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Aim. To investigate the gene polymorphisms of transforming growth factor 1 (TGF-B1), pituitary-specific
transcriptional factor 1 (PIT-1) and insulin-like growth factor I (IGF-I) in the population of Poltava clay
chicken breed, used for egg and meat production, and to analyze the association of different genotypes for
each locus with productive traits. Methods. Genotyping of the chickens was performed using the polymerase
chain reaction — restriction fragment length polymorphism (PCR-RFLP). Results. Transforming growth factor
TGF-B1, pituitary-specific transcriptional factor PIT-1, and insulin-like growth factor IGF-I were shown to be
polymorphic in the studied populations. The association between genotypes by the loci TGF-B1 and PIT-1 and
the indices of egg and meat production of chickens was demonstrated. Conclusions. The data on the genetic
structure of the population of Poltava clay chicken breed by loci TGF-B1 and PIT-1 is recommended for the
targeted selection of chickens to produce offspring with desirable genotypes, which will, in addition to classical
breeding methods, reveal the productive potential of chickens as efficiently as possible.

Keywords: Poltava clay chicken breed, polymorphism, transforming growth factor 1, pituitary-specific tran-

scriptional factor 1, insulin-like growth factor I, productive traits.

INTRODUCTION

Successful development of poultry industry is
considerably determined by the efficiency of selection.
Due to recent rapid development of molecular and
genetic methods of research there is a new possibility
of putting selection into practice on the essentially
new foundation — applying the data on polymorphism
of target genes and their association with productivity
traits. This approach, called marker-assisted selection
(MAS-selection), is based on the study of polymorphism
of the selected genes, the association of allele variants
with productive traits, the categorization of individuals
according to the complex of genes, and the selection
of individuals with desirable genotypes for further
breeding [1]. An important stage of research in this
context is the selection of target genes for the study
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of their polymorphism in experimental populations.
The investigation of polymorphism of candidate genes
in the studied populations of chickens is the first step,
required for further analysis of the association of
different genotypes with productive traits which may
be directly used in the selection [2]. The promising
candidate genes, the association of which to poultry
productivity traits was proven in numerous foreign
investigations, include, in particular, such objects as
the genes of transforming growth factor 1 (TGF-f1),
pituitary transcriptional factor 1 (PIT-1) and insulin-
like growth factor I (IGF-I).

TGF-B1 belongs to one of the most important groups of
genes (family of transforming growth factors B), partici-
pating in the maintenance of tissue homeostasis, growth
and differentiation of different types of cells, the forma-
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tion of intercellular matrix, the induction of apoptosis, the
regulation of the immune system, etc [3]. Gene TGF-$1
is localized on the 13" chromosome and contains 17 ex-
ons. It was demonstrated that allele variants of TGF-f1
correlate with meat production traits of chickens of dif-
ferent breeds [4].

PIT-1 participates in the expression regulation of
growth hormone genes, prolactin, thyreotropin, prolif-
eration and differentiation of hormone-secreting cells,
the control of immune system development [5]. Its
functioning is directly related to that of the controlled
genes (growth hormone, prolactin) which defines PIT-1
as a promising candidate for the study of the associa-
tion of different genotypes and the productivity traits
due to the especially important role of prolactin in the
regulation of the reproductive cycle of birds. PIT-1
gene contains 6 exons and 5 introns. Several SNP were
revealed in different gene regions [5]. It was shown
that allele variants of PIT-1 gene are associated with
the live weight of chickens of different breeds [6].

IGF-I performs a number of physiological func-
tions, related to the growth and differentiation of tis-
sues, and belongs to the family of insulin-like growth
factors [7]. Its functioning is closely related to the
growth hormone and it is an active participant of the
growth regulation and development of the embryo.
IGF-I gene contains 4 exons and 3 introns. High level
of polymorphism was registered for 5’ and 3' non-
coding regions (5'UTR and 3'UTR), as well as intron
and exon parts of IGF-I gene. The association of dif-
ferent allele variants of the gene and productive traits
of chickens was studied [8—10].

Previously we investigated the genetic structure of
the populations of chickens, bred in Ukraine for egg
and meat production by loci of prolactin, growth hor-
mone, growth hormone receptor, family of transform-
ing growth beta-factors, etc [11, 12].

The current work was aimed at the analysis of the
polymorphism of genes TGF-f1, PIT-1 and IGF-I in the
population of Poltava clay chicken breed, bred for egg
and meat production, as well as the determination of
the association of different genotypes by each of the
loci with productivity traits.

