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EVALUATION OF THE WHEAT RECOMBINANT INBRED 
LINES FOR RESISTANCE TO LEAF RUST

Abstract. Wheat leaf rust, caused by Puccinia triticina Erikss., is one 
of the major diseases in major wheat-growing regions of the world. It is 
one of the major diseases of wheat in Kazakhstan. The aim of study was to 
phenotype and genotype the Kazakh mapping population of recombinant 
inbred wheat lines (RIL) Almaly/Anza for resistance to Puccinia triticina. 
The evaluation of the adult plant resistance of the RIL Almaly/Anza 
wheat population in the field to P. recondita made it possible to rank the 
studied genotypes according to the level of resistance. It was found that 
the frequency of occurrence of resistant wheat samples was 50.8%, and 
those susceptible to leaf rust – 49.2%, i.e., the ratio of the group of disease-
resistant to susceptible genotypes was approximately the same number. 
Genotyping the most resistant in the field lines Almaly/Anza with three 
Lr genes linked molecula markers showed that the most frequent Lr gene, 
identified individually or in combination, was Lr1. The expected marker 
fragment associated with Lr1 was found in five of the lines studied. The 
marker linked to Lr28 was found in two lines. The marker linked to Lr34 
was found four RIL. These identified wheat lines also showed a moderate 
and high level of adult plant resistance to leaf rust. This study identified 
some wheat genotypes highly resistant to leaf rust that may contribute 
to the improvement resistance to the pathogen. Obtained in this research 
data of the Kazakh mapping population of RIL Almaly/Anza for resistance 
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to leaf rust will become the basis for subsequent genotyping and QTL 
mapping of this wheat population.

Key words: wheat, leaf rust, Puccinia triticina, resistance genes, 
molecular markers. 
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БИДАЙДЫҢ РЕКОМБИНАНТТЫ ИНБРИДТІ 
ЛИНИЯЛАРЫНЫҢ ҚОҢЫР ТАТҚА ТӨЗІМДІЛІГІН БАҒАЛАУ

Аннотация. Puccinia triticina Erikss қоздыратын бидай жапырағы 
таты әлемнің негізгі бидай өсіретін аймақтарындағы негізгі ауру
лардың бірі болып табылады. Бұл Қазақстандағы негізгі бидай ауру
ларының бірі. Зерттеудің мақсаты: Алмалы/Анза рекомбинантты 
инбредтік бидай линияларының (RIL) қазақстандық карталанған 
популяциясының P. triticina-ға төзімділігіне фенотиптеу және гено
типтеу жүргізу. Алқаптағы RIL бидай популяциясының P. triticina-ға 
төзімділігін бағалау төзімділік деңгейі бойынша зерттелетін гено
типтерді ранжирлеуге мүмкіндік берді. Бидайдың төзімді үлгілерінің 
пайда болу жиілігі 50,8%, ал жапырақ татына сезімталдары 49,2%, яғни, 
ауруға төзімді генотиптердің ауруға төзімді тобының арақатынасы 
шамамен бірдей болды. Lr гендерімен байланысқан үш молекулалық 
маркерлерді пайдалана отырып, өріске ең төзімді Almaly/Anza линия
ларын генотиптеу жалғыз немесе басқа гендермен біріктірілген 
ең көп таралған геннің Lr1 екенін анықталды. Күтілетін маркер 
фрагменті Lr1-мен ассосацияланған бес зерттелген линияда табылды. 
Lr28-бен тіркескен маркер екі линияда табылды. Lr34-пен тіркескен 
маркер төрт RIL-де табылды. Бұл таңдалған бидай линиялары да 
ересек өсімдіктердің жапырақ татына төзімділігінің орташа және 
жоғары деңгейін көрсетті. Зерттеу нәтижесінде, бидайдың патогенге 
төзімділігін арттыруға ықпал ете алатын, жапырақ татына төзімділігі 
жоғары бидай генотиптері анықталды. Осы зерттеуде алынған қазақ
стандық карталанатын RIL Алмалы/Анза бидай популяциясының 
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қоңыр татқа төзімділігіне фенотиптік деректері, осы популяцияның 
кейінгі генотиптеуіне және QTL карталауына негіз болады.

