u apaxunoBoit (I u II), creapunosoii (I1I), muronesoit (II u I11); cHmxeHnEM MaTbMH-
tuHOBOH (III) 1 mamsmuToonenroBOM (11 1 III). B 6eapeHHbBIX MBIIITIaX YCTAaHOBICHO YBEINYCHHE KOHIIEHTPAIIH
vupuctuaOoBoi (III rpymma, P < 0,05), onewnosoit (II rpymma, P < 0,05) KUpHBIX KACIOT. Y HBIUISAT-OpOHiIepoB
I rpymme! B TpyaHO# Mblme cHI3HIUCH (P < 0,05) xoHnnenTpanun MakposnemenTos (Ca, P, K, Na) u muxpoaie-
menToB (B, Fei). Bo Il rpynme ycranosneno ysemmuenne (P < 0,05) Ca, Co, Mn, Zn, B III — Fe (P < 0,05). B Ge-
JIpeHHON MBIIeYHO# TKaHu | rpymmer causmmmcs (P < 0,05) xoHneHTpanmn MakpoaremenToB K, Mg u yBenmdu-
mmck (P <0,05) Na, Ca, B, Cu, Ni, I, Zn. Bo II rpymme yBenmuumiocs (P < 0,05) conepxanne B, a B 111, Hao60porT,
obnapyxeno camkenue (P < 0,05) Ca u K. Takum 06pa3oM, HCITOIH30BaHNE BAHIIIMHOBOM KHCIOTHI B OT/IEIBHO-
CTH WJIM B COUETAHUH C FAMMA-JIaKTOHOM CIIOCOOCTBYET TTOBBIIIEHUIO OMOTOTHYECKOH IEHHOCTH MBIIIEYHOH TKa-
HU LBITUIIT-OPOIIIEPOB B YaCTH yBEIWUICHUS PsAJla HE3aMEHUMBIX aMUHOKHUCIIOT, HEHACHIIIEHHBIX KUPHBIX KUCIIOT
1 BaXXHBIX MaKpO- 1 MUKPOJIEMEHTOB.
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IHocTanoBka npodaemsl (Introduction)

OUTOOMOTHKH, TAaK)Ke W3BECTHBIE KaK (pUTOXUMH-
YecKHe WM (PUTOTeHHBIE ITpenaparsl, 00J1a/1aloT IHPo-
KHM CIEKTPOM OMOJOTHYECKOI aKTHBHOCTH U HEITAaBHO
MOSIBIJIMCH B KaU€CTBE aJIbTEPHATUBBI CHHTETUYECKUM
AQHTUOMOTHKAM — CTUMYJSITOpaM pocTa. DTH COCIH-
HEHHUSl Takke OO0Na/aloT IMPOTHBOBOCIIAINUTEIBHBIM,
AQHTUMHMKPOOHBIM W JIpyTUMHU Bo3aelcTBusmH [ 1, c. 2].
W3zBecTHO, 4TO PUTOOMOTHKH (MyKa U3 JIUCThEB Persi-
caria odorata u Piper betle) ynmyumanu mopgosoruio
KUIICUHHKA, IOJOKUTEIBHO MOIYIMPOBAIM M TOA-
JICP)KUBAIIM AMHAMUAKY MHKPOOHMOTBI CIIETION KHIIKH C
TOBBIIIEHHOH YCBOSIEMOCTBIO MUTATEIBHBIX BEIIECTB,
TeM caMbIM TOBBIIIAs ToOKazarenu pocra [2, c. 5].
Kpome TOro, UTOOMOTHKH CHOCOOCTBYIOT MOBBIIIC-
HUIO NOTpedieHus KopMa 1 xkuBoi Maccsl (P < 0,05) B

TOM YHCIIe, KaK TPEAIIONIaraeTcs, 3a CYeT YBEIMUCHHS
(P < 0,05) BBICOTBI BOPCHHOK W COOTHOIIICHHSI BHICOTHI
BOPCHHOK U TITYOMHBI KPUNT B TIOAB3IOIITHON, TOIIEH 1
JIBEHAJIaTUIIEPCTHOM KUIIKax [3, c. 4].
OuUTOONOTHYECKHE BEIIEeCTBA CIIOCOOHBI M30HMpa-
TETBHO JCHCTBOBATh HA OTICNBHBIC IMTaMMBEI Salmo-
nella spp. [4, c. 3]. Cmech GUTOOHOTHKOB, comepxKa-
IIyI0 THMOJ, MEHTOJ, JHHAJIO0OJ, TPaHC-aHETOJN, Me-
THJICATUIMIAT, |,8-IMTHEOI U M-IIUMOJT, TIPOSIBIISLIIA aH-
THOAKTEePHATHHYIO0 aKTUBHOCTh B OTHOIICHUN TAHHBIX
MATOTCHHBIX INTaMMOB, BBIICIEHHBIX Yy OpOiIepos.
HexoTopble ncciieoBaHus BEIBIIN TTOTCHIIHAIBEHBIC
BO3MO)KHOCTH BBEJICHHUS B PAIMOH TIepIa JUIS TIOBBI-
IICHUS TMPOMYKTUBHOCTHU IBIILIAT-Opoiinepos [5, c. 3;
6, c. 4], Tak e Kak ¥ AyOWIbHBIC BEIIECTBA KallTaHa
MOIYITUPYIOT METa0O0IN3M, TTOICPKUBAIOT POCT U 3(-
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(exTuBHOCTH KOpMIIEHUsI OpoiiiepoB [7, c. 4]. Otme-
YCHA MOJIOKHUTEIIbHAS POJIb APUPHBIX Maces, 0COOCHHO
9KCTPAKTOB M3 ceMmeicTBa Apiaceae, Ha MPOIYKTHB-
HOCTb OpOIJIEPOB; PACKPBITH BO3MOYKHBIE MEXaHH3MBI,
BJIMSIIOIUE HA 3/J0POBbE KUIIEUHHKA M [TOKA3ATENN PO-
cta [8, c. 3]. I30XuHONMHOBBIE alKaJOUIBI (CTaHIAp-
TU3UPOBAHHAS CMECh) PACTUTEILHOTO IIPOUCXOKICHUS
B YCJIOBUSIX TEIUIOBOTO CTpecca CHOCOOCTBYIOT MOBBI-
HICHUIO TOKa3aTeliell pocTa HBILIST-OpOiIepoB, YTO
MOXXET OBITh CBSI3aHO C YCHJICHUEM OKHCIIUTEIBHOTO
cTpecca, karabonu3ma OenKoB, OapbepHOi (YHKIHMH
KuieuHuka [9, c. 3].

[Ipn cpaBHHUTENBHOM JEWCTBMM aHTUOMOTHKA
(aBuamMunuH) U TpeX (GUTOOMOTHYECKHX KOPMOBBIX
J00aBOK MOATBEPIKICHA I(PPEKTUBHOCTD IMOCIEIHUX
B MOJJIEp)KaHMM IIOKa3aTeJeldl pocra W YIydlleHHH
MSICHBIX XapaKTEePUCTHUK OpOWIEpOB, 3apa)KeHHBIX S.
typhimurium [10, c. 5].

durtobnotuku (Myka JucTbeB Persicaria odorata)
yIIydIIaeT reMaroJIOTHUecKHe MOoKa3arelid M OHOXH-
MHYEeCKHe MPO(GUIN CBIBOPOTKH LBILIAT-OpOiIepoB
0e3 KaKoro-aubo HeOIAroNpHUsSTHOTO BO3ACHCTBUS Ha
rUCTOMOP(OJIOTHIO TTeUeHH Ha (pOHE yBEIWYEHHs I10-
KazareJeii pocra [11, c. 5].

OTMeueHO [10303aBHCHMOE BO3JEHCTBHE (QUTO-
OuoTHYCeCKUX (TATMOMOTHYCCKUX) J00ABOK B KOpME
[12, c. 3], a Tak)Ke CUHEPreTHYeCcKOoe B3aUMO/ICHCTBHE C
JPYTMMH BEIECTBAMH. Tak, U3y4eHO BIIUSIHUE CKapM-
JIMBaHMsI OEH30MHON KUCIIOTHI M KYPKYMOBOM MYKH IO
OT/IEJILHOCTH MJIM B KOMOMHaUuu Ha (OHE palioHOB
U3 IIIEHUYHO-COEBOM MYKH. YCTaHOBJEHO, YTO OHU
U30MpaTeIbHO YIyUIlaIN [TOKa3aTen PoCcTa, U3MEHS-
1 pH ¥ pocT KuleyHrKa, a TakKe MoBbIIAIN dPhek-
THBHOCTH UCTOIb30BaHUS dHEPTUU Kopma [13, c. 4].

OOHapy)XeH TOJOKUTCIbHBI CHHEPreTUYCCKUIA
s dekT npoOUOTHKOB U (PUTOOMOTUKOB Ha OaKTepH-
QJIBHBII COCTAaB KUIIEYHUKA U UX META0OIMUECKYIO aK-
TUBHOCTB y Opoitnepos [14, c. 4] Ha ¢one undexym,
Be3bIBaeMoii C. perfringens [15, c. 4], Ha noka3zaresu
pocTa M reMaroJIorHuecKue rnapamerpsl y Opoiliepos
[16,c.2;17,c.5].

Takum 00pa3oM LENbIO HCCIIECOBAHUI SIBISUIOCH
OILICHKA BJIMSHUS (DUTOBEIICCTB HA OMOXUMHYCCKUUN
COCTaB MBIIICYHOMN TKaHU LBIILIST-OPOMICPOB.
MeTtonogorusi 1 MeToabl ucciaenopanusi (Methods)

B wuccrnenoBanny ObUIM HCIONB30BAHBI CIIETYIO-
mue (GUTOXMMHUUECKHE BELIeCTBA: BAHWJIMHOBAS KHUC-
jmora  (4-rUIpOKCH-3-METOKCHOCH30MHAsT — KHCJIOTa,
97+%, Acros Organics), ramma-nakToH (98 %, Acros
Organics); 1pluIATa-0Opoiiepsr (kpocc Apbop Aii-
Kpec).

DKCIepUMEHTANIbHBIE HCCIIEIOBAaHHUsT OBUIM IIPO-
BeieHbl Ha 120 romoBax 7-THEBHBIX LBIIIAT-OpOii-
nepoB (ApGop Ailikpec, 4 rpymmsl, n = 30). Kon-
TpoJibHasl TpyIna — ocHoBHOW paiuon (OP); I onbit-
Hasi — ramma-jakToH (mo3a B cpemnem 0,07 wmur/roin/
neHb); Il ombiTHas — BaHWJIMHOBAas KUCJIOTa (J103a B
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cpennem 0,07 mur/ron/nens); Il onbiTHas — ramma-
JIaKTOH + BaHWJIMHOBas kuciota (1:1; mo3a B cpenHem
0,07 mu/ron/nens). KopMiieHue 1 MOCHHUE MTUIBI OCY-
IIECTBISUIOCh TPYMIIOBBIM METOOM COIVIACHO PEKO-
mengamusiMm BHUTHUIIL. Kopmiienue UbImisiT ocyIiecT-
BISIM COIVIACHO TOTPEOHOCTH OpraHu3Ma B pa3jiny-
HBIE€ BO3PACTHBIE MEPUOBI C UCTIOJIB30BAaHUEM KOPMOB
I1K-5 u IIK-6.

B3BemmBanune kaxa0ii 0coOM 0CyIIeCTBIISIIOCH HH-
JUBUIYAJIBHO €KEHEBHO YTPOM 10 KOPMJIICHHUS.

JlexanuTaryst NTULBI TPOBOMIIACK ITOJ] HEMOYTaJIo-
BbIM 3(hupoM Ha 42-¢ CyTKH SKCIIEPUMEHTA, OTIPEACIsi-
Jlach Macca BHYTPEHHUX OPIaHOB LBIILIST-OPOHIIEPOB.

JlabopatopHble HccIe0BaHUS TPOBOAUINCE B yC-
JIOBUAX IIEHTPa KOJIJIEKTUBHOTO MOJIb30BAHUS HAYyYHBIM
obopynoBanuem DenepanibHOTO0 HAYYHOTO IIEHTPa OHO-
JIOTHUECKUX CUCTeM M arporexHosioruu PAH.

Makpo- 1 MUKPO3JIEMEHTHBII aHAJIU3 MBILIEYHON 1
[IEYEHOYHOM TKaHEH, a TAK)Ke KOPMOB MCCIIE0BAIM HA
Macc-CIEKTPOMETPE ¢ MHAYKTUBHON CBA3aHHOM IuIa3-
moit Agilent 7900 ¢ cucremoit BOXXX 1260 Infinity 11
BIO-Inert.

OmnpejeneHne aMMHOKHCIIOTHOTO COCTaBa OHOCyO-
CTpaTroB — METOJIOM KaIMUIIPHOTO 3lieKTpodopesa ¢
ncnonb3oBaHueM cucremsl «Kanens-105M».

OmnpejeneHne KUPHO-KHCIOTHOIO cOCTaBa OHWO-
CcyOCTparoB — METOJOM T'a30BOi Xpomarorpaduu Ha
aBTOMaTHUYECKOM ra3oBoM xpomarorpade «Kpucrami-
JIFOKC-4000».

PabGora Obuia BBINOJIHEHA B COOTBETCTBUM C IIPO-
Tokos1amMu JKeHeBCKOM KOHBEHIIMU U MTPUHIUIIAMU Hal-
JIeKAIIeH J1abopaTOPHOIl MPAKTHKH B COOTBETCTBUU C
HanuonansHeiM crangaproM Pocculickoit ®denepauuu
(F'OCT P 53434-2009). Bce mpoueaypbl HaJl KUBOT-
HBIMH OBLIH BBITIOJIHEHBI B COOTBETCTBHUH C TIPaBHIAMHU
Komutera mo stuxe >KUBOTHBIX DemepalbHOrO Hayd-
HOTO LIEHTpa OMOJIOTUYECKUX CUCTEM M arpoTeXHOJIO-
run PAH.

CraTucTHYecKUil aHaIU3 MPOBOAMIICS C UCIONB30-
BaHueM nporpammel SPSS Statistics Bepcun 20 (IBM,
CIIIA), xoTopasi MCHOJNB30BAJIaCh YISl BBIYUCIICHUS
cpeaHero 3HaueHus (M), OMIMOKH CTAHAAPTHOTO OT-
kiaoHeHust (m). Ilpu nanpHeiliem aHanu3e HCIHONb-
30BaJICsl 3HAKOBBIM PAHIOBBIM TECT YMIIKOKCOHA, U
pe3yabrarel ObUIM NMPHU3HAHBI 3HAYMMBIMH C YPOBHEM
95 % (P <0,05).

PesyabTathl (Results)

AMUHOKHCIIOTHBIHN COCTaB IPyAHBIX MbIIII (puc. 1)
XapaKTepH30BaJICsS OOJIee HU3KUM COJECPIKAaHUEM THUPO-
3uHa Bo II rpymmne (P < 0,05), 1 BBICOKUM — BalKHa U
ructuauHa B I rpymnme (P < 0,05) B cpaBHEHUH € KOH-
TPOJIEM.

AMHMHOKHCIIOTHBIH ~COCTaB  OEIPEHHBIX  MBIIIIL
(puc. 2) xapakrepu3oBaiicsi 00Jice BEICOKUM COJCpKa-
HUEM JIM31HA, TPEOHWHA, aJlaHWHa, JIEWLMHA + U30JIei-
nuHa B cymme Bo Il rpynne (P < 0,05), Hu3kuM — Ba-
nuHa B I rpynme (P < 0,05) B cpaBHEHUH ¢ KOHTPOJIEM.
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Puc. 1. Pe3ynvmamot aMuHOKUCIOMHO20 COCMABA 2PYOHOU MblUUbL UbINAAM-0poiinepos (n = 5), %
Arg - apeunun; Lys - nusun; Tyr — muposun; Phe — penunananun; His — czucmudun; Leu/Ile - netiyun + usonetiyun
(8 cymme); Met — memuonun; Val - eanun; Pro — nponun; Thr — mpeonun; Ser — cepun; Ala — ananun; Gly — enuyun
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Fig. 1. Amino acid composition of the pectoral muscle of broiler chickens (n = 5), %

Arg - arginine; Lys — lysine; Tyr - tyrosine; Phe - phenylalanine; His - histidine; Leu/Ile - leucine + isoleucine (in aggregate);

Met - methionine; Val - valine; Pro - proline; Thr — threonine; Ser - serine; Ala - alanine; Gly - glycine
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Puc. 2. Pe3ynvmamul aMuHOKUCAIOMHO20 cOCMAasa 6e0peHHOot Mbludypl yuinasm-6potinepos (n = 5), %
Arg — apeunun; Lys — nusun; Tyr — muposun; Phe — penunananun; His — eucmudun; Leu/Ile - neiiyun + usoneiiyun (8
cymme); Met — memuonun; Val - sanun; Pro - nponun; Thr - mpeonun; Ser — cepun; Ala — ananum; Gly - enuvun
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Fig. 2. Amino acid composition of the femoral muscle of broiler chickens (n = 5), %

Arg - arginine; Lys — lysine; Tyr - tyrosine; Phe - phenylalanine; His - histidine; Leu/Ile - leucine + isoleucine (in aggregate);

Met — methionine; Val - valine; Pro — proline; Thr - threonine; Ser - serine; Ala — alanine; Gly - glycine
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AHanu3 JKUPHOKHCIOTHOTO COCTaBa TIPYIHBIX
Mbii (Tabnuma 1) nokaseiBaet yeenundenue (P <0,05)
KOHLIGHTPALUM HACBIILEHHBIX: MUPUCTUHOBOU B [ u II
rpynne, creapuHosoil B III rpynne, apaxunosoii B I u
II rpynnax ¥ noJaMHEHACHILIEHHON JIUHOIeBOU BO 11 u
IIT rpynnax »KUpHBIX KHCIOT U cHmkeHue (P < 0,05)
HACBILEHHOW NanbMUTUHOBOMU B III rpynne u MoHOHe-
HaCBILEHHOU NabMUTO001eMHOBOM BO 11 1 III rpynmax
JKUPHBIX KHCIIOT.

AHanu3 SKUPHOKHUCIIOTHOTO COCTaBa  OenpeH-
HBIX MbIII (Tabimuna 2) MOKa3blBaeT yBEIHYCHHUE
(P < 0,05) xoHIEHTpalnuu, HACBHIIEHHON MHPHCTH-
HoBoil (III rpynma), MOHOHEHACHIIIIEHHON OJENHOBOI
(IT rpynma) >KUpPHBIX KHCIOT B OMBITHBIX TIpyMNax
u cHmxenue (P < 0,05) HachIIIEHHBIX apaXxWHOBOM
(I rpynma), creapunosoii (II u III rpynmer) u MoHO-
HEeHachIleHHoH nanemutoonenHosoil (III rpymma) B
CPaBHEHHUH C KOHTPOJIEM.

_
-Ypana. CrenypanbHbtit BbIycK «buonoris n 6uotexonormmy, 2022 1.
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Bec BHyTpeHHUX OpraHoB (cele3eHKa M TIeUeHb)
XapakTepu30BaJICsl OoJiee HU3KUMM 3HAYEHUSIMH BO
BTOPOM M TPEThEU ONIBITHBIX I'PyIIAaX B CPABHEHUHU C
KOHTpoJieM (Tabiuua 3).

Pe3sysbrarhl OMOXUMHYECKOTO COCTABa MEYCHOYHOM
TKaHM (Tabnuua 4) MoKasbIBaIOT, YTO OTIEIBHOE HC-
MOJIb30BaHUS OMOIOTHUECKH aKTUBHBIX BELIECTB B Pa-
muone (I u 11 rpynmsn) UBIIIST-OpOiiIepoB NPUBOIUT K
cHikeHHIo (P < 0,05) KoHLIEHTpaIli MaKPO3IEMEHTOB
KaJbIMs U HATPHS, SCCEHIIMATIBHBIX U YCIOBHO-ICCEH-
LMaJIbHBIX MHUKPOXJIEMEHTOB 0Opa, Xpoma, HHUKENIs U
BaHa/Us, TOKCHUHBIX 3JIEMEHTOB aJIOMHMHHUS, CBUHIIA,
0JIOBA M KaJMUsl U yBenueHuo xenesa (P < 0,05).

B 1O ’Xe BpeMs COBMECTHOE MHCIIOJIb30BAHUE
Ouonornyeckn axkTUBHBIX BemectB B pauuone (111
IpyImna) LbIUIAT-OpoiyiepoB MPUBOAUT K YBEJIHYE-
Huto (P < 0,05) xanpust U aJIOMUHUS U CHUKEHUIO
(P <0,05) xenesa, HaTpusi, OOpa, Xpoma, KaJMusl.

Tabnuna 1
JKMpHOKUCTOTHBII COCTAaB TPYAHOI MBIIIIBI IBIIIAT-O0poitnepos (n = 5), %
Kucaora KonTtposbHas I onbITHAsN s II onbITHAsN III onbITHAS
C,,H,,COOH 0,2+ 0,09 0,4 +0,08* 0,5+0,11%* 0,3+0,17
C,;H, COOH 25,2+0,18 22,8 +0,12 21,5+0,17 18,2+ 0,13*
C,H,,COOH 740,11 5,8+0,13 3,1 £0,09* 3,8+0,13*
C,,H,,COOH 7,6 0,17 7,4+0,23 9,3+0,19 10,2 +£0,11%*
C,,H,,COOH 36,9+0,14 38,1+0,13 34,6 +0,17 31,9+0,14
C,,H, COOH 16,7+ 0,13 18,3 + 0,09 24,8 +£0,12* 25,1 £0,17*
C,,H,,COOH 6+0,18 5,8+ 0,21 4,9+0,27 6,9 +0,14
C,,H,,COOH 0,4+0,18 0,9 +0,07* 0,8+0,21* 0,5+0,13
C, H,,COOH 0,2+0,11 0,5+0,12% 0,5+0,17* 0,1+0,24
Ipumeuarnue. C ,H, COOH - mupucmunosas; C,.H, COOH - nanomumunosas; C, H, . COOH - nanomumoneunosas; C_H, COOH -

157731

177735

cmeapunosas; C_H, COOH - oneutosas; C _H, COOH - nunonesas; C H, COOH - nunonenosas; C, H, COOH - apaxunosas;

C, H, COOH - 6ezerosas.

217743
*P < 0,05 6 cpasHeHuu ¢ KOHMPONLHOLL 2PYNNOLL.

197739

Fatty acid composition of the pectoral muscle of broiler chickens (n Za:)fe‘yfz
Acid Group

Control I experienced II experienced 111 experienced
C, H,COOH 0.2 +0.09 0.4+0.08*% 0.5+0.11* 0.3+0.17
C,H,,COOH 25.2+0.18 22.8+0.12 21.5+0.17 18.2+£0.13*
C,H,,COOH 7+0.11 5.8+0.13 3.1+0.09* 3.8+0.13%
C,,H, ,COOH 7.6+0.17 7.4+0.23 9.3+0.19 10.2£0.11%
C,,H,,COOH 36.9+0.14 381+0.13 34.6+0.17 31.9+0.14
C,,H,COOH 16.7+0.13 18.3+0.09 24.8+0.12% 25.1+0.17*
C,,H,,COOH 6+0.18 5.8+0.21 49+0.27 6.9+0.14
C, H,COOH 0.4+0.18 0.9+0.07* 0.8+0.21% 0.5+0.13
C,H,,COOH 0.2+0.11 0.5+0.12% 0.5+0.17* 0.1+0.24

Note. C, .H, COOH - myristic; C, .H, COOH - palmitic; C, . H, COOH - palmitoleic; C_H,.COOH - stearic; C,_H,,COOH - oleic;

137727 157731 157729

177735 177733

C,H,,COOH - linoleic; C, _H, COOH - linolenic; C,;H,,COOH - arachin; C, H, , COOH - behenic.

177729
*P < 0.05 compared to the control group.

197739

12

217743
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Tabmua 2
JKupHoxucnoTHbIii cocTaB 6efpeHHOIT MBIIIIBI IBIIAT-Opoiinepos (n = 5), %
Kucaora KonTtpoabHnas I onbITHAN 1ﬂpymlall ONbITHASA I1I onbITHAS
C,H,,COOH 0,3+0,12 0,4=+0,17 0,3+0,11 0,5+0,14%*
CH, COOH 19,3+0,14 18,4+ 0,18 16,1 £ 0,21 18,3+0,16
CH,,COOH 0,9+0,21 0,9+0,11 0,9=+0,17 0,5+0,11*
C,H,,COOH 16,2+ 0,12 13,8 £ 0,15 9,3+0,17* 6,6 £0,13*
C,H,,COOH 20,1 +£0,17 21,8+0,14 249 +0,11* 19,0 £ 0,18
C,H, COOH 38,8+ 0,20 35,4 +0,18 45,5+0,19 32,5+0,15
C,H,,COOH 4,0+0,14 4,2+0,31 2,6 £0,18*% 6,1 £0,32
C, H,,COOH 0,3+0,11 0,1 £0,27* 0,4+0,24 0,3+0,22
C,H,COOH 0,1 £0,11 0,2+0,28* - 0,5+ 0,29*

Ilpumeuanue: C_.H, COOH - mupucmunosas; C

137727

157731

H, COOH - nanvmumunosas; C _H

157729

COOH - nanvmumoneunosas; C_H, CO-

177735

OH - cmeapunosas; C_H, COOH - oneunosas; C H, COOH - nunonesas; C, _H, COOH - nunonenosas; C H, COOH - apaxunosas;

C, H, COOH - 6ezerosas.

217743

*P < 0,05 6 cpasHeHuu ¢ KOHMPONLHOLL 2PYNNOLL.

Table 2
Fatty acid composition of the femoral muscle of broiler chickens (n = 5), %
Acid Group
Control 1 experienced 11 experienced 111 experienced
C, H,COOH 0.3+0.12 0.4+0.17 0.3+0.11 0.5+0.14%
C, H,COOH 19.3+0.14 18.4+0.18 16.1+£0.21 18.3£0.16
C H,COOH 0.9+0.21 0.9+0.11 0.9+0.17 0.5+0.11%
C, H,COOH 162+0.12 13.8+0.15 9.3+0.17% 6.6+ 0.13*
C,H,COOH 20.1£0.17 21.8+0.14 24.9+0.11* 19.0%0.18
C,H,COOH 38.8+0.20 35.4+0.18 45.5+0.19 32.5+0.15
C,H,,COOH 40+0.14 42+031 2.6+0.18* 6.1+0.32
C,,H,COOH 0.3+0.11 0.1+0.27* 0.4+0.24 0.3+0.22
C,H,,COOH 0.1+0.11 0.2 +0.28* - 0.5 +0.29*

Note: C H, COOH - myristic; C

511, COOH - palmitic; C, _H,.,COOH - palmitoleic; C, H, _.COOH - stearic; C

C_H, COOH - linoleic; C,,H, ) COOH - linolenic; C,;H,,COOH - arachin; CZIH“COOH; behenic.

177731

*P < 0.05 compared to the control group.

H_COOH - oleic;

177733

Tabmumna 3
Bec BHyTpeHHUX OpTaHOB IBINIAT-Opoiinepos, I (M + m, n = 30, ONBIT B yCTOBUAX BUBAPU)
I'pynna
Opran Konrpoabhas I onbITHAS IT onbITHAS I1I onbITHASK
CeuneseHka 3,20+ 0,59 3,02 +0,99 2,23+£0,32 2,95+0,58
[leuyens 54,65 + 6,19 61,40 + 7,44 52,55+2,36 50,77 £ 2,97
Table 3
Mass of internal organs of broiler chickens, g (M £ m, n = 30, experience in a vivarium)
Internal organ Group
Control 1 experienced 1I experienced 111 experienced
Spleen 3.20+0.59 3.02 +0.99 2.23+0.32 2.95+0.58
Liver 54.65 £6.19 61.40 £ 7.44 52.55+236 50.77 £2.97

Pesynbrarbl OMOXMMHYECKOTO COCTaBa TI'PyAHON
MBIIIEYHON TKAaHW IOKa3bIBAIOT, YTO OTAEIBHOE HC-
TI0JTb30BaHUsI OMOJIOTMYECKH AKTHBHOTO BEIIECTBA B
pammone (I rpymma) IBIUIAT-OPOHIEPOB MPUBOIUT K
cHkeHHro (P < 0,05) KOHIIEHTpaIi MaKpOIJIEMEHTOB
KaibLust, Gocdopa, Kanust, HaTpHs, ICCEHINAIBHBIX U
YCIOBHO-3CCEHIIMAIBHBIX MHUKPOJIEMEHTOB O0Opa, Ke-
ne3a, HUKeJs. VIcronb30BaHne BAaHWIMHOBON KHCIIOTHI
(IT rpymma) mpuBomuT K yBemuueHuo (P < 0,05) xanb-

ust, KoOanbTa, Maprasmna, IiMHKa. B To e Bpems co-
BMECTHOE HCIIOJIb30BAaHNE OHMOJIOTHYECKH AKTHBHBIX
BemiectB B panuone (III rpymma) mpruist-Opoiiiepos
MPUBOIUT K yBemmueHuo (P < 0,05) jxene3a u CHIKe-
Huto 6opa (P < 0,05) (tabmuma 5).

Pe3ynbrarel OMOXMMHYECKOTO COCTaBa OEApPEHHOMH
MBIIICYHON TKAaHW TMOKA3bIBAIOT (Tabiuma 6), 9To OT-
JIeITbHOE MCIIOIb30BAHUS ONOIOTUYECKH aKTHBHOTO Be-
miectBa B parpione (I rpymma) eI t-0poiiiepoB mpu-
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BOJUT K cHIbkeHHIo (P < 0,05) KoHIIeHTpanun Makpo-
2JIEMEHTOB Kalus U MarHus u ysenudenuto (P < 0,05)
HaTpusl, KaIbLust, 0opa, Me1, HUKeIIs, Ho/ia U [IMHKA.

Hcnonp3oBanne BaHMINHOBOM kucioTsl (II rpym-
na) MpuBOAMT K yBenuuenuto 6opa (P < 0,05). B To
)K€ BpeMsi COBMECTHOE HCIIOJIb30BaHUE OMOJIOINYECKH
aKkTUBHBIX BemiecTB B panuone (III rpymma) meimisr-
OpoitiepoB npuBOAMT K yBennuenuro (P < 0,05) Huxe-
ns Ha (one cHmxkenus (P < 0,05) kanpuus, Kajaus u
KpeMHus (Tabnuna 6).

buoxumuueckuil aHanu3 CbIBOPOTKU KPOBU I10Ka-
3ai (Tabnuua 7) HaTMYue HU3KUX KOHIICHTPAIUI Kajlb-
st 1 hocdopa (P <0,05) B I onbITHOH rpyIine u 6osiee
BbICOKHE 3HaueHus skene3a (P < 0,05) Bo I onbrTHOM
TpymIe B CPAaBHEHUHU C KOHTPOJIEM.
Oocy:xnenue u BbIBOAbI (Discussion and Conclusion)

Vcnonp30BaHHBIE B 3KCIIEPUMEHTE BEIIECTBA OKa-
3a]Id Pa3HOHAIIPABICHHOE AEHCTBHE Ha aMUHOKHCIIOT-
HBI COCTAB MBIIICYHBIX TKAHCH I[BIILIAT-OPOMICPOB.
B uyactHOCTH, OoOJNiee 3HAUYMTENbHBIE M3MEHEHUs IpO-
M30LLIM B OEAPEHHBIX MBIIIIAX, BO Il onbITHOM TpyIi-

P
-K Ypana. CrewyyranbHbtit Bbimyck «buonoris i 6uotexronoriimy, 2022 1.
N

e YBEJIUYMIIOCH COACPIKAHUE YEThIPEX HE3aMCHHUMBIX
AMHUHOKHUCJIOT (IM3MHA, TPEOHWHa, JeWuuHa + H30-
neduHa B cymme). OTMeuanaoch yBeInueHue HeHAChI-
IICHHBIX JKAPHBIX KHUCJIOT B TPYIIAx C BAHUIMHOBOMN
KHUCJIOTOH (Ipy/aHas MBIIIIA — JIMHOJIEBAass KUCJIOTa) U
BO BTOPO# rpymrne (OeApSHHBIC MBIIIIBI — OJICHHOBAs
KHCJIO0TA), @ TAKXKE Psijia BAKHBIX MaKPO- ¥ MUKPO3JIe-
MCHTOB.

B kauecTBe BepOSITHOrO MeXaHW3Ma JIEUCTBUS B
JIAHHOM CJly4ae MOKHO paccMarpuBarh CIIOCOOHOCTh
(huTOOMOTHKOB MOIUPHUIUPOBATE MOP(OJIOTUIO KH-
IICYHUKA, U3MCHSISI YCBOSEMOCTh M BCAChIBAHHUE ITH-
TaTeNbHBIX BEIIECTB. Tak, GUTOOMOTHKU M JTOOABKH,
CBSI3BIBAIOIIUEC TOKCHHBI, YAYYIIWIA [MOKA3aTeId PO-
cTa U MOP(OJIOTHIO KHIICYHHUKA IBIILIAT-OPOIepPOB,
MOJIBEPIIINXCS 3apakeHu 0. OTMEUEHO, YTO IBIILISITA-
Opoiinepsl, moaydaBiiue (GUTOOMOTHYCCKYIO 100aB-
Ky B COYETAHHH C TOKCHHCBSI3BIBAIOIIUM BEIIECTBOM,
HUMENTH OOJIBIIYIO JUIMHY BOPCHHOK M [JIYOMHY KPHIIT
[18, c. 4].

Tabnmuia 4
/eMeHTHBIII COCTAB NeYeH N IbIIAT-0poiinepoB, MKI/T (M £ m, n = 30, OIBIT B yCIOBUAX BIBAap)
I'pynna
daement KonTpouan I onbiTHAS ‘ II onbiTHAS 111 onbiTHAS
Konnenrpanusi MAaKpodJjieMeHTOB
Ca 123,0 +21,1 96,7 £ 8,69** 93,5 £ 8,6%* 215,4 £19,6%*
P 3948,1 + 385,6 3949,5 +295,6 3713,2 +£245,7* 3935,2+2953
K 3872,1 +288,6 4220,2 + 389,3%* 3542,1 +285,1 4014,2 + 386,5
Mg 238,4+223 236,2 + 19,4 230,4 + 18,7 242,5+ 183
Na 1826,3 +178.4 1560,3 + 148,2* 1616,8 + 158,2* 1537,4 + 148,6*
KoHueHTpanusi BaKHbIX H YCJOBHO Ba’KHBIX MHKPO3JIEeMEHTOB
As 0,02 + 0,003 0,02 + 0,003 0,02 + 0,003 0,02 + 0,003
B 0,24+ 0,019 0,13 +0,016** 0,17 +0,021* 0,14 +0,017**
Co 0,02 + 0,003 0,02 + 0,003 0,02 + 0,001 0,02 £+ 0,001
Cr 0,36 + 0,043 0,2+0,014* 0,17 +£0,021** 0,19 + 0,022*
Cu 5,51 +£0,49 4,69 + 0,37 4,55+0,32 5,18+ 0,48
Fe 352,0+£33,1 522,1 £49,3%* 597,3 £ 56,2%* 281,4+19,5*%
I 0,36 + 0,043 0,29 + 0,04 0,25+ 0,03 0,3 +0,026
Li 0,05 + 0,008 0,05 + 0,007 0,06 + 0,009 0,07 £ 0,002
Mn 3,76 + 0,35 3,39+0,29 3,9+0,28 3,99+ 0,35
Ni 0,23 £ 0,022 0,08 +£0,012%* 0,1 £0,015%* 0,16+ 0,019
Se 0,89 +0,11 0,86 + 0,103 0,8 0,096 0,73 + 0,088
Si 6,2 +0,52 5,38 +0,49* 6,28 0,53 6,04 £ 0,55
\Y% 0,02 & 0,003 0,01 +0,002%** 0,01 +0,002%* 0,02 + 0,004
Zn 32,5+2.85 30,1 £3,4 27,7+1,98 41,4 +325
Al 2,04 £0,12 1,1 +£0,09%* 1,75 +0,15 4,68 + 0,38**
KoHueHnTpanusi TOKCHYHBIX MUKP03JIEMECHTOB
Cd 0,05 + 0,008 0,03 +0,005* 0,05 + 0,008 0,02 £ 0,004**
Hg 0,03 + 0,005 0,03 + 0,004 0,04 + 0,006 0,04 + 0,005
Pb 0,04 + 0,007 0,03 + 0,004 0,02 + 0,003** 0,04 + 0,006
Sn 0,03 £ 0,005 0,008 + 0,002* 0,01 +£0,002* 0,02 + 0,003
Sr 0,19 + 0,023 0,12+0,015 0,13+0,015 0,2+0,014

IIpumeuanue.* P < 0,05; ** P < 0,01 6 cpasHeHUU ¢ KOHMPOAbHOU 2PYNnoti.
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The elemental composition of the liver of broiler chickens, mcg/g
(M + m, n = 30, experience in a vivarium,)

-l

Table 4

Element Control ‘ 1 experienced ‘ 1I experienced ‘ 111 experienced
Concentration of trace elements
Ca 123.0+21.1 96.7 + 8.69** 93.5 £ 8.6%* 215.4+£19.6**
P 3948.1 £ 385.6 3949.5+£295.6 3713.2+245.7* 3935242953
K 3872.1+288.6 4220.2 + 389.3%* 3542.1 +£285.1 4014.2 +386.5
Mg 238.4+22.3 236.2+19.4 230.4+18.7 242.5+18.3
Na 1826.3+178.4 1560.3 + 148.2* 1616.8 £ 158.2* 15374+ 148.6*
Concentration of important and conditionally important trace elements
As 0.02 +0.003 0.02 +0.003 0.02 +0.003 0.02 +0.003
B 0.24 +0.019 0.13+0.016** 0.17 +£0.021%* 0.14 £ 0.017**
Co 0.02 +0.003 0.02 +0.003 0.02+0.001 0.02+0.001
Cr 0.36 +£0.043 0.2+£0.014% 0.17 £0.021** 0.19+0.022*
Cu 5.51+0.49 4.69+0.37 4.55+0.32 5.18+0.48
Fe 352.0+33.1 522.1 +49.3%* 597.3 +£56.2%* 281.4+19.5%*
/ 0.36 +0.043 0.29 + 0.04 0.25+0.03 0.3 +£0.026
Li 0.05 £ 0.008 0.05 +0.007 0.06 £ 0.009 0.07 £ 0.002
Mn 3.76 £0.35 3.39+0.29 3.9+0.28 3.99+0.35
Ni 0.23+0.022 0.08 +0.012%* 0.1 £0.015%* 0.16 £0.019
Se 0.89 +0.11 0.86 +0.103 0.8 £ 0.096 0.73 £0.088
Si 6.2+0.52 5.38 +0.49* 6.28+0.53 6.03+0.5
4 0.02 +0.003 0.01 £ 0.002** 0.01 +0.002** 0.02 £ 0.004
Zn 32.5+285 30.1+3.4 27.7+1.98 41.4+3.25
Al 2.04+0.12 1.1£0.09%* 1.75+0.15 4.68 + 0.38%*
Concentration of toxic trace elements and heavy metals
Cd 0.05 + 0.008 0.03 +0.005* 0.05 +0.008 0.02 + 0.004**
Hg 0.03 +£0.005 0.03 +0.004 0.04 + 0.006 0.04 = 0.005
Pb 0.04 £ 0.007 0.03 +0.004 0.02 + 0.003** 0.04 £ 0.006
Sn 0.03 £ 0.005 0.008 = 0.002* 0.01 £0.002* 0.02 +0.003
Sr 0.19+0.023 0.12+0.015 0.13+0.015 0.2+0.014

Note. * P <0.05; ** P <0.01 compared to the control group.

OuToreHHass CMECh Ha OCHOBE OPTaHUYECKHUX KHC-
JIOT, TyOMIIBHBIX BEIIECTB, KYPKYMHHA U 3(UPHBIX Ma-
celt B 103e 250 MI/KT CHIKalla HACHIIICHHBIC KUPHBIC
KHCJIOTHl W YBEIIMYHMBaja HCHACHIIICHHBIC >XUPHBIC
Kuciotel [19, c. 5], 4To 0oTMEYan0Ch ¥ B HAIIUX HCCIIC-
JIOBaHUSX.

OUTOOMOTHYCCKHN TIPETIapar, CoIepKAIIU MacIo
KOPHIIBI M JTUMOHHYIO KUCIIOTY, TIOJIOKUTEITHHO BIUSIIT
Ha MHKPOOMOM TOHKOTO KHIICYHHKA, META0OIU3M JIH-
muaoB [20, c. 5]. AHATOTHYHBIN Pe3yIIbTaT HaOIIONATH
MBI B CBOUX HCCIICAOBAHHSIX.

Taxoke mpenmnonaraercsi, 970 KOPMOBBIC TOOABKH C
(bUTOOMOTHKAMHU CHOCOOHBI YITy4YIIaTh 3I0POBBE KH-
MICYHHUKA 32 CUCT CHMIKCHHUS OOIIEro KOJTMYECTBA KH-
IIEYHON TAJIOYKH B ciienon kumike [21, ¢. 5; 22, c. 2],
YTO ONArONpPHUATHO OTPAXKACTCs Ha OOMEHE BEIICCTB U
OTJIOKCHHIO HCHACKHINCHHBIX JKHPHBIX KUCIOT B MBI-
LIEYHOM TKaHHU.

W3BecTHO, YTO MHOTHE (PCHONBHBIC COCAMHCHHUS
(coenuHEHHs, WCIONB30BAHHBIC B HAIIEM JKCIICPH-
MEHTE. TaKXKe OTHOCSTCS K TJaHHOHU TPyIIIe) o0nagaroT
AHTHUMUKPOOHBIMHE cBoMcTBamH [23, ¢. 5]. MexaHU3MBI

UX aHTUMHKPOOHBIX CBOWCTB 10 KOHIIA HE BBISCHEHBI,
OJIHAKO IpeolII1aiacT TUIOTE3a O TOM, YTO OHH JETIal0T
9TO ITyTeM JAeCTa0MIN3alu MOBEPXHOCTH MUKPOOHBIX
KJIICTOK ¥ IUTOILIA3MaTHIeCKIX MeMOpaH [24, ¢. 930].

[TomyueHHBIE B TaHHOM SKCHIEPHUMEHTE PE3yIbTaThI
COIVIACYIOTCSI C paHee MPOBEICHHBIMU HCCIICTOBAHMS-
MmH. Tak, ObIJIO OTMEUEHO IOJIOKUTEIBHOE ACHCTBHE
(huTOBEIIECTB M NX COYETAHUI ¢ APYTUMH OHOJIOTHYE-
CKM aKTHBHBIMH JI0OaBKaMH Ha IOKa3aTeln KadecTBa
Msica Opoitepos [25, c. 4].

Kpome Toro, 1o6asieHue B palioH LBILIAT-OpOii-
nepoB Boswellia serrata (2 u 2,5 %), 6oraroii 6moso-
THYECKH aKTHBHBIMHM KOMITOHEHTAMH, TAKMMH KaK pa3-
JMYHbIE OOCBEIUINEBBIE KUCJIOTHI, XAMUYECKUI COCTaB
U TIUTATEIbHYI0 IIEHHOCTH ITOydaeMoro wmsica. bein
OTMEYEH ITOBBINICHHBIN ypoBeHb Ca B MBIIILAX IPYyIH
u rosiean (P < 0,05) u B meuenn (P < 0,05), a Taxxe
Mg B Mpimax roneru u nedeHu (P < 0,05), cHmkeHo
coznepxkanue Cu (B MBIIIIAX TPYIKH, TOJICHH U TICYCHH)
(P <0,05) [26, c. 300]. B Hamrem cny4ae yBelIHYCHHE
Ca Ob110 Gostee BrIcOKMM Bo 11 rpymme (TpyaHast MbIm-
11a), ypoBeHb Cu He H3MEHMIICS.
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Tabnuya 5
J/IeMeHTHBIII COCTaB IPYHOI MBILIIIBI IbINIAT-OPOIi/IepOB, MKI/T
(M £ m, n = 30, OIBIT B yCIOBUAX BUBAPIT)
JJieMeHT I'pynna
KonTtpoin \ I onbITHAS \ I1 onbITHAS | III onbiTHASI
KoHneHTpamus MaKpo31eMeHTOB
Ca 68,6 + 7,65 49,8 £ 3,65%* 85,6 +7,58%* 69,3 + 5,86
P 3147,2 £265,3 2530,1 £243,1* 3173,5 +289,2 3443,2 +256,2
K 6154,2 + 5243 4623 £356,1* 6440,3 +546,2 64773 +£542,3
Mg 395,3£35.2 337,2+33,1 398,2 £39,2 451,24+ 35,6
Na 882,1 £ 78,6 746.,2 + 65,8* 828,3 £ 78,2 926,2 £ 85,2
KoHneHTpamnus BaKHBIX U YCJI0BHO Ba:KHBIX MUKPO)JIEMEHTOB
B 0,25+ 0,031 0,19+0,013* 0,23 £0,027 0,14 +£0,017*
Co 0,002 + 0,0004 0,002 £ 0,0003 0,009 + 0,0018* 0,003 £+ 0,0007
Cr 0,13 +£0,015 0,2 £0,024 0,27 £0,032* 0,14 +£0,017
Cu 0,53 + 0,06 0,42 +0,05 0,59 + 0,07 0,49 + 0,035
Fe 15,2 +1,48 10,3 £ 1,11%* 172+£15,2 20,2 +1,89*
I 0,15+0,018 0,05 £ 0,007 0,07 £0,011 0,1 £0,015
Mn 0,27 £0,032 0,17+0,02 0,61 £0,073* 0,28 + 0,033
Ni 0,04 £ 0,006 0,01 +0,002* 0,01 £0,013* 0,03 £ 0,005
Se 0,11 +0,013 0,11 +0,013 0,11+0,014 0,15+0,018
Si 6,24 + 0,58 6,31 +0,58 6,8 £0,59 7,59 £ 0,55
Zn 4,96 + 0,52 3,35+0,32 9,57 £0,85%* 5,61 £0,63
Al 1,05+ 0,1 0,82 + 0,098 0,87+ 0,11 4,73 £0,35**
KoHueHTpanusi TOKCMYHBIX MUKP0JIEMEHTOB U TSKeJbIX METAJLIOB
Cd 0,0007 + 0,0002 0,002 £+ 0,0003* 0,0009 + 0,0003* 0,001 +0,0002*
Hg 0,03 £ 0,004 0,03 + 0,005 0,03 + 0,004 0,03 + 0,005
Pb 0,02 + 0,003 0,02 + 0,001 0,02 + 0,003 0,03 + 0,004
Sn 0,005 £+ 0,001 0,002 £ 0,0004** 0,01 0,002 0,009 £ 0,002*
Sr 0,08 £0,013 0,05 + 0,008* 0,09 + 0,013 0,09 +0,013
ITpumeuanue. * P < 0,05; ** P < 0,01 6 cpasHeHUU ¢ KOHMPONbHOU 2PYNNoti.
Table 5

The elemental composition of the pectoral muscle of broiler chickens, mcg/g
(M + m, n = 30, experience in a vivarium)

Element Control | Iexperienced | II experienced | III experienced
Concentration of trace elements

Ca 68.6+7.65 49.8 + 3.65%* 85.6+7.58* 69.3 +5.86

P 3147.2+265.3 2530.1 £243.1* 3173.5+289.2 3443.2 +£256.2

K 6154.2+£524.3 4623 +£356.1* 6440.3 £ 546.2 6477.3 £ 542.3
Mg 395.3+£35.2 337.2+£33.1 398.2+£39.2 451.2+£35.6
Na 882.1+£78.6 746.2 £ 65.8* 828.3+78.2 926.2 £85.2

Concentration of important and conditionally important trace elements

B 0.25+0.031 0.19+0.013* 0.23+0.027 0.14 £ 0.017*

Co 0.002 £ 0.0004 0.002 £ 0.0003 0.009 £ 0.0018* 0.003 £+ 0.0007
Cr 0.13+0.015 0.2£0.024 0.27 £0.032* 0.14+0.017
Cu 0.53 +£0.06 0.42 +0.05 0.59 +£0.07 0.49 £ 0.035
Fe 15.2+1.48 103+ 1.11% 17.2+15.2 20.2 + 1.89*
/ 0.15+0.018 0.05 +0.007 0.07 £0.011 0.1£0.015
Mn 0.27 £0.032 0.17 £0.02 0.61 £0.073* 0.28 +£0.033
Ni 0.04 £ 0.006 0.01 £0.002* 0.01 £0.013* 0.03 £ 0.005
Se 0.11 £0.013 0.11 £0.013 0.11 £0.014 0.15+0.018
Si 6.24+0.58 6.31+0.58 6.8£0.59 7.59+£0.65
Zn 4.96 +0.52 3.35+0.32 9.57 £0.85* 5.61+0.42
Al 1.05+0.1 0.82 +£0.098 0.87 £0.11 4.73 £ 0.35**

Concentration of toxic trace elements and heavy metals

Cd 0.0007 £ 0.0002 0.002 £ 0.0003 0.0009 £ 0.0003 0.001 £0.0002
Hg 0.03 £ 0.004 0.03 £ 0.005 0.03 £ 0.004 0.03 £0.005
Pb 0.02 +0.003 0.02 +£0.001 0.02 +0.003 0.03 £ 0.004

Sn 0.005 +0.001 0.002 £ 0.0004** 0.01 £0.002 0.009 £ 0.002*
Sr 0.08 +0.013 0.05 + 0.008* 0.09 +0.013 0.09 +£0.013

Note. * P < 0.05; ** P < 0.01 compared to the control group.
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JNleMeHTHBDIIT COCTaB MBIIIEYHOIT TKAHU Ge[pa IBIIIAT-OpoiiTepoB, MKT/T
(M + m, n =30, onBIT B yCIOBUSAX BUBAPU )

il il
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Tabnuya 6

DJieMeHT KonTpoJanb \ I onbITHAS \ II onbITHAsK | Il onbITHAsS!
KOHIIeHTpaIII/Iﬂ MaKpPO3JIEeMEHTOB
Ca 66,5 + 5,89 87,4 £ 7,65%* 66,3 + 5,68 59,7 + 4,89*
K 6980,2 + 568,3 6001 + 586,3* 6106,3 + 526,3* 61322 + 586,3*
Mg 4242 395 3174 +29,5% 356.2 + 26,3 4213+392
Na 965,3 £ 85,2 1426,3 + 139,5* 838,5+ 78,2 840,2 + 78,2
KOHI[CHTpaIIPlﬂ BAKHBIX M YCJI0BHO BA’KHBIX MUKPO3JEMECHTOB
P 3354,2 +£296,3 2888,2 +245.3 2906,2 + 1983 3131,2 +286,2
B 0,07 +£0,011 0,18 £0,022* 0,17 £0,021* 0,11 +£0,013
Co 0,002 £+ 0,0004 0,003 £ 0,0006 0,003 £+ 0,0006 0,002 + 0,0005
Cr 0.11 0,014 0,14+0,017 0,1 £0,015 0,1 0,014
Cu 0,52 +0,063 0,78 £0,094* 0,49 + 0,059 0,5+ 0,06
Fe 11,6 £1,05 15,1 +1,42 10,2 +0,85 8,79 £0,75
1 0,09 +0,013 0,16 +0,02% 0,08 0,012 0,06 + 0,009
Mn 0,28 +£0,034 0,39 £ 0,046 0,33 +£0,04 0,23 +£0,019
Ni 0,01 £ 0,002 0,05 £ 0,007* 0,01 £ 0,002 0,02 £ 0,003*
Se 0,13+0,016 0,18 +0,021 0,14 +0,017 0,12+0,015
Si 6,88 £ 0,58 7,19 £0,69 6,64 £0,58 5,31 £0,59*
7n 8,56 £ 0,75 14,9 + 121* 9,68 £ 0,85 8,26 + 0,83
Al 0,82 + 0,099 1,41 £0,09%* 0,45 + 0,054 0,65 + 0,066
KOHHeHTpaHI/lﬂ TOKCHYHBIX MUKPO3JIEMEHTOB U THANKEJIbIX METALJI0OB
Cd 0,0005 + 0,0001 0,003 £ 0,0005** 0,0005 £+ 0,0001 0,0006 = 0,0002
Hg 0,03 + 0,005 0,03 £ 0,005 0,03 £ 0,005 0,02 +0,003
Pb 0,02 £+ 0,003 0,02 + 0,003 0,01 £0,002 0,01 + 0,002
Sn 0,006 £ 0,0013 0,005 % 0,0009 0,002 = 0,0004 0,04 = 0,006
Sr 0,07 +£0,011 0,13 £0,016** 0,08 £0,012 0,06 + 0,009
IHpumeuanue. * P < 0,05; ** P < 0,01 6 cpasHeHUU ¢ KOHMPOTILHOLUL 2PYNNOTL.
Table 6

Elemental composition of thigh muscle tissue of broiler chickens, mcg/g
(M + m, n = 30, experience in a vivarium)

Element Control | Iexperienced | II experienced | III experienced
Concentration of trace elements
Ca 66.5 +£5.89 87.4+7.65%* 66.3 £5.68 59.7 +£4.89*
K 6980.2 £ 568.3 6001 £ 586.3* 6106.3 £526.3* 6132.2+586.3*
Mg 424.2+£39.5 317.4+29.5% 356.2+26.3 421.3+£39.2
Na 965.3 £85.2 1426.3 £ 139.5* 838.5+£78.2 840.2 £ 78.2
Concentration of important and conditionally important trace elements
P 3354.2 +£296.3 2888.2 +245.3 2906.2 + 198.3 3131.2+286.2
B 0.07 £0.011 0.18+0.022* 0.17 £0.021* 0.11 £0.013
Co 0.002 £ 0.0004 0.003 £ 0.0006 0.003 £ 0.0006 0.002 + 0.0005
Cr 0.11 +£0.014 0.14 +£0.017 0.1+0.015 0.1+0.014
Cu 0.52£0.063 0.78 £ 0.094* 0.49 £ 0.059 0.5£0.06
Fe 11.6+1.05 15.1+1.42 10.2£0.85 8.79+0.75
1 0.09 +0.013 0.16 £ 0.02* 0.08£0.012 0.06 £ 0.009
Mn 0.28 £0.034 0.39 £ 0.046 0.33+£0.04 0.23+0.019
Ni 0.01 £0.002 0.05 +0.007* 0.01 £0.002 0.02 £0.003*
Se 0.13+£0.016 0.18+0.021 0.14 £0.017 0.12+0.015
Si 6.88 £0.58 7.19 £0.69 6.64 £0.58 5.31 £0.48*
Zn 8.56+0.75 14.9+ 1.21%* 9.68 +0.85 826+0.73
Al 0.82 £ 0.099 1.41 £0.09%* 0.45 £0.054 0.65+0.077
Concentration of toxic trace elements and heavy metals
Cd 0.0005 £ 0.0001 0.003 £ 0.0005** 0.0005 £ 0.0001 0.0006 + 0.0002
Hg 0.03 £0.005 0.03 £ 0.005 0.03 £ 0.005 0.02 £0.003
Pb 0.02 £0.003 0.02 +0.003 0.01 £0.002 0.01 £0.002
Sn 0.006 = 0.0013 0.005 = 0.0009 0.002 £ 0.0004 0.04 = 0.006
Sr 0.07 £0.01 0.13+0.016** 0.08+0.012 0.06 £ 0.009

Note. * P < 0.05; ** P < 0.01 compared to the control group.
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Tabnuua 7
BroxuMmyeckue okasareny KpoBy IUIIAT-0poiinepoB (M + m, n = 30, ONBIT B yCIOBUAX BUBAPI)
I'pynna
Tokazarems KonTtpoabnasn I onbiTHAS I onbITHAs I1I onbITHAS
Kanpuuii, MKMOJIB/TT 3,67 +0,08 3,02 +£0,06* 3,65 +0,28 3,63 +0,09
docdop, MMOITB/IT 10,86 + 0,37 3,01 +0,39* 7,28 +£1,19 10,03 + 0,16
Keie3o, MKMOJIB/T 15,67 + 0,99 26,47 + 4,94 29,93 £2,13* 24,30 + 3,64
IIpumeuanue. * P < 0,05 6 cpasHeHuu ¢ KOHMPOALHOL 2PYNNoii.
Table 7
Biochemical blood parameters of broiler chickens (M + m, n = 30, experience in a vivarium)
. Group
Indicator Control 1 experienced 11 experienced 111 experienced
Calcium, mmol/l 3.67£0.08 3.02+0.06* 3.65+0.28 3.63+0.09
Phosphorus, mmol/l 10.86 £0.37 3.01 +0.39* 728+ 1.19 10.03+£0.16
Iron, mmol/l 15.67 £0.99 26.47 +4.94 29.93+213% 24.30 + 3.64

Note. * P < 0.05 compared to the control group.