MATERIALS AND METHODS

The study was conducted in the Laboratory of Poultry
Disease Prevention and Molecular Diagnostics of the
State Poultry Experimental Station NAAS of Ukraine,
using the Poltava clay chicken breed, line 14 (n = 100),
selected in Ukraine for egg and meat production. The
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biological material (blood) was sampled from each
chicken at the experimental poultry farm “Preservation
of State Genetic Pool of Poultry” of the State Poultry
Experimental Station NAAS of Ukraine. The blood
sample was taken from the crown using the scarificator
and sterile filter paper. Each sample was dried, marked
and individually packed to prevent any contamination.
DNA was isolated from the experimental samples us-
ing the commercial kit of reagents DNA-sorb-B (Am-
pliSens, RF). The efficiency of DNA isolation was de-
termined by electrophoresis in 0.7 % agarose gel at 200
V for 5 min.

The following parameters were used for the amplifi-
cation:

TGF-Bl — Forward: 5'-GGGGTCTTCAAGCTGA-
GCGT-3', Reverse: 5'-TTGGCAATGCTCTGCATG-
TC-3' [4];

PIT-1 — Forward: 5-GTCAAGGCAAATATTCTGT-
ACC-3', Reverse: 5'-TGCATGTTAATTTGGCTCT-
G-3"[5];
IGF-I — Forward: 5'-GACTATACAGAAAGAACC-
AC-3' Reverse: 5-TATCACTCAAGTGGCTCAAG-
T-3' [9].

The amplification was conducted using the reagents
of DreamTaq PCR Master Mix (ThermoScientific,
USA) and programmed thermocycler Tertsik (DNA-
technologies, RF) using the corresponding programs —
1 cycle: denaturation at 94 °C — 3 min; 35 cycles: dena-
turation (94 °C) — 1 min, annealing — 1 min (65 °C for
TGF-B1; 58 °C for PIT-1; 53 °C for IGF-I), elongation
(72 °C) — 1 min; 1 cycle: final elongation (72 °C) —
10 min. The volume of the final mixture was 20 ul, the
concentration of primers — 0.2 uM in each case.

The amplified fragments were treated with restric-
tion endonucleases Mboll (restriction site GAAGA
(8/7)]) and Pstl (restriction site CTGCA|G) ac-
cording to the standard methods of the manufacturer
(ThermoScientific). In case of TGF-f1 gene Mboll
was used, and for IGF-1 — Pstl. The restriction analy-
sis was not conducted to study polymorphism by lo-
cus PIT-1. The products of amplification/restriction
were separated in 1.5 % agarose gel at 150 V for 40
min. The visualization was conducted using ethidium
bromide in the ultraviolet spectrum. The size of the
amplified/restrictional fragments was determined us-
ing the markers of molecular mass M-50 and M-100
(Isogen, RF).

The genotyping by each locus was conducted using
the analysis of the electrophoregrams obtained.
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Gene TGF-B1: the size of the amplified fragment — 240
bp. Genotype B/B was presented on the electrophore-
gram in the form of DNA fragments of 173 and 67 bp;
F/F — 240 bp; B/F — 240, 173 and 67 bp respectively.

Gene PIT-1: fragments of 387 bp are present on the
electrophoregram, which testifies to genotype I/I, and
330 bp — D/D. Heterozygote chickens I/D are present
in the combination of both variants — 387 and 330 bp
respectively.

Gene IGF-I: the size of the amplified fragment — 621
bp. Genotype C /C, on the electrophoregram corre-
sponds to the fragment of 621 bp; C,/C, — 257 and 364
bp; C,/C, — three fragments of 621, 257 and 364 bp
respectively.

The frequency of alleles of polymorphic loci was
determined by the formulas of maximum likelihood.
The data obtained was used for the calculation of ac-
tual and theoretical distribution of genotypes, the cor-
respondence to genetic equilibrium of the population
by Hardy-Weinberg, using criterion y>, actual (/)
and expected (H,) heterozygosity, efficient number
of alleles (n)), Wright’s fixation index (F,) using the
Popgen32 program. The productivity traits of chick-
ens were also taken into consideration: the number of
eggs in 12 weeks of productivity (En,,); the number
of eggs in 40 weeks of productivity (En,)); the weight
of eggs on the 30" week of life (Ew,)); the weight
of eggs on the 52" week of life (Ew,,); live weight;
the weight of eviscerated carcass, pectoral muscles,
muscles of legs, thighs, gizzard stomach, liver, heart,
and visceral fat.