Түйін сөздер: бидай, қоңыр тат, Puccinia triticina, төзімділік гендері, 
молекулалық маркерлер.
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ОЦЕНКА РЕКОМБИНАНТНЫХ ИНБРЕДНЫХ ЛИНИЙ 
ПШЕНИЦЫ НА УСТОЙЧИВОСТЬ К БУРОЙ РЖАВЧИНЕ

Аннотация. Листовая ржавчина пшеницы, вызываемая Puccinia 
triticina Erikss., является одним из основных заболеваний в основных 
регионах мира, возделывающих пшеницу. Это одна из основных 
болезней пшеницы в Казахстане. Целью исследования было феноти
пирование и генотипирование казахстанской картированной популя
ции рекомбинантных инбредных линий пшеницы (RIL) Almaly/Anza 
на устойчивость к P. triticina. Оценка устойчивости популяции пше
ницы RIL в полевых условиях к P. triticina позволила ранжировать 
изучаемые генотипы по уровню устойчивости. Выявлено, что частота 
встречаемости устойчивых образцов пшеницы составила 50,8%, а 
восприимчивых к бурой ржавчине - 49,2%, т.е. соотношение группы 
устойчивых к восприимчивым к болезням генотипов было примерно 
одинаково. Генотипирование наиболее устойчивых в полевых усло
виях линий Almaly/Anza с использованием трех молекулярных 
маркеров, сцепленных с Lr генами, показало, что наиболее часто 
встречающимся геном, идентифицированным индивидуально или 
в комбинации с другими генами, был Lr1. Ожидаемый маркерный 
фрагмент, ассоциированный с Lr1, обнаружен у пяти исследованных 
линий. Маркер, сцепленный с Lr28, обнаружен у двух линий. Маркер, 
сцепленный с Lr34, выявлен у четырех RIL. Эти отобранные линии 
пшеницы также показали средний и высокий уровень устойчивости 
взрослых растений к бурой ржавчине. В результате исследования 
идентифицированы генотипы пшеницы, обладающие высокой устой
чивостью к бурой ржавчине, что может способствовать повышению 
устойчивости пшеницы к патогену. Данные фенотипирования казах
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станской картирующей популяции пшеницы RIL Almaly/Anza на 
устойчивость к бурой ржавчине, полученные в данном исследовании, 
станут основой для последующего генотипирования и QTL-карти
рования этой популяции. 

Ключевые слова: пшеница, бурая ржавчина, Puccinia triticina, 
гены устойчивости, молекулярные маркеры.

Introduction. According to FAO experts, the world’s population will 
double by 2050. World grain production has been increasing in recent 
years, but the loss of wheat in the world from disease is about 10% of 
the potential yield (FAOSTAT data, 2016). Wheat leaf rust, caused by 
Puccinia triticina Erikss. (Ptr), is one of the major diseases in major wheat-
growing regions of the world. It is one of the major diseases of wheat in 
Kazakhstan. Annual losses of yield in Kazakhstan from leaf rust are from 
10 to 30%, and in the years of epiphytoties – up to 50%. In the period 
from 2001 to 2009, LR epidemics occurred in Northern Kazakhstan five 
times (2002, 2003, 2005, 2007 and 2009), and the loss of wheat yield on 
susceptible varieties reached 20-30% (Koishibayev, 2018; Morgounov et 
all, 2015). Resistance to Ptr helps to reduce production costs and protect 
the environment. Production of wheat in Kazakhstan and Russia is being 
constrained also by tan spot (Kokhmetova et all, 2018a, 2019a, 2019b, 
2020, 2021a, 2021b; Kremneva et all, 2019, 2021), Septoria (Babkenova et 
all, 2020) and common bunt (Madenova et all, 2021). Dominant position, 
as a part of the pathogenic complex of wheat in Kazakhstan, is taken by 
rusts (yellow, stem, and leaf rust) (Sharma et all, 2013; Kokhmetova et all, 
2018b, 2011, 2021c; Rsaliyev et all, 2018). 

The diversity of Lr genes in wheat varieties is of great importance for 
the fight against epidemics of leaf rust in the region. However, resistance 
to leaf rust can be overcome by changing the virulence of new pathogen 
races (Kolmer et all, 2016). Therefore, the search and development of new 
donors of resistance is an important task for effective disease control. 