H3MeHeHne XUMUYECKOTO COCTaBa MBIIIEYHOH TKa-
HU HaOII0AA7I0Ch U NIPH J00aBIEHUN CEMSH JIbHA, OHN
criocoOcTBOBaM yBenHueHHIo conepxanns Ca (rpyn-
Hasi MBIIIIIA ¥ TiedeHb), Cu (TpyaHas MBIIIIA U KETYI0-
4yek) u Fe (TonmeHs u cepre), N3MEHIIN COolepKaHue
Fe u Ca B mna3me KpoBH HBIIIAT-Opoitnepos [27, c. 4].

VY  OpImIsaT-OpoisepoB, TONMYyYaBIINX MTHTHEBYIO
BOIy C Mo0aBIIEHHMEM HATypalbHOTO 3(HUPHOTO Macia
JaBaH/Ibl, HE N3MECHSINCH OMOXMMNYECKUE MTOKA3aTeNn
kposu [28, c. 360]. B Hamem 3KcTiepuMEeHTE BBEICHHE
BemiecTsa B | rpymme cocoOcTBOBaIO cHIDKeHIIO Ca 1
P B ceBopoTKe KpoBH. Takum 0O6pa3oM, H3ydeHUE BITH-
SIHUSI XMUMUYECKH YUCTBIX BEIIECTB, BBIJCICHHBIX U3

CTO 3THX PACTEHHH, TaK KaK MMO3BOJIIET ydecTh Ooiee
TOYHBIC U3MEHEHHS XUMHUYIECKUX BEIIECTB B OPTAHM3-
M€ IBIUIAT-0poiIepoB.

BbIBOIBI: MCTIONB30BAaHNE BAHWIMHOBOM KHCIIOTHI
B OTIEIBHOCTH WIIM B COYETAaHHH C raMMa-TaKTOHOM
CIOCOOCTBYET YBENTMUICHUIO ONOJIOTHYECKOM IIEHHOCTH
MBIIIEYHON TKaHU IBIIIAT-OpPOHIEPOB B YACTH yBEIH-
YEHUs psijla HE3aMEHUMBIX aMUHOKHUCIIOT, HEHACBHIIICH-
HBIX J)KUPHBIX KHCIIOT U BaXKHBIX MaKpO- ¥ MHUKpPOOJIe-
MEHTOB.

Baarogapuoctu (Acknowledgements)

UccnenoBanust BbinonaHeHs! B pamkax HUP ©HIL

BCT PAH, npoext Ne 0761-2019-0005.

JIeKapCTBEHHBIX PacTeHUH, eliecooOpasHee, YeM Ipo-

Bbuobanorpaguyecknii cnucox (References)

1. Kikusato M. Phytobiotics to improve health and production of broiler chickens: functions beyond the antioxi-
dant activity / Animal Bioscience. 2021. Vol. 34 (3). Pp. 345-353. DOIL: 10.5713/ab.20.0842.

2. Basit M. A., Kadir A. A, Loh T. C. et al. Comparative Efficacy of Selected Phytobiotics with Halquinol and
Tetracycline on Gut Morphology, Ileal Digestibility, Cecal Microbiota Composition and Growth Performance in
Broiler Chickens // Animals (Basel). 2020. Vol. 10 (11). Article number 2150. DOI: 10.3390/ani10112150.

3. Gilani S. M. H., Rashid Z, Galani S. et al. Growth performance, intestinal histomorphology, gut microflora
and ghrelin gene expression analysis of broiler by supplementing natural growth promoters: A nutrigenomics ap-
proach // Saudi Journal of Biological Sciences. 2021. Vol. 28 (6). Pp. 3438-3447. DOI: 10.1016/}.sjbs.2021.03.008.

4. Iwinski H., Wodz K., Chodkowska K. et al. In Vitro Evaluation of Antimicrobial Effect of Phytobiotics Mixture
on Salmonella spp. Isolated from Chicken Broiler [e-resource] // Antibiotics (Basel). 2022. Vol. 11 (7). Article
number 868. DOI: 10.3390/antibiotics11070868.

5. Ogbuewu 1. P., Okoro V. M., Mbajiorgu C. A. Meta-analysis of the influence of phytobiotic (pepper) supple-
mentation in broiler chicken performance // Tropical Animal Health and Production. 2020. Vol. 52 (1). Pp. 17-30.
DOI: 10.1007/s11250-019-02118-3.

6. Abd El-Hack M. E., El-Saadony M. T., Elbestawy A. R. et al. Hot red pepper powder as a safe alternative to
antibiotics in organic poultry feed: an updated review [e-resource] // Poultry Science. 2022. Vol. 101 (4). Article
number 101684. DOI: 10.1016/j.psj.2021.101684.

7. Lee A., Dal Pont G. C., Farnell M. B. et al. Supplementing chestnut tannins in the broiler diet mediates a
metabolic phenotype of the ceca [e-resource] // Poultry Science. 2021. Vol. 100 (1). Pp. 47-54. DOI: 10.1016/;.
psj.2020.09.085.

8. Ali U., Naveed S., Qaisrani S. N. et al. Characteristics of Essential Oils of Apiaceae Family: Their Chemical
Compositions, in vitro Properties and Effects on Broiler Production [e-resource] / Poultry Science. 2022. Vol. 59
(1). Pp. 16-37. DOL: 10.2141/jpsa.0210042.

18



Agrarian Bulletin of the Urals. Special issue “Biology and biotechnol- B> )

il il ol il il ol

9. Kikusato M., Xue G., Pastor A. et al. Effects of plant-derived isoquinoline alkaloids on growth performance and
intestinal function of broiler chickens under heat stress // Poultry Science. 2021. Vol. 100 (2). Pp. 957-963. DOI:
10.1016/j.psj.2020.11.050.

10. Aljumaah M. R., Suliman G. M., Abdullatif A. A. et al. Effects of phytobiotic feed additives on growth traits,
blood biochemistry, and meat characteristics of broiler chickens exposed to Salmonella typhimurium // Poultry
Science. 2020. Vol. 99 (11). Pp. 5744-5751. DOI: 10.1016/j.psj.2020.07.033.

11. Abdul Basit M., Abdul Kadir A., Loh T.C. et al. Effects of Inclusion of Different Doses of Persicaria odorata
Leaf Meal (POLM) in Broiler Chicken Feed on Biochemical and Haematological Blood Indicators and Liver
Histomorphological Changes [e-resource] // Animal Bioscience. 2020. Vol. 10 (7). Article number 1209. DOI:
10.3390/ani100712009.

12. Ripon M. M. R., Rashid M. H., Rahman M. M. et al. Dose-dependent response to phytobiotic supplementation
in feed on growth, hematology, intestinal pH, and gut bacterial load in broiler chicken [e-resource] // Journal of
Advanced Veterinary and Animal Research. 2019. Vol. 6 (2). Pp. 253-259. DOI: 10.5455/javar.2019.f341.

13. Olukosi O. A., Dono N. D. Modification of digesta pH and intestinal morphology with the use of benzoic acid
or phytobiotics and the effects on broiler chicken growth performance and energy and nutrient utilization // Journal
of Animal Science. 2014. Vol. 92 (9). Pp. 3945-3953. DOI: 10.2527/jas.2013-6368.

14. Ren H., Vahjen W., Dadi T. et al. Effects of Probiotics and Phytobiotics on the Intestinal Microbiota in Young
Broiler Chicken // Microorganisms. 2019. Vol. 7 (12). Article number 684. DOI: 10.3390/microorganisms7120684.

15. Hussein E. O. S., Ahmed S.H., Abudabos A. M. et al. Effect of Antibiotic, Phytobiotic and Probiotic Supple-
mentation on Growth, Blood Indices and Intestine Health in Broiler Chicks Challenged with Clostridium perfrin-
gens // Animals (Basel). 2020. Vol. 10 (3). Article number 507. DOI: 10.3390/ani10030507.

16. Ferdous M. F., Arefin M. S., Rahman M. M. et al. Beneficial effects of probiotic and phytobiotic as growth
promoter alternative to antibiotic for safe broiler production [e-resource] // Journal of Advanced Veterinary and
Animal Research. 2019. Vol. 6 (3). Pp. 409—415. DOI: 10.5455/javar.2019.f361.

17. Duskaev G., Rakhmatullin, S., Kvan O. Effects of bacillus cereus and coumarin on growth performance,
blood biochemical parameters, and meat quality in broilers [e-resource] // Veterinary World. 2020. Vol. 13 (11).
Pp. 2484-2492. DOI: 10.14202/VETWORLD.2020.2484-2492.

18. Tavangar P., Gharahveysi S., Rezacipour V. et al. Efficacy of phytobiotic and toxin binder feed additives in-
dividually or in combination on the growth performance, blood biochemical parameters, intestinal morphology,
and microbial population in broiler chickens exposed to aflatoxin B, [e-resource] // Tropical Animal Health and
Production. 2021. Vol. 53 (3). Article number 335. DOI: 10.1007/s11250-021-02778-0.

19. Armanini E. H., Boiago M. M., de Oliveira P. V. et al. Inclusion of a phytogenic bend in broiler diet as a
performance enhancer and anti-aflatoxin agent: Impacts on health, performance, and meat quality [e-resource] //
Research in Veterinary Science. 2021. Vol. 137. Pp. 186—-193. DOI: 10.1016/j.rvsc.2021.05.004.

20. Krauze M., Cendrowska-Pinkosz M., Matusevicius P. et al. The Effect of Administration of a Phytobiotic
Containing Cinnamon Oil and Citric Acid on the Metabolism, Immunity, and Growth Performance of Broiler
Chickens // Animals (Basel). 2021. Vol. 11 (2). Article number 399. DOI: 10.3390/ani11020399.

21. Erdogan Z., Erdogan S., Aslantas O. et al. Effects of dietary supplementation of synbiotics and phytobiotics on
performance, caecal coliform population and some oxidant/antioxidant parameters of broilers [e-resource] // Jour-
nal of Animal Physiology and Animal Nutrition. 2010. Vol. 94 (5). Article number e40-8. DOI: 10.1111/j.1439-
0396.2009.00973.x.

22. Karimov I., Kondrashova K., Duskaev G. et al. Evaluation of effects of rumen fluid in combination with pro-
biotic preparations and vanillin on the luminescence of a recombinant strain E. coli // Paper presented at the E3S
Web of Conferences. 2020. Vol. 143. DOI: 10.1051/e3sconf/202014302034.

23. Rempe, C. S.; Burris, K. P.; Lenaghan, S. C. et al. The potential of systems biology to discover antibacterial
mechanisms of plant phenolics [e-resource] // Frontiers in Microbiology. 2017. Vol. 8. Article number 422. DOI:
10.3389/fmicb.2017.00422.

24. Pisoschi A. M., Pop A., Georgescu C. et al. An overview of natural antimicrobials role in food // European
Journal of Medicinal Chemistry. 2018. Vol. 143. Pp. 922-935. DOI: 10.1016/j.ejmech.2017.11.095.

25. Konkol D., Korzeniowska M., Rézanski H. et al. The Use of Selenium Yeast and Phytobiotic in Improving the
Quality of Broiler Chicken Meat [e-resource] // Foods. 2021. Vol. 10 (11). Article number 2558. DOI: 10.3390/
foods10112558.

26. Al-Yasiry A. R. M., Kiczorowska B., Samolinska W. Effect of Boswellia serrata Resin Supplementation on
Basic Chemical and Mineral Element Composition in the Muscles and Liver of Broiler Chickens // Biological
Trace Element Research. 2017. Vol. 179 (2). Pp. 294-303. DOI: 10.1007/s12011-017-0966-6.

27. Zajac M., Kiczorowska B., Samolinska W. et al. Supplementation of Broiler Chicken Feed Mixtures with
Micronised Oilseeds and the Effects on Nutrient Contents and Mineral Profiles of Meat and Some Organs, Carcass

19

sardojouyoajoiq pue L3o[01g



Buonorusa u 6uoTexHonOrnmn

g g o > > P . B
-Ypana. CrenypanbHbtit BbIycK «buonoris n 6uotexonormmy, 2022 1.
I I L. I I I o

Composition Parameters, and Health Status // Animals (Basel). 2022. Vol. 12 (13). Article number 1623. DOI:
10.3390/ani12131623.

28. Adaszynska-Skwirzynska M, Szczerbinska D. The effect of lavender (Lavandula angustifolia) essential oil as
a drinking water supplement on the production performance, blood biochemical parameters, and ileal microflora
in broiler chickens // Poultry Science. 2019. Vol. 98 (1). Pp. 358-365. DOI: 10.3382/ps/pey385.

06 aemopax:

Tlanuvokan Kanuxanosuu JlyckaeB', TOKTOp OMOJOrMYECKUX HAYK, MEPBBI 3aMECTUTENb JTUPEKTOPA, BEIYIINN
HayuHbIi coTpyrHuK, ORCID 0000-0002-9015-8367, AuthorlD 316084; +7 922 §29-19-76, gduskaev@mail.ru
MapuHa SkoneBHa Kypusikuna', kaHaumar On0J0rHYeCKUX HAyK, HAyYHbBIH COTPY/IHHK,

ORCID 0000-0003-0253-7867, AuthorID 623232;+7 951 036-68-88, K_marina4@mail.ru

! denepanbHblil HAYIHBIN IIEHTP OHOIOTHYECKUX CUCTEM U arpOTeXHONIOrHH Poccuiickoii akajeMnu Hayk,
Openoypr, Poccus

The effect of phytomaterials on the biochemical
composition of the muscle tissue of broiler chickens

G. K. Duskaev'*, M. Ya. Kurilkina'
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Abstract. The aim of the study is to evaluate the effect of phytobiotics on the biochemical composition of the
muscle tissue of broiler chickens. Research methods: atomic emission spectrometry, capillary electrophoresis,
gas chromatography. Scientific novelty. The influence of phytomaterials (gamma-octalactone, vanillic acid) on
the biochemical composition of the muscle tissue of broiler chickens was evaluated for the first time. Results:
biochemical composition of muscle tissue the composition was characterized by a lower content of amino acids:
tyrosine (pectoral muscles), lysine, threonine, alanine, leucine + soleucine (femoral muscles) in group II (P < 0.05)
and a high content of valine and histidine (pectoral muscles) in group I (P < 0.05), according to compared to the
control. There was also an increase in the concentration of fatty acids in the pectoral muscle (P < 0.05): myristic
and arachin (I and II), stearic (III), linoleic (I and IIT) and a decrease in palmitic (IIT) and palmitooleic (II and III).
An increase in the concentration of myristic (III group, P < 0.05), oleic (II group, P < 0.05) fatty acids was found
in the thigh muscles. In group I broiler chickens, the concentration of macronutrients (Ca, P, K, Na) and trace ele-
ments (B, Fe) in the pectoral muscle decreased (P < 0.05). In group II, an increase was found (P < 0.05) — Ca, Co,
Mn, Zn, in group III — Fe (P < 0.05). In the thigh muscle tissue of group I, the concentrations of macronutrients —
K, Mg decreased (P < 0.05) and increased (P < 0.05) Na, Ca, B, Cu, Ni, I, Zn. In II, there was an increase in the
content of B (P < 0.05), and in III, on the contrary, a decrease (P < 0.05) in Ca and K. Thus, the use of vanillin
acid alone or in combination with gamma-lactone contributes to the biological value of the muscle tissue of broiler
chickens in terms of increasing the amount of essential amino acids, unsaturated fatty acids and important macro-
and microelements.
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TexHosorn4yeckme acneKTbl IPUMEHEHUS
NMPOAYKTOB NMepepadoTKu ceMsIH KOHOILIH
B penentype 000raimeHHbIX KEKCOB

C. IL. Mepenxosa'™, O. B. 3ununa’, O. I1. HeBeposa?

'1O>xHO-Ypanbckuii rocygapcrBenHsiit yauBepcuter (HNY), Yensabunck, Poccus
? VpanbCcKumii TOCyJapCTBEHHBII arpapHblil yHuBepcuteT, Ekarepunobypr, Poccusa
“E-mail: merenkovasp@susu.ru

Annomayusn. B CBsI3M ¢ BBICOKMM CIIPOCOM Ha KOHAWTEPCKHE U3/EIHS aKTyaJIbHOMU SIBIISICTCS pa3paboTKa JaHHOH
TIPOAYKIIMH, 00OTAIEHHOH (yHKIMOHAIBHBIMU MTUIIEBBIMA HHIPEANCHTAMH, B TOM YHCIIEC THUIIEBBIMU BOJIOKHA-
Mu. HoBH3HA pabOThI 3aKITI0YAETCS B HCIIOIB30BAHUY B IPOU3BO/ICTBE KOHANTEPCKHUX U3/ICIIUH HETPAAUIIHOHHBIX
BUIOB PACTUTEILHOTO CHIPhsI — KOHOIISTHOW MYKH M KJIIETYaTKU — M Pa3padOTKe ONTUMAIIBHBIX yCIOBHI IPUMEHE-
HUSI JaHHBIX HHTPEANEHTOB B TPOM3BOJICTBE NMpoayKuuy. Llean uccienoBanus — pa3paboTka SKCIIEpUMEHTAIBLHO
000CHOBaHHOW TEXHOJIOTHH KEKCOB, 00OTAICHHBIX HYTPUEHTAaMI U MHUIIEBBIMUA BOJIOKHAMH, COZICPKAIINMHUCS B
LEJIFHOCMOJIOTON KOHOIUISTHOW MyKe 1 KieTyatke. MeToabl uceaeoBaHuil. B onbITHRIX 00pasiax KeKCoB orpe-
JISTISUTH OPTAHOJICIITHYECKUE M (PU3UKO-XHMHUYECKHE TTOKa3aTeI ! 110 OOIIEIPUHATHIM METOMKAM; PEOJIOrnIeCKre
MOKa3aTeNN — Ha CTPYKTYPOMETpPE; aHTHOKCUAAHTHYIO aKTUBHOCTb — MeTofgoM DPPH; ananu3 numeBoil neHHo-
CTH — PacueTHBIM MEeTOZIOM. Pe3ysibTarhl. YCTaHOBIIEHO, YTO ONTUMAIBHBIMU (DPU3UKO-XUMHYECKIMH MOKA3aTeIs-
MU XapaKTepH30BATHCh 00pa3ipl n3nenuii ¢ nodasineHueM 20 % KOHOIUISTHON MyKH U 7 % TUINEBOW KIICTYATKH.
B nanHBIX 00pa3iax ycTaHOBJICHA HaWMEHBIIAs BIAKHOCTH M IIENOYHOCTh. st BceX 00pasioB, COAepIKaliux
KOHOIUTSTHYIO MYKY, YCTaHOBIJICHO BO3pacTaHUe MaccoBO tonu Biaru (10 17 %) u mutotHocTH M3nenuit (1o 0,66).
Hawubomnee BbICOKas yCTOHUMBOCTH (popMBI ycTaHOBIEHA a7t 00pa3nos kekca Ne 1 u Ne 2 — 0,652 u 0,601 coor-
BETCTBEHHO, 4TO Ha 2,9 % u Ha 1,6 % COOTBETCTBEHHO BHIIIE 10 CPABHEHUIO C KOHTPOJIBHBIME 00pasiamu. Bue-
CeHMe KOHOIUISTHON MyKH M KJIETYaTKU B PELENTYPy KEKCa MO3BOIUIIO YBEIHMYUTh aHTHPAIUKAIBHYI0 aKTUBHOCTh
TOTOBBIX U3enuii Ha 28,8-49,1 %, npudeM pu COBMECTHOM HCIOIb30BaHUH 20 % KOHOMISIHON MyKH U 7 Y% KIIeT-
YyaTKy HaOmoanacs Hanbosee Beicokas akTuBHOCTH DPPH. Takum 06paszoM, Mcmonb30BaHNe KOHOIUITHONH MyKH
U KJIETYAaTKU B PELENType KEKCOB MO3BOJSIET YITydllaTh AaHTHOKCHIAHTHBIE CBOMCTBA KOHAUTEPCKUX U3AEIHH, a
TaKKE TOBBIIIATE COJep)KaHNe OelTka, MUKPOHYTPHUEHTOB U ITHILEBBIX BOJIOKOH.

Kniouegvie cnoea: KoHANTEPCKOE M3/EIHE, KOHOIUITHAST MyKa, IIMIIEBbIC BOJIOKHA, (DYHKIIMOHAIBHBIN MHIIEBOH
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IocTranoska npodaemsl (Introduction)

Opuum u3 HanpaieHuid CTpareruy NOBBIIICHUS
KauecTBa MuIeBOH mpoaykuuu B Poccuiickoit dene-
pauuu 110 2030 rona siBisieTCs JIMKBUAALMS MUKPOHY-
TPUEHTHOM HEIOCTATOUHOCTH Y BCEX CIOEB HACEICHUS
U OpraHu3alysl paldOHAIBHOIO MUTaHusA. B cBs3M ¢
9TUM NPUOPUTETHON 3a/1auell pa3BUTHUS UILEBOHN MPO-
MBIIIJIEHHOCTH SIBJISIETCSI COBEPIIEHCTBOBAHUE TEXHO-
JIOTUH TPOU3BOJICTBA MPOAYKTOB 3J0POBOI0 MUTAHMUS,
B TOM YHCJE OOOTAlICHHBIX (PYHKIIMOHAIEHBIMH KOM-
MOHEHTaMH, ¢ 33JJaHHBIMU NTapaMeTpamMu KadecTna [1].

Konnmrepckue w3menusi MPENCTaBISIOT  COO0it
TPYTITy BBICOKOKAJIOPHHHBIX JIETKOYCBOSIEMBIX ITHIIE-
BBIX MIPOIYKTOB C OOJBIINM COAEPIKaHUEM caxapa, OT-
JTUYAIONINXCS IPUATHBIM BKYCOM U apoMaToM. Bricokas
MUIIEBasi IICHHOCTh MYYHBIX KOHIWTEPCKHUX HW3ICIHA,
COZEepIKAIINX 3HAYUTETHHOE KOJIMYECTBO YTIEBOAOB
1 SKAPOB, 00YCIIABINBACTCS, MPEXKIE BCETO, MHUIIEBON
[IEHHOCTBIO HCITOIB3YEeMOTo CHIphs. [Ipeobpa3zoBanus
Ha PBIHKE KOHIWTEPCKHX TOBApOB B 3HAUYNUTEIHHOU
CTETIeHH M3MEHWIH TPAIUIOHHBIE TTOAXOABI K ITOU
TpyTIie TPOAYKTOB; HAMETHIACH TCHACHIINS YBEIHYe-
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HUSL CIIPOCA Ha M3ZCIHs 00OTaIlCHHBIC U ¢ (YHKIIHO-
HaJIbHBIMU CBOMcCTBaMHU. lIpumeHeHue HaTypajabHOTO
PACTUTENIBHOTO CHIPhS — EPCIIEKTUBHOE HaIpaBlIeHUE
cozfanusi cOalaHCUPOBAaHHBIX MO HYTPUEHTAM HauMe-
HOBaHUIl MPOIYKTOB, a MHUIIEBbIE BOJOKHA SIBJISIOTCS
OZIHUM M3 HanbOoliee 3HaYNMbIX (DYHKIIMOHAJIBHBIX UH-
TPEAUEHTOB [2].

Bpricokoii nHIeBoii IIEHHOCTBIO 00J1aJal0T ceMeHa
KOHOIUTM: OHHM OOraTbl MPOTEUHOTCHHBIMH aMHUHOKHC-
JI0TaMH, OMera-3 u omera-6 *XUpHBIMU KHCIIOTaMH, BU-
tamuHamMu A, D, E u rpynnel B, MukposnemeHnTamu,
NUIEBBIMU BOJIOKHaMH [3]. B Hacrosiiee BpeMs mpo-
MBIIICHHBIE COPTa KOHOILIH, BKIIIOUEHHbIE B [ocynap-
CTBEHHBI PEECTP CENEKUHUOHHBIX JOCTUKEHUH, KYyJb-
TUBUPYIOTCA U BBIPALIUBAIOTCA AT KOMMEPUYECKUX
1esel B pa3IuvHbIX PErHoHax, a B ycloBusax FOxHoro
VYpana naHHas KylnbTypa XapaKTepU3YIOTCS BBICOKOH
YPOXKaHHOCTBIO U YCTOMYMBOCTHIO K KIIMMATUYECKUM
(dakTopaM. XOTsI XUMHUYECKHI COCTaB CEMsIH KOHOTLIH
B 3HAYUTEJILHONW CTENEHU BAPBUPYETCS Y Pa3HBIX CO-
PTOB, B Cpe/iHEM KOHOIUISTHOE ceMs conepkut 25-30 %
Mmacia, 20-30 % 0Oenka, 30—40 % KieT4aTKH, a TAKKE
3HAUYUTENIbHBIE KOJIMYECTBA 3CCEHIMAJIBHBIX KOMIIO-
HEHTOB, AHTHOKCHJIAHTHBIX COEAMHEHHH, BKIIOUas
TOKO(EPOJIbI, CTEPUHBI U MOJIU(EHOIIBI, KOTOPbIe 00-
JIAJIAI0T MIEPEYHEM MOJIOKUTEIBHBIX (H3HOJIOINYECKUX
a¢dexToB [4].

[IponykThl mepepabOTKH CeMSH KOHOIUIM Xapak-
TEPU3YIOTCsl BBICOKOM KOHLIGHTpAaLMel MHUHEpabHbIX
KOMITOHEHTOB, TakuX Kak (ocdop, kanuii, HaTpuii,
MarHuii, cepa, KajabllHii, )KeJIe30 U IMHK, a TakKe 00-
ratel BUTaMMHOM E, conmepkaHue KOTOPOro JOCTHra-
et 90 mr/100 r [5]. IMomydaemast U3 >KMbIXa KOHOILIH
BBICOKOOEJIKOBasl MyKa ComepkuT okoiio 30 % Oeiika,
XapaKTepU3YIOILErocs: cOalaHCUPOBAHHBIM COCTaBOM
aMUHOKUCIIOT, 710 20 % HEpacTBOPUMOM U BOJOPACTBO-
PpUMOIi KJIeTYaTKH, OTINYAeTCsl 00raTbIM BUTAMHUHHBIM
COCTaBOM, HYJIEBBIM INITMKEMHUYECKUM HHAEKCOM [6; 7].
B HayuHBIX MyOIMKaIUsIX OTMEYEHO COaJaHCHPOBaH-
HOE COJIepKaHNEe HE3aMEHUMBIX MOJIMHEHACBIIEHHBIX
JKUPHBIX KUCIIOT B CEMEHAaX KOHOIUIM — JIMHOJIEBOW U
anb(a-1HoIeHOBOW kucnotel oT 2:1 o 3:1. Hccne-
JIOBaHUSI JKUPHOKHMCIOTHOIO COCTaBa KOHOIUISHOTO
Maciia MOKa3aji COAEpIKaHUE JIMHOJIEHOBOH KHCIOTHI
1o 17,8 % [8]. Kpome Toro, OHosoruuecKky akKTUBHBIC
(DUTOKOMIIOHEHTBI — [3-CHUTOCTEpPHH, TEPIICHbI U Me-
TUWICATULIMIAT — OOYCIaBIMBAIOT MPOTUBOIIUIEHITH-
YeCKHe, aHTUMHUKPOOHBIC, MPOTHBOBOCIAIUTEIbHBIC
¥ [UTONPOTEKTOpHBIE cBoicTBa [9]. OnHako ciemyer
YUUTBIBaTh, YTO Y CEMSH Pa3HBIX COPTOB KOHOIUIM MO-
JKeT HIMPOKO BapbUPOBaTh KaK XUMHUECKUH COCTaB B
LEJIOM, TaK ¥ COJEpIKaHHUE OTIENbHBIX (hH3HOJIOTHYE-
CKHU LIEHHBIX KOMIIOHEHTOB [8§].

[Ipu nepepaboTke KOHOIIM OOpa3yercst IUPOKUIA
ACCOPTUMEHT MMIIEBBIX HWHTPETUEHTOB, Y KaXJIOT0 U3
KOTOPBIX YHUKAJIbHBIM XMMHUYECKHH COCTaB U CBOM-
CTBa, MPEONPEACIAIONINE TEXHOIOTHYECKIE HalpaB-
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JICHUs HUCTIONB30BaHUA. Tak, U3 CeMsiH KOHOIUIM BO3-
MOXXHO TIOJIy4Y€HHE He TOJIBKO TPAAULMOHHOW MYKH U
Macjia, HoO U OCJIKOBBIX JI00OABOK B BHJIC M30JISATOB, a
TaKXKe KJIETYATKH, SIBJISIOIIESHCS HCTOYHUKOM (DYHKIIH-
OHAJIbHBIX MUINEBBIX HHIPEAUEHTOB — MUIIIEBHIX BOJIO-
koH [10].

YCTaHOBIIEHO, YTO MPUMEHEHHE KOHOIUITHOW MYKH
1 KJIETYaTKH B TEXHOJOTHUHU MPOJIYKTOB NMUTAHMS IEp-
CIIEKTUBHO B CBSI3U C JOKAa3aHHBIMH (DYHKIHOHAJb-
HO-TEXHOJOTUYECKUMHM  CBOWCTBAMM  KOMIIOHEHTA,
BBICOKOM BOJIOCBSI3bIBAIOILIEH, )KMPOCBSI3bIBAIOILIEH, Te-
neodpasyromiel criocodnocteio [11-13]. B MHOrouunc-
JICHHBIX HCCIIEJIOBAaHUSAX OTMEUeHa CTPYKTYpooOpa-
3yrolasi ¥ MeHoo0pasyoasi CroCOOHOCTh MUIEBBIX
BOJIOKOH, BO3MOJKHOCTh UX IPUMEHEHHUsS B peLenType
U3eTUI TPH 3aMELEHUH XKHPOBBIX KOMIIOHEHTOB U
caxapa [14].

Kieruarka ymydmaer paboTy KHIIEYHUKA, HOP-
MaJu3yeT BEC, OUMINAeT KUIIEYHHK OT IIJaKOB U
TOKCHHOB, CHI)KAa€T PUCK BO3HHKHOBEHUs psiza 3a00-
JIeBaHMH, TaKUX KaK CaxapHbIM auabeT, XpoHUYecKas
yCTaJIOCTh, XPOHUYECKUI FaCTPUT, aJUIEPTuH, cepied-
HO-COCY/JIMCThIE 3a00JIeBaHMsI, OHKOJIOTHSI, HKEITYHOKA-
MeHHas Oosies3Hb 1 apyrue [6]. KoHoruisiHas kineruarka
o0saiaeT BHICOKOW OMOJIOTMYECKON [IEHHOCTBIO, SIBIISI-
€TCsl UICTOYHUKOM MHMHEPAJIbHBIX KOMIIOHEHTOB — Mg,
Si, Mn, P, Ca [15; 16]. C y4eroM mepcreKTUBHOCTH
HarpaBJIeHH epepadOTKH PACTUTEIBLHOTO ChIPBSI, OC-
HOBaHHBIX Ha pecypcocOepexeHUH U IIyOOKOH mepe-
paboTKe, MoJy4YeHHe KOHOIUISIHOW KJIETYaTKU U €€ aK-
THUBHOE BOBJICYCHHE B MTPOM3BOJCTBO XJIeOOOYIOUHBIX
1 KOHJUTEPCKUX U3ZEIUH OIIPaBIaHo.

Ilenbto MccnenoBaHui sABIsETCA pa3paboTKa IKC-
MEePUMEHTAJIbHO O00OCHOBAaHHOW TEXHOJIOTHH KEKCOB,
00orameHHbIX HYTPUEHTAaMH U MHIIEBBIMH BOJIOKHA-
MU, COAEPKALIUMUCS B LIEJIbHOCMOJIOTON KOHOIIJISTHOM
MYKE U KJIeT4aTKe.

MeToaos0rusi 1 MeToabl ucciaenoBanusi (Methods)

OObeKTaMH HCCIICIOBAHUS  SIBJISLICH  00Pas3Iibl
kekcoB THna «CronmuuHblii». KoHTposibHBIE 00pa3iibl
OBUIM M3rOTOBJICHBI 110 YHU(HUIIMPOBAHHOI peLenType.
B onbITHBIX 00pa3nax MEHsUIM MIIEHHYHYI0 MYKy Ha
LEJIBHOCMOJIOTYIO MYKY M3 ceMsH KoHomiu (copt Ha-
nexxna TM Konoplektika) ¥ kOHOIUISIHYIO KileTYaTKy
(TM Konoplektika). bbuti U3roToBiieHbl clieayomme
00pa3Ibl KEKCOB:

— KOHTPOJIbHBIH 00pasel — KeKChl, U3TOTOBJICHHBIC
COIIaCHO YHU(UIIMPOBAHHOMW peLienType;

— obpazerr Ne 1 — KeKChI, H3TOTOBJICHHBIC C 100aB-
JICHHEM KOHOIUIAHOM MykH B KonudecTse 30 % u xiet-
Y4aTKW B KojauuecTBe 7 % B3aMEH COOTBETCTBYIOIIETO
KOJIMYECTBA MIIEHUYHOW MYKH U Macja CIMBOYHOTIO;

— obpazerr Ne 2 — KeKChI, H3TOTOBJICHHBIC C 100aB-
JICHHEM KOHOIUIAHOM MykH B KonndecTse 20 % u KieT-
Y4aTKW B KojauuecTBe 7 % B3aMEH COOTBETCTBYIOIIETO
KOJIMYECTBA MIIEHUYHON MYKH U Macja CIMBOYHOTIO;
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— obpazenr No 3 — KeKChbI, IPUTOTOBJIEHHBIE C JO-
0aBjieHHEeM KOHOIUITHOW MykH B koiudectse 30 % ot
0011Ie# Macchl MIIEHUYHOH MYKH.

KauecTBO KEKCOB ONpeeNsaan Mo OpraHoIenTuie-
CKUM U (PU3UKO-XUMHUYCCKUM ITOKa3aresisiM (MaccoBasi
JIOJIsI BJIATH, IEJIOYHOCTh, MJIOTHOCTh U MOPUCTOCTH).
JlerycTaimoHHy10 OLIEHKY SKCIEPHUMEHTANbHBIX 00-
Pa3LoB KeKca OCYIIECTBIISUIN IO CJIEAYIOIIUM MOoKa3a-
TEJISIM: LIBET U COCTOSIHME NMOBEPXHOCTH; (popma; BUI B
U3JI0ME; BKYC M 3aIax, KOHCUCTEHLUS — C IPUMEHEHH-
eM 5-0aJuTbHOM IIKaJIbL.

AnHanu3 (QU3MKO-XMMHUYECKUX IloKa3aresed mpo-
BOAWJIN 110 OOIIENpUHATHIM MeToukaMm. CoepikaHne
Biaru B kekcax omnpenessuin no 'OCT 5900, menou-
Hocth — 110 'OCT 5898, mnorrocts — mo 'OCT 15810.
dopmMoyCcTOHYMBOCTE 00pa3IOB KEKCa ONpENesid B
CBEI)KEBBINEUEHHBIX U3/ICNIUSIX [T0CIIE OXJIAXKICHHS B Te-
YeHue 4 4acos.

HccnenoBanus peoaoruyeckux (CTpyKTypHO-MeXa-
HUYECKHUX ) TOKa3aTenel KOHTPOJIBHOTO U OMBITHBIX 00-
pa3LoB MPOBOAWIHN Ha cTpyKTypomeTpe «CT-2» myTem
cxatus ero uaaeHTopoM «Llunmunap @36», onpenensis
00IIyI0, IUIACTHYCCKYIO U YIPYTry JehOopMaIuio.
Omnpenenenne 3HA4YCHUH ToKaszarenei aedopMarnun
OCYIIECTBISUIM IMyTeM MareMaTH4YecKod 00paboTKU
SKCIIOHCHLIMAJILHOM KPUBOHM pelakcaluy MeXaHHUYe-
CKUX HaNpsDKEHHH, BO3HUKAIOUIMX HA IMIMHApHYE-
CKOM HHJICHTOpE IIPH €ro BHEAPEHUH B MPOLYKT MPH
CIIEAYIOIIEM DPEXHME HarpyKEHHs: YyCHJIHNEe KacaHUs
Fx =7 r; ckopocth nedopmaruu Vm = 0,5 mm/c; BHe-
JpeHHe MHACHTOpa B MPoOy MPOAYKTa HPOBOJIMIH 10
yewnus Fmax =500 .

Omnpenenenne oOIIEH AHTHOKCHJAHTHOM aKTHB-
HOCTH IPOBOAUIIOCH ¢ ToMolnbio Metoga DPPH (%)
no monudukarmu. DPPH — cBoGOnHBINM pagukai au-
(EeHMWITUKPUIITHPA3UII, KOTOPBIH BOCCTAHABIMBACTCS
B peakiuu C aHTHOKcuaaHTamu. OOpasipl mpejaBa-
PHUTENBHO AIKCTPAarupoBalli B METaHOJIBHOM DPacTBO-
pe. Hcnonw3oBascs MmeraHoubHbIE pactBop DPPH
60 MkM, 1 M1 KOTOpOro cMeuIMBaiu ¢ 1 M ucciaesy-
€MOr0 pacTBOpa, MHKYOUPOBAJIM B TEMHOTE B TEUCHHE
30 muH. CBETONOMIONICHUE M3MEPSUIH CIIEKTPOGOTO-
MeTpu4ecky mpu 515 Hm.

JUis aHanmm3a NHIEBONH IIEHHOCTH SKCIEPUMEH-
TaJIbHBIX 00pa3I0B KEKCOB B COOTBETCTBUHU C COCTaB-
JICHHBIMH peLENTypaMu, OIPEISININ KOJINYECTBO
BXOSIIMX B MX COCTAaB ChIPHEBBIX KOMIIOHEHTOB. 3a-
TEM PAaCCUMTAIM COJEP)KAHUE MUIIEBBIX BELICCTB B
Ka)XI0M KoMmIioHeHTe. /lanee npousBenu pacyer ooiie-
TO cozieprkKaHMs KaXJI0ro MHIIEBOro BELIECTBAa B CMECH
CBHIPBEBBIX KOMIIOHEHTOB C Y4ETOM BO3MOXKHBIX ITOTEPh
IPH [TPOM3BOJICTBE ITyTEM YMHOXEHHSI MacChl Ka)k/10r0
HyTpueHTta Ha kodddunment, pasusiii 0,7. B cooret-
CTBHM C HOpPMaMmH MOTPEOJICHHs IMUIIEBBIX BEIIECTB,
yka3aHHbIX B MP 2.3.1.0253-21, onpenenunu cTeneHsb
YAOBIETBOPEHUSI CYTOUHOM MOTPEOHOCTH YeJOBeKa B
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MUMEIOLINXCSl HYTPHEHTax MPH MOTPeOICHUH IMOPLUU
60 T TOTOBBIX M3/IETH.
PesyabTathl (Results)

[Tpu coznannu 00OralIeHHBIX MYYHBIX KOHIUTEP-
CKUX M3JeNHi HEeO0OXOIMMO NeJICHANPAaBICHHOE M3-
MEHEHHE UX PELENTYPHOr0 cOCTaBa ¢ y4eToM Tpebo-
BaHUM HOPM PALMOHATBHOIO MUTAHUS K COMEPIKAHUIO
Makpo- U MUKPOHYTPHEHTOB IIPU COOTBETCTBUHU Opra-
HOJICIITUYECKUX I10KA3aTeseil, CBOUCTB U CTPYKTYpPBI
noTpeOuTeabCcKkuM oxumanusiM. C yd4eToM coaepixka-
HUSI 3CCEHLUAIBHBIX HYTPUEHTOB B I[EIbHOCMOJIOTON
MyKE M3 CEeMSH KOHOIUIM M KOHOIUISHON KIIeTyaTke,
NPUHKUMasi BO BHUMaHHE CPEIHECYTOYHbIE MOTPEOHO-
CTH B3POCJIOTO YeJIoBeKa B OeJIKe, TUILEBbIX BOJIOKHAX,
BUTaMHUHAX MHUKpPO3JIEMEHTaX, pa3paboTaHbl peLenTy-
PpbI 00OTaleHHBIX KeKCOB, conepikaruue ot 20 1o 30 %
KOHOIUITHON MYKH M 7 % KOHOIUISHOM KieT4aTku. B
KauecTBe OCHOBHOM ObL1a BEIOpaHa YHU(DUIIMPOBAHHAS
penentypa kekca «CronmuuHbiity. OOOramamnmmm
KOMIIOHEHTAMHU 3aMEHSIM 4acThb MYKH MIICHUYHOH U
Macli0 CIMBOYHOE B pEIENTypax COIIACHO TEXHOJIO-
TMYECKOMY pacueTy C Y4YeTOM BOJOMOIVIOMIAIONINX
CBOMCTB MYKH.

[Ipu BBIMOMHEHUH IKCTIEPUMEHTAIBHBIX HUCCIEN0-
BaHMH pa3paboTaHa TEXHOJOIMYECKash CXema IMpPOM3-
BOJICTBA KEKCOB OOOTAICHHBIX, COEPKAIUX MYKY U
KJIETUaTKy KOHOIUISIHY!0. OCHOBHBIE 3Talbl IPOU3BO/A-
CTBEHHOTO MpoIiecca:

— MPHUTOTOBJICHHUE TOMOTCHHOM perenTypHOi cMme-
CH, KOTOpasi COCTOUT U3 ChITy4YHUX KOMIIOHEHTOB (MyKH
MIIEHUYHOM, CONHU, caxapa, pasphIXJIUTENs) B paccuu-
TaHHBIX COOTHOIIECHUSX;

— B30MBaHUE CIMBOYHOIO Macja B MHUKCEpE Ipu
400 o6/mMuH B Teyenue 7—10 MHUHYT 10 MNONyYEHHs
IBIIIHOM OXHOPOIHOMN CTPYKTYPBI;

— IOJy4YEeHHE 3MYNbCUU HAa OCHOBE KOHOIUISHOM
MYKH U KJIETYaTKH, MOJIOKAa U MEJaHka B TOMOTCHH3a-
Tope mpu ckopoctu 1800 06/c B TeueHue 3—5 MHHYT.
bnaromapst ®upoBOit HpaKIUHU LETBHOCMOIOTON MYKH,
a TaKke KOMIIOHEHTaM MOJIOKa M SIHLIENPOIYKTOB, 00-
JIaIAOIINX YMYJIBIUPYIOIIMMHU CBOMCTBAMH, IPH TOMO-
TeHU3aIUK MOTy9YaeTcsl OHOPOAHAs YCTOHYMBas TOH-
KO JIMCIIEPIHPOBAaHHAs CUCTEMA;

— 3aMmec TecTa B TeueHue 10 MUHYT mnpu
150 06/MuUH /10 IOJTyYEHUS CUIIBHOBSI3KOM OIHOPOIHOM
MacChl BJIa)KHOCTBIO 23-25 %;

— (hopmoBaHHUE TECTOBBIX 3arOTOBOK MACCOH OKOJIO
70 T B GOpMBI;

— BbIlleKaHue uzzenuil npu temmneparype 180 °C
15-20 MuHYT.

OpraHosienTHYecKre moKasareian 00pasloB KEKCOB
OTpEeIeNAIN BU3YaJIbHO IIPU PACCESHHOM JTHEBHOM OC-
BEIIEHUU B CIIAYIOIIEH MOCIeN0BaTeIbHOCTH: BKYC,
3amax, ¢popma, IBET, BUA B usaome. JlerycraiiuoHHON
KOMHCCHEH Oblila MpoBeJeHa JeryCTallMOHHas OL[CHKa
00pasioB 1o 5-6ayuibHo# mKane (puc. 1, 2).
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Fig. 1. Results of the degustation of cupcake samples
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Tabmuua 1

Pe3ynbrarsl uccnegoBanmii puU3NKO-XMMMYECKIX OKa3aTeneil 00pasioB Kekca

TpeGosanus PesyabTars! 1151 00pa3uos
IHoka3aresn
TF'OCT 15052 Kontpoar | O6pasen1 | O6pazen2 | O6pasen 3
Bnaxxnocts, % 12,0-24,0 12,01 £0,30 | 17,09+0,55 | 16,56+ 0,45 | 16,86+ 0,40
[lenoyHoCTh, TPa. He 6omee 2,0 0,94 + 0,06 0,94 + 0,08 0,92 + 0,06 0,82 + 0,05
[TotHOCTD He 6Gonee 0,65 0,54+0,03 0,66 + 0,02 0,60 £ 0,02 0,65+ 0,03
DopMOyCTOHINBOCTH He nopmupyercst | 0.584 +0,02 | 0.601+0,03 | 0.652+0,05 | 0.511£0,02
Table 1
Results of studies of physical and chemical parameters of cupcake samples
. Results for samples
Indicators Requg'gy;?g?zof Control Sample Sample Sample
sample No. 1 No. 2 No. 3
Humidity, % 12.0-24.0 12.01£0.30 | 17.09+0.55 | 16.56 +0.45 | 16.86 +0.40
Alkalinity, degrees Not more than 2.0 | 0.94+0.06 0.94 £0.08 0.92 £0.06 0.82+0.05
Density Not more than 0.65 | 0.54+0.03 0.66 £0.02 0.60 £0.02 0.65+0.03
Form stability No requirements | 0.584 +0.02 | 0.601 £0.03 | 0.652+0.05 | 0.511 +0.02
Tabnmuna 2
Pe3ynbraThl UCCIeFOBaHMIT fePOPMAIMIOHHBIX XaPAKTEPUCTUK 00pa3I[0B KeKca
HauMeHOBANME 3HaueHHe MoKa3areJsst
obpasua Oo6mas nepopmanns, | Ilaacrtuyeckas ae- Yupyras negpopma- Monyab
Ho0wm, MM ¢opmanus, Huia, mm uus, Hynp, mm ynpyroctu Ah
KontposnbHhsrit 5,86+ 0,02 2,18+0,01 3,68 +0,01 0,372
o0pazen
O6paser 1 7,55+0,14 3,32 +0,07 4,22 +0,01 0,440
Oo6paser 2 7,28 £ 0,20 3,04+0,12 4,24 + 0,04 0,417
Oopaszen 3 6,01 £ 0,04 2,57+ 0,02 3,44+ 0,07 0,427
Table 2
Results of studies of deformation characteristics of cupcake samples
The value of the indicator
Samples Total deformation, Plastic deformation, | Elastic deformation, | Modulus of elas-
Htot, um Hpl, mm Hel, mm ticity Ah
Control sample 5,86 £0,02 2,18+0,01 3,68 £0,01 0,372
Sample No. 1 7,55+0,14 3,32+0,07 4,22 +0,01 0,440
Sample No. 2 7,28 0,20 3,040,112 4,24 £ 0,04 0,417
Sample No. 3 6,01 £ 0,04 2,57+£0,02 3,44+0,07 0,427
Kekcbl  XapaKTepH30BaJIHMCh JKENTO-KOPHYHEBBIM U 3alax CTAHOBSTCS OOJiee OLIyTUMBIMH, a [IBET MSAKH-

LBETOM C MEITKUMH BKPAIUICHUSMH; YMEPEHHO CIIAJAKUM
CIIMBOYHBIM BKYCOM H 3aI1aXOM C JIETKHM TPABSHUCTBHIM
OTTCHKOM; TIPaBUJIFHOW HE pacIUIBIBYATON (HOpPMOii;
CJIETKA BBINMYKJIOW ITOBEPXHOCTBIO C XapaKTEPHBIMHU
TpemuHaMu, 0e3 IMyCTOT; Ha W3JI0ME H3JENUsl TpoTe-
YEHHbIE, C PABHOMEPHON NOpUCTOCThIO0. Hanmyummmu
CCHCOPHBIMU TOKa3aTeJIiIMH  00afan SKCIEepUMEH-
TaJbHEI 00paser Ne 2 ¢ copepkanueM 20 % KOHOTIIS-
HoOU MykH U 7 % knerdarku. O6pasen kekca Ne 3 otim-
YaJcst BIPaKEHHBIM M3MEHEHUEM IIBETA, MOSBICHHEM
XapaKTEpHOTO KOHOIUITHOTO 3alaxa M MPHBKyca, cla-
661M orseMoM. KoHTponbHEIH 00paser n oopasert Ne 2
OTMEUEHBI KaK M3/IETHS C OTIINYHBIM YPOBHEM OPTaHO-
JETITHYECKUX CBOMCTB. B rccenoBanmsax 1pyrux aBTo-
POB YCTQHOBJICHO aHAJIOTHYHOE BIMSIHUE KOMITIOHCHTOB
nepepaboTKN KOHOIUIM Ha OPTaHOJETITHYECKUE CBOM-
CTBa XJICOOOYIOUHBIX M3IENHN: CHeH()UISCKIE BKYC

112 ¥ KOPKX 00JIee TEMHBIMH TIPH YBEITHUCHUN KOJINYE-
CTBa BBOIMMBIX MTPOAYKTOB TepepabOTKH KOHOIITH [9].