RESULTS AND DISCUSSION

The use of the molecular and genetic analysis al-
lowed revealing the variability of each gene, studied in
the current work — TGF-B1, PIT-1 and IGF-I.

The polymorphism of TGF-f1 gene is related to
the transversion of cytosine in position 632 — mis-
sence mutation, leading to the substitution of glu-
tamin for asparagine in the encoded protein, which
results in the occurrence of the restriction site for
Mboll in allele B.

The allele variants of TGF-B1 gene, occurring due to
Mboll-polymorphism of the exon region, are presented
on the electrophoregram of restriction products (Fig. 1).

The data obtained present evidence to the fact that
TGF-B1 gene is polymorphic in the studied population
of chickens. There are individuals of all the possible
genotypes (B/B, B/F, F/F).
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Fig. 1. The electrophoregram of restriction products of the
exon region of TGF-B1 gene: / — genotype B/B; 2, 4, 8, 9,
12 — genotype F/F; 3,5, 7, 10, 11 — genotype B/F; 6 — mar-
ker of molecular mass M-50

I 2 3 4 5 6 7 8 9 10 11

Fig. 2. The electrophoregram of the amplification products
of the second intron of PIT-1 gene: /-4, 7, 9, 11 — 1/D; 5,
10 —1/I; 8 — D/D; 6 — marker of molecular mass M-50

1 2 3 4 5 6 7 & 9 10 11

Fig. 3. The electrophoregram of restriction products of am-
plified fragment of IGF-I gene: /, 3, 7, 10 - C,/C,; 2, 4, 5,
9-C/C,;8,11~C,/C,; 6—marker of molecular mass M-100

The polymorphism of the gene is related to the
presence of the insert of 57 bp in the second intron,
which leads to the formation of two allele variants —
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I and D. Figure 2 presents the electrophoregram of
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the amplification products of the second intron of genotypes: I/l, I/D and D/D.

PIT-1 gene.

By the presence of the insert in the second intron PIT-
1 gene is also polymorphic in the studied population

of chickens. There are chickens of all three possible

The allele variants of IGF-I gene occur due to the

transition of cytosine into thymine which results in
the loss of restriction site for Pst/ in case of alle-

Table 1. The genetic structure of the population of Poltava clay chicken breed by loci TGF-f1, PIT-1, and IGF-I

Locus Genotype frequency Allele frequency e

TGF-B1 B/B B/F F/F B F 0.03
0.1 0.43 0.47 0.31 0.69

PIT-1 /1 I/D D/D I D 0.62
0.38 0.5 0.12 0.63 0.37

IGF-1 Cl/C1 cl/c2 Cc2/C2 Cl C2 1.17
0.17 0.42 0.41 0.38 0.62

Table 2. The association of different genotypes by loci TGF-B1, PIT-1 and IGF-I and the indices of egg productivity of Pol-
tava clay chicken breed

Index
Gene Genotype
En,, (it.) En, (it.) Ew,, (2) Ew,, (g)

TGF-B1 B/B 67.0+£291° 173.7 £ 8.13* 49.1 £1.32° 56.8 +£2.68
B/F 66.5 +1.84° 190.2 +4.322 51.9 £ 0.69° 58.7+0.75

F/F 67.8+1.18° 193.2 £2.38° 51.9 £ 0.56 58.6 £ 0.68"

PIT-1 1 66.6 +1.62° 184.2 £ 5.06° 51.1 £0.63% 57.2+0.72¢
/D 68.4+1.13° 191.7 £ 3.25¢ 51.8+£0.57° 58.9 £ 0.69°

D/D 69.8 £ 2.44° 195.0 £ 7.03¢ 51.4+1.61° 60.6 £2.15°

IGF-I Cl/C1 65.9 £2.55° 186.5 + 6.32¢ 53.6+1.28° 58.1 +£1.59°
cl/c2 68.1 +£1.31° 190.2 + 5.05¢ 50.9 +0.64° 58.3+0.79°

Cc2/C2 68.4 + 1.49° 189.6 +4.39* 51.1 +£0.64° 58.5+0.77

Note. **Differences are reliable (p < 0.05) within the locus.