Symptom-based phytopathological methods are not always effective 
for the development of varieties with resistance genes. Field evaluation 
is expensive, time-consuming and highly affected by environmental 
conditions. Incorporation of the resistance genes is an eco-friendly system 
that does not place any cost burden on the growers. Molecular markers 
associated with disease resistance will be a more effective way to identify 
disease resistance factors. The advent of relatively inexpensive, high 
throughput molecular marker platforms makes marker-assisted selection 
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(MAS) a viable approach to tracking resistance genes (Sharma-Poudyal et 
all, 2013).

The development of mapping wheat populations to map genes and 
quantitative trait loci (QTLs) that control disease resistance is an important 
step in breeding programs. The aim of this study is to phenotype and 
genotype the Kazakh mapping population of recombinant inbred wheat 
lines (RIL) Almaly/Anza for resistance to Puccinia triticina. Phenotyping 
data of the Kazakh mapping population of RIL Almaly/Anza wheat for 
resistance to leaf rust obtained in this research will become the basis for 
subsequent genotyping and QTL mapping of the wheat RIL population.

In connection with the above, the aim of the research is to phenotype 
and genotype the population of recombinant inbred wheat lines Almaly/
Anza for resistance to Puccinia triticina.

Research materials and methods. Objects of research is a collection 
of 205 recombinant inbred lines of wheat Almaly/Anza (RIL). This 
material was developed from crossing thge winter wheat cultivar Almaly 
from Kazakhstan and Anza spring wheat cultivar from the United States 
based on of single-seed descent approach (SSD). This is the first mapping 
population developed in Kazakhstan. Parental forms are contrasted in 
terms of resistance to Ptr and productivity traits. This study assessed 205 
RIL, which were evaluated for Ptr resistance in the field tests. Evaluation 
of field resistance to leaf rust was carried out under conditions of the 
Kazakh Scientific Research Institute of Agriculture and Plant Growing 
(KazNIIZiR), (Almalybak, 43°13’09” N, 76°36’17” E, Almaty region) 
in Southeast Kazakhstan, Almaty region, during 2020 cropping seasons. 
Experiments were conducted with a completely randomized design 
with two replicates in 1 m2. The Ptr-susceptible cultivar Morocco was 
planted in every 10th row and as a spreader border around the nursery 
to ensure uniform infection. The growing conditions were favorable for 
the development of rust. Infection type and severity data were recorded 
according to the method developed at the CIMMYT (Roelfs et all, 1992). 
Five types of infection were evaluated, IT, including immune, resistant, 
moderately resistant, moderately susceptible and susceptible reactions. 
Field resistance was assessed at boot and milk stages, respectively 
(Peterson et all, 1948). 

Genomic DNA was extracted from wheat at the two-leaf seedling stage 
for each genotype using the CTAB method (Riede et all, 1996). The presence 
of molecular markers to resistance genes Lr1 (pTAG), Lr28 (Wmc313) 
and Lr34/Sr57/Yr18 (csLV34) was determined as described by Feuillet et 
al. (1995), Vikal et al. (2004), and Lagudah et al. (2006) (Feuillet et all, 
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1995; Vikal et all, 2004; Lagudah et all, 2006). Polymerase chain reaction 
(PCR) was carried out in accordance with the protocols described for each 
Lr gene in the references. PCR reactions were carried out in a Bio-Rad 
T100TM Thermal Cycler (Bio-RAD, Hercules, California, USA). The PCR 
mixture (25 µL) contained 2.5 µL of genomic DNA (30 ng), 1 µL of each 
primer (1 pM/ µL) (SigmaAldrich, St. Louis, MI, USA), 2.5 µL of dNTP 
mixture (2.5 mM, dCTP, dGTP, dTTP and dATP aqueous solution) (ZAO 
Sileks, Russia), 2.5 µL MgCl2 (25 mM), 0.2 µL Taq polymerase (5 units 
µL) (ZAO Sileks, Russia), 2.5 µL 10X PCR buffer and 12.8 µL ddH20. 
PCR amplification was done using a Mastercycler (Eppendorf, Hamburg, 
Germany) with initial denaturation at 94°C for 3 min, 45 cycles: 94°C for 
1 min, annealing at 60°C for 1 min, 72°C for 2 min, and final elongation at 
72°C for 10 min. The PCR products were separated on 2% agarose gel in 
TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8) with the addition of 
ethidium bromide. To determine the length of the amplification fragment, a 
100-bp DNA ladder (Fermentas, Vilnius, Lithuania) was included. Results 
were visualized using the Gel Documentation System (Gel Doc XR+, 
BIO-RAD, Hercules, California, USA).