DU3UKO-XUMUYECKUE U PEOJOTMUYECKUE CBOMCTBA
BHOCST CYIICCTBEHHBIH BKJIAJ NPH OICHKE TOTpPeOH-
TEIbCKOM TPUEMIIEMOCTH KOHJIUTEPCKUX H3AETUM.
YcTaHOBIIEHO, YTO BHECSHHE B PEIENTYpPy OOOramaro-
IIMX KOMIIOHEHTOB HE BBI3BIBACT OTKIOHEHUH B (pr3u-
KO-XMMHYECKHX MTOKa3aTeNsIX TOTOBBIX 00pasnoB. Ham-
Ooee ONITIMAaTHHBIMI 3HAYEHUSMH TUIOTHOCTH U (pop-
MOYCTOWYHBOCTH OTIHUaics obpaszer Ne 2. Jlnms Bcex
MYYHBIX H3JENUH, COICep)KalINX KOHOIUIAHYIO MYKY,
YCTaHOBIICHO BO3pacTaHWE MAcCOBOW JOJH BJar (o
17 %) n mmotHOCcTH W3nenuit (no 0,66). IloxydenHse
pe3ynbTaTel 00YCIIOBICHBI CHIDKCHHEM COOTHOIICHHS
CIIMBOYHOTO Maclia B peIenType U BBEACHNEM MOJIOKa
MACTePH30BAaHHOTO, & TaKXXe BBICOKOW BOIOMOIIOTH-
TETBHON CITOCOOHOCTHIO MYKH M KIIETYaTKA KOHOTIIIS-
Hoii (Tabmura 1). 25
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Fig. 4. Results of the analysis of the antioxidant activity of cupcake samples

Ha ocHOBaHWH pe3ynbTaToB pPEOJOTHYSCKUX HC-
CIICZIOBAaHUH YCTaHOBJICHA 3aBHCHMOCTH MEXIY 3Ha-
YeHUSAMHU OOIIEH U TIACTUICCKOH e(hopMauil M KOH-
LEHTpaeld BHOCHMBIX 100aBOK. OOpasisl KEKCOB
00JIaIaroT yIpyro-TNIaCTHIHBIME CBOWCTBaMH. [lnmie-
BBIC BOJIOKHA, 00Tajasi BBICOKOW THAPO(QUIBHOCTEHIO,
MIPOYHO YIACPKUBAIOT MOJEKYIBI BOIBI, 00yCITaBIHBast
ONTUMAIIFHBIE CTPYKTYpHO-MEXaHWYECKUE CBOMCTBA
TOTOBBIX KOHAUTEPCKUX u3Aenui. Ilpu atoM BHECEHHE
KOHOTUITHOW MYKH M KJI€TYaTKU MOBBIMIAET YIIPYTOCTh
KEKCOB, HAMOOJIBIITIA MOAYIb YIPYTOCTH HAOMIOIAIH B
obpasue | (tabmuia 2, puc. 3).

BHecenue KOHOIUIIHOM MYKM M KJIETYaTKU B pe-
nenTypy kekca «CTONMYHOTO» TTO3BOJIMIIO YBEIUIHUTH
AHTHOKCHJAHTHYIO aKTHBHOCTH TOTOBBIX H3ICIHI Ha
28,8-49,1 %, mpuuem B obpasue Ne 2, mpr COBMECTHOM
ncnonb3oBanuu 20 % koHOIUIAHON MyKH M 7 Y% KIeT-
YyaTK{ HaOIoagachk HamOojiee BHICOKAsh aKTUBHOCTh
DPPH. Bricokass aHTHOKCHIAHTHAsI aKTUBHOCTH DKC-
TIEPUMEHTANBHBIX 00pa3llOB MYYHBIX KOHIUTCPCKUX
H3JEIUI KOPPETUpOBaia Co 3HaUNTEIbHON KOHLIEHTpa-
nueil MoMu(pEHONBHBIX COSNUHCHUH, KOIMYEeCTBO KO-
TOPBIX TIPH OMPEACICHUU CIIEKTPO(POTOMETPHUICCKIM

MeTomoM coctaBuiio ot 1,21 1o 1,23 Mr-skB rajioBoi
KHCJIOTBI. DTO TO3BOJISIET CIENaTh BEIBOA 00 3ddek-
THUBHOCTH HCIIOJNb30BaHUS KOHOIUITHOW MYKH U KIIET-
YaTKH JUIS YJIYYIOICHHsS aHTHOKCHIAHTHBIX CBOMCTB
MIPOIYKTOB (pHc. 4).

IIpuponHble aHTHOKCHIAHTHI, TaKHe Kak moude-
HOJIBI, OTO HATYpaJIbHbIC PACTHTEIBbHBIC COCIHHECHUS,
oOmagarorue BBIPaKEHHBIME  (hapMaKOIIOTHIEeCKUMU
CBOICTBaMHM, — IPOTUBOBOCIIAIUTEILHBIMHU, OHKOIIPO-
TEKTOPHBIMH, UMMYHOMOIYJIUPYIOIIUMU. B MHOTOUMC-
JICHHBIX HCCIIC[OBAHUSAX JIOKa3aHbl aHTHOKCHIAHTHBIC
CBOIfCTBa KOMIIOHEHTOB, COJCPIKAILMXCS B CEMEHaX
koHOTUTH [17]. B "WacTHOCTH, yCTAaHOBJIEHO, YTO TIPO-
JYKTHI IIepepabOTKU CEMsIH KOHOIUTH COAEPIKaT 3HA4H-
TENbHOE KOJIMYECTBO MONU(EHOIBHBIX COCANHEHHH,
TIaBHBIM 00pa3oM B BHIE (h1aBaHOHOB, (pIIABAHOIOB,
M30(IIaBOHOB U (PEHONBHBIX KUCIOT (IIPOTOKAaTEXUHO-
Basi, THAPOKCHOCH30IHast 1 KopuyHast) [4]. DeHonpHbIe
COCIIMHEHHUS] UTPAIOT BAKHYIO POJb B CTAOMILHOCTH,
NPUEMIIEMOCTH M IIHILEBOH LIEHHOCTH INPOIAYKTa H
NPEJOTBPAIIAIOT YXY/IIICHUE KauecTBa IPOLYKTOB, 3a-
Jep)KUBasi paJuKaIbHbIe PEaKIUy, OTBETCTBCHHBIC 3a
OKHCIICHHE JIMITUJIOB IPU XPAaHCHHH W BO3ICHCTBHH

27
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Fig. 5. The degree of satisfaction of the daily requirement when consuming a portion of the product (60 g of cupcake)

BHeIHUX (akTopoB [18]. Jloka3zaHa 3HAYUTEIBHAS
KOPPEISIMS MEXy KOHLEHTpaluel MoaudeHonoB nu
AHTHOKCHJAHTHOW aKTHBHOCTHIO [19], mpudem oTme-
YEHO, YTO aHTHOKCHJAHTHBIA ITOTEHIINAJI KOHOIUITHON
MYKH U CEMSH BBIIIE, YeM KOHOIUITHOTO Macia. Takxe
TTOATBEPKICH BBICOKNI aHTHOKCHIAHTHBIN ITOTCHIINAI
KOHOIUTH (I10 pe3yibTaTaM OIpEIeICHUs MoKa3aTeIeh
DPPH u FRAP) 6naronapst cocraBy ¢enosos [7].

B pesynbrare aHanM3a MumeBoi HeHHOCTH 000CHO-
BaHO BBICOKOE COZAEpKaHWe OeKa, MUKPOHYTPHEHTOB
1 TIMIIEBBIX BOJIOKOH B AKCIEPHMEHTAIBHBIX 00pasiax
KEKCOB. BHeceHne KOHOIUISIHOW KIIETYAaTKW M KOHO-

28

IUITHOH MYKH CYIIECTBEHHO YBEIWYMIIO COAEp’KaHWE
oenka — Ha 47,0-52,4 %, NHUIIEBBIX BOJOKOH — B 3,2—
4,6 paza; Tnamuna — B 14,5-15 pa3, pubodaBuna — B
3,7 paza. Mcnomp3oBaHWe NPOAYKTOB MepepabOTKH
CeMsH KOHOIUIM B perentype kekca «CTONMYHBIIN»
TIO3BOJISIET YAOBJICTBOPUTH CYTOUHYIO ITOTPEOHOCTH B
MUIIEBBIX BOJOKHaX — Ha 16,0-18,6 %; B BUTaMHHE
B, u B, — na 46,0-72,2 % n na 16,6-20,3 %; B xeie-
3¢ 1 Mmarauu — Ha 21,08 1 Ha 17,8 % COOTBETCTBEHHO
IIpU yrnoTpedieHny nopuun npoaykra 60 1. Jkcrnepu-
MEHTaJIbHBIE 00pPa3Ibl KEKCa XapaKTEePU3YIOTCS TIOHH-
JKEeHHOH KajopuitHocThio (Ha 13,7 %) 1mo cpaBHEHHIO
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C KOHTPOJIBHBIM 00pa3uoM. /laHHas 3aKOHOMEPHOCTh
00yCIIOBJIEHA COKPAILIEHUEM B PELENTYPE COACPIKaAHUS
Maciia CIMBOYHOTO M caxapa IPU BHECEHUM MYKH KO-
HOTUISIHOM U KJleT4aTku (puc. 5).
Oocy:xnenue u BbIBoAbI (Discussion and Conclusion)
B xoze BbITIOJIHEHUS pabOTHI MTPEATIOKEH AJITOPUTM
TEXHOJIOTHYECKHX 3TalloB IPOU3BOACTBA OOOTalleH-
HBIX KEKCOB Ha OCHOBE IIPOIYKTOB NIepepabOTKH CeMsIH
KOHOIUTH ¢ 000CHOBaHHBIMHU ITapaMeTPaMu IIPOLIECCOB.
[IpuMeHeHne AOMOIHUTENBHOTO 3Tana — 3MYJIbIUPO-
BaHME KOHOIUITHOM MYKHM M KJIETYaTKH C BOJIHOM (a-
30i1 — nmo3BoJsieT c(h)OPMUPOBATH YCTOWUMBYIO CTPYK-
Typy noiygabpukara ¥ MpHEMIIEMbIE PEOIOTHYECKHE
CBOICTBA FOTOBBIX KOHAUTEPCKUX U3EIHI.
OTMEYCHO, YTO ONTHMAJbHBIMHU 3HauCHHUSIMU (HU-
3UKO-XMMHUYECKUX IOKa3aTeNel XapaKTepH30BaIHCh
o0pasupl m3nenuii ¢ nodasnenuem 20 % KOHOIUITHON
MyKu 1 7 % nuieBoit kiaeryaTk. B nanHbIx oOpasiax
YCTAHOBJICHA HAaMMEHbIIasl BIAXXHOCTb, IUIOTHOCTh U

il il ol il il ol

X KOHOIUITHYIO MYKY, YCTaHOBJIEHO BO3pacTaHHe
MaccoBo# J1oau Biaru (1o 17 %) u IoTHOCTH U3enuit
(1m0 0,606). [Tony4eHHBIC Pe3yyIbTaThl MOT'YT OBITH 00B-
SICHEHBI CHUKEHUEM COOTHOILICHUSI CIIMBOYHOTO Macjia
B pPEIENType U BBEJICHUEM MOJIOKA MTACTEPU30BAHHOTO,
a Tak)Ke BBICOKOW BOJOMOINIOTHTEILHOM CIIOCOOHO-
CTbI0 MYKH KOHOIUISSHOM M KJIETYATKH KOHOILISHOM.
Haubosee BrICOKast yCTOMYMBOCTH ()OPMBI YCTAHOBJIC-
Ha s oOpasnoB kekca Ne 1 u Ne 2 — 0,652 u 0,601
COOTBETCTBEHHO, 4TO Ha 2,9 % u Ha 1,6 % BbIlIE 110
CPaBHEHHIO C KOHTPOJIbHBIMU 00pa3IiaMH.
Hcnonb30BaHne KOHOIUISHOM MYKH M KJIETYaTKH
B pelenType KEKCOB IMO3BOJISET YAy4lllaTh aHTUOKCH-
JIaHTHBIE CBOMCTBA KOHJUTEPCKUX W3JEIUHI, a TakkKe
MOBBIIIATh COACPIKAHUE OejKa, MHUKPOHYTPUEHTOB U
MUIIEBBIX BOJOKOH. OJHAKO HEOOXOIUMO YUYHUTHIBATH
KOJIMYECTBO BHOCHUMBIX KOMIIOHCHTOB I[epepadOTKu
KOHOIUIM, TaK KaK OHU CyIIIECTBEHHO BJIMSIOT Ha opra-
HOJIENITUYECKHUE MTOKa3aTeIl TOTOBON MPOTYKITUH.
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Technological aspects of the use of hemp seed processing
products in the formulation of enriched cupcakes

S. P. Merenkova'™, O. V. Zininal, O. P. Neverova?

! South Ural State University (NRU), Chelyabinsk, Russia
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Abstract. Due to the high demand for confectionery products, the development of these products enriched with
functional food ingredients, including dietary fibers, is relevant. The novelty of the work lies in the use of non-
traditional types of plant raw materials in the production of confectionery products — hemp flour and fiber, and the
development of optimal conditions for the use of the ingredients in the production of products. The purpose of
the research was to develop an experimentally based technology of cupcakes enriched with nutrients and dietary
fibers contained in whole-ground hemp flour and fiber, as well as a comprehensive analysis of the properties of the
developed confectionery products. Methods. In the experimental samples of cupcakes organoleptic, and physical
and chemical indicators were determined, according to generally accepted methods; rheological indicators were
determined on a structurometer; antioxidant activity by DPPH method; nutritional value — by calculation method.
Results. It was found that samples with the addition of 20 % hemp flour and 7 % dietary fiber were characterized
by optimal physical and chemical parameters. The lowest humidity, and alkalinity were found in the experimental
samples. For all samples containing hemp flour, an increase in the mass fraction of moisture (up to 17 %) and
the density of products (up to 0.66) was found. The highest form stability was established for samples No. 1 and
No. 2-0.652 and 0.601 respectively, which is 2.9-11.6 % higher compared to control samples. The introduction
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of hemp flour and fiber into the cupcakes formulation allowed to increase the antioxidant activity of the finale
product by 28.8-49.1 %. When the combination of the 20 % hemp flour and the 7 % fiber was use, the highest
DPPH activity was observed. Thus, the use of hemp flour and fiber in the in the formulation of enriched cupcakes
makes it possible to improve the antioxidant properties of confectionery products, as well as increase the content
of protein, micronutrients and dietary fiber.

Keywords: confectionery product, hemp flour, dietary fiber, functional food ingredient, antioxidant activity.
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N3yuyeHue reHeTu4ecKou BapuadeIbHOCTH
BbIJICJICHHBIX M30JI51ITOB BUPYCAa JIeliK03a
KPYIHOI'0 poraroro ckora B bejropoackou odjacrTu
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Annomayus. leab uccinenqoBaHus — M3y9ICHNE TCHETHUYECKONW BapnabeIbHOCTH BBIJICIEHHBIX B benropoackoit
00J1acTH U30JIATOB BHPYCa JICHKO3a ¢ MPUMEHEHHEM METO/1a ITOTUMOP(H3Ma IIIHH PECTPUKIIMOHHBIX (parMEeHTOB
(RFLP). MeTtoabl. O0BEKTOM UCCIIETIOBAHUH CITYKWITH HHPHUINPOBAHHBIE BUPYCOM JIEHKO3a KOPOBBI 3—4-JIETHETO
Bo3pacta (n = 10), BEIABICHHBIC CEPOTOTHUECKUMHU METOAAMHU B HEOIAromoIyIHBIX MOJIOYHO-TOBAPHBIX CEIHCKO-
X03s1McTBeHHBIX npeanpuarusax. [Iposoaunu PUJI-auarnocTtuky, remaronornyeckue ucciaenosanus, [P, reno-
TUIIIPOBAHUE, CTATHCTHIECKYI0 00padOTKy MOTyueHHBIX NaHHBIX. HayuHnas HoBu3HA. JIeiKo3 ABIIETCS OTHIM
13 HanboJee pacipoCTPaHEHHBIX XPOHUYECKUX HH(EKIIMOHHBIX 3a00JI€BaHNH KPYITHOTO POTATOTO CKOTa BO MHO-
THX CTPaHaX MUPA U CIYKHUT IPUINHON CYIIECTBCHHBIX SKOHOMUYECKHX ITOTEPh B OTPACIIH )KUBOTHOBOJACTBA. TH-
mu3aIys BUpyca jeiiko3a (BLV), n3ydenne ero reHeTHYeCKoi CTPYKTYpHI, OlIEHKa MyTaIliii 1 6ojee moapodHoe
pacKpeITHE OMOIOTHYECKUX CBOMCTB IMaToreHa MMeeT Oopiioe pyHAaMeHTaIbHOS U MPUKIIagHOe 3HaYeHue. Pe-
3yabTaThl. B pe3ynpraTe mpoBeAEHHBIX TeMaTOIOTHIECKIX MCCISIOBAHUI ONpeiesieHa CTaIus JISHKO3HOTO TPo-
mecca y KaxaIoro )KHBOTHOTO. MeToioM AByxaTamHo# rHe3poBoi (nested) TP 6pu1 amMmmummumpoBaH 1eneBoi
ygacTok env (gp51) rera BLV (444 1. H.) 11 OCYIIIECTBICHO €r0 TeHOTUITUPOBAHUE [T BCEX M3YYaeMBIX H30JIATOB
BHpYycCa JIeHKo3a ¢ MPUMEHEHHEM METOAa IONMMOPQH3Ma JUTHH PeCTPUKIHMOHHBIX (PparmMeHToB (RFLP). Hamm
JlaHa TIEpBUYHAS OICHKAa TeHeTHYeckol BapuabempHocTH BLV ¢ ycTaHOBIEHHEM TeHETHYECKOH TPpymIis! (Oenbruii-
ckuif reHotun o RFLP). MornTOpHHTOBEIE HCCIenoBaHNs TeHOTUIIOB BLV 1 M3ydeHne aHTUTEHHBIX W3MEHEHHUI
TaTOTeHAa MO3BOJISAT CBOEBPEMEHHO pa3pabdaThIBaTh HOBEUIIIHE CPECTBA KOHTPOIISI M O0PBOBI ¢ pacTipocTpaHeHUEM
JeiiKo3a, COBEPIICHCTBOBATh TuarHoctudeckue ceponorndeckue u [P rect-cuctemsl. [Tomyuennsie cierudu-
yeckue ygacTku reHa env (gp51) BLV GynyT ucrons3oBans! 1uis qansHeiniero nposenenus JJHK-cekBennpoBanus
C TOCTEAYIONM (PUIOTCHETHYECKUM aHAJIN30M M YCTAaHOBICHHEM aMHUHOKHCIOTHBIX M3MEHEHHH B CTPYKTYpe
MTOBEPXHOCTHOTO TIHKONIpoTenHa (gpS1) Bupyca neifko3a KpyImHOTO POraToro CKoTa.

Knrouesvie cnosa: Bupyc neiiko3a, MOJIEKYITIPHO-TEHETUIECKAst XapaKTePUCTHKA, (PUITOTeHETHKA, TeMaTOIOTHs,
KPYIIHBIA pOTATHIi CKOT, TCHOTHITNPOBAHNE, THK-CEKBCHUPOBAHHUE, PEAKIINS SH3UMHOTO TIOMUMOphHU3MA.

Jna yumuposanusn: Tlerponasnosckuii M. B., Jlonauk U. M., Be3zooponosa H. A., KoBanenko A. M., bense-
Ba C. H. N3ydenue reHeTnyecKkoil BapnabeIbHOCTH BBIACICHHBIX H30JIITOB BHpYCa JEHK03a KPYITHOTO POTaToOro
ckota B benroposckoit obmactu // Arpapusiif BecTHUK Ypana. 2022. CrieuBbimyck « bnomaorus u OHOTEXHOIOTHI.
C. 33-43. DOI: 10.32417/1997-4868-2022-229-14-33-43.

Jama nocmynnenus cmamou: 28.11.2022, oama peuensuposanusn: 08.12.2022, oama npunamusn: 12.12.2022.

IHocTranoBka npodaemsl (Introduction) MYHOKOMIIETEHTHBIE KJIETKH BOCHPHMMYHBOTO Opra-
Bupyc neiiko3a xpymHoro poraroro ckora (BJI  Hu3Ma u BBI3BIBaCT HEOOpaTHMbIC HEOIIACTHYCCKHE
KPC) — PHK-comepkamuii OHKOT€HHBI BHPYC, KO-  HM3MEHEHHS JIHM(OHUIHOW CHCTEMBI, NPHUBOAAIINE Yy
TOPBIH, COIIAacCHO TakcoHoMHuueckol kiaccudukarmu  30-70 % UHPUIMPOBAHHOTO CKOTA K CTOMKOMY Iep-
(ICTV), otHOCHTCSI K ceMelcTBY Retroviridae, poxy — cucteHTHOMY JuMponuTosy u 'y 2-5 % — k pa3BuTHiO
Deltaretrovirus [1; 11]. Bo30Oymurens nopaxaer uM-  numdocapkomsr [1; 2; 16; 22]. TlepcuctupoBanue Bu-
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pyca Jelko3a y HHQHUIUPOBAHHBIX XMBOTHBIX IPOUC-
XOJIUT MOXKM3HEHHO. [Ipu 1aHHOM 3a00JIeBaHUH 10 CUX
nop He pa3pabotaHo 3()(HEKTUBHBIX METOOB JICUCHUS
U BakiuHONpoduiaktuku [1; 2; 4; 9; 19].

B Hacrositiee Bpemst JISWKO3 SIBJISETCS OJHMM U3
HanboJiee PacHpOCTPaHEHHBIX XPOHMYECKHX HH]EK-
IMOHHBIX 3a00JIEBAHUI CPEAN KPYITHOTO pOraTroro
CKOTa BO MHOTIMX CTpaHax mupa [11] u nmpuumnHOi
9KOHOMUYECKUX IOTEPb, CBSI3aHHBIX C BBIHYKJICHHON
BBIOPAKOBKOH BBICOKOIPOAYKTHBHBIX TIEMEHHBIX YKH-
BOTHBIX Ha PaHHUX dTarax MPOU3BOACTBEHHOIO MC-
NOJIB30BaHMs, @ TAKXKE C TOTEPSIMHU MPOIYKTUBHOCTH,
CBSI3aHHBIMH B TOM YHCJIE M C BIMSHUEM 3a00JICBaHUS
Ha UMMYHHBIH craryc [1; 2; 4; 6; 8; 9; 10; 19; 22].

EnuncTBeHHbI 2 (heKTHBHBII METO/I HCKOPEHEHUSI
[aTOreHa — YeTKOE BBIINOJIHEHUE MPOrpaMM KOHTPOJIS
HaJl PacIpoCTpaHEeHHEM 3a00JIeBaHMsI, OCHOBOW KOTO-
PBIX SIBIISIETCSI CBOEBpEMEHHOE U 3(h(EKTHBHOE BBISB-
JICHWE W M30JIMPOBaHNE WHPHUIUPOBAHHBIX YXHBOTHBIX
[1;4;9;19; 22].

CoBpeMeHHbIE METO/bI TMArHOCTUKU BHpYycCa JIe-
K032 MMEIOT JIOCTaTOYHO BBICOKYIO 3((EKTUBHOCTb,
OJIHAKO BEPOSITHOCTD IOJYYEHHsI HEKOPPEKTHBIX JlaH-
HBIX J1a0OPaTOPHOTO KOHTPOJIS KOPPEIUPYET C TeHe-
THYECKOH BapHaOeNIbHOCTBIO OTAEIBHBIX H30JISITOB
narorena [7; 13; 14; 18]. Kpome Toro, ycraHoBieHna
B3aUMOCBSI3b MEXKJY PAaCHpPOCTPAHEHHWEM B IOIYJIs-
UM KPYITHOTO POraToro CKOTa MH(EKINH, BHI3BAHHON
OT/IEJIbHBIMH TeOorpaMuecKMMU TeHETHYECKHMMHU Ba-
pUaHTaMu BHpYyca JeWK03a, TSDKECTBIO BBI3BIBAEMOTO
MaTOJOTMYECKOr0 Tpolecca U CKOPOCTbIO Pa3BUTHUS
KJIMHUYCCKUX CHMIITOMOB 3a0oseBanust [14; 18].

Takum oOpazom, tunuzauust BLV, usyuenue ero
TeHETUYECKON CTPYKTYpBI C OLIEHKOH MyTauuii u 0o-
Jiee MOAPOOHOE PaCKphITHE OMOJOTMYECKUX CBOMCTB
naroreHa UMeeT OO0JIbILIOe 3HaYEHHE JUIsl BUPYCOJIOTHH,
SMHU300TOJIOTHH U APYrux Hayk. OTpacieBoe 3HauYCHHE
MOHUTOPUHIOBBIX HCCEA0oBaHUN TeHoTunoB BLV u
U3y4eHHE aHTUTCHHBIX M3MEHEHUH MTaToreHa Mo3BOJINT
CBOEBPEMEHHO pa3palarbiBaTh HOBEHILIHNE CpECTBA
KOHTPOJISI ¥ OOPBOBI C pacpOCTPaHEHUEM JIEHKO03a, CO-
BEPIIEHCTBOBATh JUATHOCTUYECKHE CEPOJIOTHUYECKUe
u [P Tect-cucTeMbl, B TOM YHCIIE IyTeM Moj00pa
criepUIHBIX TIPaiiMepOB Il KOHCEPBATUBHBIX (par-
MEHTOB F¢HOMa BO30YIUTEIIS.

Lenp nccnenoBanusi — N3y4UTh TEHETHYECKYIO Ba-
pHadeIbHOCTh BBIJICICHHBIX B HEOJIAaromolyYHbIX MO-
JIOYHO-TOBAPHBIX X03siicTBax benropojckoil obnactu
U30JIITOB BUpYcCa Jieliko3a ¢ MPUMEHEHUEM METOJIa 3H-
3uMHoro resorunuposanus (RFLP).

3anaun:

1. IlpoBecT TIeHOTUIIMPOBAHUE BBIICICHHBIX B
HeOJIaronoyyHbIX MOJIOYHO-TOBAPHBIX  XO3SIHCTBAX
Benropozckoii 00acTH M30JIATOB BUpyca Jiciiko3a ¢
NPUMEHEHUEM MEeTOJIa TToIMMOp(dHU3Ma IUTHH PECTPUK-
nuoHHbIX (hparmentos (RFLP).

34

P
- Ypana. CrewyyranbHbtit Bbimyck «buonoris i 6uotexronoriimy, 2022 1.
N

2. N3yunTth remMatonornyeckue mokasaTesnu uccie-
JTyEeMBIX TPy )KUBOTHBIX.

3. Boigenuth neneBoit ¢gparmeHt env reda BLV u
MOJITOTOBUTH TOJIyY€HHBbIE 00pa3sipl K JalbHEeHIemy
JIHK-cexBeHHpOBaHMUIO.

MeTonosorusi 1 MeToabl uccaenoBanusi (Methods)

PaGora BeInoNHEHA B JTabopaTopuu Jiciiko3a oT/ie-
Jla MOHUTOPHUHTA U NIPOTHO3UPOBAHMS WHPEKIIMOHHBIX
OoJie3Hel )KUBOTHBIX U B J1a0OPAaTOPUH T€HOMHBIX HC-
CII€ZIOBAaHUN U CEJIeKIMH )KUBOTHBIX YPaJIbCKOTO Hayd-
HO-HCCJIEIOBATENICKOTO BETEPUHAPHOTO MHCTUTYTA —
cTpykTypHoro noxpasnenenus Yp®@AHUILL ¥pO PAH,
a takke Ha Oase benroposickoro rocyaapcTBeHHOTO
arpapHoro yauBepcuteta umenu B. S. [opuna (ucrmbi-
TareNnbHas JadopaTopus, J1aboparopusl MO H3yUEHHIO
WHQPCKIMOHHBIX U MHBA3MOHHBIX 0O0JIC3HEH U ampoba-
LIUM BETEPUHAPHBIX MIPETIapaToB).

OOBEeKT HCCIeIOBaHMN: — KPYIHBIA pOraTblii CKOT
YEPHO-IIECTPOIl MOJIOYHOU IOPOABI, IIPUHAUICKAIINN
CEJIbCKOXO3SIMCTBEHHBIM  IIpeapusaTusaM  besropoa-
CKoit oOnacrtu.

IIpenmer uccnenoBaHus — LeNbHAs KPOBb, JIEHKO-
LIUTapHast B3BECh.

IloaroroBka JieHKOLUTAPHOHI (PpaKLUK

Mertoauka BbIAENEHUS (M30JIALUHU) JICHKOIIUTOB
NpoBejieHa B ycJIOBUsIX Jiaboparopun benroponckoro
rOCYAapCTBEHHOTO arpapHoro ynusepcutera. OtOop
LEJIBHOW KPOBH OT KMBOTHBIX MPOU3BOAMIN BaKyyM-
HBIM CIIOCOOOM € HUCIOJIB30BaHKEM Mpooupok ¢ DJITA
B KadecTBe craOwinzaropa. Meroanka BbIJEICHUS
JICKOIIUTOB IMPOBE/EHA B ACENTHYECKHUX YCIOBHSX C
npuMeHeHueM pactBopa dukomia (p = 1,077 r/mn)'.

B pesynbrare neHTpUQpyrupoBaHus paz0oaBicHHON
KPOBH C pacTBOpOM (hUKoJLIIa 00pa30BhIBAJICS OeeChIi
MEHHCK Ha TpaHUIle pasaeiia (Gppakiuil — JCUKOLUTHI
(MOHOHYKIIeapHast PPaKIUs KJICTOK KPOBH ) (110 METOIH-
ke A. Boyum, 1974). Jlanee nzonupopaiu JeidKonuTap-
HOE KOJIBII0, a TPUTOTOBJICHHBIE TPOOBI 3aMOPAKUBAIIH.

Coop oopa3uos u xpanenue JTHK

O0pa3iisl KpoBHU ObLTH B3STHI OT 10 cepooruyecku
MOJIOKUTEJIBHBIX KOpOB 3—4-J€THEro Bo3pacTa, ecTe-
cTBeHHO wuHOuuupoBanHbix BLV. Ceponornueckne
HCCIIeIOBAaHNS Ha JIEHKO3 NPOBEJEHBI B BETEPHUHAp-
HBIX Jlaboparopusix benropoxackoit obnactu MeTonom
peakuun ummyHHou anddysun (PUI). Or6op mpod
KPOBHU MPOU3BOJMIN OJJHOPA30BBIMU BaKyyMHBIMH CH-
creMamu B crepuiibHble podupku Tuna DJITA K3 s
MOJIEKYJIIPHO-TEHETHUECKUX U I'eMaToJIOTHYeCKUX HC-
CJIEIOBaHUM.

Jns nposeaenuss PUJI-nmuarHOCTMKM HMCHOJB30-
BaH JIMAarHOCTHYCCKU Habop mpowusBoacTBa Kypckoit
ouodadpuxu — pupmbl «bBMOK». Mccnenosanne npo-
BOJIMJIOCH CONTacHO MHCTpykimu Ne 13-7-2/2130, yt-
BepKIeHHOU [/lennapramMmenToM BeTepuHapuu MuHcesnb-
xo03a Poccun ot 23.08.2000 1.

! Pactsop dupomra. URL: https://paneco-ltd.ru/products/fikolla-
rastvor_1 (mata obpamenns: 25.11.2022).
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I'emarosiornueckue MccienoOBaHUS KPOBU JKHBOT-
HbBIX MPOBOAWJIM HAa aBTOMATHYCCKOM I'€MaTOJIOTHYC-
ckom ananmuzarope URIT-3020 (Kuraii) cortacHo WH-
CTPYKIMH IO PA0OTE C JAHHBIM IIPUOOPOM.

AMniupukanus nposupycHoii JHK ¢ momo-
mpio [P

Brinenenne JIHK u3 kpoBU KPYIIHOTO pOTaToro CKo-
Ta 1 nocraHoBky [IIIP nposonuiu B COOTBETCTBUU C
WHCTPYKOHUAMU HPOU3SBOAUTEIIA 11O IPUMCHEHUIO TECT-
cucreM. B pabote ncrosb3oBany HaOOp peareHToB st
Beigenenust JJHK Diatom DNA Prep 200 xommnanus
00O «M30l'en» (Mocksa). I3mepeHne KOHIIEHTpaluu
JHK npoBoguinu (iyopuMeTpUYECKUM METOJOM MPH
nomory npubopa MaxLife HI00 Mod.2 OO0 «MBM
Huarnoctuka» (bapnaym).

Hnst BeisBnenust B npobax JIHK Bupyca neiikosa
KPYITHOTO POraToro CKOTa HCIIOJIb30BAJId KOMMeEpUe-
CKUil Tecr-HaOOp «JIeiiko3» IIst BBISBJICHUSI BUPY-
ca Jeiiko3a KpynHoro poraroro ckora merogom I[P
Ampli Sens (LIHWUU snunemuonoruu Pocriorpebnan-
30pa, MockBa). AMILTH(UKALUIO B PEKUME PEaTbHOTO
BPEMEHHU TMPOBOIWIN C MPUMEHECHHEM O0OPYIOBaHUS
Real-time CFX96 Touch (Bio-Rad, CIIIA).

@parmenrt rena env 444 1. H. aMIIIHGUIUPOBAIIH C
noMoInkko rae3noBoit (nested) TP ¢ ucnonbp3oBanu-
eM crleayromux npaimeposn: env 5032 tct-gtg-cca-agt-
ctc-cca-gat-a, env 5608 aac-aac-aac-ctc-tgg-gaa-ggg-
t, env 5099 ccc-aca-agg-gcg-geg-ceg-gtt-t, env 5521
gcg-agg-ccg-ggt-cca-gag-ctg-g [5], CUHTe3UpOBaHHBIX
xomnanueit OO0 «Cunrton» (Mocksa). C npoBeeHH-
€M JIByX MOCJIe/IOBATENIbHBIX PEaKIUil CO CIeTyIOIUMHU
napamerpaMy HMKIoB: 2 MuHYyThI ipu 94 °C (1 nunki),
30 cexynn nipu 95 °C, 30 cexynn npu 62 °C (BHeUHne
npaiimepsl) win 30 cexyna npu 70 °C (BHyTpeHHHUE
npaitmepsi), 60 cexyna npu 72 °C (40 uukion), 4 Mu-
HyThI ipu 72 °C.

Ha nepBom »srane nocranoBku rHe3noBoil I[P
aeKTpohopeTHyIecKast MOABHKHOCTh AMIIJIMKOHOB CO-
oTBeTCTBOBaA JjirHe Ppparmenta 600 1. H., Ha BTOPOM
stane — 444 m. H.

[MJIP®-anamu3 (RFLP — Restriction Fragment
Length Polymorphism) npoBoaniu nyteMm paspe3anust
yuactka JIHK (444 1. H. env reHa) ¢ momMoIisko H0HY-
kiea3 pectpukiuu BamHI, Pvull, Bell (Thermo Fisher
Scientific, CIIIA) co cinenyrooumMu napameTpamu Lu-
kioB: BamHI, Pvull — 37 °C 2 gaca; Bell — 55 °C 2
yaca. AHaJM3 pa3MepoB 00pa3yroIuxcst GpparMeHToB
(peCTPHUKTOB) MPOBOAMIIN ITyTEM Ielib-3JIeKTpodopesa.

Pe3ynbrarhl NpOBeACHHOM PECTPUKIMH YIUTHIBAIIN
B COOTBETCTBHH C TaOJUYHBIMU JaHHBIME [3] (Tabmu-
na l).

Jlns npoBenenus rae3nosoi (nested) TP mpume-
HSUTM MacTep-MHKc-Habopsl — «buoMacrep» HS-Tag
[ILIP (2¥) OO0 «buonadbmuke» (HoBocubupck).

Awmmmndukanuto/unkyoanmto JIHK mpoBonmmm ¢
ucnonb3oBanrem Ttepmonukiepa SWIFT Maxi PRO
(ESCO TECHNOLOGIS, INC., USA).

B kauecTBe KOHTPOJIS aMIUTM(UKALIUH, HA BCEX ATa-
nax uccieaoBanuii ucnonszoBaiu JJHK, Beinenennyto
u3 pedepenrtHoit naun kietok FLK-BLV.

KynbruBupoBanue knerounoi muauu FLK BLV
(M. Van Der Maaten, J. Miller, A. Boothe, 1974) mpo-
M3BOAMIIN MOHOCIIOMHBIM criocoOoM Ha cpene 199 ¢ no-
6asnenueM 10 % Obrubeld SMOPHOHAIILHOM CHIBOPOTKH.

VYuer peakiMy OCYIIECTBISUIM METOJOM TOPHU30H-
TaJBHOTO 3Jekpodopesa ¢ npumeHenuem 1,5 % ara-
pO3HOrO resist ¢ Jo0aBiIeHHeM OpOMHUCTOrO STHIHS B
KauecTBe MHTepKaaupyromiero kpacutens ains JJHK. B
paboTe mpUMEHsUTH 000PYI0BaHHE, CUCTEMY IS I'€Ilb-
JokymeHTupoBanus ¢ Y®-ucrounukom cera E-Gel
Imagen Sistem (Termo Fisher Scentific Inc.).

Jlist onpenenieHust pa3Mepa aMILIMKOHOB [1OCIIE PO-
Benenus IIL[P-uccnenoBanuii ucnonb3oBaiu Mapkep
Step100 OO0 «buonadbmuke» (HoBocubupcek) u JJHK-
mapkepbl 1 Kb HITO «Cu63u3um» (HoBocuOupck).

CrarucTuueckyto 00pabOTKy JaHHBIX IMPOBOIUIN
METOJIaMH BapUallMOHHOM CTAaTUCTHKU B BHJE pacye-
TOB CpPEIHEro apu(pMETHYECKOro, CTaHJapTHOIO OT-
KJIOHEHUSI U KO3()(UIMEHTOB BapHalUK C HCIOJIB30-
BaHMEM IMporpaMmmHoro odecriedenus: Microsoft Office
Excel 2019.

Tabnmuna 1

TeHOTHUIBI BUPYCA /IeiiK03a B 3aBUCHMOCTH OT PasMepoB 00pa3yromuxcs ¢pparMeHToB (pPecTpUKTOB)

IyTeM refib-3eKTpodopesa

Tun BLV BamHI Pvull Bell
SImonckuit 316, 128 444 219, 121, 104
ABCTpammiicKuii 316, 128 444 225,219
Benbruiickmii 444 280, 164 225,219

Table 1

Genotypes of the leukemia virus depending on the size of the formed fragments (restrictions)

of the subsequent gel electrophoresis

BLV Type BamHI Pyull Bell
Japanese 316, 128 444 219,121, 104

Australian 316, 128 444 225,219
Belgian 444 280, 164 225,219
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Amplification

700 +

RFU

[ Log Scale

ETED

Puc. 1. lemexyus npo0ykmos amnauduxauuu Ha npuéope CFX96 u ananus cneyugpuueckoeo ywacmra JHK supyca
netikosa kpyntozo poeamoeo ckoma no kananam HEX-o6pasupt JJHK (n = 10), konmponv + / FAM - enympennuii KOHmpono
Fig. 1. Detection of amplification products on the CEX96 device and analysis of a specific DNA site of the bovine leukemia
virus through channels HEX- sample DNA (n=10), control + / FAM - internal control

Pesyabratsl (Results)

Hamu mpousseneH mondop oOLICTIPUHSTHIX B Ha-
YYHOM COOOIIECTBE METOAMK 110 U3YUYEHHIO TeHEeTHYE-
CKUX XapaKTEPUCTHK IITAaMMOB, TIOJIyYEHHBIX U3 paii-
oHoB beinroposckoii obnactu. B xauecTBe TapreTHoOro
reHa JUIsl [IPOBEJCHUS] TEHOTHIIMPOBAHUS M TIOCIIENy-
fonell (PUIOTeHeTHYeCKO OIEHKH BBIOpaH env-reH
BLV, xogupyromwmii gp 51 (SU) [17] muxonpoTent u
€ro y4acTok JnHo# 444 . H. Ha nepBoM 3tarne chop-
MHUPOBaHBI POTOKOJIBI MCCIIEIOBAHUI M NPOM3BEICH
oTOOp Mpo0 LENbHONH KPOBU M IMOJATOTOBIICHA JICHKO-
LUTapHAsl B3BECh OT MPEABAPUTEIHLHO CEPOIOINIECKU
HCCIICIOBaHHBIX Ha Jeiko3 (B PUJI) xopoB (Bo3pact
3—4 rona) yepHo-necTpoii mopozus! (n = 10) u3 Hebna-
TOMOJIYYHBIX 110 3a00JIeBaHMIO paiioHOB benropoackoii
obnactu. Ilo pesymbraram HcCiIeOBaHUM JKUBOTHBIE
HMEIU CTaTyC — cepono3uTuBHele (BLVH).

B pesynbrare npoBeneHHbIX B benropoackom rocy-
JIApCTBEHHOM arpapHOM YHUBEPCHUTETE IeMaToJIorHye-
CKHUX UCCIICIOBAHUH TaHHBIX )KHUBOTHBIX (1 = 10) ycra-
HOBJIEHO, YTO pacIpe/ieIeHIe SPUTPOLIUTOB 10 00beMy
ObUTO MPUOIMIKEHO K BEPXHEH rpaHHIle HOPMBI M CO-
craBisiio 16,6 u 20,7 % (HOpMaTUBHBINA IOKa3arelb
14,0-19,0 %).

VY Bcex MCCIeJOBaHHBIX KOPOB OBLJIO YCTaHOBIICHO
CHIDKeHUEe reMornobuna oonee uem Ha 50 %, no 46—
72 1/n. KomuuecTBO TPOMOOIMTOB HAXOIMIOCH BBIIIE
HIDKHEH rpaHuisl HOpMel B 1,96—4,25 pasza. Cpegauii
00beM TPOMOOLIMTOB MOXKET OBITh MOBBILIEH BCIEA-
CTBHE BOBJIEYEHHS B I1aTOJIOTMIECKUI IIPOLIECC MHOTHX
OpraHoB M CHCTEM OpraHU3Ma.

[ToHW)XEHHBI T'€MaTOKPUT CHUTHAIM3UPYET O Ha-
pYLIEHHH TIpoliecca 00pa30BaHMsl SPUTPOLIUTOB, HAPY-
LIEHUH CUHTEe3a reMornoOuHa npu anemud. [Ipexnes-
peMeHHasi THOelTb IPUTPOLIUTOB BOSHUKAET YAacTO MPH
3JI0KQYECTBEHHBIX OITyXOJISIX M IPUBOJIUT K ITOHMKEH-
HOW BBIpaOOTKE KPAaCHBIX KIETOK. Y HCCIIEIOBaHHBIX
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KOPOB TeMaTOKpHT cocTaBisit 28,0-28,9 %, 9T0 MCHb-
e HopMeI B 1,59 pasa (28,0—46,0 %).

Haubonee 3HaunTENIHHBIE N3MEHEHHSI OTMEUCHBI B
MmoKazaresix 0enoil kpoBu. Y KopoBel Ne 9 ycTaHOB-
JIeHa HavallbHas cranus (cyoOrnelikemMmdueckas) 3abome-
BaHMS JICHKO30M, KOJIMYECTBO JICHKOIINTOB COCTABIISIIIO
19,4*10°/11, aGCOMIOTHOE KOITUYECTBO JTHUM(OLIUTOB CO-
crassno 10,5%10%/1. YV Bcex OCTaIbHBIX HCCIET0BAH-
HBIX KOPOB BBISBJICH BBICOKHH JICHKOIIUTO3 (TIOKa3are-
JIM KOJIMYECTBA JiedkouuToB oT 23,7 mo 30,4*10%mn), a
0 a0CONMFOTHOMY KOJMUYeCTBY JTuMpo1mToB (0T 4,4 10
9,9*%10°) onpenenena anekeMuyecKas CTaaus JICHKO3-
HOTO TIpoIecca.

Pesynbrarsr [1LP-uccrnenoBannii KoOMMepUYE€CKUMHU
TECT-CHCTEMaMH TTOKa3aJIi, 4TO BCE M3ydaeMble 00pas3-
1161 OBIITM MOJIOKHUTEIFHBIMU IO BUPYCY JICHKO3a KpyTI-
HOTO pPOTraTtoro CKOTa W COAEpKalu creruduieckne
ydacTku npoBupyca BLV (puc. 1).

[Tpn mocTaHOBKE MEPBOTO 3Tara THE310BOI (nest-
ed) TP c wucnomb3oBaHWEM IIONyYCHHOH T'€HOM-
noit /IHK B xonuentpanuu 500 Hr u mepBoil mapoii
BHEIIHUX TipaiimepoB (env 5032, env 5608), Bo Bcex
UCCIEAyeMbIX Tpo0ax ObUTH TOMYYEHBI aMIUTHKOHBI,
KOTOpBIE TIPH TIOCTAHOBKE B TOPH30HTAIBHOM 3JIEKTPO-
hopese coorBeTcTBOBaNMM MnHE (pparmenrta 600 1. H.
M XOPOIIIO MPOCMATPUBAIIMCH MPU BU3YaJIbHOM OICHKE
(puc. 2).

Jamee momydeHHble amrutukoHbl (600 m. H.) wC-
TIOJTE30BAJIM JIIsI TIOCTAHOBKHM BTOPOTO ATala THE30-
Boit (nested) I[P ¢ BHyTpeHHel mapoif mpaiiMepoB
(env 5099, env 5521).

Pesynsrarom rae3nooii (nested) I[P ¢ ucmoms30-
BaHMEM J[aHHBIX IPaliMEepPoOB CTAJIO MoydeHue Beex 10
o0pasmax crnenuUIHBIX aMIUTMKOHOB env reHa BLV
mmHOW 444 T. H., COOTBETCTBHE [UTHMHE (pparMeHTa
BU3YaJIN3UPOBAHO TIPH MTOCTAHOBKE B TOPU30HTATEHOM
anekrpotopese (puc. 3).



Puc. 2. Snexmpodopezpamma npodykmos amnaupuxavuu: M — mapxep m100 wazom; A — amnaukoHot OnunHoil 600 n. H.
nocne nepgoeo smana ene30060ii (nested) ITL[P (env 5032, env 5608), 06pasupvt N 1, 2, 3, 4, 5, 6, 7; B - 06pasuypi Ne 8, 9, 10;
FLK - JIHK, svidenennas us peepermnoti knemournoti nunuu FLK BLV (nonoxcumenvHolii KOHmMponvHbiii 06paseu;)
Fig. 2. Electrophoregram of amplification products: M - marker m100 in increments; A - amplicons 600 bp long after
the first stage of nested PCR (env 5032, env 5608), samples No. 1, 2, 3, 4, 5, 6, 7; B - samples No. 8, 9, 10;

A

FLK - DNA isolated from the reference cell line FLK BLV (positive control sample)

B

Puc. 3. nexmpopopezpamma npodyxmos amnaupuxavuu: M - mapxep m100 wiazom; A, B — amnnukool onunnoil 444 n. u.
nocrne mopozo amana ere3dosoti (nested) IILIP (env 5032, env 5608); A - o6pasupt Ne 1, 2, 3, 4, 5, 6, 7, 8 B — o6pasuyvi Ne 9, 10;
FLK - JTHK, evi0enennas us pepepenmnoti knemournoti nunuu FLK BLV (nonoxcumenvHolii KOHMponvHbiii 06paseu)

Fig. 3. Electrophoregram of amplification products: M — marker m100 in increments; A, B — amplicons 444 b. p. long after
the second stage of nested PCR (env 5032, env 5608); A - samples No. 1, 2, 3, 4, 5, 6, 7, 8 B — samples No. 9, 10; FLK - DNA
isolated from the reference cell line FLK BLV (positive control sample)

Takum 00pa3om, ObUT MOMyYEH IEIEBOU TSl TPO-
BEJICHNSI TEHOTUIIMPOBAHUS BHpYCa JEHWKO3a Y4acCTOK
TeHa env JUTMHOH 444 11. H. U1 KaKI0T0 UCCIIETyeMOTO
obpasra.

3arem MpoBeIeHO TeHOTUITNPOBAHNE, BBIICIIEHHOTO
(bparmenra (444 n. H.) env reHa BUpyca Jieiiko3a Kpyr-
HOTO POTaToro CKOTA, JUISl ATOTO MPOW3BEACH HH3UM-
HBI aHAN3, TPUHLIUI KOTOPOTO — pa3pe3aHue HyKJe-
OTHAHBIX TTOCIIEAOBATEIBHOCTEH B T€HOTHUI-AETEPMHU-
HUPOBAHHBIX Yy4acTKax (epMEHTAMHU-PECTPUKTAZAMU
(BamHI, Pvull u Bcll) (puc. 4).

ITpu nposenennu [1J]IP®-ananuza ObII0 BBISICHEHO,
gyT1o Bce 10 ucciemyeMbix o0Opa3oB COOTBETCTBOBAIH
OeTpruiiCKOMY TEHOTHITY BUpYCa JIeHKo3a IpH MOKa3a-

TensX JUH pectpuktoB: BamHI — 444 . u.; Pvull —
280, 164 1. u.; Bell — 219 1. H.
Oocy:xnenue u BbIBObI (Discussion and Conclusion)

W3BecTHO, YTO reHOM BHpyca JielKo3a KpPYIHOI'O
pOraToro CKoTa COJepKUT CTPYKTypHbIE reHsbl (gag, pol
U env) KOAUPYIOIKe BaKHEHITNE JUIS )KU3HEHACATENb-
HOCTH 1aTOTeHa CTPYKTYPHO-(YHKIIMOHAIbHBIE OSITKH
[5;16; 17; 24].

AMUHOKHCIIOTHBIE 3aMEHBI B TaKUX Oelkax, MMe-
IOIMe Jake eIMHUYHBIA Xapakrep, 00yCIaBIMBAIOT
(hopMHpOBaHNE OTACNBHBIX T'€HETHUECKUX KIACTEPOB
BUpYycCa JIeiiKo3a U OKa3bIBAIOT BIHMSIHUE HA MHPEKIH-
OHHBIEC CBOICTBA MMAaTOTEHA, HA €r0 BBIABISEMOCTh IPU
JIMAarHOCTUYEeCKOM CKpuHHHTE [7; 13; 18; 24].
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Puc. 4. Onexmpogopezpammol pacnpedeneHus cailmos pecmpukyuu npu uccredosanuu env eena BLV, yuacmox 444 n. u.
memodom IIJIPD: M - mapkep m100 wiazom; 6enveutickuti eenomun BLV o6pasuypi: A - 1,2, 3; B-4,5 C-6,7 8 D -9, 10;
FLK BLV (nonosxumenvHoiii KOHMpPOnvHblil 06pasey, peazupyem Kax ascmpanuiickuii eeHomun)

Fig. 4 Electrophoregrams of the distribution of restriction sites in the study of the env gene BLV, site 444 b. p. by the RFLP
method: M - marker m100 step; belgian genotype BLV samples: A - 1, 2, 3; B~ 4,5, C-6, 7 8 D -9, 10; FLK BLV
(positive control sample, reacts as australian genotype)

IToBepxHocTHbI TukomporenH gp5S1 (SU) wu
tpancMeMmOpanHblii gp30 (TM) oOycnaBiuBaioT BUpY-
JICHTHOCTh BHpPYCa M UMEIOT OOJIBIIOE 3HAUYCHHE B UX
ceposoruueckoit auarnoctuke [7; 18; 24]. Hazpanusie
0eIKu BO30OYIUTEIIsI KOAUPYIOTCS env reHoM [17; 24].