Table 3. The association of different genotypes by loci TGF-f1, PIT-1 and IGF-I and the indices of meat productivity of
Poltava clay chicken breed

Geno- Live Eviscerated Pectoral Thigh Leg muscles, Gizzard Visceral
Gene .
type weight, kg carcass, kg muscles, g muscles, g g stomach, g fat, g
TGF-f1 | B/B 221+£0.070* | 1.37£0.065* | 112.7£5.17* | 77.9+3.46* | 59.1 £1.89* | 32.2+1.08 | 54.1+10.97*
B/F 2.46+0.051™ | 1.44+0.041° | 116.2+£2.99* | 82.3 £2.46" | 64.00+1.63" | 35.1+£1.07° | 43.3+£4.27°
F/F 2.46+0.046" | 1.56+0.039° | 120.3+£2.77* | 88.0+£2.03> | 66.5+1.44° | 352+0091° | 52.2+3.32¢
PIT-1 1 2.32+£0.049* | 1.44+£0.037* | 116.6 £3.19° | 83.6+£2.52* | 64.4+£1.60° | 343+0.98 | 45.7+3.95
/D 2.40+0.044* | 1.50 £0.037* | 117.9+2.44* | 83.3+1.97* | 63.5+1.33* | 352+0.87* | 48.0+3.52¢
D/D 2.53+£0.165* | 1.61 £0.140° | 120.2+£9.20* | 96.8 £4.43> | 73.2+3.52" | 36.3+£3.34* | 60.3+17.48"
IGF-I Cl/C1 | 2.44+0.095* | 1.55+0.067* | 115.7+4.87* | 88.9+4.74* | 655+2.69* | 349+ 182" | 59.8+6.49°
C1/C2 | 2.36 £0.048" | 1.48 £0.040* | 119.6 £3.05* | 83.7+£2.19* | 64.6+1.64* | 34.4+0.96* | 44.7+3.72°
C2/C2 | 236 £0.042* | 1.46 £0.042* | 116.2£2.77* | 82.8+2.13* | 63.9+1.44* | 355+0.97* | 46.5+4.48b

Note. ®<Differences are reliable (p < 0.05) within the locus.
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le C,. The indication of alleles (C, and C,) is related to
the number of cytosine residues in the restriction site
for Pstl. The electrophoregram of restriction products
(Pstl) of 5’UTR fragment of IGF-I gene is presented
in Fig. 3.

The studies demonstrated that similar to the above-
mentioned cases IGF-I locus is polymorphic in the ex-
perimental population of chickens. There are chickens
of all the possible genotypes: C,/C,, C,/C, and C,/C,.
The genetic structure of the experimental population of
chickens for all three studied loci is presented in Table 1.

The values of the actual heterozygosity by different
loci in the experimental population of chickens were
in the range of 0.42-0.5 while the values of expected
heterozygosity were from 0.428 to 0.471. The high-
est level of H_ was observed by locus IGF-I (0.471),
the lowest — by TGF-B1 (0.428). Some deficiency of
heterozygous chickens was defined by locus IGF-I (F,
= (.108). In its turn some excess of heterozygotes was
observed by locus PIT-1 (F, = —0.07). The value of the
efficient number of alleles fluctuated in the range of
1.75-1.89, and the highest level of polymorphism in
the studied population was noted for locus IGF-I.

The analysis of actual and theoretical distribution of
chickens of different genotypes (by all the studied loci)
in the experimental population of chickens did not re-
veal any disorder of genetic equilibrium which testifies
to the absence of any selection pressure.

The presence of chickens of all the genotypes, pos-
sible for each locus, in the experimental population al-
lowed investigating the connection of different geno-
types to the productivity traits of chickens.

As for locus TGF-B1, it was demonstrated that the
egg productivity of chickens with genotype F/F in 40
weeks exceeded that of chickens with genotype B/B
and amounted to 193.2 £ 2.38 and 173.7 £ 8.13 (p <
<0.05) (Table 2).

It was also noted that by locus PIT-1 the egg pro-
ductivity of chickens with genotype D/D for the same
time period was 195.0 = 7.03, which was more than
the index for chickens with genotype I/ — 184.2 =+
+5.06. However, in this case the difference is not reliable
which is considerably related to a small number of chick-
ens with genotype D/D. As for the rest of the loci, no sig-
nificant differences in the indices of egg productivity were
revealed between the chickens of different genotypes.