Results. A study of the Kazakhstan population of recombinant inbred 
lines of wheat Almaly/Anza for adult plant resistance to the P. recondita 
was carried out. The Almaly variety is a Kazakh variety of common winter 
wheat, developed by the KazNIIZiR in 2002, with a pedigree (R6862 x 
50431) x Bezostaya1. It is widely used as a parent in breeding programs 
in Kazakhstan and Central Asian countries and cultivated as a commercial 
wheat variety. Almaly has a high yield potential and moderately high 
resistance to leaf, stripe and stem rust. It is a carrier of the Lr1, Lr28 and 
Lr34 genes (Table 1). The pedigree of the variety contains Bezostaya1, a 
carrier of the Lr34, Lr3a and Lr13 resistance genes (WheatCAP https://
maswheat.ucdavis.edu). The Lr34 gene is also present in the second parent 
of recombinant inbred lines population, Anza (spring wheat), which is 
widely used in commercial breeding around the world. Anza, developed 
by the University of California (USA) in 1971, has high yield potential 
and is moderately resistant to a number of diseases, including leaf rust 
(WheatCAP https://maswheat.ucdavis.edu).

Table 1. Characterization of the resistance of parental cultivars of RIL 
Almaly/Anza to the Puccinia triticina and presence of Lr-genes.

Parental entries Adult plant resistance Presence of Lr-genes
♀ Almaly (winter wheat) 10MR-20MR Lr1, Lr28, Lr34
♂ Anza (spring wheat) 30MR-30MS Lr34
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Evaluation of the adult plant resistance resistance of the wheat 
population RIL Almaly/Anza to Puccinia triticina in field conditions 
showed the following. A high level of resistance with infectious type IT – 
0 was found in 84 lines of RIL Almaly/Anza, which amounted to 44.92%. 
Among them are the lines: 331-670, 332-671, 333-672, 334-673, 335-674, 
etc. (Table 2, Fig. 1). With a percentage of defeat 1-20%, i.e., 11 wheat 
genotypes (5.88%) were identified as moderately resistant to leaf rust with 
an assessment of “MR”: RIL Almaly/Anza-450-793, RIL Almaly/Anza-
453-796, RIL Almaly/Anza-454-797, etc. 

Table 2. Evaluation to leaf rust of the RIL Almaly/Anza (Almalybak, 2021).
Leaf rust resistant entries 

rated "0-R"
Moderately 

resistant to leaf 
rust entries 
rated "MR"

Moderately susceptible 
to leaf rust entries rated 

"MS"

Susceptible 
to leaf rust 

entries rated 
"S"

RIL Almaly/Anza-332-671, 
333-672, 334-673, 335-674, 
342-681, 344-683, 345-684, 
355-694, 356-695, 357-696, 
358-697, 360-699, 361-700, 
363-702, 364-703, 368-707, 
383-723, 387-728, 397-738, 
398-739, 399-740, 400-742, 
401-743, 402-744, 405-747, 
408-750, 409-751, 410-752, 
411-753, 412-755, 414-757, 
415-758, 416-759, 417-760, 
418-761, 422-765, 425-768, 
426-769, 427-770, 428-771, 
430-773, 432-775, 441-784, 
442-785, 451-794, 455-798, 
456-799, 457-800, 463-806, 
464-807, 465-808, 466-809, 

467-810, 475-819

RIL Almaly/
Anza-331-670, 
340-679, 341-
680, 362-701, 
367-706, 370-
709, 381-721, 
404-746, 469-
812, 470-813, 

483-827

RIL Almaly/Anza-337-
676, 343-682, 346-685, 

347-686, 348-687, 
349-688, 350-689, 351-
690, 352-691, 353-692, 
359-698, 365-704, 366-
705, 369-708, 371-710, 
372-711, 373-712, 374-
713, 375-714, 384-724, 
385-726, 386-727, 388-
729, 389-730, 390-731, 
391-732, 392-733, 393-
734, 394-735, 395-736, 
396-737, 403-745, 406-
748, 407-749, 419-762, 
421-764, 423-766, 433-
776, 437-780, 438-781, 
439-782, 440-783, 443-
786, 447-790, 450-793, 