Wzyuenne nykneotuausix (SNP) 3amen B tomeHax,
KOJIMPYIOIINX BaXKHbBIE CTPYKTypHbIe Oenku BLV, sBis-
eTcs aKTyaJlbHOM 3ajiaueil. B cBs3M ¢ 3TUM B KauecTBe
TapreTHhIX YYacTKOB T'€HA env BO3OYOHUTENS JIeHKo-
3a C IeJbpl0 TpoBefeHus reHotunupoBanus, J[HK-
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CEKBEHHPOBAHUS U TOCIEAYIONEeH HUI0reHeTUYECKOM
OIICHKH, BbIOpaH ()parMeHT env reHa, inHou 444 1. H.
[5; 16; 18].

I'eHOoTHTIMpOBaHWE  TOCIEIOBATEIBLHOCTEH  OCY-
[IECTBISIFOT HECKOJBKAMH CIIOCOOAMU: IMOJHOTCHOM-
HbIM uccieaoBanuem Beer JJHK-nocnenosarenbHocTH
MIPOBHUPYCA; CEKBEHUPOBAHUEM KOPOTKHUX YUACTKOB I'e-
HOMa BHUpYCa JICHKO3a; BBIIBICHHUEM MOJUMOP(PHU3MOB
KOPOTKUX (DParMeHTOB MPH MMOMOIIU PECTPUKTA3 (dH-
3uMOB) [16].
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OnexTpodopeTHueckoil  XapaKTePUCTUKON IITHH
BbIsIBJIEHHBIX oTpe3koB JIHK ompenenstor renernue-
ckyro kiacrepmzanuio BLV. CornmacHo omyOiamKoBaH-
HBIX paHee CBEICHMWH O TeHOTUI-CHEHU(PUICCKUX I10-
nuMopdu3Max pasTUYHBIX BapuaHToB BLV, Bo3meii-
CTBHE DPECTPHKTA3 Ha OIpE/EICHHbIE HYKICOTHIHBIC
MOCJIEeIOBATEILHOCTH B ATHX MecTax (uMerorue SNP)
1 TI03BOJISIET KJIaCCH(HUINPOBATh M30JSAT BUpYyca JICH-
KO3a B TOT WJIM MHOH Kiactep (aBCTpaNniCKuil, 6eib-
TUHCKUH WK ATIOHCKUH) [3; 5; 16].

JAHK-cexkBeHnpoBaHNE BCETO BBIIEIEHHOIO y4acT-
Ka TI03BOJISICT TPOBECTU MOAPOOHBIA OHOWH(pOPMATH-
YEeCKU aHann3, BKJIIOUAsl CPAaBHUTENIBHYIO (HUIIOTeHE-
THYECKYIO OLIEHKY M3y9JaeMbIX MOCIIENOBATEIbHOCTEH
C M30IIITaMH, BBISIBICHHBIMH Ha JIPyTHX reorpadude-
CKUX TEPPHUTOPUSAX M ONPEICIUTh AMHHOKHCIOTHBIC
momuMopdm3met [5; 12; 16; 17].

B HacTosee BpeMsi reHETHYECKOE pasHOoOpaszne
BLV, ocHOBaHHOE€ Ha TIE€HOTUIIMPOBAHUU €Nv-reHa,
KJIaCCH(PUIIMPOBAHO | TIPEACTABICHO 12 pa3InIHBIMA
TEHETUYECKUMH TPYyNIIaMH BHPyca B Pa3HBIX Ieorpa-
¢uaecknx Toukax mmpa [3; 5; 13; 15; 16; 18; 20; 21;
23]. B Poccuiickoit ®enepanmy B HACTOAIIEEe BpeMs
BBISBIICHBI PACTIPOCTPAaHEHHBIE MPEACTABUTENN TEHO-
THna BHpyca Jeiko3a — G4 (Gemsruiickuit), G7 (aB-
ctpammiickuit) u G8 (aBcTpammiickmii) [13; 18].

[IpoBenenusiMu panee uccnegoBanusmu (II1PD- u
JHK-cexBenupoBanue) env-pparmentoB BLV, momy-
yeHHBIX B 2010-2020 rT. Ha TeppuTopusax TIOMEHCKOM,
Kypranckoii, Yensounackoii, CBepTOBCKOM obmacTei,
KpacHomapckoro kpast ObUIO TTOKa3aHO TPHCYTCTBHE
G4 u G7 reHOTHIIOB B STHX pPErHoHax, a TaKke (Ha
npuMepe TIOMEHCKOH 00JacTH) OTMEYEHO M3MEHEHHE
JOMHUHHPYIOIIETO TEHOTHIa BUpyca jieriko3a ¢ G7 aB-
cTpanmiickoro Ha apyroit — G4 6ensruiickuii [13; 18].
Y KpYIHOTO pOraroro cKota, HH()UIIMPOBAHHOTO BUPY-
coM Jieiko3a G4 TeHeTHYeCKOH TPYIITEl, HECMOTPS Ha
cpemHuii Bo3pact 3,5 roma, JIEHKO3HBIA MPOIECC OIH-
caH Ha CyOneiikeMIIeCcKOH U TeHKeMUIeCKOH CTaIusIX,
YTO 03HA4YaeT ero OBICTPHII Mepexon OT OXHOW dopme
K APYrod. Y >KMBOTHBIX IOKa3aHbl BBIPAKECHHbBIC Ha-
pymeHnss (pyHKIMM KPOBETBOPEHHS M 3HAYUTEIbHAS
TUCOYHKIMST MMMYHHOW cucteMsl [14]. CxopocTh
nepexosia 3a00J1€BaHMs B T'€MaTOJIOTHUECKYIO M Tep-
MUHAIIBHBIC CTAINH MOXXET OBITH OOYyCIIOBIEHA yBe-
JWYCHUEM MIPOBUPYCHOW HArpys3KH 3a CUET YCHICHHUS
MMMYHOTEHHBIX CBOIMCTB BHpyca. DTO pean3yercs 3a
CUCT AHTHUTCHHBIX M3MEHEHHH B KOH()OPMAIIMOHHBIX
SMUTONAX, YTO, HO-BHIANMOMY, SIBJISIETCS NPHUCIOCOOH-
TENBHOW 0COOCHHOCTHIO BO3OYIUTENS U CIIOCOOCTBYET
€r0 «MacKHpOBKE» OT MMMYHHOTO HaJ[30pa MakKpoop-
TaHU3MA.

Ha ocHOBaHMHM 3MM300TOIOTUYECKUX, MOJICKYIISP-
HO-T€HETHUYECKUX U IMMYHOT'€MaTOIOTHUECKUX HCCIIe-
OBaHWI OBLI CHEIaH BBIBOA O MOTEHIIMAIBLHON oIac-
Hoctn BapuanTa G4 (OGenmbpruiickumii) BHpyca Ieiiko3a
JUIL OTpaciy >KMBOTHOBOJACTBA. YBEIHMUYECHUE IPOBH-

PYCHOM Harpy3kn MOXET MOBBIIIATh KOHTAarHO3HOCTh
JKUBOTHBIX, CIIOCOOCTBYSI IIHMPOKOMY pPacCHpOCTpaHe-
HUIO JaHHOW I'€HETUYECKOW IPYMIIbI MAaToreHa Cpeau
MOMYJISIANA KPYITHOTO POTaToro CKOTa, co3[aBas TeM
CaMbIM IIPOOIEMBI ITPHU MTPOBEICHUH 0310POBUTEIBHBIX
[IPOTUBOJIEHKO3HBIX MEPOIPUATHH. YBEIUUYEHHUE aTO-
TEeHHOCTH OOYCIIaBIHBaeT CKOPOCTH Iepexosa 3aboe-
BaHMS B T€MATOJIOTHYECKYIO M TEPMHUHAIIBHBIC CTaIUH,
HAHOCS BECOMBII AKOHOMHUYECKUH ymepO CEelbCKOX0-
3sTICTBEHHBIM npennpusatisiM [13; 18].

[IpoBenenue nccnenoBaHui MO U3yUYEHUIO MOJIEKY-
JSIPHO-TEHETUYIECKUX XapaKTEPUCTUK H30JIATOB BUPY-
ca Jeiikoza B benroponckoii o6macTé OCymIecTBICHO
BIIEPBBIE.

Metonom aByxaTamHOW THe3moBo# (nested) ITLIP
OBUT aMIUTM(UITIPOBAH IeNIeBOW ()parMeHT env TeHa
BLV (444 1. H.) ¥ OCyIIECTBICHO TEHOTHITHPOBAHHE
JAHHOTO ydJacTKa ISl BCEX M3y4aeMbIX 00pasIoB C
MIPUMEHEHHEM METO/1a TTOIMMOP(hU3Ma UTHH PECTPHK-
nuoHHBIX (pparmenToB (RFLP). [Tpu nmpoBenennn nan-
HOTO aHaJIM3a ObLIO BBISICHEHO, YTO BCE 00PA3IIbl COOT-
BeTcTBOBANH (77 = 10) GenmbruiickoMy TeHOTHITY BHpyca
neriko3a (BamHI — 444 1. H., Pvull — 280, 164 m. H.,
Bell - 219 m. 1.).

Hcxonst W3 DaHHBIX O reorpaMuecKoM pacipo-
CTpaHEHMH H30JISITOB BHUpYyca Jeiiko3a B Pocculickoii
Denepanun, BEPOSTHO, HA TEPPUTOPUN JAHHOTO PETH-
OHA aCCHMWJIMPOBAJ T€HOTHI BHpyca JIeHKo3a KpyIl-
HOTO poraroro ckota rpymmsl G4, mogpoOHbIe JaHHBIC
MOTYT OBITh IPEIOCTABJICHBI TOJIBKO MOCIE MPOBEJE-
aus JIHK-cekBenupoBanus o6pasios, OmonH(popma-
THYECKOW O0OpabOTKM pEe3yJabTAaTOB W JalbHEHIIETO
CKPHMHHHTA TEHOTHUIIOB BHpYCa JEHK03a B PETHOHE.

[TpoBenEHHBIMH TE€MaTOJIOTHYECKHMH HCCIIEI0Ba-
HUSIMH JKUBOTHBIX, OT KOTOPBIX OBUT 0TOOpaH Omoma-
Tepuas, OTMEUEHBI 3HAYNTEIIbHbIC N3MEHEHHSI TT0OKa3a-
Tenel Oemoil KpoBH, ObLIa yCTAaHOBJICHA CTAAMA Jei-
KO3HOTO MpoIecca y KaXI0ro »KuBoTHOT0. HaganpHas
(cybmelikemmueckasi) craaus 3a00NeBaHUS JICHKO30M
OTIpezieIeHa Y OAHOTO )KMBOTHOTO, KOJIMYECTBO JICHKO-
LUATOB cocTaBisuio 19,4*10°%71, a abconroTHOE KOJIHYe-
ctBO siumdornutoB — 10,5%10%1. V ocranbHbIX Hccie-
JIOBAaHHBIX KOPOB BBISBIICHA alCHKEMHUYECKas CTaaus
JeiiKo3a (IIpU 3HAYUTENFHO BBIPAYKEHHOM JICHKOITUTO-
3e B mpexaeiax ot 23,7 no 30,4*10°n u abcomoTHOM
konm4uecTBe JumdonutoB — ot 4,4 no 9,9*10%m). Do
yKa3bIBa€T Ha BO3MOJKHOE MJajbHEHIIee IMporpeccu-
pOBaHME JIEHKO3HOTO IMATONOTMYECKOrO Mporecca y
00CIIeTOBaHHBIX JKUBOTHBIX IPH BO3PACTAOLICH MPO-
BHUPYCHOH Harpy3ske.

Taxum 0Opa3om, H3ydeHHEM TOIMMOP(HHU3MOB, BBI-
JISTICHHBIX B benroponckoil o0IacTH M30NATOB BHPY-
ca Jeiiko3a KPYHMHOTO pOraToro CKOTa JaHa IEepBUYHAS
OIIeHKa TeHeTHYecKoil BapuadenpHocTH BLV ¢ ycranos-
JICHUEM TEHETUYECKOH Tpyrmbl (OeTbrHiiCKU TeHOTHIT
o RFLP).
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B xome paboThl ObLIM MOJMyYEHBI CHEUU(PHUYSCKHE  aHAJIM30M M YCTAHOBJICHHEM aMHHOKHCIIOTHBIX M3Me-
yuactku rena env gp51 BLV, koropble OyayT Mc-  HEHHIl B CTPYKType MOBEPXHOCTHOTO IIMKONPOTEHHA
MoJb30BaHbl st nanbHeimero mposenenust JJHK-  gp51 (SU) Bupyca neiikosa KpymHOTro poraTtoro cKoTa.
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Abstract. The purpose of the research Was to study genetic diversity of bovine leukemia virus isolates obtained
in the Belgorod Region using restriction fragment length polymorphism method (RFLP). Scientific novelty. Bo-
vine leukosis is one of the most common chronic infectious diseases of cattle in many countries of the world,
which causes significant economic losses in the livestock industry. The typing of bovine leukemia virus (BLV), the
study of its genetic structure, the evaluation of the mutation vector and a more detailed disclosure of the biologi-
cal properties of the pathogen represent fundamental and applied value. Methods. The object of the research was
3—4-year-old cows infected with leukemia virus (n = 10), identified by serological methods in disadvantaged dairy
farms. The immunodiffusion (ID) test, hematologic studies, PCR, genotyping, statistical processing of obtained
data were conducted. Results. Conducted hematological studies determined the stage of the leukemic process in
each animal. The target env fragment of the BLV gene (444 bp) was amplificated by 2-stage nested PCR, and this
region was genotyped for all studied leukemia virus isolates using the restriction fragment length polymorphism
(RFLP) method. In the course of the work, specific regions of the BLV env (gp51) gene, 970 bp long, were also
obtained. We have given a primary assessment of the genetic diversity of BLV with the establishment of a genetic
group (Belgian genotype according to RFLP). In the course of the work, specific regions of the env gp51 BLV
gene, 444 bp long, were obtained. These fragments will be used for further DNA sequencing followed by phyloge-
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netic analysis and determination of amino acid changes in the structure of the surface glycoprotein (gp51) of the
bovine leukemia virus. Monitoring studies of BLV genotypes and the study of antigenic changes in the pathogen
will allow timely development of the latest means of controlling and restricting the spread of bovine leukosis and
improvement of diagnostic serological and PCR test systems.

Keywords: bovine leukemia virus, molecular genetic characteristics, phylogenetics, hematology, cattle, genotyp-
ing, DNA sequencing, enzyme polymorphism reaction.
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Annomayusn. JIns coxpaHeHusi OMOIOTUYECKOTO PazHOOOpas3usi HEOOXOAUMO TTOHUMaHUE TeHETUYECKOH CTPYK-
TYpBI TOMYNALNN OCHOBHBIX BHJIOB JIPEBECHBIX PACTCHUH, MMOCKOJIBKY 3TO JaeT Haubosee MOITHOE MpeacTaBie-
HHUE O SABJICHUAX MOIMMOp(hH3Ma, N3MEHUNBOCTU M THOPUIM3AINH, YTO MO3BOJSAET OOHAPYKHUTh TEHETUYESCKH U
(deHoTUIIMYECKH pa3induMble oABUIbL. [lonyueHHas nHpOpMALUS TOMOXKET ONPEACIUTh ONTUMAJIbHBIE YCIIO-
BUS OOUTAHMS U OXPaHBI MPOMBIIIICHHO [IEHHBIX XBOWMHBIX OOpealbHbIX BUIOB (Hanpumep, Pinus sylvestris L.).
Ieabro uccaen0BaHUs ABIAIOCH IPOBEICHUE aUIO3UMHOr0 aHanu3a 10 momynsauit P, sylvestris Ha TeppUTOPHH
Sxytun u [puamypes. OaHO# U3 POOIEeM MOMYJISIIMOHHONW OMOJIOTHH APEBECHBIX PACTEHUH SIBISIETCS ONpe/e-
nenue peHoreHeTHdeckor AudpepeHnnanny pacTeHui B peesax Bcero apeana. B cBs3u ¢ 3TUM sl IaHHOTO
UCCIIe0BaHus ObLTH BHIOPAHBI JIaHIIA(QTHO-TETEPOreHHBIE ATFOBUAIbHBIC PABHUHBI SIKYTHH, a TAK)Ke JIOTOIHHU-
tenbHo Haropwe [Ipramypbs, otienenubie CraHoBbIM XpeOTOM. Pe3yiabrarhl. bt 00HapykeH ropas3no MeHbIINH
nonuMop(du3M, a Takke 3HAYUTENbHO Oosee peskas nuddepennmanms nonynsiuid cocHsl [Ipuamypbst (ypoBeHb
reorpaMuecKoil pachl) OT NOMYJSIIMN SIKyTHH, Y KOTOPBIX YPOBEeHb TU(depeHInaluy He MPEeBhICUII TOpora reo-
rpadudeckux rpymi. [loka3aHbl 3HaUNTENBHBIC PA3NUYH MEXKIY MomyasausaMu SIkytuu u [lpuamypbs mo muc-
TaHuusIM MaxanaHoOuca, pacCYMTaHHBIX HAa OCHOBaHMUHU 19 Mopdosiornyeckux nMpu3HaKkoB mumek. Mexuy juc-
TaniusmMu Maxanano6uca (D?) v reneTudeckumu quctanimsamu Hest (D, ) nosydena nojoKuTebHas TMHeHHast
3aBUCUMOCTH (R? = 0.4159). Hayunasi HoBu3Ha. OOHApY)KeHA TOMUHAHTHAS POJIb B TIPOMCXOKICHUH SIKYTCKUX
nonynsiui P, sylvestris Tpex cuOMpckux rpymnmnoBo-nocreneHHbix pyook (I'TIP) — Teiaasl, Pomanosku, Upkyr-
CKa — U YMeHblIeHHe reHerudeckoro cxoncrsa ['TIP o Mepe ux ynanenus ot SIkyTtuu. Ynanoch CTaTUCTUYECKU
HOJITBEPIMTh PErHOHAIBHOE NOfIpas/ieeHue amenodonaa nonymsiuuid P, sylvestris SIkyTuy Ha TPYIIIbI, OHA U3
KOTOpBIX — 3anaaHas (Butum, Bumoiick), Bropast mpuypodeHa Kk 00mupHoi (BO3MOKHO, MUTPAIIOHHO ) 06JacTi
OacceitHoB pek Jlensl 1 Annana.

Knrouesvie cnosa: Slkyrus, llpuamypse, P. sylvestris, nomyisiys, reorpadudeckas auddhepeHuanys, reHeTuye-
CKas TUCTaHIUS, TUCTaHIMK MaxanaHoOuca.

Jna yumupoeanusa: Cannnkosn C. H., [Terposa 1. B., YUepenanosa O. E. ®enorenoreorpadust momymnsnuii COCHbI
00bIkHOBeHHOM SIKyTHH 1 [Ipuamypbst // Arpaphslii BecTHuk Ypana. 2022. Crieussinyck «buonorust 1 6MoTexHo-

norumy». C. 44-57. DOI: 10.32417/1997-4868-2022-229-14-44-57.

Jama nocmynnenusn cmamou: 05.08.2022, oama peyenzuposanusn: 07.09.2022, oama npunamusn: 29.09.2022.

IMocTtanoBka npodaemsl (Introduction)

Bompocsl mOMysSIIMOHHON OUOJOTHU JIPEBECHBIX
BUJIOB PACTEHUN HE TEPSAIOT CBOEH aKTyaJbHOCTH.
HawuBakneimmM siBIsieTcst n3ydeHue ux GpeHoreHoreo-
rpaduueckoii nudhepeHImanuy B npeaeaax apeaios,
B YaCTHOCTH, COCHBI OOBIKHOBEHHOU (P sylvestris)
[1, c. 283; 2, c. 111; 3, c. 389; 4, c. 1201; 5, c. 1215;
6,c.274;7; 8, c. 41; 9, c. 16]. B aToM maHe retepo-
TeHHBIE aJUTIOBHABbHBIC paBHUHBI SKyTuu u Haropes
[Ipuamypss, koTopsle n30aMpoBaHbl CTaHOBBIM Xped-
TOM, TIPEJICTABIISIIOTCS HanboJiee MHTEPECHBIMU 00BEK-
TaM¥ JUT U3yUCHHS.

Lenp Hameit paboThI 3akioyanach B CPaBHUTEIb-
HOM aHall3e aJUIO3UMHON M (PEHOTHUIUYECKOH CTPYK-

|\
N

Typbl ¥ Auddeperumanuu nomyisiuuid Skytun u [pu-
amypbs. MTOrM Hamied wHcCiIenoBaTeabcKoi padoThI
MOT'YT OBITh 3aMMCTBOBAHbI JJIsI IPOPAOOTKH MEp I10
CEJIEKLIIMOHHOMY U JIECOCEMEHHOMY pallOHUPOBAHUIO,
OpraHM3alK OXpaHbl TEHO(POH/A €CTECTBEHHBIX I10-
MyNsUUd, BKIIOYas M MPOBEIEHHE MalbHEHMIINX HC-
CJI€ZI0BaHUH MOMYJISIIMOHHO-TEHETHUECKON CTPYKTYPBI
OCHOBHBIX JiecooOpa3yronux BunoB [10, c. 1914]. HU3y-
YEeHUE MOMyIAHOHHO-TeHETUYECKOH CTPYKTYpBI OCTa-
€TCsl IepBOOYEpeIHOMN 3a1aueH, B pe3yabTaTe PeLIeHus
KOTOPOH BO3MOXKHO YCIIEIIHOE BBISBICHHE CTEIECHU
TEHETUYECKOTO, a TaKKe M (PEHOTHITNYECKOTO ITOJIH-
Mopdu3Ma, BBISBICHHE B apeaje TeHeTHUECKH Pa3HO-
POZHBIX MOMYISIMIA — UX Teorpaduieckux rpym, pac
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unonsunoB [11,c.4;12,c¢.2;13,¢.1079; 14, c. 14; 15,
c. 6;16,c.2; 17, c. 8; 18, c. 467; 19, c. 6; 20, c. 87].
Pa3paboTka MOMyssIIMOHHOM, TaKCOHOMHYECKOW (Qe-
HOTUIIMYECKON CTPYKTYPbl BHUJIOB SIBISIETCSI HAy4YHOU
OCHOBOI U151 COXpaHEeHUsI pa3HooOpa3us reHohoH A U
MOCIIETYIONIET0 €ro PalMoOHAIBFHOTO UCIOIb30BAHUS.

P sylvestris — 1MUPOKO PacHpOCTPAHCHHBIN BH/T
cemeiictBa Pinaceae. Pactenue npencrasiser coboi
JiepeBo BeIcOTOM 110 25-40 M u 0,5-1,2 M B nuametpe
[21, c. 51]. Kpona u3MeHumBa, IproOOpeTaeT pasHOo-
Opasuyo dopmy.

umiku niuHOM 3—6 ¢M, KOHUYECKOU (POPMBI, CUM-
METPHUYHbIC WM IOYTH CUMMETPHYHBIE, CO3PEBAIOT B
HOsIOpe — aekadpe, yepe3 20 MecsileB IOCIe OIblie-
HUS, PACKpbIBAIOTCS B (peBpajie — anpese U OnaaaroT
BCKOpE TIOCIIE OChINaHus ceMsiH. Yelyiku pomoOude-
CKO# (hOpMBI, OT INIOCKKX JI0 BBIMYKJIBIX, PEIIKO KPIOU-
KOBarble (C IOJHBIM JMAIa30HOM BapHaLUi MEXIy
HUMH), C MEJIKOM OCTPOKOHEUHOW JOpCaJIbHOW Ma-
Kymkoil. CemeHa yepHble JUIMHON 4—5 MM C KpBIJIOM
12-20 mm. Ha ocHOBaHMH OKpacky CEMEHHBIX 4elryn
ObUTH BBIJIEJICHBI pa3HOOOpasHble Mopdonoruyeckne
(dopmsI cocHsl [22].

Cy1iecTByeT HECKOJIBKO BAPHAHTOB JAHHOTO BHJA.
Bapuanus sylvestris Bctpedaercst B EBporie ot IlloT-
nmanauu 1 Mcmanum Ha BocTok U uepe3 CeBepHyIo
Aszuto noutn 70 nodepexnst Tuxoro oxeana. B Cesep-
Hoit EBpasuu — Ha BbicoTe 10 1000 M OT ypoBHS Mops,
B FOxHo#t EBpore Tonbko Beime 500 M B ropax u a0
2400 m B ucnanckoit Creppa-HeBage. OTCyTCTByeT B
BOCTOYHBIX TPUOPEKHBIX pailoHax CuOMpH, peaKo u
JIOKQJIBHO BCTPEYAETCS B CeBEPO-BOCTOUHONH CHOMPH.

Bapuanr hamata ornvuaercs miaBHBIM 00pazoM
XUMHYECKUM cOCTaBOM cMouibl. Kax mpaBuio, nmeer
Oosiee BBIPQKEHHBIE KPIOYKOBH/HBIE ano(u3bl, 4em
00BIYHO. 3UMOH JIHCThsI OCTAIOTCS OOJiee SIPKO-CHHE-
3eieHbIMH. JlaHHasi Bapuanysi OepeT CBOe Hayajio C
bankanckoro nonyocrpoBa, ceBepa Typuuu u 1oro-3a-
nagHoro 3akaBkaszbsi. [Ipouspacraer Ha BeicoTe 500—
2600 m.

Bapuanust mongolica orau4aercs Tem, 4YTO ee
HIMIIKK 00Jiee I'yCTO MOKPBITHI CMOJIOH, HO HE Ha BCEX
JIEPEBbSIX 3TO BUIHO. JINCTBAa UMEET TEHJICHLIUIO OBbITh
OoJsiee TyCKIIOM, MEHee roiyboBaToil u Oojee cepo-3e-
JICHOHM, a 3UMOM Jaxke kenTo-cepoil. PaiioH pacmpo-
ctpanenus Ha Beicote 300-2000 M Hax ypoBHEM Mops,
oxBarbiBaeT Monronuio, CeBepo-3anaanbiii Kuraii,
I0Oxuyr0 Cubuph, BKIOYAsE 3HAYUTCIBHYIO TEPPHUTO-
puro B 3abaiikasibe. YacTo oTMedaeTcs Ha CyXHX CKIIO-
Hax WIK TIeCYaHbIX TT0YBax.

Bapuanust lapponica xapakrepusyercs 0oynee Ko-
POTKMMH, O0JIee JOJITOKHUBYIIUMH JIUCTBSIM (59 Jer).
OcHoBHBIE MOP(]OJIOTHYECKHE TMapaMeTpbl JTOi Ba-
pHALUK 3HAYUTENILHO MEPEKPHIBAIOTCS, YTO BBI3bIBACT
CJIOKHOCTH B JIETEKTUPOBaHUM 00pa3ioB. OTMedyeHa B
Hopseruu, [Isennn, @unigHauu 1 Ha OpUIIETarOLIUX
Teppuropusix PO k cerepy ot 65° c. m. [22].

il il ol il il ol

Bunsl pona Pinus TOBOJIBHO Y4acTo 00pas3yroT ¢ep-
TUJIbHBIE THOPH/IBI, B CBSI3U C Y€M BEJIETCS MHOTO pa-
00T 110 TeHEeTUYECKO UISHTU(DHUKALMHE HOBBIX ITOJBH-
noB u Bapuanuid. Hanpumep, B 2005 r. mpoBoauioch
uccleioBanue npezacrasutencit P sylvestris, P. mugo
M MX THOpHJIOB. BbIIO yCTaHOBJIEHO, YTO TMOPUIHBIE
cemena P, sylvestris x P. mugo obnanarot 0oJiee BbICO-
KM TIOTEHIIMAJIOM BCXOXKECTH, YEM CEMEHa OT CaMo-
OIBIJICHUS], KOHTPOJIMPYEMOI'O BHYTPHBHIOBOTO CKpe-
IIMBaHMs U OTKPBITOTO onbuieHus [23, ¢. 132].

Ha pnaHHbBIi MOMEHT Wu3BecTeH rubpun P fun-
ebris (cocHa morpe0alibHast), KOTOPBI TOJIy4eH NpU
ckpeuuBanun P. sylvestris u P. densiflora. OT cocHbl
OOBIKHOBEHHO! ruOpuIbl U HEpEeHIIUPYIOTCS 10 CIie-
JYIOIIMM TapaMeTpam: 3a0CTPEHHbIE KOHYCOBHIHBIC
W y3KHE TOYKH, MyTOBYATOE IIOJIOKEHHE JIAHIIETHBIX
Yeuryi, KOTOpble OTBOPAUYUBAIOTCSI K OCHOBAHHUIO 110Y-
KU U HIMEIOT KPacHOBATO-30JI0THCTO-KOPUYHEBBIH 1[BET,
OKalMJICHHBIH Kpal peako Oaxpomuyarsril. [Ipusnaka-
MU, 00BEUHSIOINE THOPHU]I C COCHOI OOBIKHOBEHHOIH,
SIBJISTFOTCSI XBOMHKHU ¢ HEOOJIBIIUM KHJIEM BHU3Y U Oc-
JIBIMH YCTBHYHBIMU TIOJIOCKaMH, IUICHYAThIe Kpasl 10-
YEUHBIX YEUIyH, IIUIOBATOCTh KUJISl TPOPHILIOB.

P. funebris u P. densiflora o0benuHsICT CTPOCHUE
BEreTaTHBHBIX OPraHoB. Yelryn moyeK UMEroT JIaHLIeT-
HYIO WIH y3KOJIAHIETHYIO (JOPMY, OHU TECHO COJMMKE-
HBI JIPYT C JpyroM, o0pasysi TeM caMbIM I0J00He My-
ToBKU. Taioke 4yeuryn OpaxuOiacToB CHUIBHO COIMIKe-
HBI ApYT ¢ Apyrom. Ho npu 3ToM cocHa norpebasibHas
ominuaercsi 0ojiee CBETIBIMH OTTEHKAMH ITOYEYHBIX
Yeulyi, 4enryeBUIHbIX JIMCTHEB B OCHOBAHUM ITyYKOB
XBOHU. 3aKpyINICHHOE OCHOBAaHUEM KHIIb MPO(UILIOB Y
COCHBI IOrpedabHON UMEeT MIMIOBAThIA Kpaid, OCHO-
BaHHE €ro 3arpyricHo, a y P. densiflora — xpaii ropos-
4aThlii, OCHOBaHUE 00pyOIsIeHO. B 11esiom cocHa morpe-
OanbHast MOPQOIIOTHYECKH COJIEPIKUT NPUZHAKH 000HX
BunoB P. sylvestris u P. densiflora, HO X mocienHemMy
Buny P. funebris crout omke [24, c. 43].

CocHa HCTIOJIB3yeTCsl KaK CTPOEBOW Marepuall, Tak-
)K€ M3 Hee JIOOBIBAIOT JIErOTh, CMOJY, CKHITUIAPHOE
Macio, kauudosb. Craakas couHas 3a00JI0Hb B HEKO-
TophIx MecTax CHOMpPU HCIONB3YyeTCs B mHILy. Ddup-
HbIE Macja COCHbI IPUMEHSIOTCS B KOCMETOJIOTHH, a
TaK)Ke B KAYECTBE MH/IMKATOPA 3arps3HEHNsI OKPYIKar0-
et cpensl [25, c. 127].

MeToaosorusi 1 MeToabl uccaenoBanusi (Methods)

OCHOBHBIM METOJMUYECKHM IIOJIXOJIOM, BKJIIOYAs
W PsAJl OPUTHHAIBHBIX METOAOB, ObLI CPaBHUTEIbHBIN
aHaAJIM3 MOMYJSIHMOHHBIX BBIOOPOK P sylvestris Ha
tepputopun Axytun u Ilpumamypss (puc. 1). B xozxe
peanu3aluy OCTaBJICHHBIX 3a7a4 ObUl BBIIOJHEH
QIJIO3UMHBIA aHaiu3 B 10 HOMYJSIIMOHHBIX BBIOOP-
Kax, BkIouaomuid 500 gepeBbeB, Takke aHanu3 23
Mopdosorndeckux npusHakos mmmek. K 10 momyss-
IUsIM T0OABWIINCH ellle 2 TOIMYJISIUK, W3yYSHHbIE 110
MOp]OIIOrHYecKUM MpHU3HaKaM mmuinek: OTBaKHBIA U
JKuranck (Tabnuua 1). B aHanmise ucnonb3oBaiu Hau-

45

sardojouyoajoiq pue L3o[01g

720T ©d "0 eaouedaroy) “A [ BAOIR{ “N 'S AOYIUUES O



Buonorusa u 6uoTexHonOrnmn

o L L LS
QAL CLLL -HHYCK «buonorus n Gnorexzonormy, 2022 1.

Oosiee KOHCEPBAaTHBHbIE M CTAOMJIbHBIE KOJIMYECTBEH-
Hble (PEHOTUNHYECKHE MapKephl ([, — JMHa HIHILIKY;
J, — IVIMHA WIMIIKK OT CamOro IMMPOKOTO MECTa JI0
ocHopanus; JI /]I — OTHOCHTENbHAs JUIMHA LIMILIKH;
I, — mmpuna 3akpeiTod wmkwy; I, — mmpuna pac-
kpbiToii mmniky; HL/JT, — oTHOCHTENbHAS MIMPHHA
3aKkpeITol muimkw; I /JT  — oTHOCHTeNbHAs KMpPHHA
packpeITOd mmmky; Y, — uucno venryi; JI, — anmvna
YEllyd W3 CaMOro IMMPOKoro mecra rmwiku; I, —
IIUPHUHA Yellyd U3 CaMOro HIMPOKOrO MECTa HIMIIKH;
I, /J1,, — oTHOCHTENbHAs MpPUHA Yelyn; [, — -
Ha camoi prriﬂoﬁ HeIIyH Y OCHOBAHYLA IIHIIIKIH; I, -
IIUPHUHA CAMOM KPYIHOM Yellyd Y OCHOBAHUS HIMIIKH;
C, — uMHa ceMeHH, BKIIIOYas Kpbuiatky; [l . — mimHa
CEMEHU, UCKIIoUas Kpbutarky; L. — mupuna cemeny,
I /M. — oTHOCUTeNbHAS IIMpUHA ceMenu; [l — -
Ha TONBKO Kpbutatky; I — muMpuHa TONBKO KpbLiar-
ku; C, — uneno cemsn; C; — YHUCIO CHENBIX CEMSH,
C,, — uncno nycteix ceMsH; C, — YUCI0 HENOPa3BUTBIX
CeMsH), TIPU3HAKU T€HEPATUBHBIX OPraHOB — HCIIOJIb-
3YIOTCSl JJIsS OLIEHKH BHYTPHUBHJIOBOW HM3MEHYUBOCTH
y XBOMHBIX JpeBECHBIX BUIOB [26, c. 181; 27, c. 421;
28,¢.92;29,c. 111].

Juist ananu3a cTpyKTypbl aJul03MMOB Opaiin Hanbo-
Jiee KPYIHBIC BEreTaTUBHBIC TIOYKH C TI0OEroB. AHAIN3
JK€ MPOBOJIMJICSI HAMU IO PaHee IUPOKO OMHUCAHHBIM
meronam [30; 31, c. 256; 32, c. 219; 33] ¢ HEKOTOPHI-

£ o < o
A ) T, T

Puc. 1. I'eo.

X //N( x 7 e N -
epaguueckoe nonoxcerue uydenvix nonyasuuii P. sylvestris Axymuu u Ipuamypos

MU JIOCTYITHBIMHM BapuauusiMu [7], B OnoKax BepTH-
KaJbHOTO TMOJMaKpuiIaMuaHoro Teist B Tpuc-OTA-
OoparHoii OydepHoii cucteme 1o 16 OSIKOBBIM KOZH-
pytomium Jiokycam 10 ¢hepMEHTHBIX cUCTEM (BKIJIFOYAs
14 nonumop¢HbIX): ankoronpaeruaporenaza — ADH
(K.®. 1.1.1.1, 2 nokyca); miyramaraeruaporeHasa —
GDH (K.@. 1.4.1.3, 1 mokyc); 6-dpocdormrokoHare-
rugporenasa — 6-PGD (1.1.1.43, 1 nokyc); mmkumar-
neruaporerasa — SKDH (K.®. 1.1.1.25, 2 nokyca);
dochormokomyraza — PGM (K.®. 2.7.5.1, 2 nokyca);
madopasa — DIA (K.®. 1.6.4.3, 1 nokyc); miyTamMarok-
cananerarrpancamunaza — GOT (K.®. 2.6.1.1, 3 mo-
kyca); popmuaraeruaporenasa — FDH (K.®. 1.2.1.2,
1 nokyc); cynepokcupaucmyraza—SOD (K.d. 1.15.1.1,
2 Jokyca); acrepaza ¢uoopecientHas — EST-f
(K.®. 3.1.1.2, 1 snokyc) [34, c. 2], [35, c. 182]. Ha oc-
HOBAHMH IOJYYEHHBIX JJAHHBIX 00 aJNI03UMHOM CTPYK-
Type ObUIM pacCuUnTaHbl KaK T€HETHYECKHE AUCTAHIHN
Hes (DN,,), Tak W mapaMeTpbl BHYTPHIOMYJISALMOH-
Horo noaumopdusma [36, ¢. 584; 37, ¢. 378; 38, c. 2].
Pesynbrarel crarucTudeckd 00pabOTaHbl IAKETOM
nporpamMm BYOSYS [39, c. 281]. KnacrepHslii ananu3
(MeTojl MapHO-TPYMIIOBBIX HEB3BELICHHBIX CPEIHHUX,
UPGMA) paccuuran nakerom nporpamm NTSYS.2.1
[40]. T'enHoTakCOHOMHYECKUN DPAHT MOMYJIALUN MpH-
CBAaMBAJICS HA OCHOBAaHWM PaHEE PACCUMTAHHOMW IIKa-
JIbI TEHOCUCTEMATHYeCKOW mucTaHuuii [6, c. 279].

B/ &

Fig. 1. The geographical position of the populations of P. sylvestris in Yakutia and Amur region
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Tabmuua 1

Teorpadmueckue xoopguHatel nonynauuit P. sylvestris Axyruu u Ilpuamypps

H Koopaunaret BbicoTa Hajg
azBaHue Coxpaienune
IMupora JoJrora YPOBHEM MOpsi, M
Aunjan Al 58737’ 125721 681
Awmra AMm 60°55 131°55° 211
Buutrorick B 63°45° 121739’ 112
Butum Bt 59727 112°33’ 210
OJeKMHUHCK On 60°22’ 12026’ 214
SlkyTck Sk-1 62°05° 129°38’ 207
VYere-Mas Ym 60725 13432 172
Huxuwmii [acyueit HIT 50°31° 115°07° 612
Apxapa Ap 49°25° 130°04’ 161
OTBaXXHBIN OT 49°21° 130°06’ 126
JKuranck Kr 66°46’ 123°22° 71
Terama Tax 55°09° 124°43° 547
Heprourpu Hep 56°39° 124°43° 850
CBOOOIHBIH Csn 51°23 128°08’ 190

IIpumeuarue. N - Konu4ecmeso depesves.

Th

e

geographical position of the populations of P. sylvestris in Yakutia and Amur region

Table 1

Sample name

Cipher

Geographical coordinates

Altitude, m

Latitude Longitude
Aldan Al 5837 125721 681
Amga Am 60°55° 131°55° 211
Vilyuysk Vi 63°45’ 121°39° 112
Vitim Vit 5927 112°33’ 210
Olekminsk Ol 60722 120°26° 214
Yakutsk Yakl 62°05’ 129°38’ 207
Ust’-Maya Um 60°25° 134°32° 172
Nizhniy Casuchey NC 50°31’ 115°07° 612
Arkhara Ar 49°25° 130°04° 161
Otvazhnyy Ot 49°21° 130°06° 126
Zhigansk Zhg 66°46° 123°22 71
Tynda Tnd 55°09° 124°43° 547
Neryungri Ner 56°39’ 124°43° 850
Svobodnyy Sy 51°23’ 128°08° 190
Note. N - number of trees.
Tabnuua 2
ITapameTpsI reHeTHYeCKOTO MOMMMOp¢du3mMa B Bbi6opkax P. sylvestris SAxytun u Ilpuamypps
Honyasiuusi | N \ A \ P, \ H \ H
SkyTus
Sxrl 47,9 24+03 75,0 0,29 +0,06 0,30 £ 0,06
SkT2 46,0 22+03 68,8 0,31 +£0,06 0,29 +£ 0,06
Onx 39,3 24+0,3 75,0 0,28 + 0,06 0,29 £ 0,06
Bk 46,9 2,3+£0,3 68,8 0,28 + 0,06 0,28 £ 0,06
Btm 47,8 2,5+0,3 75,0 0,29 +0,06 0,29 £ 0,06
Ann 47,8 24+03 81,3 0,26 + 0,05 0,27 £ 0,06
Amr 47,9 2,1+0,3 68,8 0,29 + 0,06 0,29 +£ 0,06
YM 47,8 2,1+0,2 75,0 0,26 + 0,05 0,27 £ 0,05
Mx+tm 46,4+29 2,3+0,15 73,5+44 0,28 +0,02 0,29 £ 0,01
IIpuamypbe
Ap 47,9 2,2+0,3 68,8 0,25 £ 0,06 0,24 + 0,05
HIL 439 23+03 75,0 0,27 +£ 0,06 0,27 £ 0,05
Mx+m 459+2.8 2,25+0,07 71,9 +44 0,27 £ 0,01 0,25+ 0,02

Tpumeuarue. N - uucno 06pasy06, A — cpedree uuczo anneneti Ha 10Kyc, %, H, - oxcudaemas zemepo3uzomnocmo,

P, - npouenm nonumopdruix noxycos (p < 0.01), H - nabnodaemas zemeposuzomuocmo, Mx - cpedree, +m — ouwiubxa cpedrezo.
HTugpot 8vi60pok cm. 6 mabauye 1.
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Table 2
Parameters of genetic polymorphism in samples of P. sylvestris of Yakutia and Amur region
Population | N \ A \ P, \ H \ H
Yakutia
Yakl 479 24+£03 75.0 0.29 £ 0.06 0,30 £0.06
Yak2 46.0 22+03 68.8 0.31 £0.06 0.29 £0.06
ol 39.3 24+0.3 75.0 0.28 +0.06 0.29 +0.06
Vi 46.9 23+03 68.8 0.28 +0.06 0.28 +0.06
Ve 47.8 25+0.3 75.0 0.29 £ 0.06 0.29 £ 0.06
Al 47.8 24+03 81.3 0.26 = 0.05 0.27 £0.06
Am 479 21+03 68.8 0.29 £ 0.06 0.29 £ 0.06
UM 47.8 2102 75.0 0.26 = 0.05 0.27 £ 0.05
Mx+m 46.4£2.9 23+0.15 73.5+4.4 0.28 +0.02 0.29 £0.01
Amur region

Ar 47.9 2.2+0.3 68.8 0.25 +0.06 0.24 +0.05
NC 43.9 2.3+0.3 75.0 0.27 £ 0.06 0.27 £0.05
Mx£tm 45.9+2.8 2.25+£0.07 71.9+ 4.4 0.27 £0.01 0.25+0.02

Note. N - number of trees, A — average number of alleles per locus, %, H, - expected heterozygosity,
P, - proportion of polymorphic loci (p < 0.01), H, - observed heterozygosity, Mx — average, + m - average error. Sample codes see in table 1.

Tabnmuna 3

T'enermyeckue gucrannyu Hes (1978) mexxpy nonynauuamu Axyrvun u Illpuamypba

Skl Ax2 AM YM Aa Ba Bt Apx HIT

Axl 0,000
Ax2 0,002 0,000

Am 0,027 0,037 0,000

YM 0,002 0,002 0,037 0,000

On 0,007 0,003 0,023 0,007 0,000

An 0,008 0,003 0,023 0,005 0,000 0,000

Ba 0,006 0,004 0,032 0,005 0,008 0,005 0,000

Br 0,014 0,011 0,023 0,017 0,008 0,009 0,003 0,000

Ap 0,033 0,035 0,018 0,041 0,020 0,021 0,032 0,026 0,000

HIY 0,023 0,026 0,008 0,031 0,016 0,013 0,020 0,010 0,013 0,000

Ipumeuanrue. Hlugpot cm. 6 mabnuye 1.
Table 3

The genetic distances of Ney (1978) between the populations of Yakutia and Amur Region

Yakl Yak2 Am UM Al Vi Vi Ar NC

Yakl 0,000
Yak2 0.002 0.000
Am 0.027 0.037 0.000

UM 0.002 0.002 0.037 0.000

ol 0.007 0.003 0.023 0.007 0.000

Al 0.008 0.003 0.023 0.005 0.000 0.000

Vi 0.006 0.004 0.032 0.005 0.008 0.005 0.000

Vi 0.014 0.011 0.023 0.017 0.008 0.009 0.003 0.000

Ar 0.033 0.035 0.018 0.041 0.020 0.021 0.032 0.026 0.000

NC 0.023 0.026 0.008 0.031 0.016 0.013 0.020 0.010 0.013 0.000

Note. Ciphers see in table 1.
Pe3yabraTsl (Results)

OO0o001eHHbIE TTapaMeTpsl TeHETHYEeCKOro MOJH-
MopdusMa B BbIOOpKax P. sylvestris Slkyrun u Ilpu-
amypbst coOpaHbl B Tabnuie 2.

Juddepennmannss Ha CTaTUCTHYECKH 3HAYMMOM
YPOBHE BBISBICHA HAMH JIMIIb MEXIY IapaMeTpaMu
OXXHIaeMOH M HaOIllo1aeMoi TeTepo3UroTHOCTH (Tab-
mina 2). BepositTHO, maHHBIN 3QdEeKT MOKHO CBSI3aTh
C OTHOCHTEIIFHO BBICOKOH CTEIEHbI0 MHIPAllMOHHOMN
«TOPHO-MEXaHWYECKOH» (TI0 OTHOIICHHIO K IOTOKaM
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CeMSH) M PENpOAYKTUBHON (OTHOCHTEIHHO ITOTOKOB
IBUTBLIBI) M30JIALHMEH M3YyYEeHHBIX MOMYJISALHUNA APYyTr OT
npyra [7], a TakKe ¢ aHTPOIIOTEHHOH (hparMeHTaIue
OCTPOBHBIX NOMYIISALNit P, sylvestris B STUX peTHOHAX.

MakcuManbHasi TeHeTHYeCKass TUCTaHIUs (Tadu-
ma 3) ompeneneHa MEXAY MOMYISAIISIMA ApXapsl U
Vere-Man (D, = 0,041) 1 He npeBBIIaET ypOBHS reo-
rpadUIecKoi packl, a MUHUMAaJIbHBIC 3HAYCHUS (PUKCH-
poBain Mexay AngaHoM u OJEKMHHCKOM.



Agrarian Bulletin of the Urals. Special issue “Biology and bi- O D> D)
M ML .

Bt

ApX

HIT

r T T T
0.028 0.024 0.020 0.016

T T T
0.012 0.008 0.004 0.000

Puc. 2. [lenopozpamma eenemuneckux oucmanyuti Hest (1978) mencdy nonynsyusamu P. sylvestris,
npouspacmaiouwgumu 6 Axymuu u IIpuamypoe

|: Yak1
Am

Yak2

UM

|Ol

\%2!

Ar

NC

T T T T
0.028 0.024 0.020 0.016

T T T )
0.012 0.008 0.004 0.000

Fig. 2. Dendrogram of the genetic distances of Ney (1978) between the populations of P. sylvestris of Yakutia and Amur region

JuarpamMmma, TIOCTpPOCHHas C HCIIOIb30BAHUEM
JaHHBIX O TEHETHYEeCKHMX nuctanumsx Hes D, .. (puc.
2, Tabmuma 3), WITICTPUPYET YETKOE — B PaHIe Ieo-
rpapuyeckux pac (D, = 0,041) — pasOuenue Ha jnBe
CaMOCTOSATENIbHBIE TPYIIBL: MOMYISINAU SIKyTHH U
nonymsiiuu  [Ipuamypesi (¢ OmOpol Ha 3HAYEHUSX
t-KkpuTepus 3aMKCUPOBAHHBIC PA3IMYHs CTaTHCTHYEC-
cku 3HaYUMBI, p < 0,05). OT™MeTHM, 4TO BTOpas TpyIIna
TIOTYJISIIIMNA TaKXKe TOCTaTOYHO TOYHO MOApa3AemsieTcs
(na yposue DN, = 0.017) Ha neHTPaNIbHO-BOCTOUHYIO
(SIkyTck, Amra, Yctb-Masi, ONeKMUHCK, AJIJIaH) U ce-
Bepo-3anaaHyo yactu Skytun (Bumotick, Butum).

B tabnuie 4 npuBeacHBI (PCHOIOTHYECKHUE PACCTO-
sHus MaxanaHoOuca Mexay BCEMH M3yYeHHBIMH I10-
MyJSIUsIMU cocHbI SAkyTun u [Ipuamypbs (Tabnuma 4).

MaxkcuManbHas auctanius MaxamanoOuca (538)
Haiigena mexny Hrxaum [acyueem n Anjanom, Mu-
HUMaIbHas — Mexay Amron u Annanom (7). Beisieien-
HbI€ 3HAYUTEIILHbIE MOP(OIOTHUECKHE Pa3Iuyusi 00y-
CJIOBJICHBI 30HATIBHO-KJIIMMATHIECKUMHU H TOYBEHHBIMU
pasnuuusmu Sxytrn u [Ipuamypses (1o IIMHE BereTa-
TUBHOTO NEPUO/Ia, TEIUI000ECHEYSHUIO0, TYMYCOBAHUIO
MOYB U T. 1.). DEHOTUNNYECKHE TPaIUEHTHI MEXITy MO-
nynanusamMu P, sylvestris HaOMIoqaroTcs Takke, HallpH-
Mep, 1 Mexay YkpanHckumu Kapnatamu u bonrapueii

[7].
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Tabnuua 4

ITucrannuy MaxanaHo6uca Mmexxay monyramysavu SIkyrun u Ilpnamyppsa
Akl | Ax2 Ou Ba Au AMm Br YM Kr Ap Ot HIT
sAxl 0,000 | 12,23 | 14,60 | 91,82 | 99,79 | 95,21 | 60,14 | 23,43 | 21,53 | 225,0 | 216,2 | 319,9
Ax2 12,23 1 0,000 | 19,22 | 1144 | 1194 | 119,5 | 53,66 | 38,87 | 46,84 | 272,1 | 264,0 | 375,1
Oa 14,60 | 19,22 | 0,000 | 81,05 | 76,79 | 71,93 | 52,45 | 22,91 | 44,27 | 259,4 | 2454 | 350,7
Ba 91,82 | 114,4 | 81,05 | 0,000 | 12,70 | 10,16 | 94,58 | 84,94 | 84,33 | 447,7 | 409,5 | 5173
An 99,79 | 1194 | 76,79 | 12,70 | 0,000 | 6,50 | 84,97 | 75,09 | 100,8 | 469,2 | 427,5 | 537,8
Am 95,21 | 119,5 | 71,93 | 10,16 | 6,502 | 0,000 | 92,44 | 76,76 | 94,06 | 460,7 | 4194 | 5283
Bt 60,14 | 53,66 | 52,45 | 94,58 | 84,97 | 92,44 | 0,000 | 26,26 | 85,84 | 365,0 | 349,6 | 4558
YM 23,43 | 38,87 | 22,91 | 84,94 | 75,09 | 76,76 | 26,26 | 0,000 | 45,69 | 273,7 | 258,9 | 365,6
Kr 21,53 | 46,84 | 44,27 | 84,33 | 100,8 | 94,06 | 85,84 | 45,69 | 0,000 | 290,0 | 277,0 | 370,2
Ap 225,0 | 272,1 | 2594 | 4477 | 469,2 | 460,7 | 365,0 | 273,7 | 290,9 | 0,00 | 8,48 | 654
Or 216,2 | 264,0 | 2454 | 409,5 | 427,5 | 4194 | 349,6 | 258,9 | 2770 | 8,48 | 0,00 | 46,0
HII 3199 | 375,1 | 350,7 | 517,3 | 537,8 | 528,3 | 455,8 | 365,6 | 370,2 | 6543 | 46,0 | 0,00

Buonorusa u 6uoTexHonOrnmn

Table 4

Mahalanobis distance between populations of Yakutia and Amur region
Yakl | Yak2 | Ol Vi Al Am Vi UM | Zhg | Ar Ot NC
Yakl | 0.000 | 12.23 | 14.60 | 91.82 | 99.79 | 95.21 | 60.14 | 23.43 | 21.53 | 225.0 | 216.2 | 319.9
Yak2 12.23 | 0.000 | 19.22 | 114.4 | 1194 | 119.5 | 53.66 | 38.87 | 46.84 | 272.1 | 264.0 | 375.1
ol 14.60 | 19.22 | 0.000 | 81.05 | 76.79 | 71.93 | 52.45 | 22.91 | 44.27 | 2594 | 2454 | 350.7
Vi 91.82 | 1144 | 81.05 | 0.000 | 12.70 | 10.16 | 94.58 | 84.94 | 84.33 | 447.7 | 409.5 | 517.3
Al 99.79 | 119.4 | 76.79 | 12.70 | 0.000 | 6.50 | 84.97 | 75.09 | 100.8 | 469.2 | 427.5 | 5378
Am 9521 | 119.5 | 71.93 | 10.16 | 6.502 | 0.000 | 92.44 | 76.76 | 94.06 | 460.7 | 419.4 | 528.3
vt 60.14 | 53.66 | 52.45 | 94.58 | 84.97 | 92.44 | 0.000 | 26.26 | 85.84 | 365.0 | 349.6 | 455.8
UM 2343 | 38.87 | 22.91 | §84.94 | 75.09 | 76.76 | 26.26 | 0.000 | 45.69 | 273.7 | 258.9 | 365.6
Zhg 21.53 | 46.84 | 44.27 | 84.33 | 100.8 | 94.06 | 85.84 | 45.69 | 0.000 | 290.0 | 277.0 | 370.2
Ar 225.0 | 2721 | 2594 | 447.7 | 469.2 | 460.7 | 365.0 | 273.7 | 290.9 | 0.00 | 848 | 654
Ot 216.2 | 264.0 | 2454 | 409.5 | 427.5 | 4194 | 349.6 | 258.9 | 277.0 | 848 | 0.00 | 46.0
NC 319.9 | 3751 | 350.7 | 517.3 | 537.8 | 528.3 | 455.8 | 365.6 | 370.2 | 65.43 | 46.0 | 0.00
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Puc. 3. Opounayus oucmanyuit Maxananobuca mexcoy nonynsyuamu Jxymuu u Ipuamypos
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Fig. 3. Ordination of the Mahalanobis distance between the populations of Yakutia and Amur region
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Fig. 4. The linear relationship between the Mahalanobis distance (D?) and the genetic distances of Ney (1978)

Ha nBymepHoii 1uarpamme pacceMBaHusl, OCHOBaH-
HOHM Ha pe3ysiprarax aHajln3a W3MEHYMBOCTH (peHOTH-
MUYECKUX MPHU3HAKOB IIHUIIKU (pucC. 3), BU3yaTU3HPY-
eTcsl pacnaj AKyTCKUX MOMYJISAIMHA COCHBI Ha CIIEIYIo-
HIMe TPYMIBL: nepBas oObenuHseT Buimoiick, AnnaH,
Awmra, a Bropas — Skytck, OnekMuHck, Butum, YcTb-
Mas u JKuranck. Beidopku u3 [Ipuamypes (Apxapa,
OtBaxnbid, llacyueit) 060coONSIOTCS B OTHENBHYIO
rpymiy. ['eorpaduyeckn npeacTaBieHHbIE TOMYISIIHN
COCHBI H30JIUPOBAHBI OT OCTAIBHBIX.