There are no remarkable differences for each locus
by the egg weight indices on the 30" and 52" weeks
of life.
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Reliable differences were revealed in the meat produc-
tivity of chickens by loci TGF-B1 and PIT-1 (Table 3).

It was demonstrated that by locus TGF-B1 chickens
with genotype F/F are characterized by reliably higher
values of indices of live weight, mass of eviscerated
carcass, muscles of thigh, legs and gizzard stomach
compared against chickens of genotype B/B (Table 3).

In their turn some reliable differences between the
chickens of genotypes D/D and I/ by the indices of the
weight of muscles of thigh and legs were registered for
locus PIT-1. There is also a tendency of prevalence of
genotype D/D chickens by the indices of live weight
and the mass of eviscerated carcass. At the same time
there were no reliable differences for locus IGF-I by
the studied indices, except for the index of visceral fat
mass (chickens of genotype C /C, are reliably exceed-
ing chickens of genotype C /C,).

There were no reliable differences between the val-
ues of the weight of heart and liver for any locus.

CONCLUSIONS

The genetic structure of Poltava clay chicken breed was
studied by loci of transforming growth factor B1, pituitary
transcriptional factor 1 and insulin-like growth factor I. It
was determined that all the investigated loci in the experi-
mental population of chickens were polymorphic. The as-
sociation between genotypes by the loci TGF-B1 and PIT-
1 and the indices of egg and meat production of chickens
was demonstrated. The data obtained are recommended
for the application in the targeted selection of Poltava clay
chicken breed with the purpose of obtaining the offspring
of desired genotypes which will promote maximum ef-
ficiency in realizing productive potential of poultry in ad-
dition to classic selection methods.

IMonimopdi3m renis TpanchopMy040ro pocToBOro
(daxTopa B1, rinodizapuoro paxropa Tpanckpumuii 1
Ta iHcyiHOnmoAiOHOr0 pocToBoro ¢gaxropa I y momyssmii
Kypeil Iopoau MoJITABChbKA IINHSCTA: 3B 30K
3 IPOAYKTHBHUMH 03HAKAMH

P. O. Kyni6a6a, O. B. Tepemenko
e-mail: romankx@rambler.ru

JeprxaBHa nociinna cranmis nraxiBauirea HAAH Ykpainu
Byn. Jlenina, 20, ¢. Bipku, 3MiiBcbkuii p-H,
XapkiBcbka 0011, Ykpaina, 63421
Meta. [dociimkeHHs moaiMopdi3mMy TeHiB TpaHC(HOpMyFo-
yoro poctoBoro ¢akropa 1 (TGF-B1), rinogizaproro dak-
topa TpaHckpumii 1 (PIT-1) ta iHcymiHOMOMIOHOTO pOC-
toBoro ¢akropa I (IGF-I) y momymawii xypei sieuHo-M’sic-
HOTO HAIpsAMKY IPOIYKTHBHOCTI MOPOAM MOJTABChKa TIIH-
HCTa Ta aHajli3 3B’A3Ky pI3HUX TI'CHOTHINB 33 KOKHUM
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JIOKYCOM 3 TIPOAYKTHBHUMHU oO3Hakamu. Metoau. OcoOuH
TEHOTHITYBaIM 3 BHKOPHUCTAHHSIM ITOJTIMEPa3HOi JAHIFOTO-
BOI peakIii Ta aHamizy momiMopdi3My TOBXHHHA PECTPHK-
uiftanx ¢parmentis (IIJIP-ITJIP®). Pe3yasraTu. [loxasa-
HO, IO B MOMYNALIl Kypedl MOpOaH MONTaBChbKA TIIHHACTA
moxycu TGF-B1, PIT-1 ta IGF-I € nomimopduumu. Bera-
HOBJIICHO 3B’s30K reHotuiiB 3a yiokycamu TGF-B1 1 PIT-
1 3 mOKa3HUKAMM SI€YHOI Ta M SICHOI MPOXYKTHBHOCTI.
BucnoBku. OTpuMaHi AaHI OO0 TEHETHYHOI CTPYKTYpH
MOMYJISALIT Kypel NOpoay MOJNTaBChKa IIMHACTA 3a JIOKYyca-
mu TGF-B1 i PIT-1 pexomMeHI0BaHO BUKOPHUCTOBYBAaTH MpPHU
3MICHEHH] CIIPSIMOBAHOI CeJEKIT KypeW Jisi OTpUMAaHHs
HalaIKiB 3 O)KaHUMU TeHOTHIIAMH, 110 JO3BOJIUTH (5K J0-
MOBHCHHS 10 KJIACHYHHUX CCJICKI[IMHUX METOIIB) MAaKCHMAIb-
HO €()EKTUBHO PO3KPHUTH MPOIYKTHBHUI MOTESHIIaI IITHIII.

