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L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
(E-mail: ' akhmetova2395@mail.ru, % mukataevazh@mail.ru)

Morphofunctional development of 13-15-year old girls of different somatotypes

Abstract: The present article provides a comparative analysis of the morphofunctional indicators
of 13-15 year old girls of different types of constitution, living in the cities of Pavlodar and Kyzy-
lorda. Most of the studied schoolgirls belonged to the thoracic and muscular types of constitution.
Considerable attention is paid to the comparison of such morphological parameters as body length
(BL), body mass (BM), chest circumference (CC), wrist strength (WS), cardio-respiratory system
indices at rest and after dosed load. The study found that morphological parameters (BL, BM, CC)
in girls of two regions increase from asthenoid type to digestive. The results show that the capacity
of the cardio-respiratory system of girls of the digestive type is less compared with schoolgirls of
other somatotypes.

Keywords: morphofunctional development, types of constitution, cardio-respiratory system,
physical development.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-8-13

Human health is formed in ontogenesis and at its each stage is determined by a set of different
reactions for the realization of the innate characteristics of the organism. Nowadays requirements
for the pedagogical and health process require ever more in-depth study of individual-typological
(constitutional) differences at each stage of individual human development. Typological differences of
children and adolescents should be the basis of a differentiated approach in the upbringing, education
and conduction of therapeutic and recreational activities [1]. This problem is of particular relevance
in assessing the dynamics of the development of children and adolescents, since only the value of
the child’s individual capabilities and the prediction of his ontogenesis is a necessary prerequisite for
successful education and upbringing without compromising health [2].

The problems of constitutional science in Kazakhstan have not been well studied, except for
the works of Z.M. Aliakbarova [3, 4]. Therefore, the study of the characteristics of the physical
development of children, taking into account the individual-typological features, is relevant.

The present study aimed to investigate the morphological and functional indicators of 13—15 year
old schoolgirls of different types of constitution, living in cities of Pavlodar and Kyzylorda.

Materials and methods

The research was conducted on the basis of schools in the cities of Pavlodar and Kyzylorda. In
total, 120 children aged 13-15 years old of different types of constitution took part in the study.

Types of the constitution were determined by the method of V.G. Shtefko and A.D. Ostrovskiy
[5]: asthenoid (A), thoracic (T), muscular (M), digestive (D). Among the main anthropometric
indicators of physical development the following were investigated: body length (BL), body mass
(BM), chest circumference (CC), wrist strength (WS). According to the length, body mass and chest
circumference the Quetelet index (QI) and stenia index (SI) were determined: QI =BM, kg/BL, m ?;
SI = BL, em / (2 x BM, kg +CC, cm) [6]. The function of external respiration was assessed by the
indicator of vital capacity of the lungs (VC) using a dry spirometer [7], and the vital index (VI =
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VC / BM) was also calculated [8]. In order to study the adaptation to physical loads and assess the
functional reserves of the body, a step ergometric testing was conducted [9]. Heart rate (HR) was
determined using an electrocardiograph "Axion EC 1T-07"; blood pressure (BP) was measured by
the Korotkov auscultatory method [10].

The significance of differences was assessed by Student’s t-test, the differences were considered
significant at p < 0.05 [11].

Results and discussion

Analyzing the data obtained, the following distribution of types of constitution of schoolgirls
living in Pavlodar city was revealed: asthenoid type — 15%, thoracic type — 59%, muscular type
— 23%, digestive type — 3%. Among schoolgirls living in Kyzylorda, the following distribution of
somatotypes was noted: asthenoid type — 48%, thoracic type — 45%, muscular type — 7%, while
schoolgirls with digestive type constitution were not detected (Fig. 1).

Pavlodar (13-15 years old) Kyzylorda (13-15 years old)

3% 7%
A
T HA
]
M =T
M
mD

Ficure 1 — Distribution of types of constitution of schoolgirls (13-15 years old) in Pavlodar and Kyzylorda

The main anthropometric indicators (BL, BM, CC), as well as the Quetelet index, which charac-
terizes body build obesity, in this age group tended to increase from asthenoid to digestive type. It
is worth noting that, in terms of body length, schoolgirls in Kyzylorda were ahead of schoolgirls in
Pavlodar. Significance was noted in children of the astenoid and muscular types of the constitution.
For the rest of the indicators (BM, CC, QI) schoolgirls in Pavlodar were ahead of their peers in
Kyzylorda (table 1).

Table 1. Indicators of physical development of 13-15 year old girls of different types of constitution living in

the northern and southern regions of Kazakhstan

Indicators Age, years old
13-15
A T M D
N (number) P | n=9 n=35 n=14 n=2
K | n=29 n=27 n=4
Body length, cm P | 158,1+1,4 160,24+1,1 158,9+1.,6 166,04+1,5 *
K |162,4+1,2 # 162,84+0,8 166,5+1,5 *#
Body mass, kg P | 50,7+1,0 51,64+0,8 55,3+0,9 * 67,5+1,8 *
K | 48,24+1,0 51,840,6 * 54,8420 *
Chest P | 75,8415 76,4+0,7 79,7+£1,2 87,0+0,5 *
circumference, cm K | 73,84+0,7 76,2+0,8 * 79,442,0
Quetelet index cu | P | 20,34+0,2 20,1+0,2 21,9+0,4 * 24.5+0,2 *
K | 18,3+0,3 # 19,5+0,2 *# 19,7£0,6 #
Stenia index cu P | 0,8940,01 0,89+0,01 0,84+0,01 * 0,754+0,01 *
K |0,964+0,01 # 0,914+0,01 * 0,88+0,02
% of fat reserve P |16,940,9 22,6+0,5 * 26,2+1,1 * 28,8+0,5 *
K |17,340,5 21,7+0,5 * 24,3+0,3 *
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Fat reserve, kg P | 8,6+£0,6 11,7+0,4 * 14,54+0,7 * 19,440,2 *
K |8,4+0,4 11,240,3 * 13,3+0,5 *
Active body mass, | P |42,1+0,8 39,94+0,5 * 40,7+0,7 48,14+1,6 *
kg K |39,840,7 # 40,640,6 41,5+1,6
Wrist strength P |418+1,5 41,4+0,8 43,8420 41,0+4,5
(R+L), kg K |35,940,8 # 36,6+0,7 # 41,3+2,6
Wrist index, kg/kg | P | 0,8240,02 0,81+0,02 0,79+0,03 0,61+0,1
K |0,754+0,01 # 0,714+0,01 *#4# | 0,75+0,03
Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

Evaluation of the results of the wrist strength showed that schoolgirls in Pavlodar exceeded the
values of schoolgirls in Kyzylorda (table 1). Analysis of the function of external respiration showed
that the vital capacity of the lungs, both in the girls of Pavlodar and in the girls of Kyzylorda,
In southern schoolgirls,

is unevenly increasing from the asthenoid type to the digestive (table 2).

the asthenoid and thoracic types of life indicator (LI) are lower in comparison with northern peers,

which indicates a large reserve of the respiratory system of northern girls.

In the study of the functions of the cardiovascular system of girls at rest, higher values of heart
rate, systolic and diastolic blood pressure were found in schoolgirls living in Pavlodar (table 2). The
physiological meaning of a decrease in heart rate at rest contributes to an increase in the chronotropic
reserve of the heart. This indicated a less economical functioning of the cardiovascular system in

northern girls in a state of relative rest [12].
Table 2.

constitution living in the northern and southern regions of Kazakhstan

Indicators of the cardio-respiratory system at rest of 13—15 year old girls of different types of

Indicators Age, years old
13-15
A T M D
N (number) P | n=9 n—35 n=14 n—2
K | n=29 n=27 4
Respiratory system indicators
Vital capacity, P | 2,5240,08 2,4540,04 2,60+0,1 2,70£0,2
liters K |2,27+0,04 # 2,30+0,05 # 2,75+0,1 *
Life index, ml/kg | P | 49,7+1,0 47.8+1,0 47,04+1,0 40,0+£3,4
K | 42,9434 44,440,8 # 50,3+1,7 *
Cardiovascular system indicators
Heart rate, bpm P | 83,24+0,9 83,51+0,5 83,4+0,7 85,0£0,5
K |81,64+0,5 81,4£0,5 # 81,8+1.4
Systolic pressure, | P | 112,24+1,5 110,0+1,3 111,44+1,8 110,0+£5,0
mmHg K | 107,0£1,3 # 107,4£0,9 # 107,56+2,5
Diastolic pressure, | P | 71,1+£2,0 68,2+1,4 67,9+1,5 60,0+£5,0
mmHg K | 62,5414 # 62,6+1,6 # 62,5+2,5
Pulse pressure, P |41,14+1.1 41,840,8 43,6+1,3 50,04+0,0 *
mmHg K | 44,54+1,1 # 44.8+1,1 # 45,045,0
Robinson index, P 93,4419 91,9+14 92,9+1,5 93,5+4.,9
cu K | 87,44+1,4 # 87,4+0,9 # 88,0+3,4
Stroke volume, P |595+1,6 64,8+1,1 * 69,1+1,3 * 77,0+£3,0 *
mL K | 66,44+1,3 # 68,8+1,4 # 71,4+£3,8 #
Cardiac output, L | P | 4,95£0,1 5,41+0,1 * 5,77+0,1 * 6,5+0,2 *
K | 5,4140,1 # 5,60£0,1 5,85+0,4
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Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

Under the conditions of a step ergometric load with a capacity of 12 kg / min kg, in the studied
schoolgirls, in terms of heart rate, systolic pressure, diastolic pressure and Robinson index, there was
an increase from asthenoid to digestive type, while in the case of southern peers — to muscular. The
adaptive cardiovascular system response to physical activity was accompanied by an increase in car-
diac output. Blood pressure, stroke volume and cardiac output in girls of the digestive constitutional
type were significantly higher compared with schoolgirls of other somatotypes (table 3).

Table 3. Indicators of the cardio-respiratory system under load of 13—15 year old girls of different types of

constitution living in the northern and southern regions of Kazakhstan

Indicators Age, years old
13-15
A T M D

N (number) P | n=9 n=35 n=14 n=2

K | n=29 n=27 n=4
Heart rate, bpm P ]161,2+0,9 162,3£0,7 162,64+0,8 * 165,0£2,0

K | 149,7+0,7 # 150,540,6 # 152,54+1,2 #
Systolic pressure, | P | 147,841,5 147,7+1,1 152,1+1,9 140,0+5,0
mmHg K | 143,5+1,1 # 145,24+1,2 147,5+2.5
Diastolic pressure, | P | 72,2+1.,5 68,2+1,6 68,6+1,8 60,0+5,0
mmHg K | 63,0+1,3 # 63,0+1,6 # 62,5+2.5
Pulse pressure, P | 75,6+1,8 79,54+2,0 83,6+2,0 * 80,0+0,0 *
mmHg K | 80,5+1,7 82,2+1,7 85,0£2,9
Robinson index, P | 2382+2,1 239,7+1,7 247,5+3,5 231,0+5,3
cu K | 214,7+£1,9 # 218,5+1,9 # 225,0+4,8 #
Stroke volume, P |76,0+1,6 83,7+1,9 * 88,6+1,8 92,043,0
mL K | 85,7+1,6 # 87,2+1,7 91,4+2.3
Cardiac output, P |12,340,3 13,6+0,3 * 14,4+0,3 15,2+0,7
L K | 12,840,2 13,1£0,2 13,9+0,4
Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

When studying the values of the reaction of the cardiovascular system to physical activity in
comparison with the state of rest, there was a noticeable increase in heart rate, systolic pressure,
diastolic pressure and Robinson index in the northern representatives of all types of constitution,
which demonstrates a high "price" of adaptation to physical activity. The study of physical perfor-
mance (PWC170) of 13-15 year old girls showed higher values for southern schoolgirls, which proves
greater endurance for girls living in Kyzylorda (table 4).

Table 4. Indicators of absolute and relative physical performance and maximum aerobic performance of

13-15 year old girls of different types of constitution living in the northern and southern regions of Kazakhstan

Indicators Age, years old

13-15

A T M D
N (number) P | n=9 n=35 n=14 n=2

K | n=29 n=27 n=4

PWC170, P |666,3£16,7 671,7+9,5 715,7+11,7 * 8475+1,4 *
kg:m /min K | 708,3£14,5 # | 759,1+13,7 # | 775,54+28,0
PWC170/kg, P |13,14+0,1 13,03+£0,1 12,96+0,1 12,60+0,4
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kG'm /min- kg K |14,69+0,1 # 14,64+0,1 # 14,174£0,2 *#

VO2 max, P |2,02+0,04 2,0240,02 21140,03 * | 2,4040,01 *
L,/min K | 2,0640,03 21440,03 # | 2,2040,07

VO2 max /kg, | P | 39,8%£0,3 39,2404 38,2404 * 348408 *
mL/min kg K | 42,9404 7 1,450,277 | 40,350,4 #

Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

Conclusions

1. Among schoolgirls living in Pavlodar, the most frequent are representatives of the thoracic and
muscular constitutional types, and the rarest type is the digestive. Among Kyzylorda schoolgirls,
asthenoid and thoracic types prevail, while the digestive type is absent.

2. Representatives living in Pavlodar are ahead of Kyzylorda peers in terms of physical develop-
ment. Schoolgirls living in Kyzylorda have higher cardiovascular system functionality.
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13-15 >kacTarbl KbI3AapAblH 9PTYPJi comaroTunrepinin mopdodyHKIMOHANAbI JaMy bl

Anvotanus: Byn makanana Kasakcranubsig Ilasinogap »xone Keoisbuiopma o6JibICTapbIHIA TYPATHIH KOHCTUTYIASTHBIH,
Typsepine 6GaimanbicTel  13-15  KacTarbl KbI3ZApPABIH MOPQMOQYHKIMOHAIIL! KOPCETKIIITEPIHE CAJBICTHIPMAJIbLI  TaIgay
KesiTipiieni.  3eprTesireH KbI3ZapAblH Kebici acTeHOWATHIK KOHE TOPAaKaJIblK KOHCTHUTYLMS TypJepine karkaH. Jlene
y3biaprsl (YY), gewe canmarbt (JC), xeyme kybicbiubiy rienbepi (KKIII), Gisex KyimiHe, THIHBINTHIK, KyHiHzeri »KoHe
MeJIIIEePJIeHT €H KYKTeMeIeH KeHiHri KapAuo-peCIupaTOPJIbIK »KYHeHIH KopceTKimTepi CuAKTH MOP@OIOrUsAIbIK, KOPCETKIITepre
esieysi KeHi GesliHeni. 3eprrey GapbIChIHAA €Ki OOJIBICTAFbl KbI3Iap/blH aCTEHOWATHI TYPJIEH JUTMEeCTUBTI Typre KaparaHa
mopdosorusiblk, kepcerkimrepi (JIY, JC, KKII) yaraona. AJIbIHFAH HOTHIKEJIED KOPCETKEHJEH, IUTeCTHBTI Typmeri
KBI3JaP/IbIH, KapANOPECINPATOPJIBIK, XKYIeCiHiH MyMKiHIIKTepi 6acKa COMATOTUNITEPIH KbI3/Iapbl MEH CAJIBICTBIPFAH/Ia a3.

TyitiH ce3zep: MopdodbyHKIMOHAIABI OaMy, KOHCTHUTYIUSI TYpJepi, AaHTPOIOMETDPHUSIIBIK KOPCETKIINTep, Kapauo-
PecupaToOpJIbIK Kyiie, JIeHe TaMybl.
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A.A. AxmeroBa, 2K.M. MykaraeBa
Espasutickutl nayuorasvtoli yrnusepcumem um. JI.H.Iymunesa, Acmana, Kazaxcman

MopdodyHKIMOHAILHOE pa3BUTHUE AeBo4deK 13-15 jieT pa3sHbIX COMaTOTHUIIOB

AnHoranus: B naHHOl cTaThe NPUBOAUTCS CPABHUTEJbHBIN aHau3 MOPMOdYHKIIMOHAIBHBIX [TOKa3areseil nesodek 13-15
JIeT Pa3HbIX TUIIOB KOHCTUTYIWUU, IIPOXKUBAKOIIUX B I. Ha.BJIO,ELap " T. KbI3bIJ'IOp,ELa.. BOJTI)IHI/IHCTBO HCCJIEJOBAHHBIX MIKOJIBHUIY
OTHOCUJIUCh K TOPAKAJbHOMY M MBIIIEYHOMY THUIAM KOHCTUTYLIUU. J3HAYUTEJbHOE BHUMAHUE YJEJISeTCsl CPABHEHUIO TaKUX
MopdoJIorauecKkux nokasaresei, kak quuaa rena (I T), macca rena (MT), okpy»xkuocTs rpyauoit kiaerkn (OI'K), kucresas cuna
(KC), nokasaresn KapAuo-peCIUPATOPHON CUCTEMBI B COCTOSIHUY [IOKOs ¥ [10CJIe JO3MPOBAHHON HArPy3KH. B Xoze uccienoBanus
6BLI0 yCcTaHOBJIEHO, 9TO Mopdosorndeckue nokasarean (AT, MT, OI'K) y meBoduek aByx o6JsacTeil OT aCTEHOMJIHOTO THIIA K
JIUTECTUBHOMY YBEJUYUBAIOTCS. 1lOJIydeHHBIE Pe3yJIbTAThl MOKA3BIBAIOT, 9TO BO3MOXKHOCTU Kap/IMO-PECIIUPATOPHON CHCTEMBI
JA€BOYEeK JUTI'€CTUBHOI'O THUIIA MEHBIIE 110 CPDABHEHUIO C IIIKOJIbHUIIAMU JPYTI'UX COMATOTHUIIOB.

KiroueBbie cijioBa: MOPhODYHKIIMOHAIBLHOE PA3BUTHUE, TUIILI KOHCTUTYIIMU, KAP/IUO-PECIUPATOPHAs CUCTEMA, (DU3HIECKOe
pasBuTHe.
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IITy-Tanac e3eHmepi 6acceiiHi baJabIKTapbIHAa MHBA3ZUAJIBIK ayPYJIapablH TapaJlybl

Angmarna: Makamaga 2Kam6br1 obsbiceiabrs, [y-Tamac esenmepi 6acceiininmeri 6aabIKkTapIbii
WHBA3UAIBIK, aypPy/JIapblH 3ePTTEYIiH HOTIXKejIepi Oepiiarex. By cy Oacceitninen aysranran
DaJIBIKTap/1a TPOTO300HO3IbI YKOHE T'eJIbMIHTO3IbI KO3ALIPFLIIITAD TYALIPATHLIH aypy/iap 0ap exeHi
aHbIKTAJIbI. OJapIblH OMOJIOTUSIIBIK, epeKIeIikTepi KoHe Tapajiybl, coHbIMeH Karap U men 1D
3epTTesI.

TyiiiH ce3mep: WHBA3USLILIK aypyJjap, KO3JALIPIBIIITAD, [IPOTO300HO3IApP, TIeJIbMUHTTED,
MHBAa3UIBIK NHTEHCUBTIIIK, THBA3HSIBIK, SKCTEHCUBTLIIIK.

DOLI: https://doi.org/10.32523/2616-7034-2019-126-1-14-21

1 Kipicme. 2Kambbu1 06/bICHIHBIH, OaJIbIK MIAPYaIIbIIbLIFBIHA Oaiff Cy KOpPBI 2KOHE OaJbIK
IapyaIlbIBIFBIH KAPKBIHJBl JIAMBITY VIOIH KOJAalabl Karjgaiiap O6ap.  OOJBICTBIH Taburu-
KJINMATTBIK, 2KArJaifibl TayapJiblK, OajIblK IMapYaIIbLILIFBIHEIH Op TYPJl OarbITTapblH IaMbITyFa
MYMKIHJIK Oepesli, MbICAJIbI: TOFAHIBIK, KOJIIIK-Tayap/IblK,.

Kazipri Tagga obsbicTarbl cy KoifMasapblHAA OaJIBIKTap/IbIH, OUOJOTHUSIIBIK, AJyaHTYPJIJIIriH
cakTay Mocesieci TYBIHIAIbI: OaJIBIKTAP/IBIH, Oarasbl TYPJEPiH ayiay Y3iKCi3 TeMmeHjeyne, TOMEeH
OaraJlaHATBIH UXTHOMAyHa UrepiIMeil »KaTbhIp, TaOUFU MHOMIYJIAIUs Ke3iHge OasbIKTBIH TayapJiblK
calacblHbIH, TeMeHjeyl Oaiikanayma. Ocbirad Jeilinri 3eprreysiep 6apiblk Cy KoMasapbIHIa CY
pPeCcypCTapbIHBIH, KOCIIITIK KOPJIAPhI YKaf JaibIHbIH, »KaFbIMCBHI3 TEHIEHITUSICHIH aHBIKTAIbI.

2Kekesieren aynaniap TeppUTOPHSIAPBIHIA OPHAJIACKAH CY aliIbIHIAPBIHBIH, IHAPOMUIUKAIBIK,
IUAPOXUMUSIBIK, »KOHE HXTHOdayHa KypaMbl MeH OajblK [IapyallblIbIFbl VIIIH MAHBI3IbI OOJIBIII
ecernTesel.

Banbik - amgam yImiH MaHBI3IbI 0e/IOK TaraMIapbIHbIH Oipi. [lnaneramarbl agaMaap CAHBIHBIH,
ecyiHe OaillaHBICTBI OaJBIKTBI HaiigaJaHy Jda apThill, eaiMi3geri OajblK KOpJapbl a3asijibl.
Kazakcranmga 6aabik ayiay >KoHe FAJIbIMIAPILIH OACTbl MiHIET] 1pi XKoHe MIarblH Cy KONMaJIapbIHIa
OaJIBIK, A PYaIlbLILIFBIHBIH OHIMILIINH OapBIHIIA apTTBIPY OOJIBIT TaOBLIAIbI.

BanpikTap caHbl TypJi 3uAHABI QaKTOpPJapIblH BIKMaJbiMeH ToMmenmeiai. Og dakTopiaapra
OaJIBIKTAP/IBIH, Mapa3suTTIK aypyjiapbl KaTalbl. Kazakcranmarer keiibip cy KoiiMajiapbIHIA
[MapasuTTiK aypy/aap OaJIbIKTAD apachlHAa TapaIaibl, OyJI OAJIBIK MAPYAITLLIBLIFBIHBIH OHIMIITINHIH
TeMeHeyiHe aJibin Keyeni. COHbIMEH KaTap, KOIITereH Hapa3uTTep OaJIbIKTap/IblH OCYiH TOKTATHIII,
OaJbIK OHIMIEpIHIH camachblH ToMeHAeTedl. 2KyYKImaabl, MHBA3USIBIK >KoHE WHMEKIUSIIBIK eMeC
aypyJiap 6asbIKTap apachlna Kul kesaeces [3].

BanbikTapapia, KOITen Tapajiybl MeH OaJIbIKTap/Ibl Ocipyre KeJaepri KeJTipeTiHi oJ1 WHBA3HUSIBIK,
aypy/iapabie TypJaepi. MHBasusIbIK aypy/aapabi, KeH Tapaaybl SKOHOMUKAJIBIK, KOHE SKOJTOTUSIIIBIK
TYPFBIIAH OAJIBIK, IIAPYAITBLIBIFBIHA KEPi ocepin Turizyme. VHBA3USIBIK aypyIapIblH KO MOJIIIep/Ie
TapaJyblHA TOCKAYBLI Kacay VIIiH, OaJbIKTap/IblH aypy/IapblH 3ePTTey Ka3ipri Ke3ie o3eKTi Macesie
6oJibit oThIp. COHBIMEH KaTap, OChl aypyJiapra JYpPhIC JUATHO3 KO >KOHE AJIJIBIH-aJIy IapajiapblH
JKYPri3y eTe MaHbI3/IbI.

2 3eprTey HBICAHJAAPBI MeH 9aicTepi. 3eprTTey KYMBICBHIHBIH MiHIeTTepine 2KamObLT
obuibichiabty, [Iy-Tamac e3engepi Oaccefiningeri GajbikTapia »KUi Ke3IECeTiH WHBA3USJILIK aypy
TYDPJIEPiH, WHBA3USIIBIK, ayPyJIapbIHbIH OUOJIOTUSIIBIK, €PEKIIeTiKTePI MEH TapaJIyblH, 3a/ajIaHraH
OaJbIKTapIbIH HWHBA3USIIBIK WHTEHCUBTLIIINT MEH WHBa3USIBIK SKCTEHCHUBTLIITIH AHBIKTAY KOHE
OaJbIKTap/IbIH NHBA3USIIBIK, aypy/JIapMeH Kypecy ImapaJiapbiH besrisey 060JIb.

Ocpr 3eprrey sxkyMmbicrapbl 2017-2019 »kburgap apaJdbirbiiga  Acrada  Kajachiabi, PMEK
«PecniyOiuKa bk, BeTePUHAPUAIBIK 3€PTXaHACHI» OPTAJBIK, (buanaabiablH [lapasuTosmorust »KoHe
nxTuonaroJorus 6esimi xkeue C. Ceitdyina arbiHAarbl Ka3ak arporeXHUKaJbIK YHIBEPCUTETIHIH,
Berepunapusiibik, Meaunnaa KadeapachiHbil, [lapazurosiorust 3epTxaHachblHIa, XKy Prizii.
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E.H Amnapkymaos, 2K.Il. CembaeBa

Ne | Aynanran | 3eprTeyre aJblHFaH OAJBIK, TYpJIepi

p/c| opHBI JOHMaHJIall| TopTa | cazaH | mapmaii| MeHKe | TabaH | KbI3bLIKAHAT
1 [Ty 18 15 14 17 12 16 13

2 Taustac 7 10 11 8 13 9 12

Bapabirsr: 175 | 25 25 25 25 25 25 25

KecTE 1 — IITy-Tanac e3eHaepineH ayjiaHraH GajIbIKTapAbIH CaHABIK KepceTKiuirepi

Beprrey Hbicanapbl peTinge 2Kamobur obsbickiabiH, [y xxone Tasac ipi e3engepi bacceitaaepine
KEe3/IeCeTiH OHJIPICTIK MaHbI3bl 6ap Oasblk Typsepl meHmanmait (Arystichthys nobilis), Topra
(Rutilus rutilus), cazan (Cyprinus carpio), mapmait (Shizothorar intermedius), menke (Caras-
sius), Taban (Abramis brama), xebuUIKanar (Scardinius erythrophtalmus) GaJbIKTapbl AJIBIHJIBL.
ZKastier asirania aysianral OaJiblK TypJepini 175 maHachiHa YKaH-KAKThl caparTaMaJjap XKacaJbll,
3epTTEYIEP KYPris3ii.

BasibikTapiarbl MHBa3WSIBIK,  aypy/ap/bl aHbIKTay YIINH Kejeci oJicTep MmaillaaHblIIbL:
OaJsIbIKTAP/Ibl KJINHUKAJIBIK TEKCEPY 91ici, GasbIKTap/ bl HATOJOT0AHATOMUSIIBIK, 2KAPBIIT COI0 DI
(B.A. JToresb 6GoiibIHIIA ), TETEMIHTOOBOCKOIIHS, (DITOTAIISAIIBL O/IiCTED, KOMPOIOTUSIIBIK dic, CTosut
onici, Bepman »xone Opiios aici [3].

Seprrey MingerTepine coitkec 2Kam6b1 0bbickabH [ly-Tamac e3emnaepinen aymanran 6aabKTAD
TYDJIEPIHIH WMHBA3UAJIBIK TIeJIbMUHTO3/IADbIMEH 3aJajfaHFaH  OaJIbIKTapJarbl  TOFBINIAPIaAPIbIH,
CaHJIBIK, MOJIMIEPIHIH, ©Ccyl KapacTBIPBIIBIIT 3€pPTTEeJi. Oy ymiH ajJblHFaH MOJIMETTepre
CTATUCTUKAJIBIK TYDPJE OHJEY KaCAJIJIbI.

Basasjanran uecinin (6aJbIKTHIH) IIOMYIISIIUSICHIHBIH, [eJIbMUHTTEPMEH 3aJIaJIAaHYbIH CAHIbIK
Garasiay YIIH MHBa3UsHBIH SKCTEHCHBTLIIN (TaHjaJraHapra THECLI Japak yJieci), WHBa3USHBIH,
uHTeHCHBTLIr (6ip 3asajjanraH uejeri napasuTTepJiH OpTallla CaHbl) KOHE KONTIK HHJIEKCI
(rapyaaran  westikTeri 6ip JlapakTarbl THeCLI NapasuTTepJiH opTallla CaHbl) KepceTKilrepi
KOJIJIAHBLJIJIbI.

3 3eprrey HoTuMkeJIepi »KoHe ojapabl Tasaay. Ly men Tamac esenjepineH »Korapblia
KOpCeTiireH OabIKTapAblH Kbl 175 jaHaChl AyJIaHbIl 3€PTTEJII. Outap/iplH,  CAHJIBIK,
KepceTKimTepi 1-KecTeje KOpPCeTiIreH.

1-xecreme xepcetinrenmeit 2Kambpin obmabicbinbiH, [y men Tamac e3eHmepiHeH ajbIHFaH
OaJIBIKTAD/IBIH, OpKAiichl TypiHeH 25 JaHajaH, aJi 2Kajibl caHbl 175 OaJibIKKa WHBA3USIJIBIK,
aypyJ/lapMeH 3a/1a/JJaHybIH aHBIKTay YIIH 3€pTTey KYpPrisiiil.

Iy men Tanac e3eniepinen ayjaaHraH OajbIKTapra 3epTTey/Iep >KYPri3iiin, HoTuKe/Iepi TOMEeH1e
1 — cyperTte kenTipiami.

20

18

16 -

14 -
12 -+
10 Ly

HETANAC

T T T T 1

[leHmaHaai TopTa casaH wapmai MeHKe TabaH

CvypPET 1 — IITy-Tajsiac e3eHaepi bacceiiHiHeH aJibIHFaH OAJIBIKTAPAbIH, KOPCETKITepi

Iy wmen Tamac e3eHaepiHiH OaJBIKTApPBIHIA KapalnaibIMIbLIAD TYABIPATHIH WHBA3USIIBIK,
aypyJIapIblH TYpJiepid anbikTay yimid, B.A. Jloreyib GoiibiHIma 6aabIKTapabl IaT0JI0I0aHATOMUSIIBIK
2KaphIll COI0 OJIICIH MallIaJaHbIK. DaJbIKTapbl »KAHCHI3IaHIBIPHIII, CHIPTKLI KAOBIPIIAKTAPHIHAH

15



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 1(126)

Ne | BaawikTeig, Typaepi | Baabikrapabig uBasusttanran
JKAJIIhLI CaHbBI OaJIBIKTap CAHBI

1 Henmanait 25 7

2 TopTta - -

3 Cazan 25 4

4 [MTapmait - -

5 Menke 25 4

6 Taban - -

7 Krozbuikanat 25 3

KECTE 2 — BaabIlKTapa KpUNToO103 aypybIHBIH CAHOBIK KOpceTKimirepi

bacrall, 2KeJibe3eKTepiH OYJIIIBIKETTEPiH, KAHBIH YKOHE 1MKI MYIIIeJIEPIiH XKeKe-YKeKe aAJIbIIl TEeKCEPYICH
OTKI3IIK.

Ocbl  Kypriziiren 3eprreysiep HOTUXKECiIHJE OaJILIKTAPJIBIH —KapalailbIMIbLIAPDMEH,  SFHU
[IPOTO3003/Ibl MHBA3USJIBIK, ayPyJIapMeH 3aJlaJaHFaHblH KopceTTi. MeHKe, ca3aH »KoHe JO@HMAaH/ 1Al
H6asibikTapbl Kpunrobrnos (Cryptobia) aypybsiMen 3aiaianral. BaablkTap/IbiH xKejabe3eKTepi, KaHbl
Me€H iIlIeKTepiHje TAIIBIKThI TaPa3UTTEP AHBIKTAIIbI.

BanbikTapga Kpunto61os aypybiHbIH, CaHABIK KepceTKiluTepi

L

JeHmaH KbI3bINK

o Topta | CasaH |Wapmaii| MeHke | TabaH
nai aHar

B BanbIKTapAblH annbl CaHbl 25 0 | 25 0 25 | 0 25
B MHBa3uANaHFaH 6anbIKTap CaHbl 7 0 4 0 4 0 3

CvyPET 2 — BasbiKTapa kpunto6uo3 aypybIHBIH, CAHABIK, KOpceTKimrepi

2-KeCTe/IeH KOPill TYPFaHbIMBI31all, 3epTTEeyre aJblHFaH OAIBIKTAPIBIH Op TYPiHEH KPUIITOON030eH
MHBA3UsIJIAHFaH OaJIbIKTAp/IbIH CAHbl MBIHaJIAil OOJIbl: jJgeHMaHgait — 7, casan — 4, meHke — 4,
KBI3BUIKAHAT — 3 3a/Ia/IaHFaH.

2KacaraH 3eprTeyiepie MOHKE, ca3aH KoHe JoHMaHIail OajblkTapblHbIH Cryptobia aypybIMeH
CBIPTKBI »KOHE IIKi MYIIesepiHin WHBA3UsIaHybl MbIHAIAN mgopekene OOJIFAHBIH KOPCETTI:
JIeHMaHai IbIH, 2Kkenbezekrepl — 56,8%, kanbl — 33,2%, imexrepi — 25,3%; cazsaHHbIH KeJi0e3eKTepi —
38,9%, xannl — 54,7%, imexrepi — 22,4%; MoHKeHiH KenbezekTepi — 64,6%, kanbl — 36,3%, imexkrepi —
47,2%. Bepinren 6aabIKTapAblH KPUIITOONO3 aypybIMEH HHBA3USIAHYbI GOMBIHINA, KOPBITBIHIBLIAPDI
2-KecTeie OepiireH.

[y men Tajnac e3enpepinen aynanran OaJIBIKTApPIbIH Oacka TypJepiHie, sfHU TOPTA, IHapMaii,
TabaH, Kpi3bLIKanaTrapaa Cryptobia aypybIMeH 3ajIa/IIaHybl AHBIKTAIMAJIBI.

2Kyprizinren 3eprreysiep OapbichbiHia OajbIKTapAblH, Keiibip TypJepi KapamalbIMIbLIaPIbIH,
Kipmikinea wHy30pusiiapra »KaTarbld mnapasuried Ichthyophthirius multifiliis 3amannanrabl
aHBIKTAJIIbI.  DBaJbIKTap/blH CHIPTBIH aK YHTAK TOpPi3ji JaKkTap KamTall, KaObIpIIaKTapbl KOl
MOJIIIEPIE IILIPHIITHL 00Jabl. VIxTHOMTHPHO30eH NHBa3UsIaHy OabIKTapIblH JIoHMaHIail, TopTa,
MOHKE >K9He KBIZBLIKAHAT TypJepl 3ajajgaHrad OoJbll IMbIKTBL. OHBIH 3epTTey HoTHXKejaepi 3-

Kecrejie bepiireH.
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Ne | BanbIKTHIH 2Kenbezeri, | Kansi, [rexrepi,
TypJIepi % % %

1 Henmanait 56,8 33,2 25,3

2 Topra - - -

3 Cazan 38,9 54,7 224

4 Tapwmait - - -

) Menxke 64,6 36,3 47,2

6 Taban - - -

7 Kombiikanar | - - -

KecTE 3 — Kpunto6uo3 aypybIHbIH, 0aJBIKTAPABLIH, MYIIeJIepiH MHBa3UsIay Aopexkeci
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CvypPET 3 — KpunTo6mo3 aypybIHbIH 6ajbIKTapAblH, MYIIIEJEPiH NHBa3UusJIay g9pe>kKeci

Ne | BanwikTeiH Typaepi | BaabikTapabr Nupasusmanran
2KAJIITbI CAHBI OaJIbIKTap CaHbI

1 JlenmaH1ait 25 6

2 Topra 25 5

3 Cazan - -

4 Tapmaii - -

5 Menxke 25 3

6 Taban - -

7 Krozbuikanar 25 3

KECTE 4 — BanblkTapablH, UXTUOMTUPUO30€H NHBA3USIJIAHYbIHBIH, CAH/IbIK, KOpceTKimnrepi

Kecre 4-te 3eprreyre asibinraH OajbIKTAPABLIH, TYPJAEPiHEH HXTUO(PTUPUO3 aypybl MbBIHA
babIKTapIa TaOBLIIBI JOHMAHIARILIH — 6, CA3aHHBIH — b, MOHKEHIH — 3, KbI3BLIKAHATTHIH — 3.

b-kecrene kepceriirenueit Ichthyophthirius multifilits wHBa3usiIaHy Jgoperkeci OaJIbIKTApPIA
opTypsi Gosmpl. JleHMaHmall, TopTa, MOHKE KOHE KbBI3bLIKAHAT TypJepinge Oy aypy TypiHix
OeJieH aJiFaHBbIH KOPJIK. JajaJJIaHFaH Mylnejepi »kejbe3ekTepi, Tepijepi »KoHe OYJIIIBIKETTEP].
Sasayiany Joperkeci Tepiyiepine kobipek 6oibl. 3eprTeysiep OOUBIHINA Ca3aH, MapMail XKoHe TabaH
GaJIbIKTapbIHIa OYJI MHBA3USIILIK, ayPy OailKaMaIbl.

ConbiMeH KaTap 3epTTeysiep OapbIChIHIA OipKarap WHBA3USIIBIK TeJIbMUHTO3/bI  aypyJiapra
2KATATBIH aypyJIapMeH OaJIbLIKTAPIbIH, 3 IaHY bl AHBIKTAJIIbI.

TletbMuHTTEPAI aHBIKTAYALIH OepiareH opTypJi ozgicrepin maiimanana oreipbin, Iy men Tamac
©3eHJepiHeH ayJaHFaH OaJILIKTAPBIH, TYpJiepi TeJIbMUHTTEPMEH WHBA3UIJIAHFAHBIH KOPCETTI.
Ourapspiy, iMTiHIE JUTNEHETHKAJIBIK COPFBINITAPFA - TPEMATO3/ap, TAcCla KYPTTapblHA YKATATHIH —
[IECTOI031aD, YKYMBIP KYPTTapFra »KATAThIH — HEMAaTO3apMeH 3aJIasIaHyJiap TaObLILIIT 3€PTTE .
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CvyPET 4 — BanbikTapabiH, nXxTuo@dTUPNO36eH NHBA3USJIAHY bIHBIH, CAHJIBIK, KOpCceTKinrepi

Ne | BajbikThig, 2Kenbezert, Tepici, BymmeikerTepi,
Typepi % % %

1 Heumammait 26,2 427 18,5

2 TopTta 15,4 24.6 16,3

3 Cazan - - -

4 [Tapmaii - - -

5 Menke 17,8 34,3 13,8

6 Taban - - -

7 Ke3buikanar 28,3 36,8 16,2

KEecTE 5 — UxTuodTupno3 aypybIHbIH GajbIKTAPAbIH, MYIIEJEPiH NHBa3UAJIay A2pe>Keci

W XKenbeseri, %2

m Tepici, %

W bynweliketTepi, %

CvPET 5 — VIxTnod Tpro3 aypybIHbIH OaJIBIKTapAbIH MYILIEJEpPiH NMHBa3usijIay aopeKeci

JlureHeTUKAJIBIK, ~KYPTTAPDMEH WHBA3USJIAHFAH OAJIBIKTAPIBIH, IIOCTIUILIOCTOMO3  aypybIHA
MAJIBIFYbIH KOPCETTI. Aypyabl TpeMmMaToATHIH MeTallepkapuit jeprociai  Posthodiplostomum
cuticola Tynpipamel. By aypy kesiHge OaJibIKTApIbIH TepiciHIe Kapa JjakTap Oailkaiaibl.
3epTreysiepiMiz OOMBIHITA JOHMAH A, IIapMail, MeHKe, TabaH OaIbIKTapbIHBIH, YKeJI0e3eKTepi, Tepici
JKOHE OYJIIBIKETTEPIHIH, MeTalepKapuiliepMeH WHBa3UsIIAHYbl AHBIKTAIIbI.  Aypy aHBIKTAJFaH
OaJIBIKTAP/IBIH, 3a/IaJIaHy JAeHIreili opTypJi KOpPCETKIIITep i KOPCeTTi »KoHe OHBbIH HoTHXKejaepi 4-
Kecrejie bepijreH.
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Ne | BajbIkThiH, 2Kenbesekrepi, | Tepici, Byambikerrepi,
TypJIepi % % %

1 Henmanait 18,2 26,6 38,9

2 Topra - - -

3 Cazan - - -

4 Tapwmait 24.6 33,7 48,3

5 Menke 23,4 46,2 54,5

6 | Taban 16,3 28,9 52,6

7 Kombiikanar | - - -

KEecTE 6 — IToctauniaocToMo3 aypyblHa IMAIABIKKAH GaJIbIKTApABIH 3aJajiJaHy KepceTKimirepi
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CvyPET 6 — IToCTAUIIIIOCTOMO3 aypyblHA IHAJABIKKAH GaJILIKTAPAbIH 3aJlajiJaHy KepceTKiiurepi

6-KecTesie KOpCETINreH el TMOCTANIIIOCTOMO30eH WHBA3USIIAHFAH OAJIBIKTAP/IbIH, KOIT MOJIIepIe
OyJIIBIKETTEP] 3ajlajlanral, siIPHA €H, KOIl 3aJaJlJaHraibl MeHkeae Oysmbikerrepli — 54,5%, Tepici
— 46,2%, xenbesexkrepi — 23,4%; tabanna Oyambikerrepi — 52,6%, Tepici — 28,9%, kenbezexTepi —
16,3%; mapmaiina oymubikerrepi — 48,3%, Tepici — 33,7%, xenbesexrepi — 24,6%; nenmanaiiia
oymmbikerrepl — 38,9%, Tepici — 26,6%, xenbesekrepi — 18,2%. Topra, cazaH >KoHe KbI3bLIKAHAT
OaJIBIKTAPBIHIA ITOCTAUIIOCTOMO3 aypPyhbl TaObLIMAIbI.

Beprrey Mminmerrepine coiikec 2K ambbL1 00sbickHbIH [y-Tanac e3enaepinen ayaianran OaabIKTap
TYPJEPIHIH HWHBA3USJIBIK T'eJIbMUHTO3IapbIMEH 3aJialIaHraH OajbIKTapIarbl TOFBIIIAPIAPIbIH
CaHJIBIK, MOJIIIEPiHiH, ©Cyl KapacTbIPBLIbII 3€pPTTeJ]. Out yurH ajblHFAH MOJIMETTEpre
CTATUCTUKAJIBIK, TYPIE OHIEY *KaCAJIbI.

