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Abstract. Apple tree (Malus x domestica Borkh.) is a leading agricultural pome crop, one of the main
perennial fruit plants in the world, commercially in demand and widespread in the horticultural industry of
Russia, including the North Caucasus region. In solving the problem of creating high-quality domestic apple
varieties with a long-term type of resistance to the scab (pathogen — Venturia inaequalis (Cooke) G. Winter),
the role of prebreeding, including research aimed at accelerated selection using the DNA method, is significant
tagging valuable carriers of several Rvi scab resistance genes. The purpose of the study was to study the allelic
polymorphism of 15 apple tree scab resistance genes (Venturia inaequalis (Cooke) G. Winter) in 33 varietal and
breeding samples of apple trees to identify sources of long-term resistance to increase efficiency of breeding
process. The research was carried out in accordance with programs and methods for the study of apple varieties;
Research and Selection Collection of Genetic Resources of Horticultural Crops and the Instrumentation and
Analytical Center were used. DNA analysis methods were used in this work. For DNA extraction, a modification
of the CTAB method was used, developed at North Caucasian Federal Scientific Center of Horticulture,
Viticulture, Winemaking, allowing for better purification of DNA samples from polyphenolic compounds. The
work used 22 markers to identify 15 apple scab resistance genes: Rvil; Rvi2; Rvi3; Rvi4; Rvi5; Rvi6; Rvi8;
Rvi9; Rvill; Rvil2; Rvil3; Rvil4; Rvil5; Rvil6; Rvil7. Marker selection of new varietal and breeding material
made it possible to identify carriers of several genes for apple tree resistance to scab, having in the genome from
2 to 6 different Rvi genes in different combinations. Carriers of 6 resistance genes were identified as the most
promising for selection for long-term resistance to scab: Rvil, Rvi2, Rvi3, Rvi4, Rvi6, Rvil5-12/1-21-24; 5
genes: Rvil, Rvi2, Rvi3, Rvi6, Rvil3 — Karmen; Rvil, Rvi2, Rvi4, Rvi6, Rvil5 — Mikhsan; 4 genes: Rvil, Rvi2,
Rvi3, Rvi6 — Nadezhnoye; Rvil, Rvi4, Rvi6, Rvil5— Gaito Gazdanov; Rvil, Rvi3, Rvi6, Rvi8—12/1-20-56, etc.
Identified apple genotypes of domestic breeding, including those created in creative collaboration with colleagues
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from the Russian Research Institute for Breeding Fruit Crops and Stavropol Experimental Horticulture Station,
promising for further breeding and accelerated creation of new high-quality, adaptive varieties with long-term
high potential for resistance to the main fungal pathogen of the crop.
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Introduction

The apple tree is a vital perennial agricultural crop, the main fruit plant in the
world, and the most widely distributed in the horticultural sector of Russia, including
the North Caucasus. It is commercially attractive and popular among consumers of
fruit products. The main resource for increasing Russian production of high-quality
products of this leading fruit crop is selective renewal of the apple tree assortment
based on productive varieties that are highly resistant to abiotic and biotic stressors
in the cultivation region [1]. At the current stage of breeding work, it is necessary
to combine increased indicators of adaptability, productivity, and fruit quality in the
resulting genotypes, contributing both to an increase in profitability and economic ef-
ficiency of industrial production, and to successful competition in consumer market of
new varieties with existing foreign analogues [2—7]. Given the need to address existing
issues of biologization, ecologization, and rational nature management in the Russian
horticultural industry, development of scab-resistant apple varieties is promising. This
will enable the production of highly marketable fruits with commercially significant
characteristics while improving the overall ecological situation in orchards [5, 8, 9].

The current apple assortment in the North Caucasus is quite diverse and extensive. As
of 2024, the State Register of Breeding Achievements of the Russian Federation Approved
for Use (State Register) lists 506 apple varieties, while the State Register for the North
Caucasus Region lists 165 varieties'. However, the significant and diverse quantitative
composition and high rate of renewal of the apple assortment do not fully address the
fundamental need to create and cultivate varieties that combine high resistance to biotic
and abiotic stressors in the growing region with improved commercial fruit characteristics.

The use of modern methods for evaluating varietal and hybrid material to study
biodiversity and identify the gene pool composition of the Malus Mill. genus is the basis

T Reestr selektsionnykh dostizhenii [State Register of Breeding Achievements]. Available from: https://gossortrf.ru/
registry/ (Accessed 22nd March 2024).
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for the most effective development of high-quality and adaptable Russian varieties for
southern fruit growing.