Takum 00pazom, kak rmojy4eHHble aucTaniuu Hes,
TaK ¥ JUCTaHIMKM MaxanaHoOuca Mmokas3bIBaloT Cyle-
CTBEHHBIE Pa3INYs MEXKY MOMYIALISIMUA COCHBI SKy-
tuu U [Ipuamypses.

PerpeccroHHbIN aHATU3 CBSI3M MEXKIY AUCTaHIUSA-
mu Maxanano6uca (D?) 1 reHeTHYECKUMHU JMCTaHIHsI-
mu Hest (D, ) BBISBUII TakXKe MOTOKHUTENBHYIO IMHEH-
HYIO 3aBHCUMOCTH y = 10609x + 43,407, R*> = 0,4159
(puc. 4), p <0,005. AHanoruuHas cBsi3b ObLIa BBISIBIIC-
Ha U1t YkpauHckux Kapnat u Pycckoit paBHuHSBI [7].

I'pamuentsr renetnueckux nucraniuit (I'TI) nHa
tpancekre CBoOoaHbII — Thinaa — Heprourpu — Osek-
MHHCK — BUJIIOKCK CBUIETENBCTBYIOT, UTO MaKCUMaJlb-
Hast (4,03*107) muddepenrmarms B 30H¢ CTaHOBOTO
xpeOTa mexxay TeiHnoit u Heprourpu (puc. 5).

B pesynsrate aHammza, O4YeBHIHA JOMHHAHTHAs
POJIb B POUCXOXKACHUH SIKYTCKUX MOMyJsiuid P syl-
vestris Tpex cubupckux ['TIP — Teinapi, PomaHOBKH,
HpxyTcka M yMEHBIIEHHE T'€HETHYECKOTO CXOJCTBA
I'TIP mo mepe ux yaanenus ot SAxytuu (puc. 6). 571
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P. sylvestris of the first (I) and second (II) ranks
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Oo6cy:xnenue u BbIBoAbI (Discussion and Conclusion)

1. Anmo3umasii ananu3 10 momymsuii P sylves-
tris L. 2 ¢usuko-reorpapuueckux cTpaH SKyTuum u
[Tpramypbs BBIBHI MEHBIIMH HOTMMOP(U3M U Hau-
6omee pe3koe 000cOOIeHIE MTPHAMYPCKHUX TOITYIISIIAI
(ypoBeHb reorpauveckoi pachl) OT SKYTCKHAX TIOMY-
AU, U GepeHIMPOBaHHBIX HA YPOBHE HE BBIIIC
reorpaduueckux Tpymnm. 3adhUKCHPOBAIN CTATUCTHYC-
CKH{ 3HaYNMOE€ KpaeBoe 000COOIeHNE TPYII SIKYyTCKIX
TIOTYJISAIMA Ha 3anmaanyio (Butum, Bumroiick) i ocTas-
IIHECs TOMYIAINHT, KOTOPBIE MPHOOIIEHB! K OOIHPHON
(TTO-BHIMMOMY, MHTPAIMOHHON) aKBAaTOPHH DPEYHBIX
OacceitnoB Anmana u JIeHbI.

2. IlpuBeneHbl 3HAUMMBIC PA3IUYMS MEKIY SKYT-
CKMMH U ITPUAMYPCKUAMH MOIYIISLUSIMHI COTJIACHO JUC-
TaHIsSIM MaxananoOuca, pacCCYUTaHHBIM IO 23 TpH-

3HaKam mmnrek (D? = 537.8, mexny Anganom u Huk-
HuM Llacydeem), 19 u3 KOTOpBIX OKazaiuch Haubosee
MH(OPMATHBHBI.

3. Mexny nucraniusmu Maxanano6uca (D?) u re-
HETUYECKUMU JucTanuusmu Hes (D, ) BblsBICHA T10-
JIOKUTEIIbHAS JMHEHHas 3aBucuMocTh (R? = 0,4159).

4. Ilo rpaguenTtam reHetndeckux guctanuii (I'TI)
Ha TpaHcekre CBoOoaubiii — TeiHAa — Hepronrpu —
OnexMuHCK — BHITIOWCK BHAHO, YTO HAHOONBIIHN HX
nepenan (4,03*107%) nabmomaercst mpu MepecedyeHun
CranoBoro xpe0ta Mexy Teinnoit u Hepronrpu.

5. B uenom oueBuaHA JOMUHAHTHas poOjib B IPO-
UCXOXK/ICHUN SIKyTCKUX TOMYJISAUuii P. sylvestris Tpex
cubupckux I'TIP — Teinabl, PomanoBku, Upkyrcka — u
yMeHbllleHue reHerudeckoro cxoxacrsa I'TIP mo mepe
uX yaajgeHus ot Skytun.
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Abstract. To preserve biological diversity, it is necessary to determine the genetic structure of species populations,
because this gives the most complete picture of the manifestation of polymorphism and makes it possible to de-
tect genetically and phenotypically distinct subspecies. The information obtained will help determine the optimal
habitat and protection conditions for endangered and farmed species. The purpose of research is to conduct an
allozyme analysis of 10 populations of P. sylvestris L. 2 of the physiographic countries of Yakutia and the Amur
region. Results. An allozyme analysis revealed less polymorphism and the most drastic differentiation of the Amur
region populations (at the level of geographic race) from Yakutia populations, subdivided from each other at the
level of geographical populations. Significant differences are shown between the populations of Yakutia and Amur
Region according to the distances of Mahalanobis, calculated according to 19 signs of cones. A positive linear
relationship was obtained between the distances of Mahalanobis (D?) and the genetic distances of Ney (DN.,)
(R*>=0.4159). Scientific novelty. A dominant role in the origin of the Yakut populations of P. sylvestris of three
Siberian group-gradual fellings (GGF) — Tynda, Romanovka, Irkutsk and a decrease in the genetic similarity of the
GGF as they move away from Yakutia were found.

Keywords: Yakutia, Amur region, P. sylvestris, population, geographical differentiation, genetic distance, Maha-
lanobis’ distances.
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Annomauyusn. Poitb 0poraeMoro 3eMie/ieNns BO BCEM MUPE Bee 00JIee yBEITMIUBACTCS B CBSI3M C HEOOXOAMMOCTBIO
o0ecriedeHnst pocTa MPOU3BOICTBA MPOAOBOILCTBHS B YCIOBHSX apUAN3AIMN KIMMara U AerpaJlallii IIOYBEHHO-
TO TIOKpoBa. PecypcHblif moTeHnuan Tepputopun Poccuu npu coBpeMeHHOM (pyHIaMEHTAIEHOM M3MEHEHUH Ha-
YYHO-TEXHOJIOTHUECKOH CTpaTerun TpedyeT Ooliee TIIyOOKOTo MCCIIeIOBAHMSI TPOOIEM OpOIICHHS YepPHO3EMHBIX
1oyB. [7106apHOE N3MEHEHNE KIIMMaTa B CTOPOHY apHM3aLINH, HEIOCTAaTOYHOE €CTECTBEHHOE YBIAKHEHHE TTOYB
TpeOyIOT NCCIIEJOBaHMS BIMSHHS OPOLICHUS Ha TEIUIOBOM peknM noussl. Llesab uccaenoBaHus 3aKI09acTcs B
BBISIBIICHUH BO3JIEHCTBUS PEKMMOB OPOLIEHUSI HA TEMIIEPATYPHBIM PEXKUM U MPOLYKTUBHOCTb SPOBOM MIIEHUIIBI
niepBooyepesHoro oobekTa opomeHus CeBepHoil KyimyHabl — uepHO3eMa I0KHOTO JIETKOCYITHHUCTOTO. MeToasbl.
B MHKpOJENSHOYHBIX OMBITAX UCHBITHIBAINCH BAPUAHTHI ¢ HMOKHUM MOPOrOM YBJIAXKHEHHUS MOYBBI B PEXKHMax
80 %, 70 % u 60 % ot HanumenbeH BraroemkocTs (HB), ¢ MomHOCTRIO yBHIaxkHssemoro ciost 40 cM, 60, 80 cM 1 ¢
1 depeHInpoBaHHOI MOIITHOCTHIO YBIIAXKHAEMOTO CJIOSI B 3aBUCHUMOCTH OT (ha3bl pa3BUTHS pacTeHuil. Mzyuenne
TEMIIEpaTypHOro PeKUMa, KOPHEBON CUCTEMBI PACTEHUN MPOBOJMWIOCH B COOTBETCTBUU C MPUHIHUIAMH OpPraHU-
3alM M METOJaMH CTAalMOHAapHOro m3ydeHus nmous. Hayunasi HoBu3Ha. OmnpeeneHbl onTUMaIbHAs DIyOHHA
(040 cm) u cTeneHp yBIaKHEHUs YepHO3eMa IoKHOTO JierkocynmanucToro (HB-60 % HB), obecrieunBaromux B
ycnoBusix CeBepHoit KymyH/bl O1aronpusTHIN TeMITepaTypHbIH PEKUM TTIOYBBI U BRICOKHH ypoKail 3epHa SIpoBOi
nuieHunsl. Pesynbrarel. TemneparypHslil peskuM 4epHO3eMa F0KHOTO JIEFKOCYNIMHUCTOIO pa3InyaeTcs 10 ypoB-
HIO YBIIQ)KHEHHUSI, HO OCTaeTCsl OIaronpusTHBIM Kak B TEUCHHE CYTOK, Tak U 3a Bereranuio. Ysnaxkaenue 0-40 cm
ciost B tuanazone HB-70 % HB u HB-60 % HB Haunbonee ontuMaibHO, OCYIIECTBIMO Ha MPAKTHKE H 00CCIICH-
BaeT yCIJIOBHO ypokail 3epHa 4,3—4,2 1/ra. [y noajaep:kaHus Takoro pexknMa BIaKHOCTH MOYBEI TpeOyercs 4—7
MOJIMBOB 001Ie# opocutenbHoi HopMoii 1700-2200 m*/ra. Haubonbias osst kopueil minenuiist (62-76 % ot
00111e# Macchl) KOHIIGHTPUPYETCS B BEPXHEH YacTH ITOYBHI.

Kntwouegvie cnosa: 9epHo3eM I0KHBIN, PSKUMBI OPOIICHHUS, NTyOMHA yBIAXXHEHHS ITOYBBI, CTEIICHb YBIAXHEHHS
MIOYBBI, IPETIOINBHON MOPOT YBIAXXHEHUS, JOCTYHOCTD BIIar PACTEHHSIM, TEMIIEPATypHBIN PEKUM MOUBBI, KO-
HeBast CHCTEMa PacTeHUH.

Jna yumuposanun: CenbkoBa JI. A., I'punen JI. B. BausHue opouieHust Ha TeMOepaTypHbIA pexXUM 4epHO3e-
Ma // Arpapublif BecTHHK Ypana. 2022. CriennanbHblil Beityck «buonorust u 6norexuonoruny. C. 58-68. DOI:

10.32417/1997-4868-2022-229-14-58-68.
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ITocranoBka npo6Jiembl (Introduction)

YeToitunBoe BBICOKOIIPOJYKTUBHOE 3€MJIE/CIINE B
CTEMHBIX pallOHaX BO3MOXKHO TOJILKO Ha OCHOBE OII-
THMHU3AIMA BOJHOTO PEXHMa IMOYB IMyTEM peryisip-
Horo opoueHus. [loaromy B ®DenepanbHoil 1eneBOM
nporpamme (PLIII) «Pa3Butue menuopanuu 3emeib
CeJIbCKOXO03sIUCTBEHHOTO HazHaueHust Poccun Ha 2014—
2020 rr.» B Ka4ecTBe NMPUYUH HETaTHBHOTO COCTOSIHUS
MEJIMOPATUBHOTO KOMILJIEKCA BBIJEICHBI KOMIIOHEHTHI
TEXHOJIOTMUECKON 0€30MaCHOCTH CEJIBCKOTO XO3sICTBa
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C MenuopaTuBHBIM 3emuienenueM. [1, c. 222]. beun
MIPOBEAECHBl MHOTOYMCIICHHBIE M Pa3HOOOpa3HbIE HC-
CIEJIOBaHMsS: BIUSHHE OPOILICHHS HA COJEYCTONYH-
BOCTh TIOYB [2], IPUPOAHON TeIIOBIAroo0ecreueH-
HOCTH M JIe(pUIINTOB BOJONOTPEOICHHS CEIbCKOXO035IH-
CTBEHHBIX KYyJIBTYp [3], 0cCOOEHHOCTEH MTOYB C INMHUTOM
yBrnaxkHenus [4, c. 170], pazpaboTka 1MepcrneKTHBHOTO
KOMIUIEKCA TEXHUKO-TEXHOJIOTHUECKUX CPEACTB J0-
JKAEBaTbHON TEXHUKU Ul NPELU3HOHHOIO OPOLICHHUS
[5] u 1p.
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ITo muenuto U. I1. Aligaposa [6, c. 5], mpu co-
XpaHEHHH CYILECTBYIOUIETO COCTOSHHMS 3€MJISJIeIHS 1
OpOIIIEHHUsI TPOU3BOACTBO MPonoBoJabCTBUS K 2030 T.
ynazet a0 ypoBHs 1900 r., a cocTosiHEE CeNbCKOXO035TH-
CTBEHHBIX YIOIMN yXYIIIUTCS.

Cokpatienue BOJHBIX pecypcoB B cTpanax Cpen-
Hell A3MHM U CHIJKEHHE B CBSI3U C 3TUM TEMIIOB npu-
pocTa opolIaeMbIX 3eMelb 00yCIOBHIIN BKIIOYCHUE B
COCTaB BaXHEHIIMX HAIPABICHUH I'OCYIapCTBEHHOU
JeITEIbHOCTH OPOCHTENIbHYIO MEJIMOopaluio. B 1oxk-
HBIX pernoHax EBpombl Taioke Haubonee OLTyTHMBI
Hp06ﬂeMI)I, CBA3aHHBIC C TOBCEMECTHBIM IMPUMCHCHU-
eM opolleHusi. Bo Bcex cTpaHax olMHaKOBO OCTPO CTO-
UT 1npodieMa Jerpajialny 3eMellb, CBI3aHHas C OpolIe-
HueM [7; 8].

Tem He MeHee poJb OpOIAEMOTO 3eMIIC/ICNHUS BO
BCEM MHpE BcE 0oJiee YBEJIMYMBAETCSl B CBS3M C He-
00XOMMOCTBIO OOecIieueHHs: pocTa MPOU3BOJCTBA
IMPpOAOBOJILCTBHA B YCJIOBUAX apUAn3allMu KiIMMaTa U
Jlerpajaliiy O4YBEHHOI0 NIOKpoBa. PecypcHblii oTeH-
nuain reppuropun Poccun npu coBpeMeHHOM QyHIa-
MCHTAJIBHOM H3MCHCHHU Hay‘{HO-TeXHOHOFH‘leCKOﬁ
cTpareruu TpeOyer Oosee TIyOOKoro QyHIaMeHTa b-
HOT'O HCCIIEIOBAaHMsI TIPOOJIEMbI OPOIICHHS YEPHO3EM-
HBbIX ITOYB.

Takum oOpa3om, aJisi coxpaHeHus: buochepsl B yc-
JIOBUSX IJ100aJIbHOTO M3MCHCHHS KJIMMaTa TpeOyercs
MPOBEACHNE MHTCHCHUBHBIX I/ICCHeZlOBaHI/Iﬁ KOMIIJICKCa
COIMAJIbHO-)KOHOMUYECKHUX MPOOJIEM B CEIILCKOXO3SIH-
CTBCHHOM ITPOU3BOJCTBE U JIECHOM IMPOMBIIIJICHHOCTH
[9, c. 532]. [Ipu 5TOM HCCIEIOBATEISIMU YK€ JABHO
MOAYCPKUBACTCA HeO6XOJII/IMOCTI) SKCIEPUMCHTAJIb-
HOI'O BbISIBJICHUS paLIPIOHaJ'IbHOﬂ Fﬂy6I/leI n CTCIICHU
YBJIQXKXHCHHUA YCPHO3CMHbLIX IIOYB IIPpU OPOIICHHUU C
YUY€TOM UX T€HETUUCCKUX 0COOEHHOCTEHN U IMTOYBEHHBIX
PEKUMOB M BMECTE C TEM Ba)KHOCTbh CTPOXKAHIIEro co-
OJroileHHsT Hay4YHO-00OCHOBAHHBIX PEXHUMOB OpOIIIe-
HUS CENIbCKOXO3SMCTBEHHBIX KYJIBTYD, YIIPABIECHUS I10-
muBamu [10; 11; 12; 13, c. 14].

B npakTrke oporraemMoro 3emienenus 10 CUX 1op
IMPUHATO pACCYUTHIBATD IMOJIMBHBIC HOPMBI, B TOM YHCJIC
W JJIs1 3€pHOBBIX KYNbTYp, Ha cioi 0—100 cm, 0-90 cm,
0-80 cm, Hanpumep, 1o popmysie A. H. Koctsikosa, 6e3
yueTa CBOWCTB I0YB, OCOOCHHOCTEH TOBECHUS BIIark
B UX ITpoduJIe, a TAKKe HHOTIA U OMOJIOTUYECKUX 0CO-
OeHHOCTeH BhIpalinBaeMoi KynbTypbl. [InanupoBanne
PEeXUMa OpOLICHUSI CBOIUTCS K PELICHHIO yIpaBlie-
HUSI BOJHBIM OaJlaHCOM U OIPEJICNICHHIO BIIaro3anacoB
B TI0YBE HA YYacTKE Ha Hayajo M KOHEL[ OpOILacMOro
pacdeTHoro nepuona. MiameHeHue Biaro3anacon orpe-
JISISIETCS] 10 YPAaBHEHUIO BOAHOTO OajlaHca Ha OCHOBE
sMnupuueckux mojenei [14; 15, c. 17; 16; 17].

le/l TaKuX IMoAaxodax K TEXHOJIOIMHU OpOIICHUA
104B OBICTPO HAPYILIAETCS MX HKOJIOTMYECKOE PaBHOBE-
cue. [Toatomy B Hacrosiiee BpeMsi UCCIIEA0BAHUS pa-
NMUOHAJIbHbBIX BOJO- U nquoc6epera}0LLu/1x TEXHOJIOIUH
OPOIICHHSI CTAHOBSITCS 0COOCHHO aKTyaIbHBIMH.

il il ol il il ol

YcToiuMBO€E BBICOKOIIPONYKTUBHOE 3€MIICIEINE B
crernHoit 30He 3anaaHol CHOMPH BO3MOXKHO TOJIBKO Ha
OCHOBE OINTHMM3ALMU BOJHOTO pPEXHMa IOYB IyTEM
PEryJIsipHOrO HayYHO 000CHOBaHHOTO opolueHus. Opo-
HIeHHe ocTpo Heobxommmo B KymyHnuHCko#l cremu,
IIPEXk/Ie BCETO B €€ IIEHTPAJBHBIX M CEBEpHBIX paiio-
HaX, IIe YepPHO3EMHbIEC 30HAJIbHBIE ITOYBBI HMEIOT JIeT-
KU I'paHyJIOMETPUUYECKHUI COCTaB U, KaK CIEACTBUE,
MaJyl0 BOJOYACPKHBAIOLIYI0 CIIOCOOHOCTh, BEChbMa
HEYCTOMYUBBII, HEYJOBIETBOPUTEIIbHBIN [UIS1 CEJIbCKO-
XO3SHCTBEHHBIX KYNBTYD BOAHBIA PEXKUM U OTpaHUYEH-
HBI€ BO3MOKHOCTH €TI0 PETYINPOBaHMS arpoTeXHUYE-
CKHUMHU NIPHEMaMH.

Jliist obocHOBaHMS BHICOKOA((EKTHBHON U, UTO HE
MEHee Ba)KHO, [MOYBOCOEperaromieil TeXHOIOrHH Opo-
HIEHUsST B 9TOM CIEHHU(UYHOM IO MPHPOIHO-MEIHO-
pPaTHBHBIM YCIIOBUSIM DPErnoHE HEOOXOAMMO 3HaHHE
B3aUMO3aBHCUMOCTEH BOJHO-(DU3UUECKUX CBOWCTB,
0COOCHHOCTEH NEepeBIKCHUSI U yAEp)KaHUsS BIaru B
MOYBE U €€ JOCTYMHOCTH PACTEHUSM B 3aBUCUMOCTH OT
DIyOMHBI M CTETICHH YBJIAYKHEHHsI IIOYBEHHOT'O MPOQH-
ns1. HanbGonee NpUrofHsIMU U MEPCIIEKTUBHBIMU IS
opomraemoro 3emneznenus B Ceeproit Kymynae sBns-
IOTCSI YEPHO3EMBI F0XKHBIE JIETKOCYIIMHUCTOIO I'paHy-
JIOMETPUYECKOTO COCTaBa.

HccnenoBaHusiMu 1MOKa3aHo, YTO BaKHEHIINM (ak-
TOPOM, OTPENEISIONUM YPOXKANHOCTD PU Pa3IUIHBIX
pPeKMMaX YBI@XKHEHHs NPH DI0OAIBHON apuan3anun
KJIIMaTa, sIBJISETCS TeMIepaTypHbIN pexXuM 1mouB [ 18—
20].

ITo TemnepaTypHOMY PEXHUMY YEPHO3EMBI FOXKHbBIE
3ananHoit Cubupu OTHOCSTCS K (banuu XOJIOAHBIX
nouB. Jlsi HUX XapakTepHbl NIyOOKOE MHTEHCUBHOE
IIpoMep3aHue B 3UMHUI IEPUO/I, IT03/IHEE OTTauBaHUE,
3aKaH4MBarolleecs B Hadane Mas. Ho B sieTHuil nepu-
O] YepHO3EMBbI HOXKHBIE, 0COOCHHO JIETKOCYIJIMHUCTHIE,
caMble TEeIIble CPeIH 3anaHOCUONPCKIX YEPHO3EMOB.

IToussl CeBepHoil KymyH/bI, XapakTepu3yonuecs
JMMHUTOM TEIUIO- U BJIAroo0ecrne4yeHHOCTH, HHTEHCHB-
HO OpOILAIOTCS, HO HAyYHO-IKCIIEPUMEHTAIbHOE 000-
CHOBaHHE PallMOHAIBHOTO HCIHOJb30BAHUS U OXPaHBI
YEepHO3EMOB OCTAETCs HEJOCTATOUHBIM.

OTMe4eHHbIE aKTyaJbHbIC B HAYYHOM M IpaKTHye-
CKOM OTHOILIEHUH BONPOCHI arpou3uKu YepHO3EMOB
10kHbIX CeBepHOil KymyH/bI B CBA3M ¢ UX OPOLICHUEM
MOCITYHUJIU TEMOH UCCIIEIOBAHUS.

Ilenp — m3yueHue BO3IEHCTBUSA PEKUMOB YBIaXK-
HEHMsI Ha TeMIIepaTypHbI peXkKUM depHO3eMa KJKHOTO
JIETKOCYTJIMHUCTOTO U NMPOAYKTUBHOCThH SPOBOW MIIIe-
HUIIBL.

MeToaoJ0rusi 1 MeToabl uccaenoBanusi (Methods)

Bce nonesebie, 1abopaTopHble HCCIEOBaHUS U CTa-
TUCTHYECKasi 00pabOTKa MaTepUaIOB MPOBOIMINCH B
COOTBETCTBUH C MPUHLUIIAMH OpraHU3aLUU U METOA-
MU CTalMOHAPHOTO U3y4deHus nous [21].

[IpoBeneHbl MHUKpPOIENSIHOYHBIE ONBITHI B YCJO-
Busix CeBepHoit Kymynapl. Pasmep kaxmoit pensHku
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1,05 x 2,0 m. O01mas wiomanb ACISTHKHA IPH 3TOM CO-
crasistet 2,1 M2, yuetnast — 0,49 m?. Pasmemnienue je-
JITHOK CHCTEMaTH4eCKOe; OBTOPHOCTH B OIBITE TPEX-
KpaTHas. MeroJ yuera ypoxas — criomHou. [Ipu atom
ypOKail KayKIOW JEJISIHKY B3BELIUBAJICS U YUUTHIBAJICS
OTJIEJIBHO.

HcnpIThIBaINCH BapUAHTBI C PEKUMaMK yBIIaKHE-
Hust 80 %, 70 % u 60 % ot HB 1 MOITHOCTBIO YBIaX-
usiemoro ciost 40 cm u 60 oM, a Takke rydookum (0—
80 cM) npomaurBaHueM PO YepHO3EMa KKHOTO
JIETKOCYIIIMHUCTOTO, KOTOPBIE XapaKTePHbI JIIsI COBpE-
MEHHOM MPAKTUKH OpOIIaeMoro 3emieesnust. OIbIT He
BKJTIOUAJI BapHaHT ¢ yBnaxHeHueMm cios 0-20 cm, Tpe-
Oyromiero OOJIBIIOrO KOJIMYECTBA MMOJMBOB. M3yuancs
TaKKe BapuaHT ¢ JUuQdepeHIInpOBaHHON MOLIHOCTBIO
YBIIQKHSIEMOT'O CJIOS1 B 3aBUCUMOCTH OT (hasbl pa3BUTHS
pacteHui. DTOT BapUaHT BBEJICH B OIBIT B CBSI3H C yue-
TOM TOTO, YTO B HAYaJIbHBIN [IEPUOJL PA3BUTHSI CEITHLCKO-
XO3SICTBEHHBIX KYJIBTYP HE Clie/lyeT AaBarh OOJbLINe
HOPMBI TI0JIMBA BCIIECTBUE CIIA0OTO Pa3BUTHSI KOPHE-
BOH cucTteMbl. [1onKBbI MPOBOAMINCH BPYUHYIO BOJOM
¢ Temneparypoi 20-23 °C.

KoHTpOJ1b BIa)KHOCTH ITOYBBI B 331aHHBIX PEXKUMaX
OCYULIECTBIISIICS. HEUTpOHHBIM Biaromepom HIWB-2.
TapupoBascs npuOop myTem orpezesIeHus! BIaXKHOCTH
U pacyera 3alacoB BJIard TEPMOCTATHO-BECOBBIM Me-
TOTOM. JlJIsl 3TOrO TPYIKABI 32 CE30H MPOU3BOIMIHMCH
0TOOPBI MPOO IS MOCIICIYFOIIETO OMPEICICHUS BIIaX-
HOCTH TIOYBBI.

TemneparypHsiil peskuM B cioe 0-20 cM usydancs
C MCIOJIb30BAHUEM CPOYHBIX, MAKCUMAJIbHBIX 1 MUHH-
MaJIbHbIX BBITSDKHBIX ITOYBEHHBIX KOJICHYATHIX TEPMO-
MerpoB CaBUHOBA, IIyOKe — AIEKTPOTEPMOMETPOM
AM-2M. KopHeBas cucteMa MIIeHUIb] HCCIe0BaTach
METOZIOM OTOOpa MOHOJIMTOB C IMOCJEIYIOIIEH ee OT-
MBIBKOH.

P
- Ypana. CrewyyranbHbtit Bbimyck «buonoris i 6uotexronoriimy, 2022 1.
N

Pesyabrarsl (Results)

Oco0OeHHOCTH KIMMara M COCTaBISFOLINX JIAH[I-
magra Ceepo-KymyHANHCKOH paBHUHBI OKa3ald Cy-
IIECTBEHHOE 3HAYCHNE Ha OCOOCHHOCTH (DM3MUECKHUX
U BOAHBIX CBOMCTB YEPHO3EMOB FOXKHBIX JIETKOCYTIIH-
HHUCTBIX, IMEIOIHX ITHPOKOE PACIPOCTPAHEHUE 3/IECh.
[Tpodunb 4YepHO3EMOB IOKHBIX JIETKOCYTIIMHUCTBIX
c(hOpMHUPOBaAH U3 CIETYIOMNX TOPH30HTOB:

A (1-3 cM) — MasloOMOLIHAs ICPHUHA,;

A (15-25 cm) — TyMyCOBO-aKKyMYJISITHBHBIA TOPH-
30HT, CBEKHUH, TEMHO-CEpBI ¢ OypOBaTBIM OTTEHKOM,
HETIPOYHO-KOMKOBATHIH, PBIXJIBIA WM c1abo yIuioT-
HEHHBIH, IEPEXO]] B CIEAYIOLMI TOPU30HT MTOCTENEH-
HBIH;

B, (15-30 cm) — mepexoaHbIi IyMyCOBBIH, CBEKHI,
OypoBaTo-CcephIid, KOMKOBATHIA MIIH OPEXOBATO-KOMKO-
BaTbli, YIJIOTHEHHBINH, NEPEXOI B CIELYIOIIUA TOpU-
30HT IOCTCIICHHBIN;

B, (18-22 cM) — mepexomHbI TOPH30HT 3aTEKOB,
BIQKHBIH, OypbIii C 3aTeKaMH TYMYCOBBIX BEIIECTB,
KOMKOBATbIH, YIUIOTHEHHBIH, KapOOHATHI MyYHHUCTbIE U
B BHJIE OCTIOMIa3KM, MEPEXO]] B CJIETYIOUIUN TOPU30HT
MMOCTETICHHBIN;

C, (ma rmy6une ot 60 10 100 cM) — BIaXHBIH, Tae-
BBIH, IPU3MAaTHICCKHH, TUIOTHBIN, KapOOHATHI MYyYHH-
CTBIC U B BUJIE OCIIOITIA3KH.

Jlerkuil rpaHyJIOMETpPUUYECKUI COCTAaB MOYB U IIO-
YBOOOPA3yIOMUX IMOPOJl YEPHO3EMOB FOJKHBIX JIETKO-
CYDIMHHUCTBIX OOECIIEUMBAET XOPOIIYI0 MPOMBITOCTh
uX MPOGWIST OT JIETKOPACTBOPUMBIX coneit. [ImoTHbIi
OCTaTOK 1O mpodwmmo MmouBel B mpexenax 0,680—
0,100 %. Tonpko B MOYBOOOpa3yIOIIEH MOPOIE, 3a Mpe-
JieraMn KOpHEOOUTAeMOro CJI0s, MMEETCs] HeOOIbIIoe
KOJIMYECTBO JISTKOPACTBOPUMBIX coueit (Tabmmma 1).

BbIcoKast IIIOTHOCTH CIOKEHNUS OTIPEEIsIeTCs MMpe-
oOmaganreM KpYyIHBIX (paKuid TPaHyIOMETPHIECKO-
TO COCTaBa.

Tabnmuna 1
CBolicTBa yepHO3€eMa I05KHOTO
IlaoTHOCTD, I/CM?
Yacrumbl Cyxoii > ~—1 IMopucrocrs, %
TayGuma, em | 0,01 Mmm | ocTaTok, % | cioxenus lelf%i(:“ oT 00BbemMa Tymye, % | pH,
0-20 27,0 0,100 1,31 2,65 50,5 1,85 6,9
20-50 29,3 0,700 1,49 2,69 44,5 0,75 7,8
50-70 20,7 0,068 1,55 2,70 42,6 0, 05 8,2
70 u Gonee 13,8 0, 181 1,60 2,70 40,0 - 8,4
Table 1
Properties of southern chernozem
Particles | Dry residue, Density, g/cm’ Porosity, % of | Humus,

Depth, cm | 01 mm % additions solids volume % PH,
0-20 27.0 0.100 1,.31 2.65 50.5 1.85 6.9
20-50 29.3 0.700 1.49 2.69 44.5 0.75 7.8
50-70 20.7 0.068 1.55 2.70 42.6 0.05 8.2

70 and more 13.8 0.810 1.60 2.70 40.0 - 8.4
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OO1mast mopucToCcTh 00ecreunBaeT OIaronpusTHOE
COOTHOILICHHE BOJHOM M BO3AYIIHOW (a3 1mo Bcemy
npodUITIO TOYBBI.

ConepxaHue rymyca HU3KO€, B TyMyCOBO-aKKyMy-
JSTUBHOM ropu3oHTe 1,85 %, B IepexolHOM rOpU30H-
te B camxaercst 10 0,75 %, uTo onpezensercs Jerkum
TPaHYJIOMETPUYECKUM COCTAaBOM B YCIIOBHSIX 3aMe-
JICHHOTO OMOJIOrMYECKOr0 KPYroBOpOTa BEIECTB.

Peaknusi MOYBEHHOrO pacTBOpa XapakTepHa ISt
30HAJIbHBIX [IOYB: B BEPXHUX FOPU30OHTAX HEHTpaIbHas
K Onu3Kas K Hel, B HIKeIeKallnuxX, 000raleHHbIX
KapOOHaTaMM, CTAHOBUTCS IIEIOUHON (Tabmuia 1).

HaOmronenust 3a Temreparypoi MOYBBI [MOKa3ajH,
YTO K HayaJly BEreTaluy IOYBEHHBIH Npoduib ObLI
OpOTPeT 10 aKTUBHBIX Temreparyp Oonee +10 °C mo
1youHbl 50—60 cM, a KO BpeMEHH MPOBEICHUS IIEPBOTO
HOJINBA, B KOHIIE NEPBOM JEKa/Ibl MIOHS, HA BApPHAHTAX
BBICOKOTO YBJIQJKHEHUS TOJIBKO MOBEPXHOCTHBIN CIIOM
0-20 cm mporpencst 10 Temieparypsl oosee +20 °C,
BCsl TiIyOyKkesexalas ToJNIa MMella TeMIeparypy OT
+14 o + 18 °C.

XapakTepusyss B LEJIIOM TEMIEPaTYPHBbIA PEXUM
YepHO3eMa IOXKHOTO JIETKOCYINIMHHUCTOTO Kak Onaro-
NPUATHBIN CIIEAYET OTMETHUTh, YTO OH HECKOJBKO pa3-
JUYalCs B 3aBUCHMMOCTH OT YBJIQ)KHEHHS BapHUaHTOB
ombiTa. B Hawyane mepuosa BereTanuu, Korja eme He
CHJIBHO MPOSIBIISICTCSI 3aTEHSIONIAs POJIb PACTEHUH, Mo-
YBEHHBIH poduib B Bapuanrte ysnaxuenus HB-70 %
HB Obu1 Teruiee, ueM B BapuaHTe ¢ BIaXHOCTbIO HB-
90 % HB.

[Ipu pexumax yBrakHeHHs: Oolsiee TIIYOOKHX CIIO-
€B TOSIBJISIFOTCSl 3aMETHBIE TEMIIEpaTyPHbIE Pa3IHYHs.
B TeueHue cyTok 3HaYMTENbHBIE KOJICOAHHs TeMIepa-
TYpBl OXBaThIBAIOT Toimly mouBbl B 30-40 cm, Huxe
OCTaeTCsl Ha YPOBHE CPEIHECYTOYHOM.

HawuGonplias aMrunTy/a KojieOaHui TemMreparypbl
XapakTepHa JJIsl IOBEPXHOCTHU ITOYBBI.

CrerneHp yBIa)XHEHHs MOYBBI MOBJIMSIIA U HA CKO-
pOCTh M3MEHEHHMsI TeMIIepaTypbl. B BapuaHTe ¢ Biax-
HocTeio HB-70 % HB Munumym Temmneparypbl HOUBbI
NPUXOIUTCS Ha 2 Yaca, a IPH YBJIKHEHHH B IMara30He
HB-60 % HB nouBa oxnaxkaaetcs panbliie — B 23 Jaca.
Haubosnee ObicTpo HarpeBaeTcst mousa ¢ 8 mo 11 gacos
NPaKTUYECKH HE3aBUCHMO OT CTEIIEHH yBJIaXKHEHHUSL.

ITo Mepe pa3BuTHsI pacTEHUN PA3IUYUA TEMIIEPATYD
B [OBEPXHOCTHBIX CIIOSIX TIOYBBI B BapHaHTax OIIbITa
CTAHOBSITCSI MEHEE 3HAYMTEIIbHBIMUA. 3aKOHOMEPHOCTh
pacnpenenenus Temmneparyp Huxe 40 cM npu Bcex pe-
JKMMaX OPOILEHHUS OCTAETCsI OJMHAKOBOA.

YCTaHOBIICHO TAKIKE, YTO B MEPUOJIBI ITOXOJIOJAHUS
U CHWKEHHMSI TEMIIepaTypbl BO3/lyXa TeMIleparypa Io-
YBBI B BEPXHMX CJIOSX BBIIIE Ha 2 rpajyca B Hanbosee
YBIQKHEHHBIX BapUaHTaX. ITO OCOOCHHO BAXXHO IS
3anannoit Cubupu B HayalbHBIM TEPUOJ] BETETAIUH
pactenuil. CuipHee OXJIaXAaeTcsl TMOoYBa IpU Maloi
cTeneHu yBnakHeHus B Bapuante HB-60 % HB. Taxk, B

il il ol il il ol

(ha3zy BOCKOBOI1 CIEJIOCTH IIIEHUIIBI TEMIIEpaTypa Io-
BEPXHOCTH MOYBBI B HOUHOE BpeMs OIyCcKasach 70 +6
°C, B TO BpeMs Kak B BapHaHTax ¢ OONBIINM yBIaXKHE-
HueMm — 110 +8...+9 °C.

Takum 00pa3om, TeMIiepaTypHbId PEXKUM YepHO3e-
Ma B HIOHE XapaKTepHU30BalICsi HEBBICOKUMH TOKa3aTe-
JSIMU B CJIOSIX 1104BBI TityOoke 20 cm. B Teuenue uros
— aBTycTa IMPOMCXOJUIIO HArPEeBAHUE TOYBBI, HO JaXe
B YKapKHH JIETHUI NIEPUOJL CJIOU, HAaXOAsIIMeCs ITyOxe
40 cm, He porpesanucs Boie +20 °C. He nmpoucxoau-
JIO M3JIMIIHE BBICOKOTO TEPerpeBa U MOBEPXHOCTHBIX
CJIOEB YEPHO3EMa, YTO ObUIO O0YCJOBJICHO XOPOIINM
pPa3BUTHEM IMIICHUIBI, XOTS B OTJENbHBIE MEPHOJIBI
MOBEPXHOCTh IMOYBBI BCIIEA 32 PE3KUM TMOBBIIICHUEM
TeMIeparypsl Bo3yxa Harpesajgach 10 +25...+26 °C.
B nenom B HccieOBaHHBIX BapHaHTaX YBIAXHEHUS
HE 3aMEUYEHO HEraTHMBHOTO BIMSHHUS TEMIIEPATypHOTO
pexnMa, Co31aBaeMoro IOJIMBaMH Ha YepHO3EM U IIPo-
M3pacTalolie Ha HEM PacTEHHs, IOCKOJIbKY OH ObLI
MIPAKTUYECKH OJIMHAKOBBIM Ha BCEX BapHaHTAaX OIIBITA.
Pe3ynbrarel uccnenoBaHuid 1okasaiu, YTO CaAMblId BbI-
COKHH yporkail ¢ HAMMEHBIIUM KOI(PPHUIUEHTOM Bila-
rornorpedeHus mosydeH npu ysiaxsHenun 0—40 cm
CJIOSl TOYBBI MIPU BCEX HCIIBITHIBAEMBIX CTENCHSX YB-
naxHeHus (Tadnuua 2).

BbICOKO yBIIaXKHEHHBIN BapUaHT 3TOM CEpUU OIIbI-
ta (HB-80 % HB) ¢ miyOuHON yBiIaXHSEMOTo CIos
0-40 cm Obul Haubosee MPOAYKTUBHBIM U jan 340 r
3epHa Ha JCISHKY (B YCJIIOBHOM mepecuere 5,3 T/ra).
OHaKO OH XapaKTEPU3YETCs OOJIBIIIMM PACXOI0M BOJIBI
(187 a/menstaky nmm 3000 M*/ra) U GOJBIIMM KOJIHYE-
CTBOM ITOJUBOB — 15 3a Bereranuto. /|y noaaepanus
PEXHUMOB BJIQXHOCTH NouBHI B cioe 0—40 cMm B nua-
nazone HB-70%HB u HB-60 % HB mnorpe6osaiock
3HAYUTEJIEHO MEHbIIIE TIONIUBOB: 7 ¥ 4 COOTBETCTBEHHO
IIPU CHUYKEHUH OPOCUTENbHON HOpMBI Ha 45 11 1 80 1.

XapakTepHO TaKke, 4TO Ha BCEX BapHaHTax, Mpe-
YCMAaTpPUBAIOIINX YBJIAXKHEHUE MOJIMBAMU CJIOS TTIOYBBI
o Tyounsr 60 cMm u 80 cM, B TOM Ymcje U CHA Ba-
puaHTe yBraxkHeHus B nuanazone HB-60 % HB, ypo-
JKAMHOCTB IMIICHHIBI OblJIa 3HAYUTENILHO HU)KE, YEM Ha
BapHaHTaX, AHAJOTHYHBIX MO CTENEHH YBIAXHEHUS
nouBsl B cnoe 0—40 cM. nmpuueMm A MOANEpKAHUS B
cnosix 0-60 cm u 0-80 cM MONMBHOTO peXHUMa C BBI-
COKHM ITOPOTOM IPEANOIMBHOI BIAXKHOCTH MOYBBI
(80 % HB) HensMeHHO TPeOYIOTCS yJallleHHbBIC MOJIH-
BbI, HEM30€)KHBIM CJIEJICTBUEM TAKOTO PEIKMMA SIBIISIOT-
csi 0e3BO3BPaTHO MHQWIBTPALMOHHBIE TOTOKU BJIArH.
B TO xe BpeMms I MOAJEp)KAHUS B 3TUX CIOAX pe-
JKUMa YBJIQXXHEHUS C HU3KUM IOPOrOM IPEAIONIUBHON
BiiaxkHoct noussl (60 % HB) tpebyercs nposenenne
MOJIMBOB HOPMaMH, MPEBBIIIAIONIUMH HPEAETIbHO J0-
MyCTUMBbIE (TIPEXkI€ BCETO B SPO3MOHHOM OTHOIIECHHH )
3HAYEHUS W MPAKTUYECKH TPYAHO OCYLIECTBUMBIMU
croco0aMu JOKIeBaHMSI.
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Tabmuua 2
BnusHue rryGMHBI U CTENEHN YBIAKHEHN Sl YepHO3eMa I0>KHOTO JIETKOCYI/IMHUCTOTO Ha YPOosKail
sipoBoit mureHnibl Omckas 42 (2019-2021 rr.)

Buonorusa u 6uoTexHonOrnmn

apHaHT YucJio p Hast HOpMa | pacxoa BOABI p 03 duument
yBaakuenust, | oo | MOIMBA BJIArOnoTpedIeHus,
% HB r/nejasia- Ja/T 3epHa
J/meITHKa <a T/Ta
I'nyouna yBaakHenusi — 80 cM (KOHTPOJIb)
60 (x) 2 50,0 100 173 205 3,2 0,84
70 4 37,5 150 223 235 3,7 0,95
80 6 26,5 159 232 234 3,7 0,99
I'ny0nna yBnaxuenusi — 60 cm
60 (x) 3 35,7 107 180 186 2,9 0,97
70 5 27,2 136 209 271 3,7 0,77
80 8 20,2 162 235 273 4,2 0,86
I'nyonna ypnaxuenusi — 40 cm
60 (k) 4 26,7 107 181 269 4,2 0,67
70 7 20,3 142 215 279 43 0,77
80 15 12,4 187 260 340 5,3 0,76
I'nyonna yBnaxnenus: 10 ¢asnl TpyoxoBanus — 40 cm, nociue — 60 cm
70 6 22 | 132 | 205 279 | 43 0,73
HCP,, 39 0,23
Table 2
Influence of depth and moisture degree of southern light loamy chernozem for the spring wheat harvest
Omskaya 42 (2019 year)
M oistzfrizin g Avera_ge Irrigation Total Harvest )
option, Number | Watering rate water ain Moisture
% of the of rate consumption 8 consumption
smallest waterines / coefficient, liter/
moisture 8 liter/plot Eram/ | tha gram grain
capacity plot
Humidification depth — 80 cm (control)
60 (c) 2 50.0 100 173 205 3.2 0.84
70 4 37.5 150 223 235 3.7 0.95
80 6 26.5 159 232 234 3.7 0.99
Humidification depth — 60 cm
60 (c) 3 35.7 107 180 186 2.9 0.97
70 5 27.2 136 209 271 3.7 0.77
80 8 20.2 162 235 273 4.2 0.86
Humidification depth — 40 cm
60(c) 4 26.7 107 181 269 4.2 0.67
70 7 20.3 142 215 279 4.3 0.77
80 15 12.4 187 260 340 5.3 0.76
Humidification depth: before the piping phase — 40 cm, after — 60 cm
70 6 | 20 | 132 | 205 279 | 43 0.73
LSD 39 0.23

62



Agrarian Bulletin of the Urals. Special issue “Biology and biotechnol- B> )

Yro kacaercst BapuaHTa, B KOTOPOM OT IOCEBa JI0
(daser TpyokoBanus yenaxHsin 0—40 cMm cioi B aua-
nazone HB-70 % HB, a B ocTanpHOI mepuop Bere-
TalM¥ B TOM K€ JMana3oHe, HO 10 mIyOuHbI 60 cM,
TO Ha HeM c(OPMHUPOBAIICS TaKOil ke ypoxall 3epHa
(279 r/nensiHky, nnm yciosHo 4,3 T/ra), Kak U Ha BapH-
aHTe ¢ NIyOMHOM yBiaxkHeHus cios 10 40 cM B quana-
30He yBrnaxHeHus HB — 70 % HB. Dtu cpaBHUBaeMBble
BapUaHThl ObUTH OJM3KH IO YHUCIy IOJUBOB, OPOCH-
TEJILHOI HOpME, CyMMapHOMY PacXojy BJiard u Kodg-
¢unmenty BoponorpedieHus (Tabmuna 2).

Takum 00pa3oMm, K3 pPacCMOTPEHHBIX BAPHAHTOB
MHKPOJEISTHOYHOTO OIbITa 110 BCEM BOJHO-OaslaHCO-
BBIM I10Ka3aTelsIM, MPOJAYKTHBHOCTH HCIIOJIb30BaHUS
BJIard MUICHULIEH U €€ YPOKalHOCTU BBIIAENIAETCS Ba-
PHAHT C NojJiep>KaHUEM BIIaXKHOCTU B quana3one HB-
60 % HB B ciioe 0—40 cM, kak HanboJIee MPUEMIIEMBbIH,
1esIecoo0pa3Hblil B IPAKTUUECKOM, B TOM YHUCIIE U I10-
YBEHHO-OXPAaHHOM OTHOLICHUH.

[onyueHHble aHHBIC MMOKA3bIBAIOT, YTO B YEPHO-
3eMe I0KHOM JIETKOCYTIIMHUCTOM B ciioe rryoske 40 cm
BJIara MaJjoaKkTHBHA. BeiiencTBre 3Toro 04eBUaHO, 4TO
npoBeneHue nupGHepeHIIMPOBAHHBIX MOJIMBOB HA ITHX
nouBax CeepHoil KynyH/pl mpakTH4decKu HeLenecoo-
OpasHo.

il il ol il il ol

['myOvHa ¥ cTeneHb yBIaKHEHHUS YepHO3eMa OKa3a-
J1a TIPSAIMOE BIIMSIHME Ha Pa3BUTHE KOPHEBOW CHUCTEMBI
MIICHUIBI (Tabmuma 3).

Pesynbrarhl 3TUX HAOIIOCHHUN TOJTBEPIKIAIOT, YTO
IIPU BO3JIENBIBAHUU CEIBCKOXO3SHCTBEHHBIX KYIBTYP
Maccoi M NIyOMHOW ITPOHUKHOBEHHSI MOYKHO M HYXKHO
YIpaBJsiTh, 0COOCHHO B YCIIOBHUSIX OopomieHusi. boiee
TOTO, pacyeT MOJMBHBIX HOPM PEKOMEHAYETCs BECTH
C YYETOM MOIIHOCTH CJIOsi HAUOOJIBILErO pacipocTpa-
HEHMs MacChl KOpHEH M aKTHUBHOM uX Jnecykuuu [22;
23, c. 782].

B opomraemom uepHo3eMe JEerKOCyITIMHUCTOM Hau-
OoJiee BHICOKHME 3ar1achl KOPHEH MIIEHUIBI CHOPMUPO-
BaJIMCh B BApHAHTAX YBIAKHEHMS MOUYBBI B JHANa30He
HB-80 % HB (tabnuna 3).

OcHoOBHas Macca KOpHEH MIIEHHUIBI COCPEI0TOuNn-
nack B cioe 0-20 cm, a yxe B crioe 2040 cm 3amacet
pe3ko yMmeHblIanuch. Ha BapuaHTax ¢ yBIaKHEHH-
eM nouBbl B auanazone HB-60 % HB macca xopueii
MIIEHHUIIBI B TT0YBE, 0coOeHHO B cimoe 0-20 cm, Obuta
3aMETHO MEHbINIE, YeM B BapUaHTaX C IMOBBIIIEHHON
IIPEIIOIMBHOM BIIaXKHOCTBIO 1TOYBBL. BMecTe ¢ TeM xa-
PaKTEepHO, YTO BO BCEX BapHUaHTaxX C 3a/laHHBIM YBIIaX-
HeHueM ciost 0—40 cM B BepxHell ero moJIoBUHE KOH-
LEHTPUpOBaJach HauOObIIAs 10 KOPHEW pacTeHUi
(1m0 62—76 % ot o011Iel Macchl).