Banasianran uecinin (6aJbIKTBIH) OMYJISIUSCBIHBIH TeIbMUHTTEDMEH 3aJIa/lIaHybIH CaHJIbIK
Garasay YIIiH MHBA3WsIHBIH SKCTEHCUBTLIIN (TaHIaraHiapra THeCLI japak yJeci), MHBa3HsSHBIH
uHTeHCUBTLNr (6ip 3asajjaHraH uejeri HapasuTTep/iH OpTallla CAHbI) KOHE KONTIK WHIEKCI
(rammasraH wesikTeri Oip JapaKTarbl THECLTl MapasuTTepiH OpTalla CaHbI) KOpCeTKIimTepi
KOJIJTAHBLJIJID.

PemnpesentaTuBTiK KaTeMeH ecerTesreH HHBA3Ws S9KCTEHCUBTLIIT KOHe KONTIK MHIEKCI (COHFBICHI
KapalaiibiM opTaria apudMeTuKaIbIK HopMy/ia GOMbIHIIA AHBIKTAJIIb).

MHaBa3usiHblH 9KCTEHCUBTLIIT KeJteci hopMyIaMeH aHBbIKTAJIAIbL:

P =n/N x100%, (1)

MyHarbl: P — gapakrapibiy 3ajasgany yieci (naibisra MmakKaHa);
N — 3aJIaJIJIaHFaH JapaKThIH CaHbI;
N - ipikTey keJiemi.
A1 MHBa3WSIHBIH, UHTEHCUBTLIINIH aHBIKTAY VIIiH TOMeHeri (popMysia KOJIaHbLIA b

I =m/n, (2)
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MyHJarbl: | — MHBa3USHBIH WHTEHCUBTLIIN (Ke3aecy »Kuitiri);
m — TeJIbLMUHT CaHBbI;
n — 3ajaJdaHraH O0ajIbIK CaHbI.
3eprTeyre ajblHFaH OajbIKTap TYPJEPiHIH  I[TOCTIMIIIIOCTOMO30EH HWHBA3UIAHYbIHBIH
9KCTEHCUBTL/IIT MEH MHTEHCUBTIIIr OOUBIHITIA HOTHUXKEIEPl ToMeH ieri H-Kecre e OepiareH.
SepTreysiepiMizjiiH  HOTHXKeECiHJIe OasibIKTap/ia IecTo/03/Ibl aypyra kararblH Ligula imesti-
nalis TIEPONEPKOUATAPBIMEH 3aJIajlIaHraH, SFHU JINTYJIe306H WHBa3WAJIaHFaH OajblK TypJiepi
AHBIKTAJIAbI. VHBA3UAIBIK, aypPy/IblH OYJI TYPi TYKBI TYKBIMIACH! O IbIKTaAPBIHBIH KOIITEreH TYPJIepiH
3akbIMIaitabl. [lecTomanbiH mIeporepKonaTaphl OAIBIKTAPILIH IIKI MYIITETEPIH TOJBIK 3aKbIMIAIl
oJIiMre JIeiliH aJibll Kejiedi. 3eprrey/iepiMis OOUBIHING JUTYJIe3 aypyblHa OapJIbIK 3epTTEIIIl KaTKaH
OaJbIK TYPJIEpP] a3IbI-KOIITI JoperKee MAIIBIKKAH.
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E.H Anapkyusos, 2K.II.Cem6aeBa
Espasutickutl HayuonasbHul yrusepcumem umeny JI.H. Dymunesa, Acmana, Kazaxcman

PacrnipocrpaneHHOCTh MHBa3UBHBIX 3aboJsieBaHul y pbib GacceitHa peku Yy-Tasac

AnHOTanus: B craTbe npencTaBiieHbl pe3yJIbTAThI UCCIEJOBAHUN MHBAa3UBHBIX Oosie3Hell puib pek Uy-Tasmacckoro 6acceiina
2Kambbuickoit obsiact. BbLIO yCTaHOBJIEHO, 9TO Y BUJIOB PbIO, OTJIOBJIEHHBIX B JJAHHOM BOJHOM OacCeiiHe, HEPEJIKO BCTPEYAIOTCS
6oJie3Hn, BO3OYAUTENSIMU KOTOPBIX SABJAIOTCH IMPOTO300HO3bI U TIEJbMUHTO3bI.  DBUIM HCCIIEIOBAHBI UX OHOJIOTUYECKUE
0COGEHHOCTH M paclpocTpaHenue, a Takxke UM u 1.

KutoueBble cJjIOBa: WMHBA3UBHBIE OOJIE3HU, BO3OYIAUTENN, HTPOTO300HO3bI, TEJIbMUHTHI, WHBA3UOHHAST WHTECHCHUBHOCTD,
VHBA3WOHHAST YKCTEHCUBHOCTb.
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Prevalence of invasive diseases in fish of the Chu-Talas river basin

Abstract: This article describes the morphological characteristics and quality of seeds of some species of the family Lamiaceae

Lindl. when cultured in conditions of extreme continental climate. Found that the quality of the seed plant species examined,
local generation is quite high. In our research we have determined the optimal time and temperature for growing
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Role of microRNAs in development of chronic obstructive pulmonary disease

Abstract: Chronic obstructive pulmonary disease (COPD) is a multi-pathogenesis chronic lung
disease characterized by irreversible and progressive bronchial obstruction. An important role in
the development of the disease belongs to the genetic predisposition and environmental factors.
Although the pathogenesis of COPD is now not well understood, it is known that oxidative stress,
imbalance of the proteolysis-antiproteolysis system, immune system disorders, impaired lung repair,
and apoptosis dysfunction make a significant contribution to the disease. In this review, we discuss
about various molecular and cellular mechanisms of COPD including airways inflammation. Special
attention is paid to the role of miRNA in the development of COPD. It is considered the possibility
of using microRNAs as new biomarkers and therapeutic tools for the diagnosis and treatment of
COPD.

Keywords: microRNA, chronic obstructive pulmonary disease, biomarkers, signaling pathways.
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Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory condition of the lung
of high global prevalence and is associated with high morbidity and mortality [1]|. Its contribution to
death worldwide is predicted to increase over the course of both the current and next decade and up
to 2030, COPD will become the third cause of deaths worldwide, and the prevalence is increasing in
developing countries at present [2]. COPD is characterized by chronic bronchiolitis and emphysema
due to the abnormal inflammatory response triggered by pollutants such as virus infection and nox-
ious gases exposure, of which cigarette smoking (CS) is considered as the predominant factor and
attributed to 80-90% of the COPD cases [3]. Cigarette smoke and other irritants inhaled into the
respiratory tract may activate surface macrophages and airway epithelial cells to release multiple
chemotactic mediators, particularly chemokines, which attract circulating neutrophils, monocytes,
and lymphocytes into the lungs |4]. These inflammatory and structural cells release many inflam-
matory mediators that contribute to the pathophysiology of COPD. Also, there may be several
coexisting cellular and molecular mechanisms that interact in complex ways in treating COPD |[5].
Therefore it is important to identify molecular biomarkers of disease activity.

Over the last two decade have been identified small non-coding RNAs as regulators of gene
expression [6]. The discovery of these small RNAs, called microRNAs (miRNAs) in the beginning
of 1990s, revealed an unexpected level of gene expression regulation that has proven to be a great
relevance in the regulation of numerous physiological and pathological conditions [7]. MiRNAs are
assuming greater significance in research as novel regulators of gene expression, playing a central role
in different pathophysiological processes. Increasing evidence supports the potential role of miRNAs
as disease specific biomarkers, including COPD and other broncho-pulmonary diseases [8].

The miRNAs are endogenous non-coding small RNAs of about 19-22 nucleotides in length that
function at a transcriptional and post-transcriptional level, usually resulting in gene silencing via
mRNA translational repression or target degradation [9]. At present, more than 1 000 miRNAs
have been identified in human. These miRNAs can regulate the expression of at least 30% of genes
that control various biological functions. Each miRNA can regulate multiple target genes, while the
specific target mRNA can also regulated by multiple miRNAs at the same time [10].

Increasing evidence supports the potential role of miRNA as disease-specific biomarkers, generat-
ing new tools for diagnostic, preventive or therapeutic purposes. In most solid tumors, such as gastric
cancer, prostate cancer, non-small cell lung cancer, miRNA profiling has been proposed as a useful
aid in the diagnosis, prediction of recurrence and assessment of a patient’s prognosis in different
clinical directions [11]. Many previous observations demonstrated that miRNAs have the potential
of being used as biomarkers for COPD. Exploration of dysregulated expression profile of miRNAs
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in distinct samples from COPD patients or model animals under different environmental exposures
could be helpful for elucidating the role of miRNAs in the pathogenesis of COPD. Therefore in this
short review we provided an overview of the interplay of those miRNAs with environmental risk
factors of this disease. We also highlight the potential utility and limitations of miRNAs serving as
diagnostic biomarkers and therapeutic targets for COPD.

Conickx et al. have investigated the miRNA profile of 523 miRNAs by qRT-PCR in lung tissue and
cell-free bronchoalveolar lavage (BAL) supernatant of mice exposed to air or cigarette smoke (CS)
for 4 and 24 weeks[12]. They demonstrated that after 24 weeks of CS exposure, 31 miRNAs were
differentially expressed in lung tissue and metricconverterProductID78 in78 in BAL supernatant.
To assess the change in cell types following CS exposure could be associated with the alteration
in miRNA expression the authors correlated the miRNA expression with populations of immune
cells and levels of inflammatory chemokines. It was demonstrated that after subacute CS exposure,
miRNA-135b correlated strongly with percentage of dendritic cells. Following chronic CS exposure,
miR-155 correlated significantly with percentage of B cells and miR-~152, miR-30a-5p, miR-30c, miR-
218 and miR-26a correlated with several immune cell types in lung tissue. Correlation of altered
miRNA expression with the change in inflammatory profile, suggests a possible implication of these
miRNAs in CS-induced inflammation.

Pinelo et al. studied miRNA expression patterns in patients with COPD and/or lung adenocar-
cinoma to elucidate distinct regulatory networks involved in the pathogenesis of these two smoking-
related diseases [13]. Expression of 381 miRNAs was quantified by TagMan Human MicroRNA A
Arrray v metricconverterProductID2.0 in2.0 in bronchoalveolar lavage fluid samples from 87 patients
classified into four groups: COPD, adenocarcinoma, adenocarcinoma with COPD, and control (nei-
ther COPD nor adenocarcinoma). 11 differentially expressed miRNAs were randomly selected for
validation in an independent cohort of 40 patients. The authors demonstrated that 40 miRNAs
were up-regulated in patients with adenocarcinoma, 19 of which were exclusively up-regulated in
patients without COPD. Patients with adenocarcinoma and COPD showed 12 additional deregu-
lated miRNAs, nine of which were up-regulated and three were down-regulated. In patients with
COPD only, seven miRNAs were found to be up-regulated and seven down-regulated. Additionally,
the COPD and adenocarcinoma with COPD groups shared five deregulated miRNA (two down-
regulated and three up-regulated). Finally, the three pathologic groups shared three up-regulated
miRNAs (miR-15b, miR-425 and miR-486-3p) as compared with the control group. These results
contribute to unravelling miRNA-controlled networks involved in the pathogenesis of lung adenocar-
cinoma and COPD, and provide new tools of potential use of miRNAs as biomarkers for diagnosis
and/or therapeutic purpose.

Recently Paschalaki et al. demonstrated that chronic exposure to cigarette smoke causes reduced
expression of miR-~126 and increases the DNA damage response (DDR) [14]. It is known that DDR
contributes to the pathophysiology of aging disorders, including COPD, cardiovascular disease and
cancer [15]. It was shown that miR-126 levels in lung epithelial cells negatively correlated with
smoking history assessed as pack-years and positively correlated with disease severity measured
as FEV1% (forced expiratory volume in 1s) predicted, suggesting miR-126 expression is down-
regulated with extended exposure to cigarette smoke and increased severity of lung disease. These
results identify a novel miR-126-dependent pathway controlling DDR caused by cigarette smoke,
where down-regulation of miR-126 enhances ataxia-telangiectasia mutated activation and thereby
promotes tissue aging and dysfunction.

A new phenotype with overlapping characteristics between asthma and COPD called asthma-
COPD overlap syndrome (ACOS) is emerging among inflammation diseases [16|. Lacedonia et al.
studied the expression profiling of miRNA-145 and miRNA-338 in serum and sputum of patients with
COPD, asthma and ACOS [17]. They demonstrated that the expression of miRNA-338 is higher
in the supernatant of different obstructive diseases than in peripheral blood, while miRNA-145 is
higher only in the supernatant of asthma patients. The expression of miRNA-145 in sputum was
higher in COPD patients than in controls. The results of that study do not show differences between
the expression of miRNA-145 and mi-RNA-338 in ACOS patients compared to asthma or COPD
patients, and this confirms that this syndrome presents some characteristics overlapping between
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both diseases. The similar results were observed by Wang et al. [18|. They demonstrated the down
expression of miR-145-5p and miR-~338-3p, and upregulation of miR-3620-3p in plasma of patients
with COPD.

Quite recently Dang et al. investigated the expression level of miR-~145-5p in human lung tissue
samples, and to explore its regulatory role in the apoptosis and inflammation of human bronchial
epithelial cells (HBECs) following CS extract (CSE) exposure [19]. They found that miR-145-5p
was significantly down-regulated in lung tissues from smokers without or with COPD compared to
non-smokers. Their functional assays showed that miR-145-5p over expression remarkably alleviated
CSE-induced apoptosis and inflammation response by regulating p53-mediated apoptotic signaling
and pre-inflammatory factors such as necrotic factor- & (TNF- ), interleukins — IL-6,IL-8 in HBECs,
whereas, down-regulation of miR-145-5p showed opposite effects. Furthermore, luciferase reporter
assays verified that Kruppel-like 5 (KLF5) transcription factor was a direct target of miR-145-5p.
By western blot assay was confirmed that KLF5 is up-regulated in COPD tissues and negatively
associated with miR-145-5p expression. It was also shown that the CSE-induced NF- x B signaling
activation was suppressed by miR-145-5p overexpression. On the basis of received results the authors
suggested that the protective role of miR-145-5p on CSE-induced airway epithelial cell apoptosis and
inflammation was partially through regulating KLF5-mediated activation of NF- k B signaling, which
might be a potential therapeutic biomarker in COPD treatment.

As mentioned above, lung infections are a significant in smokers and COPD patients [4]. Chen et
al. studied the effects of nicotinamide adenine dinucleotide phosphate 4 (NOX4) and transforming
grows factors — beta (TGF- ) involved in airway remodeling of COPD. Their results demonstrated
that the expressions of NOX4 and TGF- 5 in COPD epithelial cells and small airway smooth muscle
cells are significantly enhanced. The expression of NOX4 and TGF- 5 are positively correlated with
the severity of chronic pulmonary air flow suggesting that TGF- 3 and NOX4 signaling may be
involved in the development of COPD airway remodeling [20]. CS and COPD lead to impaired
mucociliary clearance, thereby promoting microbial colonization and lung infections. It is known
that the etiology of pneumonias associated with COPD and CS is similar to that seen in cystic fibrosis
[21]. Dutta et al. determined the mechanism by which cigarette smoking and TGF- 8 suppress cystic
fibrosis transmembrane conductance regulator (CFTR) [22]. It was demonstrated that miR-145-5p
plays an important role in CFTR suppression in primary bronchial epithelial cells re-differentiated
at the air-liquid interface cultures treated with TGF- /1 and in small animal models exposed to
cigarette smoke. The authors also demonstrated that miR-145-5p modulates another important
chloride channel, SLC26A9, which physically interacts with CFTR. and plays an important role in
CFTR biogenesis and activation.

Regulation of miR-~145 was found to be negatively controlled by pathways involving the MAP-
kinases, MEK-1/2 and p38-MAPK. Overexpression of miR-~145 in airway smooth muscle cells from
patients with COPD suppressed IL-6 and CXCL8 (chemokine ligand) release, to levels comparable
to the nonsmoker controls [23]. This finding may open a new way in COPD therapeutics by targeting
of miRNA-145 and diagnosis by its detection.

Li et al. compared the expression spectrum of miRNAs in the lung homogenates of rats with
COPD and normal control group [24]. COPD rat models were reproduced by smoke inhalation as
well as intratracheal instillation of lipopolysaccharide (LPS). The samples of the lung were harvested,
and the histopathological examination of the right lung was carried out to evaluate the degree of
lung injury. Total RNA were isolated from the left lung. The miRNA expressions in lung tissue of
rats with COPD or normal rats were determined by miRNA chip technology to screen the miRNA
with differential expression. The data were analyzed to study the expression difference of miRNAs
between the two groups, and to construct the miRNA-target network. Compared with normal
control group 20 miRNA with increased expression were found in COPD model group. The study
reveals that many miRNA have multiple target genes, such as miR-30c-2, miR-145, miR-181b, miR-
181a ,miR~181d, and miR-199. Hierarchial clustering analysis showed that significant differences in
individual miRNA in lung tissue between of two groups — COPD and control were found.

Recently Ong et al. studied age-related gene and miRNA expression changes in airways of healthy
individuals [25]. RNA and small RNA sequencing was performed on bronchial biopsies of 86 healthy
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individuals (age: 18-73) to determine age-related expression changes. It was shown that miR-146b-
5p, miR-~142-5p and miR-146a-5p expression levels were lower with increasing age and a significant
enrichment of their predicted target genes was found among the genes higher expressed with increas-
ing age. It is known that during normal ageing, lung function declines over time due to a variety
of mechanisms and anatomic changes including smaller thoracic cavity, reduced respiratory muscle
function and reduced mucus clearance |26].

Destruction and inability of bronchioles and lung tissue, in which inflammatory disorder plays a
critical role, are the base of pathophysiology in COPD. T-cells and T-helper-17 cells demonstrate
strong associations with inflammatory cascade in COPD, in which inflammatory cytokines are cru-
cial in the early stage, such as TNF-«, IL-6 and II-8, after the release of which the inflammatory
cells are concentrated in the site of inflammation to mediate the immune response [3]. Chen et al.
investigated the predicting value of miR-146a and miR-146b for acute exacerbation chronic obstruc-
tive pulmonary disease (AECOPD) and COPD, and to explore their associations with inflammatory
cytokines in AECOPD and COPD patients [27]. It was shown that miR-146a and miR-146b were
negatively correlated with inflammatory cytokines - TNF- o, IL-1 3, IL-6, I1-8 and LTE-4, and could
be promising biomarkers for predicting the risk of AECOPD in stable COPD patients and healthy
individuals.

Ding et al. by studying the miRNA expression patterns in COPD and different smoking status
of Li and Han population found the expression of seven miRNAs in COPD of Li population [28|.
In Han population there have only one miRNA (hsa-miR-196b-5p) were under-expressed in COPD
patients.

By using next-generation sequencing Wang et al. studied the expression profiles of miRNAs in
COPD patients [29]. For the study 20 representative COPD patients were separated into four groups
based on increasing severity (A, B, C and D) and compared to 6 healthy controls. Compared to
healthy controls 19 differentially expressed miRNAs were found in COPD patients. For all COPD
groups, miR-3177-3p was down-regulated, while 17 miRNAs were up-regulated. The results revealed
21 differentially expressed miRNAs, of which miR-183-5p was continually down-regulated from A
to B to D COPD groups. The authors found that four miRNAs (miR-106b-5p, miR-125a-5p, miR-
183-5p and miR~100-5p) are significant for the development of COPD. The severity of COPD was
attenuated by miR-106b-5p, thus suggesting this miRNA as potential target for COPD treatment.

It was demonstrated that levels of serum miR-218 were positively correlated with FEV/FVC%
(forced expiratory volume in 1s/forced vital capacity) and were negatively correlated with levels of
serum IL-6 or IL-8 [30]. In human bronchial epithelial cells, cigarette smoke extract reduced miR-218
expression, decreasing the inhibitory effect of miR-218 on TNFR1 (Tumor necrosis receptor 1), which
resulted in enhanced NF- & B signaling. It was concluded that in smoking-incuced COPD, miR-218,
acting via TNFRI1-mediated activation of NF- x B, is involved in MUC5AC hyperproduction and
inflammation [30]. These results reveal a mechanism for epigenetic modification by which smoking
induced broncholitics, which is of practical value to control smoking-induced COPD.

The role of microRNA-218-5p in the pathogenesis of COPD was also studied by Song et al. [31]. A
total of 40 COPD patients and 40 healthy controls were enrolled in this study. The COPD model of
C57BL/6 mice was also developed by exposing them to cigarette smoke. The expression of miR-218-
5p was detected by qRT-PCR in all the patients and mice. The serum level of I[L-18 and TGF- 3 1 was
also detected via ELISA kit. The results showed that miR-218-5p was significantly down-regulated
in patients with COPD, compared to normal subjects. There was a negative correlation between
the plasma miR-218-5p level and the duration of disease with diagnosis of COPD ex-smokers. CS-
induced COPD mice experiments with a miR-218-5p inhibitor demonstrated a protective role of
miR-218-5p in cigarette smoke-induced inflammation and COPD. These data supported previously
findings [30] that miR-218-5p play an important role in the pathogenesis of COPD.

FAIM2 (FAS apoptotic inhibitory molecule 2) has been reported to inhibit FAS-mediated the
apoptosis of T-lymphocytes death which is believed to play a central role in the pathogenesis of
COPD [32]. However almost nothing is known about the role of FAIM2 in T lymphocytes in the
development of COPD. By bioinformatics prediction, FAIM2 was identified as a potential target of
miR-322. Shen et al. carried out the experiments for identification the molecular involvement of
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miR~3202 in the pathophysiology of COPD [33]. Level of miR-3202 in blood sample of non-smoker
non-COPD (C), smoker without COPD (S), smoker with stable COPD (S-COPD) and smoker
with acute exacerbation COPD (AE-COPD) was analyzed by qRT-PCR. Results showed that the
miR-3202 was down-regulated in S;S-COPD and AE-COPD group when compared with C group.
Decreased level of miR-3202 was also observed in cigarette smoke extract (CSE) treated T-cells.
CSE stimulation increased INF-~ and TNF-« levels and FAIM expression whereas inhibited Fas
and FasL expressions in T-lymphocytes. However, these effects were significantly suppressed by
miR-3202 overexpression and enhanced by miR-3202 inhibitor. These results suggest that high level
of miR-3202 in T lymphocytes may protect epithelial cells through targeting FAIM2. MiR-3202
might be used as a notable biomarker of COPD [33].

Recently Chatila et al. demonstrated substantial differences in miRnome of regulatory T (T ycq )
cells, but not T g cells, between COPD and healthy controls [34]. The authors also shoen that
miR-199a-5p is up-regulated in T ¢ cells compared to T g cells, These findings suggest that the
abnormal repression of miR-199a-5p in patients with COPD compared to unaffected smokers may
be involved in modulating the adaptive immune balance in favour of a Thl and Th17 response.

Gu et al. more recently studied the role of miR-195 in CS-induced COPD and demonstrated that
miR-~195 was significantly up-regulated in the lung tissues of patients with COPD compared to in
never smokers [35]. miR-195 expression was also up-regulated in CS-exposed mice. A positive corre-
lation was found between miR-195 and phosphorylation of Akt in lung tissues of COPD patients. By
using publicly available databases (TargetScan and miRanda) these authors have identified PHLPP2,
which is an essential phosphatase for the termination of Akt signaling and observed that inhibition
of PHLPP2 enhanced Akt phosphorylation and increased IL-6 and TNF-« production in human
airway bronchial epithelial cell line BEAS-2B cells, resembling the effects of miR-195 overexpres-
sion. These data demonstrate that miR-195 has a pathogenetic role in cigarette-induced COPD and
regulate Akt phosphorylation by suppressing PHLPP2 expression and indicate that miR-195 is a
potential therapeutic target for the treatment of cigarette-smoke induced COPD.

To analyze the miRNA expression profile in COPD, levels of serum miRNAs were profiled by qRT-
PCR array system. In 20 COPD and 12 control patients were examined 72 miRNAs by qRT-PCR
array. There was down-regulation of miR-20a,miR~28-3p, miR-34-5¢ and miR-100, and up-regulation
of miR-~7 compared with controls. The received results allowed to suggest that these miRNAs may
have a role in COPD pathogenesis and may give clues for designing therapeutic strategy [36].

To perform a network analysis between miRNAs and mRNAs, the expression levels of miRNAs in
COPD and control lung tissue samples Kim et al. carried out the integrative analysis of miRNAs.
They showed that 11 miRNAs were down-regulated significantly and only one miRNA was up-
regulated in the lung tissues of COPD subjects. The most significantly dysregulated miRNA in the
lung tissue from COPD patients was miR-28-3p [37].

Down-regulation of the serum response factor/miR-1 axis in the quadriceps of patients with COPD
was demonstrated by Lewis et al.. In this study they show that the expression of miRNAs is different
in the quadriceps of patients with COPD than in control subjects. These results suggest that reduced
activity of the serum response factor pathway contributes to COPD skeletal muscle dysfunction, in
part by down-regulating miR-1 expression [38|.

It is known that particulate matter (PM) is an aggravating risk factor of COPD exacerbation
[39]. Fine particulate matter (PMgo5) are the PM with a diameter of 2.5 pm or less. Once
inhaled, PM 2 5 deposits in lung tissues inducing airway and systematic inflammation [40]. Animal
experiments showed PM g 5 accelerated lung inflammation and oxidative stress in COPD mice [41].
Recently Zhou et al. found that miR-194-3p was dramatically down-regulated in PM 5 5 -cigarette
smoke solution (CSS)-treated human bronchial epithelial cell cultures. Overexpression of miR-194-3p
suppressed apoptosis in PM o5 - CSS-treated cells. These results suggested that miR-194-3p was a
protective regulator involved in apoptosis pathway and a potential therapeutic target for a treatment
of bronchial epithelial injury aggravation induced by PM 9 5 [42]. In order to screen COPD associated
miRNAs, Zhou et al. in addition identified differentially expressed blood miRNA contrasting COPD
participants without diagnose of COPD or related treatment before and matched control. The results
showed that miR-495-3p and miR-~223-5p significantly increased whereas, miR-194-3p decreased in
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COPD patients. miR-194-3p was highly positive correlated with lung ventilation function during
exposure of PM o 5. These results clearly indicated that miR-194-3p might be a protective biomarker
in PM o 5 -triggered pulmonary dysfunction such as COPD [43].

Recently Lin et. al demonstrated the role of miR-186 in relation to of hypoxia-induced factor
la (HIF-1«) in the development and progression of COPD. After miR-186 transfection, the MRC-
5 cells (human lung fibroblast cells) showed reduced proliferation and increased apoptosis. After
overexpression of miR-186, they found that the HIF-1 o expression level was reduced in MRC-5 cells.
It was also demonstrated that miR-186 can affect apoptosis of inflammatory fibroblasts through the
regulation of HIF-1 a and affect the downstream signaling pathways. These data allowed to suggest
that miR-186 contributes to the pathogenesis of COPD and that miR-186 is associated with HIF-1 «
expression in COPD [44].

It is well known that influenza A virus (IAV) infections lead to severe inflammation in the airways.
Patients with COPD characteristically have exaggerated airway inflammation and a more suscepti-
ble to infections with severe symptoms and increased mortality [45]. The mechanisms that control
inflammation during IAV infection and the mechanisms of immune dysregulation in COPD are un-
clear. It was shown that IAV infection increased the expression of miR-125a and miR-125b [46]. The
authors show that A20 is a negative regulator of NF- x B-mediated induction of inflammatory but
not antiviral cytokines and that A20 protein level were impaired in COPD. The impaired induction
of A20 and antiviral responses in COPD were attributed to increased expression of miR-125a and
miR-125b. It was suggested that A20 regulates NF- k B activation and subsequently the production
of inflammatory cytokines.

CONCLUSION. Chronic obstructive pulmonary disease (COPD) is a global epidemic disease
which is characterized by chronic inflammation of the lung parenchyma and peripheral airways.
The pathogenesis of COPD involves many components, including hypersecretion of mucus, oxida-
tive stress, inflammation in the airway and lungs. Cigarette smoke remains the key cause of COPD
worldwide. In last decade has been made significant development in understanding the role of mi-
croRNAs in molecular mechanisms of pathogenesis of different diseases, including COPD. It was
demonstrated that modulation of miRNAs via targeting various cellular and molecular pathways in-
volved in COPD could contribute to the development of COPD. In Figure 1 we have summarized the
cellular and molecular signaling pathways involved in pathogenesis of COPD with the participation

of different miRNAs.
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Figure 1 — Cellular and molecular pathways involved in the pathogenesis of COPD. CS -Cigarette smoke,
PM 55 - particulate matter, OS - oxidative stress, IAV - Influenza A virus are factors of COPD. TGF- 3
— transforming grows factors — 5, HIF-1 o -hypoxia-induced factor 1 a, PI3k-Phosphoinositide 3-kinase,
AKT- actin, PHLPP2- PH Domain And Leucine Rich Repeat Protein Phosphatase 2, NF-kB- nuclear
factor kappa B, IKK (S - inhibitor of nuclear factor kappa Bkinase subunit beta, SMAD 3/7 - Similar
to Mothers Against Decapentaplegic 3/7, MAPK - mitogen-activated protein kinase, SIRT1 — sirtuin 1,
DAPK- death-associated protein kinase 1, Cas-3- caspase3. The miRNAs in red.
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A.A. Apunosa, A.IO. Aknaposa, P.I1. Bepcim6aii
FEepasutickutl Hayuorarvoroitll yrusepcumem um. JI.H. lymunesa, 2. Acmana, Kasaxcman

Poab mukpoPHK B pasBuTtum XpoHUYECKOM OOCTPYKTUBHOM OOJIE3HU JIEFKUX

Anpnarnia Xponnveckas obcrpykTusHasi Gosesnb jerkux (XOBJI) - xponuveckoe Jierovnoe 3aboJIEBAHUE CO CIIOXKHBIM
[IaTOTEHE30M, XapaKTePU3YIolleecss HeOOPATUMOI U HPOrpecCUpyIoliell OpOHXHAJbHON obCTpyKimeil.  Bakuyio poab B
pa3BuTHM OOJIE3HH WIPAIOT TEeHETUYeCKasl IPEIPACIOIOKEHHOCTb U (DAKTOPBI OKPY?KAIOIIEH CpeJibl. Xorst maTorenes
XOBJI B Hacrosiliiee BpeMsl €lle HEJOCTATOYHO H3yY€H, U3BECTHO, YTO 3HAYUMBIA BKJIAJ B €€ BO3HUKHOBEHHE BHOCIT
OKHCJIUTEIBHBIA CTpece, aucOaiaHC CHCTEMBI IIPOTE0JIn3a,/aHTHIIPOTEOIN3a, AUCHYHKIHS MMMYHHONH CHCTEMBI, HApyIIEHUE
penapanuu JIEKUX ¥ alonTo3a. B IpeacTaBieHHOM 00630pe Mbl CYMMHPOBAJU CBEIEHUsI O PAa3JIMIHBIX MOJIEKYJISIPHBIX M
KJIETOUHBIX MEXAHMN3MaX, BOBJICUCHHBIX B BOCIAJICHHE U HIPAIOMIUX KJ04UeByio posb B marorerese XOBJI. Ocoboe BHuMaHTE
yaeneno pomu MukpoPHK B passurun XOBJI. PaccmarpupaeTcss BO3SMOXKHOCTD MCHob3oBanust MUKpoPHK B kadecTBe HOBBIX
OMOMapKEPOB U TEPAIIEBTUYECKUX WHCTPYMEHTOB JJjisi JuarHoctuku u Jjiedernust XOBJI.

KuaroueBbie cioBa: mukpoPHK, xponuueckasi 06cTpyKTUBHAs1 GOJIE3HD JIENKUX, OMOMapKEPbI, CUTHAJILHBIE IIyTH.
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A.A. Apunosa, A.FO. Aknaposa, P.I. Bepcim6aii
JI.H. lymunes amwndazv. Eypasus yammuk ynusepcumemis, Acmana, Kasaxeman

OKIIeHiH CO3bLIMAaJIBI OGCTPYKTUBTI aypybIHbIH, JaMybiHAarbel MUKpoPHK-HbIH peui

AnHoTanus: OKneHiy co3buMaiibl 06cTpyKTHBTI aypybl (COOA) - KalTHIMCBI3 KoHe yeMesi GPOHXHAJ bl 00CTPYKIUIMEH
CHUIIATTAJIATBIH Kyp/IeJii maTrorenes3i 6ap co3bLIMAJIbI OKIIE aypybl. Aypy/IblH JaMybIHIa NeHETUKAJIBIK, OeHIMIIIK [IeH KOpIIaraH
OopTaHbIH, (pbakTOpaapbl MaHbI3AbI peJ arkapaabl. COOA mnarorenesi Kasipri yakbITTa 9J1i »KETKUIIKTI 3epTTesMeren 6ojica 1a,
OHBIH, Taii1a GOJIybIHA TOTBIFY CTPECC, IIPOTEOJIN3/ aHTHIIPOTEONS YKy HECiHIH qUCOATaHCH, UMMYHJIBIK, *KYHEHIH TucdyHKIUACHI,
OKIIEHIH perraparusicbl MeH alloNTO3/bIH OY3bUIYBI ejleyJli yJiec KOocaThIHbI Oesrisi. Y ChIHBIIFAH IIOJIYAa KAObIHyFa KAaTbICATHIH
xkoHe OCOA naroreHesiHjie Heri3ri peJi aTKapaThiH 9PTYPJI MOJIEKYJIAJIBIK, )KOHE YKACYIIAJIbIK MEXaHU3MIEP TypPaJibl MaJIiMeTTep
xkunakrasrad. Counbiy iminge, OCOA mamybiagarst MukpoPHK peutine epekine nazap aymapeuigsl. ©OCOA aumarnocTukasiay
JKoHe eMJey VINH BbIKTHMAaJj OWOMapKepJep MeH TepaleBTiK Kypasnazap periage MukpoPHK-mer maiimamany myMmkisziri
KapaCTbIPbLIFaH.

Tyiiin cesnmep: mukpoPHK, exnenin co3biiMaibl 0OCTPYKTHBTI aypybl, 6HOMapKep, CHIHAJIIBIK, XKOJLIAP.
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Temmeparypadnblk cTpectTiH, Nicotiana benthamiana eciMaikTepiHiH MopdOMeETPUAIIBIK,
KepceTKinrrepine acepi

Angarna: Temmeparypa Bupyciien nHeKIusIaHOAFaH KOHE WHQEKIUSIAHFAH OCIMIIKTePIiH
ecyl MeH maMmybIHa, COHJIali-aK ©CIMJIKTEp Y/NajJapblHAa MaTOTeHAEP/IiH Tapaty KbLITIAMIbIFBIHA
ocep eTeTiH MaHBI3Ibl (aKkTOpJapAblH Oipi OOJBIT TAOLLIAIHI. TemmepatypaJiblk, cTpecc
eCIiMIIKTEPIiH MOP(MOJIOTUIBIK, KOPCETKIIITEPiHiH ©3repyiH TyIbIpybl MyMKiH. Byna maxasama
Nicotiana benthamiana ecimaikTepinin MOPMOMETPUAIBIK, KOPCETKIMMTEPiHE TOMEH TEMIIEPATY PAJIBIK,
2KOHE 2KOFapbl TEMIIEPATYPAJIBIK, CTPECTIH 9cepi KapacThIpbLIIbl. Nicotiana benthamiana ecimuirine
TEMIIEPATYPAJIBIK, CTPECTIH, Ocep €Ty VYaKbITbIH TaHJay KYprisiiii. Temen Temmeparypa
eciMIIKTePIiH, MOP(OMETPHUSIITBIK, KOPCETKIIITEPIHIH allTap/IbIKTall e3repyiH TybiHIaTKaH. COHBIMEH
karap Nicotiana benthamiana eciMaikTep yiIaJapblHIa BUPYCTLIK, WHMEKIUAHBIH TapaJIy
KBIIJAMIBIFEIHA TOMEH TeMIepaTypaHblH OH ocepi kepcerinmi. 2Korapbl TemmepaTrypa MeH
BUPYCTHIK HHQEKIIUSHBIH ocepl oCIiMJIKTep »KallbIpaKTapblHJIa Te3 apaja HEeKPOo3 mHaiiga OOJIIb.
OciMaiKTepre XKbLTYy CTPECIIEH DCEP €Ty YaKbITBIHBIH apTYbl, OCIMIIKTEP/IiH 3aKbIMIaHY KOPIHICIHIH,
apTybIHA aJIBII KeJIreHl KOpCeTii.

Tyiiin ce3aep: MOpGhOMETPUSIIBIK KOPCETKIIITEDP, TEMIIEPATyPAJIBIK, cTpecc, Nicotiana benthami-
ana, BUPYC.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-31-36

Kipicne.Temmeparypanbiy e3repyi ©CIiMIKTED *KACYIIACBIHBIH, TIPIIJIK 9PEKETIHE 9Cep eTejl.
OciMiKTep/ie KOPIIaFraH OPTAaHBIH KOJANChI3 (aKTOpIapblHA KAPChl YKayall PETiHJEe PeakIusiiap
naiiga 60J1a Ik

Temmneparypa eciMJiKTep IATOTeHJEPIHIH e©3apa OpEKEeTTEeCYiHiH CHUIATBIH, COHJAl-akK
nndeknusranbaral oCiMIIKTEP/IiH, KAJIbIITHI JAMYbIH KAJIBIITACTHIPATHIH MAaHBI3/IbI (haKTOPIAPIHIH,
6ipi Gosbin Tabbuiagsl. 27 Y C Temmeparypaja ecipinren ecimuikrepain ecy xbupzamabrb 219 C
TeMIlepaTypajia eciplireH eCIMJIKTEPMEH CAJIBICTBIPFaHIa Korapbl OoJiblll Kejemi. Ocbuiaiiiia,
TeMIIepaTypa YKeKeJlereH oCIMIKTEP/IiH, TaTOTeHIEPiHiH, JaMy *KbLTIAMIBIFBIHA 9CEP €Te/Ii.

TemmeparypaHblH ©3repyiHe OCIMJIK KACyIIachl PEAKIUsICHIHBIH, Heri3iHaeri MexXaHu3M/Iep,
JKacylra Te3IMILIIriHIH apTyblHA HeMece KepiCiHIme ejiyiHe oKeayl MyMKiH, OyJl MexaHu3Mep/i
eciMmikTep (DUIMOJOTUACHIHIA, 2KACYIIAJIBIK 2KOHE MOJIEKYJIAJIBIK, OUOJIOrus a8 KAPKBIH/IbI
3epTTereHMeH, Gipak oJii Jie TOJIBIK TyciHy MyMKiH emec [1,2].

CoIpTKBI (DaKTOPJIAPIBIH, KOPIIaraH OpTaHbIH 6CIMIIKTEePIiH MOPMOMETPUSIIBIK, KOPCETKIIITEPiHe
ocepi Oenrimi. 2Kambipax OeTiHIH eHi, Y3BIHIBIFBI >KOHE KAJBIHIBIFBI, OJIAPIBIH, T€OMETPUSIBIK
dopmatapbl, MEHIMKTI ayJ aHbl, TAMBIPJIAPBIHBIH, Y3bIHIBITLI KoHe T.0. MmapamMerpjepi e3repes.
Bepinren MmopdomMerpusiibiK cunaTraMaapabiH, iMTiH/Ie KAIBIPAKTHIH Y3bIH/IBIFBI MEH €HIH OJIIey
€H, KOJIaMIbI OOJIBIIT TaObIIa Ik

Marepuajsgap MeH dicTep

Beprrey Hblcanbl petinge Nicotiana Benthamiana eciMikTepi maiiaaHbLIIIbL.

Ocimdixmir, ocy wapmmapsv,: OCIMIIK TYKBIMIAPHI BLIFAJ TOMBIPAKKA €T 5-7 KyH OOMbI XKYyKa
IIEHKaMeH Ka0bLIIbI, ociMIikTep ockenHeH keifin 200 MJI KyMbIpara »KeKe OThIPFBI3BLIIbI.

Kypambiaga (TerraVita, Peceit) 6uorymyc, azor (NH4+NOg3) - 150 mr/u, dochop (P20 5)-
270 mr/n, xkamuit (Ko O) - 300 mr/m, pH 6,0-6,5 cusikThbl Herisri KOPeKTiK 3arTapbl 6ap TONBIPAK,
komanblabl.  2Kbuibikait Econ 4200K, 230V ax duroopectienTTi maMmmgapmes, 16 caraTTbIK
doTtonepuoabl 6ap TaliMepMeH KOHE CaJILICTBIPMAJIBI BUIFAIILLIBIFLL 80 rpajyc 60JaThIH KYHIi3T
JKOHE TYHI1 Temmeparypa 25/ 209 C pexumiven xabapikTasran. Anrtachina 3 per 50 MJI Kpan
CYBIMEH CyapbLIJIbI.
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Ocimdixmepdity, SUPYCBIK, MAMEPUAAMEH UHOKYAAUUAAGHYBL: 2D-3D KYHHEH KelliH eciMikTepre
ipikTey Kyprizijii. 3epTTey HAKTBUIBIFBI VIITH ipIKTEYIiH 6acThl KpUTEPUiil OCIMIIIKTED OJIIIEeMiHiH,
Gipzeit Gosybl Oosiyibl.  OcimuikTi Bupycnen undeknusiay yiin 20 MK KejgeMmie BHPYCTbI
TPAHCKPUIIT 2KOHE NHOKYJIAIUAIAYA KOJIAHBLIATBIH Oydep KOMMaubLIIbl. VHOKYMIIsAFa apHaFaHn
6ydepain kypambiaa 10MM narpwuii - pH 6,9 docdarrer 6ydep xkone kapbopanaym (d= 0,037mvm)
Kipemi. 2KamnbipakThiy 6eTine KeHiJT afHaaMaJ bl KO3FaJbICTap apKbLIbl 3UsTH KeJITIpeMi3, OChLIaiIa
BUPYC KJIETKAra OTeIi.

Nuokynsamus —asgkTaJraHHad Keilin —Oakplaaymarbl  kKoHe WHQEKIUSIaHTaH OCIiMIiKTepIai
KOHTaMUHAIUSAHBI OOJIJIBIPMAay MaKCATBHIHA, Oip/ieil mapTTarsl XKeKeJIereH opbiHaapia OaiKasiibl.