Modern methods for studying the genetics of key breeding traits, including long-term
pathogen resistance, especially when combined with improved fruit quality, significantly
facilitate the solution of critical breeding challenges in developing adaptive, competitive
Russian varieties and enable the rapid selection of promising donors and complex donors
of target economic traits for further breeding.

DNA analysis methods facilitate acceleration and optimization of several key
stages in breeding process for perennial fruit crops, particularly apples. With the
development of DNA technologies, comprehensive genotyping and phenotyping of
perennial plants, including apples, is becoming increasingly common. The process of
combining and integrating long-term breeding data with genetic research data plays
an important role in improving apple breeding methods through the increasingly
active use of markers, expanding the genetic understanding of the most important
crop traits and ensuring maximum accessibility and high information content of the
obtained data for breeders [10]. Marker-assisted selection of sources of target genes
and gene alleles allows for a significant reduction in duration, labor intensity, and
energy consumption of apple breeding process [11]. The use of DNA marking is
important both at the initial stage of breeding process — for studying and selecting
the most valuable parental forms — and later — for identifying promising hybrid
material, elite forms, and new varieties.

The aim of the study was to investigate the allelic polymorphism of 15 genes of
apple scab resistance (Venturia inaequalis (Cooke) G. Winter) in 33 apple cultivar and
breeding samples and to identify sources of long-term resistance to enhance the efficiency
of the breeding process.

Materials and methods

The objects of the study were 33 apple genotypes with different ecological, geo-
graphical, and genetic origins.

The study was conducted at North Caucasian Federal Scientific Center of Horticul-
ture, Viticulture, Winemaking. The research was conducted at two shared use centers
(SUCs) — the Instrumentation and Analysis Center and the Research and Selection
Collection of Genetic Resources of Horticultural Crops, located in the North Caucasus
Horticultural Region of the Russian Federation (Krasnodar, ‘Tsentralnoye’ farm). Sam-
ples for DNA analysis were collected from collection and selection apple tree plantings
grown on M9 rootstock in a 4 x 1 m pattern, planted in 2015-2017.

The study utilized programs and methods for breeding and variety study of fruit
crops (apple trees)* [12]; molecular genetic methods for selecting sources of long-term
apple resistance to scab that are valuable for further breeding [13, 14], and a DNA

2 Egorov EA. (ed.) Programma Severo-Kavkazskogo tsentra po selektsii plodovykh, yagodnykh, tsvetochno-dekorativnykh
kul'tur i vinograda na period do 2030 goda [Program of the North Caucasus Center for Breeding Fruit, Berry, Flower
and Ornamental Crops and Grapes for the Period up to 2030]. Krasnodar; 2013.
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analysis method based on PCR followed by electrophoretic analysis of the products.
A modification of the CTAB method, based on a 1% concentration of polyvinylpyrro-
lidone in the lysis buffer, performed at North Caucasian Federal Scientific Center of
Horticulture, Viticulture, Winemaking [15], was used, which improved the purification
of DNA samples from polyphenolic compounds.

A total of 22 markers of 15 scab resistance genes were used: Rvil — CH01D03
(SSR marker); Rvi2— CHO02b10 (SSR marker); Rvi3— Hi08e04 (SSR marker); Rvi4 —
CHO02c02a, CH02f06 (SSR marker); Rvi5 — Hi07h02, FMACH_Vm3 (SSR markers);
Rvi6 — CH-Vf1 (SSR marker), VFC1F+VfC2 (SCAR marker); Rvi8 — OPL 19 (SCAR
marker); Rvi9 — CH03d01, CH05e03 (SSR marker); Rvill — CHO05e03; Rvi12 —
SSR23.17, SSR24.91 (SSR markers); Rvil3 — CH04f03, CH02b07 (SSR markers);
Rvi14—HBO09 (SSR marker); Rvil5— CH02c02a, CH02f06 (SSR markers); Rvil6 —
NHO030a (SSR marker); Rvil7 — CH-Vf1(SSR marker).