Tabnmuuna 3

Bnnsane PEKMMOB YBIAKHEHNAA HA KOPHEBYIO CICTEMY }IPOBOﬁ NMIIEHNII bI

yBJII;J:lZ’g;l/I:;OFO yB];:)II)(I;-I:::[:lﬂ, Ci0ii moO4YBBI, CM Lacch Kopel KOBH“ B cioe, % ot
oo, e % HB r/neasHka | r/m*> | oOuei Macchbl B npoduiie
80 80 0-20 400 625 52
2040 227 355 29
40-60 100 156 13
60-80 45 70 6
60 0-20 282 440 53
20-40 157 245 30
40-60 50 78 10
60-80 37 58 7
60 80 0-20 417 652 52
20-40 238 373 30
40-60 146 228 18
60 0-20 307 480 55
20-40 161 253 29
40-60 86 130 16
40 80 0-20 500 783 76
2040 157 245 24
60 0-20 213 330 62
2040 128 200 38
JuddepenumpoBan- 70 0-20 310 480 64
HBIH [OJINB 20-40 122 191 25
40-60 54 84 11
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Table 3
Influence of moisture regimes on the root system of spring wheat
Moisturizing option, Root mass
moisDtZ; Z:;Z; ;f:f cm % tff thz;z simll)le.st Soil layer, cm ahplot o Ro::s,ss%lz) }”;;z:::tsthe
’ moisture capacity
80 80 0-20 400 625 52
20-40 227 355 29
40-60 100 156 13
60-80 45 70 6
60 0-20 282 440 53
2040 157 245 30
40-60 50 78 10
60-80 37 58 7
60 80 0-20 417 652 52
20-40 238 373 30
40-60 146 228 18
60 0-20 307 480 55
20-40 161 253 29
40-60 86 130 16
40 80 0-20 500 783 76
20-40 157 245 24
60 0-20 213 330 62
20-40 128 200 38
Differentiated 70 0-20 310 480 64
irrigation 20-40 122 191 25
40-60 54 84 11

Yem Oombllle MOIIHOCTH YBJIQKHSIEMOTO CIIOS U
BBIIIIE TIPEAMOIUBHON MOPOT YBIAXKHEHHUS, TEM PABHO-
MepHee pachpenessieTcss KOpHeBas CUCTeMa SPOBOU
meHuipl. Oqaako B cioe 60-80 cM opmupyeres
He3HaunTenbHast uX aonsi. CleoBaTenbHO, YBIaXKHe-
HHE 9TOrO CIIosl He siBsieTcs dG¢eKTuBHbIM. BapuaHTt
¢ mudhepeHIIMPOBAHHBIM PEKUMOM YBIAXKHEHHUS T10-
YBBI HE SBISUICS HCKITIOUeHHEM. OCHOBHOE KOJIMYECTBO
KopHell (64 %) 31ech COCPEOTOUEHO TaKKe B CIIOE
0-20 cm. B cioe 40-60 cm ux 6bu10 Beero 11 % ot
0011ei MacChl KOpPHEH.

Oocy:xnenue u BbIBOAbI (Discussion and Conclusion)

JaHHbIC MHUKDPOJEISHOYHOTO OIbITA MOKA3alk He
TOJIBKO BBICOKYIO 3(D()eKTHBHOCTH OPOLIEHHS YePHO3E-
MOB FOKHBIX JIETKOCYTIMHUCTBIX, HO H, YTO OCOOCHHO
Ba)KHO, MO3BOJIMJIM OOOCHOBATh C Y4eTOM OCOOEHHO-
CTeil MOBeNEHUS] M IOCTYMHOCTH PACTCHUSAM MOYBCH-
HOH BIard, OCHOBHBIC SJIEMEHTHI BOJIO-H MTOYBOOXPAH-
HOW TEXHOJOTHH OPOIICHUs. VMU SBISIOTCS paiuo-
HalbHASl MOIIHOCTb YBIAXHSEMOTO MPH OPOIICHUH
MOYBCHHOTO CJIOsI, JOMYCTUMBIA TMPEAeN CHHKCHUS
BIIQ)KHOCTHU MOYBBI TIEPE/I MOJIUBOM H, CICIOBATEIBHO,
ONTHUMAJbHBIC HOPMBI BETeTAI[MOHHBIX IOIHBOB JUIs
SIPOBBIX 36PHOBBIX KYIIBTYD.

VYCTaHOBIIEHO, YTO MPUMEHHUTEIBHO K YepHO3e-
MaM FOXKHBIM JIETKOCYTIIMHUCTBIM TMOJMBHOU PEIKHM C
yBrnaxsaenuem 040 cMm cnos B nuanazone HB-70 %

64

HB u HB-60 % HB Haunboee ontumaibHbIA U peaib-
HO OCYILIECTBUMBIN Ha MpakTHKe. Ypoxkail 3epHa mpu
TAQKOM YBJIOKHEHHU ITIOYBBI BBICOKMH W COCTaBISIET
4,2-4,3 1/ra. B TunmuHble 110 atMocdepHOMY YBIaX-
HEHUIO JUIsl JIAHHOW 30HBI M 3aCYyLUIMBBIC T'OJbI IS
TIO/IJICPIKAHNST YCTAHOBJICHHOTO ONTHUMAJIBHOTO PEXH-
Ma BJI@KHOCTHU HOYBBI U TIOJIyYEHUS BBICOKOTO ypOXKast
SIPOBBIX 3€PHOBBIX MOTpedyeTcs 4—7 MOIMBOB 00LIEH
opocurtesbHoi HOpMo# 1700-2200 m*/ra. Ilpu Takom
pPEeKMME YBJIQXHEHHS [OYBEHHAsl, B TOM YHUCIIE H I10-
JIMBHAsE BOAA PAcXOAyeTcsi SKOHOMHO, O 4YeM CBH/E-
TEJILCTBYIOT HHM3KHE BEIMYMHBI KOX(PQUIMEHTa BOIO-
noTpedeHus Ha eUHULY ypoxast. [Ipu aTom nHpuIb-
Tpauus MOJUBHBIX BOA 3a npeneinsl ciaos 0-40 cm He
MIPOUCXOJTUT.

B uccienoBaHHBIX BapuaHTax YBJI@XHEHMs HE 3a-
MEYEHO HEraTHBHOIO BIMSHUS TEMIIEPaTypHOIo pe-
JKMMa, CO3/1aBa€MOro IIOJIMBaMH Ha YEPHO3EM U MPO-
U3pacTalolIie HAa HEM PacTEHHs, IOCKOJIbKY OH OBLI
MPAaKTHYECKH OJJMHAKOBBIM Ha BCEX BAPHAHTAX OIBITA.
He npoucxoamiio u3JMIHe BEICOKOTO IIeperpeBa U 0X-
JIaXK/IEHHS] TIOBEPXHOCTHBIX CJIOEB ITOYBHI.

HawuGospias macca KOpHEH MIIeHUIbI chopMHUpO-
BAJIMCh BO BCEX BapHAHTaX BBICOKOTO MPEANOIMBHOIO
nopora yinaxuenus: (HB-80 % HB). OcHoBHas macca
KOpHeit cocpenorodena B cioe 0—20 cm (tabiuna 3).
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Bo Bcex PEKUMax yBIAKHCHUA HauOOJIbIIas Macca BapUaHTOB YBJIQXKHCHUA 40 cm cItost ¢ MPEAIIOIMBHBIM
kopHe#l popmupyercsi B cinoe 0-20 cm. Onnako Hau- — noporom ysinakHeHust 60 u 80 % HB (62-76 % ot 00-
OoblIee UX KOJIUYECTBO B 3TOM CJIOE XapaKTepHO Ul IIEr0 KOJIIMYECTBa).
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Abstract. The role of irrigated agriculture around the world is increasingly increasing due to the need to ensure
the growth of food production in the conditions of climate aridity and soil degradation. The resource potential of
the territory of Russia with the current fundamental change in the scientific and technological strategy requires
a deeper fundamental study of the problems of irrigation of chernozem soils. Global climate change towards
aridization, insufficient natural soil moisture requires the study of the effect of irrigation on the thermal regime
of the soil. The purpose of the research is to study the impact of irrigation regimes on the temperature regime
and productivity of spring wheat, the primary object of irrigation of the Northern Kulunda — southern light loamy
chernozem. Methods. In microplot experiments, variants were tested with a lower moisture threshold of 80 %,
70 %, and 60 % of the lowest moisture capacity (LW) and a wetted layer thickness of 40 cm, 60, 80 cm, and with
a differentiated wetted layer thickness depending on the phase of plant development. Methods for studying the
temperature regime and the root system of plants are generally accepted. Scientific novelty. The optimal depth
(040 cm) and the degree of moistening of the southern light loamy chernozem (HB-60 % HB) were determined,
which ensure a favorable temperature regime of the soil under the conditions of Northern Kulunda and a high
yield of spring wheat grain. Results. The temperature regime of the southern light loamy chernozem differs in the
level of moisture, but remains favorable both during the day and during the growing season. Humidification of the
0—-40 cm layer in the range of HB-70 % HB and HB-60% HB is the most optimal, feasible in practice and provides
a conditional grain yield of 4.3—4.2 t/ha. To maintain such a regime of soil moisture, 4-7 irrigations are required
with a total irrigation rate of 1700-2200 m?/ha, respectively. The largest share of wheat roots (6276 % of the total
mass) is concentrated in its upper part.

Keywords: southern chernozem, irrigation regimes, soil moisture depth, degree of soil moisture, pre-watering
moisture threshold, moisture availability to plants, soil temperature regime, plant root system.
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IIpoaAyKTHBHOCTH COPTOB JIIOIMIUHA Y3KOJUCTHOTO
B yciaoBusix CpeaHero YpaJja

B. B. Uynkosa'"’, I. B. Barkuna', B. A. Uynkos!, T. B. ITaBenkoBa'
'Ypanbckuil rocygapCTBeHHBIN arpapHbIil YyHUBepcuTeT, EkatepuHOypr, Poccusa
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Annomayus. Leab — ycTaHOBUTH S3(PPEKTUBHOCTD BBIPAIMBAHKS JIOIIMHA Y3KOJIMCTHOTO HAa 3€PHO B YCIOBHSX
CaeputoBcKoit oOnacTu. BriepBbie B moceBax HCIONIB30BANINCH HOBBIE COPTA Y3KOJIMCTHOTO JIFOTIMHA TPOUCXOXKIC-
Husg 'HY Bceepoccuiickuit HUM nronuHa 1151 5KOJIOTMUECKOTO UCTIBITAHUS B JAHHBIX TTOYBEHHO-KIMMAaTHYECKUX
YCIOBHSAX B OZHOBHUIOBBIX ITOCEBAX MU BRIpAIIUBaHUN Ha 3epHO. MeToabl. OCHOBHBIM METOOM IPOBEICHHS
MCCIICIOBAaHUH ABJISUIACh 3aKJIaJKa MONEBbIX onbIToB. MecnenoBanust B 2016—-2017 rT. mpoBOAMIINCH HAa y4acTKe
VYpansckoro HUMCX B 2021-2022 rT. B yueOHO-OMBITHOM X03SIHCTBE YPAIbCKOTO TOCYIapPCTBEHHOTO arpapHOTo
YHUBEPCUTETA, PACTIONIOKEHHOM B JIeCOCTEHOH 30He CBepanioBckoit obimactu. OCHOBHBIC HAOMIOACHUS M yUEThI
npoBoauirck mo Meroanke BHUU xopMoB. YporkaltHOCTB OIpezensiiack BECOBBIM METOAOM C OTOOPOM Cpej-
HUX 00pasnoB. Pesyabrarel. B 2016-2017 T M3y4anoch 5 COPTOB JIOTIMHA Y3KOJIUCTOTO: PagyKHbIH, Y3KOIHCT-
Heit 53, benozepnsrii 110, Cmena, Butasp, a B 2021-2022 . — 3 copra: Cuzaepar 46, BpsHckuii kopMOBOi 1
Butsse. Bee copra sronrHa y3KOJIUCTHOTO Tiepe YOOpKol nMenu OOKOBbIe BETBU M 000l Ha HUX. Hanbombiiee
4ucio OOKOBBIX credeit u 60008 oTMeuaniock y coptoB Paayxuslit u Butsase B 2017 1. — 4,2-4,3 wit. Ha TemHo-
cepoit mouse B 2016 1. ObuIa MOAYYCHA YPOXKAHHOCTH 3€pHA JIFONTKMHA y3KoUucTHOTO OT 1,13 mo 1,54 1/ra. B 6o-
niee OMarompUsATHBIX MO BIaroo0ecnedyeHHOCTH ycnoBuax 2017 ., mpoayKTHBHOCTH JIOMHMHA Y3KOJIUCTHOTO ObLIa
BBIIIIE, Y€M B MIPEIBIIYIIEM TO1y, B 2—3 pasza y BCeX COPTOB, KpoMe copTa Y3KOIHUCTHBIN 53. B ocTpo3acymmuBeix
yenoBuax 2021-2022 rr. Ha yepHO3EeMe OTO/A30JIEHHOM COpTa Y3KOJIMCTHOTO JIFOIIMHA bpsiHCKui KopMoBoii, Bu-
136 1 Cuzepar 46 obecrieuniy MoTyueHHe ypokaiiHOCTH 3epHa ot 1,34 1/ra y copra Cuzaepar 46 no 2,45 1/ra
y copra Butsze. Hayunasi HoBu3Ha. Briepebie n3yuena 3()eKTHBHOCTb BBIpAI[BAHKS HOBBIX COPTOB JIFOIIMHA
Y3KOIHMCTHOTO B ycnoBuax Cpennero Ypaja. YCTaHOBJIEHBI COPTA, TIO3BOJIAIONINE TONYYUTh BBICOKYIO YpoyKaii-
HOCTB 3€pHa.

Knrouesvie cnoea: 3epHo6000Bast KylabsTypa, COpTa, JIOMUH Y3KOIUCTHBIA, MPOTEHH, Pa3BUTHE PACTECHHH, CTPYK-
Typa ypoxasi, ypoxai 3epHa.

Jlna yumupoeanua: Yynkosa B. B., Barkuna I. B., Uynkos B. A., [TaBnenkosa T. B. [IponykKTUBHOCTH COPTOB
JIFOTMHA Y3KOJIHMCTHOTO B ycnoBusix Cpeanero Ypana / ArpapHbiii BecTHUK Ypana. 2022. Crneussinyck «buonorus

u 6uorexnonorun». C. 69—-80. DOI: 10.32417/1997-4868-2022-229-14-69-80.

Jama nocmynnenusn cmamou: 15.11.2022, oama peuensuposanusn: 25.11.2022, oama npunamus: 01.12.2022.

IHocTranoska npodaemsl (Introduction)

Pemenne npoOneMbl MPOJOBOJIBCTBEHHON —0e3-
OITACHOCTH HACEJIEHHsI JII0OOTO pEerHoHa 3aBHCUT OT
CO3/IaHUsI COOCTBEHHOTO MPOM3BOICTBA BBICOKOOEIIKO-
BBIX pacTUTENbHbIX KOpMOB. B 30ne Cpennero Ypa-
Ja yBeIMYCHHE IPOU3BOACTBA PACTUTEIBHOTO Oenka
MMEET OCHOBHOE IPAKTHYECKOE 3HAYCHUE B YCIOBHUIX
nedunmra pecypcon. [Ipobiema obecriedueHus KUBOT-
HOBO/ICTBA JIOCTATOYHBIM KOJIMYECTBOM MOJHOLIEHHOTO
Oenka MmpojopKaeT ocTaBaThCsi HepeuleHHoH. HecbOa-
JIAHCHPOBAHHBIN 110 OENIKY PAIMOH MOJAABISET POCT U
pa3BUTHE MOJIOHSIKA, HApYIIaeT OOMEH BEIECTB, yBe-
JMYMBACT PAcXoJ] KOpMa Ha €AMHUILy TPOAYKIIMU, TEM
CaMbIM YBEJIMYHBas ero cedbecronumocts [1, ¢. 1; 2].

OCHOBHBIM PE3€PBOM PACTUTEIBHOTO OeIKka MOXKET
CTaThb MOJIEPHHU3ALMNS CTPYKTYPHI MOCEBHBIX ILIOLIA-

JIell, yBeNMW4eHHe IONMu 3epHOOOOOBBIX, COBEPIICH-
CTBOBAHHE TEXHOJOTUH MPUTOTOBJICHUS M YITyUIICHNE
KauecTBa 3ar0TaBIMBAEMbIX KOPMOB, PALMOHAIIBHOE HX
UCTIONIb30BaHNE B BHIPAIMBAHUN SKUBOTHBIX W ITHIIBI
[3; 4].

B mporniecce nHTEHCUpUKAIINN CEThCKOXO3SHCTBEH-
HOTO TIPOM3BOACTBA 3€PHOO0OOBBIC KYIBTYPHI OKa3a-
JIMCh TOTECHEHHBIMU. Takue THIMYHBIE 36pHOO0OOBEIE
KyJabTypbl Jui1 HedepHO3eMHON 30HBI, Kak ropox H
BHKa, TIOJIETAIOT, YTO CHI)KACT YPOXKAWHOCTh M Kade-
cTBO ceMstH. [1o yporkaifHOCTH 1 ee CTaOMIBHOCTH OHU
YCTYTAOT 3¢PHOBBIM KOJIOCOBBIM KyJIBTYpaM [5; 6],

Viry4ymieHne SKOHOMHUKH )KMBOTHOBOZACTBA 0e€3
KOPEHHBIX W3MEHEHWH B TPOM3BOACTBE KOPMOB, Ha-
MIPABJICHHBIX HA TIOBBIIICHWE WX NUTATEIBHOM ICH-
HOCTH, HEBO3MOXKHO. JI7Isl yBEMUEHHST MTPOU3BOJCTBA
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pacTUTENBHOTO OeliKa XO3sIMCTBA PACIIUPSIOT MOCEBBI
0000BBIX KYJIBTYp, BHEIPSISI UCIIOJIH30BAHUE B KOPMO-
MPOM3BOCTBE JIIONHMHA Y3KOIHCTHOrO. MHOroneiaesoe
UCIIOJIb30BaHME JIIOMMHA y3KOJIMCTHOTO CIIOCOOCTBYET
KaK IOJYYEHHIO INUTATENbHBIX U JELIEBbIX 00beMH-
CTBIX KOPMOB, TaK U COKPAIIECHHIO Iepepacxoa 3epHa
3JIAKOBBIX KYJIBTYP, UCIIOJIb3yEeMbIX Ha (DypaXKHbIC LIEJIN
W B KauecTBe cuzaepara [7, c. 11].

JlaBHO W3BECTHO, 4YTO JIIONHMH SIBISIETCS HCTOY-
HUKOM IIOJYY€HHs IIEHHBIX BBICOKOOEIIKOBBIX KOp-
MoB. Kakaplii u3 Tpex BUAOB — JIONHMH JKEITHIN
(Lupinus luteus L.), monun y3konuctheid (Lupinus
angustifolius L.) u sronun 6enbrit (Lupinus albus L.) —
HMEET CBOIO SKOJIOTHUECKYIO M SKOHOMHYECKYIO HUILY.
B npousBojcTBe 3epHOdyparka U KOMOMKOPMOB BO3-
MOXHa UX B3auMo3ameHa [8, c. 35]. B PO kynsTuBupy-
10T 9TH HECKOJILKO BHJIOB JIIOIIMHA, KOTOPBIE BO3MOYKHO
YCIIEIIHO BO3/EJbIBATH BO MHOI'MX peruoHax. Haw-
Oosiplliee  PacIpPOCTPAHEHHE MOJYYMII Y3KOJIUCTHBIN
JIIOTHH (KOPMOBOI#T) — OesikoBasi 3epHO(QYpaXkHas KyJib-
Typa, MeHee TpeboBarelibHasl K yCIOBHSIM BbIpallUBa-
HUS CPeIW KYJBTYp M3 AaHHO# rpymnnbsl. HeiHemrHne
noceBHbIe wiomaan (20 Thic. ra) U 00bEMbI IIPOU3BOJI-
CTBa Y3KOJMCTHOTO JIIONTMHA HEBEJIMKU M COCTAaBIISIOT
18-20 ThIC. TOHH ceMsiH U 3epHOdypaxa [9].

W3-3a OBBIIIIEHHOTO COAIEPKaHMS ANKAJIOUOB JIF0-
IIMH JI0JITO€ BPEMsI BO3JIEIIBIBAICSI B OCHOBHOM B Kade-
CTBE 3€JIeHOro yno0peHusi. B npakruke kopmMonpowns-
BOJICTBA JIFOIIMH, UMetonui B cemeHnax Menee 0,025 %
QJIKAJIOMJIOB, MOXKET HCIIOJb30BAThCS JUISl THIIEBBIX
uenei, a ¢ cogepxkanuem ankaiouaos 0,025-0,1 %
OTHOCHTCSI K TPYIIIE MaJlOAIKaJIOUIHBIX U HCIOJIb3Y-
eTcsl sl KOpMa CeJbCKOXO3SHCTBEHHBIX KMBOTHBIX U
ntunpl. [Ipoune cuuTarTcs rOpbKUMH ¥ IPUMEHSIFOTCS
JUTst cuaiepatHeix menei [10; 11].

Bnarogapsi BBICOKOH  a30T(UKCHPYIOIIEH CIO-
COOHOCTH W OOJIBIIOMY HAKOIUICHUIO OpPTraHHYeCKO-
ro BEIECTBa B MOYBE JTO OJMH M3 JIy4IIUX CHIEpa-
ToB. B ero pacrenmsix HakarmmBaercsi 180-200 kr/ra
(200400 kr/ra) a3ota, uto cooTBeTcTBYeT 36—40 T/Ta
HaBo3a. OH YMEHBIIAET DPO3HI0, PACKUCISIET IOYBY,
oboramiaer ee, OCTaBIsisl MOCIEAYIONICH KyJIbType B
nouse 50—100 kr a3zora, 30 xr pocdopa, 50 kr gercTBy-
IOIIIEro BelecTBa Kanus. KopHeBas cucrema KylbTypbl
CIIOCOOHA NMPOHHUKATh Ha OOJIBIIYIO0 DIyOHHY MOYBBI U
UCII0JIb30BaTh TPyIHOpAacTBOpUMbIe Gocdars [12; 13].

Haubonbiiass npomxykTHBHOCTh 3epHa (4,1 T/ra)
HOoJyyeHa B 3BEHE CEBOOOOPOTA <JIIONUH — O3UMast
NIIEHNIa» C TIPUMEHEHUEM BCIAILIKH C YM3eJIeBaHHEM
uepes YeThipe roia, uto cymectsenno (HCP = 0,2)
NPEBBICHIIO O/IHY Bemaiky (3,6 1/ra) [14].

IlepBbie copTa HayYHOM CENEeKIINH ObLITU CO3/1aHbl B
1930-x rr., mocne BBIABICHUS HU3KOAIKAJIOUAHBIX MY-
TaHTOB. [IpON3BOACTBO ATOI KYIBTYpbl CAEPKUBACTCS
HEeCTaOMIbHOW YpPOXKaWHOCTBIO M ITOJBEPKEHHOCTBIO
oouie3HsaM. [ eHeTHUeCKHi TOTEeHIMall BUIa MOXKHO 3a-
neiictBoBath 3¢ ¢exruBHee. [Ipu 3TOM cupepaibHbe
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COpTa palMOHAIBHO CO3[aBaTh BBICOKOAIKATIOUIHBI-
MU (TOPBKHMH), a TPOJOBOJILCTBEHHBIE U KOPMOBBIE
3a CYeT AIUMMHAINY aJKaJIOUI0B HE JOJKHBI TEPSTh
aJlaliTUBHbIE CBOMCTBA, B TOM YHCJIE€ YCTOMYHMBOCTh K
naroreHaMm. B 3Tom oTHomeHun >(QeKTUBHBIM Ha-
MIPaBJICHUEM SBJISIETCS BBIBEJCHUE CIIAIKO-TOPBKUX CO-
PTOB, COUETAIOIINX BBICOKOE COJIEpKAHUE aTKaJIOUOB
B BEreTaTHBHON Macce U HU3Koe B ceMeHax. JJoOuThes
9TOTO0 MOXKHO IyTE€M PETyIHpOBaHMs CHHTE3a, TpaHC-
MopTa aJIKaJIoNI0B B pacteHuu [15, c. 626].

Ilo cratucruke IIponoOBOIBCTBEHHOM U CEIILCKOXO-
3siiictBeHHON opranuzanuu OOH (DPAO), B Mmupe npo-
n3Boautcs 981 Teic. ToHH mronuHa. Jlugep — ABcTpa-
nust (580 TeIc. TOHH), B Hell Haxomutcest 90 % ruroma-
nel, Ha BropoM mecte [lonbma — 139 Thic. ToHH, Poc-
cusi — Ha TpeTbeM MecTe (76 ThIC. ToHH). B P® mronun
MPOMU3BOJUTCS B 36 CyObEKTaX, OCHOBHBIE IUIOIIA/IN
cocpenoroueHsl B llentpansnom u CeBepo-3amagHoM
peruoHax, aunepamu sBisiorcs Opnoscekas, bpsHckas
u Kypckas o6nacru [16].

B PecniyOnuke benapych TpainOHHO BO3/IEIbIBA-
FOTCS JIBa BU/1A JIFONIMHA — JKEJTHIM U y3KOJIUCTHBIN. be-
JIBIA JIFOIIMH HE MOJYYHJI JOJDKHOTO PACIPOCTPaHEHUS
0 IPUYHMHE MO3THECTIETIOCTH U HEPAaBHOMEPHOCTH CO-
3pEeBaHUsl, a TAKXKE MOPAKAEMOCTH (y3apHO30M M aH-
TPAKHO30M B cuJIbHOU cTenenu [17, c. 25].

B T'ocynapcTBEHHOM peecTpe CEIEKLUOHHBIX J10-
crukeHnid PO 1 BO3JenbIBaHUS JIFOIMHA PEKOMEH-
JIOBaHBI crieaytomue peruonsl: CeepHslil, CeBepo-3a-
najHbid, HentpanbHbiii, Bonro-Bstckuii, Llentpans-
Ho-YepHo3eMHbIH, Ypanbckuid, 3anagHo-CuOupCKHii.

CpaBHUTEIBHOE JKOIOTHYECKOE HM3yueHHE COPTOB
JonuHa y3koiauctHoro B 2017-2019 rr. Ha Tepputopun
yueOHO-ONBITHOTO ToJsi BsTCKOW rocynapcTBeHHOU
CEeJIbCKOXO31CTBEHHOM aKaJieMUu Ha y4acTKax C Jiep-
HOBO-TIOJI30JIUCTBIMH CPEJHECYNIMHUCTBIMUA MOYBAMU
BBISIBUIIO Hamboiee nponykTuBHble copra Cunepar 46
u benozepubiit 110 — 279...287 r/m* npu 263 r/m*y
crannaprHoro copra Kpucramn. Ilomydyennas 3a cuer
Ooutblero koju4yecTBa 0000B € PACTEHUS M KOJIMYECTBA
cemsiH B 000¢ y copra Cuzepar 46 1 OOJIBIIETO KOJIH-
4yecTBa ceMsiH B 000e y copra benosepusiit 110 6onee
BBICOKAs YPOXKailHOCTh MTO3BOJIMIIA PEKOMEHI0BATh 3TU
copTa AJsl BO3/IEIbIBAHNS HA 3€PHOBBIC IEJIU B XO3sIH-
ctBax Bomiro-Bstckoro pernona [18, c. 82].

B ycnoBusix UensiOunckoit obnactu 2016-2017 rr.
OBLIN IIPOBE/ICHBI UCTIBITAHKSI COPTOB JIFOIIMHA, CO3/IaH-
HbIX B Beepoccuiickom HUU mronnua u PTAY-MCXA
um. K. A. TumupszeBa B 1M0JI€BOM MENIKOAETIHOUHOM
OMbITE. DTO MO3BOJWIO BBIIBUTH HanOoJee HaJeKHbIE
10 YPOBHIO YpOXXalHOCTHU 3epHa copra jronuHa. [Ipe-
HUMYIIECTBO MO CEMEHHOH MHPOJYKTUBHOCTH IOKa3al
copr JronuHa Oenoro Jlera Haj palOHMPOBAHHBIM CO-
pToM uronuHa y3konucTHoro Cmena. OH oTinuuancs
BBICOKUM CofiepkaHueM Oeinka B cemeHax (37,3 %) u
macia (9 %), uto va 10,5 u 2,5 % OGomnbliie, yem y copra
Cwmena, cooTBeTCTBEHHO [19, c. 764].
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Cenexunonepamu BHUU mronuHa ObLIM CO3/1aHBI
HOBBIE COpTa JIIONKHA y3KkoaucToro Bursass, Hanexna,
Panyxusbiif, Cunepar 46, XxapakTepusyIoIecs: CKopo-
CIENIOCTHIO, MIACTUYHOCTHIO, 3aCYX0YCTOHYUBOCTHIO U
BBICOKOM amanTuBHOCTHIO [20].

Jlosst BKJ1a1a HOBOTO COPTa B 00IICH CTPYKTYpE T0-
BBIIICHUA TMPOAYKTUBHOCTHU CEJIbCKOXO3SIMCTBEHHBIX
KyneTyp BapbupyeT oT 30 go 60 %, a ocTanbHas mpu-
0aBKa NMPHUXOJUTCS HA YCOBEPIICHCTBOBAHHYIO COPTO-
BYIO arpoTeXHUKY (B cpeanem okono 50 %) [21, c. 29].

OnTuMabHbIE palroOHbl IJId )XKUBOTHBIX W ITUIILI
coaepkat 10 22 % ceiporo nporeuna. KauectBo Oei-
Ka KOpMa OILIEHUBAETCS MO OMOJIOrMYEeCKOi MOIHOIICH-
HOCTHU: COZEPIKAHHUIO, COOTHOIIEHUIO M YCBOSEMOCTH
AMUHOKUCIIOT. OHUM U3 OOJIBIIUX UCTOYHUKOB Oelika
MOKET CTaTh JIIOMUH OJarojiapsi BHICOKOM ypokaiHO-
CTH 3epHa 70 25-35 11/ra, OTCYTCTBUIO TeHHOMOIM(U-
LUPOBAHHBIX COPTOB M OOJbLIEMY apeajy Ipou3pac-
tauusa. On COACPKUT B CEMEHAX MHOI'O ITPOTCHUHA IPU
ONITUMAJIbHOM COOTHOIICHHWHU KHUPa U YIIIEBOOOB. Hau-
Ooiblliee KOPMOBOE 3HAYCHUE UMEIOT JIFOMMH OeJblid 1
Y3KOJIUCTHBIH, KOTOpbIE Oosiee ypoXKalHbI, C HU3KUM
COZIEp )KaHUEM AaJIKaJOUAOB U OTIMYAIOTCS IIHPOKUM
apeasoM Bo3zaenbIBaHus [22, ¢. 52].

Tak Kak COeBbI OEJIOK MPOU3BOIUTCS W3 TPAHC-
TC€HHBIX COPTOB U B CBA3U C 3TUM HNPOAYKIUA CTAHO-
BUTCSI MEHEE MPUBJIEKATENILHOM, TO BEIOOp OCTaeTcs 3a
0€JIKOM JIIOIHMHA B KaueCTBE OCHOBHOM pacTUTENbHON
nobaBku B kopma. CozjepkaHue B OeliKe JIM3MHA I10-
BBILIAET €r0 LIEHHOCTh, TAK KaK HEJOCTATOK ITOH aMH-
HOKHMCJIOTBI B KOpMaX KUBOTHBIX BbI3BIBACT CHUKCHUE
MAacchl TeJa U 3aMeyieHue pocta [23, c. 14].

IIpu ompeneneHMH XUMHUYECKOTO COCTaBa CEMSH
pacTeHUH JIIONUHA Y3KOJIMCTHOTO M JIOMHMHA 0eoro
B Kanununrpanckoit odnactu C. B. AradoHoBoii u
A. V. PBIKOBBIM YCTaHOBJIEHO, YTO MaccoBas JA0JsI Apy-
KOBOM KHCJIOTBI OT CYMMBI )KUPHBIX KUCJIOT B CEMCHAX
6emoro monuHa cocrasisia 0,59 + 0,05 %, Torma kak
B Y3KOJIUCTHOM JIIOTIMHE 3PYKOBask KUCJIOTAa OTCYTCTBO-
Bana [24, c. 139].

VpoxallHOCTb CEMSH 3aBUCUT KaK OT COpTa, TaK U
OT MeTeopoJiornueckux ycinoBuil. [lo3nHue nocesbl u
HCIOCTATOK TEILJIa IPUBOAAT K YaCTUYHOH rn6en1/1 pac-
TEHUH U CHIDKEHHUIO ypOXaMHOCTH. 3acyIIUBBIC yC-
JIOBUSI YTHETAIOT pOCT M BeTBieHHe. OOmime ocakoB
YCUJIMBAET BEr€TaTUBHBIN pOCT U 00pa3oBaHue 0000B
Ha OOKOBBIX MoOerax. MakciuManbHO BO3MOYKHAs Macca
1000 cemstH — coproBoii npu3Hak. Ero peanuzanus 3a-
BUCHUT OT 4HHUCJIa C(bOpMI/lpOBaBHJl/IXCH IJIOJ0B U CEMSH,
UX PACIOJIOKEHUSI Ha PACTEHMH, a TAaKXKe OT yCIOBUH
HanmBa cemsH. Macca 1000 ceMsiH U 4MCIO CeMSH B
ofiHOM 000e Ha OOKOBBIX 1o0erax BCeraa 3HaYUTENLHO
Hiwke (Ha 10-12 %), yem Ha miaBHOM ctebie. Copra ¢
OIrpaHNUYCHHBIM BCTBJICHUEM yCTOﬂ‘iHBO CO3pEBArOT U
Oosiee CTaOMIIBHBI IO YpoXKaliHOCTH ceMstH [25, c. 41].

il il ol il il ol

Copra y3KOJIMCTHOTO JIIOINHMHA J0BOJBHO 3aCyXO-
ycToituuBel. OnHONW M3 XapaKTEPUCTUK 3aCyXOyCTOil-
YUBOCTH SIBJISIETCSl BOAOYAEPIKUBAIOIIAS CIIOCOOHOCTH
nucTbeB. Hanbosee BHICOKMMU 3HAYCHUSMH BOIOYACP-
skuBaroineil criocooHoctu (60,1-67,5 %) xapakrepu-
3YIOTCsI cOpTa ¢ HauOOJbINeH MIomIa s ucta (9,7—
12,9 cm?). B rpymime MEIKOIUCTHBIX PACTEHHH C III0-
maapo Jmucra 6,8-8,8 cM? mokasareiib IIONaa1 JIUCTa
HE OKa3bIBaJl OINPE/EIAIONIEr0 BIUAHUS Ha BOJOYIEP-
JKUBAIOIILYIO0 criocoObHocTh. KpynHonucTHbie Gopmbl B
YCIIOBUSX YMEPEHHOM 3aCyXU MOT'YT KOHKYPUPOBATh C
MEJIKOJTUCTHBIMU (popmamu [26, ¢. 30].

HcnpiTanue necsiTd COPTOB M COPTOOOPA3IOB y3-
KOJIUCTHOTO JIIOTHHA, TTpoBoauMbie B 2017-2020 T B
BpsiHCcKO# 00sacTH, mokas3ajid HAUOOJBIIYIO ypOXKaii-
HOCTB copra Y3komuctHsIi 53-02 — 2,69 1/ra, YCH 53-
236 — 2,63 t/ra u bpsiHckuit kopmoBoit — 2,51 1/ra [27,
c. 17].

JlronmH  y3KOJIMCTHBIM HanboJee CKOPOCIEbIi,
MeHee TeIUIONIOOUBBIH, MOXKET 3aHMMarh BCIO TE€PPH-
Toputo Poccun mo rpaHuiiaMm OTKpPBITOTO 3eMIIEAETHSL.
B ceBoobopore siBisieTcst IPeKpacHbIM MPEAIIECTBEH-
HUKOM U XOPOIIUM (pUTOCAHUTAPOM. AJIKAJIOU/IbI OKa-
3bIBAIOT (DYHTUCTATHMYECKOE BO3/ICHCTBUE HA IIOYBY.
IIpu pas3nokeHUU MOKHUBHBIX M KOPHEBBIX OCTaTKOB
MOAaBJIACTCA PA3BUTHEC MHOT'MX MATOT€HHBIX I’pI/I6OB, B
TOM 4HciIe BO30yuTeleil KOPHEBBIX THUIICH 36PHOBBIX
KyJIBTYp. YMEHbIIAETCs MMOpakeHne KapTodess map-
LIOW, PU30KTOHMEH U HEMATOLOM.

B cmemanHOM moceBe €O 371aKOBOHM KyJbTYpOM
nopaxkeHue 000OB JIIONMHA OKA3aJI0Ch 3HAYUTEIILHO
MeHblIe: y JronuHa Oemoro B 1,4—1,6, a y y3KOIUCT-
Horo — B 1,3-2,3 pa3a. To ecTb B CMEIIAHHOM TOCEBE
JIFOTIMHA CO 3JIaKOBOHM KYJIBTYPOU CO3/1al0TCs YCIOBUS,
KOTOPbIE MEHCC 6J'IaFOle/I51TH]:l JJIL pa3BUTHUA U pac-
MIPOCTPAaHEHMs IATOT€Ha, YTO CHUXKAET IOpaKeHHE
pactenuit u 60008 monuHa [28, c. 55].

Ha Cpemnem VYpane ceifuac ClIOXHINCh HauIyd-
MHUe KIIMMaTHYCCKUC YCIIOBUA IJIsI BO3ACJIBIBAHUS JITO-
MMHA Y3KOJIMCTHOTO Ha 3€pHO: cyMMa 3(P(EKTHBHBIX
temreparyp 6onee 1700 °C, ocankoB 3a Beretaruio —
250 MM, IUTMTEIBHOCTh OE3MOPO3HOTO Hepuoaa — 60-
nee 110 queit. Copra JroNMuHA KEITOro u 0enoro ume-
0T JUIMHHBIN BEreTallMOHHBIN IIEPUOJ, MOT'YT BbIpaLy-
BaThCs TOJIBKO HA 3€JEHYI0 MacCy C HCIOJIb30BaHHEM
3aBO3HbIX CEMSH.

B IMOCJIEAHNE oAbl BBIBEICHO MHOT'O HOBBIX COPTOB
Y3KOJIMCTHOTO JIFONIMHA, ITO3TOMY BO3HHKIIA HEO0XO-
JAUMOCTD UCIIBITATh UX NPOAYKTUBHOCTH B Pa3HbIX I10-
YBCHHO-KJIIMMAaTUYCCKUX YCIIOBHUAX.

MeToaos0orusi 1 MmeToabl ucciaenoBanusi (Methods)

[TonGop M olLieHKa HOBBIX COPTOB 3epHOO00OBBIX
KYJBTYD HOPHUMCHUTCIIBHO IJIA arpoOKJIMMAaThU4Y€CKUX U
SKOHOMHYECKUX ycnoBuil CpenHero Ypana, KOTOpbIe
MOT'YT J1aBaTh CTa0MJIbHBIN ypOxKai 3epHa C BHICOKMMH
[IOCEBHBIMU Kaue€CTBaMHU, SIBJIAIOTCS BaKHOM 3a/1a4ueil B
HACTOsIIIIee BpEMs.
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BBeaenre B 000pOT HOBBIX KYJBTYP CMOXET yBe-
JUYHUTH TUIOMAIM U cOop 3epHa. OAHOW M3 TaKUX
KYJIBTYp MOXKET CTaTh JIIONHMH y3KoiaucTHbIA (Lupinus
angustifolius L.) — BbIcOkoOenkoBasi 3epHOO00OBas
KyJbTypa, BbIpalliBaeMas Ha 3€pHO, 3€JIEHBIH KOpM,
cusoc, ceHax, cunepar. [lo ypoxxailHOCTH He ycTynaeT
TOPOXy U cO€, a M0 aMHHOKHCIOTHOMY COCTaBy Ipe-
BOCXOAUT HUX.

Ilenp uccienoBaHuil 3aKiO4alach B OLIEHKE BO3-
JICTIBIBAHUS] HOBBIX COPTOB JIFOIIMHA Y3KOJIMCTHOTO IS
MOYBEHHO-KIIMMATHYECKUX yciaoBuil CBepasIOBCKON
O6HaCTI/l B OJHOBHUAOBBIX MMOCEBAX MPH BbIpalllUBaAHUU
Ha 3epHO.

I[J'IH BBIIIOJIHCHU S [laHHOﬁ e 6])1.]'[[/1 II0CTAaBJICHBI
CIIeAYIOIINE 3a4a4N:

— BBIABUTD HNEPCIICKTUBHBIC COPTA JIFOIIMHA MTPUTOA-
HBIC JIJIS1 CTAOMJIBLHOTO MOJYUYCHHUS 3€PHA;

— M3Y4YHUTh 0COOEHHOCTH POCTA, PAa3BUTHSI pACTEHUI
U (opmMHpOBaHUs ypoxKasi B OJHOBHJIOBBIX ITOCEBaX.

OCHOBHBIM METOJAOM MPOBCIACHUSA I/ICCHeZlOBaHI/Iﬁ
ABJISUIACh 3aKJIaJIKa TOJIEBBIX OMBITOB. VccrnenoBaHus
B 20162017 rr. mpoBOIMWINCH Ha OIBITHOM YYacTKe
Ypanbsckoro HUNCX, pacnosio:xeHHOM B JIECOCTEITHOM
30He CBepIOBCKOM 00JacTH.

OCHOBHbBIC HAOIIONCHUS M YUYCThI IIPOBOIMIIKCH I10
meronuke BHUU kopmos.

CrarucTiuuecKyto 00paboTKy MOJTy4YEHHBIX Pe3ylib-
tatoB nposoauiu o b. A. JTocniexoBy [29].

AHani3 pacTUTENIFHBIX 00pa3lioB W IMOYBHI OIpe-
JICIICHBl B aHAJMTUYECKOW J1abopaTopuu YpajabCKOro
HUUCX no obmwenpunsateiM Metonukam u ['OCTam.
[TouBa OMBITHOTO yyacTKa TEMHO-cepasi JIeCHas, TaxKe-
JIOCYTJIMHUCTASL.

ArporexHuka oOmenpunsTas uisi 30Hbl CpenHe-
ro Ypaia. MunepaibHble yI0OpPEHHs B KOJIOTHUCCKOM
HCTIBITAHUNM BHOCWIIN TICPE KyﬂbTHBaLIHeﬁ H3 pacdera
NPK 1no 30 kr 1. B. Ha 1 ra. Hopma BbiceBa ntonmHa —
2,0 MJIH BCXOXKUX 3epeH Ha rektap. [loceB mpoBoguiics
psoBbIM criocobom cestikoit CKC-6-10, riryouna noce-
Ba — 3—4 cM, yoopka siensiHoK — kombaiinom Camrio 130.

B 2021-2022 rr. osnieBbie U 1a0OpaTOpHBIC HCCIIC-
JOBAaHUs 6])1.1'11/1 IPOBEACHLI B y‘le6HO-OHI)ITHOM XO-
3siicTBe Ypanbsckoro I'AY. IloroaHsle ycinoBus B robl
IMPpOBEACHUA I/ICCJ'ICZlOBaHI/Iﬁ 6])[.]'11/[ 3aCylIJINBbIMU, C
3HAUYUTENIBHBIMU KOJICOAHUSIMH TEeMIIepaTypbl, OTHO-
CUTEJIBHOM BJIQXKHOCTU BO31yXa M HEPaBHOMEPHBIM
pacnpeneneHuemM ocaakoB. [louBa ONBITHOTO ydacT-
Ka — YEpPHO3EM OIIOA3O0JECHHBIN TSKEJIOCYNIMHUCTBIN
C colep:KaHHeM rymyca B maxoTHOM cioe — 4,13 %,
pH coneBoif BBITSDKKM — 5,6, JIETKOTHAPOIM3YEMOTO
azora o Kopuduiny — 137,0 mr/kr, noxsuxHoro ¢oc-
¢dopa — 142,0 mr/kr, oomMeHHoro Kamus mo KupcaHo-
By — 155,0 mr/kr noussl. [IpeaniecTBeHHUK — sipoBas
nireHua. OObEKT UCCIIEHOBAHMIA — COPTA JIFOIIMHA Y3-
kosucTHOro. [1oJIeBbIe OMBITHI 3aKJIa bIBAIIH 110 001IIe-
MPUHATBIM METOANYCCKUM PEKOMCHAAlUAM. HJ'IOIJla[[]:-
YUYETHBIX JCISHOK — 2 M2, pa3MeIleHHE ICIISTHOK CUCTe-
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MaTH4eckoe, MOBTOPHOCTh TpexkparHas. Hopma Beice-
Ba — 130 mt. Bcxokux cemstiH Ha 1 M?%, nryGuHA 3aj1€e-
ki — 3—4 cM. DeHoIornYeCKUue HAOIIOICHHS TTPOBOIH-
71 1o MeTtoauke TocyIapCTBEHHOTO COPTOUCIIBITAHUS
CEJIbCKOXO3SIMCTBEHHBIX KYJbTYP, BBICOTY PacCTCHUH
OTIpeJIeNAIN B COOTBETCTBUH ¢ MeToaUecKUMH yKa3a-
HUSIMH TI0 TIPOBEACHUIO MOJIEBBIX OINBITOB C KOPMOBBI-
mu kyiasrypamu BHUU kopmos [30]. Yoopky ypoxas
OTIPENIeNISIIH MOJCNITHOYHO BPYYHYIO.
PesyabTathl (Results)

B pemennu npobiemsl Oenka B pacTeHHEBOJCTBE
W KMBOTHOBOJICTBE Ba)KHYIO pOJIb MIPAIOT 3€pHO00-
OoBble KyJIbTYpbl. OHM CIIOCOOCTBYIOT TOJIEPIKAHUIO
IUTOIOPOAMSL TTOYBHI, SIBIAIOTCS OTIMYHBIMHU TpeIIe-
CTBEHHHKaMH B CEBOOOOPOTE Ul 3€PHOBBIX KYJIBTYD,
YTO aKTyaJIbHO B CBSI3UM C BBICOKMM POCTOM IIeH Ha
MHUHEpajbHble ynoOpenus. Tak, JIONUH Y3KOJIUCTHBIN
CHOCOOEH YIy4IlaTh TSDKEJIbIE MOYBBI M OBBINIATH d(-
(heKTHBHOCTH (PU3HOIOTHYECKH KUCIBIX MUHEPAIbHBIX
YIOOpCHUIA.

JltonuH sBASETCS OTIAMYHBIM MPEALICCTBEHHUKOM
1 QUTOCAHUTAPOM ISl BCEX 3€PHOBBIX M IPOMALIHBIX
KyJBTYp, 4TO Ja€T €My 3HauUTeIbHbIE PEUMYIIeCTBa
B CPaBHEHHUH C JAPYTUMH KyabTypamu. Jlyumue mpen-
IIECTBEHHHUKH IS JIFONIMHA — O3UMBIE U SIPOBBIC 3€p-
HOBBIE, 03UMBIH paric. J[pyrue 6000BbIe KyJIBTYpBI SIB-
JISIOTCSI IJIOXUMU TIPEIIeCTBEHHUKaMU 13-3a CaMOHe-
COBMECTHUMOCTH. BrIpanuBare €ro moBTOpHO Ha OTHOM
1 TOM e T0JIe CIeAyeT He paHee, ueM uepes 45 Jer.

JI71g ONITUMAIBHOTO PelIeHHs MOCTABIEHHBIX 3a1a4
B 20162017 rr. B 9KOJOTMYECKOM HCIBITAHUU YydYa-
CTBOBAJIM 5 COPTOB Y3KOJIMCTOIO JIFONIMHA: PayKHbIH,
V3konuctHbii 53, benozepnsriit 110, Cmena, Butsizb.

[IpeniiecTBEHHUKOM B OIbITE OBUIM SIPOBBIE 3ep-
HOBBIC. YUeTHas IUIONIa[ b JEJSTHOK B 3KOJIOTHYECKOM
ucreITanuy coctapisuia 13 M2, TIOBTOPHOCTh YeThIpEX-
KpaTHasi, pa3MelIeHHE AeISTHOK CHCTEMATHYECKOE.

Arpoxnumarndeckue yciaous 2016 . xapaxte-
PHU30BAIKCh TEIUIONH BECHOW C JOCTaTOYHBIM KOJIHMYE-
CTBOM OCAaJIKOB B ampesie U 3aCylUTUBBIMU yCIOBUAMU
C Hayaja BereTaly pacTeHWH 10 CepeluHbl aBrycTa.
“Kapkast moroza ¢ HeIOCTaTOYHBIM KOJIMUYECTBOM OCal-
KOB OTPULATEIbHO CKA3aJIMCh HAa POCTE M Pa3BUTHUU
BEreTaTUBHOM MacChl paCTeHUH JironuHa. Beicora pac-
TeHu# nepen yoopkoii B 2016 1. mo Bcem copram Obuia
B 1,62 pasza ke, uem B 2017 r., u BapbUpoBasia OT
33 0 45 cm (Tabnuua 1). Pactenus copra benosepHsrit
110 o BeicoTe ObUTH HA 21,6 % BhIIIE, a copTa Pagyx-
HBIM U Y3KOIMMCTHEIN 53 — Ha §8,1-10,8 % Hmke craH-
JlapTHOro copra Butsss.

Bereranmonnsiit nepuox 2017 r. omuyanca yme-
PEHHBIM TEMIEPaTYPHBIM PEKUMOM U HE0O0pOM -
(heKTHBHBIX TEMIIEpaTyp BO3/lyXa, OOMIBHBIMH, 3aTSIK-
HBIMH 0Ca/IKaMH B UIOHE U UI0JIE U Ie(DUIIUTOM TEIUIa U
0CaJIKOB B aBrycre. Beicora pactenuii no copram B ycio-
BHSX JOCTAaTOYHOIO yBIQKHEHHs AocTuraita 64—72 cM,
4TO OJIArONPHUATHO OTPA3UIIOCh HA YPOXKAIHOCTH 3epHa.
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CTpyKTypa yporKas TINNHA Y3KOTUCTHOTO Iepes yoopkoii, 20162017 rr.

- W ™
A A .
Tabmuua 1

. KoummuecTBo
BricoTa pacrenuii, » Yucao cemsiH
Copr oM BoxkoBbIX cTedeid, bodoB B 60Ge, 1IT.
IIT. HA PACTEHUH, HIT.
2016 2017 2016 2017 2016 2017 2016 2017

Bursse, st. 37,0 72,0 0,8 43 3,5 15,5 3,5 4,3

Cmena 38,0 68,0 1,7 3,6 4,1 6,7 4,9 4,1

PanyxHb1it 34,0 64,0 1,8 42 5,1 9,8 2,8 3,1

V3KkomucTHBIN 53 33,0 65,0 2.3 3,1 4,7 42 39 3,6

benozepusiii 110 45,0 71,0 2,2 3,4 5,1 6,3 3,5 473
Table 1
The structure of the harvest of narrow-leaved lupine before harvesting, 2016-2017

Quantity

Number of seeds in

Varieties Plant height, cm Side stems, pes. of bean; C{:er plant, a bean, pcs.
2016 2017 2016 2017 2016 2017 2016 2017
Vityaz’, st. 37.0 72.0 0.8 4.3 3.5 15.5 3.5 4.3
Smena 38.0 68.0 1.7 3.6 4.1 6.7 4.9 4.1
Raduzhnyy 34.0 64.0 1.8 4.2 5.1 9.8 2.8 3.1
Uzkolistnyy 53 33.0 65.0 2.3 3.1 4.7 4.2 3.9 3.6
Belozernyy 110 45.0 71.0 2.2 3.4 5.1 6.3 3.5 4.3
Tabmuia 2
CTpyKkTypa ypokas TIONIHA Y3KOTICTHOTO nepef yoopkoit, 2021 r.
YpoxaiiHOCTB BeicoTa Kouiecrno
Copt p /ra ’ pactemuii, cm Boxmvn,lx Booos, ¢ CemsiH B
crelJei, IIT. | pacTeHus , IIT. | 000e, IIT.
Buts3p, st. 2,45 28,6 2,15 5,51 2.8
BpsiHckuii KopMOBoOi 2,41 29,3 2,26 4,99 2,9
Cupnepar 46 1,82 30,8 1,00 4,81 3,8
Koaddumment xoppernsun » - 0,3 0,61 0,66 0,95
(Burts3p)
Koadduuuent xoppessauuu » - 0,3 0,57 0,93 0,95
(bpsHCKHIT KOPMOBOIT)
Koadduument xoppensiun » - 0,6 0,57 0,87 0,96
(Cupepar 46)
Table 2
The structure of the harvest of narrow-leaved lupine before harvesting, 2021
Quantity
Varieties Yield, t/ha Plant height, Side stems, Of beans from Of seeds in
cm the plant,
pcs a bean, pcs.
pcs.
Vityaz’, st. 2.45 28.6 2.15 5.51 2.8
Bryanskiy kormovoy 2.41 29.3 2.26 4.99 2.9
Siderat 46 1.82 30.8 1.00 4.81 3.8
Correlation coefficient r - 0.3 0.61 0.66 0.95
(Vityaz’)
Correlation coefficient r - 0.3 0.57 0.93 0.95
(Bryanskiy kormovoy)
Correlation coefficient r — 0.6 0.57 0.87 0.96
(Siderat 46)
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[o pesynbraram CTpYKTYpHOI'O aHajHM3a BCE COpTa
JIFOIIMHA UMEJTH OOKOBBIC BETBU M 000bI Ha HUX. Uucio
0000B 1 ceMsiH B 000ax Ha paCTCHUH ONPEICIISIIH YPO-
YKAHOCTh 36pHOO000BOI KYJIBTYPHI.