452-795, 

RIL Almaly/
Anza-376-

715, 377-717, 
378-718, 379-
719, 380-720, 
382-722, 424-
767, 434-777, 
435-778, 436-
779, 444-787, 
446-789, 448-
791, 459-802, 
460-803, 461-
804, 481-825, 

482-826

Table 2 continue
RIL Almaly/Anza- 477-821, 
478-822, 484-828, 485-829, 
486-830, 488-832, 489-833, 
490-834, 491-835, 493-837, 
494-838, 496-840, 497-841, 
499-843, 502-846, 504-848, 
508-852, 509-853, 511-855, 
513-857, 514-859, 515-860, 
519-865, 520-866, 521-867, 
524-870, 528-874, 530-876, 
531-877, 535-881

RIL Almaly/Anza 453-796, 
458-801, 462-805, 468-811, 
471-814, 472-815, 474-818, 
476-820, 479-823, 480-824, 
487-831, 500-844, 501-845, 
503-847, 505-849, 506-850, 
507-851, 510-854,  512-856, 
516-862, 517-863, 518-864, 
522-868, 523-869, 525-871, 
526-872, 532-878, 533-879
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Figure 1. Frequency of occurrence of wheat genotypes by reaction to leaf rust in the 
field

Thus, the carried out phytopathological screening in the population of 
recombinant inbred lines Almaly/Anza for resistance to leaf rust made it 
possible to rank the studied genotypes according to the level of adult plant 
resistance. It was found that the frequency of occurrence of resistant wheat 
entries (groups R, MR) was 50.8% (95 genotypes), and susceptible to leaf 
rust (groups MS, S) - 49.2% (92 genotypes). The ratio of the number of 
genotypes in the groups of resistant versus susceptible to the disease was 
approximately the same.

Genotyping of parental entries and the most resistant in the field RIL 
Almaly/Anza with three leaf rust resistance genes linked markers is shown 
in Table 3. The most frequent Lr gene, identified in the material studied 
individually or in combination, was Lr1. The expected marker fragment 
associated with Lr1 was found in 5 (45,4%) of the lines, including 398-
739, 496-840, 515-860, 528-874 and 450-793. The marker linked to Lr28 
was found in two (18,2%) lines (451-794 and 474-818). The marker linked 
to Lr34 was found in four (36,4%) RIL, including 513-857, 511-855, 510-
854 and 501-845. 

Table 3.  Molecular screening for the Lr genes in recombinant inbred 
lines Almaly/Anza.

Entries
Molecular marker test

Lr1
(pTAG)

Lr28 
(Wmc313)

Lr34
(csLV34)

Lr genes detected 
based on linked marker

♀ Almaly (winter wheat) 1 1 1 Lr1, Lr28, Lr34

♂ Anza (spring wheat) 0 0 1 Lr34
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Table 3 continue
RIL Almaly/Anza

398-739 1 0 0 Lr1
451-794 0 1 0 Lr28
513-857 0 0 1 Lr34
496-840 1 0 0 Lr1
511-855 0 0 1 Lr34
515-860 1 0 0 Lr1
528-874 1 0 0 Lr1
474-818 0 1 0 Lr28
510-854 0 0 1 Lr34
450-793 1 0 0 Lr1
501-845 1 0 1 Lr1, Lr34

AVOCET'S' (negative control) 0 0 0 0

Note: “1”, “0” – indicate the presence and absence allele of correspond
ing gene, respectively

The expected marker fragment associated with Lr1 was found in 5 
(45,4%) of the 14 lines, including 398-739, 496-840, 515-860, 528-874 
and 450-793. The marker linked to Lr28 was found in two (18,2%) lines 
(451-794 and 474-818). The marker linked to Lr34 was found in four 
(36,4%) RIL, including 513-857, 511-855, 510-854 and 501-845. 