The following varieties, species, and hybrid forms, included in international
set of differentiators for determining racial composition of scab pathogen, were
used as positive controls for molecular genetic identification of the DNA mark-
er alleles of the desired apple scab resistance genes: Golden Delicious — Rvil
gene; Malus pumila R12740-7A — Rvi2 gene; Q71 (Rvi3); Malus atrosanguinea
840 (Rvi5); Priscilla (Rvi6); B45 (Rvi8); J34 (Rvi9); M. baccata jackii (Rvill);
Hansen’s baccata (Rvil2), Durello di Forli — (Rvi13); Dulmener Rosenapfel —
(Rvil4); GMAL2473 (Rvil5).

Results and discussion

To identify carriers of potential long-term scab resistance and expand the iden-
tified portion of the apple tree collection, 33 accessions of new varietal and breeding
material were analyzed at the North Caucasian Federal Scientific Center of Apple Tree
Breeding using DNA marking. A phenotypic assessment was performed for a range of
key economic, biological, and adaptive traits (timing of fruiting, main developmental
stages, tree vigor, crown compactness and fruiting pattern, resistance to scab, moniliosis,
powdery mildew, phyllostictosis, resistance to spring frosts and drought, regularity of
fruiting, productivity, fruit quality, etc.). Phenotyping enabled the identification of 33
apple accessions (13 hybrids, 6 elite forms, 11 Russian and 3 foreign varieties) com-
bining the maximum number of valuable traits for DNA analysis. Trait subcollections
were formed. The sample set studied for DNA analysis included new varieties and elite
selections from the North Caucasian Federal Scientific Center of Horticulture, Viti-
culture, and Winemaking, including those developed jointly with colleagues from the
Russian Research Institute for Breeding Fruit Crops and Stavropol Scientific Center of
Horticulture (Table 1).

Using DNA analysis, 15 genes were identified in the selected apple accessions:
Rvil-Rvi6, Rvi8; Rvi9, Rvill-Rvil7, which determine resistance to scab of Venturia
inaequalis (Cooke) G. Winter.
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It was established that a significant portion (42.4%) of the studied accession sam-
ple carried Rvi6 scab resistance gene. Rvi6 gene (previously known as the Vf gene) is
widespread and has been frequently used in apple breeding worldwide since the early
20th century. A study of new hybrid and varietal material allowed us to identify the
CH-Vf{1 and VfC1F+VfC2 markers (linked to the Rvi6 gene) in the genomes of 14 of
33 accessions (5 varieties and 9 elite and selected forms).

Table 1
Origin of new apple varietal and breeding material
Genotype name Country, originator Origin
17/1-6-2 Russia, NCFSCHVW Karmen x Gemeni
17/1-6-32 Russia, NCFSCHVW Champion x Modi
17/1-6-57 Russia, NCFSCHVW Liberty x Renuartsiv
P . 12/1-21-63 (Golden Delicious (4x) x 2034
17/1-6-65 | Russia, NCFSCHVW [F, M. floribunda x Golden Delicious]) x Modi
P . 12/1-21-63 (Golden Delicious (4x) x 2034
1771-6-74 Russia, NCFSCHVW [F, M. floribunda x Golden Delicious]) x Modi
17/2-6-9 Russia, NCFSCHVW 12/1-21-24 (Idared x Balsgard 0247E) x Arksharm
17/2-6-2 Russia, NCFSCHVW Champion x Modi
17/1-7-2 Russia, NCFSCHVW 12/1-21-24 (Idared x Balsgard 0247E) x Arksharm
17/1-7-3 Russia, NCFSCHVW 12/1-21-24 (Idared x Balsgard 0247E) x Arksharm
17/1-7-16 Russia, NCFSCHVW 12/1-20-56 (Black Stayman x Prima) x Fujion
17/1-7-18 Russia, NCFSCHVW 12/1-20-56 (Black Stayman x Prima) x Fujion
17/1-7-26 Russia, NCFSCHVW Champion x Modi
17/1-7-27 Russia, NCFSCHVW Champion x Modi
Russia, NCFSCHVW, .
12/1-20-56 RRIFCB Black Stayman x Prima
Russia, NCFSCHVW,
12/1-21-24 RRIFCB Idared x Balsgard 0247E
12/1-21-63 Russia, NCFSCHVW, Golden Delicious (4x) x 2034 (F2 M. floribunda x Golden
RRIFCB Delicious)
6-4-12 Russia, NCFSCHVW | 44-30-7 (Welsey (4x) x Bessemyanka Michurinskaya) x Florina
6-6-11 Russia, NCFSCHVW | 44-30-7 (Welsey (4x) x Bessemyanka Michurinskaya) x Florina
Russia, NCFSCHVW, . .
Egorovskoye BHWUMCIIK, SSCH Redfree x Papirovka tetraploidnaya
Russia, NCFSCHVW, .
Karmen RRIECB Prima x Welsey (4x)
Bagryanets Kubani | Russia, NCFSCHVW Clone of cv. Kubanskoye Bagryanoye
Renet Platona Russia, NCFSCHVW Clone of cv. Renet Simirenko, mutation selection
Pamyati Yesaulu | Russia, NCFSCHVW (Rosemarin x Prima) x Kandil Krasnodarsky
Prikubanskoye Russia, NCFSCHVW Red Delicious x Opalescent