AbIHFaH HOTH2KeJIEP >KOHE OHBbI TAJIKbLJIAy

SeprTey OapbICHIHIA TeMIEpaTyPAHBbIH, JKOHEe BHPYCTHIK WHMEKIUIHBIH 9cepl  Kesinmeri
OCIMIIKTEPIiH MOP(POMETPUSIIBIK ©3repicTepine BHU3yasAbl Oarajay >KYpriziami. DKCIIepUMeHT
Nicotiana benthamiana eciMIiKTepiHe >KYPri3iigl. DKCIepUMEHTTEp Kejeci HycKaJiap OOMbIHIIA
KOMUDBLILJIBL:

1) Gakpitaymars! ecimikrepi 25 C Temmeparypasia ecipisi;

2) mndekrmananran ecimikrepi 25 C Temmepartypasia ecipy;

3) ecimgikrep 2 cararThiK cyblk crpecte, arau (109 C) Temmeparypama, oman opi 25°C
TEMIIEPATYPaJIa OCIplIIl;

4) ecimuikTepmi 2 cararTeik cywik crpecte (100 C) ecipimin, Geitimmerny keseninen xeitin TBSV
BHPYCBIH »KYKTBIPLLIIBL, ogan opi 25 C remuepaTypasa ecipimi;

5) ecimmikrep 24 cararThik cybik crpecre (10°C) ecipimin, omam opi 25°C remmeparypasa
ecipiii;

6) ecimyikrep 24 caraTTBIK CYBIK CTpECTe (100 C) ecipinin, 6Geitimyeny keseninen keiiin TBSV
BHPYCHI JKYKTHIPBLLIEL, ogan opi 250 C remneparypasia ecipimii;

7) ecimuikrep 120 caraTTbIK CyBIK CTpecTe (1000) ocipimin, omam opi 25°C remmeparypasa
ecipliii;

8) ecimuikrep 120 caraTThIK CYBIK CTpeCTe (10O C) ecipiiin, Geitimyeny keseninen keiiin TBSV
BUPYCHI JKYKTHIPLLIIBL, ofan opi 25 C remneparypasia ecipinii;

9) ecimikTep 2 CAFATTBIK YKBLIYJIbIK CTPECTE (400 C) ecipisin, oman opi 259 C Temmeparypaia
ecipimi;

10) ecimzikTep 2 cararThiK KbL1yabK crpecte (40 0 C) ecipinin, 6eitimuery kezeninen xeiiin TBSV
BUPYCHI KYKTHIPLLIIBL, ofal opi 25 C remneparypaa ecipini;

11) ecimaixTep 24 caraTThik KbLTyabK crpecte (400 C) ecipimin, oman opi 25° C remmeparypaza
ocipii;

12) ecimmikTep 24 caraTThik KbUTyIbK crpecte (400 C) ecipimin, Geitimmeny kesemimen Keifim
TBSV Bupychl *KyKTEIPbLLIEL, onal opi 25 C Temmeparypasa ocipiii;

13) ecimaikrep 120 caraTThIK KbLTYIBIK cTpecTe (40 0 C) ecipinai, omgan opi 25 0 C remmeparypasia
ocipiiii;

14) ecimzikrep 120 caraTTbIK KBLIYJIBIK CTPECTE (400 C) ecipinim, Geitimaeny KeseHiHeH Keiiin
TBSV Bupychl *KyKTEIPbLLIEL, onal opi 25 C Temmeparypasa ecipisii.

OcimikTepiiH ecy maprTapbiH cakray Makcarbinia, ecivaikrep LCC-250 ME (Daihan Labtech)
ecy KaMepachIHJa TuicTi Temieparypaja 70:30 KaTbIHACBIHIA BEPMHUKYJIUT KOCBLIFaH KOPEKTIK
TONBIPAKTa OCIPLIII.

Baxpuiaynars OCIMJIIKTED/IIH,  KAIlbIpaKTaphl HaTpuii-pocdarTh 6ydepmen JKOHE
KapOOpaHIyMMEH ©HIE/II. Toxipubeneri eciMmikTep/iH KambIpakTapbl HaTpuii-pocdarTTh!
OydepmeH, BUpHOHIAPMEH KoHe KapOopaHIyMMEH OHIEIII.

3.1 — 3.2 cyperTe TeMmIepaTypaJjblK CTPECTiH OCIMIIKTeP/IiH MOPMOIOrUsILIK, IapaMeTpaepiHe
ocepi KOPCETIJIreH.

Ocimuikrepai Busyasabl barajay 2 caraTTblK CYbIK »KoHe XKbLIy crpecinid, Nicotiana benthamiana
MOPGOMETPUSIIBIK, KOPCETKIMMTEPiHE aliTap/ILIKTall 9CepiH KOPCETIIE M.

24 caraTTBIK ~ TeMmileparypajblk  crpecre  Nicotiana  benthamiana  MOpPEMOMETPHUSIIBIK,
KOPCETKINITEPIHE eJleyJll e3repicTep 9KeITr'eH KOK.
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OciMaikTepre TOMEHI1 TeMIepaTypaMeH ocep €Ty Ke3iHie 5 TOYIKTEH KehiH eCiMJIKTepIiH
MOPhOMETPHSAIBIK, TYP ©3repici Kakchl baiikaaasl (cyp.1).

AsbrHran MoJIIMETTEPEH OCIMIIKTEP/IIH BICTBIKTHI HEMECE CYBIKTBI KAWTBIMCBHI3 3aKbIMIAHYCHI3
Te3e AJATBIHIABIFBIH Kepemi3. Kpicka MepsiMai TemmeparypaJiblk, crpecc Nicotiana benthami-
ana JaMyblHa afTajblKTail esrepic okeaMmedi. by eciMigikrep dhepMeHTTEpiHiH Te3 OeitiMmery
OesICeHIITIrIHIH, e3repiciie OallJIaHBICTBI KOHE KOpIIaraH OPTAHLIH KOJIaiichbi3 (aKTopIapblHAH
«ar3aHbl KOPray/IblH, OipiHIIiy Kejici 60ybl MyMKIH.

Kaymer  MamMaHmaHAbIpbIFal  OeffliMiiesly — KenTeren  mporecrep — eceOiHEeH — KOJalChI3
JKaraiyrap/iarbl ©CIMIIKTED/IIH, TipIIUNTiH KaMTaMachl3 eTelli: TeHJEp SKCIIPECCUSICHIHBIH e3repyi
JKOHE 2KaHa MaKPOMOJIEKYIaJap/IblH 1aiijia 6oJIybl, IIPOTEKTOPJIBIK, KOChLIBICTAD JIEHrediH apTThIPY,
rOPMOHAJIB/IBI DAJIAHC [IeH eCy IPOIeCTepiHiH e3repyl (ecyiH Texkesyl, 3aKbIMJIAIFAH aF3aaap/ibl
pereHepaIusblK, aybICTBIPY, OYIPEK IeH KaHa TaMbIPJIap/IbIH 6Cyl, a9pEeHXUMAaHbBIH TY31/Iyi YKoHe T.
6.), COHBIMEH KaTap, 3aKbIMIAHY/IBI OOJBIPMAY MEH K010 ecebineH (bu3noIOrHsiIbIK, MTPOIECTEP/IiH
OarpIThl MEH JIeHreili e3repreH Ke3ieri OpraHu3MHIH pe3epBTi MYMKIHIIMHIH TypakKTaHybl,
opraHm3Meri oprammap MeH KJeTKajap, yJ/lajap apachlHIarbl OpTYpJl OafiaHbICTapIbl
KaMTaMacChI3 eTei.

A

CvypPET 1 — Nicotiana benthamiana TemneparypaJiblK, CTPecC dcepiHe AelliH >KoHe TeMeH TeMneparypaHbiH, 120
caraTTBIK 9cepiHeH KeiliH. A — TemIlepaTypaJibIK CTPECTiH ocepiHe gmeiiinri ecimaik; B — TemneparypaJibik
cTpecTiH acepineH KeiiHri ecimaik

TemmeparypaJiblk, cTpecc eCiMJIK yJiajapblHa BUPYCTHIK, UHMEKIUSIHBIH OTyiHe dcep eTeTiHi
kopcerinm.  Cypik crpecc (10°C) BupycThIK nHbEKIUARBIN Haiiga 6GOTybIHA OH OCep eTTi
(cyp.2). CyperrepieH Kopill OTBIPFAHBIMBI3IAN, BUPYCTHIK HH(MEKIUs JKAIbBIPAKTAPJIAFbl AKIIBLI
3aKbIMJIAJIFAH aliMakTap peTiHie Kopinemi. 8 KyHi BUPYCTHIK MHQEKIIUSHBIH 9CEPIHEeH YKePriiKTi
HEKPOTHKAJIBIK afiMakTap aHblK Kepiugi. Bupycrtbik nndexiusubiH ecyine 120 caraTTbIK, CYBIK
crpecc el KymiTi ocep erti. 2KambipakTap/biH, 3aKbIMIAIYbI KOHE YKAIbIPAK HEKPO3bl OaKaJ I IbI
(cyp.2).

Bupycreik nrdeknus Men Koraprbl Temieparypanbi (40 0 C) ocepi oCIMIIK KAIBIPAFBIHBIH, TE3
coutybiHa ke (cyper 3).

ZKbLyJIbIK, CTPecC yaKbIThIHBIH, Y3aKThIFbl ©CIMJIIKTED/IiH 3aKbIM/IAHYbIHBIH apTYbIHA DKEJII.

Cyperre 120 caraTTBIK CYBIK »KoHE YKbLIYJIBIK cTpecTiH Nicotiana benthamiana MOpdOMeTPUSIIBIK,
KepCeTKilTepiHne aifitapybikrail ocepi kepceriiren. CybIK cTpecc OGakblIayMeH CaJbICThIPFaHIa
BUPYCTBIK WHQEKIUIHBIH JAMYbIH TE3IeTTi. 2Korapbl TeMIepaTypaHblH, K9HE BHUPYCTBHIK,
MHEKIIUAHBIH 9cepi, OaKbLIayMeH KOHE CYBIK, CTPECIIEH CaJIbICThIPFaH 18 BUPYCTHIK, HH(PEKITUSIHBIH
Te3 OTyiHE DKEeJJI.

Ocpbunaiima, TemueparypaJjblk, crpecc Nicotiana benthamiana eciMJIIKTep KalbIPaKTaPhI
TiHIEpiHIeri BUPYCTHIK NH(MEKIUIHBIH KaAPKbIHIBI JaMybIH TYIBIPIbI JIell Oo/Kayra 0018 IbI.

KnumarTein e3repyi maprTapbliHia 9PTYPJI TeMIeparypaiapiarbl OCIMIIKTED CHAIaTTaMaJIapbIH
CAJIBICTBIPYIbI 3€PTTEY MAHBI3NBI OOJIBIT TAaOBLIIbI, COHBIMEH KATap, BUPYC KYKTHIPHLIMAFaH
eciMIIKTEPIi ocipy Ke3iHje K9He dp TYPJI ChIPTKbLI OMOTUKAJIBIK, bIHTAJIAHIBIPYILIH 9cepl Ke3iHie
JKacyIa eMipiHiH IUKIIiHe ToyeJ/[l TaToreHIepre BUPYCTap bl 3ePTTey MaHbI3/bL | 3).

KapacTeipsbin oThIipran 9ebuerTep/ie BUPYCTHIH JaMybIHA TEMIIEPATYPAHbBIH, KOJANIbLI dcep
eTeTIHJIr TypaJibl KapaMa-KapChbl MOJIMETTED KOpceTiireH.  BupycrapablH penuKaiusChbIHa
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A

CvyPET 2 — Nicotiana benthamiana BUpYCTbIK NHMEKIUAHBIH >KOHE TOMEHII TeMneparypaHblH, 120 caraTThIK,
acepiHeH KeiliH. A — TemIiepaTypaJibIK, CTPECTiH, 9cepiHe gmelinri ecimiik; B — Temmneparypasnbik crpecTis
>K9HE BUPYCTBIK MHQEKIUSIHBIH, 9CepiHeH KeliiHnri eciMmaik

CypPET 3 — Nicotiana benthamiana TBSV (A) BupychiMeH nH(eKuusanraH GipiHIII KyH >K9HE >KOFapFbI
TeMmeparypa MeH BHUDPYCTBIK WH(QEKIMSHbIH apaJjac ocepiHeH keiiinri 8 KyH. A — Oipimmi kyHi
undekuuaIaHFaH eciMiik; B — TeMnepaTypaJiblK, CTPECTiH, >)K9HEe BUPYCTBIK, NH(MEKINAHBIH 9CepiHeH KeliHri
eciMaik

OJIApJIBIH, TYPl MeH eciMIiK-KoxKaibiabl ocep erei. 2Koraper Temmeparypanap 1T'C'V BUPYCBIHBIH
Arabidopsis eciMIiKTepiHiH, HAKTHI PEIIMKAIMICHIHA 9KEJIE/Il YKoHe TeMeKi MOo3aiikachl BUPYCHIHBIH,
HeMece OCIMJIIKTep/iH, KOPFaHbIC KyiiesepiHin oJicipeyl ecebiHeH perra MO3aMKachl BUPYCHIHBIH,
TapaJsyblH xeHiereni [5].

Exinmi »karblHaH, 2KOFaprbl Temieparypaja HH(MEKIUsJIaHFAH OCIMIIKTEPIl ecipy KesiHje
undeknus Oenrisepi a3 Oalikaaapl koHe PHK murepdepentmsven OaiflIaHBICTBI ©CIMIIKTEPIiH
BUpyCTapra Kapchl kayabbl kepinic 6epai [6]. PHK-unrepdepeniusra, Bupycrapiply, TapaiybiHa
JKOHE OCIMJIIKTEP/II KopFayfa TeMIlepaTypaHblH 9CEePiHiH MaHBI3AbLIBIFBI OJaH Opi 3epTTEY/Ii TaJall
ereni |7,8]
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Onpegenenne mopdomerpudeckux rnokasareseint pacreauit Nicotiana benthamiana npu TemneparypHOM
cTpecce

AnnoTanusi: Temmneparypa sBJIsSIeTCS OJHUM W3 BasKHEHIUX (DAKTOPOB, BJIMSIONUX HA POCT U PA3BUTHE 3I0POBBIX
1 UHQUIMPOBAHHBIX PAaCTEHUI, a TaK»Ke Ha CKOPOCTb PACHPOCTPAHEHMsI IaTOreHOB B TKaHAX pacTeHmil. TemmepaTypHbIit
cTpecc crnocobGeH BbI3bIBATH H3MEHEHMsI MOP(MOIOrMYecKnx IPU3HAKOB pacTeHuii. B craTbe OBLIO PacCMOTPEHO BJIUSIHHE
HU3KOTEMIIEPATYPHOIO U BHICOKOTEMIIEPATYPHOTO CTPecca Ha MopdoMeTpuYecKue rmokasaresn pacrenuit Nicotiana benthamiana.
Brut npoBenen nmoabop BpeMeHU BO3JENCTBUSI TEMIIEPATYPHOrO crpecca Ha pacrenust Nicotiana benthamiana. Ilokazano, dTo
[IOHM2KEHHAasl TeMIIEPaTypa BbI3bIBajIa 3HAYUTEIbHbIE N3MEHEHUsi MOpMOMeTpHUYeCKUX IoKa3aTeseil pacreHuil. B To ke Bpems
MIPUCYTCTBOBAJI IOJIOXKUTEIbHBIN 3P(EKT MOHUKEHHON TeMIlepaTypbl Ha CKOPOCTh PAaCIPOCTPAHEHUsI BUPYCHON MHMEKINU B
TKaHax pacrenuit Nicotiana benthamiana. KomOuHMpoBaHHOE JefiCTBHE IOBBIIIEHHON TeMIIepaTypbl U BUPYCHOU MHQMEKIIUN
NPUBOAUIIO K 6o0jiee OBICTPOMY OTMHUPAHUIO JIMCTbeB pacTeHuil. [loBblllIEHME BpEMEHHW TEIJIOBOTO CTpecca MPUBOAUIO K
YBEJIMYEHUIO IIPOABJICHUA IIOBPEXKAEHUN pacTeHu.

KurodueBble ciioBa: MopdoMeTprYeMCcKre IOKa3aTeIN, TEMIIEPATYPHBIH cTtpecc, Nicotiana benthamiana, BUpPyC.

A.Zh. Bekturova, A.Zh. Dogabayev, A.B. Kurmanbayeva, S.B. Zhangazin, U.I. Amanbaeva, Zh.K.
Masalimov

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Determination of morphometric parameters of Nicotiana benthamiana plants under temperature stress

Annotation Temperature is one of the most important factors affecting the growth and development of healthy and infected
plants, as well as the rate of spread of pathogens in plant tissues. Temperature stress can cause changes in the morphological
characteristics of plants. The article considers the influence of low-temperature and high-temperature stress on the morphometric
parameters of Nicotiana benthamiana plants. The time of influence of temperature stress on Nicotiana benthamiana plants was
selected. It is shown that the reduced temperature caused significant changes in morphometric parameters of plants. At the
same time, there was a positive effect of low temperature on the rate of spread of viral infection in plant tissues. The combined
effect of high temperature and viral infection led to more rapid death of plant leaves. Increasing the time of thermal stress led
to an increase in the manifestation of plant damage.

Keywords: morphometric parameters, temperature stress, Nicotiana benthamiana, virus.
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OTpa6OTKa TEeXHOJIOTUM HaKOIIJIEHHM:d BHUPYCa OCIIbI OBeIly

Annsoramusa: B crarbe mpencTaBiIeHBl Pe3yJIbTATHI AJANTAIME U OTPADOTKA ONTUMAJIBHBIX
IIapaMeTpOB HAKOILJIEHWS BUPYCA OCIBI OBEIl INTaMM Ha IEPEBUBAEMBIX KyJbTypax KjeTok 3-KI
ANK-04 u 11O-2. Nudeknuonnasi akTHBHOCTH 1ipu 3apakeHnu BOO Ha moJiHbIH chOpMIPOBaHHBII
MoHocIol, coctauna 5,0-5,75 lg T 50 /em? ma mummn AOK u 5,5-6,0 1lg T 50 /em? ma 3-
KT, npu muoxecrBernnoctu 3apaxkenus 0,1-0,5 TII/ 50 /ki1., Bpemsi uHKyOaIlu COCTABJISAIO 72-
96 wacoB. Orpaborana MeTOJUKa OIpeJeeHus UH(MEKIIMOHHOIO TUTPa BUPYyCa MTPOOUPOIHBIM
U MUKPOILIAHIIIETHBIM METOJAMHU, IIPOBEJIEH KOPPEJSIIMOHHBIN aHajn3.  AHaau3 pe3yabTaToB
orpejiesieHusi WH(MEKITMOHHON AKTUBHOCTH BHUPYCA OCIIBI, ITOKA3aJ COMOCTABUMOCTH IOy IaeMbIX
JaHHbIX ¢ pacxoxjaenuneMm Ha +0,1-0,5 lg (40,25) B cTOpOHY MUKPOIJIAHIIIETHOrO MeToja (n=7),
YTO CBUJETEJIBCTBYET O €ro 60jiee BBICOKON IYBCTBUTEJHLHOCTH U TOYHOCTH.

KitrodeBbie cjioBa: BUPYC OCIBI OBEIl, BAKIIMHA, IITaMM, KYJIbTypPa, TUTP, MOHOCJION, HHKYOAIHS,
MHQEKITHS.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-37-45

Bsenenne. Ocna oser; (Sheep pox) — BBICOKOKOHTArmo3Hast 0co0O omacHasi O0JIe3Hb,
XapaKTEePUIYIOMAsICs JUXOPAJIKO U O0PA30BAHUEM B SIUTEHH KOXU U CJAU3UCTBIX 000JI0UEK
MAITYJIE3HO-IIYCTYJIE3HbIX TOopakeHnit.  Bojiesub mmpoko pacupocrpaneHa B Typrum, Hpamne,
[Takucrane, Adranncrane, Unanun, Mapokko, Amkupe, Tynuce, Jlusuu, Kysefite n MHOMTIX ApyTrHux
crpanax Asum u Adppuku.

Cormacnuo pereanto MIbB ocmia oBer 1 K03 oTHeceHa K rpymine A - 6BICTPO pacIpOCTPaHSIONTHXCS
Oosie3Hell JKUBOTHBIX. Do0JIe3Hb HAHOCUT OBIIEBOJCTBY OIPOMHBIN yIepO, BKJIOYAIONINAN [MOTEPU
oT rubejii U BBIHYKJIEHHOTO y00si OOJIbHBIX YKUBOTHBIX, CHUXKEHHUE ITPOJYKTUBHOCTU, 0DOCTpEHUE
BTOPUYHBIX WHMEKITU, 3aTPaThl HA TPOBE/IEHIE BETEPUHAPHO-CAHUTAPHBIX U OXPAHHO-KAPAHTUHHBIX
MeponpusgTuit. Ocra MeJKOTO Poraroro CKOTa OCTAETCs aKTyaJbHBIM 3a00JIEBAHUEM B MHPE, O YeM
CBH/JIETEJILCTBYIOT CJIyYal ee PErUCTPAINN B TIOCIE/THIE TO/Ibl B pa3HbIX crpanax mupa (Kunrait, 2002-
2003; Monromust, 2006; I'perust, 2007; Typmus, 2001; Takukucran, 2001; Brerram, 2005; Poccus,
2012 u mpyrue) [1, 2, 3.

B cayvasix reHepamm3oBaHHOTO M OCIOXKHEHHOTO TedeHust 6osie3nn rubens oser gocruraer 50%
OT KOJIMYeCcTBa 3a00JIeBIINX. Bupyc mnepenaercs »KUBOTHBIM B OCHOBHOM Aa3POT€HHBIM IIyTEM.
Bupemus nacrymaer mepej renepasm3aiiueii mporecca. Y OOJIbHBIX XKUBOTHBIX BUPYC MaKCUMAaJIbHO
JiokaJu3yercs: B ocimHax. OH He MMeeT aHTHTEeHHBIX BapuaHTOB. IlepebosieBaHme COMPOBOXKIAETCS
JUINTEJIbHBIM UMMYHHUTETOM (He MeHee J[ByX JIeT) U 00pasoBaHUEeM aHTUTEJ, KOTOPbIe ¢ MOJIO3UBOM
U MOJIOKOM II€PEJIAIOTCsI TIOTOMCTBY [4, 5, 7.

B macrosimiee Bpemsi smm3ooTHUeckasi cuTyanuu 1o ocme oser B Pecrnybnuke Kazaxcram u
B COIPEIEIbHBIX TOCYIapCTBAX OCTACTCS HAIPSKEHHONW, YTO TpedyeT NIPOBEIEHUT MACCOBOIt
MMMYHU3AIUN KUBOTHBIX 3(M@PEKTUBHBIMUA BUPYC-BaKIMHAMU. B CBsI3u 3TuM pa3paboTka u
[PUMEHEHNE OTEeYeCTBEHHOUW BaKIUHBI JJIs MPOMPUIIAKTAKKA OCIBI OBEI| SBJISETCS aKTyaJbHOMI
3ajiavell BerepuHapHOl Hayku. Bakunmua s npodwunaktuku ocbl oer, «HUCXUW» (maydano-
UCCIIE/IOBATEIIbCKUN  CEJIbCKOXO3ANCTBEHHBI WHCTUTYT) SIBJISIETCsI  IKCIIOPTHO-OPUEHTUPOBAHHOM
paspaboTkoii |8, 9].
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Iesbio HAIMNX MCCIIEIOBAHUN SABJISLIACH aJallTalnd ImTaMMa Bupyca ocubl oBer, «HUCXUM»
MOI0MpPaeMbIM UyBCTBUTEIBHBIM KYJIbTYyPaM KJIETOK W OTpabOTKa TEXHOJIOIMU HAKOILJIEHUsI BUPYyCa
OCIIBI OBeI], JIJIsI TIOCIEYIONIEro CO3AaHMsI BAKIIUHBI IIPOTUB OCIIBI OBEIl.

Jltst 9TO TIesin HaMu OBLIM ITOCTABJIEHBI CIEIYIONINe 3aJaYn:

1. I[IpoBectu ajanTamuioo mramma Bupyca ocrbl  oBell «HUCXW» k  mombupaeMbiM
YyBCTBUTEJILHBIM KYJIBTYPaM KJIETOK;

2. OTpaboTKa TEXHOJIOIMU HaKOIIeHus Bupyca ocmbl oBerr mramm «HWCXW»: mnposectn
oI00p JI03BI 3apakeHus KyJbTypbl KieToK Bupycom ocibl (B TI/I 50 /ki1) u ompenesnenue
nHMEKITMOHHON AaKTUBHOCTH BUPYCA, [POBECTU OIPEJe/IeHNe CPOKOB MAKCUMAJILHOTO
HAKOIIJICHUSI BUPYCHON OHOMACCHI, MaKCHMAaJbHONW HHMEKINOHHON akTuBHOCTH Bupyca (lg
T/ 50 /cM3 ) 1 cpaBHATEIBHYIO OMEHKY Pe3y/bTaTOB NCCIIeOBAHTTT PH TUTPAINH BAPYCa
MIPOOUPOTHBIM CIIOCOOOM M HA MUKPOILIAHIIIETAX.

Metoapl ucciaegoBauuii. Ananranuto Bupyca ocrbl mramMmMm «HUCXW» mpoBoquin B TevdeHne
4-X TIOC/IeOBATENbHBIX CJIENBIX Taccaykeil Ha IOJHBIM MOHOCJONH KJIETOK B obbemHOIl mo3e 1:10,
pu 3TOM UHQPEKIINOHHYI0 aKTUBHOCTDL BHPYCA OIPEIEIsiin TOJLKO Ha mocjeaHeM maccaxe. Ilocrte
CJIETIBIX TTacCaXkel MPOBeN 3 MPsAMBIX IAaccaka C OINpeeeHueM aKTUBHOCTH BHUPYCa OCIIBI OBEIT
(BOO) k ajanrupyemoii KJIeTOYHO JINHUH.

Turpaiuio Bupyca ociibl oBel| (onpejeseHne NHQEKIMOHHON aKTUBHOCTH BUPYCa) HPOBO/MIIN Ha
KyJIbTypP€e KJETOK IIPOOUPOIHBIM CrIocoboM u B 96-TH JIyHOUHBIX MUKPOILIaHIETaX. Pacder TuTpa
BUpyca Tpom3BOIuIN 110 MeTony Kepbepa-Amvapuna u soipazkasnu B 1T 50 /cm? . PesybraTs:
necsitu Tutparumiit BOO cpaBHMBaM TPOOUPOIHBIM U MUKPOILIAHIIIETHBIM CIOCOOAME U BBIBOIUJIN
KOPPEJISIIUOHHYIO 3aBUCUMOCTD TIOKa3aTeseil.

Cxemy nakomyeruss BOO orpabarbiBajn Ha IepeBUBaeMbIX KjeTouHbIX Momesisix 3-KI' u A J1K-
04. Haxomenne 6uomaccet BOO orpabarbiBaiun B AByX MoaudHUKAIuUsX: Ha CHOPMUPOBAHHBIIN
KJIETOYHBI MOHOCJION € KOHTAKTOM M CMEHOH NUTATEJHHON Cpeabl Ha IOIJIEPXKUBAIOILYIO U
C 3apakeHueM Ha PACTYIIYIO KJIeTKy. F2KeJHeBHO NIPOBOAWIN MUKPOCKOIHUIO KOHTPOJJIHLHOI'O
WHTAKTHOTO W WHQUIMPOBAHHOTO KJETOYHOI'O MOHOCJIOS, OICHUBAsI CTEIEHb €ro MOPaXKeHWs U
CpaBHUBAs €e C KOHTPOJIEM.

ITo mneppoit meromuke BOO BHOCWIM B Marpacbl € KyJAbBTYPO#l KJIETOK IIPU OJIHOCTHIO
cdhopmuposasiiemcst Monocsoe (48-72 waca, 85-100% nutomiau 3apactanust) cO CMEHON pPOCTOBOM
KyJbTYPaJbHON Cpelbl Ha MOMJEPKUBAIONIYI0 M KOHTAKTOM BHpyca ¢ Kierkamum Ha 60-90
MHUHYT. MHOXKECTBEHHOCTh 3aparkeHusi BUpycoM mogbupasack B jauanaszone 0,01, 0,1, 0,5 u 1,0
T 50 /xi1. Ilocse 3apazkenusi Bupycom uepes 24, 36, 48, 72, 96 u 120 4acoB KyJIbTHBUPOBAHIUS
oTOMpAJIN BUPYCCOJIEPKAIIUIT MaTepuaj JJisi OUpeJeieHrsT TUTPa WHQEKINOHHONW aKTHBHOCTH
BUpyca, (DUKCUPYsI CTENEeHb MOPayKeHUs KJIETOYHOIO MOHOCJIOS B % BO BPEMEHHOM HHTEPBAJIE.
KonTposiem city2kuimm mHTaKTHBIE MATPAChl ¢ KYJIbTYpPOl KJIETOK CO CMEHOW POCTOBOI NMHUTATETHHON
cpenbl U 663 CMEHHI.

Hakorutenue o meTosuke ¢ 3apakeHueM Ha, PACTYIIYIO KJIETKY IIPOBOJIMJIA [IPUA OJIHOBPEMEHHOM
BHECEHUU KJIETOYHOM CyCIIeH3UU Ha pocTOBO muTarebHOM cpene u BOO. Ilpu sroMm onpemessiin
CJIIYIONEe TApAMETPhl:  [MOCEBHYIO KOHIEHTPAIMIO KJETOK (TBIC./MJI), MHOXKECTBEHHOCTH
sapazkenust moceBHbiM BupycoM (TII/ 50 /K1), cpok nHKyGanuu MaTepuadia (1), HPOIEHT I0parKeHHsl
KJIETOYHOI'O MOHOCJ/IOS BO BPEMEHHOM HHTEpBaJjie, aKTUBHOCTL IOJIYYEHHOTO BAKIIMHHOTO BHUPYCA.
KonTposem ciyKuin nHTaKTHBIE MATPACHL C KYJIbTYyPOil KJIEeTOK 0€3 CMEHBI POCTOBO IMUTATEILHON
CpeIbl.

Nudexnuonnyo aKTUBHOCTD MOJYIEHHOTO B KaXKJOM OIIBIT€ BUPYCHOI'O MAaTepUaJsIa OIPEIC/IsLan
MEeTOJIOM TUTPAIUK Ha KYJIbTypPe KJIETOK 110 BBIIIEONUCAHHBIM MeToxuKkam [10].

Crepu/IbHOCTDh HCIIOJIB3YEMBIX KYJIBTYP KJIETOK, BUPYCCOJEPIKAINEl KUJIKOCTH, ITUTATETbHBIX
Cpe/l, CBIBOPOTOK U JIPYTUX MATEPHUAJIOB HCIBITHIBAJIA METOMOM IIPAMOrO IIOCEBa Ha, CEJICKTUBHDLIE
nuTaTeJbHbIE CPeJIbl Ha KazKJOM JTalle [IPOBOIUMBIX pabor [11].

PesynbpraTbl m wux aHaIuU3. Ucnonssyemsrit B pabore mramm BOO amantupoBan u
TOJIJIEPKUBAJICA Ha TlepeBUBaeMoil KyiabType KiaeTok [10O, KyapTuBupyeMoil B MOJyCHHTETHIECKOI
MUTATEILHON cpejie Ha dMOPHUOHAJBLHON CHIBOPOTKE KPOBHM B THTpax 5,25 4 0,25 1g, B craTmieckux
YCJIOBUSX KYJLTUBUPOBAHUS.
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Hamu Oblnma mocraBieHa 3ajada aJalTHpoBaTh BUpyc ocibl operr mramM «HUCXM» - k
nepeBuBaeMbiM KysibTypaMm KjaeTok 3-KI', AJIK-Ne-04 u I10-2, koropble mponuin JIernoHupPOBaHUE
B J1aDOPATOPHO KOJIEKIMU. AJanTanuio IPOBOIWIA B TeYeHHe 4-X IOCAeNOBATE/LHBIX CJIEHbIX
raccakeli Ha, MOJIHBI MOHOCJION KJIETOK B 06beMHO# mo3e 1:20, ¢ korTakToM 60-90 MunyT, IPU 9TOM
MHMEKIINOHHYI0 aKTUBHOCTH BHUPYCa OIPEIE/IAIM TOJBKO Ha IOCJeIHeM maccake. lloaydeHHbI
BHUPYC OCIIBI IIEPBOTO ITaccayka IOABEpPrajid 3aMOpPO3Ke B TedeHme 24 YacoB, 3aTeM OHoOMaccy
MCITOJIb30BAJIN IS TTOJIyYeHUsT BTOPOrO ITaccayka BUPyca W Tak JaJjee 10 4-ro maccaxka.

ITocte 4-x cenbIx maccaykeil TPOBEIN 3 MPSIMBIX IACCaXKa C ONpeeeHneM aKTUBHOCTH BHPYCa
OCIIBI K &JIAIITUPYEMOU KJIETOYHON JIMHUU, IIPU ITOM IIPOBOJMJIN 3aparKeHUe Ha IOJIHBIA MOHOCJION
KJIETOK, ¢ KOHTakTOM 90 MHHYT, W MHOXKecTBeHHOCTBIO 3apaxkenus 0,25-0,35 TLL/ 50 /kx1. Turp
BHPYyCa OCIIbI OBell Ha KyabType KiaeTok A JIK-04 cocrasun 5,45 + 0,25 lg, na jmmaun 3-KI' - 5,75 + 0,25
lg, na kysnbrype 110-2 - 5,0 + 0,25 1g (n=3). B 10 ke Bpems KyJabTuBupoBaHue Bupyca B juaun 110-
2 Ha 3M6pHOHaJIbHOI71 CBIBOPOTKE KPOBU ITOKa3aJI0 PE3YJIbTaTbl CpaBHUTEJ/IbHbIE C HaKOIIJICHUEM B
muangx 3-KI' u AJIK-04.

[Tapasutenbao nposes 3 npstMbix maccaxka BOO na nepBuwunbix jmHusax 110-2 u T gaa
CPaBHUTEJILHON OIEHKM HAKOILJIEHUs BUPyCHOro MarepuaJja. Hudeknnonnas akKTUBHOCTbL BHPYCA
Ha oboux JimHusAX cocrasistia 5,75 £+ 0,25 lg (n=3) (rabiuma-1).

Kynbprypa KieTox Twutp BUpyCa
AK-04 5,45+0,25 1g
3-KT 5,75£0,25 1g
I1O-2 5,0£0,25 1g

Ta6auna 1 — Pe3ynbraThl opege/ieHne aKTUBHOCTY BHUPYCa OCIHBI K aJaIlITUPYyEeMOM KJIETOYHOUN JIMHUN

N3 Tabmunpr 1 BugHO, UTO HambOJIee IEPCIEKTUBHBLIMU IIPU HAKOIUIEHWSI BUPYCA OCIBI
nokazaju cebda nepesuBaemble juuHun kKietok 3-KI' m AJIK-04, Tak kKak «BJsOTCA HamboJiee
VJI0OHBIME B KYJBTUBHPOBAHUU, JIAIOT BBICOKHE BBIXOJIBI KJIETOK B ITACCAXKAX, MEHEE SKOHOMUYIECKHU
U TPYI03aTpaTHble, IO3BOJISIOT HAKAIJIUBATH YIOBJIECTBOPUTEJbHBIE TUTPhl WHMEKITUMOHHON
aktuBHoctu BOO. Turp Bupyca B neppuunbix Jimausg 1[I0 u TZ tak ke OBbLT BBICOKHM,
OJIHAKO IMPUTOTOBJIEHUE ITUX JIMHUI SIBJISIETCS HETEXHOJOTMYHBIM, HE TO3BOJIUT MACIITaOUPOBATH
HAKOILJICHIE BUPYCA OCIBI [IPH U3TOTOBJIEHUN BAKIIMHBI B MPOMBIILIEHHBIX YCJIOBUsX (HOTpebyeTcst
y0O0il GOJIBIITIOTO KOJIMYECTBA MOJIOJIHSAKA YKUBOTHBIX, BBICOKHI PUCK KOHTAMWHAIIUU, TPYIOEMKUI
[POIIECC TPUICUHU3AIUU KJIETOK, BBICOKHE IIOCEBHBIE KOHIIEHTDAIUU, JJIs HMPOBEICHUS Iaccakeil
Tpebyercsi HeNpepbIBHBIN y0oil »KUBOTHBIX). VlcxXozs U3 BbIIIENEPEINCIEHHOTO TEPBUYHBIE JIMHUN
IO u T4 ucnonb3oBan B jajibHedineli paboTe TOJBKO i OCBeXKeHHs MH(MEKITMOHHBIX CBONHCTB
BHUDYCa U MOJJEPKAHUSA ero NHMEKITNOHHON aKTHBHOCTH.

[To mroram aganraruun BOO 6buio npunsto pernieHune o0 UCIOJB30BAHUU JBYX IEPEBUBAEMBIX
muanit Kiaetok 3-KI' u AJIK-04 mist orpaboTku mapaMeTpoB HAKOILIEHHWS BHPYCa W U3YIEHHUS €ro
CBOWCTB.

Haxomnenne Omomacchl Bupyca TPOBOAWIN B JABYX Mogudukaiumsax: Ha CcHOPMUPOBAHHBIN
KJIETOYHBIIT MOHOCJION (85—100%) C KOHTaKTOM U CMEHOHN IUTATEJIbHOU Cpelibl Ha I10JIEPXKUBAOILY IO
U C 3apakKeHHeM Ha PaCTYIILYIO KJIETKY.

Jnst paborel wmcrosb3opasin BOO, ajanTupoBaHHBII K COOTBETCTBYIOIIUM II€PEBHBAEMBIM
KyJIBTYPaM KJIeTOK ¢ M3BecTHOi mHbexmuonnoit aktusHocThI0 (IgTCD 50 /oM 3 ).

IIpu zapakenuu Ha cHOPMUPOBAHHBIN KJIETOUYHBI MOHOCJION HCHOJb30Ba i 48 u 72 YacoBoit
MoHoc0M KyabTyphl KiaeTok 3-KI' u AJIK-04, BoipaieHnbiit B KIUHCKAX MarTpacax obdbemoMm 1,5
JI B CTaIlMOHAPHBLIX ycjaoBusix. llepen 3apakeHueM KyJbTYpPbl KJIETOK U3 (PJIAKOHOB yIasIsijin
POCTOBYIO Cpely, MOHOCJON OTMbIBAIN (POChATHO-CONEBBIM OydepHBbIM PacTBOPOM XeHKCa OT
MPOJIYKTOB YKU3HEIEATETbHOCTH KJIETOK. 3aTeM KyJbTYpbl KJaeToK 3apaxkaiun BOO mo obbeMHOI
J03€ 3apaKeHus M IIOMeIlaJM Ha KOHTaKT B TepMOCTaT IIpU TeMIlepaType (+37:|:O,2)0C Ha
1,0-1,5 gaca. Ilocie koHTakTa MAaTpachl 3a/JUBaJIU TOJJIEPKUBAIOIIEH MUTATEILHOW CpPEIoit i
KysibTypbl Kiaerok 3-KI' — @T'MC+DMEM (3:1) ¢ miroko30ii 1 rioTaMuHoM B J1o3upoBkax 0,2 1/
u 100-150 mr/si coorBercTBeHHO, Mt KyabTypbl Kjiaerok SIK-04 — UTJTA+IMEM (1:1) ¢ 1%
pacTBOpa aMUHOKUCTOT. Jls 0b6enx 3aparXeHHBIX KYJIbTYD HOJJIEPXKUBAIOINLYI0 Cpey 00OTaIan
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2% CBIBOPOTKM KPOBU KPYIIHOTO poraroro ckora. OcCTapjsiu 110 OJHOMY MaTpacy ¢ WHTAKTHOI
KYJIBTYPOIl KJIETOK JIJIsi CPDABHUTEJILHOIO KOHTPOJIsI COCTOSIHUS KJIETOYHOIO MOHOCJIOS KYJIBTYP.

MukpocKoIuio 3aparKeHHBIX MAaTPacOB U KOHTPOJIb KJIETOK ITPOBOJUIN €XKEIHEBHO B Te€UEHUE D
cyToK. Marpachl ¢ SpKO BBIPA’KEHHBIMHU ITUTONATHIECKUMHU M3MEHEHUSIMHU KJIETOYHOTO MOHOCJIOS
Ha yposue nopazkenns 80-100% szamopazkusasu npu Temneparype ymunyc 20° C s xpamenus u
JasbHeitero ncrnosb3oBanus. uronarndeckoe neiicrsue (IIIIJ]) Bupyca ocrbl oBerr Ha KyJbTYDY
kieToK 3-KI' m AJIK-04 mposaBissoch B CIeAyIONIEM: BBITAHYTas KJIETKa OKPYIUIAIACH, TePsa
[TOBEPXHOCTHBIE BBICTYIIbI, KJIETKH 0OPA30BBIBAJIN HEDOJIBIINE TPYIIILI U TUIUYIHBIE «I'DO3/bSA», U B
KOHEYHOH cTajun Hab/II0/1alach I'Mbesib KJIeTOK, MPU 3TOM YacTh KJIETOK OTJIeJsijlaCh OT CTEKJIa
KyJbTYPAJbHON €MKOCTH, {YaCTh OCTaBaJIaCch IPUKPEIIEHHON ¢ BUJIOM3MEHEHHONW Mopdosorneit
(pucyHOK -1).

PucyHok 1 — ITuronarnyeckoe neticrsue (LIII/I) Bupyca ocibl OBel Ha KyJbTypPy KJIETOK

MaTaxTHblit KOHTPOJb KieTok 3-KI'n AJIK co cmenoit muTaTesibHOM cpeIbl Ha TO/IEPKUBAIONTY IO
ocraBajicst 6e3 BuuMbix usmenenuii (6e3 LIIT/T) ¢ tunmanoit a1t Kaxk10il KyibTypbl MOpdhOoJIorueit,
K 3-H-M CyTKaM MOSBJISJINCH HA TOBEPXHOCTH MOHOCJIOSI OKPYTJIble KJIETKU, HAXOJSIINECT B CTaIUN
cTapeHusl.

Ompenenienne tutpa wnabekimonnoit axktupHoctu BOO mnpowsBojuin myTeM TUTPOBAHUS HA
nepeuBaeMoii  Kymnbrype Kierok 3-KI' m AJIK-04 coorsBercrBenno.  CymHOCTb TUTPOBAHUS
OCHOBaHA Ha ITUTONATHIECKOM JIEUCTBUN BUPYCA OCIIBI OBEIL, PA3BeJIEeHHOTO JIeCATUKPATHBIM IITaroM B
COOTBETCTBYIOIIEN Ky/IbType KiieToK. B KauecTBe KOHTPOJIst ciryKumiin 4 TPOOUPKHU C HE3aPaKEHHOIT
KYJIBTYPOIl KJIETOK C POCTOBOI cpemoii, 4 TpoOUpPKH C He3aparKeHHON KYJIbTYPOl KJIETOK CO CMEHOM
nojiepkuBaionieit cpefpl.  KynbTypy KieTok B npobUpKax HMHKYyOUPOBaJIM B TEPMOCTATE IIPU
+370+1,00C.