B 2016 r. HauOosblIee KOIMYECTBO OOKOBBIX CTeE-
Osell 1 6000B Ha HHMX HaOIIOIANIOCH Y COPTOB Y3KO-
mucTHbIA 53 u benozepnsiit 110, a8 2017 1. — y copToB
Panysxubiit u Bursass. KonmuectBo 60008 Ha pacTeHHn
B 2017 . y copta Butase B 1,7-3,6 pa3a mpeBblmano
9TOT I0Ka3arellb y JPYyrux COPTOB. MakcHUMallbHOE KO-
JIMYECTBO CEMsiH B 000e HaOIIOIAIOCh B CPEIHEM 3a
nBa roga y copra Cmena (4,5 mr.), a HAaMMEHbIIIee —
y copta Pagyxusiif (3,0 mrt.).

IToronubie ycmoBusi 2021 1. XapakTepu30BalUCh
OCTPO3aCyILJIMBbIMU YCIIOBUSIMHU, THIPOTEPMUYECKUN
KO03(GUIMEHT 3a BETCTAMOHHBIA MEPUOI COCTABHII
0,53 en. IToces mronuHa B 1-10 Aekaxy Masi, KOrja BbI-
naja 3Ha4MTelIbHAsl YacTh 0CaIKOB MECsIIIa, 00ECIIeU I
JPY>KHBIE BCXO/bl, AKTUBHBIA POCT PACTEHUN U B J1ajlb-
HelinieM npudaBKy ypoxkas 3epHa (tadnuna 2).

Bericora pacTeHuil JIONMHA Y3KOJIUCTHOTO, KaK U B
2016 1., naxonunach Ha ypoBHe 28,6-30,8 cm. Mexay
BBICOTOM PACTEHUN U YPOXKAMHOCTBIO 3€pHA JIIOIMHA
y coproB Bursase u BpsiHckuit kopMoOBoOi#l HaOmrona-
Jack ciabas KOppeJsIMOHHAs 3aBUCUMOCTb, a y CO-
pra Cuznepar 46 — cpennsis. Haubosbliee Koin4ecTBo
OOKOBBIX MOOETOB OTMEYAJIOCh Y CTAHAAPTHOIO COpTa
Burasp u bpsaackuii kopmooit — 2,0-2,1 mt. Copt Cu-
nepatr 46 0okoBbIX 1MoOeroB oOpaszoBeiBai B 2,0 pasa
MEHbIIIE, YTO B JajbHEHIIEeM OTPHLATEILHO OTpa3-
WJIOCh Ha YPOKalHOCTH 3epHa. Ta ke 3aKOHOMEPHOCTh
OTMeYajach M 10 KoJuuecTBy 0000B ¢ pacrenus. 1o
CpaBHEHHMIO C Ipyrumu copramu Cunepar 46 omnuyan-
Csl MEJIKOCEMSIHHOCTBIO, YTO XapaKTepHO Ul COPTOB
CHUIACPAJIBHOIO HaAIlpaBJICHUA, SABJIACTCA MOJIC3HBIM
XOSXﬁCTBeHHO-6HOHOFHHeCKI/IM IMPU3HAKOM U I103BO-
JACT YMCHBIIATh HOPMY BBICCBA. KomnyectBo ceMsin
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B 000¢ ObUT0 B 1,4 pa3a Oosblie, a KOJINYECTBO O0O0OB
Ha pacteHuu ObuIO Ha 12,5 % MeHbIle N0 CPaBHEHUIO
€O CTaHIapTHBIM copToM Bursass. Y coproB bpsiHckuii
kopMoBoi U Cunepar 46 Mexay ypoKaHOCTBIO 3ep-
Ha U KOJIMYECTBOM 000OB C pacTeHHs U ceMsiH B 000e
YCT@HOBJICHA BBICOKAs! KOPPEISILIMOHHAS 3aBUCHMOCTh

CoBpeMeHHbIE CopTa JIIONHMHA OTIMYAOTCSl YCTOMU-
YMBOCTBIO K TIOJIETaHHIO, 000BI HE PACTPECKUBAIOTCS,
YTO MO3BOJISIET YOMPATh JIFONUH MPSIMBIM KOMOalHH-
pOBaHMEM IIPU IIOJIHOM CIEJIOCTH. YPOKAHHOCTH CO-
proB monuHa B 2016 1. cocraBmia ot 1,13 o 1,54 1/ra
(rabnuua 3). B 2017 1. npogyKTHBHOCTH COPTOB ObLIA
BBIIIIE, Y€M B MIPE/IBIIYILEM Ty, B 2—3 pa3a y Bcex co-
PTOB, 32 UCKITIOYEHHEM COpTa Y3KOIUCTHBIN 53. JlaH-
HBIN 07 ObUT O0JIce KOM(MOPTHBIM ISl KYJIBTYPBI, U4TO
MO3BOJIMJIO TOJYYUTh BBICOKYIO YPOXKAHHOCTH 3€pHa
y OosbIIMHCTBa COpTOB. B cpenHem 3a 2 roga Makcu-
MaJIbHYI0 TPOJYKTUBHOCTH ITIOKa3alu copra Paryx-
HbIl, Butsase u benosepnsiii 110 (2,14-2,41 1/ra).

Conepxanue xxupa B 2016 I. B 3epHE y Bcex U3yvae-
MBIX COPTOB cocTaBisuio 7,70—8,16 %, 4To OBLIO BHIIIIE
Ha 2,06-2,66 % uem B 2017 1. Hanbosee BBICOKUM CO-
nepkanueM sxkupa B 2016 . otiuuumics copt CmeHa,
aB 2017 r. — copt PagyxusIil. B cpennem 3a nBa roga y
BCEX COPTOB ATOT I0Ka3arelb ObuI BbIlIe 6 %.

Maccsr 1000 3epen B cpenHeM 3a 2 rofa y COPTOB
[IPaKTUYECKU He omMyanack. Jlumb y copra Butass
9TOT moka3arenb B 2017 r. 611 Ha 26,4 % BbIIIE, YeM
B 2016 r. Haubonpmas macca 1000 3epeH orMeuanach
y copra Pamyxusiii (135,0-138,0 r), a HaumeHbIas —
y copta benozepnsiii 110 (97,0-98,0 1).

VYpoxkaitHocTs 3epHa monuHa B 2021 . y copTa
BpsiHckuii kopMOBOW Oblla Ha YPOBHE CTaHJAPTHOTO
copra Bursaze — 2,41 1/ra, y copra Cunmepar 46 ot-
MEYEHO CYIIECTBEHHOE CHW)KEHHME YPOXKaWHOCTH Ha
0,63 1/ra orHocurenbHo KoHTpossa (HCP, 0,19 1/ra)
(Tabnuia 4).

Tabnuna 3
IIpomyKTHBHOCTB COPTOB Y3KOMICTOTO TIONIHA, yOpaHHOTO Ha 3epHO, 2016-2017 rT.
Copr YpoxkaiinocTb, T/Ta Macca 1000 3epen, r
2016 2017 Cpennee 2016 2017
Burssb, st. 1,24 3,57 2,41 106,0 134,0
Cwmena 1,32 2,61 1,97 93,0 108,0
PayxHblit 1,13 3,63 2,38 135,0 138,0
V3KkonucTHBIN 53 1,54 1,94 1,74 107,0 106,0
benozepusiii 110 1,20 3,08 2,14 97,0 98,0
Table 2
Productivity of varieties of narrow-leaved lupine harvested for grain, 2016-2017
.. Yield, t/ha Weight of 1000 grains,
Varieties 2016 2017 Average 20%6 Tk 201 7g
Vityaz’, st. 1.24 3.57 241 106.0 134.0
Smena 1.32 2.61 1.97 93.0 108.0
Raduzhnyy 1.13 3.63 2.38 135.0 138.0
Uzkolistnyy 53 1.54 1.94 1.74 107.0 106.0
Belozernyy 110 1.20 3.08 2.14 97.0 98.0

74



Agrarian Bulletin of the Urals. Special issue “Biology and biotechnol- B> )

Tabnuua 4
IIpoayKTHBHOCTD COPTOB Y3KOMUCTOTO TIONIHA, yOPaHHOTO Ha 3epHO B 2021-2022 rT., T/Ta
Copr YpoxaiiHocTb, T/ra Cpennee 3a Macca 1000 3epen, r
2021 2022 2021-2022 rr. 2021 2022
Burssb, st. 2,45 2,40 2,43 157,0 154,0
BpsiHckuii kopMoBoii 2,41 1,79 2,10 146,0 140,0
Cupepar 46 1,82 1,34 1,58 98,0 96,0
HCP,, 0,19 0,22 - - -
Table 4
Productivity of varieties of narrow-leaved lupine harvested for grain in 2021-2022, t/ha
Varieties Yield, t/ha Average for Weight of 1000 grains, g
2021 2022 2021-2022 2021 2022
Vityaz’, st. 245 2.40 243 157.0 154.0
Bryanskiy kormovoy 241 1.79 2.10 146.0 140.0
Siderat 46 1.82 1.34 1.58 98.0 96.0
LSD,, 0.19 0.22 - - -

B 2022 r. BereTanMoHHBINA MEPHOA AJS CEIBCKO-
XO3AHCTBEHHBIX KYIBTYp XapaKTEepPHU30BaJICA B TIEPBOU
MOJIOBUHE YMEPEHHBIMH TEMIlepaTypaMH BO3JyXa C
U30BITOYHBIM KOJIMYECTBOM OCAJIKOB, a BO BTOPOM
MOJIOBUHE — KApKOH MOTOAOH € OCTPHIM JCPHUINTOM
MOYBEHHOM Biard. B cBsi3u ¢ HEONaronpusTHBIMHU I10-
TOHBIMHU YCIOBHAMH U 00JIiee TO3IHUM CPOKOM ITOCe-
Ba (29 mast) ypokaifHOCTh 3epHa JtonyHa B 2022 1. o
BCEM copTam ObLTa moiydeHa Huke, yeM B 2021 1., Ha
2,0-26,4 %. CopT Butsa3p n10CcTOBEpHO MpEBBIIIAT IO
ypoxaiiHoctu copt bpsiHckuit kopmoBo# Ha 0,61 T/ra,
a Cugepar 46 —Ha 1,06 1/ra. B cpennem 3a 2 rona ypo-
JKaHOCTh COpTOB cocTaBuia ot 1,58 mo 2,43.

Macca 1000 3epen y coproB mtonuHa 3a 2021—
2022 rr. mpakTHYecKH He oTindanack. Y copra Cune-
par 46 maHHBIN MOKa3areiab Obl1 B 1,5-1,6 pasa MeHb-
i€ [0 CPaBHEHMIO ¢ copTamu Butsass u bpsHckuii kop-
MOBOH.

Oocy:xnenue u BbIBoAbI (Discussion and Conclusion)

Ilo wToram npoBEAEHHBIX HCCICAOBAHUI MOYKHO
C/eTaTh BBIBOBI, YTO B MPUPOIHO-KIMMATHYECKUX yC-
noBusax CpeaHero Ypasia JIOTHH Y3KOJUCTHBIN SIBISCT-

Cs KyJbTypOH JOBOJBHO MEPCIEKTUBHOM ISl BBIPAIIU-
BaHMs Ha 3epHOQYypax u cemeHa. OH UMeeT HU3KHE 3a-
TpaThl Ha TIPOU3BOJICTBO, TAK KaK MOXKET BBIPAIIHBATH-
csi Ha OelHBIX MMoYBax Oe3 BHeceHHs azora. B omnnune
OT COM JIIOIMH Y3KOJHCTHBIH MMeeT Oonee KOpOTKHUI
MIEPUOJ] BETeTAIlH U TPeOyeT MEHbIIeH CyMMBI MOJIO-
KHUTEIBHBIX TEMIIEPATyp AJIS TOTyUeHHs 3epHa.

CpaBHUTEIIBHBIN aHATN3 PACTCHUI mepe]] yOopKoit
MOKa3ajl, YTO BCE COpTa UMENIH OOKOBBIE BETBH U OOOBI
Ha HuX. [Ipum »KOJIOTHYECKOM HCIBITAHUU 5 COpPTOB
JIFOIUHA y3KoaucTHOTO B TeyeHue 2016/2017 . ¢ ypo-
YKalHOCTHIO BhIMIE 2,0 T/Ta BBIASIUIUCH cOpTa BUTA3D
(2,41 1/ra), Panyxusiii (2,38 1/ra) u benozepusrit 110
(2,14 1/ra), aB 2021/2022 1. — copra Burs3s (2,43 1/ra)
n bpsiackuit kopmoBo#t (2,1 T/ra). Takas mpoayKTHB-
HOCTb JIIOTIMHA Y3KOJIMCTHOTO MOXKET KOHKYpPHPOBATh
¢ TpagunonHoi s Cpennero Ypana 3epH00000BOI
KYJIBTYPOH — FOPOXOM.

[IpuMeHeHnEe COBPEMEHHBIX COPTOB, aAaTHPOBAH-
HBIX K KOHKPETHBIM YCIIOBHSIM, TO3BOJIUT IOJy4aTh
JICIICBBINA OCJIOK 3a cueT azordukcanuu Oe3 3arpar Ha
JIOPOTOCTOSIIINE a30THBIC YI0OpEHHUS.
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Productivity of varieties of narrow-leaves lupine
in the conditions of the Middle Urals

V. V. Chulkova'*’, G. V. Vyatkina', V. A. Chulkov', T. V. Pavlenkova'
! Ural State Agrarian University, Ekaterinburg, Russia
“E-mail: vchulkova75@mail.ru

Abstract. The purpose is to establish the effectiveness of growing narrow—leaved lupine for grain in the condi-
tions of the Sverdlovsk region. For the first time, new varieties of narrow-leaved lupin of the All-Russian Lupin
Research Institute were used for ecological testing in these soil and climatic conditions in single-species crops
when grown for grain. Research methodology and methods. The main method of conducting research was the
laying of field experiments. Research in 2016-2017 they were conducted at the site of the Ural Research Insti-
tute, in 2021-2022 in the educational and experimental farm of the Ural State Agrarian University, located in the
forest-steppe zone of the Sverdlovsk region. The main observations and records were carried out according to the
methodology of the Institute of Feed. The yield was determined by the weight method with the selection of average
samples. Results. In 2016-2017, 5 varieties of narrow-leaved lupine were studied: Raduzhnyy, Uzkolistnyy 53,
Belozernyy 110, Smena, Vityaz’, and in 2021-2022, 3 varieties: Siderate 46, Bryanskiy kormovoy and Vityaz. All
varieties of narrow-leaved lupine had side branches and beans on them before harvesting. The greatest number
of lateral stems and beans was observed in the varieties Raduzhnyy and Vityaz’ in 2017 — 4.2-4.3 pcs. In 2016,
the yield of narrow-leaved lupine grain from 1.13 to 1.54 t/ha was obtained on dark gray soil. In more favorable
moisture conditions in 2017, the productivity of narrow-leaved lupine was 2-3 times higher than in the previous
year in all varieties except for the Uzkolistnyy 53 variety. In acutely arid conditions 2021-2022 on podzolized
chernozem, varieties of narrow-leaved lupine: Bryanskiy kormovoy, Vityaz’ and Siderat 46 provided grain yields
from 1.34 t/ha for the Siderat 46 variety to 2.45 t/ha for the Vityaz’ variety. Scientific novelty. The effectiveness of
growing new varieties of narrow-leaved lupine in the conditions of the Middle Urals was studied for the first time.
Varieties have been established that allow obtaining high grain yields.

Keywords: leguminous crop, varieties, narrow-leaved lupin, protein, plant development, crop structure, grain yield.

77

sardojouyoajoiq pue L3o[01g



Buonorusa u 6uoTexHonOrnmn

g g o > > P . B
-Ypana. CrenypanbHbtit BbIycK «buonoris n 6uotexonormmy, 2022 1.
I I L. I I I o

For citation: Chulkova V. V., Vyatkina G. V., Chulkov V. A., Pavlenkova T. V. Produktivnost’ sortov lyupina uz-
kolistnogo v usloviyakh Srednego Urala [Productivity of varieties of narrow-leaves lupine in the conditions of the
Middle Urals] // Agrarian Bulletin of the Urals. 2022. Special issue “Biology and biotechnologies”. Pp. 69—80.
DOI: 10.32417/1997-4868-2022-229-14-69-80. (In Russian.)

Date of paper submission: 15.11.2022, date of review: 25.11.2022, date of acceptance: 01.12.2022.

References

1. Fedorova Z. N. Protein concentrates based on extruded lupine grain, with the use of enzymes, in feeding calves
and poultry // IOP Conference Series: Earth and Environmental Science. All-Russian Conference with Interna-
tional Participation Economic and Phytosanitary Rationale for the Introduction of Feed Plants. 2021. Vol. 663.
Article number 012021. DOI: 10.1088/1755-1315/663/1/012021.

2. Kudeyarov V. N. Pochvenno-biogeokhimicheskie aspekty sostoyaniya zemledeliya v Rossiyskoy Federatsii
[Soil and biogeochemical aspects of the state of agriculture in the Russian Federation] // Plodorodie. 2019. No. 1.
Pp. 109-121. (In Russian.)

3. Trofimova T. A., Korzhov S. 1., Gulevskiy V. A., Obraztsov V. N. Otsenka stepeni fizicheskoy degradatsii i
prigodnosti chernozemov k minimizatsii osnovnoy obrabotki pochvy [Assessment of the degree of physical deg-
radation and suitability of chernozems to minimize basic tillage] // Pochvovedenie. 2018. No. 9. Pp. 1125-1131.
(In Russian.)

4. Panfilov V. A. Vektor nauchnykh izyskaniy pri sozdanii texnologiy APK budushchego [Vector of scientific
research in the creation of agricultural technologies of the future] // Bulletin of the Russian Agricultural Science.
2020. No. 1. Pp. 4-8. (In Russian.)

5. Pilipenko N. G., Andreeva O. T. Vliyanie dlitel’nogo sistematicheskogo primeneniya udobreniy na osnovnye
pokazateli plodorodiya pochvy i produktivnost’ kormovogo sevooborota na glubokopromerzayushchey lugovo-
chernozemnoy pochve Zabaykal’ya [The effect of long-term systematic application of fertilizers on the main
indicators of soil fertility and productivity of fodder crop rotation on the deep-freezing meadow-chernozem soil of
Transbaikalia] // Pochvovedenie. 2019. No. 5. Pp. 578-585. (In Russian.)

6. Zavalin A. A., Dridiger V. K., Belobrov V. P., Yudin S. A. Azot v chernozemakh pri traditsionnoy tekhnologii
obrabotki i pryamom poseve (obzor) [Nitrogen in chernozems with traditional processing technology and direct
sowing (review)] // Pochvovedenie. 2018. No. 12. Pp. 1506—1516. (In Russian.)

7. Robles-Aguilar A. A., Grunert O., Hernandez-Sanabria E., Mysara M., Meers E., Boon N., Jablonowski N. D.
Effect of Applying Struvite and Organic N as Recovered Fertilizers on the Rhizosphere Dynamics and Cultiva-
tion of Lupine (Lupinus angustifolius) // Frontiers in Plant Science 2020. No. 11. Article number 572741. DOI:
10.3389/1pls.2020.572741.

8. Novik N. V., Stepanenko A. A., Yakub I. A. Zelenoukosnoe napravlenie selektsii lyupina zheltogo [Directions
of selection of yellow lupine for green mass] // Adaptive feed production. 2018. No. 1. Pp. 35-40. (In Russian.)

9. Ageeva P. A., Pochutina N. A., Pigareva S. A. Sravnitel’naya kharakteristika kormovykh sortov po kachestvu
zerna i zelenoy massy [Comparative characteristics of feed varieties by grain quality and green mass] // Adaptive
feed production. 2018. No. 1. Pp. 42—48. (In Russian.)

10. Ageeva P. A., Matyukhina M. V., Pochutina N. A., Gromova O. M. Rezul’taty i perspektivy selektsii
sideral’nykh sortov uzkolistnogo lyupina vo Vserossiyskom nauchno-issledovatel skom institute lyupina [Results
and prospects of selection of sideral varieties of narrow-leaved lupin in the All-Russian Scientific Research Insti-
tute of Lupin] // Legumes and cereals. 2020. No. 2 (34). Pp. 59—-63. DOI: 10.24411/2309-348X-2020-11170. (In
Russian.)

11. Ageeva P. A., Pochutina N. A., Matyukhina M. V. Lyupin uzkolistnyy — istochnik tsennykh pitatel’nykh
veshchestv dlya ispol’zovaniya v kormoproizvodstve [Narrow-leaved Lupin — a source of valuable nutrients for
use in feed production] // Feed production. 2020. No. 10. Pp. 29-33 DOI: 10.25685/KRM.2020.11.40.001. (In
Russian.)

12. Ageeva P. A., Pochutina N. A. Agrobiologicheskaya otsenka sortov i sortoobraztsov uzkolistnogo lyupina v
usloviyakh zasushlivogo gidrotermicheskogo rezhima [Agrobiological assessment of varieties and cultivars of
narrow-leaved lupine in conditions of arid hydrothermal regime] // Agroekologicheskie aspekty ustoychivogo raz-
vitiya APK: materialy XVII Mezhdunarodnoy nauchnoy konferentsii. Bryansk, 2020. Pp. 246-253. (In Russian.)

13. Kosolapov V. M., Yagovenko G. L., Lukashevich M. 1., Ageeva P. A. et al. Lyupin: selektsiya, vozdelyvanie,
ispol’zovanie: monografiya [Lupin: breeding, cultivation, use: a monograph]. Bryansk: Bryanskoe oblastnoe poli-
graficheskoe ob”’edinenie, 2020. 304 p. (In Russian.)

78



Agrarian Bulletin of the Urals. Special issue “Biology and biotechnol- B> )

il il ol il il ol

14. Isaeva E. 1., Yagovenko G. L. Produktivnost’ zvena sevooborota s lyupinom pri raznykh sposobakh osnovnoy
obrabotki pochvy [Productivity of the crop rotation link with lupin at different methods of basic tillage] // Grain
farming of Russia. 2021. No. 4 (76). Pp. 50-53. DOI: 10.31367/2079-8725-2021-76-4-50-53. (In Russian.)

15. Vishnyakova M. A., Kushnareva A. V., Shelenga T. V., Egorova G. P. Alkaloids of narrow-leaved lupine as a
factor determining alternative ways of the crop’s utilization and breeding // Vavilov Journal of Genetics and Breed-
ing. 2020. No. 24 (6). Pp. 625-635. DOI: 10.18699/V]20.656.

16. Artyukhov A. 1. 100 teorem (utverzhdeniy) o lyupine [100 theorems (statements) about lupin] [e-resource].
URL: http://www.infotechno.ru/ros-soya2018/dok_artyuhovl 2018.php (date of reference: 14.11.2022. (In Rus-
sian.)

17. Pimokhova L. 1., Misnikova N. V., Yagovenko G. L., Tsarapneva Zh. V., Kharaborkina N. I. Izuchenie pro-
travitelya Protekt Forte protiv antraknoza i drugikh bolezney lyupina belogo [Study of the protectant Forte Project
against anthracnose and other diseases of white lupin] // Achievements of science and technology of the Agro-
industrial Complex. 2021. No. 35 (11). Pp. 25-30 DOI: 10.53859/02352451 2021 35 11 25. (In Russian.)

18. Yufereva N. 1., Lekontseva T. A., Statsenko E. S. Izuchenie lyupina uzkolistnogo na zerno v usloviyakh
Kirovskoy oblasti [Study of narrow-leaved lupine for grain in the conditions of the Kirov region] / Perm Agrarian
Bulletin. 2019. No. 4. (28). Pp. 81-88. (In Russian.)

19. Kramarenko V. Ya., Anisimov Yu. B., Ageev A. A., Shumakova O. 1. Otsenka sortov lyupina v usloviyakh
povysheniya teploobespecheniya vegetatsionnogo perioda v severnoy lesostepi Yuzhnogo Urala [Evaluation of
lupin varieties in conditions of increased heat supply of the growing season in the northern forest-steppe of the
Southern Urals] // Scientific Journal “Agroindustrial Complex of Russia”. 2019. Vol. 26. No. 5. Pp. 763-768. (In
Russian.)

20. Yagovenko G. L., Lukashevich M. 1., Ageeva P. A., Novik N. V., Zakharova M. V. Status and prospects of
breeding of cultivated species of lupin in Russia // IOP Conference Series: Earth and Environmental Science. All-
Russian Conference with International Participation Economic and Phytosanitary Rationale for the Introduction of
Feed Plants. 2021. Article number 012014. DOI: 10.1088/1755-1315/663/1/012014.

21. Tormozin M. A., Belyaev A. V., Tikholaz E. M. Vliyanie obrabotki rasteniy po vegetatsii stimulyatorami rosta
i sredstvami zashchity na semennuyu produktivnost® ovsyanitsy lugovoy sorta Nadezhda [The influence of plant
treatment during vegetation with growth stimulants and protective agents on the seed productivity of meadow
fescue of the Nadezhda variety] // Agrarian Bulletin of the Urals. 2020. No. 11 (202). Pp. 28-36. (In Russian.)
22. Blinnik A. S., Demidova A. G., Naumkina L. A., Kurenskaya O. Yu., Lukashevich M. 1. Rezul’taty ispytaniya
novykh sortov i obraztsov lyupina belogo v lesostepi Tsentral’no-Chernozemnogo regiona [Results of testing of
new varieties and samples of white lupin in the forest-steppe of the Central Chernozem region] // Grain farming of
Russia. 2021. No. 3 (75). Pp. 51-56. DOI: 10.31367/2079-8725-2021-75-3-51-56. (In Russian.)

23. Tyutyunov S. I. Innovatsionnye napravleniya ispol’zovaniya belogo lyupina v sovremennykh usloviyakh [In-
novative directions of using white lupin in modern conditions] // Innovatsionnye tekhnologii vyrashchivaniya
lyupina belogo i drugikh zernovykh kul’tur: materialy Vserossiyskoy nauchno-prakticheskoy konferentsii s mezh-
dunarodnym uchastiem Belgorodskogo NIISKh 13—17 iyunya 2017 g. Belgorod, 2017. Pp. 9-15. (In Russian.)
24. Agafonova S. V., Rykov A. I. Khimiya rastitel’nogo syr’ya [Chemistry of plant raw materials]. 2021. No. 3.
Pp. 135-142. DOI: 10.14258/jcprm.2021038358. (In Russian.)

25. Gataulina G. G., Belyshkina M. E., Medvedeva N. V. Urozhaynost’ semyan i elementy produktivnosti u razno-
tipnykh sortov lyupina belogo (lupines albus L.) v raznye po meteorologicheskim usloviyam gody [Seed yield and
productivity elements in varieties of different types of white lupine (lupines albus L.) in different meteorological
conditions years] // Izvestiya TSKHA. 2016. No. 6. Pp. 32-44. (In Russian.)

26. Vlasova E. V., Okhotnikova M. A. Otsenka vodouderzhivayushchey sposobnosti list'ev u obraztsov Lupinus
Angustifolius L. [Assessment of the water-retaining ability of leaves in samples of Lupinus Angustifolius L.] //
Agrarian Bulletin of the Upper Volga region. 2019. No. 1 (26). Pp. 27-30. (In Russian.)

27. Ageeva P. A., Matyukhina M. V., Pochutina N. A., Gromova O. M. Rezul’taty otsenki sortov uzkolistnogo
lyupina po khozyaystvenno tsennym priznakam i adaptivnosti v usloviyakh Bryanskoy oblasti [The results of the
evaluation of varieties of narrow-leaved lupine on economically valuable traits and adaptability in the Bryansk
region] // Bulletin of the Russian Agricultural Science. 2021. No. 5. Pp. 15-17. (In Russian.)

28. Pimokhova L. 1., Yagovenko G. L., Tsarapneva Zh. V., Misnikova N. V. Razvitie beloy gnili na lyupine uz-
kolistnom i belom v odnovidovom i smeshannom posevakh pri raznykh pogodnykh usloviyakh Bryanskoy oblasti
[Development of white rot on narrow-leaved and white lupine in single-species and mixed crops under differ-
ent weather conditions of the Bryansk region] // Agricultural Biology. 2020. No. 55 (6). Pp. 1257-1267. DOI:
10.15389/agrobiology.2020.6.1257eng. (In Russian.)

79

sardojouyoajoiq pue L3o[01g



Buonorusa u 6uoTexHonOrnmn

o 2 L L L LS .
— CrexanbHbui BBINTyCK «butonorusa n Ouorexaonormy, 2022 1.
N SN N N N N

29. Dospekhov B. A. Metodika polevogo opyta (s osnovami statisticheskoy obrabotki rezul’tatov issledovaniy)
[Methodology of field experience (with the basics of statistical processing of research results)]. 5th ed., supplement
and revision. Moscow: Agropromizdat, 1985. 351 p. (In Russian.)

30. Metodicheskie ukazaniya po provedeniyu polevykh opytov s kormovymi kul turami [Methodological guide-
lines for conducting field experiments with fodder crops]. Moscow: RASKhN, VNII kormov, 1997. 155 p. (In
Russian.)

Authors’ information:

Valentina V. Chulkova!, associate professor, head of the department of crop production and breeding,

ORCID 0000-0003-4757-9665, AuthorID 1061367; +7 908 916-40-75, vchulkova75@mail.ru

Galina V. Vyatkina!, candidate of agricultural sciences, associate professor, department of land management,
ORCID 0000-0001-5520-0382, AuthorID 441039; +7 904 545-29-64, vyatkina.galya@mail.ru

Vyacheslav A. Chulkov!, associate professor, department of soil science, agroecology and chemistry named after
professor N. A. Ivanov, ORCID 0000-0001-9268-4734, AuthorID 653859; +7 950 195-04-68, ares_68@mail.ru
Tatyana V. Pavlenkova', candidate of agricultural sciences, associate professor, department of plant growing and
breeding, ORCID 0000-0002-1474-5957, AuthorID 707929; +7 904 548-11-43, pavlenkova_tatyana2@mail.ru
!'Ural State Agrarian University, Ekaterinburg, Russia

80



" " N N N N "
Agrarian Bulletin of the Urals. Special issue “Biology and biotech-
-l -l -l P P P L
VIK 636.5.033
Ko BAK 4.2.4

DOI: 10.32417/1997-4868-2022-229-14-81-91

CocTrosiHMe KHIIEYHUKA UBIILIAT-0POiJIepoB
MPH BKJIKYEHUH B PAIUOH (PUTOOMOTUYECKOM 100aBKH

E. B. llanxux'", 1. E. KoponpkoBa-Cy660TknHa'
! VpanbCKuit TocyjlapcTBEeHHBII arpapHbIil yHUBepcuTeT, Ekarepnu6ypr, Poccus
“E-mail: evshackih@yandex.ru

Annomayus. 1lens uccieqoBaHUs — OLEHKA COCTOSHUS KUIIEYHOTO TPAKTa y LBILIAT-OPOiIepoB NpH BKIIOYE-
HHUHM B palnoH ¢gurobroTnyeckoro mpemnapara. Meroasl. MccinenoBanus Oblin IPOBEIEHBI B paMKaX HayqHO-XO-
3sIMCTBEHHOTO OMBITa Ha Opoitnepax kpocca Pocc-308, copMupoBaHHBIX B KOHTPOIBHYIO W ONBITHYIO TPYIIITBI
(n = 44). OmpITHAs NTHIA TOTIOTHUTENHHO K OCHOBHOMY PAIMOHY C 5-TO IHS JKM3HU TOoiTydana (GUToOnoTHIe-
cKkyro n1o6aBky B konmgectse 0,15 r Ha 1 kT kopMa. B Xoz1e sKxcriepruMenTa OeHUBaIN MacCy U JUIMHY KAIIIEYHNKA
LBIIIAT; MEKPO(IIOPY CIIENBIX OTPOCTKOB IO Pe3yibTaTaM MHUKPOOHOJIOIHYECKOro oceBa Ha HEOOXOIMMBIE ce-
JIEKTHBHBIE ITUTATENILHBIE CPEAbL; MOP(OTUCTOIOTMYECKUEe N3MEHEHHS B IBCHAAATHIIEPCTHON U CIIENIOH KHUILKE.
Pe3yabTarhbl. BrisBieHa TeHIGHINS YBEIWYEHMS JUIMHBI KUIIEYHUKA Y LBILIAT-OPOMIEPOB ONBITHOH I'PYIIIBI:
B Bo3pacTe 29 nHel OH ObUI JUIMHHEE, YeM y LBIIUIAT KOHTPOJIbHOW Tpymmel, Ha 3,8 %, B 37 nueit — Ha 2,2 %.
Bxumrouenne ¢puToOnOTHKA B paiioH OpOMIepoB HE OTPA3MIOCh HA COCTOSTHUU HOPMOQIIOPHI CIETBIX OTPOCTKOB
IITHL, HO OKA3aJI0 CYIIECTBEHHOE BIMSHHE Ha CHIDKEHHE KOJMYECTBA NOTEHIMAIBHO MaTOTeHHBIX IpecTaBUTe-
neit muxpoOuoTs! Staphylococcus Saprophyticus u Trichosporon asahii. Mopdorucronornaeckue ucciaeoBaHus
JEMOHCTPUPOBAIIM YMEPEHHO IPOTEKAIOIINE MTPOLECCHl BOCHAJIEHHS B CIIENBIX OTPOCTKAX Y ONBITHBIX LBIILIAT K
KOHITy TEXHOJIOTHYECKOTO NuKia (37 mHel) n Hamudre akKTUBU3UPOBAHHBIX TUM(OUIHBIX (OJUTHKYIOB Ha (hoHE
BBIPQKCHHOH BOCTIAINTENFHOH HHOUIBTPAMU 3TOTO OpraHa B KOHTPOJIBHBEIX oOpasnax. HayuHnast HoBu3Ha 3a-
KIIFOYAETCsl B TOM, YTO BIIEPBBIC NPOBEICHBI HCCICAOBAHMS 110 U3YYCHUIO BIUSHUS HOBOTO (PUTOOMOTHYECKOrO
Iperiapara Ha pa3BUTHE KHIIEYHOIO TPaKTa LBIUIAT-OpPOHIepoB, Ha cocTaB MUKPO(IIOPHI CIENbIX OTPOCTKOB,
MOP(}OTHCTOIOTMYECKOE COCTOSTHUE IBEHAIIIATUIIEPCTHON U CIIeNOi KMIIKH. JlaHo 3aKiioueHne o OJ1aronpHsTHOM
BO3JICHCTBIHM M3y4aeMOro npernapara Ha CTPYKTypy ¥ (QYyHKINY aHAJIM3UPYEMBIX OPTaHOB, YTO, B CBOIO OYepeb,
SIBIIIETCS] OMOJIOTMYECKOI MIPEIIIOCHUIKON IIO3UTHBHOTO BIMSIHUS €T0 Ha IePeBapUMOCTh U HCIOIb30BaHHE ITUTA-
TEJBHBIX BELIECTB KOMOUKOPMA, a CIIEIOBATEIbHO, U HA OCHOBHBIE IIOKA3aTeNH IIPOAYKTHBHOCTH ITHIIBL.
Knroueswie cnoea: npuisita-6poineps!, GUTOONOTHK, MUKpOQIIOpa KUIIIEYHHKA, KOPMOBBIE aHTHONOTHKH, TIATO-
TeHHasi MUKpO]IIopa, OMOIOTHYECKH aKTHBHBIE TOOABKH.

Jlna yumuposanusn: lauxux E. B., Koponskosa-Cy66otkuna J[. E. CocTostHre KUIIeUHHKA IBIIIAT-0poiiiepoB
TIPH BKJIIOYCHUH B PaIFioH (GUTOOMOTHYECKOH 100aBkH // ArpapHblii BecTHHK Ypana. 2022. Crensrimyck «bro-

siorust ¥ onorexnogorumy». C. 81-91. DOI: 10.32417/1997-4868-2022-229-14-81-91.

Jlama nocmynnenua cmamou: 28.11.2022, oama peyenzuposanusn: 08.12.2022, oama npunamusa: 14.12.2022.

IMocranoBka npo6Jiembl (Introduction)

ITtuneBoncteo XXI Beka xapakrepusyeTcs psioM
0COOEHHOCTEH, B TEPBYIO Ouepe/lb BBICOKOW HHTEH-
CUBHOCTBIO0. COBPEMEHHBIM MTHUIEBOJYECKUM MPE-
MPUSITUSIM OY€Hb BAKHO Ha BCEX ATANax BhIPAIINBAHUS
UBIUISIT-OPOMIIEPOB YUUTHIBATH MHOKECTBO (haKTOPOB,
KOTOpBIE KaKUM-THOO 00pa3oM MOTYT MOBIHATH Ha
Ka4eCTBO M KOJMYECTBO KOHEYHOTo pesynbrara [1-3].
MeHHO monyyeHue KaueCTBEHHOM MPOAYKIIMU B HE-
00XOMMOM KOJIMUECTBE SIBJISICTCS IVIABHOM 3ajadeit
J1000T0 MPEIPHUATHS, KOTOPOE 3aHUMAETCs MpPOU3-
BOJICTBOM Msica OpoiiiepoB. UToObl monyvarh Kade-
CTBEHHYIO MTHUIEBOTYECKYIO MPOMAYKIIHIO, JOHKEH
00eCIIeYrBaThCsI KOHTPOJIb HAJl COCTOSTHHUEM 370POBBS

MOTOJIOBBST NITULBL. 7Sl OCYIIECTBIEHUSI TaKUX 3a/1a4
HY’KHO CBOEBPEMEHHO Ha MPOTSHKEHUH BCETro MepHoaa
pOCTa NTULIBI TPOBOIUTH aHAIM3 U OLEHKY MOKa3are-
JICH OCHOBHBIX (DYHKIIMOHAIBHBIX CHCTEM OpraHH3Ma
Opoitnepos.

Oco0oe BHHUMAaHHUC JODKHO OBITh HAIPABICHO Ha
MOHUTOPHHT (DYHKIIHOHHPOBAHUS KHIICYHUKA I[bI-
wisaT-OpoinepoB. VMeHHO KuieyHass MuKpodiopa
MPUHUMAET OIPOMHOE y4acTHUE B OpraHU3alllud HOP-
MaJIbHOM PabOTBI BCETO KHUBOTO Opranu3Ma [4—6].

Kak u3BecTHO, B KHUIIIEUHHKE MPUCYTCTBYET OCO-
OCHHAsl CHCTEMa MHUKPOOPTIaHU3MOB, KOTOpas HOCHT
HA3BaHHE MUKPOOHOTHI.

(o]
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[Tox naHHBIM TEPMHHOM IMPUHSTO MIOHUMATh COBO-
KYIHOCTh Pa3JIMYHBIX MHKPOOPraHW3MOB, CIIOCOOOM
CYIIECTBOBAHUS Y KOTOPBIX MOXET OBbITh KOMMEHCa-
JM3M WM CUMOHO3. YCTaHOBIICHO, YTO MHKpPOOHOTA
OKa3bIBaeT 3HAYMTEIILHOE BIMSHUE HA UMMYHOJIOTHYE-
CKHMH ¥ TOPMOHAJIBHBIH CTaTyC X0351MHA, a TAKXKE HA €r0
MeTaboarueckuii romeocras [7-9].

B nauane XXI Beka pa3ziauuHble YYEHbIE-UCCIEHO-
BaTeJIM Ha4ajl TOBOPUTH O TOM, YTO MUKPOOHOTA — 3TO
HOBBIH «OpraH» B Teje MO3BOHOYHBIX JKUBOTHBIX. OT
0011eit Macchl Teaa OH COCTaBIAET JHIIb 2 %, U B €ro
cocTaB BXxoauT okoiio 100 munmuapaoB kinetok. Ha ce-
TOJHSILIHUI JIeHb HE M300PETEHO ellle TAKOTO yCTPOii-
CTBa, KOTOpPOE TIO3BOJMJIO OBl PacCMOTPETh MHKPO-
o6uory. Ho nokazaHo, 4To €e COCTOSIHUE U COCTOSTHHE
3[J0POBbsI XO35IMHA HAXOAATCS B MIPSIMON 3aBUCHMOCTH.
To ectb eciu 310poBa MUKPOOHOTA, TO 310pOBa MITHLA
nnu sxxuBotHOE [10].

K OCHOBHBIM IpEACTaBUTEINSIM KHIIEYHOW MHUKPO-
(J1OpBI )KUBOTHBIX U IITUI] OTHOCSATCS pa3In4Hble OaK-
TepUH, HanpUMep JakTobakTepuu, OudumodakTepun
u gapyrue. be3ycnoBHO, B MHUKpPOOMOTE BCETAa MpH-
CYTCTBYIOT YCJIOBHO-IIaTOT€HHBIE MHKPOOPTaHH3MBI,
NPEICTABUTEISIMA  KOTOPBIX, HAlpUMep, SBISIOTCS
K0cTpuuK. Kak TOJIbKO KOJIMUYECTBO ITATOT€HHBIX MH-
KPOOPraHMW3MOB IPEBBILIIAET BO3MOXKHO JIOMYCTHMBbIE
NOKa3aTelid M MPEBOCXOANUT KOJMYECTBO IOJIE3HBIX
OakTepuil B IKEIyJOYHO-KHIIEYHOM TPAKTe, HaunHa-
10T HPOSIBISATHCS HEraTHBHBIC MOCIEICTBUS, KOTOPbIE
YXYILUAT NpaBuiIbHOE U dPPeKTHBHOE (QYHKIMOHH-
poBaHue opranus3ma B neiom [11; 12].

PaznuyHble MUKPOOPraHU3MbI 3aCEISIOT KHIIeY-
HUK B OpraHuM3Me€ NTHLbI B MOMEHT BbiBoAa. llyTeit
3acesieHHs B yCIOBHAX nTrLedadpuk MHOKeCTBO. Mc-
TOYHUKAMHU MOTYT CIY)KUTb BO3yX ITOMEILEHNUS, BOJIa
B MOMJIKax, kopMa u T. 1. [ 13].

Kak onHy M3 cambIX akTyajbHBIX ITpo0JieM coBpe-
MEHHOTO MTHLEBOJICTBA MOXKHO CUMTATh HAJIMYUE Yy
OpOIJICPOB pa3IMYHBIX 3a00JCBAHUIN JKEITYIOUHO-KH-
nieqHoro tpakta [14; 15]. 1 cBsi3aHbI 9TH HapyIIeHUS
B [IEPBYIO OYEPE/b C TEM, YTO B KUIICUHHKE yBEIHYH-
BAETCS KOJIMUECTBO MAaTOTE€HHBIX MUKPOOPTaHU3MOB 32
CUeT yMEHbIICHUS MOJIe3HbIX. MIHBIMU CII0BaMu, Hapy-
nraercsi 0ajgaHc MUKPOOMOTHI. DaKT HAIMUYUS TAaHHON
npoOieMbl UMEHHO B OpOWJIEPHOM NTHIIEBOJICTBE 00Y-
CJIOBJICH TEXHOJIOTHEH BBIPAIIMBAHNUS, €€ HHTEHCHBHO-
CTBIO. Y MOJIOJIBIX LIBIILJIAT B HIEPBBIE JHU KHU3HU €Il
He 110 KoHIa cpopmupoBana mukpodiopa KKT, u mro-
Oble HeOmaronpusITHbIE (GaKTOPbl YTHETAIOIIE BIMSIOT
Ha ee cocTosiHue [16].

OIHUM M3 METO/IOB, KOTOPBI Ha MPOTSHKEHUH TO-
CJICJTHUX JAECSATHICTUI PUMEHSIICS JUIS TPEAOTBpalle-
HUSL Pa3BUTHS TATOTEHHOW MUKPOQIIOPHI B KUIIEUHUKE
LBITUISIT, SIBISIETCSL BKJIIOYEHHE KOPMOBBIX aHTHOMOTH-
KOB B PallMOH NTULBI C IIEPBLIX AHEH ee xu3Hu. Ho B
pe3yabrare BO3HMKJIA HOBas Ipo0OjieMa: MaTroreHHbIe
MHKPOOPIaHU3Mbl CTald pa3BHBaTh 3al[UTHBIE MeXa-
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HU3MBI K UCTI0JIb3YEMbIM aHTHOMOTHKAM, HHAue FTOBOPS,
pa3BUIIACh PE3UCTEHTHOCTH, TO €CTh YCTOHUMBOCTH [ 17].

[TpoGniema 3Ta sIBUIACh OJHOM M3 CaMbIX ONACHBIX
JUIsl BCEIO YeJIOBEYECTBA, TaK KaK CcTaslo HedP(eKTHB-
HBIM JIEUEHHE paHee pa3paOboTaHHBIMU aHTHOMOTHKA-
MU Pa3lIMYHBIX CEPbE3HBIX 3a00JIEBaHU, Harpumep
TyOepKysiesa.

B nocnennue necstuieTHs BO BCEM MHpPE IPOBO-
JIMITHCh TTOWCKH CIIOCOOBI BBIXO/IA N3 BO3HUKIICH MPO-
OseMbl, M OBUIO TPEUIOKEHO 3aMEHHUTh KOPMOBBIE
aHTHOMOTHKKM Ha OWOJIOTMYECKHM aKTUBHBIE HOOABKH,
KOTOpBIE B COCTOSIHUHM OOPOTHCSI ¢ NATOI€HHOM MUKPO-
(opoit kumeynrka. K rakum 100aBKaM OTHOCSATCS Ha
CETO/IHSIIHUN JIeHb U (PUTOONOTHKH.

[Toucky anbrepHaTUBHBIX [TPENapaToB, CTUMYIHUPY-
IOIIMX POCT M Pa3BUTHE KUBOTHBIX (M NTHUIBI B 4aCT-
HOCTH), CIIOCOOCTBOBaJ (PaKT OTKa3za OT KOPMOBBIX
aHTHOMOTHKOB. B pesynbrare ¢urodnoTHyeckue mpe-
napars! SIBUJIMCh PalMOHAIBHBIM CIIOCOOOM 3aMEHbI
AQHTUOMOTHYECKHX IPernaparoB, KOTOPbIE MCIIOIb30Ba-
JUCh Ha TNPOTSHKEHHHM BCEro IEepUO/a BbIPALIMBAHMS
CEJIbCKOXO3SMCTBEHHON NTULBI U KUBOTHBIX. Bee aTo
UMEJIO TIONIOKUTENbHBIA d(deKT mpu 3aKpervieHnu
(hUTOOMOTHKOB Ha KOPMOBBIX PBIHKAX B arpOIPOMBIIII-
JICHHOM CEKTOpe. BbLIO yCTaHOBJIEHO, 4TO Ipernapa-
Thl Ha PACTHUTEIBHBIX KOMIIOHEHTaX CII0COOCTBYIOT
YBEJIMYCHUIO KOJIMYECTBA JIAKTO- U OnduaodakTepuit
B KUIIEYHHKE MTHUIIbI, KOTOPBIC BBIIIOJIHSIOT PSJ| BaXk-
HBIX (DYHKIMH B )KUBOM OpraHH3Me, U MapauielIbHOMY
CHIDKEHUIO YHUCIICHHOCTH OAaKTepHid, TPEACTABIISOIIIX
MATOTCHHYI0 MUKPO]IOpY.

B 1 cents6ps 2022 r. Ha Tepputopun Poccuiickoit
®denepanun BCTYNUII B CUITY 3aKOH, KOTOPBIH 3ampera-
eT 100aBJISATh B PAIOH )XMBOTHBIX IIpEIapaThl, IpeiHa-
3HAuArONIMecs ISl JIeUeHHs 3a00JIEBaHUH, BHI3BAHHBIX
pa3nuuHBIMKE MHpEKIMsIMH | rapasutamMu. Ho HecMo-
TpsI Ha 3TO, MOJIHOTO 3alpeTa Ha HCI0JIb30BaHHE UMEH-
HO KOPMOBBIX aHTHOMOTHKOB B TEXHOJIOIMYECKON CXe-
M€ BbIpalMBaHUs BIUISAT-OPOMIIEPOB 0 CUX TIOP HET.

Poccuiickuil pplHOK IIPEACTABIAECT Y3KUI acCOPTU-
MeHT (PUTOOMOTHYECKHUX KOPMOBBIX J00aBOK. Poccus
CYIIECTBEHHO OTCTaeT OT JAPYIUX CTPaH IO YPOBHIO
Hay4YHO-TEXHOJIOTHYECKOTO Pa3BUTHSI KOPMOBBIX J100a-
BOK, IIPE/IHA3HAUYCHHBIX ISl J)KUBOTHBIX U MTHIIBL.

Bce usBectHble B HacTosiee BpeMs: Gopmbl GpuTo-
OMOTHKOB TToApa3eisioT Ha rpynmnsl. Kiaccupukanms
OCYIIECTBIISETCS 110 COCTABY M METOY IOJY4EHHS.

ITo cocraBy BbleinsieTcst 4 TPyNIIBI TPENapaToB: 13
TpaB; U3 crielnii; 3 3QUPHBIX Mace; U3 CMOJI.

ITo meTony MOTyYeHNUs TaKkKe BBIACIAIOTCA 4 TpyII-
Ibl: cOOp; BBICYIIMBAHUE U W3MEJBUCHHE; XOJOAHBIN
OTXKHUM (TIapoBasi WM CIHUPTOBAsl AUCTHIUIALINSA); IKC-
TpaKLKsL.

[Tox ¢uroOMOTHKAMHM MOHMMAIOT SKCTPAKTHI Pa3-
JUYHBIX pacTeHui. K mpeumyinecTBam sTuX Ipena-
paToB OTHOCSTCS MX HETOKCHYHOCTb, OJIArONpHUSITHOE
BJIMSTHUE M CIIOCOOCTBOBAHUE IMOBBIIICHUIO HMMYHHO-
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ro craryca opranusma. Ilocne ux npuema y NTHIBI HE
HaOJoaeTcsi MOOOYHBIX JACHCTBUIL. A Ui UX CO37a-
HUSI UCTIOJIb3YIOTCS TPABbI, LIBETHI, CIICIIHH.

B cBsI31 ¢ akTyanbHOCTBIO TaHHON TeMaTUKH HaMU
OBUIO TMPOBEJIEHO MCCIIEJOBAaHNE, B KOTOPOM OLICHUBA-
JIOCh BIMSIHHE HA Pa3BUTHE U COCTOSIHHE KMIIEYHHKA
y LUBIUISAT-OpOIIEpOB HOBOTO (PUTOOMOTHUYECKOTO TIpe-
napara, BKJII04aIomIero apupHblie Maciia THMbsIHA, Ope-
raHo, po3MapHHa 1 HKCTPAKT Mepla YHiIH.
MeTtonogorusi u MeToabl ucciaenopanusi (Methods)

bazoii 1uis mpoBeieHUs 3KCIIEPUMEHTAIBHON YaCTH
UCCJIE0BAHUS MTOCTYXKUJI IITUYHUK y4eOHO-OIBITHOTO
X0351MCTBAa YpallbCKOTO TOCYJapCTBEHHOIO arpapHoro
yHHuBepcuTeTa. Cxema Hay4dHO-XO035IICTBEHHOTO OITbITa
npejcTasieHa B Tabmuue 1.