348

COPTOBAA CENEKLINA — OTEOP M SAKPEMNNEHWE XO3AVICTBEHHO LIEHHbBIX MPVI3HAKOB



Ulianovskaya EV et al. RUDN Journal of Agronomy and Animal Industries. 2025;20(3):344-353

Ending tabl. 1
Genotype name Country, originator Origin
Solnechnoye Russia, NCFSCHVW Clone of cv. Celeste, mutation selection
Delishes Marii Russia, NCFSCHVW Delicious spur x Kidd’s Orange Red, mutation selection
Zimnee utro Russia, NCFSCHVW Liberty x Scarlett Staymared, mutation selection
. Russia, SSCH, . -
Mikhsan NCFSCHVW Liberty x Golden Delicious
Russia, NCFSCHVW,
Nadezhnoye RRIFCB, SSCH Idared x Balsgard 0247E
Russia, SSCH,
Gaito Gazdanov NCFSCHVW, ‘De- Golden Delicious x Liberty
Gusto'
Italy,
Renuartsiv C.l.V.—SOCIETA’ “Sweet Resistants” series, developed with cv. Granny Smith
CONSORTILE AR.L.
USA, Minnesota
Agricultural
Honey Crisp Experiment Station’s Macoun x Honeygold
Horticultural
Research Center
Red De:g:tus King Italy, KIKU Gmbh Clone of cv. Hapke

Source: compiled by E.V. Ulianovskaya, E.A. Chernutskaya.

Almost half of the samples carried Rvi3 gene (16 of 33 studied, or 48.5%). The most
common scab resistance genes in the sample also included Rvil, Rvi2, and Rvi8, with
frequencies in the sample of 42.4%, 33.3%, and 36.4%, respectively. The frequencies
of Rvi4, Rvil5, Rvil3, and Rvil4 in the sample were 24.2%, 18.2%, 9.1 %, and 9.1%,
respectively.

The presence of four resistance genes was not detected: Rvi5, Rvill, Rvil2, and Rvil6.

The frequencies of Rvil7 and Rvi9 genes were 6.1% and 3.0%, respectively, so these
scab resistance genes can be considered relatively rare in the studied sample.

Carriers of several apple scab resistance genes have been identified, each with 2 to 6
different Rvi system genes in various combinations in their genome. These genes are valu-
able for further selection for long-term, persistent resistance to the pathogen (Table 2, Fig.)

Table 2

Carriers of apple scab resistance genes (Rvi)

Presence of scab resistance genes (Rvi) Genotype name

Rvi1, Rvi2, Rvi3, Rvi4, Rvi6, Rvi15 12/1-21-24
Rvi1, Rvi2, Rvi3, Rvi6, Rvi13 Karmen
Rvi1, Rvi2, Rvi4, Rvi6, Rvi15 Mikhsan
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Ending tabl. 2
Presence of scab resistance genes (Rvi) Genotype name

Rvi1, Rvi2, Rvi3, Rvi6 Nadezhnoye
Rvi1, Rvi4, Rvi6, Rvi15 Gazdanov

Rvi1, Rvi3, Rvi6, Rvi8 12/1-20-56
Rvi1, Rvi2, Rvi3, Rvi8 17/1-6-57
Rvi3, Rvi4, Rvi14, Rvi15 17/1-7-3

Rvi2, Rvi3, Rvi4, Rvi6 17/1-7-16

Source: compiled by E.V. Ulianovskaya, E.A. Chernutskaya, T.V. Bogdanovich.

Karmen

Mikhsan Nadezhnoye
New Russian apple cultivars

Source: photo by E.V. Ulianovskaya.