Vder peakiuu TPOBOJUIN IIyTEM MUKDPOCKOIIMPOBAHUS MOHOCJOH KJIETOK €XKEJHEBHO Yepe3
paBHBIE THTEPBAJIBI BpeMeHn B Tedenue 9-11 jHeil 11ocie MoCTaHOBKU PEAKIIUHU C IEJIHLIO OIIPeJIeJIeHIS
MATOMATHICCKUX H3MEHEHU B KJETKaX. Pe3yjabTrarbl TUTPOBAHUSA CUUTAJMA JOCTOBEPHBIMU IIPU
COXPaHEHUN KJIETOYHOIO MOHOC/IOSI B KOHTPOJIAX (Tabinna-2).

PazBenenne PezynpraTer yuaera HII/T Ornorenue

BHUDYyCa B KYJIBTYPE KJIETOK cpaboTaBITUX
K UHTAKTHBIM

1071 - - + + 1,0

1072 - + + + 1,0

1073 - - + + 1,0

101 + + + - 0,75

10° + - - - 0,25

1079 - - - — 0

Ta6auna 2 — IIPOTOKOJI UTOrOBOro TUTPOBAaHUsS BUPYCa OCIbI OBELl, HAKOIJIEHHOrO B KyJbType kJjetok 3-KI' (+

cpabarpiBanune Bupyca Ha 50% u Gouiee)
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W3 tabmuupsl 2 BugHO, 9TO TUTP HMH(MeKkmuonnoit aktupHocTn BOO, HaKOIIEHHBIN Ha KyJIbType
kierok 3-KI' cocrasmn 5,2 1g T 50 /cm 3

Turpom uHOPEKIIMOHHOW aKTHUBHOCTH BHPYCA CYATAETCS BBIYUCIEHHOE HAMOOJIBIIEE ero
pasBelicHne, BbI3bIBalomee rubensb 50% KIeToK OT 4meia BeeX 3aparkKeHHBIX. Pacder TwTpa BUpyca
npousBou 110 Metony Kepbepa B Momudurarmum Amvapuma, n seipazkamn B g T 50 /0,2 cm 3
win 1gTI 50 /em 3 .

[Tosryaennbie gaHHbIE B IIOC/IELYIONIEM OBLINM HMCIOJB30BAHBI B pacdeTax J03bl 3aparKeHus U
OTPabOTKHU ONTUMAIbLHBIX ITAPAMETPOB HAKOILIEHUSI BUPYCHOTO MATEPUAIA.

MHO>XKECTBEHHOCTDh 3aparkKeHHUs KJIETOIHOW KYJbTYpPbl BHPYCOM OCIIBI OBEIl IOA0Upasiach B
muamasone 0,01, 0,1, 0,5 u 1,0 TI/ 50 /xk1. Ha kaxayo KOMOMHAIMIO O3Bl UCIOIB30BAIA 110 5
IJIACTUKOBBIX (DIaKOHOB 00bemoMm 100 MJI, KOTOpbIe 3aMOPaKUBAJIN HA PA3HBIX CPOKAX MHKYOAIu
BHpPYyCa B KYJIbTypPe KJIeTOK. B OIbITe NCIIO/IB30BAIN BUPYC C H3BECTHON NH(MEKITMOHHON aKTHBHOCTHIO
5,2 1gTCD 50 /em 3 | 1I0JTyueHHEBI B ONIBITE 110 aJAIITAIlIN JIs [IePecUeTa /1038, 3aPasKeHHsL.

ITocite 3apakenust KyJabTyp KJeTOK Bupycom, uepe3 24, 48, 72, 96 um 120 wgacos
KY/JIbTUBAPOBAHUS, 3aMOPAXKUBAJIN BUPYCCOAEPAKAIIUI MaTepuaJl sl IOCIEIYIOINIEro OIpeaeIeHusT
TUTPa WHQPEKITUOHHONW aKTUBHOCTU BUPYCA, (PUKCUPYsI CTEIEHD MOPAYKEHUST KJIETOTHOIO MOHOCJIOSN B
% BO BpeMeHHOM nHTepBaJie (Tabsnna-3).

Ne MuozkecrBenHoCcTh | KommaectBo | CpoK KyJIbTUBUPOBAHUS BUPYCA
IPYIIIIBL | 3apaskeHusl, KJIETOK, € KJIeTKaMU, JaChl

T 50 /%1 MUJTH.KJT 24 ‘ 48 ‘ 72 ‘ 96 ‘ 120

tutp Bupyca, lg T/ 50/ cm3

1-s1 0,01 34426 - 1,5 2,75 3,5 4,0
2-s1 0,1 34426 1,5 2,75 5,25 6,0 4,5
3-s1 0,5 34426 2,0 3,25 5,75 5,5 5,0
4-s1 1,0 34426 2,3 2,5 3,75 4,75 4,0
Koutp. | - 34+26 - - - - -

Tabuinpa 3 — JJuHaMuKa HAKOMJIEHUsI BUPYyCa OCHbI OBell B KyJbType KJieToK 3-KI' npu 3apakeHuu Ha

chopMUPOBaHHBIN MOHOCJION

Kak BumHO u3 Tabiuipl 3, BUPYCCOAEPKAINIYIO KYIbTYPAJIBHYIO YKHUJIKOCTH C MAKCHMAJBHBIM
nadeknnonabM TutpoM (5,5-6,0 lg TIL/I50/cM3) mosrydann mpu 3apayKeHUn KyJIbTYPhl KJIETOK B
nmozax 0,1-0,5 TI/T 50 /xa. ITpu sToMm Bpemst nHKybarmm coctaBisiio 72-96 acoB. 3apazkenue 6oJiee
au3koii 1030it (0,01 TIL 50 /K1) HE B0 K TOCTATOTHOMY HAKOIUICHUIO HHMEKITMOHHON AKTHBHOCTH
[IOJIy9€HHOT'O BUPYCCOJIEPKAIIEro MaTepuaa jgaxe K 120 yacam mHKyOauu.

Takum obpasom, OBLIO OIpeesieHO, YTO 3apaxkaromas jgo3a BOO moirkHa HAXOOUTHCS B
muanasone 0,1-0,5 TIT 50 /ki1, u nosnoe mopaxkenune MoHockos (85-100%) KysibTypbl KJeTOK
IIPOUCXOTUT K 72-96 gacam.

Anajornunast nuHamuka Hakomiennss BOO Oblaa mosydeHa Ha KyJiabType KiaeTok AIK-04 —
(mHOkecTBeHHOCTD 3apaxkenus 0,01 TII/I 59 /KJ1 He UCHOIB30BAJIU B CBA3U C ee HEID EKTUBHOCTHIO
B IpeblIyuX onbitax). Jljisi pacuera cpejHero KoJmdecTBa KJETOK Ky/JIbTypbl B Marpace PY
MIPOBEIN TPUICHHU3AINI KJIETOK W WX IIOJACYET IO ODIMENPUHSTON MeTOANKe — CPemHU BBIXOI
cocrasmit 30 £ 4,1 MaH. K ¢ MaTpaca (Tabiuma 4).

Ne MmuoxkecrBennocts | Komndaecrso | Cpok KyJIbTUBHPOBAHUST BUPYCA
IPYIIIBI | 3apaskeHusl, KJIETOK, C KJIeTKaMU, JaChl
T 50 /1 MUJIH.KJI 24 \ 48 \ 72 \ 96 \ 120

tutp Bupyca, lg TI 50 /Mo

1-s 0,1 30+4,1 - 2,5 5,0 5,75 4,25
2-a 0,5 3044,1 2,0 3,5 5,25 9,5 4,5
3-s 1,0 3044,1 2,3 2,5 3,5 4,25 3,75
Kountp. | - 30+4,1 - - - - -

Tabnuna 4 — JluHaMuKa HAKOILIEHUsI BUPYCa OCIIbI OBel| B KyJbType Kierok $1/1K-04 (3apakeHue Ha

chOpMUPOBAHHBIA MOHOCJION )

Kaxk BUJHO U3 Ta6JII/ILU)I 4, MakcumajbHoe Hakomienue BOO rakxke OLLIO Ipru MHO2KECTBEHHOCTH

sapaxkenus 0,1-0,5 TIL 50 /ki1. co cpokom unkybGanuu 72-96 4. Ciejyer OTMETUTD, 9TO B CPEHEM
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nakomenne BOO na jsmann AJIK-04 6110 Ha 0,25-0,75 1g menbine, gem nHa Kynbrype 3-KI', uro
MOXKET OBITh CBSI3aHO KAK C MEHBINEH UyBCTBUTEJIHHOCTHIO TAK W C MEHBIIUM KOJUIECTBOM KJIETOK
npu UHOGUIMPOBAHWH.

Hakormienne BOO 1o weTofmke ¢ 3apakeHHEM Ha PACTYIIYIO KJIETKY I[IPOBOJUIN IIPH
OJIHOBPEMEHHOM BHECEHUU KJIETOYHOW CYCIIEH3UU Ha POCTOBOI IMUTATEBHON Cpelie U BUPYCaA OCIIBI.
Kak n B npeapyiymux onbiTax, Ha KaXKJIyl0 KOMOWHAIUIO JIO3bI 3apParKEHUsi UCIIOIL30BAJINA 110 D
IUIACTUKOBBIX (PJrakoHOB 00 beMoMm 100 MJI, KOTOpbIe 3aMOParKUBAJIM Ha PA3HBIX CPOKAaX MHKYyDaIun
BUPYCa B KYJbType KJeTOK. IIpm sTOM orpejesisiyin ceyioliue mapaMeTpbl: MHOXKECTBEHHOCTH
zapazkenust noceBHbIM BupycoM (TI/ 50 /K1), cpok muKyOanuu Mmarepuasa (4), IPOIEeHT TOPaKEeHIs
KJIETOYHOIO MOHOCJIOS BO BPEMEHHOM HHTEPBaJje, aKTUBHOCTD IIOJIyYEHHOI'O BAaKIIMHHOI'O BUPYCA.
B ombITax MCIOJB30BaIU MOCEBHYIO KOHIeHTpanuio kiaetok 200 roic.kia/mi (l-si rpymma), 250
ThIC.KJI /Ml (2-s1 Tpynma), 300 Thic.ki/Mut (3-s1 rpynma). B kaxoii u3 rpynm - 1mo 3 BapuaHTa
MHOKecTBeHHOCTH 3apazkenust - 0,1, 0,5 u 1,0 TLL/ 50 /&1

NHDEKIMOHHY0 aKTUBHOCTD IOy YEHHOI'0 B KaKJOM OIIBIT€ BUPYCHOTO MAaTEpHAa/Ia OLPEIesIsIn
MEeTOJOM THUTPAINN Ha KYJIbTYpe KJIETOK HPOOMPOYHBIM METOJOM Ha C(OPMHUPOBAHHBI MOHOC/ION
IO BBINIEOITNCAHHON METOJINKE.

OnpeniesieHne MeTOIUKHU HAKOIJIEHHSI BUPYCa OCIBI TPHU 3apPaXEHUN KJIETKU Ha CYCIEH3WIO
orpabaTbiBaiay Ha mepeBuBaemoii suann Kierok fIK-04 (rabuauna - 5).

Ne MuozxkectBennocTs | KommaectBo | CpoK KyJIBTUBUPOBAHUS BUPYCA
CPYIIIIBI 3apaKeHUs, KJIETOK, € KJIETKAMU, JacChl

T 50 /1 MUTH.KJI/MaT. | 24 | 48 | 72 | 96 | 120

tutp Bupyca, lg TI/50/cm?

1-a1 0,1 30+£5,0 2,0 2,5 2,8 3,0 3,25
1-a1 0,5 30+5,0 1,25 1,5 1,7 2,3 2,5
1-a 1,0 30+£5,0 1,5 2,5 3,25 2.8 2,25
2-s1 0,1 404+5,0 1,2 1,4 2,0 3,3 3,75
2-s1 0,5 404£5,0 1,5 2,2 2,3 3,5 3,0
2-1 1,0 404£5,0 1,8 2,0 2,5 3,25 4,0
3-s1 0,1 50+5,0 1,5 2,3 3,25 4,25 5,25
3-a 0,5 50£5,0 1,3 2,25 3,75 5,0 4,75
3-s1 1,0 50+£5,0 1,6 1,8 3,4 3,7
Koutp. 1-| - 30£5,0 - - - - -
st
Kontp. 2- |- 40+£5,0 - - - - -
s
Kontp. 3-| - 50£5,0 - - - - -
ST

Tabauma 5 — JluHaMuKa HaKOILJIEHHsI BUPYyCa OCIIbI OBell B KyJbType kJjeTok fJIK-04
OpU 3apa>KeHUU Ha CYCIIEH3UIO KJIETOK

N3 rabsmuipsl 5 BUAHO, YTO HAWIYYIINE PE3YJIHTATHI OBLIM ITOJYyYEeHbl [IPU 3apParKEHUU BUPYCOM
OCIIbI B CYCIIEH3UIO IIPU MAKCUMAaJILHON KoHIeHTparun KiaeTok 300 Thic.Kii/Mir (3-s1 rpynna) u npu
muoxkectsennoctn 0,1-0,5 TI/ 50 /kJ1., npu 3T0M TUTD MHMEKITMOHHON AKTUBHOCTH BUPYCA COCTABHII
5,0-5,251g T 50 /CM3. IIpu Gosiee HM3KUX TOCEBHBIX KOHIIEHTPAIMSX KJETOK HAaKOIJIEHIE
Bupyca Obuto ma 0,5-1,5 lg muxxe. B To ke Bpems mpm BbICOKOH mmoceBHO# KomienTparuu 300
THIC.KJI/MJI 1 MHOKecTBeHHOCTH 3apaskenus 1,0 TII/I 50 /ki1. HakomieHue ObLIO HE BBICOKUM H3-
3a OBICTPOrO CpabaTbiBaHUs BUPYCA B KYyJbType KJIeTOK. B cpaBHEHUU C HAKOIJIEHUEM KJIETOK Ha
cpOPMUPOBAHHBINT MOHOCJ/ION IIPU BHECEHUM BUPYCA B CYCIIEH3WIO KJIETOK IOJIyYau aKTUBHOCTD HA
0,5-1,0 1g mennbrre.

Ha ocHoBanmm mpOBEEHHBIX WMCCIEIOBAHUI MOXKHO OTMETHUTH, UTO HauboJjee MepPCHeKTUBHOMN
SABJISIETCST METOJUKA 3aparXeHus KJIETOK Ha MOJHBINH ChOPMUPOBAHHBIN MOHOHOCJION CO CMEHOMN
POCTOBOIl THUTATEJNBLHOW CPEIbl Ha IOMACPXKUBAIONLYIO. Bupycconepkarliyio KyJIbTypaJbHYIO
JKUJKOCTH € MAaKCHMAILHBIM HMHMDEKIHOHHLIM  TuTpoM  5,5-6,0 T/ 50 /cM?  mosmywanu upn
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3apazkeHnn KyJIbTypbl KieTok B jgo3ax 0,1-0,5 TILI 59 /ki1., mpu 9TOM BpeMmsi HHKYOAIUN COCTABIISIO
72-96 Jacos.

NubeKInonHy0 aKTUBHOCTD TIOJIyIEHHOIO B KaK/IOM OIIBIT€ BUPYCHOTO MATEPHUAJIa OIPEIEIIn
MeToZoM TuTpanun Ha KyJabType KiaeTok 3-KI' u S JIK-04 B npobupkax 1o BBIIEONNCAHHON METO/INKE
U B MUKDOILUIAHIIETaX (CPaBHUTEIbHbIE IIAPHBIE OIBITHI).

s ompeniesleHns TUTpa BUPYCa OCHBI OBEIl B MUKPOILIAHIETaX Ha KyJabType KiaeTok 3-KI' m
A TK-04 ToTOBIIM HOC/IeI0BATEIbHBIC IeCATHKPATHLIC pa3Beienus Bupyca ocuel ot 10 ~1 10 10 6
B 24-yiynodnoit mwiamHinere. B KadecTBe KOHTPOJIA CIyKWin 4 JIYHKY IJIAHINETA, B KOTOPbIE BHOCUJIN
o 0,1 em? cycnemsuu knetok 3-KI' ¢ xonmenTtpanmeit 180-200 Teic.kxir./em? (aa STJTK — 200-230
ThIc. K. /eM 3 ) m 0,05 em® moiepruBalomeit cpepl. [lnanmrers! maky6uposamnu B CO o -mHKyGaTOpe
mpu +37,0+1,0°C u 5% CO 4.

Vder peakiuu IPOBOJUIIN IIyTEM MUKPOCKOIIMPOBAHUS MOHOCJOS KJIETOK €XKEeJIHEBHO Yepe3
paBHbIe MHTEPBaJIbI BpeMeHu B Tedenne 9-11 jHeit mmociie IoCTaHOBKHU PEAKIINU C TEJIBIO OIIPeIe/ICHUS
TUTOIIATUYICCKHUX U3MEHEHU B KJleTKaX. Pe3yﬂbTaTbI TUTPOBaHUA CUUTAJIN JOCTOBEPHLIMU IIPpU
COXpaHEeHNU KJIETOYHOIO MOHOCJIOSI B KOHTPOJIsiX (Tabsuia -6).

Paszsenmenne | Pesynbrarsr yuera IIILT OrHomrenne cpaboTaBIINX K
BHUpYyCa B KYJIBTYpP€e KJIETOK MHTAKTHBIM

1071 + + + + 1,0

1072 - + + - 1,0

1073 + + + + 1,0

1077 + + - - 0,5

107° + - — — 0,25

1075 - — - - 0

Tabaumna 6 — IIpoToko/J UTOrOBOrO TUTPOBAHUSI BUPYCA OCIIBI OBEI, HAKOIJIEHHOTO B KyJbType kJjeTok f/1K-04

MEeTOZOM MUKpOTUTpanum B mniaHilerax (+ cpabarpiBanue Bupyca Ha 50% u Gouiee)

Pacuer Turpa Bupyca npoussonmiu 1o metoy Kepbepa B Mogudukanyun AmMapruHa U BEIparXKajin

B 1gTIL 50 /0,05 mut wim 1gTTLT 50 /ot

Turp wadekmonnoii akruBaoctn BOO HakomieHHbI Ha KyJjabrype Kierok 39JIK-04 cocraBui
5,55 1g TH,ZL50 /CM3 .

AHajm3 pesysbTATOB Olpejie/ieHusi MH(MEKITMOHHON AKTUBHOCTH BHUPYCA OCIBI IIPOBEJIEHHBIX
NPOOMPOYHBIM U MUKDOILIAHIIETHBIM MeTogamu, npu repecdere Ha 1,0 mu (TILI 50 /M) BupycHoit
bmoMacchl, TOKa3aJl COIMOCTAaBUMOCTb ITOJAyYaeMbIX JAaHHBIX ¢ pacxoxkiaenmeM Ha +0,1-0,5 Ig
(+0,25) B CTOPOHY MHKPOILJIAHIIIETHOIO MeToja (N=7), YTO CBHUJETEJbLCTBYET O ero 0oJiee
BBICOKOI UYBCTBUTEJIBHOCTH W TOYHOCTU.  llocTpoeHme KOPPEJSIUOHHBIX KPHUBBIX W pPacdéT
CTATUCTUYIECKOTO OTKJIOHEHUs IMOKa3aJl JOCTOBEPHOCTH JAHHBIX THUTPOBAHUS JBYMsi METOJAMHI
OTHOCHUTEJILHO 3aJIaHHOr0 ypoBHst 3uadnmoctu (P=0,05).

3akiaiouenue. B TedeHne 4-X 1MOC/IE€I0BATENBHBIX CJIENBIX MACCAXKEH MPOBEJIEHA A TAIITAITIS
Bupyca octbl oBer mramM «HUCXW» k nepesuBaembiM Kysbrypam kjieTok 3-KI', AJIK-04 u ITO-
2, KOTOpbIE NPOILIN JCTOHUPOBAHUS B JaDOPATOPHOHN KOJUIEKIIMU. TUTP BUpPyCa OCIBI OBEI| HA
KyJsbType KiteTok A JIK-04 cocrasui 5,45 + 0,25 1g, na juann 3-KI' - 5,75 4+ 0,25 1g, na kysnsrype [10-
2-5,04+0,251g (n=3). B 10 ke Bpems KynbrunpoBanue Bupyca B auHuu 110-2 Ha sMOproHaIbHOI
CBIBOPOTKE KPOBU ITOKA3aJI0 Pe3Y/ILTAThI CPABHUTEbHBIE ¢ HaKoILIeHneM B JuHuax 3-KI' u A JIK-04.

1. Orpaborana TexHOJOTHA HaKOILIeHUs Bupyca ocubl oBerl mramMMm «HUCXW». Hawmmyamme
Pe3Y/IbTATHI TOJIyYEHBI IIPU 3aPa’KeHUU BUPYCOM OCIIBI HA MOJIHBIH cDOPMUPOBAHHBI MOHOHOCJIOH,
pu 3ToM MHMEKIMOHHBIH TuTp coctasua 5,0-5,75 lg TIL I 50 /em? ma mummm K u 5,5-6,0 lg
T/ 50 /em? ma 3-KI, mpu muoxkecTBennocTn 3apaykenns 0,1-0,5 TII 50 /k71., Bpems HHKyOammm
cocTaBysao 72-96 1acos.

3. Amnanus pe3ynbTaTOB OMpeeeHnst MH(MEKIIMOHHON aKTUBHOCTH BUPYCA OCIIBI, TMPOBEIEHHDBIX
IPOOGUPOYHBIM U MUKPOILIAHIIETHBIM MeTogamu, upu nepecdere Ha 1,0 mur (T 50 /M) BupycHoit
O6moMacchl, IOKa3aJ COMOCTaBUMOCTD IIOJIY9aeMbIX JTaHHBIX € pacxoxiaenmem Ha +0,1-0,5 g
(4+0,25) B CTOPOHY MUKPOILIAHIIETHOTO MeToja (n=7), 94TO CBUJIETEILCTBYET O ero GoJiee BBICOKOI
JyBCTBUTEJIbHOCTU U TOYHOCTHU.
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Koii nierneri BUpYChIHBIH, YKUHAKTAJLY TE€XHOJIOTUSICBIH OHOEY

Annarna Makanaga 3-KI', SJIK-04 >xone 110-2 KopbITBUIATBIH KACyIIIa KyJIbTYDPAJapbIHIa KON IIemIeri MTaMM BUPYChIH
OeitliMziey »KoHE KOJIAMIBI TapaMeTpJiep/l ©HJey HoTuxKejepi kKepceriireH. Koil 1mierek BHUPYCBIH »KYKTBIDY OapbICBIHIA
nHbEeKIMAIBIK  Gecenaimiri Kanpimrackan Monokabarta SAJAK smmmunacempa 5,0-5,75 lg TILI 50 /cm 3, KI' - 5,5-6,0 Ig
TII 50 /cm 2, an Giprermme mopre »)yKThipy Kesimme 0,1-0,5 TILJ 50 /Ky, uHKyGauusiay Mmep3imi 72-96 cararTTbl KypaJbl.
BupycTeig 2KyKIajabl TUTPIH aHBIKTay TOCUIIHIH TPOOUPKAJIBIK *KOHE MUKPOILIAHIIETTI 9/1icTepi OHIE /11, KOPPEIAIUIIbIK Tal1ay
Kyprizingi. Illemexk BUPYCBIHBIH MHMEKIUSIBIK OEJICEHIIIINH aHbIKTAY HOTHKEJIEPIH Tajaay aJblHFaH aepekTepiaid +0,1-0,5
lg (+0,25) MHKPOTOJIKBIHIBI 9IiC »KarblHa Kapail (n=7) aybITKyMeH CaJbICTBIPMAJIBLUILIFBIH KOPCETTi, GyJI OHBIH aca »KOFapbl
ce3iMTaJIIBIFBI MEH JRJIIINH KOPCeTeIl.

TyiliH ce3aep: Koii mIelek BUPYChl, BAKIMHA, IITAMM, KyJIbTypa, TUTP, MOHOKabaT, MHKYybOalus, nH(EKIus.
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Urazov 6
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Testing the process of accumulation of the virus sheep pox

Abstract: The article presents the results of adaptation and development of optimal parameters of accumulation of sheep
pox virus strain on the transplanted cell cultures 3-KG, YADK-04 and PO-2. Infectious activity in case of infection with VSP
on a complete formed monolayer was 5.0-5.75 lg TCD 50 /cm 3 on the YADK line and 5.5-6.0 Ig TCD 59 /cm 3 on 3-KG, with
a plurality of infection 0.1-0.5 TCD 50 /CL., incubation time was 72-96 hours. The method of determining the infectious titer
of the virus by test-tube and microplate methods is worked out, the correlation analysis is carried out. Analysis of the results
of determining the infectious activity of the smallpox virus showed comparability of the data with a discrepancy of + 0,1-0,5 Ig
(+0,25) towards the microplate method (n=7), which indicates its higher sensitivity and accuracy.

Keywords: sheep pox virus, vaccine, strain, culture, titer, monolayer, incubation, infection.
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OcobeHHOCTH COUATIbHO-TICUXO0JIOTUYECKO aJanTaluu CTYJEeHTOB
Kazaxcrancko-AMepuKaHCKOTrO CBOOOIHOIO yHUBEPCHUTETA

Annoramusa: B crarbe mnpuBeneHbl pe3ybTaThl HCCIEIOBaHUA CTyaeHTOB Kazaxcrancko-
AMepuKaHCKOro CBOOOMHOIO yHHUBEpcUTeTa TI.YCTh-KaMeHOropcKa ¢ IOMOINBIO AHKETBI  JJIsI
CKPUHUHITa U TPeX IICUXOAUArHOCTHIECKNX TecToB. (OCHOBHBIMEU (akTopaMu B (POPMUDPOBAHUH
U PA3BUTHUHU JE33JaITUBHOIO IIOBEIEHUS SIBJISIOTCS IPU3HAKU JeIpeccuu u Heliporu3ma, u3 184
CTYIEHTOB OBLIO BbIABIEHO 46 00yJaIONINXCs ¢ IPpU3HAKAMU Jenpeccuu u 41 cTy[AeHT ¢ npu3HaKaMu
HEHPOTU3MA, IIPU 3TOM y 18 CTYIEHTOB C NpU3HAKAMU IEHPECCUU OOHAPYKUJIACH IMOIMOHAIbHAS
neycroitunBocTh. Jlenpeccun u TpeBoru 0oJiee TOJBEP2KEHBI JIEBYIITKU, HEXKeJIHW IoHOIH. Jluia c
MEJIAHXOJIMIECKU-XOJIEPUIECKUM THUIIOM TEMIIEPAMEHTa dYallle IOJBEPKEHbI TPEBOre U JEIPECCHUMN.
B wuccremyemoit kareropmm 0OO0ydYAIOMMXCS OCHOBHBIME (paKTOpaMu (hOPMUPOBAHUS IMIPU3HAKOB
Je3aJlanTaluu KpoMe JEIPECCUBHOCTH, TPEBOXKHOCTH, CKPBLIThIe coMaTudeckue 3abojieBaHUs U
Hefiporu3M. Y 10 OMpOIIEHHBIX BbISIBJIEHBI CKPBIThIE COMATUYIECKUE 3a00JIEBaHNUsI, KOTOPBIE SIBUJIUCH
MIPUYINHON TPOSIBJICHUS JIEITPECCUH.

KuaouyeBbie ciioBa: aJanTanisg, Je3aJlanTalis CTYJAeHTOB, THUII TeMIIepaMeHnTa, THIl
TeMIlepaMeHTa, TPEBOXKHOCTh, JIEIPECCus, HEUPOTU3M.

DO https://doi.org/10.32523 /2616-7034-2019-126-1-46-56

Crenuduka By30BCKOrO 00y4eHHsl, KAK U3BECTHO, COBIIQJAET C BO3PACTOM HAMOOJIee BBICOKOIO
pucka MaHudECTAIM [ICUXUYECKOH aTOJOrUH, YTO OOYCIOBJIEHO 3HAYMTEJLHBIMU CTPECCOBBIMU
HAIDY3KaMH, XapaKTePHBIMU JijIsi 00yUIeHUs] B By3€ U CO3JAIONIUMU JIOIIOJHATEIbHBIE YCIOBHSL JJIsi
[POSIBJIEHUs] SMOIMOHAJIBHON Je3agantanun [1, 7 crp.].

Jesajanranyst HOCUT KOJIMYECTBEHHBIN XapakKTep U 3aKJII0YaeTCst B OMPAHMICHUN BO3MOXKHOCTH
JIMYHOCTU  CHPABJSATBCS CO  CBOMME —COIMAJBbHBIMU  (DYHKIMSIMU, U3MEHEHUU IIOBEJCHUs B
MaKpPOCOIUAJIBLHOM OKDY?KEHUH U HEraTHBHO OKPAIICHHBIX [CUXOJOIMYECKUX [epeKuBanusx [2, 123
crp.]. IIpobieme mesazanTaiun B CTYICHIECKON Cpejie MOCBSIIEHO GOJIBIIOE YHCIIO0 UCCIICOBAHNIA,
[PHU 9TOM HOUEPKUBACTCs, YTO HA CETO/HANIHUI JIeHb J1e3a/IAlITUBHBIE COCTOSHUS CTYICHTOB MAJIO
usydenst [3].

2KusHeHHBI cTpece B BUJie Hadasia 00yYeHUs B By3€ YaCTO SIBJSETCH IPHIMHON SMOIMOHAIBHBIX
PacCTPOICTB M JlaXKe ayTOJeCTPYKTUBHOIO MOBeJeHHst. Kak M3BECTHO, B HACTOsINEE BpPEMs Ha
[EPBBLIX Kypcax 00ydYeHHs BBICOK MPOIEHT IICHXOJIOMMYECKUX CPBIBOB U OTYUCICHUIT U3 By3a. JTO
OCTPO CTABUT 3aJ1ady M3yUeHUs IPEAUKTOPOB YCIENIHOH HepepaboOTKH CTPECCONEHHbBIX KU3HEHHbBIX
COOBITHII ¥ COBJIAJICHUS CO CTPECCOM y CTyAeHTOB [4]. B cBa3m ¢ sTuM mn3ydeHwme IIpPOIECCOB
aJlalTAllin  CTYJIEHTOB B By3€, a B YACTHOCTH, SMOIMOHAJIBHBIX DEAKIUil Ha CTPECC MO3BOJIUT
YTOYHATH MHIIEHN NCUXOTEPANEBTHYECKNX WHBEHIMI 1 3aa4n NpOoQWIAKTUKA BO3SHUKHOBEHUS
JIEIPECCUBHBIX U TPEBOXKHBIX COCTOSIHUI, a TaKyKe TeCHEHIMM o0pa3oM CBA3aHHBIX C HUMHA
COCTOSTHUSIMU Ay TOJIECTPYKTHBHOTO MOBEJICHNUSI.

Kak M3BECTHO, OJIHUMU U3 OCHOBHBIX (DAKTOPOB JI€33/IANITAIINN SIBJISAIOTCS JIEPECCUsT U TPEBOTa.
Addekr Tpesorm mnpm genpeccun OOBIMHO BTOPUYEH OT IEPEKUBAHUS «HEYBEDEHHOCTH» U
ciaabocrun «$l», WTO B CBOIO OuUepeb SBJSETCS CJIEACTBHEM IaJIeHUsl GHOJOIHYIECKOrO0 TOHYCA.
[TaToJIOrHIeCKUM CUUTAIOT YePECy] 3aTs?KHOE, TSXKeJI0e /I Ay TOXTOHHOE JICPECCUBHOE COCTOsIHUE
[5]. PaccmarpuBarh Jenpeccuro Kak CHHAPOM NIPABOMEDHO, KOTJa €CTh CaM COOTBETCTBYOIIUI
CUMIITOMOKOMILIEKC (TUIIOTUMUSI, KOTHUTUBHBIC, BOJIEBbIE M COMATO-BEI€TATUBHBIE POSIBJICHUS),
CYMIECTBYIONMI MM JIOCTATOYHO JINTENBHO, WM B BHJE IIOBTODPSIOIMXCS KOPOTKUX IUKJIOB |6,
236 crp.|.

46



P.K. TaraeBa, M.M. Baiibys1oBa, 2K.E. TemupxaHoBa

BozpactHoit 0COOEHHOCTBIO JIEIPECCUN Yy MOJIOJIEXKU SIBJISIETCST Upe3MepHasi IMOIUOHAJIBHOCTD,
HEYCHJIYUBOCTH M OECIOKOCTBO, KOH(MJINKTHOCT BO B3aNMOOTHOIINEHUSIX TJIOXasi YCIEeBAECMOCTD |2,
442 crp.].

I1. Tumo cumraer, uyro He Mmenee 5-10% wmyxkunmn u 10-20% KeHIMH B TedeHWE KU3HU
[IEPEHOCAT JielpeccuBHbIil anu3oa. OH ke, 00cje10BaB HECKOJIBKO COTEH OOJIbHBIX, HAXOMIAUXCS
1oJ1, HaOJIIOIEHUEM Yy BPadeii-MHTEPHUCTOB, OOHAPY?KHMJI CHMIITOMBI JEIPECCUBHOrO crekrpa y 71%
HauenTos 7).

B siuteparype HeOCTATOYHO JAHHBIX O MPOSBICHUN CPEIU MOJIOJIEXKU JEIIPECCUBHOIO CHHIPOMA,
CBABAHHOIO C coMaTudeckuMu 3abosieBanusiMu. [lo maHHBIM POCCHICKUX YUEHBIX, KaXK/IbI BTOPOi
00JIbHOM, TOCHUTAJIM3UPOBAHHBII 10 IIOBO/Y MHCYJIbTA C HapaJMvdoM KOHEYHOCTel, 0DHapyKUBaeT
JIETIPECCUIO, KOTOpasl COXpaHseTcs He MeHee mouayroga. Y 15-20% 6GonabHBIX, mepenecmmnx nHMapKT
MHOKap/ia, B JlajbHelileM Takye passusaercs jenpeccus 2, 309 crp.]. Coueranue jenpeccun u
COMATHYIECKOT0 3aD0JIEBAHUS SIBJISIETCS HEOJArONPHUSITHBIM (DAKTOPOM, HE TOJIBKO YCJIOXKHSIFOIIIIM
JAUArHOCTUKY U JiedeHue ,[[a.HHOIL/’I KaTeropumn ImalveHTOB , HO 1 HETraTUBHO BJIMAIONINM Ha TE€YeHUEe 1
IPOrHO3 KaK [ICUXUYECKOTO, TaK U COMaTHIecKoro 3abosesanus |8, 261 crp.|

]_[eﬂb - HccjeaoBaHne HWHAWBUAYAJIbHO-IICUXOJIOTUYIECCKUX XapPaKTEPUCTUK O6y‘{a.IOH_H/IXCH C
npusHakamu Je3ananrtannu. Hamu 66110 o6ctemoBano 184 crynenra Kasaxcrancko-AMepUKaHCKOTO
cBobotHOTO yHUBepcuTeTa B I.Ycrb-Kamenoropek (89 ronoreii B Bozpacre 18-24 jer u 95 jieByuiek
B Bo3pacre 18-26 sier). Cpejuuii Bospacr B rpymie cocrasui 20,4 + 0,6 ser.

MCCHe,ZLOBaHI/Ie IIPOBOJIMUJIOCH C IIOMOIIBIO aHKETHI JIJId CKPUHHHTA U TPpeX IMCUXONarHOCTUICCKUX
recroB: 1) IleuxoamarHocTuaeckoe UCC/Ie0BAHIE THUIA TEMIEPAMEHTa OOYUAIOIIUXCsl ¢ HOMOIIBIO
tecta [anca Aiizenka «Oupocauk EPQ», mpoBomuBIeecs ¢ Ieabi0 U3yUYeHHUS MCUXOJOTUIECKUX
CBOMCTB JIMYHOCTH, OIPEIeJIEHNs] CTENIEHN BhIPAYKEHHOCTH SKCTPABEPCUU-UHTPOBEPCUH, HEHPOTU3MA
u ncuxorusma; 2) recr «Illkana nenpeccun Bekay, MO3BOJISIIONMI BbISIBUTH OrPAHMYEHHBINH HAGOD
HanboJIee PEJIEBAHTHBIX U 3HAYMMbIX CHUMITOMOB jenpeccun; 3) Tect «SLR-90», HampasieHHBI
HA WM3yYEHHE TEKYIIEero COCTOsSHUS U IJyOMHBI PaccTpoiicTBa, UHMOPMHUPYET O KOJMIECTBE U
MHTEHCHBHOCTH cUMITOMOB |9, 63-89 crp.|.

Ankera JIJIsT CKPUHUHTA TICUXOJIOTHIECKOTO COCTOSTHUST COJIEPYKAJIA, HAPSILY C OOIIUMU BOITPOCAMHE
JKU3HEHHOTO TIOPSIIKa, D BOIPOCOB O HAJUYUU YTOMJISEMOCTH, PACCTPONCTB CHA, CHU2KEHHOTO
HACTPOEHUsI, TPEBOXKHOCTHU, PA3/IPAXKUTETbHOCTH.

CorytacHO JIAHHBIM, TTOJIyYEHHBIM IIPU aHAJIM3€ AHKETHI JJIsd CKPUHWHTA, BBISCHIIOCH, YTO 13 184
CTYIeHTOB cocTtodT B Opake — 13. HamnumonanbHas NpuHAIIEKHOCTH CTYJAEHTOB: Ka3axu — 123,
pycckme — 58, YKpauHIbl — 2, TaTapsl- 1.

ITo maHHBIM aHKETBI-CKPUHUHIA, Ha BOIPOC 00 OIEHKE CBOETO 3I0POBbd, B mesoM 95,8% nepymiex
u 87,6% I1oHOIIEHl OTMETUIM COCTOSHHE CBOETO 3I0POBbS MOJIOKUTENbHO. Taxke 2,1% neBymex
OIEHUJIN CBOE 3/I0POBbE Kak IIoxoe n 2,1% Kak OveHb IJI0X0e, B TO BPeMs KaK y IOHOUIEH JTaHHbIe
MOKa3aTe/ N OKA3aJIUCh BBIIIE TIOUTH B TPU Pa3a, IJI0X0e 370pOBbe oTMeTnm — 6,8% 1 ovenn 1mioxoe
3oposbe — 5,6% (puc.1)

37,10% 36,90%

40,00% 28,40%
30,00%
20,00%
10,00% 2,10% >80% 5 109
0,00%
QueHb Xopowee HopmanbHoe Mnoxoe OuyeHb
Xopolwee niaoxoe

B KOHowwx M [eByllKNn

PucyHok 1 — Pe3yapTaTrhl OlIEHKN CBOEro 310POBbsl CTYJAE€HTAMHU B II€JIOM
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CornacHO JaHHBIM, MOJIyYEeHHBIM U3 aHKeTHl i ckpuHunra, 32,6% nesymexk u 21,4% ionormeit
OTMETHJIN, YTO HE UMEIOT XPOHUIECKUX 3a00JI€BaHNil PA3IMIHOrO Xapakrepa (puc. 2).

B Jeeywku M IHOHOWMK

He umetor XPOHWYECKHKX 3a BonesaHui

MmetoT XPOHW4YeCKHe 3a BonesaHua

PucyvHok 2 — Hasnmuyue XpoHndeckux 3ab60oJjieBaHUl y O0YyYarouXcs

AHOHUMHBIN OTIPOC CTYIEHTOB MTOKA3aJI, YTO B CPEJHEM IOHOIIM U JEBYIITKH UMEIOT DA3TMIHBIE
upobJieMbl, B GOJIBIINHCTBE CBOEM IICUXOJIOTUIecKoro xapakrepa (tabu. 1,2). He umeronux JuaHbIx
U IICUXOJIOrHYecKuX npobsem: roHomu — 71%, nesymku — 67,3%.

CorytacHO TaHHBIM UCCJIEIOBAHUS, KOHPJINKTHBIX OTHOIMIEHNN ¢ ceMbeil OoJIbIe, IeM B TPH pasa
y Jaesymek (6,9%), nexenn y ronomeit (2,1%). Xapakrepuo, uro Tosbko 5% ronomeit u 4%
JIEBYIIIEK OIEHMJIN CBOE MaTeprUajbHOE MOJIOYKeHNe KaK HeYI0OBIeTBOPUTEIbHOE Wi Tsizkesioe. Cpean
JIMYHBIX TCHXoIorndeckux npobsem 14,8% nepyiex ykazano Ha GOJIBIIYIO yUeOHYIO HATPY3KY, B TO
BpeMsl KaK y IOHOMIeH JaHHbIi HmokasaTesab coctaBui - 8,6%. Kaxkercs MHTEPECHBIM 9YTO JIMIHDIE
IPOOJIEMBI, IIPEUMYIIECTBEHHO JIIOOOBHOTO XapaKTepa, 60/bline obHapy»keHo y oHomeil — 9%, nexkenn
y aesymiek — 4%. Vcxois u3 JaHHbIX, MOXKHO IIPEIIIONIOKATH, UTO CPEIU UCCIEAYEMbIX JOCTATOTHO
JINTL, HAXOJISITIIUXCST B COCTOSTHUU COITUAJIBHO-TICUXOJIOTTIECKO J1e3a IAIITAIIINE, MMEFOIINX KOH(MJIMKThI
pa3HOro pojia.