KuarouoBi cioBa: nopona mnontaBcbka DIMHSCTA, MOJIIMOp-
¢bi3m, Tparchopmyrounii poctoBui Gaktop B1, rinogizapHuii
¢axrop TpaHckpumnii 1, iHCYTiHOMONIOHUH pocToBHil (ak-
TOp I, IPOYKTHBHI O3HAKH.

IHonumoppu3sm reHoB TpaHcGOPMHUPYIONLIET0 POCTOBOIO
¢axropa 1, runopusaproro pakropa Tpanckpunuuu 1
U UHCYJIMHOMOA00HOr0 pocToBOro hakropa I
B NOMYJISIIHH KYP MOPOIbI MOJITABCKAS IJIMHUCTAS:
CBSI3b ¢ MPOAYKTHBHBIMH NPH3HAKAMH

P. A. Kynu6aba, A. B. TeperieHko
e-mail: romankx@rambler.ru

TocynapcTBeHHas! ONbBITHAS CTAHIHS ITUIICBOJICTBA
HAAH Ykpaunsr
Vn. Jleauna, 20, ¢. bopku, 3MueBCKoi p-H,
XapbKoBcKkast 0011., YkpauHa, 63421

Hean. Vccnenosanue nonumopdusma reHoB TpaHchopmu-
pytoiero pocroBoro ¢axropa Bl (TGF-B1), runoduzapro-
ro ¢axropa Tpanckpumuu 1 (PIT-1) n nacyanHONMOKOOHOTO
pocroBoro ¢akropa [ (IGF-I) B momymsuuu Kyp su4HO-
MSICHOTO HalpaBieHUs NMPOAYKTUBHOCTH MOPOJIBI MOJITaBC-
Kasg DIMHHUCTAs U aHAIM3 CBSI3U PA3JIMYHBIX FE€HOTUIIOB IO
KaXJOMy M3 JIOKyCOB C MPOJYKTUBHBIMU TMpPU3HAKaAMHU.
MeTtonbl. Ocobeli TeHOTHITUPOBAIN C UCIIOJIB30BAaHUEM TO-
JIMMEpPa3HOW LEMHOW peaklMu W aHaliu3a MOJIUMOpdU3-
Ma JUIMHBI pecTpuKUuOoHHBIX (parmentoB (IILIP-ITP®D).
Pesyabrarnsl. [loka3aHo, 4TO B MOMYJISLUM Kyp MDOPOIBI
nonraBckas rmuHucTas Jokycsl TGF-Bl, PIT-1 n IGF-I
SIBISIFOTCSL ONMMOP(HBIMH. YCTaHOBJICHA CBSI3b TEHOTUIIOB
o nokycam TGF-B1 u PIT-1 ¢ nokaszarensiMu siu4HOH M
MSICHOU HPOAYKTUBHOCTH Kyp. BbiBoabl. IlomyuenHsle naH-
HBI€ O T€HETUYECKOH CTPYKType MOMyISHUU Kyp HOPOAIbI
nontaBckas mMHUcTas mo Jsokycam TGF-B1 u PIT-1
PEKOMEHJTyeTCsl MCIOJIb30BaTh IIPH ITIPOBEIICHUN HAalpaB-
JICHHOW CeJISKIMM Kyp IJIsl TOJyYeHUS MOTOMCTBA C JKe-
JIaTeNIbHBIMUA TeHOTUIIAMH, YTO MO3BOJHT (B JONOJIHEHUE K
KIIACCHUECKHUM CEJICKIIMOHHBIM METOJIaM) MAaKCHMaJIbHO (-
(PEeKTHBHO PacKpBITh MPOAYKTHBHBIN TOTCHIINAI TITHIIBL.
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KoaioueBble ci1oBa: rmoposa nostaBckasi NIMHUCTAsI, TOJIU-
Mopdu3M, TpaHCHOPMHUPYIOILUHI pocToBOit hakTop B1, Tumo-
(uzapHbIi (hakTOp TPaHCKPUNIHHU 1, WHCYITMHONOMOOHBIH
pocToBoi akTop I, MpoxyKTHBHBIE TPU3HAKH.
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