It should be noted that the new breeding material was obtained by hybrid-
ization of promising varieties and forms of Russian, Western European, North
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American and Japanese selection, possessing improved fruit quality indicators.
A sufficiently high breeding value of the new breeding material is confirmed by
a high proportion (84.2%, or 16 out of 19 studied accessions) of identified carri-
ers of 2—4 scab resistance genes. It was established that a significant number of
carriers of several scab resistance genes were created by geographically distant
hybridization with the participation of elite forms of regional selection and Western
European cultivars (12/1-21-63 and Modi), Japanese (12/1-20-56 and Fujion) or
North American (12/1-21-24 and Arksharm); North American and Western Euro-
pean cultivars (Liberty and Renuartsiv). The results of marker-assisted selection
of new breeding and varietal material for scab resistance genes are promising for
expanding the identified composition of the apple gene pool and increasing the
efficiency of further breeding.

Conclusion

According to the data obtained, carriers of several scab resistance genes were identi-
fied in the studied sample of 33 apple varieties and hybrid forms of different ecological,
geographical, and genetic origins. These genes carried from 2 to 6 different Rvi genes in
various combinations in their genomes. The most common scab resistance genes among
the 15 studied genes were Rvi3 and Rvi6, as well as Rvil, Rvi2, and Rvi8. Carriers of the
following scab resistance genes were identified: 6 scab resistance genes — 12/1-21-24; 5
resistance genes — Karmen and Mikhsan; 4 genes: Nadezhnoe, Gaito Gazdanov, 12/1-
20-56, 17/1-6-57, 17/1-7-3, 17/1-7-16, valuable for breeding for long-term resistance
to biopathogens.
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U CeNeKLMOHHOro MaTepuana a610Hu

E.B. YiabsiHoBCcKas ‘z, E.A.Yepnyukas , T.B. borganoBuu ,

C.B. TokmaxkoB , 1.B. CTennanoB

CeBepo-Kapka3ckuii (hefiepasibHbIN HAyUHBIH LIEHTP Cal0BO/ICTBA, BUHOTPAZlapCTBa, BUHO/ NS,
KpacHoodap, Pocculickas ®edepayus
< ulyanovskaya_e@mail.ru