Tabsuia 1 — Haguydue JIMYHOCTHBIX M MCUXOJOTUYECKUX IPOBJIeM Yy CTYAEHTOB-
JIEBYIITEK
Conep:xanne Kom-o crynentos | PactipocrpanennocTsb
Kondummkrabie oTHoOIEHNs ¢ ceMbeit 7 6,9%
Tsaxenoe MaTepuabHOE TTOJIOKEHUE 4 4%
Bosibirast  yuebnass wmarpyska, gedwunur | 15 14,8%
BPEMEHU
Tpymsocts B ycBoeHmm  MaTepuasia, | 3 3%
KOHMJIMKTBI C [IPEO/IABATEISIMHI
Jlugnple mpobsema, IPEeUMYIIEeCTBEHHO | 4 4%
JIFOOOBHOTO XapakKTepa
Huuero He memaer 68 67,3%
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Tabauna 2 — Hajawuyme JIMYHOCTHBIX U MCUXOJIOTUYECKUX IIPOOGJEM Yy CTYIEHTOB-
IOHOIITe
Conep:xanne Koi-Bo crynenTos | PacnpocrpanerrHocTn
KoudankTHBIE OTHOIIEHNUS C CeMbelt 2 2,1%
Tskenoe MaTepuaIbHOE TTOJIOXKEHNE ) 5%
Bosbmasi yuebnass wnarpyska, gedurur |8 8,6%
BpeMeHn
TpyaHocTh B ycBOeHUM — MaTepuada, | 4 4%
KOH(JINKTHI C IIPEoIaBaTe ISIMA
JImanple 1pobJIeMbI, IIPEUMYIIECTBEHHO | 8 9%
JIIOOOBHOI'O XapakKTepa
Hudero me mermaer 66 1%

[To JaHHBIM AHKETHI-CKPUHUHIA OKa3aJ0Ch, 4TO y 27% CTyaeHTOB OOHAPYXKUIUCH JUIHDbIE U
[ICUXOJIOTUIECKUE TTPOOIEMbI B BUJIE HAJTUIUS HECKOJIBKUX CHMIITOMOB JEIIPECCUBHOTO COJIEPIKAHUS

(puc. 3).

CrypeHTbl MCTYAEHTHM
0,
76,20% 69,80%
0,
19,30% 26%
3,40% 4,20% 1,10% 0%
0 cumnrT. 1 cumnr. 2 cumnr. 3-4 cumnr.

Pucyhaok 3 — PacnpejesieHue OTBETOB CTYAEHTOB Ha CKPUHUHI-aHKETY

AHa.J'[I/IS COAepzKaHnAd JTaHHbIX, ITOJIYIE€HHbBIX U3 CKPUHUHI-aHKETHI ITOKa3aJl CJICAYIONYIO KapTUHY:
u3 O0INEro YMesIa ONPOIIEHHBIX CTyAeHTOB 69,1% He MMEoT JIMYHBIX M MCUXOJOIHYECKUX MPODJIeM,
11,9% ykazanm mHa GOJBIIyIO y4eOHYIO HArpysKy u jedunur Bpemenu. JIudmble mpob/ieMsl,
PEnMYIIECTBEHHO JI000BHOIO XapakTepa, cocTaBasaior — 6,2%. KondukTHbIe OTHONIEHUS ¢ ceMbeii
U TsIZKEJIOe MaTepHasibHOE IOJIOXkKeHne UMET 110 4,6% COOTBETCTBEHHO, HAMMEHbBINEE KOJIUIECTBO
6aJuIoB OBLIO OTHAHO KOHMJIUKTAM C IPENOoIaBATEISIMU U TPYJAHOCTH B yCBOCHUU MaTepuajia, —

3,6%(rabu. 3)

Tabauna 3 — JInyHble U ICUXOJIOTUYECKHE NPOOJIeMbl CTYI€HTOB
Conepzkanue Pacupocrpanennoctb
KoudankTHBIE OTHOIIEHNST C CeMbeii 4,6%

Tsizesioe MaTepuaJbHOE M0JI0YKEHHIEe 4,6%
Bosbmasi yuebnas narpyska, gedunur spemenn | 11,9%
TpynHocTn B ycBoeHHH Marepuasa, KOHPIUKTH | 3,6%
C TperoiaBaTesieM

JInaubie IIPOOJIEMBI, npeumymecTsento | 6,2%
JIFOOOBHOTO XapakKTepa

Hwudero e memaer 69,1%

ITposesennoe obciesoBanne ¢ momolpio recra Aiisenka (tabiu. 4) soisiBusio y 10,3% crymenros
SMOIMOHAJIbHYI0 HecTabmibHOCTh (19-22 Gasna), v 3,8% obOHApYKU/INCH BbIpazKeHHbIE IIPU3HAKN
Heliporusma (23-24 6asia), a'y 19,6% - renjgennus k vum (15-18 Gaswios).
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Tabauma 4 — Illkasna HelipoTu3dMa mo TecTy Ai3eHKa

Conepxkanue Baspl| Hdesymku | FOwuomu | O6rree KoJ-BO
OMOINOHAIBLHAA CTAOUILHOCTD <15 |50,5% 83,2% | 66,3%
Tengennuss K sMonuMoHasbHOM | 15-18 | 29,5% 9% 19,6%
HeCTabMILHOCTH

OMonnonaibHasd HecTabuiIbHOCTh | 19-22 | 17.9% 2,3% 10,3%
BoIpazkeHHbIe npusnaxu | 23-24 | 2,1% 5,6% 3.8%
HeHpoTU3Ma

Jlist  BBIABIEHUS yPOBHS  COIMAJLHO-IICHXOJIOTMYECKOI  Jle3aJanTaiud  ObLIO  IPOBEJEHO
TEeCTHpPOBaHUE Ha WM3yYeHHE JEIPECCUBHOIO COCTOSHMs. PesynabrarThl ucciegopanusa no Illkase
nenpeccun Beka mokazaniu, 9To y GOJLIIMHCTBA 00YYAIOIUXCS OTCYTCTBYIOT IPU3HAKHA JICIPECCUH
- 138 yuammuxcsa (75%), nerkasi jgenpeccus y — 31 yuammerocss (16,9%), cumMmTomsl yMepeHHOM
Jeripeccun Habsmogaorest y 12 yuanuxes (6,5%), HanMeHbIlee KOIHIECTBO CTYJIEHTOB C TSI?KEJION
Jeripeccueii — 3 obywaromuxcs (Tadir. 5).

Tabauma 5 — YpoBeHb aenpeccuu

Conep:kanne Pacnpocrpanennocts | Kos-Bo crymenTos
OrcyTcrBHe JenpeccuBHbIX | 75% 138

CUMIITOMOB

Jlerkasi jrenpeccust 16,9% 31

VMmepenHas Jierpeccust 6,5% 12

Tekenast genpeccust 1,6% 3

Y JeByliek u IOHOIIEH HAOIIONAIOTCS pa3Hble YPOBHH IPOSIBJIEHUSI JEHPECCHil, TaK, YPOBHU
TSZKEJION, yMEpEeHHOH U JIerkoii Jenpeccun HaOIIONAIOTCA B 2 pasa dalle y JEBYIIEK, HeXKeIn y
tonomeit (puc. 4,5).

Tawenan
Jnenpeceus; 2,10%

YmepeHHaa

Aenpeccus; 8,40%/

TNerkas genpeccus;
22,10%

OtcytcTBre
AEMNPeccuBHbIX
CUMMTOMOB;

67,40%

PucyHoOK 4 — YpoBeHb genpeccum y OeBYIIEK

OfHako y CTYJIEHTOB, WMEIONNX PAa3Hble YPOBHU JEMPECCUU, BBISBICHBI PA3HBIE CYOITKAJIBI
MIPOSIBJICHUS JIETIPECCHH, TaKKe KaK KOrHUTUBHO-addekTuBHAs CyOIKaa U CyOIIKaia COMaTUIeCKIX
MIPOSIBJIGHUH Jerpeccuu. ¥y CTYIEHTOB B OOJIbIIEH CTEIeHH IIPOsIB/ISeTCs KOrHUTUBHO-aPEKTUBHAS
cybmkana "(39,6%), B MeHbIIell cTeneHn - coMmarnieckoe nposiienne genpeccun (24,5%) (puc. 6).
Homo ambusasenTos cocrapigeT 35,9% obyuatomuxcs. CrieoBaTebHO, MOKHO CIEJIATh BBIBOJ, O
TOM, 9TO y CTYJIEHTOB IPU3HAKU JIEIIPECCUU B OOJIBIIEN CTEITEHN SBJISTEOTCSI OCMBICEHHBIMU, HEXKEJIN
ckpbiTHBbIME [10, 63-97 cTp.].

Pesynabrater Tecta Aiff3eHKa MoKasajd, YTO CpPEIU WCIBITYEMBIX I10 THILY TeMIIepaMeHTa
npeobaagaior Meganxoaukn — 28%, xonepuko-canrsuauku — 20%, xonepuko-menanxoauku — 14%,
caurpunuku — 13%, canrsunuko-dgaermaruku — 13%, xonepukos — 7%, duaermarukos — 3%.
Haunmenbinee KomaecTBo 3aHUMAIOT (hJiermMaTuko-menanxouku — 2% (puc. 7).

B pesyibrare mCHXOIUATHOCTUYIECKOIO HCCJIEIOBAHUS C IOMOINBIO TecTa Ali3eHKa IO MIKaJie
«dkerpasepcus-VIHTpoBepcusi»  BbIBIEHO:  dKcTpaBepTroB - 49,4%, ambusasentabix — 40,8%,
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Tamenas
YmepeHHas Aenpeccua; 1,10%
Aenpeccua; 4,50%

lerkaa genpeccus;
11,20%

OTcyTCcTBME
AenpeccuMBHbIX
CMMMTOMOB;
83,20%

PucvHok 5 — YpoBeHb menpeccum y rOHOLIEH

B OHoww MW [OeBywku

40,50%

38,90%

KorHutueHo-adbdekTHeHan Cy6LKana comaTUHecKMX AmbBueaneHTsl
cyblwkana npoABAeHWI

Pucvnok 6 — IlposiBiienue genpeccun

uaTpoBepToB — 9,8% (puc. 8). Ilo mxame «HefipoTusM» BBISABIEHO: SMOIMOHAILHO HEYCTONIMBBIX
- 30,4%, ambuBasienTHbIX — 22,3%, SMOIMOHAJILHO ycToluuBbix — 47,3% (puc. 9).

s oleHKHM TIyOMHBI NCUXMYECKMX HapyIIeHHil ¥ M3ydeHHsl IICUXUIECKOIO COCTOSHUs ObLI
HCIIOJIB30BaH cuMIToMarudecknii ornpocHuk SLR - 90, coryiacHO KOTOPOMY IICHXOJIOTMYECKUE
HapyI_HeHI/IH MOFyT IIPOABJIACTCA B CHe,ZLyIOH_[I/IX COCTOAHUAX: coMaTUu3aliud, O6C€CCHBHO—
KOMHyﬂbCI/IBHBIe paCCTpOﬁCTBa, MEKJINYIYHOCTHAA CEeH3UTUBHOCTD, Jernpeccusd, TpeBora,
BpazKkae6HOCTb, (PoOHU, NapaHOHAILHOCTL. TO ecTh HaIM4YHe COMATHYeCKUX 3a00JeBaHuil, TOra
KaK 00CeCCHBHO-KOMITY/IbCUBHbIC PACCTPONCTBA BBIABJISIOT MBIC/IN, UMIYJILCHI U JeHCTBUS, KOTOPbIC
HepeKUBAIOTCs MHIMBUIOM KaK HellpepbIBHbIE, HEIIPeoJoJIIMble U uyzKiable «51». MexxamanocTHas
CEH3UTHBHOCTL K€ BBISIBJISET UyBCTBa JMYHOCTHON HEAJEKBATHOCTH U HEIOJHONEHHOCTH, IITKasa
JIeIIPECCUN BBLIABJIAET CUMITOMBI Juccopun n addexTa, B YACTHOCTH, OTCTYTCTBHE HHTEpeca K
JKM3HU, HEJOCTATOK MOTHBAIMU. B CBOIO ouepesib TPeBOXKHOCTL BbLISB/ISCT HAIIPszKeHUe, JIPOXKb,
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M caHrBUHKWK - 24

B dnermatuk - 6

B xonepuk- 12

B menaHxouK - 52

M XON1epUKO-MeNaHXoMUK - 25
M dnermaTUKO-MeNnaHxoNuk -4
[ CAHTBUHUKO-dNermaTmk - 24

[ XONEepUKO-CaHTBUHUK - 37

PucvHok 7 — AGCONIIOTHBIE IIOKA3AaTEJ U TUIIOB TeMIIEPAMEHTA Yy 00y YaroInXCs

60%

50%

40%

30%

20%

10%

0%

WHTpoBEPTHI AmBUBaNEHTsI SKCTpaBepThl

m KOHowwu 9% 43,80% 47,20%
H leBywkn 10,50% 37,90% 51,60%
mO6wee kon-eo 9,80% 40,80% 49,40%

Pucynok 8 — ITokazaTreyin HIKaJ MHTPOBEPCUN-3KCTPaBepcuu

a Takyke MPUCTYIbl MAHUKW U OIIyIIEeHUsl HACUJINA, IyBCTBO omacHoctu. s BpakieOHOCTH
XapaKTepHbl MBICJIA, YyBCTBa WU JIEHCTBUS, KOTOPBIE SBJSIOTCI MPOSIBJIECHUSIMUA HETATUBHOTO
aPEKTUBHOTO COCTOSIHUSI 3JIOCTH, & TaKXKe arpecCusi, Pa3paKUTeIbHOCTb, THEB U HErOJIOBAHMUE.
[Mkasia ¢Gpobum BBISIBJIIET CTOMKYIO PEAKIIMI0 CTpaxa Ha ONpPeJeeHHBIX JIIOJEH, MecTa, OObEeKThI
WU CATYaIlMU, KOTOPbIE XapaKTepu3yeTcsl KaK UpPaIlMoHaIbHAs U HeaJ eKBaTHAas M0 OTHOIIEHUIO K
CTUMYJLy, BeIylnasi K u30erariiemMy MOBeJIEHUI0, TOT/A KaK MapaHOUsIbHbIe TEHICHITMH BbISIBJISTIOT
IMapaHOUSIbHOE TIOBEJIEHNE KAaK BUJI HAPYIIEHUS MBIIJIEHUS, B TO BpeMsI KaK IICUXOTU3M BBISBJISET
IIN30U/HBIN CTHJIb YKU3HU, H30JMPOBAHHOCTS [11].
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50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

IMOUMNOHaNbHO-
HeyCcTOMYMEbIE

AmburBaneHTeH

IMOUMNOHaNbHO-
YCTOMYMBbIE

m KHown

41%

11,20%

48,30%

B [eBywKun

21,10%

32,60%

46,30%

mObwee Kon-Bo

30,40%

22,30%

47,30%

Pucvhok 9 — ITokasaresu mKajJbl HEMPOTU3MA

YV KaxkJo# u3 mKaJ cuMIToMarudeckoro omnpocHuka SLR-90 ummerorcs pasyimaHble ypOBHU
[POSIBJIEHUST TICUXOJOTUIECKUX HapyiieHuil. 'Tak, B HaIMX WCC/IEIOBAHUSX BBICOKUIl yPOBEHb
paccMaTpUBAEeMbIX CUMIITOMOB y FOHOIIEH u feByIinek B onpocHuke SLR-90 He BhisiBICH.

[To pesynbraTam uccjiemoBaHus, TyBCTBO JTUIHON HEAJEKBATHOCTH U HEIIOJTHOIEHHOCTH BBISIBJIEHO
3,2% nesymiek u 3,4% ronomeii. O6uapyxennt y 1% aesyiek u 3,4% ronomeii cumuroMbl jguchopun
u addekra. Mbicsm uyBcTBa MM JEHCTBUS, KOTOPBIE SBJISIOTCS IPOSBJICHHEM HETATHBHOTO
adderruBHOro cocrosinusi, Habmomaorcs y 3,2% nesymiek u 2,3% 1oHOmeR. Y OJHON JIEBYIIKA
(1%) BblsiBJIeHA CTOWKAsl peaKIusl CTPaxa Ha ONPEJIeIEHHBIX JIIOJEl, ¢ MapaHOsiIbHBIM TIOBEICHUEM
- 3,2% nesymiek u 2,3% tonoreit coorBercTBeHHO. OOHAPYKEH OJUH IOHOIIA C [ITU30UIHBIM CTHIEM
JKU3HU. B cBOIO ouepeans HapylieHue coMaTmdeckoil mucdynknun nabmonaerca y 2,3% 1oHomeil, y
3,4% 1oHommelt BLIABIEHBI MBICJIN, UMITYJIbCHI U JICHCTBUS, KOTOPBIE TIEPE;KUBAIOTCA WHIMBHIOM KaK
HEIIPEPBIBHBIE, HEMPEOIOMNMbIe 1 dyKple «51» (puc. 10,11).

Takum 006pa3oM, U3 TUIHBIX U ICHXOJOTHIECKUX IIPobIeM HanbojIee PacpOCTPAHEHBI y CTY/IEHTOB
GosibItiast yaebHass Harpy3kKa W JIMIHBIE TPOOJIEMBbI, TPENMYIeCTBEHHO JIIOOOBHOTO XapakTepa, Ipu
9TOM OOJIBITYIO yIeOHYI0O HATPY3KY B JIBa pada dallle OTMEYAJN JEBYIIKH, a JIMIHbIE MPOOJIeMbI,
PENMYIIECTBEHHO JIIOOOBHOTO XapaKTepa, B JIBa pa3a Jale Berpedarorcs y onomeit. Y 14 (30,4%)
u3 46 00yJaIoMuUXCsT ¢ TPOSBICHUSIMHI TETTPECCUN HAOTIOMAIOTCS TTPU3HAKNA COMATH3AIINN.

Cpen 06y9aIONIXCsT ¢ CHMITOMAMHU TPEBOXKHOCTHU MPU3HAKHU JIE3ATANTAIINY TTPOSIBIISTIOTCS Y 2
CTYIEHTOB , JenpeccuBHocTH - y 46, mcuxormsma - y 1, ¢dobum - y 1, mapaHoisyibHOCTDL - y 5,
00CEeCCUBHO-KOMITYTLCUBHBIE PACCTPONCTBA - y 3, MEKJTMIHOCTHAS CEH3UTHBHOCTD - y 6 TeI0BEK.

Beisisiieno 29 (55,8%) obyuaromuxcsi ¢ Upu3HaKaM¥u KOTHUTHBHO-abbEKTUBHOI Jlenpeccun,
IOATBEP2KJACHHBIMUA JIMIYHBIMH OTBE€TaMM O TOM, YTO OHHM HE€ HMMEIOT XPOHUYICCKHX 3a6OHeBaHI/II7L
ObnapykeHo 9 oOydJarOIUXCcss € IPU3HAKAMEU KOTHUTHBHO-a(M@EKTUBHON JIelpeccreii, KOTOphIe
uMesn XpoHudeckne 3abosebanusi. B 1o ke Bpemst 10 (21,7%) obydaromuxcsi, HUMEIONMX
[MPU3HAKA COMATHIECKOTO MPOSIBJICHUST JIEIPECCUH, B OTBETAX YKa3a/d Ha OTCYTCTBUE XPOHUIECKUX
3a00JIeBAHUT. 8,7% CTYIeHTOB ¢ COMATHYECKUMH IIPU3HAKAMU [POSBJICHUS JICIPECCHN
COOTBETCTBEHHO MMEIOT XpoHuveckue 3abosepanusi. Crie0BATEIbHO, MOXKHO CJIEJIATH BBIBOJ, O TOM,
aro 29 CTYAEHTOB, UMEIOIIUX TPU3HAKU JIEIIPECCUU 3HAIOT U OCO3HAIOT €€ IPOsiBJIeHHEe W 5TO HE
CBSI3aHO C coMaru3aiueil. 9 CTYJIeHTOB, OCO3HAIOIIUX ITPOSIBJIEHUE JIEIIPECCUU, MUMEIOT MPU3HAKU
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80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00%
Mewnny NapaHos
Comatus | Obceccy HocTHaa | Jenpecc Tpesox | Bpaxae P McuxoTn
®obun | anbHoCT
aums BHOCTb | CEH3MTW MBHOCTb | HOCTb | BHOCTb b 3M
BHOCTb
W OueHb HU3KUIA 54,80% | 32,60% 52,60% | 57,90%  63,10% | 46,20% | 75,80%  40% 73,70%
W Hu3KKit ypoBeHb 36,80% | 57,90% 33,70% | 31,60%  31,60% | 43,20% 20% | 44,20% | 24,20%
m CpegHuil ypoBEHD 8,40% | 9,50% | 10,50% 9,50% | 5,30% | 7,40% | 3,20% | 12,60% | 2,10%
M MoBbIWeHHbIN YPOBEHb 0% 0% 3,20% 1% 0% 3,20% 1% 3,20% 0%
m BblCOKMIA ypoBEHD 0% 0% 0% 0% 0% 0% 0% 0% 0%

Pucvrok 10 — ITokasaresiu cumnromarudeckoro onpocHuka SLR-90 y nesymiexk

90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00%
Mewnaudy NapaHo
Comatuz | Obcecc HocTHas [enpecc | Tpesox | Bpamae P McuxoTr
®obun  anbHocT
aums BHOCTb | CEH3MTWM MBHOCTb | HOCTb | BHOCTb b 3m
BHOCTb
M OYeHb HU3KMIA 67,40% | 68,50% | 59,50% 64,10% | 66,30% | 61,70% | 79,80%  52,80% | 75,20%
M HW3KKUit ypoBEHD 25,80% | 15,70% @ 24,70% 25,80% | 22,50% | 22,50% 16,80% 36% 20,20%
m CpeaHWi ypoBeHb 4,50% | 12,40% 12,40% @ 6,70% 9% 13,50% @ 3,40% | 7,90% | 4,50%
m NoBblweHHbIMypoBeHb | 2,30% | 3,40% 3,40% | 3,40% | 2,30% | 2,30% 0% 2,30% 1,10%
M BblcoKWiA ypoBEHD 0% 0% 0% 0% 0% 0% 0% 0% 0%

Pucvaok 11 — Ilokasarenu cumnroMmarudeckoro onpocHuka SLR-90 y roHoureit

COMaTI/ISaJ_[I/II/I7 10 CTyILeHTOB C HpI/I3HaKaMI/I HpOHB.HeHI/IH COMa.TI/ISaI_[I/II/I HE HMeET XpOHI/I‘-IeCKI/IX
3ab0J1eBaHuiA.

B wuccremyemoit kaTeropunm 00y4aromuxcs OCHOBHBIME (hakTOpaMu (OPMUPOBAHUS MPUIHAKOB

Je3aIalTallii sIBJISIIOTCS JIEIPECCUBHOCTD, TPEBOXKHOCTDL, CKPBIThIE COMATUYECKHE 3a00JIEBAHUSA U
HENpOTU3M.
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P.K. Taraea, M.M. BaiibynoBa, 2K.E. TemupxaunoBa
JI.H. Dymunes amvindazv, Eypasus yammok yrusepcumemsi, Acmana, Kasaxcman

Kasak-AMepuKa/blK, €pKiH YHUBEPCUTETIHIH, CTYyJeHTTEPiHiH 8J/IeyMeTTiK-IICUXOJIOTusJIbIK, GeilliMmerry
epekInesikrepi

Angnarna Makanana Ockemen KajacbiabiH, Kaszakcran- AMepUKaHIBIK €PKiH yHUBEPCUTETIHIH CTYJEHTTEPIH CKPUHUHITIK
cayaJiHaMa K9He YIII IICUXOIMArHOCTUKAJIBIK, TECTIIEy 9/IiCiMeH 3epTTey HOoTHKeJIepi KesTipiareH. MasgTHUKTIK MiHE3-KYJIBIKTHI
KaJIBIIITACTBIPDY MEH JIaMBITYJIbIH, Herisri (pakTopbl - Jenpeccusi MEH HEBPOTH3MHIH Oesrinepi, 184 cryueHTTiH, IJenpeccust
Gesirisiepi 6ap 46 OKyIIbl »KoHE HEBPOTUKAJBIK Oesrijiepi 6ap 41 CTyIeHT aHBIKTAJ b, aJj Jenpeccusi Oejrijnepi Gap 18
CTYJIEHT dMOIMOHAJIJIBIK, TYPAKCHI3IbIKTE KopceTTi. Jlenpeccusi MeH ajaHJaylIbLUIbIK KbI3/apFa Kaparauia yJapra KaparaHia
onjekaiiia cesimMTas.  MeslaHXOJIMY-XOJIEPUKAJIBIK TEMIIEDAMEHT THIIIHE He ajaMJap, €H aJjlibIMeH, AJIaHJ/ayIIbIIbIK IIeH
Kyii3e/IiCKe YIIbIpaiabl. 3epTTereH CaHATTarbl CTYIEHTTEPE, JAEIPEeCcCusi, Ma3achbI3aHy, >KaCbIPbIH COMAaTHKAJIBIK, aypysiap
JKOHE HEBPOTU3MHEH OackKa, 6y3bL1y 6esrijiepin KajablITacThIPY/IbIH Heridri dpakTopaapsl. Pecriongentrepain 10-b1 iempeccusiubl
TYABIPFAH KAChIPbIH COMATUKAJIBIK, &yPyJIap/Ibl aHBIKTAIbI.

Tyitin ce3aep:  ayTOAMCTPYKTUBTIK MIHE3-KYJBIK, OediMaesny, OKYIIbLIApAbl KEMCITYIIIiK, TeMIepaMeHT THIIi,
TEeMIIEPAMEHT TUIITEP], AJIAHIAYIIBIIBIK, JTEeIIPECCUS.

R.K.Tatayeva, M.M. Baybulova, J.E. Temirkhanova
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Features of social and psychological adaptation of students of the Kazakhstan-American Free University

Abstract: The article presents the results of a study of students of the Kazakhstan-American Free University of Ust-
Kamenogorsk using a screening questionnaire and three psychodiagnostic tests. The main factors in the formation and develop-
ment of maladaptive behavior are signs of depression and neuroticism, out of 184 students, 46 students with signs of depression
and 41 students with signs of neuroticism were identified, while emotional instability was revealed in 18 students with signs
of depression. Depression and anxiety are more susceptible to girls than to boys. Persons with a melancholic-choleric type of
temperament are more likely to be anxious and depressed. In the studied category of students, the main factors for the formation
of signs of maladaptation except for depression, anxiety, hidden somatic diseases and neuroticism. 10 respondents identified
hidden somatic diseases that caused the manifestation of depression.

Keywords: autodestructive behavior, adaptation, disadaptation of students, type of temperament, anxiety, depression.
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Optimization of microclonal propagation conditions for increasing the multiplication
factor of poplar microshoots

Abstract: Representatives of the genus poplar — Populus L. (kind Salicaceae) are widely used for
landscape gardening residential areas and creating different types of protective plantings. Difficulties
of propagation for some types of poplars by traditional methods is their weak rooting, as well as a high
level of bacterial and fungal infection rate. Therefore using such methods as clonal micropropagation
of plants in aseptic conditions on artificial nutrient medium is relevant for valuable forms of poplar.
The purpose of this work is optimization of the conditions of microclonal propagation for increasing
the coefficient of propagation of microshoots of Populus alba L. and Populus bolleana L. from axillary
shoots introduced into an in vitro culture. The main objective set for solving this purpose were the
regeneration of plants on the basis of direct proliferation of axillary meristem, their rooting and
multiplication of the microshoots. High regeneration of axillary basic shoots of two types of poplars
occurred on a WPM nutrient medium with the addition of the hormones BA (0.5 mg/l) and GA
0.2 mg/l. The WPM nutrient medium with the addition of BA hormones of 0.2 mg/1 and 0.2 mg/1
appropriate for increasing the quantity of shoots from axillary shoots. More optimal for rooting and
growth of microshoots of Populus alba L. and Populus bolleana L. is S WPM nutrient medium for
woody cultural with the addition of the hormone IBA 0.01 mg/1l. Thereby, conditions of microclonal
propagation was been optimized for increasing the coefficient of propagation of poplar microshoots.

Keywords: Populus alba L., Populus bolleana L., axillary shoods, cultivation medium, in vitro.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-57-65

Abbreviations: WPM — Woody plant medium; BA — 6-benzylaminopurine; IBA — indole-3-
butyric acid; GA — gibberellic acid; NA — nicotinic acid; medium MS.

Introduction. The success of landscape gardening in large amount depends on the correct
selection of decorative trees. Knowledge of the morphological and decorative features of woody
plants and their relationship to the adverse conditions to the city environment allows to improve the
landscape of the city [1].

The genus Populus become an important component of the world’s potential renewable resources
for the XXI century. The genus Populus has many commercially important components like hybrids
and species, and is the most highly distributed woody plant worldwide [2, 3|. Poplar one of the
fastest growing species used in plantation cultivation for various aims [4]. In altogether, here are
around 110 poplar speciesin the world that widely distributedin the northern hemisphere [5].

In the list of the Royal Botanic Garden Kew were numbered 199 scientific names of Populus genus,
which only 87 were recognized as specific names [6].

Forgardening the cities and region with severeclimatic conditions, landscapers provide planting
and reproduction of Populus alba L. and Populus bolleana L. |7]. Valuable quality of two types
of decorative poplar is sufficient stability against smoke and gas, the ability to enrich the air with
volatile production and kill pathogenic microbes. They are winterhardy, relatively drought and
gas-resistant, light-requiring, heat-resistant, and wind-resistant [8].

Despite the advantage of two types of poplar, there are limitations when cultivation for gardening
ecologically unfavorable territories [9]. There exist a problem, which connects with surviving per-
centage of Populus alba L., which relateswith effect of fungal and viral diseases Populus bolleana L.
rooting process is difficult [10]. For reproduction of Populus alba L. and Populus bolleana L.with the
most appropriate and optimal method is microclonal reproduction by axillary buds, since it achieves
the highest genetic stability and uniformity [11].
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By the researchers were selected and optimized nutrient medium, determined the significance of
auxins and cytokines for shoot growth, to induce root formation under conditions in vitro |12, 13,
14].

Poplars were one of the first objectives of propagation trials, where Cambial tissues were use
dasbasicmaterial [15, 16]. Initially, callus improvement, following shoot or root development was
generated on the callus surface. Sometimes it occurred without any outside effect. The link between
the regenerated shoots and roots was sometimes unclear. Gathered opinions established the vegeta-
tive propagation founded from a single bud and different originated callus based plant regeneration
[17].

Several researchers’ micropropagated sterile bud originated plantlets of poplars for the first time
[18, 19]. They presented in their results about difficulties of culture establishment and genetically
determined differences between the species. It was identified that the success of establishment also
depends onthe age of the mother plants [17].

Another research aimed to develop micropropagation methods of poplars for commercial purposes
[20]. Thus, that research improved the micropropagation method of the tetraploid clone ‘Ta — 10’
for the substitution of vegetative propagation by grafting. Research around the development of the
micropropagation procedure for different poplar species continues today [21]. Many scientists sum-
marized the multiplication procedure of several poplar species that were inoculated or not inoculated
with ectomycorrhizal fungus for different experimental purposes [13, 22, 23].

The aim of the study was to optimize the conditions of micropropagation to increase the multipli-
cation factor of poplar microshoots of Populus alba L. and Populus bolleana L. from axillary shoots
introduced into the culture n vitro.

Material and Methods

Sterilization of shoots . The cut annual shoots of poplar about 6 cm in size were thoroughly
washed with running war water and sterilized. Sterilization consisted of two stages: 1 — preliminary
sterilization, which took place in non-sterile conditions (surface sterilization), 2 — basic sterilization
in aseptic conditions (in laminar-flow box conditions).

Introduction of azillary buds into in vitro culture

In laminar-box in axillary buds removed cover scales and leaves, leaving the two most deeply
located leaves, which were isolated and placed in a nutrient medium WPM (Woody plant medium)
with the addition of 0.5 mg/l BA (6-benzylaminopurine), 0.2 mg/l GA (gibberellic acid) for the
growth of axillary buds. Axillary shoots were cultivated in the climatic chamber "BINDER KBWF
720" with a 16-hour light mode, illumination — 2-3 kilolux, temperature 24-26 © C, the humidity level
of 70%.

Regeneration and rooting of test-tube plants. Regeneration of meristem plants consisted of the
following stages — induction of shoot formation, their elongation and rooting. To increase the number
of shoots of poplar species of Populus alba L. and Populus bolleana L., nutrient media WPM and
MS with BA growth hormones in concentration - 0.2 mg/1; 0.5 mg/1; 1.0 mg/l and GA — 0.2 mg/1
were used. Rooting of in vitro shoots of two species of poplar was conducted on WPM medium with
half the content of macrosalts (S WPM), growth hormone IBA (indole-3-butyric acid) 0.01 mg/I;
0.5 mg/l or nutrient medium free of hormones.

Results and discussion

Regeneration of poplar axillary shoots. The regeneration of axillary shoots is a particularly impor-
tant step in the development of poplar micropropagation technology. The main purpose of this stage
is the regeneration of plants on the basis of direct proliferation of axillary meristems, their rooting
and animation of the obtained microshoots. Annual non-woody shoots of Populus alba L and Popu-
lus bolleana L. poplar with axillary vegetative buds were used to regenerate the main axillary shoots.
The researchers of poplar cultivation using MS and WPM with the addition of phytohormones, such
as 6-benzylaminopurine (BA) [21].

We optimized the composition of the nutrient medium WPM benefits for the growth and devel-
opment of axillary shoots of two species of poplars from explant. The influence of phytohormones
(BA and GA) was studied. Following variants of the WPM medium were studied: 1) BA 0.2 mg/1,
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GA 0.2 mg/l; 2) BA 0.5 mg/1, GA 0.2 mg/l. Sterilized shoots were cut under aseptic conditions into
segments of size 0.5-2 cm with one axillary bud (Figure 1).

f

Ficure 1 — Obtaining poplar seedlings through micropropagation
a) sterile axillary shoots of Populus alba L; b) development of the main axillary shoot; ¢) rooted of
microshoots; d) growing microshoots in light room; e) reproduction of induced shoots of Populus
alba L; f) microshoots planted in the soil

After 30 days of cultivation, the results of the experiment were analyzed and it was found that
high regeneration of axillary main shoots of two poplar species occurred in the second variant of
the nutrient medium WPM with the addition of hormones (BA 0.5 mg/l and GA 0.2 mg/1). The
highest percentage of well-developed axillary main shoots was obtained by cultivating explants on
the nutrient medium WPM with BA 0.5 mg/l and GA 0.2 mg/l in Populus alba L — 70.2%, in
Populus bolleana L.— 57.3% (Figure 2).
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Ficure 2 — Regeneration of axillary shoots depending onthe hormonal medium composition WPM

The percentage of regeneration of axillary shoots in Populus alba L. is higher than that of Populus
bolleana L. This is due to the fact that Populus alba L. has a high intensity of vital and rapid
growth in culture in vitro and natural conditions, compared with Populus bolleana L.[19]. Thus, for
regeneration of axillary shoot of Populus alba L. and Populus bolleana L. the environment of WPM
with the addition of hormones BA 0,5 mg/1 and GA 0,2 mg/1 is better suited.
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Clonal micropropagation of poplar microshoots

In the literature, there are data on the use of different nutrient media with hormones to increase
the number of induced shoots [13, 14, 25|. It is shown that the best growth in the proliferation of
shoots in poplar was on the medium WPM for tree crops with BA in the concentration of 0.1 and
0.2 mg/l, and the increase in the concentration of BA did not have a positive effect on the increase
of the shoots number [14].

We have optimized the composition of the nutrient medium to increase the number of induced
shoots. The effect of concentration of BA and GA phytohormones were studied. The following
WPM medium variants were tested: 1) BA 1.0 mg/l, GA 0.2 mg/l; 2) BA 0.5 mg/l, GA 0.2 mg/1; 3)
BA 0.2 mg/l, GA 0.2 mg/l; 4) BA 0.5 mg/l; MS medium: 5) BA 1.0 mg/1, GA 0.2 mg/1; 6) BA 0.5
mg/l, GA 0.2 mg/1; 7) BA 0.2 mg/1, GA 0.2 mg/l; 8) BA 0.5 mg/l (Figure 3, table 2). Experiments
were carried out on Populus alba L. the primary explant with a cut axillary shoot was used.

Table 1 — Indicators of increase in the number of induced shoots in Populus alba L.

Options

1 day

15 days

30 days

50 days

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

Shoots
units

Shoot
length
(cm)

I - WPM
with BA 1,0
and GA 0,2

mg/1

1

1.5+0.1

2.0£0.1

1.8+0.1

3.0£0.2

2.1£0.1

5.44+0.3

2.3£0.1

I - WPM
with BA 0,5
and GA 0,2

mg/1

2.24+0.1

2.0£0.1

2.44+0.1

3.2+0.2

2.5+0.1

5.4+0.3

2.7£0.1

Il - WPM
with BA 0,2
andGA 0,2

mg/1

3.240.2

3.240.2

3.44+0.2

7.0+£0.4

9.3£0.3

11.240.6

5.5£0.3

IV - WPM
with BA 0,5

mg/1

1.4£0.1

1.240.1

1.5+0.1

2.24+0.1

1.7+0.1

3.6+0.2

1.8£0.1

V — MCwith
BA 1,0 and
GA 0,2
mg/1

1.3+0.1

1.0+0.1

1.5+0.1

1.2+0.1

1.6+0.1

1.8+0.1

1.7£0.1

VI -
MCwith

BA 0,5 and
GA 0,2
mg/1

1.8£0.1

1.0£0.1

2.1+0.1

1.0£0.1

2.1+0.1

1.4£0.1

2.1+0.1

VII -
MCwith

BA 0,2 and
GA 0,2
mg/1

2.240.1

2.6£0.1

2.4£0.1

5.0£0.3

3.240.2

7.8+0.4

3.3£0.2

VIII -
MCwith
BA

mg/1

0,5

1.6£0.1

1.84+0.1

1.8+0.1

3.0+0.2

20+0.1

5.4+0.3

2.6+0.1

After 15, 30 and 50 days of cultivation, the results of the experiment were analyzed and it was
found that the high number of poplar shoots occurred in the third options of the nutrient medium
60



A.A.Kakimzhanova, F.S.Zhagipar, F.Naziran,V.K.Karimova, A.S.Nurtaza

a

Ficure 3 — Propagation of induced shoots of poplar

induced shoots on the WPM medium with BA 0.2 mg/1, GA 0.2 mg/];
b) propagation of induced shoots after 30 days

WPM with the addition of hormones (BA 0.2 mg/l and GA 0.2 mg/1). Thus, the average number
of shoots of white species was 11.2 units; shoots length — 5.5 cm.

The slowest development of shoots was observed in the sixth variant of the medium (MS with
BA 0.5 and GA 0.2 mg/l): the average number of shoots wasonly 1.4 units, the length of shoots —
2.1cm. There was no positive effect of BA 1.0 mg/l and GA 0.2 mg/] on the increase in the number
of shoots. Thus, to increase the number of shoots from axillary shoots solid medium MS with of
hormones the addition BA 0.2 mg/1 and GA 0.2 mg/l was more applicable.

Rooting of poplar microshoots. One of the important stages of obtaining seedlings in the culture
of in wvitro male specimens of Populus alba L. and Populus bolleana L. is the induction of root
formation. For obtaining poplar seedlings of Populus alba L. and Populus bolleana L. from the
test-tube, it is initially necessary to choose a nutrient medium with hormones, there will be normal
growth and development of the roots. In the literature as the medium for induction of root formation
microshoots four poplar species used nutrient medium Schenk Hildebrandt (SH) and Woody Plant
Medium (WPM) supplemented with 5 mg/1 nicotinic acid (NA) WPM or SWPM (with a reduced
content of macrosalts) without hormones [26]. WPM with the auxin, indole-3-butyric acid (IBA)
0.5 mg/1.

We have optimized the composition of the nutrient medium WPM for the induction of root
formation and rooting of microshoots of two types of poplars. It was studied the influence of without
hormonal environment and WPM supplemented with auxin is indole-3-butyric acid (IBA). Tested
the following mediums WPM: 1) no hormone; 2) SWPM (reduced content of macrosalts); 3) SWPM,
IBA 0.5 mg/l; 4) SWPM, IBA 0.01 mg/l was added auxin, IBA at a concentration of 0.01 mg/1
and 0.5 mg/l in the medium to determine the required amount of exogenous hormones to receive
microshootson the basis of proliferation of axillary meristems (direct distillation axillary shoots) and
the induction of root formation, except for the stage of callus formation. The increased concentration
of auxins in the medium contributes to the formation of callus tissue, which is confirmed by literature
data [13, 25].The experiments were carried out on two types of poplar, 30 test-tube microshoots
were analyzed for each variant. To obtain whole microshoots, the formed shoots were isolated and
transferred to the rooting medium (Table 2).

Table 2 — Induction of roots formation of microshoots in culture in vitro

Genotype Option of | Amount of microshoots Length | Callus
mediums of induc-
shoots, | tion
cm
total rooted | %
Populus alba L. | 1 — WPM 30+1.5 16£0.8 | 53.3+£2.7 | 4.1£0.2 | —
2-S WPM 30+1.5 20£1.0 | 66.7£3.3 | 6.8£0.3 | —
3 -S WPM + | 30+1.5 9+0.5 | 30.0£1.5 | 5.1+£0.3 | +
IBA 0,5
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4 -S WPM + | 30+1.5 24+1.2 | 80.0£3.2 | 7.24+04 | —
IBA 0,01
Populus  bol- | 1 — WPM 30+1.5 104+0.5 | 33.3£1.7 | 5.0+£0.3 | —
leana L.

2-S WPM 30+1.5 16£0.8 | 53.3+£2.7 | 7.7£0.4 | —
3-S WPM + | 30£1.5 8+0.4 |26.7+1.3 | 5.6+0.3 | +
IBA 0,5
4 - S WPM + | 30£1.5 17£0.9 | 56.7£2.8 | 6.4+£0.3 | -
IBA 0,01
Notes: 1 — «+» induced callus; 2 — «—» callus is not formed

After 30 days of cultivation, the results of the experiment were analyzed and it was found that
the best rooting of poplar microshoots occurred in the fourth variant with a reduced content of
macrosalts — SWPM with the addition of IBA 0.01 mg/1, which was 80% for Populus alba L. 56.7%
for Populus bolleana L. Also, the best results were obtained in the second option of the medium
- SWPM without hormone, Populus alba L. - 66.7%, Populus bolleana L. - 53.3%. Two types of
poplars at the option of SWPM medium with auxin, IBA 0.5 mg/l was observed the formation of
callus tissue.

The percentage of rooted plants in two poplar species is different, this is due to different levels
and a set of own hormones, because of this, they can exhibit different morphogeneticactivity and
the ability to regenerate whole plants in vitro culture (Figure 4). By rooting microshoots obtained
rapid growth in their height. After a month of cultivation, shoots reached a length of 4.1 to 7.7 cm.

a b c

Ficure 4 — Rooting of microshoots of two species of poplars
a) rooting of Populus alba L. microshoots; b) induced roots of Populus bolleana L. on nutrient
medium SWPM; ¢) induction of callus formation of microshoots on nutrient medium SWPM with
IBA 0.5 mg/1

Consequently, the nutrient medium SWPM for woody crops with the addition of the hormone
IBA 0.01 mg/1 is the most optimal for rooting and growth of microshoots of Populus alba L. and
Populus bolleana L. Thus, the optimized conditions of micropropagation in tractable traditional
method of Populus alba L. and Populus bolleana L. for mass production and receiving improved
planting material.