Discussion. As a result of the studies, leaf rust resistance in recombinant 
inbred wheat lines and their diversity in Lr genes were characterized. Leaf 
rust is one of the major problems for spring and winter wheat in Russia 
and Central Asia, including Kazakhstan (Morgounov et all, 2007; Rsaliev 
et all, 2011; Gultyaeva et all, 2018; Morgounov et all, 2020), and Ptr 
populations are diverse and highly virulent (Kokhmetova et all, 2021d). 
The evaluation of the adult plant resistance of the RIL Almaly/Anza in the 
field to leaf rust made it possible to rank the studied genotypes according 
to the level of resistance. It was found that the frequency of occurrence of 
resistant wheat samples (groups R, MR) was 50.8% (104 genotypes), and 
those susceptible to leaf rust (groups MS, S) - 49.2% (101 genotypes), i.e., 
the ratio of the group of disease-resistant to susceptible genotypes was 
approximately the same number.

In previous studies, the sources of Lr resistance genes (Lr19, Lr26, 
Lr37, Lr34, Lr1, Lr26, Lr34, Lr10, Lr37, Lr19, and Lr68 genes) were 
identified in winter wheat breeding material (Kokhmetova et all, 2021d; 
Yessenbekova et all, 2014). In this research, molecular screening of wheat 
entries showed differences in the frequencies of three important Lr genes. 
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In this study among the 11 entries, 5 carried resistance gene Lr1, 2 had 
Lr28 and Lr34 was found in 4 wheat lines. 

Recent studies in Kazakhstan have shown that with the advent of new 
virulent races of the pathogen, many Lr genes have become ineffective 
(Kokhmetova et all, 2021d). Therefore, new knowledge about the mechani
sms and genetic bases of resistance to this dangerous disease for Kazakhstan 
is needed. This study identified some wheat genotypes highly resistant to 
leaf rust that may contribute to the improvement of leaf rust resistance. 
Phenotyping data of the Kazakh mapping population of RIL Almaly/Anza 
for resistance to leaf rust obtained in this research will become the basis 
for subsequent genotyping and QTL mapping of the wheat RIL population.

Conclusion. The results of field phytopathological screening of 205 
RIL Almaly/Anza to Puccinia triticina in field conditions allowed ranking 
the studied material according to the level of resistance. It was found that 
the frequency of occurrence of resistant wheat samples was 50.8% and 
those susceptible to leaf rust 49.2%, i.e., the ratio of the group of disease-
resistant to susceptible genotypes was approximately the same number. 
Based on the results of molecular screening among the entries studied, 5 
carried Lr1, 2 had Lr28 and Lr34 resistance gene was found in 4 wheat 
lines. Phenotyping data of the Kazakh mapping population of RIL Almaly/
Anza for resistance to leaf rust will become the basis for subsequent 
genotyping and QTL mapping of this population.
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ПАМЯТИ 

АНДРЕЯ ЛЕОНИДОВИЧА КУНИЦЫНА

19 января 2022 г. на 86 году жизни скончался известный ученый, член 
Национального комитета по теоретической и прикладной механике РФ 
профессор Андрей Леонидович Куницын.

Куницын А.Л. родился 26 июля 1936 г. в Саратове. Там же прошли его 
детские годы. Папа был врачом. Он погиб на фронте. Все заботы о сыне 
легли на плечи мамы. Род Куницыных известен с конца 18-го века. Кира 
Владимировна поощряла тягу сына к знаниям и спорту, воспитывала  
высокопорядочного юношу, отличающегося исключительной 
честностью. Школу Андрей закончил с золотой медалью на Сахалине, 
куда его мама уезжала работать. Интерес к полетам привел Андрея 
Куницына в Московский авиационный институт, куда он поступил 
в1954 г. 

Приоритетной в обществе в то время была космическая тематика. 
Лучших выпускников вузов распределяли в соответствующие ОКБ. Так 
в 1960 г. А.Л. Куницын начал работать специалистом по траекториям 
спутников и других космических аппаратов. Интерес к проекту 
самолета, летающего на высоте ближнего космоса, привел его к мысли 
о необходимости дальнейшей теоретической подготовки в аспирантуре. 
Аспирантуру Куницын А.Л. проходил под руководством Г.В. Каменкова 
– ректора МАИ, одного из организаторов Казанского авиационного 
института. Каменков Г.В. существенно развил теорию устойчивости 
Ляпунова в критических случаях. При этом за рамками рассмотрения 
остались случаи внутреннего резонанса – наличия целочисленного 
соотношения между частотами линейной системы. 