Awnnoranus. H6mouns (Malus % domestica Borkh.) — Befylijasi cebCKOX03sICTBEHHAst CEMEUKOBasi KY/IbTypa,
O7iHa M3 OCHOBHBIX CpPeJii MHOTOJIETHUX TIJIOZJOBBIX PAaCTEHUM MHpPa, KOMMepueCcKHd BOCTpeOoOBaHa U LIMPOKO
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pacripocTpaHeHa B 0Tpac/iu cazgoBogctea Poccu, B T.u. pernoHa CeBepHoro Kaekasa. B pereHur npo6/emsl
CO37]aHMs BBICOKOKaYeCTBEHHBIX POCCHMCKHUX COPTOB SIGJIOHU C I0/TOBPeMEeHHBIM THITOM YCTOMUMBOCTH K Tapiie
(ocHOBHOMY 3a00/1EBAHUIO KY/IBETYPbI; BO30yauTesi — Venturia inaequalis (Cooke) G. Winter) 3HauuTe/ibHa poJib
npeiOPU/IMHTA, B T. Y. NCC/IE/JOBAHMM, HAlTPaB/IeHHBIX Ha YCKOPeHHbIH 0T60p MeTozoM [THK-MapKUpOBaHHs LIEHHBIX
HOCHUTeJIell HeCKO/IbKUX TeHOB Rvi ycToiiumuBoCTH K napue. Llenb uccinesoBanys — 10 pe3ysbTaTaM U3yuyeHust
asiesbHOro noamMmopgdu3ma 15 reHoB ycroiunBocTH sibionu K napiue (Venturia inaequalis (Cooke) G. Winter)
y 33 COPTOBBIX U CEEKLMOHHBIX 00pa3Li0B 10/I0HU BbI/Ie/IUTh NCTOYHUKH JI0JITOBPEMEHHOM YCTOMUMBOCTH
J1s1 yereHust 3h(heKTUBHOCTH CeJIeKIMOHHOTO Tporiecca. VcciiejoBaHHe TIPOBOAMIIN COTTIACHO MPOrpaMMaM
Y MeTO/IMKaM T10 COPTOM3yUeHHI0 siOI0OHHU; UCTI0/Ib30BaHbl «VICCie10BaTe IbCKO-CeIeKLHOHHAS KOJUIEKLHS
reHeTHUeCKHX pecypcoB cazioBbix KynbTyp» (LIKIT ICK I'PCK) u LIKIT «IIpr6opHO-aHamMTHUe CKuii». [IpuMeHeH
JTHK-mapkepHbIit aHamm3. [t skcerpakiyn [THK npuvensim Metor, CTAB B Mmopudukanum CeBepo-KaBkazckoro
(benepanbHOrO HAYYHOTO LIEHTPA Ca/[0BO/ICTBA, BUHOTPAZapCTBa, BUHO/E/HSI, UTO MO3BOJIUIIO BeCTH Bosiee
KaueCTBEHHYIO OUMCTKY MoAroToB/eHHbIX Mpob JHK ot nosmudeHonbHbIX coefrHeHu. Vcnonb30Banbl 22
Mapkepa /15t MeHTUHKALMK 15 reHOB yCTOHUMBOCTH 167101 K mapiie: Rvil; Rvi2; Rvi3; Rvi4; Rvi5; Rvi6; Rvi8;
Rvi9; Rvill; Rvil2; Rvil3; Rvil4; Rvil5; Rvil6; Rvil7. MapkepHbIii 0TO0P HOBOI'O COPTOBOTO U CEJIEKIIMOHHOTO
Marepuara Mo3BOJIU/I BbII/TUTh HOCHUTE/IeH HeCKOJIbKUX F€HOB YCTOWUMBOCTH sIO/IOHU K Tapliie, UMEeHLINX
B reHoMe OT 2 /10 6 pa3/IMUHBIX reHOB Rvi B pa3HbIX BapUaHTaX COUeTaHMsi, 3TO HocuTenu 6 reHoB: Rvil, Rvi2,
Rvi3, Rvi4, Rvi6, Rvil5)— 12/1-21-24; 5 reHoB B coueTaHusix: Rvil, Rvi2, Rvi3, Rvi6, Rvil3 — Kapmen; Rvil,
Rvi2, Rvi4, Rvi6, Rvil5 — MuxcaH; 4 reHoB B codyetanusx: Rvil, Rvi2, Rvi3, Rvi6 — HapgexHoe; Rvil, Rvi4,
Rvi6, Rvil5 — Taiiro 'a3ganos; Rvil, Rvi3, Rvi6, Rvi8—12/1-20-56 u zip. BbieieHHbIe TeHOTUTTBI IO/IOHH
POCCHIICKOH CeJleKLUY, B T.4. CO3/laHHble B TBOPUECKOM COZPY>KeCTBe C Kosijleramu u3 Beepoccuiickoro HUU
cesieKLIH T10f0BbIX KynbTyp (BHUCIIK) u CraBponosbekoit OC cagoBogcrBa (COCC), iepCrieKTUBHEI 1S
JlanbHeuIlel cesleKLIMY U YCKOPEHHOI'0 CO3/laHUsI HOBBIX KaueCTBEeHHbIX, aZlalTUBHbBIX COPTOB C AJIUTe/IbHBIM
BBICOKHM TOTEHIIMA/IOM YCTOMYMBOCTHA K OCHOBHOMY IPHOHOMY TIaTOTeHY KYJ/IBTYPBL.
KiroueBsle coBa: copt, rubpug, Malus, ren, [THK-aHamm3, yCTOHUHUBOCTS K TMapiie

BkJiag aBTOpoB: YibsiHOBCKast E.B. — pa3paboTKa KOHIIeNLUY, aHaIu3 U UHTepIIpeTarys JaHHbIX, O/[rOTOBKa
U peilakTHpoBaHue Tekcta; YepHyrkas E.A., Borganosuu T.B., Tokmakoe C.B., CtrernanoB U.B. — c60p u 06-
paboTka MaTepHaroB, yTBepsK/jeHHe OKOHUaTe/IbHOTO BapHaHTa CTaThH.

3asB/IeHHe 0 KOH(IMKTe HHTePecoB. ABTODHI 3asIB/IIIOT 00 OTCYTCTBUY KOH(/IMKTa UHTEPECOB.
Hcropus crarbu: nocTynuia B pegakuuro 10 anpess 2024 r., npunsTa K mybskarmu 9 nronst 2025 1.
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