Conclusion. Research of the conditions clonal micropropagation of plants in aseptic conditions
on artificial nutrient medium which are difficult to root by the traditional method of Populus alba
L. and Populus bolleana L. showed that the use of this method is optimal at all stages of the pro-
duction of regenerated plants. High-level regeneration of the axillary main shoots of two species of
poplars occurred on a WPM nutrient mediumwith the addition of the hormones BA 0.5 mg/1 and
GA 0.2 mg/l. To increase the quantity of shoots from axillary shoots better suits the WPM nutrient
medium with the addition of hormones BA 0.2 mg/1 and GA 0.2 mg/l. The most optimal for rooting
and growth of microshoots of Populus alba L. and Populus bolleana L. is S WPM nutrient medium
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for woody plant culture with the addition of the hormone IBA 0.01 mg/l. Thereby, the conditions
for isolating explants, sterilization modes, cultivation conditions and composition of nutrient medi-
umwere selected. The obtained microplants of Populus alba L. and Populus bolleana L. are suitable
for further industrial use in urban landscape gardening.
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TepekTiH MUKPO epkeAepiH KebelTyaiH KO3(dduueHTTEepiH apThipy YIIIH MUKPOKJIOHAbI KOTEHUTYiH,
>KarJanjapblH OHTANJIAHABIPY

Angnarna Populus L. (tykpivpac. Salicaceae) Tepek TYKbIMIACTAPHBIH, OKLIZEP] el MeKeHIepAl KOraiqaHIbIpMeH opTypJIl
TUNTEri KOPFaJaThIH KOIIETTEP/l »Kacay MaKCaTbIHIa KEHIHEH KOJIJaHbLIabl. Keiibip Tepek TypJiepiH mocTypJii >KOJIMEH
KOOEUTYIIH KUBIHJBIKTAPhl, OJIAD/IBIH OJICI3 TaMbIPJIAHYbI, COHJAl-aK OAKTEPUSJIBIK, YKOHE CaHbIPAYKYJIAK »KYKIIAJapbIHbBIH,
2KOFaphl JieHreiie »Kyrybl 60bin Tabbuianbl. Coui cebenti, acenTUKAJIBIK *Karmaiifja »KacaHbl KOPEKTIK OpTaja KJIOHAJIIbI
MHKPO KOOEHTymiH OCBI OOiCTepiH KOJIJaHy, TePeKTiy Oarajbl Typsepi yimH e3exkTi OGOJIbII TaObLIagbI. 2KymMbIcThIH
HEri3ri MakcaTbl-KyJIbTypara €HrI31JIreH KOJITHIK OYPIIIKTEPJAEH IIBIKKAH akK KoHe bBoJjuie TepeKTep/iH MHUKPOOPKEHIEPIHIH
KebeiTy KO3(MDUIMEHTIH >KOFapJiaTy VIIiH MUKDPOKJIOHJbI KOOEHUTY/iH KarJaijlapblH OHTAWIAHIALIPY OOJIBIIT TaOBbLIAIb.
Bepinren makcaTThiy memniiMi yiriH eciMiK pereHeparuschl KOJITBIK, OypPIIKTEP/iH Typa Ipoudepalusichbl HEri3iHe ajbIHFaH
MHKDPOOPKEHIEPAIH MyJIbTUILINKAIIAICH] 2KOHE OHBIH TaMBIPJIaHybl 0acThl MiHAeT 60bin Tabbutansl. TepekTin exi Typinin Herisri
epKeHJepinin »Korapbl pereHepanusicel WPM kopekrik opraceina BAIT 0,5 mr/m kene 'K 0,2 Mr/n ropMoHzapsl KOCBUIFAH
opraceiHga Gosabl. OpKeHJep CaHBIH apTThIpyJa KOATHIK Oypmikrep ymin BAIT (BA) 0,2 mr/a xeme 'K(GA) 0,2 mr/n
ropMoH1apbl Kocklran WPM KOpekTik opTachlia ecipreH eTe OHTaiIbl. AFall eciMIiKTepi yIIiH ak >koHe BoJiie TepekTepiHin
MUKDPOOPKeHIepiniH ecyimen Tambipianybiaga (MMK) 0,01 mr/s ropmonst Kocburran S WPM KOpeKTiK opTachl OHTaNIBI GOJIBIIT
Tabbutagpl. OcpbLiaiina, TEPeKTiH MHUKPOOPKEHIEPIHIH KOOeHTy KO3(DMUIMEHTIH *KOFapiaTyla MUKPOKJIOHAJALI KOOEHTYIiH
2Karaaiiyiapbl OHTaNIaHIBIPBIIIbL.

Tyiin cesaep: Ak Tepek, BoJuie Teperi, KONTBIK OYpIIiK, KOPEKTIK OpTa, in vitro.

Kpeickaprynap: WPM — Woody plant medium; BAIIl — 6-6ensunamunonypun; UMK — wnmonun mak Kpiukpiis;; K —
rubbepennn KpimkbUibl; HK — aukorusa kpinkeuais; MC — Mypacure-CKyr KOPEKTiK OpTachl.

A.A. Kakum>kanosa ! , ®.C. YKarumnap ! , ®. Hasupan 2, B.K. Kapumosa !, A.C. Hyprasa !
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OnrTuMu3anus ycJjIOBUII MUKPOKJIOHAJIBHOIO PAa3MHOXKEHUsI IJIsI OBBIINEHNsI KO3 PUINEeHTa PA3MHOXKEHUSA
MUKPOIIOOETOB TOIIOJISI

Annoranus: Ilpencrasurenu poga Tononb — Populus L. (cem. Salicaceae) mMHMPOKO HMCHONMB3YIOTCH ISl O3€JIEHEHUS
HACEJICHHBIX MECT ¥ CO3JAHUs PA3JINIHOTO TUIIA 3AIUTHBIX HacaXKAeHuil. TpyIHOCTBIO pa3MHOKEHISI HEKOTOPBIX BH/OB TOIOJIEH
TPaJUIMOHHBIMU CIOCODAMMY SIBJISIETCH UX Cjiabasi YKOPEHSeMOCThb, a TaK»Ke BBICOKUU yPOBEHb 3apPaKEHHOCTU OaKTepUaIbHON
u rpubHOi nHdeknuei. ITosToMy mpruMeHeHHE TAKOrO METOAA KaK KJIOHAJIBHOE MHUKPOPA3MHOXKEHHUE PACTEHHI B aCEITHIECKUX
YCJIOBUSIX HA WMCKYCCTBEHHBIX IUTATEJBHBIX CPEJaX sIBJISETCs aKTyaJIbHbIM JJIsi IEHHbIX (GOpM Tomojisi. llesibio HacTosie
paboThl SABJISETCS ONTHMHU3AIUs YCIOBHH MHUKPOKJIOHAJIBLHOTO Pa3MHOXKEHHS JJIsl MOBBINIEHHS KO3(P@MUIMEHTa Pa3MHOYKEHUS
MHUKPOIIOOErOB TOIOJIsI CepebpUCTOro U TOMOJsi BoJule M3 ma3yliHbIX IIOYeK, BBEJEHHBIX B KYJbTYypy in vitro. (OCHOBHBIMU
3aJ@4aMy, I[TOCTABJICHHBIMH JJIsl PEIIeHUs] JAHHON Ieu, ObLIN pereHepalys PACTEHHIl Ha OCHOBE MpPsIMOi Nposudeparu
Ma3ylIHBbIX MEPUCTEM, UX yKOPDEHEHHWE U MYJIbTUILIUKAIUS IIOJIyYEeHHBbIX MUKPOIoOOeroB. Brwicokasi pereHeparysi OCHOBHBIX
Ma3yIIHbIX T0GEroB ABYX BUJIOB TOMOJIEl IPOMCXOIUIIO Ha nuTareiabHol cpene WPM ¢ nobasienuem ropmonos BAII 0,5 mr/n
u 'K 0,2 mr/mn. s yBesmdenus: KOIm4IecTBa MOGErOB M3 Ia3yIIHBIX MOOErOB JIydlle MOAXOAUT IHUTaTeabHas cpega WPM c
no6asnenneM ropmonoB BAIT 0,2 mr/s u 'K 0,2 mr/n. HanGousiee onrnMasbHO# /1Sl yKOPEHEHUS] U POCTa MUKPOIIOGErOB TOIIOJIS
cepebpucroro u tomoss bosute siBisiercst nurarensHas cpega S WPM gas gpesecubix KyabTyp ¢ gobasieruem ropmona MK
0,01 mr/su. Takum 06pa3oM, ONTHMUIUPOBAHBI YCJIOBUsS MUKDPOKJIOHAJBLHOIO Pa3MHOXKEHUsl JJIsl MOBbIIeHus: Koadduimenra
Pa3MHOXKEHUSI MUKPOIIOOErOB TOIOJIS.

KurrogyeBble cjioBa: TONOJbL CepeOPUCTHIi, Tonoab Bosute, masymnble MOYKY, TUTATEIbHAS CPEa, N Vitro.

Cokparenus u o6oznadenusi: WPM — Woody plant medium; BAII — 6-6enzunamunonypus; UMK — unnonunvacisasas
kuciaora; 'K — rubbepesioBas kuciora; HK — Hukorunosast kuciora; MC — cpena Mypacure-Ckyra
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OcobenHocTu pasButusi MoJioau »kepexa Aspius aspius (Linnaeus, 1758) n3 pasHbIx
OuoToI1oB AesibThl peku Miie

Awnnoramus: 2Kepex Aspius aspius siBJisieTCsl BaYKHBIM IIPOMBICJIOBBIM BUJIOM PBIO, BCEJIEHHBIM B
baccetin o3.Baxar. Buosorus pa3suTusi MOJIOM STOIO BUAIA IIJI0X0 U3ydeHa. Takke cj1abo n3yueHb
peakiuu MOJIOAU PhIO HA Pa3JIUUHbIE CIOCOObI BO3JEHCTBUS U€/JTOBEKA HA €CTECTBEHHDLIE BOIOEMBbI.
[Tenbio mpoBemgentoro B 2018 1. mccieoBaHus sIBJsLIaCh OIEHKA, YCJIOBUN Pa3BUTHUST MOJIOIU XKepexa
B nenbre p.Jiae. Mopdosoruueckuit 1 O6MOJOrutuecKnuil aHAJIM3BI MPOBOJIMWIA II0 TPAIUTIMOHHOMN
cxeme. Takke maydasach (QIIYKTYUPYIONIAs ACUMMETPHUsi OWJIaTepaibHBIX PU3HAKOB.  bBbLIH
n3ydeHbl cocroguus 11 cyerHbpix n 14 maacTudeckux NnpusHakoB. llomyssiuonHoe pasHooOpasue
OIIEHUBAJIA C IIOMOIIBIO METO/a IJIABHBIX KOMIIOHEHT. MOJIo/ib pa3HbIX BO3PACTOB OOHapy»KeHa Ha
y4JacTKe peku Ve BbIlle IeIbThI, a MOJIOIb IIEPBOI0 I'oja >KM3HH OOUTAeT TOJBKO B IIPOTOKAX.
Poct Momonu kepexa B jgenbre p.lime mpoucxoanT 3HAUNTEIBHO MeJJIeHHee, YeM B pekax Boura,
Vpan u Ceippapbs. 3Hauenns: Koshgduiuenra OIyKTyupyomlei acuMMeTpud As y HCCIeJ0BAHHBIX
HaMM PbIO yKa3bIBAIOT Ha CYIIEeCTBEHHBbIE HAPYIIEHWS TI'OMEOCTa3a HHINBUIYAJHHOTO PA3BUTHA.
Cpenu ucciieIoBaHHBIX 0CO0eil 2Kepexa ObLI 00HAPYKEHBI (DEHOJEBUATBI — OCOOU € YKOPOUYEHHBIM
(moricoButHBIM) pbLTIOM. [lmacTuyeckue M cUeTHBbIE TPU3HAKE MOJIOM XaPAKTEPU3YIOTCsT GOJIBIIION
N3MEHYINBOCTBIO, BBIXOJSINEN 3a M3BECTHBIE JIJIsT 9TOrO BHA IpeAesbl. B I1e/loM, COCTOSHUE Cpejibl
obuTaHnsa OBLIO OIEHEHO KaK HEOJIArONpUATHOE NI PA3BUTHAS MOJIOJIM.

KuaodyeBble cJjioBa: Kepex, pas3BUTHE, MOJIOAb, peka Wiae, mopdoaoruvdeckuii aHams,
NU3MEHYUBOCTD.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-66-76

[TpobaeMbl coxpaHeHHsT W PAIMOHAJIBLHOIO HCIIOJIb30BAHUsT BOIHBIX OMOJIOTMYECKUX PECYpPCOB B
HacTosiee BpeMsi TpebyioT 6picTporo u sddexkrusnoro pemenns [1-3]. B Pecrnybnuke Kaszaxcran
ozepo Basnxam um p.Me oTHOCSATCST K OCHOBHBIM PBIOOIIPOMBICJIOBBIM BOJl0oeMaM. B mociennne
JECATUJIETHSI 9TOT PETMOH UCIBITHIBAET MOIIHOE aHTPOIOTeHHOE BO3IefiCTBHE, KOTOPOE MPHUBEJIO K
CyIIECTBEHHBIM HETaTUBHBIM H3MEHEHUSIM BOJHBIX U Ha3eMHbIX dKocucreM (4, 1-325 crp; 5, 1-584
crp|.

Kak nzBecTHO, /17151 OIIEHKHU COCTOSIHUST BOIHBIX 9KOCUCTEM IPUMEHSIETCS eJIbIH Pl XUMUIeCKUX U
dusnaeckux MeTom0B. OMHAKO M3-33 OTPOMHOTO pa3HOOOPa3nsi CHHTE3UPOBAHHBIX U IIPUMEHSIEMbBIX
B IIpaKTUKE BEHIECTB, IMOIIa/Jal0IUX B OKPY2KaIOIyIO Cpely U, B TOM YHUCJIE, B BOJHbIC 9KOCUCTEMDI,
KOHTPOJIb OTJEJ/JIbHBIX BHJ/OB IIOJIJIIOTAHTOB B HaCTOdAIIEe BpeMs CTaJl MaJIOSCbeeKTI/IBHbH\/I. KpOl\Je
TOTr0, MHOI'u€ TOKCHKAaHTbI OKa3bIBalOT CHUHEPIeTHUYICCKOe ﬂeﬁCTBHG, 9TO elle B 60.HI)H_IGI'71 CTelleHu
VCJIOXKHAET OIpeJeeHne KadecTBa Cpelbl OOuTaHus THIPOOMOHTOB. Haubostee anexBaTHBIE
pPe3y/IbTATHI OIEHKU OJIaromno/Iyuns BOIHBIX SKOCUCTEM JIaeT ONPEJIEJICHIEe COCTOSHUST HACE ISIONINX
ux opraHumsmoB [6,142-146 crp; 7; 8, 168 crp|. OjHuUM HM3 TaKUX METOJIOB SIBJISIETCS MeETOJ,
OI€CHKU COCTOsIHNA BOJOEMOB IIO BHJOBOMY COCTaBYy KHUBYIIUX B HUX pr6, CcTelleHu pa3Hoo6pa31/15{
UXTHUOKOMILJIEKCa, a TaK?Ke€ BHYTPUBU/IOBBIM XapaKTepUCTUKaM, TaKUM KaK: BO3paCTHasd U I1OJIOBasd
CTPYKTYpa MOIYJISIHi, JUHAMIKA MX YHCIEHHOCTH ¥ GHOMACChl BO BPEMEHM M IPOCTpaHcTBe [9-
12].  /laBHO M3BECTHO WCYE3HOBEHWE BHJOB B pe3yJbTaTe MHPSMOrO CEJICKTHBHOIO BO3zeiicTBHUS
CTPECCOBBIX COCTOSIHUI OKPY2KAIONIeH CPeJibl, HO IPU 3TOM ODBIYHO HE YAEISIETCS JOCTaATOYHOIO
BHUMAaHUsT BO3MOXKHOCTSIM TOJJIEPyKAHUsT FOMeOCTa3a HOIy isiiusiMu 1 coobriecrsamu [13]. V3ydenue
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PA3JIMYHBIX CTOPOH WHIUBUIYAJBHOIO PA3BUTHS PBIO MTO3BOJISET ONPEIEIUTH JUAIIA30H IKOJIOIO-
MOP(}OTOrUIECKUX TPUCIIOCOOUTETHLHBIX BO3MOXKHOCTEN TOIYJISANNI U BHJIOB, YTO UMeET OOJIBIIOE
3HAYEHUE JIJIsl IOHUMAaHUs 3aKOHOMEPHOCTEN 9BOJIIOIIMOHHOTO IIPOIECCa U YIIPABJIEHUS TOIYJISIHSIMI
B IIEJIAX TOJIy9eHHs] MaKCUMAJbHOW pbIOHO npoaykmun [14,3-9 crp; 15,1-172 crp|. Hanbreiimee
u3ydeHne peakiuil MOMyJIANi PA3IMIHbIX BUJIOB PHIO HA U3MEHEHUsI COCTOSHISA BOJOEMOB ITO3BOJIAT
HE TOJIBKO TOJIy4aTh Oojiee OOBEKTHBHYIO HHMOPMAIMIO O TEKYIIEM COCTOSHUU, HO TaKXKe
[IPOrHO3MPOBATD JaJIbHEINe N3MEeHeHUsI U IPUHUMAaTh OoJiee 060cHOBAHHBIE U 9 (DEKTUBHBIE MEPDI
[0 COXpaHeHUIO GaronpusTHoi cpenst [16 .

ZKepex (Aspius aspius) OTHOCHTCS K 9UCIY MEHHBIX TPOMBICJIOBBIX BUOB pbib. B Basxamickuii
bacceitn 9TOT Bu OBLI BCesIeH CIydaiino, npu 3ToM B 1957-1958 rr. u3 peku ¥YpaJs ObLIO IPUBE3EHO
U BBILYIIEHO Bcero 9 ocobeit [17]. B nacrosiimee Bpems 37ech chopMUPOBAIACH CAMOCTOSITENbHAS
YCTOMYMBAS TOIYJIANNAS, KOTOPasi UMeeT OOJIIIIOe IPOMBICJIOBOe 3Ha4YeHne. HecMoTpst HA BaXKHOCTH
Kepexa Kak 00beKTa IIPOMBINIIEHHOIO U JIIOOUTEILCKOIO PBIOOJIOBCTBA, €ro OMOJIOrUYecKue u
Mopdosiornyecke 0COOEHHOCTH OCTAIOTCd MaJio U3ydeHHbIMU Kak B EBpore, Tak u B Pecrybiinke
Kaszaxcran [18-19]. BazauaMu npoBeieHHOIO HAME MCCJIE[0BAHNSI ObLIH U3y YeHre MOPQOIOTHIeCKIX
1 OMOJIOTMYECKWX MOKa3areseil MOJonu 3TOro Buja B geibre p.Mjie ¢ 1eibio OeHKH yCaoBuUit
Pa3BUTHUS U ATANTAINOHHBIX BO3MOXKHOCTEHH.

Marepuasnbsl 1 MeTOaABI MCCJIEIOBAHUS

OmioB pei6 mpousBommn B utone 2018 1. Ha cieayronux ydactkax: p.lie Huxke moc. Bakanac
— npeiennToseiii yaactox ( 449 58.220° cam., 75946.825” B.1.), B paitone moc. Kapaoit ( 45°
51.289" c.mr., 74°44.554’ B.11.), moc.Kyitran (439 18.818” c.mr., 76 52.250” B.11.), mporoke Tomap (
459 22.735 c.mr., 74°08.413 B.1.). Jjaa oTiI0Ba HPUMEHSINCH MATLKOBas BOJOKYIIa (GpeieHs)
u cadok |20, 67-88 crp|. OrioB PO NPOBOJAMIN B COOTBETCTBUU C PA3PEIICHUEM HA MOJIb30BAHKE
xkuBoTHBIM MupoM KZ52VEP00036833 I'Y «¥YupaieHue TpupoOIHBIX PECYPCOB U PETYJINPOBAHUS
[PUPOJIOTIOJIB30BaHUS AJIMATHHCKOM 00JIACTH».

st onipeiesienust BUIOBOM IIPUHAJIJIEXKHOCTH MOJIOJU PBIO MOJIb30BAIKMCH PYKOBoIcTBamu |21, 23-
36 crp; 22, 34-42 crp|. Vsmepenus: pui6 npoBojmin Ha (GUKCUPOBAHHOM B (hOpMAJIMHE MaTepHaJie
qepe3 10 gmeit nocie dukcamuun. Mostogps amunoit or 20 g0 40 MM uU3Mepsiii KPOHIUPKYJIEM IO
YBEJIMIUTEIBHOM JIy IO, MOJIOb JuHHee 40 MM U3MepSJIu MITAHTeHIIUPKYJIeM. BbITi nCoib30BaHbI
caepytonye maMepenust [23, 5-156; 20, 67-88| (pucynok 1): obmas jymHa Tejaa — L (B MM); JyiuHA
resta — | (B MM); jumHa Tynosumia — aA; qymHa xBocrta — cd; H - nanbosibinasi BeicoTa Tena; hea -
BBICOTa XBOCTOBOI'O cTebJist; h - HamMeHbIas BhICOTa Tena; lceph - nnauna rosioBel; Heeph - BbicOTA
FOJIOBBI; T - JJIMHA PBLIA; 0 - JUAMETD IJia3a; M - JJINHA BepXHell desoctu; md - JJinHa HUXKHER
9eJIIOCTH; 0P - 3arjia3HugHoe paccrosiiue. Pwi6 B3ermmBaau (Q, r) u paccanteiBagn Ko3hhUIIEHT
ynuransoctu 1o @ynbrony [23, 6-17]. Bbuio usyueno cocrosinue cje/lyiomux CIeTHBIX ITPU3HAKOB:
KOJIMYECTBO dYelyil B OOKOBOH JjmHum - 1.1., 4ucjI0 HEBETBUCTBIX M BETBUCTBIX JIydell B CIUHHOM,
aHAJBbHOM, T'PYAHBIX W OPIOIIHBIX INIABHUKaX — coorBercTBeHHO Dr m Ds, Ar u As, Pr u Ps, Vr n
Vs; amcio orBepeTHii CeHCOPHOI CUCTEMBI Ha HUXKHEN TefocTu - cmd U Ha »KabepHOit mpeIKphIIIKe
- cop. Bce msmepenus ObLIM IIPOBEJIEHBI OJHUM OIEPATOPOM, MOCKOJIBKY KCIIOIB30BAHUE JAHHBIX
Pa3HBIX OIEPATOPOB MOXKeT CYIIECTBEHHO UCKAaXKaTh OObEKTUBHYIO CUTYAIUIO [24].

Pucyvnok 1 — CxeMa u3aMepeHuil MoJIoay Kapnosbix peI6 [20].

O,ILHI/IM N3 HNHIUKATOPOB COCTOAHUA CPEIbl OOUTAHUS ABJISIETCS COCTOSIHIE 6I/IJIaTepaJH)HbIX
IpU3HaKOB: B CTabMJILHBIX YCJIOBHAX COCTOdAHHUE COOTBETCTBYIOIIUX IIPU3HAKOB CIIpaBa M CJIE€Ba
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COBIIQJIACT, & M[PU HAPYIIEHUSX DPA3BUTHUS HAOIIOMACTCS aCUMMETPHUs.  3HAYEHUS IOKA3ATEIs
ACHMMETPUH PACCYMTHIBAJIM ¥ OINEHUBAJM 110 METOKe 3axapoBa U coaBTopos [25, 1-68 crp].

Cratuctuueckyo 00pabOTKYy [JAHHBIX KOJHMYECTBEHHBIX U3MEPEHUN IIPOBOJUIN  COIVIACHO
pykoBozgcTBaM [26, 26-112 crtp; 27, 325 crp|, mcmosb3ys KOMIbIOTEpHYIO mporpammy Excel.
[Tomynsimmontoe pa3noobpasne ONEHUBAJINA C TIOMOIIBI0 MHOTOMEPHOTO CTATUCTUYIECKOTO AHAN3A
(MeTOos1 TIIaBHBIX KOMIIOHEHT) COTJIACHO pyKoBojcTBaM (27, 118-325 crp; 28, 241-252 crp|, ucrnons3yst
makeT KOMIbIoTepHbIX mporpamm "NTSYSpce", Bepcus 2.02.

PesyabTaThl 1 06CyKaeHUE

B 2018 r MOJIOJIb 2KepexXa BCTpedajach Ha OOJBIIMHCTBE OOCIEIOBAHHBIX YIaCTKOB C
BBIDAXKEHHBIM TedeHumeM. B paiione moc.Kapaoit Moioab kepexa 0OHADPYKHUTH HE YIAJOCH, UTO,
BEPOSITHO, CBI3AHO C HU3KOH CKOPOCTHIO TEUCHUS M HAJTUINEM JAMOBI B CAMOM IMTOCETKe. INCIeHHOCTD
1 OTHOCUTEIbHAS JOJISI 3aMETHO PA3INIAINCh B BRIOOPKAX M3 PA3HBIX 6MOTOMOB. buosmornyeckne u
Mopdotornueckne mokasaTean BHIOOPOK MIpeacTaBaeHbl B Tabmie 1.

Ilokaza | P.lne HUKE Tomap, n=2 roc. Kyiiran, n=4
-TeJin noc.Bakanac,

n=30

min | max | M +s min | max | M +s min max | M +s
L,vmm | 32.0 [93.1 | 78.90 | 13.39| 28.5 | 31 29.75 | 1.77 | 25.1 32 28.9 3.02
Ist, mm | 24.7 | 78 62.96 | 11.07| 23 24.1 | 23.55 | 0.78 | 20 25.1 | 23 2.49
Q, r 0.27 | 7.16 | 4.40 1.538( 0.21 | 0.25 | 0.23 0.024| 0.12 0.26 | 0.20 0.069
Fulton | 1.50 | 1.81 | 1.65 0.082| 1.76 | 1.77 | 1.77 0.009| 1.45 1.66 | 1.55 0.088
As 0 1.00 | 0.39 0.34 | me uzygaan 0 0.67 | 0.42 0.32
CueTHbIe TPU3HAKH:
1l 45 60 51.1 3.70 | 46 57 51.5 7.78 | 45 58 53.25 | 5.91
Dr 2 3 2.3 0.47 | 2 2 2 0.00 | 2 3 2.75 0.50
Ds 7.5 |10 8.3 0.61 |9 9 9 0.00 | 10 12 11 0.91
Ar 2 3 2.7 0.47 | 2 3 2.5 0.71 | 2 3 2.25 0.50
As 85 |13 10.9 1.10 | 13 17 15.0 2.83 |12 17 14.5 2.08
Pr 1 1 1.0 0.00 |1 1 1 0.00 |1 1 1 0.00
Ps 16 20 18.0 0.93 | 17 19 18 1.41 | 14 19 16.75 | 2.22
Vr 1 2 1.0 0.18 |1 1 1 0.00 |1 1 1 0.00
Vs 8 9 8.4 0.50 |8 9 8.5 0.71 | 8 9 8.5 0.58
cmd 5 8 6.6 0.73 | me BBIpazKeHBI 4 7 5.75 1.50
cop 7 10 8.4 1.09 | He BBIpaKeHBI 9 13 11.5 1.73
B % orpymubr Tena (Ist):
aA 65.4 | 70.2 | 67.8 1.09 | 65.7 | 70.5 | 68.10 | 3.46 | 64.4 67.7 | 66.2 1.65
cd 29.2 | 34.9 | 32,5 1.13 | 31.5 | 34.8 | 33.16 | 2.30 | 32.0 35.5 | 33.8 1.59
lca 15.2 | 20.3 | 18.0 1.25 | 19.1 | 19.5 | 19.32 | 0.26 | 12.3 20.0 | 16.4 3.16
lceph 25.2 [29.3 | 26.5 0.91 | 274 |29.0 |28.22 | 1.17 | 28.0 31.9 | 30.5 1.76
hco 12.3 | 15.8 | 13.2 0.70 | 13.9 | 15.8 | 14.84 | 1.31 | 14.2 17.7 | 16.1 1.75
Hceph | 156 | 19.8 | 16.9 0.85 | 20.0 | 21.6 |20.79 |1.11 | 18.7 20.8 | 19.9 0.88
H 21.5 | 24.0 | 23.0 0.66 |23.9 | 26.1 |25.03 | 1.58 |22.4 24.6 | 24.0 1.11
hca 9.8 |13.2 | 12.1 0.73 |79 ]10.9 |9.38 2.11 | 10.0 10.9 | 10.5 0.37
h 9.2 |10.7 {99 0.38 | 9.1 10.4 | 9.75 0.88 | 9.6 10.9 | 10.3 0.62
r 6.5 |83 |72 0.43 | 54 |57 |5.52 0.18 | 5.5 7.7 1638 0.95
o} 69 |88 |79 0.51 |95 |11.3 |1042 |1.25 | 8.0 10.0 | 8.8 0.87
mx 9.0 |12.1 |10.1 0.64 | 9.1 10.0 | 9.56 0.62 | 10.5 14.5 | 12.3 1.72
md 9.0 |12.1 |10.3 0.66 |83 [9.1 |8&871 0.59 | 9.5 13.8 | 12.3 2.00
op 10.8 | 13.5 | 12.0 0.65 | 13.0 | 13.3 | 13.16 | 0.17 | 13.7 16.2 | 15.1 1.17

Ta6uuna 1 — Buosorndeckue nu mopdoJiornyeckne nokasareau BbIGOPOK MoJionu »kepexa (uioHb, 2018 r.)
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Mononp pasubix BozpacToB B 2018 1. BcTpedasack Ha ydacTke p.Jme mmxe moc.Bakanac, a B
JIeJIBTOBOIl 4acTu HAOJIIOJAJINCh TOJBKO CerojieTku. PocT kepexa B IePBOE JIETO YKU3HU HU3YUEH
OYeHb IJIOXO. B GOJIBIINHCTBE OIyOJIMKOBAHHBIX pabOT JIaHHBIE IPUBOJIATCH Ha OCHOBE OOPATHOTO
pacdera [29,160-177 crp; 30; 19; 31], 94T0 He O3BOJIsIET KOPPEKTHO COMOCTABATH UMEIOIINECS JIAHHDIE.
I[To cpaBHEHHUIO ¢ pe3yJIbTaTaMu MPSIMbIX HaOJoaennii B geabre Bosru [21, 1-208 crp| u p.Coipaapbe
[32] B nenbre p.Jie BecHoii - B Hagase jera 2017 1. mosozp kepexa B 2018 roay pocia 3aMeTHO
Meiennee. [lokazaTenn yIUTaHHOCTH MPUMEPHO TaKWe ¥Ke, 9TO U Y MOJIOAH Kepexa B p.ChIpmapbe
[32].

Cpemune m MakcuMaJjbHBIE 3HadeHUsT Kodddurmenta GAyKTyupyomeit acumMerpun As y
UCCTEIOBAHHBIX HaMU PbIO Obuin OOJIBIIUMHU, YTO YKA3bIBAET HA CYIIECTBEHHbIE HAPYNIIEHUS
TOMEeOCTa3a WHINBUIYaTbHOTO passutust. Cpesu nceaefoBanHbIX 0cobell kepexa Oblan 0OHADY KEHBI
benozieBUATHL — 0COOU ¢ YKOPOUYEHHBIM ( «MOIICOBH/IHBIM> ) PblIoM (pucyHok 2). Hasmdme nogo6HbIX
dopmM oTMeUaNOCh y pas3IMUHBIX BUJIOB PHIO B YCJIOBUSIX 3arpsi3HEHUs] aKBaJbHBIX sKocucreM |6,

142-146 crp; 7).

PucvHok 2 — HopmanbHoe (BBepxy) M yKOopodeHHOe (BHU3Y) PbLIO y >kKepexa (romosaJibie ocodu).

OmanM 3 HeOJIATONMPUATHLIX BUJIOB BO3IEHCTBUS HA MOJIOJbL MOXKET OBITH PEKUM IMPOITYCKOB
Bojbl 13 Karuaraiickoro BOOXpaHU/IUINA. PeryJgupoBaHue BOJIHBIX MOTOKOB SIBJISIETCS OIHUM U3
CaMbIX PACIPOCTPAHEHHBIX CIIOCOOOB BMEIIATEILCTBA B €CTECTBEHHBIE SKOJIOMMIECKUE TIPOTIECChl [33;
34, 1-412 crp]. CrTpoUTENIbCTBO MJIOTHH BBI3bIBAET CYIIECTBEHHbIE a0MOTHYECKHE U3MEHEHUsl B
9KOCUCTEMAX PeK: U3MEHEHHs TEMIIEPATYPHOIO PeXKMMa, ITPOU3BOJIbHBIE KOJIEDAHUsT YPOBHS BOJIbI,
U3MEHEHNe COCTaBa U KOJIMYECTBA B3BEIIEHHOIO B BOJE BeIIeCTBa 3a cueT sposun (35, 249-256
crp|. Biusinue perysmpoBaHusi peKk Ha pasHooOpa3ue W COCTOSIHUE BOJHBIX OPraHU3MOB SIBJISIETCSI
KpaffHe CJIO2KHBIM M OCTAETCsl MajousydeHHbIM. KpaTKocpodHOe peryaupoBaHue IpeJCTaBIsgeT
MOIIHBIH By Bo3jeiicrBus Ha Guory [36]. PeuMbl HpOIyCKOB BOJBI M3 BOJIOXPAHUJIMIIL MOLYT
ObITH CaMBIMU Pa3HBIMH, HO JlaykKe KPATKOBDEMEHHOe H3MEHEeHHe pexkuMa (BCero Ha HeCKOJIbKO
9acoB) CIIOCOOHO TIPOM3BECTH 0oJiee WM MeHee CyIeCTBEHHbIe II€PeCTPONKU BO BCEH IKOCHCTEME
HI2Ke 10 TedeHuio. HempeckazyeMOoCTh pekuma IMPOITYCKOB JJIsi MECTHOH (payHbl MOXKET HUMETh
naxke OoJjibiiiee 3HAYEHHME, Ue€M COOCTBEHHO YPOBEHb BOJbI.  DBLIO BBISIBICHO, YTO U3MEHEHUS
YPOBEHHOI'O PeXKMMa MOIYT OKa3blBaThb CHJIbHOE BO3JeiicTBHE Ha MeCTHble Homy/sanun peib [37], a
TaK»Ke BBI3bIBATH U3MEHEHUs B uX 1osejernn [38-39|. Vsmenenne cKopocTH TEUEHUS 1 TEMIIEPATY PbI
MOT'YT IPUBOJUTH K GOJIBIIEMY BBIKUBAHUIO MOJIOJM OIIPEJIeJIEHHbIX BUI0B PbIO [40], ¥T0 npusoguT
K M3MEHEHHsIM COCTaBa ¥ CTPYKTYpPBI coobiects [41; 37].

B umsyuennbx HaMu BBIOOpKax ObLIN OOHAPYKEHBI 0COOU, CUJIBHO YKJIOHSIOIIUECS] TI0 CPABHEHUIO
¢ onyOJIMKOBAaHHBIMU JIAHHBIMU JIIsi MOJIOAM »Kepexa n3 Karmmmaraiickoro Bogoxpaxuauma [42]:
HAMOOJIBINIAST BBICOTA Tejla M Pa3MepPhl T'OJIOBBI 3HAYUTETHLHO OOJIBbIIE BO BCEX UCCIIEIOBAHHBIX
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HaMH BBIOOpKax; B paifone moc.bakanac m moc. Kyiiran HamMeHbIas IJINHa XBOCTOBOI'O CTEOJIA
3HAYUTEJ]HLHO MEHBIIE; B BBIOOpDKEe M3 HpoTOKW Tomap 3a cder OOJIBIIMX pa3MepoB Iiiasa (37eCh
Obuta caMasi MyTHasi BOJa) COKPATHJIACH JJIMHA PBLIA; YBEJMYUIOCH YUCJIO BETBUCTBIX JIydeil B
CIIMHHOM W aHaJbHOM ILIABHUKAX. Y BCEX MCCJIEIOBAHHBIX HAMHU PBIO YIHCI0 velryilt B OOKOBOM
JIMHAU OKa3aJI0Ch HAMHOI'O MEHBIIIe TUIIMIHOIO JJIsi B3POCJIBIX 0cobeil xkepexa. OmHAKO OCTAIbHbBIE
OpU3HAKN (HAJMYNE BHIEMKH B BEPXHEH YEJIIOCTH, YHUCJIO BETBHUCTBIX JIydeil B IVIABHUKAX, XapaKTep
OKPaCKH) COOTBETCTBYIOT MOJIOJIH Kepexa. PaHee cOOOIMAIOCH O BO3MOXKHON TMOPUIN3AINT JKEPEXa
¢ cubupckuM esblioMm B Basxamckom 6acceiine [18, 1-20 crp|. B mnocienaume 30 sier He 6bLIO
JIOCTOBEPHBIX MMOMMOK eJIblla HmKe Kamdarafickoro BOIOXPaHWJINING, & THOPHIBI 9TUX BHUIOB He
MOTYT OBbITh ILIOJIOBUTBIMEU M3-3a pasjuuunii B uncie xpomocoMm [43-44|. HauGosiee BeposiTHbIME
MIPUYNHAMHI BBIPAXKEHHBIX MOP(OJIOIIIeCKIX 0COOEHHOCTEH MOJION Kepexa u3 AeabThl p.lre MmoryT
ObITH AHOMAJIMU CPeJIbl OOUTAHWsI B MOMEHT DAHHEro OHTOreHesa [45|, HapyIleHHsI TOPMOHAILHON
peryJisiiiuil OHTOreHe3a U M3MeHeHNMe OHTOIeHeTHYECKUX TpaeKTopuii [46-47).

Pe3yﬂbTaTbI MHOT'OMEPHOT'O aHaJIn3a I/IHILI/IBI/I,ZLyaJIbHOfI N3MEHYNBOCTU IIJIACTUYECKUX U CYETHBIX
IIPpU3HaKOB JaJIn CXO/JHbIC PE3Yy/IbTAaTbhl (pl/IcyHOK 3) HE3aBUCUMO OT JIOKAJIBbHOCTU 3HAaYUTEJIbHAA
qacTh 0c0o0ell MPOsIBIIET OOJIBITIOE MOPMOIOTTIECKOe CXOICTBO, HO TAKKe UMEIOTCS UHIUBULYYMbI
3HaAYUTE/JIbHO OTJIMYaloIuecd OT HUX.

CueTHbIE

ITnacTiraeckire (B % o Ist)

Pucynok 3 — BzauMHOe pacrnoJjio>kKeHue HCCJIeIOBAaHHbIX 0cobeii B mmpocTpaHcTBe 1-3 riIaBHBIX KOMIIOHEHT:
0e3 uHIekca — pbIObI, oTyoBJieHHble B p.Mae Huke moc.Bakanac, «k» - B paiione noc.Kyiirau, «t» - B
nporoke Tonap

Haubosbinas narpyska Ha [EPBYIO IVIABHYIO KOMIIOHEHTY paclpejiesieHa MeXKjy 4 caeTHbIMHI
[IpU3HAKAMU: YHCJIOM BETBUCTBIX JIydeil B aHAJBLHOM, I'DY/JHBIX U OPIONIHBIX IIJIABHUKAX, & TAKXKe
YHCAOM [Op Ha HuKHell democtu (Tabauna 2). Hawmbosbinyio Harpysky Ha BTOPYIO KOMIIOHEHTY
OKa3bIBAIOT YUCJIO dYellyili B OOKOBOW JIMHUU U BETBUCTBIX Jiydeill B CIMHHOM IIJIABHUKE; Ha
TPEThIO KOMIIOHEHTY — YHCJIO BETBUCTBIX JIyUedl B CIMHHOM IJIABHUKE U YUCJIO IOpP Ha KabepHOit
IPEIKPBITITKE.

[Tpuznaxu I'/raBHBIE KOMIIOHEHTDI
1 2 3

1 0.1948 0.7255 0.3848
Ds -0.1106 0.6121 -0.6112
As -0.4349 0.0642 0.0465
Ps -0.4444 0.2087 0.1389
Vs 0.4744 -0.1134 -0.0775
cmd 0.4626 0.1935 0.3734
cop -0.3522 -0.0324 0.5582

Tabsiuna 2 — Harpy3ku cyeTHbIX NPU3HAKOB Ha 1-3 ryiaBHble KOMIIOHEHTDI

Hany3KI/I IJIaACTUYICCKUX IIPU3HAKOB Ha IJIaBHble KOMIIOHEHTBI pacCIIpeaeJICHbI II0 6OJIbLHI/IHCTBy
N3 HU3YyYaBIINXCA ITPU3HaAKOB (Ta6JII/ILLa 3) ToJILKO BBICOTA T'OJIOBBI U JJIMHa HU>KHEN YeJarCcTu
IPOABJIAIOT 0OJIBIIION KOHCEPBATU3M. I/ISBGCTHO, qTO IIJIaCTUYIECKHE IIPpU3HaKHN pI)I6 BO MHOI'OM
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OIIPEAEJIAIOTCA KOHKPETHBIMUA YyCJIOBUAMU CPEIbI OOUTAHULA U HE ABJIAIOTCA CTAOUILHLIMU B TE€UYCHUE

»ku3un (48, 1-207 crp|.

[Tpuznaknu ['maBHBIE KOMIIOHEHTDI

1 2 3
aA 0.1136 0.0158 0.3490
cd -0.0742 -0.4338 -0.3244
ca 0.2245 0.0647 0.3752
lceph -0.0815 -0.3556 -0.2951
hco 0.2576 0.0696 0.4083
Hceph -0.0941 -0.1748 -0.1592
H 0.4639 0.2128 -0.1754
hca -0.2700 0.3673 -0.0973

0.4083 0.2084 -0.3849
T -0.2841 0.3511 -0.1090

0.4161 0.2163 -0.3687
mx -0.2741 0.3548 -0.0771
md 0.0710 -0.0372 -0.0366
op -0.2462 0.3529 -0.0976

Tabauna 3 - Harpysku niriacTudeckux NMpU3HAKOB Ha 1-3 riiaBHble KOMIOHEHTHI

Bospimas wmsMeHInBOCTH  MOP(MOJIOrMYECKHX IOKa3aTeaeil MoyKeT OBbITh CBsI3aHa WA C
JU3PYITUBHBIM OTOOPOM M yKa3blBaeT Ha HEOJArONPHUSTHOE COCTOSHUE OKPYXKAIOMeil Cpeibl, WJIN
JKe, HaIpOTWB, Ha OTCYTCTBHE OTOOpa, HAIPABJIEHHOTO IPOTUB KpailHUX BApUAHT. BbIsBIeHHOE
OTCTaBaHWE€ B CKOPOCTH POCTa MOJIOAW u OOJbIIMe 3HAYEHHWs ITOKa3aTesss (GJIyKTyupyomei
aCUMMETPUN YyKa3bIBAIOT Ha TO, 4YTO B mejabre p.lie cocrosinme cpeabl OOUTAHUS SABJISIETCS
HEOJIATOIIPUATHBIM JIJIST MOJIOJIHA YKEPEXA.