Cytounsble 1piuisitTa kpocca Pocc-308 co cpenneit
JKUBOW Maccod 42 T ObUIM paCIpENEeICHbl O JBYM
rpymiaM, B KKyl ObUIO MOCAXKEHO 10 44 TroIOBEI.
PasHuna B KOpMIIEHUH NTULIBI KOHTPOJIBHOM U OIIBITHOM
TPy 3aKII0Yaach B TOM, YTO LIBIIJISATa KOHTPOJIBHON
TPYyNIbl HA NMPOTSDKEHUM BCETro IKCIEPHUMEHTAIBbHOTO
nepuoja, a UMEHHO 37 CyTOK, MOJydyalu B KadecTBE
OCHOBHOTO pallMOHa IOJHOLEHHBIH KOMOMKOPM, KO-
TOPBII OTBEYAJI BCEM NMHUTATEIbHBIM TPEOOBaHHUIM IS
JIAHHOTO Kpocca, 0e3 BKIIIOUEHHsI KOPMOBOTO aHTHOMO-
THKA. A LBIUIATaM ONBITHON I'PyNIbI Ha4MHAsA ¢ 5-X
CYTOK B OCHOBHOH paliOH BBOJMJIHM OHOJOTMYECKH
aKTHBHYIO J100aBKY Ha OCHOBE PaCTHTEJILHBIX KOMIIO-

il il ol il il ol

HeHTOB B konmdectBe 0,15 r Ha 1 kxr komOukopma. Ha
MIPOTSYKEHUU BCEr0 TEXHOJIIOTHYECKOTO Meprosa BeIpa-
IIMBAHUS HAIIOJIBHBIM CIIOCOOOM NTHIIA COAEPHKATACh B
OJIMTHAKOBBIX yCJIOBHUSX.

MHUKpOOHOTIOrHYeCcKOe HCCIIeIOBaHHE COJIEPIKUMO-
ro TOJICTOTO OT/AE€Ja KHUIIEUHHUKA (CJENbIX OTPOCTKOB)
MIPOBOAMIIH B 29-THEBHOM BO3pacTe IBILIAT. J[i1st 3T0-
ro Ouomarepual, Mojy4eHHbIH ITOCIIe BCKPBITUS TYILEK
OpoiiiepoB, MHOTOKPAaTHO Pa3BOIMIM W IOJBEPrajind
MHUKpPOOHOJIOrMYECKOMY TIOCEBY Ha CEJICKTUBHBIE IH-
TaTeIbHBIC CPEJIbI.

Mopdorucrosoruieckue UccieaoBaHus POBOAU-
JIKCB T10 B3SITBIM OT 3 TOJIOB M3 KaXKJJOH IpyIIIbI 00pa3-
11aM OpraHoB 37-THEBHBIX NTHUII (BEHAIATUIIEPCTHAS
KHIIKA, TOJCTHIM OTJEeN KHUIIEYHHKa (CJIENble OTPOCT-
kn)). Pukcarus MaTepHraia OCyIIeCTBIUIaCh MPU MO-
Moty 10-IpoLeHTHOTO pacTBOpa HeHTpasibHOTO (op-
MaJyHa.

PesyabTatsl (Results)

B xone uccnenoBaHus OIEHUBANU CTENEHb pa3BU-
TUSI KUIIEYHHKA y LBILISAT-OpOiepoB KOHTPOJIBHOU
W ONBITHOM rpymm. [list aToro n1Bakabl OblIa MpoBeze-
Ha aHaTOMMYecKas pas3JenKa Tyilek — Ha 29-it u 37-i
JIeHb OTKOpMa nTHnbl. OlleHKa KHUIIeYHHKa 110 Macce
B 29 nHel mokaszana, YyTo NTHUIA KOHTPOJBHON IpyTI-
IIBI TIPEB30IILIA ONBITHYIO MO JAHHOMY MOKa3aTello Ha
3,76 1, unu 4,67 % (puc. 1).

Tabnuna 1
CxeMa IpoBeleHN I HAYYHO-X03AICTBEHHOTO ONbBITA
I'pynna KoJsmmuecTBo roJios Yci10BusI KOPpMJIEHUSE
Kontponbnas 422 OcHoBHoli paiuoH (OP) — KOMOUKOPM C MATATEIBHOCTHIO,
Q22 COOTBETCTBYIOILIEH PEKOMEHJAUAM JJIsl Kpocca
OmnpITHAs 322 OP + xopmoBas nobaska B konuuectse 0,15 r/kr koMOuKOpMa ¢ 5-10
Q22 JIHSI BBIPAIIIMBAHUS | JI0 KOHI[A TIEPHO/Ia OTKOpMa
Table 1
Scheme of scientific and economic experience
Group Number of heads Feeding conditions
Control 3822 The main diet is compound feed with a nutritional value
Q22 corresponding to the recommendations for the cross
Experienced 322 The main die + feed additive in the amount of 0.15 g/kg of compound
Q22 feed, from the 5th day of cultivation until the end of the fattening
period
85 84.16 85 84.16
84 7 84 N
83 83
82 )
81 80.4 81
80 80
79 73
78 Z 78

TpynnakortpomeHads  EIpynnaonsiTHaA

Puc. 1. Macca xuweuHuka yoinasm-opoiinepos 6 29 ouetl, 2

Group control B Group experienced

Fig. 1. Intestinal mass of broiler chickens at 29 days, g
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145 145 N

140 140

135 135

130 130

125 125

120 120

115 115

NIpynnakoHTpomeHaa B pynma onbITHAA

Puc. 2. Macca kuueunuka yvinism-6potinepos 6 37 oHetl, 2

190

NlpyonakontpomsHada B pynnaoneITHAA

Puc. 3. nuna kuweunuxa yoimaam-6poiinepos 6 29 oueil, 2

9 228

12 12 =2 12 12 12 12 12 2 12
=2 =2 2 12 E =2 1= 2 2 2

TpyvonakontpomHaa BEIpynnaonelTHAA

Puc. 4. [Inuna kuweunuxa ybinasm-6poiinepos 6 37 oueil, e

B 37 mHeit Macca KHIIICUHHKA HBITLIAT-OpOiliepoB
OTIBITHOM TPYMIIBI cOcTaBuia 146 1, Toraa Kak B OIBIT-
HOMU McCleyeMbli moKka3aTelb ObLT HIKE KOHTPOJIBHO-
ro Ha 18,7 1, umm 14,68 % (puc. 2).

ITomMrMoO Macchl, OLIEHUBAH TaKXKe UTHHY TaHHOTO
OopraHa NTHIBI B aHAJOTHYHBIC BO3PACTHBIC MEPUOIBI
(puc. 3, 4).

B Bo3pacte 29 naHeil Oosiee MJIMHHBIA KHIICYHUK
OBUT y IBIIUIAT ONBITHON Tpymmbl, cocTaBuB 190 cmM,
MIPEBBIIIAs KOHTPOJIbHOE 3HaYeHNUE Ha 7 cM, miu 3,8 %

(puc. 3).
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Croup control B Group experienced

Fig. 2. Intestinal mass of broiler chickens at 37 days, g
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Fig. 3. The length of the intestines of broiler chickens
in 29 days, g
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Croup control

Fig. 4. The length of the intestines of broiler chickens
in 37 days, g

B Bo3pacre 37 nHel KMINEUHUK MTHIIBI, TOTy4YaB-
el (pUTOOMOTHK, OBLI UIMHHEE aHAJOTHYHOIO KOH-
TPOJIBHOM IpymIiel Ha 5 oM, wiu 2,2 % (puc. 4).

Takum 00pa3oM, MPU MEHBIICH Macce KHIICUYHHK
NTHUIBI OMBITHOW TPYNIBI ONEpeXana IO JJINHE KH-
[IEYHUK KOHTPOJIBHBIX OPOUICPOB, CBUACTEILCTBYS O
6oree MHTEHCHBHOM Pa3BUTHH JAHHOTO OTJIENA JKely-
JIOYHO-KMILIEYHOTO TPaKTa OMBITHOM NMTHIIBI TOJ JIei-
CTBHEM HCClielyeMoro (urorpernapara, 4ro, B CBOIO
ouepe/b, SBISETCS MPEINOCHUIKON JUISl YBETUYCHUS
IJIOIIA/IM BCACHIBAHMS IMHMTATEJIbHBIX BEIIECTB B KH-
[IEYHUKE OPOIIIEPOB.
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Kak n3BecTHO, B JKM3HM LBIUIAT OOJbIIOE 3HAYe-
HHUE MMEeT HadyaIbHBIN TEepHO, TO €CTh MEepPBBIE CyT-
KU TI0CJIC BBIBENICHUSI. JTOT MEPHOJ Ja)XKe CUMTACTCS
KPUTHYECKUM. VIMEHHO B TeYEHHE IEPBBIX 5 CYTOK
LBIIIATA TIEPEKUBAIOT META0OIHMYECKUE U (PU3NOTIOTH-
YeCcKHe M3MEHEHHs B OpraHu3Me, MOCKOJIbKY 3TO Bpe-
Ms1 00YCIIOBJICHO TEPEXOAOM IMUTAHUS C XKeNTKa (IIpu
SMOpHOHAILHOM Pa3BUTHH) Ha CyXoil kopM. Bechb atoT
TIepexo;] MapauIenbHO COMPOBOKAACTCS HHTEHCHBHBIM
pa3BUTHEM KHIIEUYHUKA. KHIIEUHNK NOIDKEH aKTUBHO
Ppa3BUBATHCS, ISl TOTO YTOOBI 00ecreynTh dPPEKTHB-
HOE HCIIONIb30BAaHNE MHUTATENbHBIX BEIIECTB OT TOINY-
4aeMOro KOMOUKOpMaA.

B ciryuae korma kumednas MEKpoguopa hopMupy-
€TCsl CIIMIIKOM MEJUICHHO, J)KU3Hb IBIIIISIT CTAHOBUTCS
3aBUCHMOW OT OKpY)KalomuX (HakTopoB, TaKUX Kak
KaueCTBEHHbIE TTOKA3aTEIH BOJBI M KOPMA, a TAKKe OT
YCIIOBUH COIEPIKAHMUSL.

Paznuunble nccaen0BaHms JOKa3alH, YTO HOPMab-
Hass MuKpoduiopa opraHusMa (YHKIHOHAJIBHO yd4a-
CTBYET B Pa3JIMUHBIX CUCTEMax OpPraHW3Ma, TAKHX Kak
9HJIOKPHHHAsI, CEPAECUHO-COCYANCTAasl, HEPBHAS U T. 1.
Bornee Toro, Mukpodiopa opraHu3Ma IpUHAMAET yda-
ctre B (OPMHUPOBAHMN HMMYHHTETa, OPTaHHYECKHUX
BEILIECTB, HANpHUMep OEJIKOB, TOPMOHOB, BATAMUHOB 1
JIPYTHX COCAWHEHWH, B TOM 4HCIEe aHTHOMOTHYECKHX.
Takke oHa JEHCTBYET Kak IPelOXpaHUTENb OPraHu3-
Ma OT NPOHUKHOBEHHS M BO3JCHCTBHS IaTOr€HHBIX
MHKpPOOPTaHU3MOB. Bce 3TH (hakThI TOBOPST O TOM, UTO
MHUKpO]JIOopa OKa3bIBaET CYIIECTBEHHOE BIMSHHE Ha
YCBOGHHE MUTATEIBHBIX BEIIECTB, TAK KaK OHA HEIIO-
CPEJICTBEHHO BO3/ICHCTBYET Ha NEPEeBaAPUMOCTh KOpMa
1 MHTEHCUBHOCTb Pa3BUTHS IHIIEBAPUTEIBHON CHCTE-
MBI IITULIBL.

MHorue ydeHble B HACTOSIIEE BPEMsI CXOJSTCS BO
MHEHUH, YTO MMEHHO KHIIEYHHKY OTBOIUTCS POIIb
NEepBOro 3alMTHUKA OPraHu3Ma OT NaTOreHOB, IPOHH-
KaloInX U3 BHEIIHeH cpezpl. [Tomrmo sToro, cunraer-
Csl, YTO UMEHHO KHIIEYHHUK SIBIISIETCS] CAMbIM OOJIBIINM
OpraHoM, KOTOPBIH y4acTBYeT B HMMYHHOM IIpoliecce
OpraHusma.

B coctaB MUKpOGIIOpHI KUIIEYHHKA MITHIIBI MOXKET
BxonuTh Oonee 400 BUIOB pa3HBIX MUKPOOPTaHU3MOB.
K OCHOBHBIM mpejcTaBUTENsIM OTHOCSATCS OHpuUI0-,
nakrobaTepun U OakTepronabl. Ha ux momo B oOmiei
CTPYKType mpuxoanutcs okoio 90 %.

DBOJIIONMOHHO MUKpO(IIOpa KUIIEYHHKA Y MHOTO-
KJIETOYHBIX OPTaHU3MOB PAa3AEINIACh HA JIBE OCHOB-
HbIE TPYIIIBL: IOCTOSIHHBIE ¥ HettocTosiHHbIE. [TocTosH-
Hasl, WM aBTOXTOHHAsI, TIPEICTABIICHA TPYIIONH MUKPO-
OpraHM3MOB, KOTOPbIE BCET/a MPUCYTCTBYIOT B KHIIIEY-
Huke. J[pyras rpymnma Ha3bIBaeTCs TPaH3UTOPHOM, WIN
QJIJIOXTOHHOM, €€ MPEeJICTaBUTEISIMU SIBIISTIOTCS YCIIOB-
HO-TIATOTE€HHBIE W MAaTOreHHbIE MUKPOOpraHu3mbl. Ha
KOJINYECTBEHHOE COJIEPKaHHE AJUIOXTOHHON TPYIIIBI
MHUKpPOOPTIaHU3MOB B KHIIEYHHKE NTHIBI OKa3bIBAIOT
3HAUUTENFHOE BIMSHUE Ka4eCTBO M BUJI KOPMA M BOJIBL.
B 3mopoBoM opranmsme HopMoQopa BCEraa MpeBbl-

aeT YUCJICHHOCTh TPAH3UTOPHOU IPYIIbl MUKPO-
oprann3MoB. OHAKO 3TOT OanaHC MOXKET OBITh JIETKO
HapyIlIeH.

Y HOpMOQIIOpBI KHUIIEYHHKA MMeeTCsl Psi QyHK-
UM, IaBHOM M3 KOTOPBIX MO>KHO Ha3BaTh KOJIOHM3a-
LIMOHHYIO PE3UCTEHTHOCTh. VIMEHHO OHa ompezaesser
CTENEHb 3allUTHBIX CBOWCTB opraHusma. Kak ToJbKO
Ha OpraHU3M Ha4YuHAIOT BOSI[efICTBOBaTB pas3InuYHbIC
HeraTUBHbIC (DaKTOPBI, MOXKET HAPYLIUTHCS CTAOMIb-
HOCTB (MIOPBL, YTO B UTOTr€ IIPUBEAET K BO3HHKHOBE-
HUIO JIMCOMO30B.

DopMbl, KOTOPBIE BBIIEISIOTCS BO BpeMs AnucOak-
Tepuo3a, 00IaIar0T PSIIOM 0COOCHHOCTEH, HapUMep,
OHU XapaKTepH3YIOTCsS MHOKECTBEHHOM JICKapCTBEH-
HOM yCTOMYMBOCTHIO. Takke OHM HETraTUBHO CKa3bl-
BAIOTCSl HA YWCIICHHOCTH OM(UIO0- W JaKTOOAKTEpHiA,
KOTOpBIE, B CBOIO O4YE€pe/lb, BBITIOIHIIOT Ba)KHEHIINE
(yHKIMM B KHIIEYHUKE. BO-TIEpBBIX, OHU BBINOIHSIOT
3aMUTHYIO (DYHKIUIO CIM3MCTOM KHIIEUHHKA, IIpe-
TMATCTBYS MPOHUKHOBEHUIO MMAaTOITCHOB B KPOBCHOCHYIO
cucreMy. Bo-BTOpBIX, y4acTBYIOT B CHHTE3€ aHTHOWO-
THUKOIIOJOOHBIX BEIIECTB W BUTAMHHOB TIpymmbl B.
B-TpeTbnx, OKa3bIBAIOT CTUMYNIUpYIOIIEE BIUSHNAEC Ha
3aIIUTHBIE CBOHCTBA OPraHU3MOB.

B xozxe ananmza cocTostHUst MUKPOQIIOPHI TOJICTO-
TO OTZAEeNa KHUIIEYHUKA (CIEIBIX OTPOCTKOB) IBITUIAT-
OpoiIepOB YCTaHOBJIEHO OTCYTCTBHE U B KOHTPOJILHOIM,
U B ONBITHOW TPYIIE ITATOreHHBIX MHUKPOOPTaHU3MOB
(IIMresuIBl, CalbMOHEIUIBI, KaMIHUIO0aKTePHI, AUApO-
TeHHbIC JUIEPUXHHU, UepcHHHH, Bacillus cereus, aspo-
MOHAC, TJIE3NOMOHAC).

W3 moreHuManbHO MaTOreHHOW (JIOphl HEe ObUTH
OOHapYKEHbI B COJACP)KUMOM CJICTIBIX OTPOCTKOB IT0-
JOMIBITHBIX LBIUIAT 3HTEpoOaKTepuu KieOcuenia,
sHTepobakTep, ceppanmus, HeepMEHTHPYIOIIHE Ipa-
MOTpUIIATENbHBIE MAJIOYKH — CHHETHOWHAS IaJovKa,
alMHeTo0aKTep, IPAMIIONIOKHUTEIbHBIE KOKKH — 30-
JOTUCTBIA CTaQUIOKOKK, TrpuOKoBas (mopa Candida
sp. Ilpu 3ToM B 00eux rpymmax HMeId MeCTO ObITh
Staphylococcus Saprophyticus u Trichosporon asahii,
C KOJIMYECTBEHHBIM MNpeoOIaJjaHueM B KOHTPOJILHOM
rpynme — Ha 40 %.

Brutouenne (puTOOMOTHKA B pAIFiOH LBIIIAT HE
0Ka3aJI0 BO3JEHCTBHSI HA HOPMO(IIOPY CIIETBIX OTPOCT-
KOB: KOJHMYECTBCHHOE COJICP)KAHME JIAKTOOAKTEpH,
OouduI00aKTePHil M KMIICUYHON aTouKu (HOpModop)
B 9TOM OT/IeJIe KHIIEYHHUKA Y ITUIIBI 00eNX IPYIIT HaX0-
JIMJIOCH B TIPEJiEIax YCTaHOBIEHHBIX HOPM H HE UMEJIO
CYILLIECTBEHHOM pa3HULLBL.

Jliist nomyuennst 6osiee MOTHOM KapTHHBI COCTOSTHUS
1 pa3dBUTHA KUIICYHUKA Y IITUILL KOHTpOHBHOﬁ " OIIBbIT-
HOH TpymI ObUIO MPOBEAEHO MOP(OTUCTOIOTHIECKOE
HCCIIEOBAHKE IBEHAUATUIIEPCTHON U CIENON KUILIKH
(clernsIX OTPOCTKOB).

B nBeHammaTumepcTHOW KUIIKE 0co0ei KOHTPOIb-
HOW TpyMIbl HAOJFONAIMCh BOCHAIUTEIbHAS PEaAKIIUs
BOPCHHOK (pHC. 5), THIIEpCEKpelysi KPUNT U TUIepe-
MHUSI COCYZIOB MBIIIIEUHOM 0005109KH (pHC. 6, 7).
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“Puc. 5. Cpes 06eHadUaMUNepCMHOIL KUWKY UblnASm
KonmponvHoti epynnul. Ys. 200
Fig. 5. Section of the duodenum of chickens
of the control group. Zoom 200
e R T ;
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Puc. 7. Cpes 0senaduamunepcmuoti KUMWKY Ybinasm
KoHmponvHoti epynnwl. Ye. 400
Fig. 7. Section of the duodenum of chickens
of the control group. Zoom 400

Puc. 9. Cpe3 0senaduyamunepcmmnoti KUK Ublnism
onvimuotl 2pynnul. ¥8. 400
Fig. 9. Section of the duodenum of chickens
of the experimental group. Zoom 400

Ha puc. 8, 9, 10 npencraBieHs! cpe3bl ABCHAIIA-
TUIIEPCTHON KHUIIKK TOHKOTO OTJeNla KUIICYHNKA IIbI-
IUISAT-OpOUIIEPOB OMBITHOW TPYIIITEI, KOTOPBIE ITOTpE-
Ot UTOOMOTHYECKUH TIpeTapar.
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Puc. 6. Cpe3 08eHadyamunepcmuotl KUWKY Ybinasm
KonmponvHoti 2pynnul. Ys. 400
Fig. 6. Section of the duodenum of chickens
of the control group. Zoom 400

L Fch

Puc. 8. Cpes 0senadyamunepcmuoll KUMKU UbNASM
onvimuoti epynnwt. Ys. 400
Fig. 8. Section of the duodenum of chickens
of the experimental group. Zoom 400
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Puc. 10. Cpes dsenadyamunepcmuoti KUMKU YblNaAAm
onvimuoti epynnul. Ye. 400
Fig. 10. Section of the duodenum of chickens
of the experimental group. Zoom 400

[IpencraBneHHble 00pa3Lbl yKa3bIBAIOT HA HAJTHYHE
Ha [MOBEPXHOCTH SIUTEIIHUS IBEHAIIIATUIIEPCTHON KHUIII-
KU Y UBIUISAT-OpOHIIEPOB OIBITHOM I'PYIIIBI B ITPOCBETE
W MEXJTy BOPCHHKaMH HaKOIUICHUH KaTapalbHOTO IKC-
cynara. Taxoke ObIIIO OTMEYECHO YTOIIIICHUE MBIIICUHOMH
00o0mouKy 1 KpoBom3nusHuA (puc. 8§, 9, 10).
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Puc. 11. Cpes cnenoti KUMKU UbINAAM KOHMPONLHOLL
epynnut. Ya. 400
Fig. 11. Section of the cecum of chickens
of the control group. Zoom 400

Puc. 13. Cpes cnenoti Kuuiku yblnasm KOHMpPOnAbHOU
epynnut. Ye. 400
Fig. 13. Section of the cecum of chickens
of the control group. Zoom 400

Janee oreHMBaIOChH MOP(OTUCTOIOINIECKOE CO-
CTOSIHUE CJIENOW KUIIKU MOAONBITHOM NTULBL. Pe3yib-
TaTbl OMoMmarepuana BT KOHTPOIBHOM TIPYIIIBI
mpeacTaBieHsl Ha puc. 11, 12, 13.

Cnmsucrass 000J0YKa CIEMBIX OTPOCTKOB TOJICTO-
TO OT/eNa KUIIEYHWKA y IBIIUIAT-OpOoiiepoB U3 KOH-
TPOJIBHOH TPYIIIBI XapaKTePHU30BaIach HATUINEM BOC-
naJuTeIbHbIX HHpUIBTparos (puc. 11).

Bo Bcex ananmmsmpyeMbIx oOpasiax KOHTPOIBHOM
rpynnsl  (GUKCHPOBANM aKTHBHYIO BOCHAIUTENBHYIO
uHuiIbTpaimio (puc. 12). Takke CTOUT OTMETUTb, YTO
cepo3Has 000JOYKa CIIENON KHUIIKKA OBLTa yTOJNIICHA
(puc. 13).

MophorucTonornueckiii  aHaau3 cpesa  Cciernon
KHIIKA LBIIUIAT-OpOHIepOB ONBITHON T'PYHIIBI CBHIC-
TEJBCTBOBAT 00 YMEPEHHO IPOTEKaromied BOCHAIH-
TEJBHON PEaklUM B OpPTaHe M HAJIWIMU aKTHBHU3UPO-
BaHHBIX TUM(GOUAHBIX QOUTUKYIOB (puc. 14).
Oo6cy:xnenue u BbIBoAbI (Discussion and Conclusion)

OuToONOTHIECKHE KOPMOBBIE HOOABKH AKTHBHO
HCCIEeIYIOTCS 110 BceMy Mupy. B HacTosiee Bpemst oHn

\4

: < X . e e
Puc. 12. Cpes cnenoit KuKu yblnasm KOHMPOnbHOU
epynnul. Ya. 400
Fig. 12. Section of the cecum of chickens
of the control group. Zoom 400
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Puc. 14. Cpe3s cnenoii KumiKu 4blnaam onvimuotl epynnol.
Ys. 200
Fig. 14. Section of the cecum of chickens
of the experimental group. Zoom 200

OTHOCSITCA K Hanboliee MEepCIEeKTHBHBIM HMHCTPYMEH-
TaM, KOTOpbIE MOXXHO HCIIOJIb30BaTh sl O€30MacHON
60pBOBI ¢ TATOTEHHOW MHUKPO(IOPOIl KUIIIEUHNKA IIBI-
IUIAT-OPOHIIEPOB B IPOMBIIIJICHHBIX YCIOBHSAX.

OTeyecTBeHHBIE W 3apyOCKHBIC yUYCHBIE aKTHBHO
n3y4aoT 3QPEKTUBHOCTD MPUMEHEHUsT (PUTOOHMOTHKOB
B BONPOCE ONTHMH3ALUM MHKPOOHMOTHI KHIICYHHKA
IBIIUIT-OPOUIEPOB.

Tak, B uccinenoBanusx X. VIBUHCKH U €TO COaBTO-
POB OBLIO JJOKA3aHO, YTO CMECh (PUTOOMOTUKOB MOMKET
UCTIONIB30BATECS B KAYE€CTBE OYEHb CHIILHOTO IPHPOJI-
HOTO aHTHOAKTEPUAIILHOTO CPEICTBA B OOpbOE MPOTUB
TPaMOTPHLATEIBHBIX TTATOTCHOB MHUIIIEBOTO TPOUCXOXK-
nenus [18].

P. Ucmam un U. 10. Ille#ix B cBOUX HMCCIIEMOBAHUAX
YTBEPIKIAIOT, 9TO (PUTOOMOTHUKN OOJIATarOT BBIpaskeH-
HBIM aHTUMHUKPOOHBIM, aHTHKOKLIUANIHBIM, TPOTUBO-
IpUOKOBBIM, aHTHOKCHIAHTHBIM, HMMYHOCTHMYJIUPY-
IOIINM, HYTPUT€HOMHBIM BO3/EHCTBUSIMH, CBSI3aHHBI-
MH ¢ JUNOQUIBHBIM XapakTepoM. [IpoHuKas B Kiie-
TOYHYI0 MeMOpaHy Bo30yaurenei, Gputodnornyeckue
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KOMIIOHEHTBI MPUBOIAT K €€ Pa3pyLICHUIO U YTEUKe
HOHOB. YCTaHOBJEHO, YTO JaHHBIC Mperaparbl Mpo-
SBJISIOT IIMPOKYI0 aHTHOAKTepHaJIbHYIO aKTHBHOCTH
NPOTUB BPEIHBIX OAKTEPHUii, TAKUX KaK KUIIEUHAs Ia-
JIOUKa, CalbMOHeIIa U KiocTpuauu [19].
[IpoBeneHHBIC HAMH HCCICIOBAHHS TOKA3AH, YTO
BKJIFOYEHHE HCIBITYeMOro (pUTOOMOTHYECKOrO IIpe-
napara B palMOH LBILISAT-OpoiiiepoB criocoOCTBOBaA-
JIO YBCJIMYCHUIO JUIMHBI KUIICYHUKA IITUIILI OINBITHOM
Tpynribl, CBHUIACTCILCTBYA O BO3paCTaHUM BCacCbIBa-
TEJIbHOU TMOBEPXHOCTU [JId MUTATCIbHBIX BEIICCTB B
OpraHu3Me. AHAJIU30M COCTOSTHHUSI MUKPOMIOPBI TOJ-
CTOTO OT/IeTIa KHIIICUHHKA OPOHIEpPOB ONpe/IeIeHO, YTO
HccrenyeMasi KopMoBasi 100aBKa He OKa3bIBaeT Hera-
TUBHOTO BO3JCHCTBUS Ha IPEICTaBUTEIICH HOPMOQ-
JIOPBI KUINCYHHKA, IMPU 3TOM CYHICCTBECHHO CHHUXKACT
KOJIMYCCTBO MOTCHUHAJIBHO IMaTOICHHBLIX HNPEACTaBH-

P
- Ypana. CrewyyranbHbtit Bbimyck «buonoris i 6uotexronoriimy, 2022 1.
N

Tener MUKpoonoTel — Staphylococcus Saprophyticus u
Trichosporon asahii. Mopdorucronoruyeckue uccie-
JIOBAHMSI JEMOHCTPHPOBAIM MMMYHOMOJYJIHNPYIOLIHE
CBOIiCTBA (PUTOOMOTHKA, YTO BBIPAYKAIOCH B YMEPEHHO
MPOTEKAIOLIUX TPOLECCaX BOCHAJICHUS B CIEIBIX OT-
POCTKax y OIBITHBIX LBIUIAT K KOHIy TEXHOJIOTHYE-
ckoro nukia (37 nHel) U B HaJMYUHM aKTUBU3UPOBAH-
HBIX JIMM(OUTHBIX (OJUIMKYIIOB Ha ()OHE BBIPAKEHHOMH
BOCHAINTEIbHON MHOUIBTPALMH 3TOrO0 OpraHa B KOH-
TPOJIBHBIX 00pa3iax. Takum o0pa3oM, MOXKHO cliesiaTh
3aKJIIOYCHUE O OJIArONMpPUSITHOM BO3/EHCTBUM H3yuae-
MOT0 Ipernapara Ha CTPYKTYpy U (QyHKIMH KUILIEYHUKA
LBIUISIT-OPOMIIEPOB, YTO, B CBOIO OYEPE/b, SIBISIETCS
OMOJIOrMYECKOM MPENOCHUIKOM MO3UTHBHOTO €T0 BIIH-
SIHUSI Ha TIEPEeBapUMOCTh M UCIIOJIb30BAHUE ITUTATEIb-
HBIX BEIIECTB KOMOMKOpMa, a, CIIeJOBAaTelIbHO, M Ha
OCHOBHBIE I10Ka3aTeJi MPOYKTHBHOCTH MTHIIBL.
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The state of the intestines of broiler chickens when
a phytobiotic supplement is included in the diet

E. V. Shatskikh'*, D. E. Korolkova-Subbotkina'
!Ural State Agrarian University, Ekaterinburg, Russia
“E-mail: evshackih@yandex.ru

Abstract. The purpose of the study was to assess the state of the intestinal tract in broiler chickens when a phy-
tobiotic preparation is included in the diet. Methods. The studies were carried out as part of a scientific and eco-
nomic experiment on broilers of the Ross-308 cross, formed into the control and experimental groups (n = 44).
The experimental bird, in addition to the main diet, from the Sth day of life received a phytobiotic supplement in
the amount of 0.15 g per 1 kg of feed. During the experiment, the following were evaluated: the mass and length of
the intestines of chickens; the microflora of the blind processes according to the results of microbiological seeding
on the necessary selective nutrient media; morphological and histological changes in the duodenum and caecum.
Results. A tendency was revealed to increase the length of the intestine in broiler chickens of the experimental
group: at the age of 29 days it was longer than that of chickens in the control group by 3.8 %, at 37 days — by 2.2 %.
The inclusion of the phytobiotic in the diet of broilers did not affect the state of the normoflora of the caecum of
birds, but had a significant effect on reducing the number of potentially pathogenic representatives of the micro-
biota — Staphylococcus Saprophyticus and Trichosporon asahii. Morphohistological studies demonstrated moder-
ate inflammation processes in the blind processes in experimental chickens by the end of the technological cycle
(37 days) and the presence of activated lymphoid follicles, against the background of a pronounced inflammatory
infiltration of this organ in control samples. The scientific novelty lies in the fact that for the first time studies have
been carried out to study the effect of a new phytobiotic preparation on the development of the intestinal tract of
broiler chickens, on the composition of the microflora of the blind processes, the morphological and histological
state of the duodenum and caecum. A conclusion was made about the favorable effect of the studied preparation on
the structure and functions of the analyzed organs, which in turn is a biological prerequisite for its positive effect
on the digestibility and use of feed nutrients, and, consequently, on the main indicators of poultry productivity.
Keywords: broiler chickens, phytobiotic, intestinal microflora, feed antibiotics, pathogenic microflora, biologically
active additives.
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The effect of straw on the humus state of chernozem
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Abstract. The purpose of the research is to present the results of studies obtained in the long-term stationary
experience of the Geographical Network of Experiments with Fertilizers of the Russian Federation on the effect
of various methods of straw, crop residues and nitrogen fertilizers utilization on the humus state of leached black
soil. Establish the effect of the systematic introduction of straw and crop residues on the content of total and labile
humus in leached black soil, provide data on the fractional composition of humus. Methods. There were used
conventional methods: total nitrogen by the method of indophenol greens, humus according to Tyurin in Sima-
kov’s modification; fractional group composition according to Ponomareva and Plotnikova; labile carbon — by the
release of humic substances during treatment with 0.1n NaOH, soil treatment with sodium pyrophosphate 0.1m
Na,P,O, (Dyakonova’s method) and hot water (Schulz’s method). Results. The results of studies obtained in a
long-term stationary experiment on the study of the effect of straw and crop residues on the humus state of the soil
are presented. It has been established that the annual introduction of straw and crop residues into the soil makes
it possible to maintain the humus state of the leached black soil at the level of the initial content. Significant dif-
ferences in the humus reserves in the arable soil layer according to the methods of utilization of organic residues
were not revealed, they were assessed as very high. On a long fallow, humus reserves were high, on virgin lands
they were ultra-high. The results of the studies showed that the fractional composition of fulvic acids depended on
the method of using straw and stubble residues; the fractional composition of humic acids did not differ from the
method of utilizing straw and stubble residues. A decrease in the content of total humus was revealed against the
background of burning and removing straw and stubble, while an increase in its content was noted during the sys-
tematic plowing of post-harvest residues. Scientific novelty consists in changing the fractional-group composition
of humus when using organic residues (straw, stubble) for the reproduction of soil organic matter.

Keywords: organic matter, humus, labile humus, nitrogen, fractional composition of humus, humic acids, fulvic
acids, nitrogen fertilizers.
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Introduction searchers, the annual loss of organic matter in Russia

The earth as a natural body and the main means of
agricultural production is a constantly changing sys-
tem. All atmospheric processes, physical phenomena,
flora, fauna affect the state of the earth, especially its
upper layer. Reproduction of soil fertility is one of the
most important tasks of agriculture. Under conditions
of intensive use of arable land, especially in areas prone
to erosion processes, the problem of restoring the loss
of soil organic matter remains without the necessary
attention, dehumification is noted, expressed in a no-
ticeable decrease in natural humus reserves. The low
ability of soils to form humus is explained by the insuf-
ficient supply of fresh organic matter to the soil. With
low reserves of organic matter, especially during the
growing season and under adverse weather conditions,
plants are prone to depression. According to many re-
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reaches 0.3-0.4 t/ha, significantly increasing in areas
with the manifestation of erosion processes [1-3]. The
decrease in the number of livestock in the farms of the
region, the increase in prices for fuel and lubricants
have sharply reduced the volume of organic fertilizers
applied to the soil. In this situation, it was important to
find alternative ways to replenish the reserves of organic
matter in soils on arable land. At the same time, straw,
tops and other production wastes become the cheapest
and most accessible source of organic carbon replen-
ishment. However, information about the role of straw
used as organic fertilizer is highly conflicting. This is
explained mainly by the difference in soil-climatic and
technogenic conditions in experiments carried out by
various scientific institutions.
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Humic substances are the dominant factor in the
state of natural soil fertility. The agrophysical and ag-
rochemical properties of the soil, the state of its bio-
logical activity depend on the content of humus and its
qualitative characteristics. In well-humused soils, the
processes of mobilization of plant nutrients proceed
better, such soils are less prone to overconsolidation,
and are better aerated. The natural-historical process
caused differences in the reserves and qualitative com-
position of the humus in the soil cover of the earth. In
agricultural soil science, humus is considered as an
integrated indicator of the economic value of the soil.
The chemical composition, physical condition, biologi-
cal activity, energy potential and other properties of the
soil depend on the content of humus in it, the ratio of its
various components — humic and fulvic acids, humates,
etc. [3-9].

In the natural environment, the stationary equilib-
rium state of humic substances is maintained by the
phytocenosis characteristic of this soil-climatic zone.
Quantitative and qualitative changes, together with
erosion and deflation, contribute to the imbalance of
organic matter, the activation of destruction processes,
and, ultimately, the decrease in the humus reserves in-
herent in this soil. Under the conditions of extensive
farming on fields not fertilized with manure and com-
posts, the most radical and, at the same time, affordable
and low-cost means of enriching the soil with organic
matter is straw cutting, introduced into the soil when
harvesting grain crops.

Methods

The experiment was carried out on permanent sow-
ing of spring wheat. The arrangement of options is ran-
domized, the backgrounds are sequential. The experi-
ence is laid by the method of split plots: the plots of the
first order are the backgrounds for the use of straw, the
second — the doses of nitrogen fertilizers. Harvesting
in the experiment was carried out by direct combining,
while leaving chopped straw on the field surface. In
parallel with this, the removal and burning of the entire
non-grain part of the crop is carried out.

Background 1 is a traditional, accepted practice,
when the straw is removed from the field.

On background 2, chopped straw is annually
left, which is incorporated into the soil by repeated
(2-3 tracks) disking with a heavy disc harrow.

On background 3, the entire non-grain part of the
crop is removed by combing (multiple harrowing).

On background 4, the straw is evenly spread out
over the experimental plots by hand and burned, af-
ter which disking is carried out in order to prevent the
spread of ash and ashes by the wind.

On backgrounds 2 and 4, the same amount of straw
is left.

Subsequently, moldboard plowing of all back-
grounds to a depth of 23-25 cm is carried out across
the plots.

The amount of straw introduced into the soil is de-
termined by meter platforms and weighed on scales
with an accuracy of 0.1 kg.

Mineral fertilizers are spread into the soil for pre-
sowing cultivation.

Repetition 4-fold. The total number of plots in the
experiment was 64. The area of the elementary plot of
the first order was 800 m?, the area of the second or-
der was 200 m? (50 x 4), and the accounting plot was
190 m? (50 x 3.8).

In studies of soil organic matter, generally accepted
methods are used: total nitrogen — by the indophenol
green method; humus — according to Tyurin in Sima-
kov’s modification, fractional-group composition of
humus — according to Ponomareva and Plotnikova.
To extract labile carbon, the following methods were
used: isolation of humic substances during treatment
with 0.1 N NaOH, soil treatment with sodium pyro-
phosphate 0.1 M Na,P,O. (Dyakonova’s method) and
hot water (Schulz’s method).

Results

As a result of long-term studies, a decrease in the
content of total humus was revealed compared to the
control (5.72 %) against the background of burning
and removing straw and stubble to 5.45 and 5.51 %,
respectively. While with the systematic plowing of
post-harvest residues, the humus content increased to
6.03. For comparison, the results of observations of the
humus state of the soil in a state of long-term fallow-
ing and on a virgin analogue of the studied type are
given. With prolonged fallowing, the content of total
humus decreased to 4.22 %; on the virgin analogue
of leached black soil, the content of total humus was
10.2 %. Against the background of nitrogen fertilizer,
in the variants with the studied methods of straw utili-
zation, the humus content was higher, which is due to
the large amount of fresh organic matter entering the
soil in the form of crop and root residues (Table 1). The
same results were obtained in studies by other scien-
tists, including German ones [14—16].

The main source of nitrogen in the soil is humus.
Humus nitrogen passes into soluble and accessible
forms as a result of a number of complex and lengthy
microbiological transformations. Soil nitrogen, pre-
sented in the form of complex organic substances of
humus, becomes available to plants only after its min-
eralization. The intensity of mineralization of humus
nitrogen depends on the physical and chemical proper-
ties of the soil, climatic and agrotechnical conditions.
When studying the humus state of the soil in long-term
experiments, it is advisable to determine the enrichment
of humus with nitrogen and the content of labile, easily
transformable humus in it, which is very important for
assessing the nearest reserve of nitrogen necessary for
the growth and development of plants [3; 7; 8].
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Table 1

Influence of straw utilization methods on the humus state of the soil (average for 1971-2020)

Option Nitrogen dose, Humus content. % Humus reserves | Enrichment of humus| Labile
P kg/ha > 721 (0-30 cm), t/ha with nitrogen, C:N | humus, %
The straw 0 5.72 238.5 10.0 0.40
is removed, . Below the average Very high Average
the stubble is 80 5.79 241.4 10.5 0.46
plowed Below the average Very high Average
Systematic 0 6.03 251.4 11.4 0.44
plowing straw Below the average Very high Low
and stubble 80 5.93 247.3 10.8 0.45
Below the average Very high Average
Straw and 0 5.45 227.3 9.0 0.42
stubble removal Below the average Very high Average
80 5.58 232.7 10.0 0.41
Below the average Very high low
Systematic 0 5.51 229.8 9.6 0.36
burning of Below the average Very high Average
straw and 80 5.74 239.4 11.8 0.36
stubble Below the average Very high low
Long steam - 4.22 175.6 11.3 0.39
Below the average High Low
Virgin soil - 10.2 425.3 12.2 1.01
High Ultra-high Low

Studies have shown that the humus content in all
studied variants of a long-term stationary experiment
was assessed as below average, only on the virgin soil
analog, the humus content was high. The reserves of
humus in the arable layer of the soil did not differ sig-
nificantly according to the methods of utilization of or-
ganic residues and were assessed as very high, while
they were high on a long-term fallow, and ultra-high
on virgin lands.

The enrichment of humus with nitrogen character-
izes the nitrogen regime of the soil, which is formed
after the mineralization of organic matter.

The data in Table 1 show that when a large amount
of organic matter enters the soil, humus with a low
nitrogen enrichment is formed, while humus with an
average degree of enrichment is formed in the variants
with straw removal.

The low enrichment of humus with nitrogen in the
variants with long-term fallow and virgin soil is ex-
plained by the limited supply of organic matter. In the
virgin lands, despite the richness in nitrogen, in the bal-
ance of nitrate nitrogen available to plants, according
to A. E. Vozbutskaya, there is a predominance of the
expenditure part (consumption by plants, restoration)
over the incoming part (nitrification).

One of the important points in the study of the qual-
itative characteristics of humus is the determination of
mobile, labile forms, water-soluble components of the
composition of humus as the most sensitive to natural
and agrogenic influences [5; 12; 15].

The results of the determination of easily trans-
formed organic matter, presented in Table 1, show the
undoubted advantage of the variant with the system-
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atic plowing of straw and stubble; the content of labile
carbon, determined in the pyrophosphate extract, was
the highest here and amounted to 0.44 %, while in the
control variant it was only 0.40. The least labile carbon
is in the variant with systematic burning of the entire
non-grain part of the crop and perpetual fallow (0.36—
0.39 %, respectively).

In the study of soil organic matter, according to the
methods proposed by the Geoset laboratory, we carried
out laboratory studies on the extraction of labile (trans-
formable) humus from the soil with various reagents
in order to unify the methods for determining labile
humus.

The highest total carbon content was noted on the
virgin analogue of leached chernozem, it amounted
to 5.55 %; the smallest — with the annual removal and
burning of straw and stubble without the introduction of
nitrogen (2.93 and 3.11 %, respectively); when apply-
ing nitrogen fertilizer, it increased to 3.02 and 3.14 %,
which was caused by the influx of more root residues
in these options. Against the background of the annual
plowing of straw and stubble, the content of total car-
bon without nitrogen was 3.38 %.

Studies have shown a different degree of extraction
of labile organic matter during extraction with various
preparations. So, when extracting 0.1 N NaOH on vir-
gin soil, up to 24.0 % of carbon was extracted, in other
options in this extract, from 16.1 to 20.1 % of the total
soil carbon was extracted.

When extracting labile organic matter with a py-
rophosphate extract (0.1 m Na,P,0.) without apply-
ing nitrogen fertilizer against the background of straw
and stubble plowing, the content of labile carbon was
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14.8 % of the total; against the background of straw and
stubble burning only 13.2%. Also, little soluble organic
matter was extracted from virgin soil, which is due to
the greater stability of organic matter in virgin soil.

Easily decomposable organic matter was extracted
least of all with hot water according to the method of
E. Schulz [20], the content of easily decomposable or-
ganic matter did not exceed 2—3 % of the total soil car-
bon (Table 2).

The dynamics of changes in the humus content in
the leached black soil over the entire period of research,
presented in Figure 1, shows that the systematic plow-
ing of straw and crop residues makes it possible to sta-
bilize the humus content at the level of the initial con-
tent. The remaining options, in particular the removal
and burning of straw and crop residues, leading to a
gradual decrease in humus reserves, the control option
also shows the processes of humus degradation, mani-
fested in a decrease in its content.

Humus is not only involved in the supply of plants
with nitrogen, phosphorus, potassium and other im-

portant macro- and microelements of nutrition, its role
is also undeniable in other important processes of soil
formation and ensuring soil fertility, such as protect-
ing soils from weathering, creating their granular struc-
ture, supplying plants carbon dioxide necessary for
photosynthesis, biologically active growth substances.
Therefore, the preservation and enhancement of humus
reserves is one of the priorities of farmers.

The quality of humus is characterized by the con-
tent and ratio of humic and fulvic acids in it, their indi-
vidual groups, which differ in solubility in weak acids
and alkalis. Fractionation makes it possible to assess
the trends in the development of humus formation un-
der the influence of such a powerful agrogenic factor
as the long-term systematic introduction of straw, crop
residues and nitrogen fertilizers into the soil. With the
same content of humus in the soil, there can be sig-
nificant differences in the ratios of SgC:Sphc and C:N, the
content of different Cc and Cfc groups in relation to
the content of total organic carbon in the soil [3; 5; 10].
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Fig. 1. Dynamics of changes in the content of humus in leached chernozem depending on the method of utilization of straw and
crop residues (for 1971-2020)

Table 2

The content of organic carbon during extraction with various reagents depending on the amount of fresh

organic matter entering the soil, %

Extraction
C total Hot water 0.1m 0.1 N
acegring | SIS | Napo, | NaoH
C % of C % of C % of
general general general
Virgin soil 5.55 0.17 3.1 0.77 13.9 1.32 | 238
The straw is removed, the stubble N, 3.25 0.07 2.1 0.49 15.1 0.59 | 18.2
is plowed N, 318 | 006 | 19 |052] 163 |060| 189
Systematic plowing straw and N, 3.38 0.07 2.1 0.50 14.8 0.59| 174
stubble N, 339 007 | 21 [o052] 153 [067] 198
Straw and stubble removal N, 2.93 0.06 2.0 0.47 16.0 0.59 | 20.1
N, 302 [ 006 20 051 169 [060]| 19.9
Systematic burning of straw and N, 3.11 0.06 1.9 0.41 13.2 0.50 | 16.1
stubble N, | 314 Joos| 16 [038| 121 |051] 162
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Table 3

Fractional composition of humic acids in leached chernozem (0-30 cm) with various methods
of utilization of organic residues and nitrogen fertilizer, (C, % to total soil C) (2000)

Nitro- GK fraction FC fraction Humi-
gen in" G, +| G/ fication
Background t;':;ze, soil, | 11 2 | 3 |Sum 7 2 3 | Sum ﬁA F E emi 'indika-
“a % 4 tor
of a. i.
The straw 0 3.00 (4412294732025 79 |43 |63 |21.053.0|1.5]|027| 86
lsremoved,. 120 3.14 [2.9228(2.0\27.711.9102| 2.8 | 89 |23.8|51.5| 1.2 0.26 7.2
the stubble is
plowed
Systematic 0 3.57 |2.7121.13.227.0(1.9102| 0.8 | 9.5 |2241494\| 1.2 | 0.27 7.3
plowing 120 300 |45127.0\2.233.7128|11.7| 4.2 |12.11308|64.5|1.1|027| 9.1
straw and
stubble
Straw and 0 292 11.61258(311305(23| 86| 3.1 |88 22853313025 7.6
stubble 120 | 3.07 |2.6]21.5126|267|2.0] 98 | 26 | 9.7 | 24.1]508| 1.1] 025 6.7
removal
Systematic 0 306 (251229251279 120| 9.1 | 05 |10.321.9|498| 13| 0.24 6.7
burning of 120 285 1351165231223 128] 9.0 10.2|12.8|34.8|57.1]0.6| 0.24 5.3
straw and
stubble

Black soils of the Chelyabinsk region are the most
valuable and fertile in comparison with other types of
soils. The formation of these soils is associated with
the development of forb-grass vegetation, which has a
significant effect on the processes of humification of or-
ganic matter (together with climatic conditions).

Determination of the fractional composition of hu-
mus is one of the important indicators of the humus
status of soils. In the described stationary experiment,
the fractional composition of humic substances, which
characterizes the distribution of substances included
in certain groups of soil humus according to the forms
of their compounds with the mineral components of
the soil, basically corresponds to the characteristics of
black soils.

The composition of humic acids is dominated by
humic acids of fraction 2, soluble in 0.1 N NaOH, as-
sociated mainly with calcium, they have the property
of almost complete solubility in water. The remaining
two fractions of humic acids account for approximately
equal amounts. The total amount of humic acids with-
out the use of fertilizers is 27-32 %, with the use of ni-
trogen fertilizers, the content of humic acids decreased.
Differences due to the use of different technologies for
the use of straw and crop residues have not been identi-
fied (Table 3).

Fulvic acids of various fractions are the most mo-
bile and “young” forms of humic acids. Against the
background of straw and stubble plowing, SFA ac-
counts for 22.4-30.8 % of fulvic acid carbon in relation
to the total soil carbon. Characteristically, against this
background, there is a narrower ratio of humic acids
to fulvic acids, respectively 1.2-1.1 versus 1.5-1.2
against the control background, where the straw is re-
moved and the stubble is plowed (Table 3).
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Against the background of the plowing of straw and
stubble, the biological absorption of mineral nitrogen
increased in the process of decomposition of cellulose
and fiber, while the amount of humic acids decreased,
the application of nitrogen fertilizer at a dose of
120 kg/ha a. i. contributed to an increase in the amount
of humic acids.

As for the fractional composition of S, and S e
the differences in the content of groups of acids sol-
uble in NaOH and H,SO, of various concentrations
should be considered insignificant, with the exception
of fulvic acids in the extract of 0.1 N NaOH (No. 1)
and 0.02 N NaOH (No. 3). Against the background of
plowing into the soil of straw and stubble, its content
in relation to the amount of S e Was higher. These S,
groups are associated with free and mobile sesquiox-
ides, clay fraction and stable forms of soil sesquiox-
ides. The ratio of carbon of humic acids to the total
carbon of the soil reflects the degree of humification
of organic matter, and the ratio S_:S | is the degree
of maturity or hydrolyzability of humic acids. Against
the background of straw and stubble and in the control,
the type of humus is fulvate-humate (SgC:SthC less than
2.0). Some tendencies can be noted in differences in
the degree of humification and in the ratio of humic
acid carbon to total organic carbon; in the enrichment
of humus with nitrogen (in the control variant, the C:N
ratio was 10.0-10.5, while against the background of
straw and stubble plowing it was 11.4-10.8) (Table 1).
This phenomenon quite fully fits into the concept of
the inevitable decrease in the content of nitrogen, pri-
marily its mineral forms, in the process of biological
decomposition of cellulose by cellulose-decomposing
bacteria [13; 17; 18].
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The smallest difference between the carbon of hu-
mic acids (S, +S,0) and organic carbon (S mani-
fested itself against the background of straw and stub-
ble plowing + N, , which is also quite natural in view
of a noticeable increase in the content of humic acid
carbon in humus.

Discussion and Conclusions

The problem of replenishing the reserves of soil
organic matter remains one of the priority areas. With
the systematic introduction of straw and crop residues
into the soil, the content of both total and labile (easily
transformable) humus increases, while when straw and
crop residues are removed and burned, the indicators
characterizing the humus content of the soil decrease.

ences in the content of various fractions of total car-
bon, the fractional composition of humic acids did not
differ from the method of utilization of straw and crop
residues, the fractional composition of fulvic acids de-
pended on the method of using straw and crop residues.

It is well known that not all soil organic matter
directly affects plant productivity, but only its easily
transformed part, which takes part in nutrient cycling.
In this regard, the determination of the easily trans-
formable soil substance was carried out. Straw utili-
zation methods influenced the content of easily trans-
formable carbon in the soil. Thus, when plowing straw
and stubble, its content was higher than in the variants
with burning and removal of organic residues.

The fractional composition of humus showed differ-
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