Научные интересы А.Л. Куницына на много лет стали связаны с 
теорией внутреннего резонанса и её приложениями в задачах механики. 
В 70-х годах прошлого века началось интенсивное изучение систем, 
которые со времени создания А.М. Ляпуновым теории устойчивости 
вызывали принципиальные трудности. Тем не менее, такие системы 
имеют важное значение в объяснении резонансных эффектов, 
встречающихся как в природе, так и в математических моделях. 
Куницын А.Л. получил результаты для наиболее важных случаев 
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резонанса низших порядков для автономных и периодических систем 
общего вида.  Исследования подытожены в монографии «Некоторые 
задачи устойчивости нелинейных резонансных систем» (совместно 
с Ташимовым Л.Т.) и обзоре «Устойчивость в резонансных случаях» 
(совместно с Маркеевым А.П.). Сегодня в научном мире имя Куницына 
А.Л. связывают с разработкой теории устойчивости резонансных 
систем общего (негамильтонового) вида.

Исследования Куницына А.Л. всегда были связаны с небесной 
механикой и космонавтикой. Его работы  по геостационарному 
спутнику, треугольным точкам либрации неограниченной задачи 
трех тел, стабилизации спутника в коллинеарных точках либрации в 
системе Земля-Луна, движению тела в гравитационно-репульсивном 
поле (фотогравитационная задача трех тел) хорошо известны в 
научном мире. В неограниченной задаче трех тел Куницыным А.Л. 
дана геометрическая интерпретация для треугольных точек либрации 
в нелинейной постановке и получены результаты по устойчивости.  
В фотогравитационной круговой задаче трех тел с одним и двумя 
излучающими телами им (совместно с Турешбаевым А.Т.) удалось 
описать все устойчивые множества точек либрации. В звездной динамике 
он предложил модель, которая впоследствии позволила предсказывать 
существование гигантских облачных скоплений микрочастиц. А.Л. 
Куницын был признанным авторитетом по фотогравитационной 
небесной механике. Его обзор по фотогравитационной задаче трех 
тел (совместно с Поляховой Е.Н.) не теряет актуальности и поныне.                                                                           
Работы А.Л. Куницына отличают ясность постановки задачи, 
аналитическая глубина и изящество геометрической интерпретации. 

Он автор и соавтор более 100 работ, включая 3 монографии.                                                                                         
В 1966 г. Куницын А.Л.. был приглашен проф. Шевченко К.Н. в МИФИ 
на кафедру, где начали готовить специалистов по космической тематике.
Здесь во всей полноте проявился педагогический талант Андрея 
Леонидовича, увлекший наукой Медведева С.В., Красильникова П.С., 
Пережогина А.А., Тхай В.Н. – студентов старших курсов. В это же 
время кандидатскую диссертацию защитил Мырзабеков Т.–первый 
ученик из Казахстана. В 1977 г. А.Л. Куницын вернулся в альма-
матер на кафедру теоретической механики, где работал профессором 
до ухода на пенсию. Докторскую диссертацию он защитил в 1980 
г. Звание профессора ему присвоено в 1983г.  В 2006 г. избран в 
Национальный комитет по теоретической и прикладной механике РФ.                                                                                                                              
Филиал МАИ в г. Ленинск привлекает талантливую молодежь из 
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Казахстана. В результате А.Л. Куницыным создана научная школа в 
Казахстане. Всего под руководством А.Л. Куницына в МАИ защитились 
8 ученых из Казахстана. Видный представитель школы Ташимов Л.Т. 
стал доктором наук, профессором, академиком НАН РК (скончался в 
2021 г). В студенческие годы А.Л. Куницын был известен как чемпион 
Москвы по штанге,  сейчас в youtube https://youtu.be/WJh7Nrwqq68 
слушают песню на его стихи. Он любил песни, навеянные широкими 
просторами Волги, пел романсы. Он полюбил казахскую культуру.    

П.С. Красильников (профессор МАИ), А.П. Маркеев (профессор 
МФТИ), С.В. Медведев (профессор МАИ), Е.Н. Поляхова (профессор 
СПбГУ), В.Н. Тхай (главный научный сотрудник ИПУ РАН, профессор), 
А.А. Пережогин (профессор МАИ), А.С. Муратов (профессор ЮКУ), 
А.Т. Турешбаев (профессор КУ им. Коркыт Ата), А.А. Туякбаев 
(профессор КУ им. Коркыт Ата).
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