Takum o6pa3oM, B pe3yibrarTe MPOBEICHHBIX WCCICIOBAHUIT YCTAHOBICHO: 1) OTHOCHTEIHHO
671arOIPUATHBIE YCJIOBHS JJIsT YCTOMYINBOIO BOCIIPOU3BO/ICTBA JKepexa CYIIEeCTBYIOT JIUIIb HA YIacTKe
p.Mie Bbime Jenbrhl; 2) romMeocras pasBUTHS MOJIOMHM Kepexa Aspius aspius Hapylien; 3)
GoJIbITIasT U3MEHINBOCTh MOPQOJOTHIECKUX TOKa3aTe el U 3aMeJIeHHbI POCT MOJIOIN YKA3bIBAIOT
Ha HeOJIATOMPUSITHOE COCTOSHUE CPEeIbl OONTAHMSI.

Pabora BoimosHeHA B paMKax mpoekTa «MccaemoBaHme IATO- W 3MOPHOTOKCHIECKOTO P deKTa
BOJIbI U JIOHHBIX OTJIOZKeHUH o3epa Basixann Ha npoMmbicsioBbix pbib u amdubuii» (rpanr MOH PK Ne
AP 05132792, nayunbiii pykoBoguresb — 11.6.H., npod. T.M.ITamaxmerosa).
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1 H.IIT. Mammios, 12 ®.T. AMup6ekosa, ! T.M. ITlanaxmerosa, 3 2K.A. Anguan6aen, ! T.I. Koubic6aes,
LJI.P. CyTyeBa

1 Oa-Dapabu amundazor Kaszax ¥Yammows Yrusepcumemi, Aamamu, Kasaxcman
2 «Kasax 6anrvix wapyawviavievs unemumymows 2KIHC, Aamamo, Kasaxeman
8 «lae-Baaxaw memaexemmix mabuzu xopvievis PMK, Aamamo, Kasaxcman

Ine e3eHiHiH OesbTachIHBIH, OPTYpPJi OmoronTapbiHaH akMapKaubiH Aspius aspius (Linnaeus, 1758)
KypTIIabaKTapbIHBIH, JaMy epeKlieiKTepi

Anpparna: Akmapka Aspius aspius Bajsikam kesiHiH 6acceiiHiHe eHri3iIreH MaHBI3ABI KOCINTIK OaJiblK Typi OOJIBIIT
Tabbuiagbl. Ochbl OaIBIKTBIH JgaMy Ouosorusicel a3 3eprresred. CoHzjaii-ak, TabUFu Cy ailJIbIHIADbIHA aJaMHBIH 9CEP eTYiHiH
opTYpJl ToclyjiepiHe KypTinabak OaJIbIKTapbIHbIH pPeakIuschbl a3 3epTresred. 2018 >KbLIbI OTKI3IIreH 3epTTEy/IiH MaKCaThbl
Lne nmenpraceiHZa aKMapKaHbIH KypTiiabaKTapbIHBIH J1aMy KarJaiibiH Oarasiay Oosbin Tabbuiazbl.  Mopdosorusibik »KoHe
OUOJIOTUSIJIBIK, TaJI/Iay JOCTYPJl cxema OoiibiHima »kypriziami. CoHpaii-ak, €Ki »KakTbl OeJrijiep/iiH, e3repMesi aCUMMETPUSCH
3eprrenreH. 11 ecem »koHe 14 IulacTHKAJIBIK, Oesrijiepain »kab-kyii 3eprresgi. llonmysnsmusiiblK caHayaHIbLUIBIFBI HErisri
KOMITOHEHTTI 9J1iC apKbLIbl OarasiaH/ibl. [jie ©3eHiHiH op TYpJIi KacTarbl KypTiiabakTap Je/JbTa/laH *KOFapbl TaOBIIFaH, aJ GipiHi
JKacTarbl KypTiiabakTap TeK KaHa TapMakTapia eMip cypeni. lime e3eninin gesbracblHia akMapKaHbIH KypTinabakTap JaMybl
Boara, Opasn xone Coipapusi e3eHIepiHe KaparaHia aJeKaiiga 6asy Kypezdi. Bi3 3eprreren Gasbikrapiarbl As aCUMMeETPHST
aybITKy KO3 PUnUeHTIHIH MoHAEp] 2KeKe TaMy/IbIH IOMEOCTa3bIHIa eJIeyill OY3yIIbIIBIKTapAbl KOPCeTeAi. 3epTTeIreH JapaKTap
apacbinga deHogruBraTTap TabbLIIBLL - KBICKA TYMCBIKTBI fapakrap (Morcropizgec). Kyprimabakrapapll, IVIACTUKAJIBIK YKOHE
canasbl Gesrisiepi 6yi Typre GeJrisi IMIEKTEpAEH THIC YJIKEH aybITKYIIBLIBIKICH CHIarTaganbl. 2Kasanbl Tipmimgik opTachIHBIH,
JKar1ailbl KypTIIabaKTap/IblH JaMyblHa KOJIAMCHI3 el OarasiaH/Ibl.

Tyiiin ce3nmep: akmapka, gaMmy, KypTinabak, lie e3emi, MopdOIOrusaIbIK Tanigay, ©3repMeJiri

I N.Sh. Mamilov, !:2 F.T. Amirbekova, ! T.M. Shalakhmetova, 3 J.A. Adilbaev, ! T.G.Konysbaev,
I L.R.Sutueva

1 Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Kazakh Institute of Fisheries LLP, Almaty, Kazakhstan
3 RSE Ile-Balkhashsky Nature Reserve, Almaty, Kazakhstan

Features of the development of juvenile Aspius aspius (Linnaeus, 1758) from different biotopes of the Ile river
delta

Abstract: Aspius aspius is an important commercial fish species introduced into the basin of the Balkash Lake. The
developmental biology of juveniles of this species is poorly understood. In addition, the reactions of juvenile fish to various
human impacts on natural water bodies are poorly studied. The purpose of the study conducted in 2018 was to assess the
conditions for the development of juvenile A. aspius in the Ile delta. Morphological and biological analyzes were performed
according to the traditional scheme. The fluctuating asymmetry of bilateral signs was also studied. The states of 11 countable
and 14 plastic signs were studied. Population diversity was assessed using the principal component method. Juveniles of different
ages were found in the Ile river section above the delta, and the juveniles of the first year of life live only in the ducts. The growth
of juvenile A. aspius in the delta of the Ile river occurs much more slowly than in the rivers Volga, Ural and Syrdarya. The
values of the As coefficient of fluctuating asymmetry in the studied fish indicate significant disturbances in the homeostasis of
individual development. Among the studied individuals of A. aspius, phenodeviates were found — individuals with a shortened
(pug) snout. Plastic and countable signs of juveniles are characterized by great variability beyond the limits known for this
species. In general, the state of the habitat was assessed as unfavorable for the development of juveniles.

Keywords: asp, development, juveniles, Ile river, morphological analysis, variability
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Summary on vascular plants of the “Burabay” National Natural Park forest flora

Abstract: The article presents the territorial study results of “Burabay” State National Nature
Park (2010-2018). As a result of the research there was made a summary on vascular plants of the
“Burabay” Natural Park forest flora, containing the information on 163 species from 51 families and
115 genera spread and occurrence. The forest flora of the “Burabay” natural park has a following
ratio of basic systematic groups: 9 species of vascular spore plants (5.5% from the forest flora)
dominated by ferns. The basis of the Burabay forest flora is made up by angiosperms - 153 species
(93.8%), including dicotyledons - 130 species (79.8%), monocotyledons - 23 species (14.1%). Viola,
Pyrola and Dryopteris genera indicate forest traits.

Key words:: vascular plants, wild flora, "Burabay" nature park, Kokshetau upland, biodiversity,
summary on vascular plants.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-77-89

Introduction. Preservation of biological diversity is one of the top priorities in biological sciences.
Thus, the object of the research is a unique for Northern Kazakhstan territory - the Kokshetau
Upland. This territory combines granite lowlands, freshwater lakes, pine and deciduous-coniferous
forests. A special feature of this territory’s flora is location at the junction of steppe and forest-steppe
zones, which creates life conditions for many steppe and forest species.

The history of botanical research on this territory goes back to almost 200 years. Many herbarium
collections made at the beginning of the 20th century were not repeated and the material was lost.
Therefore, the purpose of this study is a modern floristic inventory of a relatively small area with
taking into account some flora changes under the influence of increasing anthropogenic factors.

Objects and methods of research. Floristic studies were limited to the territory of the
“Burabay” State National Natural Park the area of which is 130 km?. The flora of the National
Park does not cover the entire territory of the Kokshetau upland and is local by nature.

The field studies were conducted in 2010-2018 by a route method. The study covered the terri-
tory of 10 forestties: Akylbay, Borovskoy, Katarkol, Zolotoborsk, Mirniy, Barmashinsky, Priozerny,
Bulandy, Temnoborsky and Zhalayirsky forest areas. There was collected an extensive botanical
material of more than 5 thousand sheets now stored in the herbariums of A. Baitursynov Kostanay
State University.

Results and discussion. As a result of the research there was made a summary on vascular
plants of the “Burabay” Natural Park forest flora, containing the information on 163 species from
51 families and 115 genera spread and occurrence.

The following list includes the species identified in the result of processing herbarium specimens
of plants collected in the “Burabay” natural park during expeditionary works. While compiling
this list we used our own herbarium collections, floristic and geobotanical descriptions, as well as
the works of helpful family hotel staff Rub, 1929 [1], Z.V. and E.I. Rachkovskaya Karamysheva,
1973 |2], Gorchakovsky P.L., 1987 [3|, "Flora of Kazakhstan" |4]. Each species has got its habitat
characteristics and occurrence information on the territory of the national park:

occurring very rarely - 1 location (data labels or a reference to a literary source are provided);

occurring rarely - no more than six locations;

occurring occasionally - the species sporadically found in the park or the species of specific habitats
(salt marshes, meadows, etc.);

occurring usually-the widespread species found throughout the park, or in any part of it (e.g.,
steppe or forest).
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LYCOPODIOPHYTA
LYCOPODIOPSIDA
1. The Lycopodiaceae Beauv. ex Mirb. family.
Diphasiastrum complanatum (L.) Holub. 1975, Preslia, 47 : 107; Shaulo, 1988, Flora of Siberia.
1: 36. - Lycopodium anceps Wall.; Pavlov, 1956, Flora of Kazakhstan. 1 : 62.
Occurring rarely. At the foot of May Mountain (Northern Forestry, quarters 39, 83-85, 128), on
the eastern shore of Karasu lake, in raw birch-pine forests [3].
Lycopodium clavatum L. 1753, Sp. pl.: 1101; Pavlov, 1956, Flora of Kazakhstan. 1 : 62.
Occurring rarely. In the marshy birch forest along the shore of Svetliy lake, in the upper side of
the Imanayev stream at the foot of Kokshetau mountain.
EQUISETOPHYTA
EQUISETIPSIDA
2. The Equisetaceae Rich. Ex DC. family
Equisetum hyemale L. 1753, Sp. pl.: 1062; Pavlov, 1956, Flora of Kazakhstan. 1 : 60.
Occurring usually. In pine, pine-birch, birch forests, sometimes along the swamped shores of lakes

and streams.
Equisetum sylvaticum L. 1753, Sp. pl.: 1061; Pavlov, 1956, Flora of Kazakhstan. 1 : 59.

Occurring usually. On marshy shores of lakes and streams throughout the park.
POLYPODIOPHYTA
POLYPODIOPSIDA
3. Botrychiaceae Horan. family

Botrichium multifidum (Gmel.) Rupr. 1859, Beitr. XI: 40; Pavlov, 1956, Flora of Kazakhstan. 1

: 57. Occurring rarely. In wet pine-birch forests, on the outskirts of marshes, very rarely [3].
4. Hypolepidaceae Pichi Sermolli family

Pteridium pinetorum C. N. Page et R. R. Mill, 1994, Bot. Journ. Scotl. 47, 1 : 140; A. Ebel,
Summary on flora of N-W part of Altai-Sayan province. 2012:103. — P. aquilinum (L.)Kuhn, 1879,
in V. d. Decken. Reise III, 3. Botan. v. Ost. Africa : 11; Pavlov, 1956, Flora of Kazakhstan. 1 :
51.ccurring usually. In pine-birch forests, sometimes in the forest on the shores of lakes.

5. Athyriaceae Alston family

Athyrium filiz-femina (L.) Roth.1800, Tent. Fl. Germ. III : 65; Pavlov, 1956, Flora of Kazakhstan.

1 : 46. Occurring occasionally. In birch and pine-birch forests, along the streams and lakes.
6. Onocleaceae Pichi Sermolli family

Matteuccia struthiopteris (L.) Tod. 1866, Giorn. Sci. Nat. Econ. Palermo, 1 : 235; Danilov,
1988, F1. Siberia. 1 : 52. — Struthiopteris filicastrum All. 1785, Fl. Pedem.: 258; Pavlov, 1956,
Flora of Kazakhstan. 1 : 40. Occurring rarely. On the Tasbulak and Imanaev streams, along which
it forms monodominant thickets.

7. Dryopteridaceae Herter family

Dryopteris filiz--mas (L.) Schott. 1834, Gen. Fil. : 9; Pavlov, 1956, Flora of Kazakhstan. 1 : 41.
Occurring rarely. In marshy birch forests along the shores of Svetliy and Small Karasu lakes, in the
floodplains of the Tasbulak and Imanayev streams, in a damp hollow on the outskirts of Schuchinsk.

PINOPHYTA
PINOPSIDA

8. Pinaceae Spreng. ex Rudolphi family
Pinus sylvestris L. 1753, Sp. pl.: 1000; Polyakov, Pavlov, 1956, Flora of Kazakhstan. 1 : 69.
Occurring usually. Forms pine and pine-birch forests.
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MAGNOLIOPHYTA
MAGNOLIOPSIDA

9. Ranunculaceae Juss. family

Aconitum septentrionale Koelle. 1786, Spicil. Observ. Acon. : 22; Friesen, 1993, Fl. Siberia.
6 : 138. Occurring rarely. In wet birch forests in the vicinity of Schuchinsk (216 square of the
Barmashinsky forestry). Earlier this species used to be found only in the Karkaraly mountains [2].

Anemone sylvestris L. 1753, Sp. pl.: 540; Gamayunova, 1961, Flora of Kazakhstan. 4: 64.
Occurring usually. On the meadows and edges of pine and pine-birch forests.

Delphinium elatum L. 1753, Sp. Pl. : 531; Gamayunova, 1961, Flora of Kazakhstan. 4: 41.
Occurring rarely. Meadow steppes.

Ranunculus auricomus L. 1753, Sp. pl.: 551; Gamayunova, 1961, Flora of Kazakhstan. 4: 93.0c-
curring occasionally. Swampy birch and pine-birch forests, aspen forests, floodplains of streams in
the forest part of the park.

Ranunculus monophyllus Ovcz. 1922, bot. material, herbarium of the main bot. garden, III: 54;
Gamayunova, 1961, Flora of Kazakhstan. 4: 94.

Occurring rarely. Is given by Gorchakovsky P.L. (1987) for the Borovsk forest area - in swampy
areas and damp forests. Our collections of buttercups with one basal leaf and a solid leaf plate made
on the territory of the national park were classified as R. auricomus.

Thalictrum flavum L. 1753, Sp. Pl. : 546; Gamayunova, 1961, Flora of Kazakhstan. 4:126.
Occurring usually. Edges of deciduous forests, sparse birch forests.

Thalictrum minus L. 1753, Sp. Pl. : 546; Friesen, 1993, Flora of Siberia. 6 : 203. Occurring
rarely. In the birch forests, shrubs thickets of the Katarkol and Zolotobor forestries.

Thalictrum simplex L. 1767, Mantissa, 1 : 78; Gamayunova, 1961, Flora of Kazakhstan. 4: 126.
Occurring usually. In birch, birch and pine forests.

10. Paeoniaceae Rudolphi family

Paeonia anomala L. 1771, Mant. II : 247; Gamayunova, 1961, Flora of Kazakhstan. 4: 12.

Occurring rarely. Is given according to the literary data. Was found by Gorchakovsky P.L. (1987)
in wet forests, at the edges, very rarely. We have not seen the herbarium material from the territory
of the national park. The survey of national park staff also did not give any positive result. The
same situation applies to P. hybrida Palllas - another type of peony “registered” in the national park.
This species was only once found on the territory of the Central Kazakhstan lowlands in the Aktau
mountains, 80 km to the south from the Zhanaarka station [2].

11. Caryophyllaceae Juss. family

Gypsophila altissima L. 1753, Sp. pl.: 407; Baitenov, Pavlov, 1960, Flora of Kazakhstan. 3 : 406.
Occurring rarely. A sparse pine forest in the 26th quarter of the Zolotobor forestry.

Herniaria suavis Klok. 1947, bot. jour. USSR. 4. 1 - 2. 71. Naumenko, Flora and vegetation of
S. Ural. 2008:248. — H. glabra L.; Baitenov, Pavlov, 1960, Flora of Kazakhstan. 3 : 362.

Occurring occasionally. It grows in wood, well-moistened places where granite rocks emerge,
sometimes on sandy soils in pine forests. H. polygama J. Gray - a morphologically close species to
it - also widespread on the territory of the Central Kazakhstan lowlands, was not found.

Oberna behen (L.) Tkonn. 1976, Novostisist. high plants 13 : 119; Zuev, 1993, Fl. Siberia. 6 : 71.
— Silene latifolia (Mill.) RendleetBritt.; Baitenov, Pavlov, 1960, Flora of Kazakhstan. 3 : 368.

Occurring rarely. In pine-birch forests (Katarkol forestry).

Silene chlorantha (Willd.) Ehrh. 1792, Beitr., VII: 144; Baitenov, Pavlov, 1960, Flora of Kaza-
khstan. 3 : 370.

Occurring usually. The most widespread plant of meadows grows also along the outskirts of
springs, in inter-slope hollows, in light pine forests throughout the park.

Silene nutans L. 1753, Sp. pl.: 413; Baitenov, Pavlov, 1960, Flora of Kazakhstan. 3 : 385.
Occurring rarely. In pine forests on the slopes of Mount Kokshetau.

Silene repens Patrin., 1805, in Pers. Syn. I : 500; Baitenov, Pavlov, 1960, Flora of Kazakhstan.
3 : 382. Occurring rarely. Pine forests on the granites in the Zolotobor forestry.
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12. The Betulaceae Gray family

Alnus glutinosa (L.) Gaertn. 1791, Fruct. et. sem. II : 54; Goloskokov, 1960, Flora of of
Kazakhstan. 3 : 66. Occurring very rarely. Outskirts of Schuchinsk, a stream, a marshy shore.

Betula pendula Roth. 1788, Tent. Fl. Germ. I : 405; Goloskokov, 1960, Flora of Kazakhstan. 3 :
57. Occurring usually. A forest-forming species throughout the National Park.

Betula pubescens Ehrh. 1789, Beitr. Naturk. V: 160; Goloskokov, 1960, Flora of Kazakhstan. 3 :
58. Occurring usually. Swampy forests.

13. The Ericaceae Juss. family

Vaccinium vitis-idaea L.,1753, Sp. pl.: 351; Roldugin, 1964, Flora of Kazakhstan. 7 : 22.
Occurring occasionally. Moss swamps, marshy forests along the banks of water pools.

14. The Pyrolaceae Dumort. family

Chimaphila umbellate (L.) W.P.C.Barton. 1817, Gen. N-America pl. I : 274; Roldugin, 1964,
Flora of Kazakhstan. 7 : 14. Occurring usually. Pine forests, birch-aspen wet forests.

Ortilia secunda (L.) House 1921. Amer Midl. Nat. 7 : 134; Malyshev, 1997, Flora of Siberia. 11
: 12. — Ramischia secunda (L.) Garce; Roldugin, 19654, Flora of Kazakhstan. 7 : 13 :

Occurring usually. In birch and pine-birch forests, along the streams and lakes.

Pyrola chlorantha Sw. 1810, Kongl. Sv. Vetensk. Acad. Nya Handl.: 190; Malyshev, 1997, Flora
of Siberia. 11 : 11. — P. virescens Schweigg; Roldugin, 1964, Flora of Kazakhstan. 7 : 9.

Occurring occasionally. In swampy birch-aspen, pine forests, on moss bogs.

Pyrola media Sw. 1904, Vet. Acad. Stockh. Handl.: 257; Roldugin, 1964, Flora of Kazakhstan.
7 : 11. Occurring very rarely. The shore of Small Karasu lake, sphagnum swamp. The species has
been found for the first time on the territory of Central Kazakhstan lowlands.

Pyrola minor L. 1753, Sp. pl.: 396; Roldugin, 1964, Flora of Kazakhstan. 7 : 11. Occurring
rarely. In pine forests and birch-pine forests along the shores of Small Karasu lake, at the spring in
Dry Bor, in the birch forests in the vicinity of the Mirniy village.

Pyrola rotundifolia L., 1753, Sp. pl.: 396; Roldugin, 1964, Flora of Kazakhstan. 7 : 9. Occurring
usually. In pine, pine-birch forests.

15. The Primulaceae Vent. family

Lysimachia vulgaris L. 1753, Sp. pl.: 146; Vasiljeva, 1964, Flora of Kazakhstan. 7 : 42.
Occurring occasionally. Along the banks of creeks, marshes.

16. The Violaceae Batsch family

Viola arenaria DC. & DC. 1805, F1. Fr., 4 : 806; Zuev, 1996, Flora of Siberia. 10 : 87. — V.
rupestriskF.W. Schmidt; Karmysheva, 1963, Flora of Kazakhstan. 6 : 198.

Occurring rarely. In dry pine forests.

Viola canina L. 1753, Sp. pl.: 935; Karmysheva, Flora of Kazakhstan. 6 : 202. Occurring
occasionally. In birch-aspen forests.

Viola elatior Fries 1828, Nov. Fl. Suec., ed. 2 : 277; Karmysheva, 1963, Flora of Kazakhstan. 6
: 200. Occurring occasionally. On damp meadows, in the floodplains of freshwater lakes.

Viola epipsila Ldb. 1820, Ind. sem. Hort. Dorpat.: 5; Karamysheva, 1963, Flora of Kazakhstan.
6 : 202. Occurring rarely. In swampy areas, on the edges of swamps, along the streams [3].

Viola mirabilis L. 1753, Sp. pl.: 936; Karmysheva, 1963, Flora of Kazakhstan. 6 : 197. Occurring
rarely. In the marshy birch forests in the lower reaches of the Imanaevskogo Creek. This species has
been found for the first time on the territory of Central Kazakhstan lowlands.

17. The Salicaceae Mirb. family

Populus tremula L. 1753, Sp. pl.: 1034; Polyakov, 1960, Flora of Kazakhstan. 3 : 42.

Occurring usually. One of the forest-forming species throughout the National Park.

Saliz bebbiana Sarg. 1895, Gard. Forest 8: 463; Bolshakov, 1992, Flora of Siberia. 5 : 29. — §.
depressa L. 1755, F1. Suec., ed 2 : 352; Polyakov, 1960, Flora of Kazakhstan. 3 : 29.

Occurring rarely. Forms thickets around Tasshalkar lake, was found along the shore of a spring
in 101 quarter of the Borovsky forestry.

Salix caprea L. 1753, Sp. pl.: 1020; Polyakov, 1960, Flora of Kazakhstan. 3 : 30.

80



G.Zh Sultangazina, M.A. Zhumatay

Occurring occasionally. In the undergrowth of swampy birch-aspen forests.

Saliz caspica Pall. 1788, F1. Ross. I, I : 74; Polyakov, 1960, Flora of Kazakhstan. 3 : 20.Occurring
rarely. In the vicinity of a cordon in the Priozerny forestry.

Saliz cinerea L. 1753, Sp. pl.: 1021; Polyakov, 1960, Flora of Kazakhstan. 3 : 32 Occurring
occasionally. In the undergrowth of wet birch forests.

Saliz pentandra L. 1753, Sp. pl.: 1016; Polyakov, 1960, Flora of Kazakhstan. 3 : 15. Occurring
usually. In the birch forest on the eastern shore of Borovoye lake, in the marshy birch forest along
the shore of Small Karasu lake.

Saliz rosmarinifolia L. 1753, Sp. pl.: 1020; Polyakov, 1960, Flora of Kazakhstan. 3 : 27. Oc-
curring rarely. In a swamp near Big Chebachye lake, on a sphagnum bog along the shore of Small
Karasu alke, in the birch forest on the site of a dried-up swamp in the Batmak tract.

Saliz triandra L. 1753, Sp. PL. : 1016; Polyakov, 1960, Flora of Kazakhstan. 3 : 27. Occurring
usually. The shrub thickets along the shore of Shchuchye lake, in marshy pine-birch sparse forests.

18. The Brassicaceae Burnett family

Barbarea stricta Andrz. 1822, in Besser. Enum. pl. Volhyn.: 72; Vasiljeva, 1961, Flora of
Kazakhstan. 4: 209. Occurring very rarely. A swampy shore of Small Karasu lake. Birch forests.

Cardamine pratensis L. 1753, Sp. pl.: 643; Vasiljeva, 1961, Flora of Kazakhstan. 4: 218. Oc-
curring rarely. Is marked by Karamysheva Z.V. and Rachkovskaya E.I. (1973) on swampy meadows
and marshes [2].

19. The Ulmaceae Mirb. family

Ulmus glabra Huds. 1762. F1. Angl. 95; Naumenko, 2008, Flora and vegetation of South Ural:
261. — U. Scabra Mill.; Goloskokov, 1960, Flora of Kazakhstan. 3 : 71.
Occurring rarely. On the outskirts of Schuchinsk.

20. The Cannabaceae Endl. family

Humulus lupulus L. 1753, Sp. pl.: 1028; Goloskokov, 1960, Flora of Kazakhstan. 3 : 76. Occurring
occasionally. In wet birch forests.

21. The Crassulaceae DC. family

Sedum telephium L. 1753, Sp. pl.: 430; Peshkova, 1994, Flora of Siberia. 7 : 165.- S. purpureum
(L.)Schult.; Vasiljeva, 1961, Flora of Kazakhstan. 4: 352. Occurring occasionally. In pine and
pine-birch forests, on their edges.

22. The Saxifragaceae Juss. family

Sazifraga sibirica L. 1762, Sp. pl. ed. II : 577; Goloskokov, 1961, Flora of Kazakhstan. 4: 371.
Occurring very rarely. Only according to the literary data: a mountain crest of Sinyuha mountain
[3]-

23. The Grossulariaceae DC. family

Ribes hispidulum (Jancz.) Pojark. 1929, Works on Applied Botany, Genetics and Breeding XXII,
3 : 339; Goloskokov, 1961, Flora of Kazakhstan. 4: 378. Occurring very rarely. The shore of Small
Karasu lake, sphagnum swamp.

Ribes nigrum L. 1753, Sp. pl.: 201; Goloskokov, 1961, Flora of Kazakhstan. 4: 382. Occurring
usually. In the undergrowth of birch and birch and pine forests.

24. The Rosaceae Juss. family

Agrimonia pilosa Ledeb. 1823, Ind. Sem. Horti Bot. Dorpat.: 1; Fisyun, 1961, Flora of Kaza-
khstan. 4: 481. Occurring usually. In the birch forests, in the bush thickets and on the steppe slopes
along the shore of Little Chebachye lake.

Cerasus fruticosa (Pall.) G. Woron. 1925, Works on Applied Botany, Genetics and Breeding XIV,
3 : 52; Fisyun, 1961, Flora of Kazakhstan. 4: 513. Occurring occasionally. Forms thickets along
the logs, the open shores of Small Chebachye lake, is found in the undergrowth of birch-pine, birch
forests.

Cotoneaster melanocarpus Fisch. exBlytt. 1829, Bot. Cab.XVI: sub. tab. 1531; Fisyun, 1961,
Flora of Kazakhstan. 4: 395. Occurring usually. In the undergrowth of pine, birch-pine and birch
forests, along the slopes of the hills in steppe communities.
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Crataegus altaica Ledeb. exLoud. 1897, Revis. spec. gen. Crataegi : 42; Vasiljeva, 1961, Flora of
Kazakhstan. 4: 407. Occurring occasionally. In the birch forests around Borovoe lake, on the banks
of the Imanai stream, in the birch forest at the foot of Kokshetau mountain.

Crataegus chlorocarpa Lenn? et K. Koch, 1855, App. Sp. Nov. HortiBerol. : 17; Poyarkova,
1970, News systematics of higher plants 1969 : 133. Occurring rarely. Is given in the literary data
[2].

Crataegus sanguinea Pall. 1784, F1. Ross. I, 1: 25; Vasiljeva, 1961, Flora of Kazakhstan. 4: 407.
Occurring occasionally. In the marshy birch forests near the Burabay village, in the pine forests of
Zolotobor forestry.

Filipendula ulmaria (L.) Maxim. 1879, A. H. P. VI : 251; Fisyun, 1961, Flora of Kazakhstan. 4:
459. Occurring usually. In swampy birch forests, along the streams.

Fragaria vesca L. 1753, Sp. pl.: 494; Fisyun, 1961, Flora of Kazakhstan. 4: 415. Occurring
usually. In dry pine forests.

Geum aleppicum Jacq. 1786, Ic. pl. rar. I : 88; Fisyun, 1961, Flora of Kazakhstan. 4: 456.
Occurring occasionally. On the edges and forest meadows, in sparse birch forests.

Geum urbanum L. 1753, Sp. pl.: 501; Fisyun, 1961, Flora of Kazakhstan. 4: 456. Occurring
rarely. On the floodplains of streams, the outskirts of marshes.

Padus avium Mill. 1768. Gard. 8.1; Polozhiy, 1988, Flora of Siberia. 8 : 130. —

P. racemosa (Lam.) Gilib; Goloskokov, 1961, Flora of Kazakhstan, 4 : 517. Occurring occasion-
ally. The tree and shrub thickets on the banks of Borovoye lake, in the floodplains of streams.

Rosa acicularis Lindl. 1820, Monogr. Ros.: 44; Fisyun, 1961, Flora of Kazakhstan. 4: 487.0Oc-
curring usually. In the undergrowth of wet pine and birch forests.

Rosa majalis Herrm. 1762. Diss. Ros.: 6; Polozhiy, 1988, Flora of Siberia. 8 : 126. —

R. cinnomomea L. 1759. Syst. ed. 10 : 1062; Fisyun, 1961, Flora of Kazakhstan. 4: 489.
Occurring usually. In the undergrowth of pine and pine-birch forests.

Rubus idaeus L. 1753, Sp. pl.: 706; Fisyun, 1961, Flora of Kazakhstan. 4 : 412. Occurring
usually. In the undergrowth of pine forests, along forest roads, on stony placers on the slopes of
Mount Kokshetau.

Rubus sazatilis L. 1753, Sp. pl.: 434; Fisyun, 1961, Flora of Kazakhstan. 4 : 412. Occurring
usually. In birch, pine-birch forests, along the floodplains of streams.

Sorbus sibirica Hedl. 1901, Sv. Vet. Acad. Handl. 35, I : 44; Fisyun, 1961, Flora of Kazakhstan.
4 : 405. Occurring occasionally. In the undergrowth of pine and birch forests, along the shores of
streams.

25. The Onagraceae Juss. family

Chamaenerion angustifolium (L.) Scop. 1772, FL. carn. ed. 2 : 221; Gamayunova, 1963, Flora of
Kazakhstan. 6 : 245.
Occurring occasionally. On the burns, clearings, sometimes on stony slopes, near dwellings.

26. The Fabaceae Lindl. family

Lathyrus pisiformis L. 1753, Sp. pl.: 734; Roldugin, 1961, Flora of Kazakhstan. 5: 480. Occurring
usually. In sparse birch forests, on forest meadows.

Trifolium lupinaster L. 1753, Sp. pl.: 766; Goloskokov, 1956, Flora of Kazakhstan. 5 : 53.
Occurring usually. On clearings, along the burns, in sparse pine forests.

Vicia cracca L. 1753, Sp. pl.: 735; Gamayunova, 1961, Flora of Kazakhstan. 5 : 458. Occurring
usually. On meadows, on the forest edges.

Vicia sylvatica L. 1753, Sp. pl.: 734; Gamayunova, 1961, Flora of Kazakhstan. 5: 457. Occurring
rarely. In the floodplain of Tasbulak and Imanayev streams, in a pine forest near Small Karasu lake.

27. The Geraniaceae Juss. family

Geranium bifolium Patrin. 1824, in DC., Prodr. 1 : 642; Peshkova, 1996, Flora of Siberia, 10 :
11. Occurring occasionally. In pine-birch and birch forests.
Geranium pratense L. 1753, Sp. pl.: 681; Fisyun, 1963, Flora of Kazakhstan, 6 : 7. Occurring
usually. In pine, birch and pine-birch forests, on edges.
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Geranium pseudosibiricum J.Mayer. 1786, Boehm. Abh.: 238; Fisyun, 1963, Flora of Kazakhstan,
6 : 6. Occurring rarely. On the edges of birch forests, on the banks of the Tasbulak stream.

Geranium sylvaticum L. 1753, Sp. pl.: 681; Fisyun, 1963, Flora of Kazakhstan, 6 : 5. Occurring
usually. In the undergrowth of birch and pine-birch forests, on edges.

28. The Rhamnaceae Juss. family

Frangula alnus Mill. 1768, Gard. Dict. ed 8; Goloskokov, 1963, Flora of Kazakhstan. 6 :
130. Occurring rarely. In a swampy birch forests in the vicinity of Schuchinsk (216 square of the
Barmashinsky forestry).

Rhamnus cathartica L. 1753, Sp. pl.: 193; Goloskokov, 1963, Flora of Kazakhstan. 6 : 132.
Occurring rarely. On the shore of Borovoye lake, on the marshy banks of streams in the vicinity of
Shchuchinsk, near the cordon in the Zolotoborsky forestry.

29. The Cornaceae Dumort. family

Swida alba (L.) Opiz. 1838, in Berchtold, Oekon.-Techn. Fl. Bohm. 2, 1 : 175; Vlasova, 1996,
Flora of Siberia. 10 : 195. Occurring rarely. In the tree and shrub thickets on the northern bank of
Borovoye lake.

30. The Apiaceae Lindl. family

Aegopodium podagraria 1753, Sp. pl.: 265; Korovin, 1963, Flora of Kazakhstan. 6 : 329. Occurring
rarely. In swampy birch-pine forests around Shchuchye lake .

Angelica palustris (Besser) Hoffm. 1844. Gen. Umbel. : 162; Pimenov, 1996, Flora of Siberia. 10
2177, -

Ostericum palustre (Bess.) Bess.; Korovin, 1963, Flora of Kazakhstan. 6 : 311. Occurring rarely.
In a birch forest in the vicinity of Small Karasu lake.

Angelica sylvestris L. 1753, Sp. pl.: 251; Pimenov, 1996, Flora of Siberia. 10 : 178. Occurring
occasionally. In swampy birch and birch-aspen forests.

Chaerophyllum prescottic DC. 1830, Prodr. IV : 225; Korovin, 1983, Flora of Kazakhstan, 6 : 268.
Occurring rarely. 101 quarter of the Borovsk forestry. Birch forests mixed with aspens.

Heracleum sibiricum L. 1753, Sp. pl.: 249; Korovin, 1963, Flora of Kazakhstan. 6 : 418. Occurring
usually. In birch and pine-birch forests, sometimes swampy.

Kadenia dubia (Schkuhr) Lavrova & V.N.Tikhom. 1986. Bull. of Moscow Soc. Trial of Nature,
Biolog. department 91, 2 : 93; Pimenov, 1996, Flora of Siberia. 10 : 169. —

Cnidium dubium (Schkuhr.) Thel.; Korovin, 1963, Flora of Kazakhstan. 6 : 305. Occurring
usually. In swampy birch-aspen, pine forests, on bogs.

Pleurospermum uralense Hoffm. 1814. Gen. Umb. Inpraem. : 9, f. 16, 22; Korovin, 1963, Flora
of Kazakhstan. 6 : 362. Occurring occasionally. In pine-birch and birch forests, on edges.

Seseli libanotis (L.) W.D.J.Koch 1825. NovaActaAcad. Leop. — Car. 12 : 111; Pimenov, 1996,
Flora of Siberia. 10 : 160. -

Libanotis sibirica (L.) C. A. Mey.; Korovin, 1963, Flora of Kazakhstan. 6 : 347. Occurring
occasionally. In pine, pine-birch forests, on edges.

Xanthoselinum alsaticum (L.) Schur 1866. Enum. Pl. Transsilv. : 264; Pimenov, 1996, Flora of
Siberia. 10 : 185. —

Peusedanum lubimenkoanum Kot; Korovin, 1963, Flora of Kazakhstan. 6 : 374. Occurring rarely.
In the birch forests of the Bulandy and Katarkol forestry.

31. The Caprifoliaceae Juss. family

Lonicera pallasii (Ledeb.) Browicz. 1821, Ind. sem. HortiDorpat. Append.: 20; Goloskokov,
1965, Flora of Kazakhstan. 8 : 227. Occurring rarely. In the undergrowth of a marshy birch forest
in the vicinity of Shchuchinsk (216 quarter of the Barmashinsky forestry).

Lonicera tatarica L. 1753, Sp. pl.: 173; Goloskokov, 1965, Flora of Kazakhstan. 8 : 238. Occurring
rarely. In a swampy birch forest along Borovoe lake.

32. The Viburnaceae Dumort. family

Viburnum opulus L. 1753, Sp. pl.: 268; Goloskokov, 1965, Flora of Kazakhstan. 8 : 216. Occurring
occasionally. Along streams, lakes.
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33. The Dipsacaceae Juss. family

Succisa pratensis Moench. 1794, Meth. pl.: 489; Roldugin, 1965, Flora of Kazakhstan. 8 : 267.
Occurring rarely. In wet birch forests, swampy areas, on the outskirts of marshes.

34. The Rubiaceae Juss. family

Galium boreale L. 1753, Sp. pl.: 108; Fisyun, 1965, Flora of Kazakhstan. 8 : 202. Occurring
usually. In pine-birch and birch forests, along water pools.

35. The Gentianaceae Juss. family

Gentiana pneumonanthe L.1753, Sp. pl.: 228; Semiotrocheva, 1964, Flora of Kazakhstan. 7 : 99.
Occurring rarely. In a pine forest on the Sary-Bulak stream.

Gentiana azillaris (F.M. Schmidt) Murb. 1892, Acta Horti Bergiani, II, Ne 3 : 20; Semiotrocheva,
1964, Flora of Kazakhstan. 7 : 99. Occurring rarely. On meadows.

Gentianopsis barbata (Froel.) Ma, 1951, Acta Phytotax. Sin. 1,1 : 8; Zuev, 1997, Flora of Siberia.
11 : 66. — Gentiana barbata Froel.; Semiotrocheva, 1964, Flora of Kazakhstan. 7 : 110.

Occurring very rarely. The Mirniy forestry, 17 quarter, Rashit-cordon, a meadow on the Arykpay
river.

36. The Solanaceae Juss. family

Solanum kitagawae Schonb.-Tem. 1972, in Rech. Fil. FI. Iran. 100 : 154; 1996, Flora of Siberia,
12 : 10. — S. depilatum Kitagawa; Vasileva, 1965, Flora of Kazakhstan. 8 : 8.
Occurring very rarely. A swampy shore of Small Karasu lake, a birch forest.

37. The Convolvulaceae Juss. family

Calystegia sepium (L.) R. Br. 1810, Prodr. Fl. Nov. Holl.; 483; Terehova, 1965, Flora of
Kazakhstan. 7 : 140. Occurring rarely. Shrubs thickets.

38. The Polemoniaceae Juss. family

Polemonium coeruleum L. 1753, Sp. pl.: 162; Terehova, 1965, Flora of Kazakhstan. 7 : 154.
Occurring rarely. In the birch forests on the Bettybulak stream and its inflow in the vicinity of
cordon Golden Bor.

39. The Boraginaceae Juss. family

Myosotis caespitosa Schultz 1818, F1. Stargard.Suppl. I : 11; Goloskokov, 1964, Flora of Kaza-
khstan. 7 : 198. Occurring rarely. In a birch forest near Small Karasu lake.

Myosotis sparsiflora Pohl. 1807, inHoppe, NeuesBot. Taschenbuch, Jahr : 74 et 123; Orazova,
1964, Flora of Kazakhstan. 7 : 197. Occurring very rarely. Near the Katarkol village, the coast of
Katarkol lake, the pine forest, 130 quarter of the Priozerny forestry.

Pulmonaria mollissima Wulfenex Hornem. 1878, Mon. Pulm.: 47; Orazova, 1964, Flora of
Kazakhstan. 7 : 194. Occurring occasionally. In birch, birch-aspen wet forests.

40. The Scrophulariaceae Juss. family

Verbascum thapsus L. 1753, Sp. pl.: 177; Semiotrocheva, 1965, Flora of Kazakhstan. 8 : 27.
Occurring rarely. In pine forests, on granite outlets along the shore of Borovoe lake.

Veronica krylovii Schischk. 1939; Flora of W- Siberia. X : 2457; Gamayunova, Dmitrieva, 1965,
Flora of Kazakhstan, 8 : 86. Occurring usually. In pine-birch forests, on edges and meadows.

Veronica spicata L. 1753, Sp. pl.: 10; Gamayunova, Dmitrieva, 1965, Flora of Kazakhstan, 8 :
68.

Occurring usually. In sparse pine forests, granite outlets.

41. The Lamiaceae Lindl. family

Dracocephalum ruyschiana L. 1753, Sp. pl.: 595; Roldugin, 1964, Flora of Kazakhstan, 7 : 360.
Occurring occasionally. In birch and birch-pine forests.
Glechoma hederacea L. 1753, Sp. pl.: 595; Tsagolova, 1964, Flora of Kazakhstan, 7 : 345.
Occurring rarely. In the pine forests near Shchuchinsk.
Prunella vulgaris L. 1753, Sp. pl.: 600; Goloskokov, 1964, Flora of Kazakhstan, 7 : 396. Occurring
rarely. In the pine-birch forests near Shchuchinsk.
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Scutellaria galericulata L. 1753, Sp. pl.: 599; Fisyun, 1964, Flora of Kazakhstan, 7 : 302.
Occurring occasionally. In birch and pine-birch forests, along the streams, on birch edges.

Stachys sylvatica L. Sp. pl.: 580; Karmysheva, 1964, Flora of Kazakhstan, 7 : 421. Occurring
rarely. In a swampy birch forest around Shchuchinsk.

42. The Campanulaceae Juss. family

Adenophora liliifolia (L.) Bess. 1822, Enum. pl. Volh.: 90; Terehova, 1965, Flora of Kazakhstan,
8 : 294. Occurring occasionally. On the edges of birch forests, on meadows, along the streams.

43. The Asteraceae Dumort family

Achillea setacea Waldst. & Kit. 1802, P1. Rar. Hung. 1: 82; Orazova, 1966, Flora of Kazakhstan,
9 : 11. Occurring occasionally. On the hills slopes.

Antennaria dioica (L.) Gaertn. 1791, De fruct. et sem. II : 410; Roldugin, 1965, Flora of
Kazakhstan, 8 : 375. Occurring usually. In dry pine forests.

Artemisia latifolia Ledeb. 1815, Mem. Acad. Sc. Petersb. V: 569; Filatova, 1966, Flora of
Kazakhstan, 9 : 88. Occurring usually. Forest glades, meadows on the slopes of hills, edges of birch
forests.

Artemisia macrantha Ledeb. 1815, Mem. Acad. Sc. Petersb. V: 573; Filatova, 1966, Flora of
Kazakhstan, 9 : 92. Occurring usually. In birch forests and pegs, on edges.

Artemisia pontica L. 1753, Sp. pl.: 847; Filatova, 1966, Flora of Kazakhstan, 9 : 92. Occurring
occasionally. In birch forests and on edges.

Aster alpinus L. 1753, Sp. pl.: 862; Fisyun, 1966, Flora of Kazakhstan, 8 : 316. Occurring
usually. On stony slopes and hill tops in the steppe part of the park, in the steppe communities is
found on the granite outlets and in the pine forests of the park’s forest part.

Centaurea scabiosa L. 1753, Sp. pl.: 913; Gamayunova, 1966, Flora of Kazakhstan, 9 : 394.
Occurring occasionally. On the edges of birch forests in the Katarkol and Zolotobor forestries.

Cirsium heterophyllum (L.) All. 1785. F1. Pedem.: 1 : 152; Zhirova, 1997, Flora of Siberia, 13 :
216. Occurring rarely. In the wet forests on the banks of the Tasbulak, Bettybulak streams.

Crepis praemorsa (L.) Tausch. 1829, Flora, XI, 1 : 79; Roldugin, 1966, Flora of Kazakhstan, 9 :
536. Occurring occasionally. In pine-birch and birch forests.

Crepis sibirica L. 1753, Sp. pl.: 807; Roldugin, 1966, Flora of Kazakhstan, 9 : 538. Occurring
occasionally. In birch, birch and pine forests along the streams and in boggy hollows.

Erigeron acris L. 1753, Sp. pl.: 863; 1997, Flora of Siberia, 13 : 38. Occurring occasionally. On
open shores of lakes, meadows, forest glades, birch forests edges.

Filago arvensis L. 1753, Sp. pl.: Add; Roldugin, 1966, Flora of Kazakhstan, 8 : 372. Occurring
rarely. In dry pine forests.

Hieracium umbellatum L. 1753, Sp. pl.: 804; Gamayunova, 1966, Flora of Kazakhstan, 9 : 555.
Occurring occasionally. In dry pine forests.

Hieracium virosum Pall. 1771, Reise, I : 501; Gamayunova, 1966, Flora of Kazakhstan, 9 : 554.
Occurring occasionally. On rocky slopes of the hills, in pine forests, on burns.

Inula hirta 1753, Sp. pl.: 883; Semiotrocheva, 1965, Flora of Kazakhstan, 8 : 391. Occurring
rarely. On edges of pine forests.

Senecio erucifolius L. 1753, Sp. pl.: 869; Roldugin, 1966, Flora of Kazakhstan, 9 : 150. Occurring
occasionally. Wet meadows, scrub thickets around the springs.

Senecio vulgaris L. 1753, Sp. PL. : 897; Roldugin, 1966, Flora of Kazakhstan, 9 : 162. Occurring
occasionally. In sparse pine forests, on the rocks, sometimes, as a weedy type, grows on the roadsides
and near the dwelling.

Serratula coronata L. 1763, Sp. pl.: 1144; Terehova, 1966, Flora of Kazakhstan, 9 : 355. Occurring
usually. In birch and pine-birch forests, on edges.

Solidago virgaurea L. 1753, Sp. pl.: 880; Fisyun, 1965, Flora of Kazakhstan, 8 : 310. Occurring
usually. In pine, pine-birch forests.

Tanacetum vulgare L. 1753, Sp. pl.: 845; Vasiljeva, 1966, Flora of Kazakhstan, 9 : 56. Occurring
occasionally. In pine-birch forests, along the floodplains of streams, on burns.

Tephroseris integrifolia (L.) Holub., 1973, in Folia Geobot. Phytotax. (Praha) 8, 2 : 173; Vibe,
1997, Flora of Siberia, 13 : 155. —
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Senecio campester (Retz.) DC; Roldugin, 1966, Flora of Kazakhstan, 9 : 157. Occurring occa-
sionally. In steppe communities on granite outlets, on the sides of forest roads.

Trommsdorffia maculata (L.) Bernh., 1800, Syst. Verz. Erfurt. : 102; Lomonosova, 1997, Flora
of Siberia, 13 : 251. —

Achirophorus maculatus (L.) Scop. 1772; Terehova, 1966, Flora of Kazakhstan, 9 : 418.Occurring
usually. In dry pine forests, in the hollows at the foot of the Zheke-Batyr, Kokshetau mountains.

Tussilago farfara L. 1753, Sp. pl.: 865; Zaitseva, 1966, Flora of Kazakhstan, 9 : 141. Occurring
occasionally. Along streams and lakes.

44. The Iridaceae Juss. family

Iris ruthenica Ker Gawl. 1808, Bot. Magaz. tab. 1123; Polyakov, 1958, Flora of Kazakhstan. 2 :
237. Occurring occasionally. In the vicinity of Great Chabachje lake and on the Schuchinsk hills.

Iris sibirica L. 1753, Sp. pl.: 38; Polyakov, 1958, Flora of Kazakhstan. 2 : 240. Occurring usually.
Is found in birch, birch and pine forests.

45. The Alliaceae J. Agardh family

Allium hymenorhizum Ledeb. 1830, F1. Alt. II : 12; Polyakov, Pavlov, 1958, Flora of Kazakhstan.
2 : 160. Occurring rarely. On a meadow along the Arykpay river, in Batmak, in a pine-birch forest
at the foot of Mount Zheke-Batyr.

Allium obliquum L. 1753, Sp. pl.: 296; Polyakov, Pavlov, 1958, Flora of Kazakhstan. 2 : 158.
Occurring very rarely. 3.5 km S-W. from Katarkol, Batmak, a saline meadow, 28 quarter of the
Katarkol forestry.

46. The Convallariaceae Horaninow family

Polygonatum odoratum (Mill.) Druce. 1906. Ann. Scott. Nat. Hist. : 226; Pavlov, 1958, Flora
of Kazakhstan. 2 : 229. Occurring occasionally. In wet pine-birch and birch forests.

47. The Asparagaceae Juss. family

Asparagus officinalis L. 1755, FL. Suec., ed 2 : 2 : 108; Polyakov, 1958, Flora of Kazakhstan. 2 :
226. Occurring occasionally. In sparse birch forests, shrubs thickets.

48. The Orchidaceae Adans. family

Neottianthe cucullata (L.) Schlechter. 1919, in Fedde. Repert. sp. nov. XVI : 292; Kuznetsov,
Pavlov, 1958, Flora of Kazakhstan. 2 : 264. Occurring rarely. The pine forests near Small Karasu
Lake.

49. The Juncaceae Juss. family

Luzula pallescens Sw. 1822, Enum. pl. Volhyn.: 15; Baitenov, 1958, Flora of Kazakhstan, 2 :
102. Occurring usually. In pine, pine-birch, birch forests.

50. The Cyperaceae Juss. family

Carex caryophyllea Latourr.1785, Chlor.Lugd.: 27; 1990, Flora of Siberia. 3 : 138. —

C. ruthenica V. Krecz.; Polyakov, 1958, Flora of Kazakhstan. 2 : 68. Occurring very rarely. 40-41
quarter of the Barmashinsky forestry, greenwood pine forest with an abundance of ferns.

Carex tomentosa L. 1767, Mant. I : 123; Polyakov, 1958, Flora of Kazakhstan. 2 : 67. Occurring
very rarely. In Batmak, along the road.

Carex vaginata Tausch. 1821, in Flora, 4: 557; Polyakov, 1958, Flora of Kazakhstan. 2 : 71.
Occurring usually. In the marshy birch forests on the shores of Svetly, Borovoe, Small Karasu lakes,
on the Imanaevsky and Tasbulak streams.

51. The Poaceae Barnhart family

Brachypodium pinnatum (L.) Beauv. 1812, P. B. Agrost.: 155; Gamayunova, 1956, Flora of
Kazakhstan. 1 : 285. Occurring occasionally. In the birch forests in the vicinity of Small Karasu
lake, in the Priozerny forestry.

Calamagrostis arundinacea (L.) Roth. 1789, Tent. Fl. germ. II, 1 : 89; Gamayunova, 1956, Flora
of Kazakhstan. 1 : 188. Occurring rarely. In the vicinity of Small Karasu lake and in the upper
reaches of the Imanaevsky stream.

Calamagrostis canescens (Weber) Roth 1789, Tent. Fl. Germ. 2, 1 : 93; Ivanova, 1990, Flora of
Siberia. 2 : 96. —
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C. lanceolata Roth.; Gamayunova, 1956, Flora of Kazakhstan. 1 : 186. Occurring occasionally.
In birch forests on the lakes, marshes and streams.

Calamagrostis langsdorfii (Link.) Trin. 1824, Gram. unifl.: 225; Gamayunova, 1956, Flora of
Kazakhstan. 1 : 186. Occurring rarely. In pine-birch and birch swampy areas [2,3,5].

Calamagrostis neglecta (Ehrh.) Gaertner, Meyer et Schreber 1799, Flora of Wett. 1 : 94;
Gamayunova, 1956, Flora of Kazakhstan. 1 : 187. Occurring rarely. In swampy areas, on the
outskirts of marshes [3].

Dactylis glomerata L. 1753, Sp. pl.: 71; Gamayunova, 1956, Flora of Kazakhstan. 1 : 220.
Occurring occasionally. In birch forests.

Elymus caninus (L.) L. 1755, PL. Suec. Ed. 2 : 39; Peshkova, 1990, Flora of Siberia. 2 : 20. —

Agropyron caninum (L.) P. B.; Gamayunova, 1956, Flora of Kazakhstan. 1 : 303. Occurring
rarely. In the birch forests of the Borovoy village and in the area of Small Karasu lake.

Festuca pratensis Huds. 1762, F1. Angl. Ed. I : 37; Gamayunova, 1956, Flora of Kazakhstan. 1 :
265 Occurring occasionally. In sparse birch forests.

Hierochloe odorata (L.) Beauv. 1820, Wahl. Fl. ups.: 32; Gamayunova, 1956, Flora of Kaza-
khstan. 1 : 137. Occurring occasionally. In birch forests and on edges.

Melica nutans L. 1753, Sp. pl.: 66; Gamayunova, 1956, Flora of Kazakhstan. 1 : 218. Occurring
usually. In pine-birch and birch forests.

Poa nemoralis L. 1753, Sp. pl.: 69; Gamayunova, 1956, Flora of Kazakhstan. 1 : 231. Occurring
usually. In pine, pine-birch forests.

Poa palustris L. 1759. Sist. P1. 10 : 847; Olonova, 1990, Flora of Siberia. 2 : 184. — P. serotina
Echrh.; Gamayunova, 1956, Flora of Kazakhstan. 1 : 230. Occurring usually. In pine-birch and
birch forests.

The forest flora of the “Burabay” natural park has a following ratio of basic systematic groups: 9
species of vascular spore plants (5.5% from the forest flora) dominated by ferns (5 species). The basis
of the Burabay forest flora is made up by angiosperms - 153 species (93.8%), including dicotyledons
- 130 species (79.8%), monocotyledons - 23 species (14.1%).

Systematic structure of the “Burabay” natural park forest flora at the family level is the following:
Asteraceae (23 species), Rosaceae (16 species),Poaceae (12 species), Apiaceae (9 species), Salicaceae
and Ranunculaceae (8 species each). Further, 8 families contain 4-8 species and 39 families have
1-3 species 26 families of which are single-species. The largest Asteraceae family occupies a leading
position in the flora of Burabay forest massif, like in all Holartic areas. Poaceae also retain their
position.

Identifying other features of the family spectrum, it should be noted that there are 26 single-
species families in the Burabay flora. Such families as Botrichiaceae, Huperziaceae, Droseraceae,
Menyanthaceae are limited in their area by the Kokshetau upland.

Systematic structure of the “Burabay” natural park forest flora at the genera level is the following:
Saliz (7), Viola (5), Geranium, Calamagrostis, Pyrola (4 each), Silene, Thalictrum, Crataegus,
Gentiana, Artemisia, Carex (3 each). 18 genera of 2 species and 85 genera include 1 species each.
Viola, Pyrola, Dryopteris genera indicate forest traits.
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I'.2K. Cyaranrazuna, M. O.2Kymarait
A. Batimypcurnos amurdazv, Kocmanat memaexkemmix yrusepcumemi, Kocmanait, Kasaxcman

«Bypabaii» yJaTTBIK Taburu mapkiHiH opMaH (pJIOPACBIHBIH TaMbIPJIbl ©CIMIIKTEPiHiH
KOHCHEKTi

Anpgarna: Makamaga «Bypabaity MeMmyeKeTTiK YATTBIK TaOUFM TMAPKIHIH ayMarblH 3epTTey
noTmkesepi kenripiaren (2010 - 2018xzk.). 2Kyprisiiren 3eprreysiep wotuxkecinge «Bypabaii»
TabUFu TMMapKiHiH OopMaH (DJIOPACHIHBIH, TaMBIPJIbI OCIMIIKTEPIHIH KOHCIIEKTICI KYpPBLIIbI, OHAA 51
TyKbIMaac mmed 115 TywbicThig, 163 TypiHiH Tapaaybl MeH maiijga OoIybl TypaJsbl akmaparrap Oap.
«Bypabait» Taburu mapkiHin opMaH (GJIOpachIHIA Herisri Kyiesai TonTap/blH MbIHAIAH KATHIHACKHI
Gaiikasa ibl: TaMbIPJIbI CLIOPaJIbl ociMIiKTepain 9 Typi (opmaH diopackibiy 5,5%), oJapblH, irmiHe
manopoTHukTep backiM. Bypabait maccuBiniH opMmaH (DJIOPACHIHBIH, HEri3iH 2KAOBIHIBI TYKBIMIBI -
153 typ (93,8%) Kypaiiasl, onby iminge KocxkapuakTbl — 130 Typ (79,8%), GipxkapHakTsl — 23 TYp
(14,1%) xypaitasl. Viola, Pyrola, Dryopteris TybicTapbl OpDMaH €peKIIeiKTepiH KopceTe/ii.

Tyitin ce3nep: TambIpibl eciMiikTep, opMman duopackl, «Bypabaity Taburu mapki, Kekieray
OUIKTIrl, OMOJIOTUSJIBIK, OPTYPJIJIK, TAMBIPJIbI OCIMIKTEP/IiH KOHCIIEKTI

I.2K. Cyaranrasuna, M. A. 2Kymaraii

Kocmanatickuti 20cydapemeennoiti yrusepcumem umeru A.Batimypcwnosa, Kocmanar,
Kasaxcman

KoHceKT cocygucThIX pacTeHuil JecHOoil pJIophl HAIMOHAJIBHOTO IIPUPOJHOTO MapKa
«Bypabaii»

Awnnoranusi: B craTbe npuBesieHBI PE3YIIbTATHI UCCIEIOBAHUSI TeppUTOpun 1 0Cy1apcTBEHHOTO
HAIMOHAJILHOIO MPUPOJHOrO napka «Bypabaii» (2010 - 2018rr.). B pesysbrare npoBejIeHHBIX
UCCJIEJIOBAHUN COCTABJIEH KOHCIIEKT COCY/IMCTBIX PACTEHUN JIECHOW (JIOPBI MPUPOJHOTO IapKa
«Bypabait», comepxkammuii CBeleHUsT O PACIPOCTPAHEHWH U BcTpedaeMoctu 163 BumoB u3 H1l
cemeiictBa u 115 pomos. B secHoit dutope npupomnaoro napka «bypabait» HabiroaeTcst ciemyoree
COOTHOIIIEHNE OCHOBHBIX CUCTEMATUIECKUX TPYIIL: COCYIUCTBIE CIIOPOBLIE PACTEHUS COCTABJIAIOT 9
BusioB (5,5% or JiecHoii bJiopkl), cpeju KOTOPBIX TpeobsajaorT nanoporHuku. OCHOBY JieCHOM
dbaopbr Bypabaiickoro mMaccuBa cOCTaB/ISIIOT MOKpbIToceMennbie -153 Buga (93,8 %), B ToMm uuncie
neynosbhbie — 130 sugos (79,8%), onnomonbubie — 23 Buga (14,1%). Ha necuble uepThl yKasbiBaor
poubt Viola, Pyrola, Dryopteris.

KimroueBble cJioBa: COCyIUCTBIE pacTeHUs, JiecHas (uiopa, HPUPOJHBIAH mapk «Bypabaiis,
Kokrerayckasi BO3BBIINIEHHOCTD, OHUOJIOrIYIECKOE Pa3HOOOpa3ne, KOHCIEKT COCYIUCTBIX PACTEHHI.
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IIpomnecc dbopMupoBaHusi CKOpPJyHnbl dUll Ha IpuMepe TpeMaToabl Dendrithobilharcia
purverulenta (Braun, 1901)

Aunnorammsa: B wmacrosmeir pabore mokazaH mporecc (hOPMUPOBAHUSI CKOPJIYIIBI SIAIl Ha
npumepe Tpemaroisl Dendrithobilharcia purverulenta (Braun, 1901). ®opmupoBaHHe CKOPJIyIIbI
Aul, CBaA3aHO ¢ MOPGODYHKIMOHAILHBIMU OCODCHHOCTSIMHU JKEJITOYHUKOB U 2Keje3bl Mesuca.
2Kenrodnble IpaHysibl B OOTHIIE WJIH IIPOKCHUMAJBHOM OTJIE/Ieé MATKH BBICBODOXKIAIOT OEJIKU ST
nybnmenus mon neiictBueMm areHToB. lembiie Memuca tpematonst Dendrithobilharcia purveru-
lenta — MHOrOMYHKIIMOHAJBLHBIN OpraH, 00eCIIeUnBAIONINN: AKTUBAIUIO ITPOIECCA BBHICBODOXK ICHUST
CKOPJIYIIOBOI'O MaTepHaJia, U3 XKeJTOYHBIX KJIEeTOK; (POPMUPOBAHNE PE3UCTEHTHOH SillieBoii 000/I0UKN
B pe3yJIbTaTe HACJIAWBAHUS Ha Hee CKOPJIYIIOBOI'O MaTepuaJsa; obJierdeHue MpoIecca IepeMeIeHust
SIAIL 110 TEeTJSIM MaTKHA 3a CYeT <«MYKO3HBIX» BEIEeCTB, BBIJIEJSIIONINXCS KJIETKAMH BTOPOTO
Tumna. Takum o0pasoM, KeJaTovuHble (OJIUKY/IbI 1 Tejbie Mesmca Tpemaronsr Dendrithobilharcia
purverulenta TpPeCTABISIOT eIUHBIH (DYHKIIMOHAJIBHBII OJIOK, KOTOPBI obecriednBaeT obpa3oBaHue
PE3UCTEHTHO CKOPJIYIIBI SIUII.

KunrodueBbie cjoBa: reJIbMUHTBI, TPEMATOIbBI, KEHCKasl PEITPOAYyKTUBHAS CUCTEMA, YKEJITOUHUKH,
JKeJITOYHbIe KJIeTKH, Tejbiie Mesuca.

DOI: https://doi.org/10.32523/2616-7034-2019-126-1-90-95

Nssecrro, uro Kiace Trematoda BKIOYaeT MCKIIOYUTEIHHO MapasUTUIECKHEe (POPMbBI IJIOCKUX
yepBeii. B cBasu ¢ stmm y HEX cdopMupoBaInCh pPasHoOOpas3Hblie MOPhQOIOrnYecKue u
GYHKIIMOHAJIBHBIE aIalTallid K IapasuTudeckoMy obpasy »km3uu. OIHa U3 HUX — KOJIOCCAJIbHAsI
[LUIOJOBUTOCTD, YTO 0DECIIEYMBAET BOZMOYKHOCTE OBICTPOrO U IITMPOKOI'O PACCE/IEHHUS U OOHAPYKEHU
x03s1eB. B citydae, Korma He Bce SMOPHOHAJIBHBIE CTA MK T'eJIbMIHTOB MOT'YT IIOIIACTh B HEOOXOIUMbIE
VYCJIOBUSI JUIA JTAJIbHEHINEr0 PasBUTHA W IPOJOIKEHNs *KU3HEHHOTO IHKJIA, JJIsi TapasuTUIeCKUX
OPraHm3MOB «paboTaeT» 3aKOH «BOJIBIIOrO YHC/IA MOJIOBBIX IPOILYKTOB» — sull 1|, B pesybrare dero
VBEJIMYINBAETCS BEPOSITHOCTH 3aBepINeHns UK/ PA3BUTUS U IOsIBJIECHUE CJIELYIOIIErO MOKOJJIEHUS.
[TosToMmy gyt TpeMaTo Kak MapasuTUIeCKNX OPraHM3MOB WHTEHCUBHAsSI ITOJIOBasI IMPOILYKTUBHOCTD
nMeeT OOJIbIIoe 3HAYEHNE — ITOMY MOAYNHEHa CTPYKTYPHAd U PYHKIINOHATbHAS OPraHU3aIlnd BCeX
OTIIEJIOB TepMadPOIUTHON IOJOBOM cHCTeMbl MapuThbl. l[loHmMaHme aJalTUBHBIX MEXaHU3MOB,
JIEXKAIuX B OCHOBE ODecledeHust OOJIBINOTO UHUC/IA SIUIl, BAaXXHO C TOYKHU 3PEHUS MMPUKJIATHBIX U
dyHIAMEHTATBHBIX ACIIEKTOB MPOO/IEMBI.

st mcememoBanmnst BeIOpana Tpemaroma Dendrithobilharcia purverulenta, Ha mpuMmepe KOTOPOIX
IOKa3aH Iporecc (GOPMUPOBAHUS CKOPJIYIIBI SIHUIIL.

Marepuajs 1 MeTOAbI UCCJEAOBAHUS

O6bekToM uccseioBanus sijsiercss rpemaroia Dendrithobilharcia purverulenta (Braun, 1901),
oTHOCsIAsACsT K 1oa0Tpsiay Schistosomatata (Skrjabin, Schule, 1937), cemeiicrBy Schistosomatidae
(Loos, 1899) u3 kpoBeHoCHOii cucTeMbl (KpoBeHocHoe pycisio) Kpacuorososoii yepueru (Aythya fe-
rina).

PuUKCHPYIOIINE CMECH U PEXKUM (hUKCAINY ObLIN BEIOPAHDBI B 3aBUCUMOCTH OT TIeJIeil UCCIeTOBAHUSI.
JlJisT  TUCTOJIOTMYECKOTO HUCCJIe0OBaHUsI B KaveCcTBe (PUKCHUPYIOIIEro MaTepuaJia HUCIO0Jb30BaHA
Kugkocth Bysma.  Pabora ¢ MarepmasoM wuccieIoBaHWS Hadajlach C IIOMEIIEHUsT TPeMaTol
B OWOICHiiHBIE KacCCeThl, II0CJe Yero OOBEKT WCCJIeTOBAHUSA IMPOIIET CTAJUI0 OTMBIBKH OT
dukcupyromeit xxuakocru B 70 % cnupre B Tedenne 1-ro aus.

[Tposojika MaTepuajia OCYNIECTB/IIACh ¢ HoMOIIblo rucronporeccopa Medite TPC-15 (Medite,
Tlepmanust), TJie MCCJIEyeMblii MaTepuas MpOIIes CTajuu 00e3BOKUBAHWS ¥ HapadUHUPOBAHUSI
TKaHeil 1o nporpamme Standart 1.
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O06e3BOXKEHHBINT U TPONUTAHHBIN HapadrHOM MaTepuaJ ObLI 3aJuT B HapadUHOBBIE OJIOKH.
Toukue cpe3bl TOMNUHON 5-7 MUKDPOH TOJIYYAIH C IIOMOIIBIO POTAIMOHHOTO MuUKporoma. Oxpac
HOJIy Y€HHBIX CPE30B OCYIIECTBIISICH NeMATOKCHINH-03UHOM 110 MeTOLy Dpiuxa [2].

[Tonydennble rucTOJOTUYECKHE MUKPOIPENAPATHl PACCMOTPEHBI Ha CBETOBOM MHKPOCKOIIE
Keyence Bz-9000 (Keyence, fAnonus) ¢ mampeitmum dbororpadupoBaHneM Cpe3oB Ha Pa3HBIX
YBEJIMYEHUSIX.

Jast  2JIEKTPOHHO-MUKPOCKOIIUYIECKOI'O — UCCJIEIOBAHUS  COOPAHHBIN  T'eJIbMUHTOJOTUYECKUI
marepuas Obl1 3adukcupoBan B 3abydepennom 0,1M kakogunarabim Gydepom (pH 7,4) 3 %
PaCcTBOPE TIIIOTAPOBOTO AJBJEIH/IA, ITIOCAEe HYero IMocTGuKCupoBaH B 1% pacTBope 4eThIpexokucu
ocvus (ma 0,1 M kakommiarnom Oydepe). Marepuan nermaparuposaan ypanuiamnerarom B 70 °
cuupre. B kKadecTBe 3aJMBOYHON CPeJIbl UCIOJIB30BAJIN CMOJIBI aPAJIUT U 310H 812. YiabTpaToHKue
cpesnl Tosmuaoi 60-100 HM TOTOBH/IN CTEKJISTHHBIM HOXKOM Ha yiabTpamukporome «Ultrotome ITI»
(LKB, HIsenus). Cpesbl konTpactuposaau murparom cutna no Reynolds E. [3]. Ilosyuennbie
mpernaparsl mpocMaTpuBaiun u (ororpadupoBan Ha 3JeKTpoHHOM MuKpockore «JEM-100 CXII»
(«JEOL», dnonus).

PesynbraTsb! ucciieqoBanus

3pesible  xeaTouHble KieTku Dendrithobilharcia purverulenta tupeacTaBieHbl KPYITHBIME
pasMmepamu.  Zapo YacTO CMEIEHO K KpAaeBOoll 30HE KJIETKH PA3POCIIUMCSI YHCJIOM 3PEeJIbIX
ZKEeJITOYHBbIX I‘.HO6y.H. CHGLH/I&.HI/I3I/IpOBaHHbIe KJIETKU CoJepzKaT IIJIOTHO yIIaKOBaHHbIE 3JIEKTPOHHO-
IUIOTHBIE CKOPJIYIIOBBIE TJIOOYJIBI. T'obymbl  cosep:KaT KpPyIHBIE CKOPJIYIIOBBIE T'DAHYJIBI,
KOJINYECTBO KOTOPBIX YMEHBIAeTCs 3a CYeT CJUSHUS HOCJIEJIHUX JPYyr ¢ Jpyrom (pucyHok 1).
KomuaectBo MuTOXOHIApPUil yMeHbIaeTcst. Mexk iy 1yiobysiaMu paciojioKeHbl CEeTH T'PAHYJISIPHOTO
SHJIOIIA3MATUIECKOTO PETUKyJIyMa. KoyimaecTBO CBOOOMHBIX pHOOCOM U ITOJHCOM YMEHBIIEHO.
I'iukoreH He BBISBJIEH. 3peJible  ClieNUAIU3UPOBAHHBIE KEJITOYHBIE KJIETKH ITOCTYIAT IO
JKEJITOYHBIM IPOTOKAM B 00JIACTh OOTHIIA, TJi€ CKOPJIYIOBBIA MaTepuasj HIeT Ha MTOCTPOECHUE
000JIOUKH sIiiIa.

Knerku renbma Mesuca 1iepBoro Tuira, paciiojiOyKEHHbIE BO3JI€ OOTHUIA, UMEIOT OBAJILHYIO UJIU
yIyInHeHHYI0 opMy, OJIM3KO DPACHOJIOKeHbl Jpyr K apyry (pucynok 1). 2Kenesucrbie KieTku
BTOPOI'O THUIIA JIOKAJTUZYIOTCHA JUCTAIBHO OT OOTHIIA.

B dopmupyromemces stitiie Tpemaromnst Dendrithobilharcia purverulenta mo ero KpaeBoil 30He
PACIIOJIOXKEHBI CKODJIYIIOBbIE TJIOOYJIbI, CHHTE3UPYIONINECcs: B YKEITOYHBIX KJIeTKaX (PUCYHOK 2).
[noGyitb comepzkat O0JIBIIOE KOTUIECTBO CKOPJIYIIOBBIX I'PAHYJI MAJIEHBKOIO pa3Mepa, 10 CPABHEHUIO
C UMEIONIUMHUCS B JKEJITOYHBIX IJIOOYJIaxX 3PeJIbIX CIeNUaJu3UPOBAHHBIX JKEJITOYHBIX KJIETKaX,
PaCIONIOKEHHBIX BOm3n dopmupytomierocs siina (pucyHok 1 u 2). Bosie cKOp/ymoBbIX 1oy,
HAXOJIAIIUXCA B siille, HAOIIONAIOTCH €JIUHUYHbIE CKOPJIYIIOBbIE I'paHysibl. Mexmay rpaHysiamMu B
rJ100yIax yKe HET SJIeKTPOHHO-CBETJIOTO IIPOCTPAHCTBA U YETKOW 0DOJIOUYKH y CKOPJIYIIOBBIX IVIO0YJI
(pucynok 2). Io6yabl HAXOMATCS HA CTAIUHM PA3PYIIEHWUs] W BBIJIEJICHHUs] CKOPJIYIIOBOIO CEKpETa,
obpazys mo mepudepun sina, B obsacTy ero oDOJIOYKHM TOMOTeHHOe cojepxkumoe. lluTomaasma
i@ UMEET BBIPAXKEHHYIO 3€PHUCTOCTb U IPEJICTABIEHA COJIEPKUMBIM CPEJIHENH 3JIeKTPOHHOI
IUIOTHOCTH. B nuroriasme BuIHBI OKPYIVIbIE CKOIJIEHUS BEIIECTB, OT/IEJEHHbIE OT MATPUKCA TOHKO
obosoukoit. [lo-Bugmmomy, mamnnble 0Opa30BAHUS COJEPKAT T'PYIILY BEIECTB OEJIKOBON ITPUPOILI
(dbepmeHTBI, SH3UMBI), YCKOPSIIOIIUE POIECC Pa3pylleHusl CKOPJIYIOBOro Marepuasa (PUCYHOK 2).
JlaHHBIE KOMILIEKCHI BCTPEYAIOTCsI 110 BCEMY CEUEHHUIO siila, 0COOEHHO B 00JIACTH PAa3pyIIAIONIUXCS
CKODJIYIIOBBIX TVIOOYJI.

Awnanus pe3ysabTaToOB MCCJIE€TOBAHUS

AHaTOMI/I“IeCKaH CB4A3b 2KeEJIE3bI MGHI/IC& n 2KEJITOYHBIX KJIETOK C IITPOKCHUMAJIbHBIMHU OTJAC/IaMA
JKEHCKOH  PenponyKTuBHON cucteMbl TpemaTtonbl Dendrithobilharcia purverulenta saBisiercs
JIOKA3aTeJILCTBOM, YTO JAHHBbIE CTPYKTYPBI yYacTBYIOT B IIporecce (hOPMUPOBAHUS SIHAIIEBOI
CKODJIYIIBI.

IIponecc obpazopanust siina y Dendrithobilharcia purverulenta npoxomur B oOTHIE, Kyla
OTKPBIBAIOTCSI YKEJITOTHBIE TTPOTOKHU, TMOCTABJISIIOIINE 3PEJIble YKeJITOYHbIE KJIeTKUH. Kak onmcano B
KJIACCUYECKUX MCTOYHUKAX, CIOJIA YKe MOCTYIIAT CIEePMATO30M bl U3 CEMSITPUEMHUKOB U TOCTYIIAET
U3 sSMYHUKA sTieKieTKa [4].
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PucyvHok 1 — Yuactok B paiione ooruna Dendrithobilharcia purverulenta (x10000)
Vc — xkearodHas kierka; Mg — kierka Teqabna Meauca; E — dopmupyromeecs siiino; O — oorun

oo,

E .
i

Pucvhaok 2 — 3pesasi »xkesqTouyHasi Kierka Bo6smsu dopmupylomerocs siina Dendrithobilharcia purverulenta
(x10000)

Vc — xkxearoyHasi kierka; E — dopmupyromieecst siio; Vg — CKOPJIYyNOBBIE IVIODYJIbl; VE — CKOPJIYIIOBBIE
rpaHyJIbl; €n — SH3UMbI

CKOpJIyTIOBBIE TJIOOYJIBI, COJEPIKAIINE CKOPJIYHOBBIE TPAHYJ/bI, JOKATH3YIOTCS Ha Mepudepu,
MIpUMBIKAs K I[EepBUYHON MeMmOpane siiitta. lluromsiasma OIJIOJMOTBOPEHHOTO SIHIA y W3YYEeHHOIT
TPEMATOIbl WUMEET €JIMHBbIE YIbTPACTPYKTYPHbIE XapaKTEPUCTUKU U TPEJCTaBICHA 3EPHUCTON
CTPYKTYPOIl yYMEpPEHHOI 3JIeKTPOHHOI MmIoTHOCTH. OKPYKEHHBbIE TOHKOU O0OJIOUKO# CTPYKTYPHI B
[ATOILIaA3Me MbI MHTEPIPETUPYEM KaK CTPYKTYPBI, cojiepxKaiiue 3H3uMbl. OHU BCTPEYAIOTCS 110
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BCEMY CEUYEHUIO siiilla, B TOM 4YKCJe BOJU3M CKOPJIYIIOBBIX II00y/a. 1o HameMy MHEHHIO, UMEHHO IO
JIeiCTBUEM BBIIIEONNCAHHBIX SH3UMOB IIPOUCXOINT YCKOPEHUE MPOIECCca pa3pyIleHnsl CKOPJIYIIOBBIX
rpaHy.I. CKOpJIYIIOBBIE BEIIECTBA, BBIAESIONMINECS IPU Pa3pyIIeHuH TIPaHysl yJIacTBYIOT B
ITOCTPOEHUN CKOPJIYIIBI SIUII, TPEMATOI.

Poap Tenbma Mesmmca npm dopMmMupoBanum u cuHTe3e OOOJOYKH Siilla, HUCXOAd W3 paHee
IIPOBEJIEHHBIX HAINX HCCIeI0BaHnii, odenb Bakna [5-6]. 2Kemesa Mesmnca B cocraBe KEHCKOI
[TOJIOBO# CHCTEMBI BBITIOJIHSAET TPU OCHOBHBIE (DYHKIIAN:

1) mnaktusupyer pH cpesibl MATKE ¥ CIBUT €r0 B IIEJOYHYIO CTOPOHY;

2) obecrneunBaeT (HOPMUPOBAHIE IIEPBUYHON MeMOpAHbI, Ha BHYTPEHHEIl MOBEPXHOCTH KOTOPOIi
AKKYMYJIIPYETCsT MaTepHUaJI CKOPJIYIIOBBIX TJI00YJT;

3) coszmaer cpefy st seficTBust (PepMEHTOB, 0OECHEINBAIONNX TyOJeHNEe OEKOB CKOPJIYIIOBBIX
r100yJT 1 POPMHUPOBAHIE PE3UCTEHTHON CKOPJIYIIBI SIUII.

MyKouHasT COCTABJIAMONIAs CeKpeTa Tejiblla Mejuca obJjierdaer MPOJBUXKEHUE SIUI] [0 IETJISIM
MAaTKHU, BBIIOJIHsISA POJIb cMas3Ku [5-6].

OCHOBBIBa.HCb Ha pe3yHbTaTaX QJIEKTPOHHO-MUKPOCKOITNYICCKUX I/ICC.HG,ZLOB&.HI/H'_/'I KEJITOUYHUKOB U
tesbiia Menuca Tpemaronst Dendrithobilharcia purverulenta , cocraBuim OOIIYIO CXeMy IIPOIECCA
06pa30BaHusi CKOPJIYIIbL sAUIL (PUCYHOK 3).

Ha cxXeMe IIpeCTaBJIEHbI KJIETKH 2KeJIe3bl MeHI/IC& ABYX TUIIOB, 3peJiasd 2KeJITOYHasd KJIeTKa u
yaacTok opmupyromerocst stita. Kierka rmebiia Mejuca mepBoro THIa CTEMYJIUPYET IIPOIECC
BbICBO60)K,ZLeHI/IH CKOPJIYIIOBBIX F.HO6y.H U3 3peJIbIX 2KECJITOYHBIX KJIETOK. CKOp.HyHOBI)II;'I MaTepuaJ B
OO0THUIIE HaYMHaACT Pa3pyHIaTbCs IIOI ,ZLQI'?'ICTBI/IGM BellleCTB-areHToB, Mbl Ha3blBaeM HUX IH3MMaMH, B
pe3yJabTaTe Yero BBIIEJISIETCS CKOPJIYIIOBOe cojiepxkumoe. lloj meiicTBrueM cekpera KJeTKH TejIbIa
Meuca mepBOro THila IPOUCXOAUT MHaKTHBaIus pH comep:KMMoro MaTky B IIEJIOYHYIO CTODPOHY,
CKOPJIYIIOBOE BEIIECTBO O0beIUHSEeTCs: ¢ 00pa30BaHUEM TOHKOM siiitieBoil 0b6os10ukn. Cekper KJIeTOK
2KeJie3bl Mesrca BTOporo THIa yYacTBYeT B YCKOPEHUHU IPOJBUYKEHUS CIIEPMATO30UI0B K OOTHILY U
obJrerdaer MpoIece MPOJABUKEHHUs SHIL 10 METJIAM MATKH.

s
- / _ \ Vg o
YCKOpEHHE [ \
TIPOJIBHKCHHA |
) CIIEPMATO30H]T \ /
Sg 0B K OOTHITY !
B L _ -
o - —~
ve = b T CTHMYJTHPOBaHHE
/ 2 W' 0CBOGOIKTEHHSA
/ = i
f 5 7

CKOPIYIIOBBIX TII0GYT mporecc

pazpyIIeHns
CKOPTYHOBBIX
rpany1

)
| o0nerdeHne Iponecca

TPOABIKEHUA AU 110

TETIIAM MaTKH

HHakTHBalHA pH
COJEPKHAMOT0 MATKH

v
=

B 0OBEAHHEHHEE CKOPIIYIIOBOTO e
o /  BemecTBa H 00pa30BaHHE TOHKOH T~
/ 0GOJIOYUKH PH GOPMHPOBAHHE
__— CKOPJTYIIBI A

Pucyhnok 3 — Cxema nporecca GopMUPOBAHUS CKOPJIYHbI SIUL, TPEMATOL
Ve — xkearoyHas KJieTka; S1 — kierka Teabua Menuca nepsoro tumna; S2 — KjeTrka Tejblia Mesnca BToporo
Tuna; E — dopmupyromieecs siiino; Sg — ceKpeTOpHbIE IPaHyJIbl; V€ — BE3UKYJIbI; €N — SH3UMbI
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Dendrithobilharcia purverulenta (Braun, 1901) Tpemarozacs! Herizinae >KyMbIPTKa KaObIFbIHBIH, TY3i1y
nporeci

Anparna: Ocer xymbicta Dendrithobilharcia purverulenta (Braun, 1901) TpemaTomace! HerisiHAe *KYMBIPTKA KaOBIFBIHBIH
Ty3imy mpoueci kepcerinren. 2KyMbIpTKa KaOBIFBIHBIH TY31JIy IIpOIecci capblybl3 6e3/1epi MeH Menc ieHemniriniy dyHKIMOHAIIb
epexinesikrepine GaityianbicTel.  Capblybl3 TYHIPHIIKTEPI OOTHIITE HEMeECE >KATBIPJbIH IIPOKCUMAJIALI OOIIMiHIE areHTTep/IiH
9CepiHeH »KYMBIPTKA KAOBIFBIHBIH KAJIBIITACYbI VIIH aKybI3gapabl bocaranusl. Dendrithobilharcia purverulenta TpemaTomaHbIH
Menc JgeHemniri — MyJabTU(DYHKIMOHAJALI MYIIEe, OJI »KYMBIPTKAa KaOBIHBIH aJIFalllKbl MeMOpaHACBIHBIH, Ty3iayiH; 6e3
CEeKPeTTEPiHIH areHTTepi »KYMBIPTKA KaOBIHBIH MaTepUaJsIapblH Capblybl3 IpaHaJIapblHAH OOCAI MIBIFYbIH; »KYMBIPTKA KAObIHBIH
Ty3iy ypaicrepin Kamramachid ereni. Ocwunaiiinbl, Dendrithobilharcia purverulenta TpeMaToOJaHBIH TPEMATOIAHBIH CAPBLYbI3
donnukynasapel MeH Mesuc JieHenniri }KyMbIPTKa KaObIHBIH, PE3UCTEHTT] OOJIbII TY3LIyiH KaMTaMachl3 eTeTiH, (OyHKIMOHAJI I
xKyitte. Takum obpasoMm, kejrTouHble (oOIUKYIbI U Teablle Menuca tpemaroms Parastrigea robusta mpeacraBiisiroT equHbIR
byHKIHOHAJIBHBIN OJI0K, KOTOPBIN obecriednBaeT 00pa30BaHUE PE3UCTEHTHON CKOPJIYIIBI SIHII.

TyitiH ce3aep: reJbLMUHTTED, TPeMATOAAJap, YPFAIlbl KOO »Kyiieci, capblybl3IblIap CapblybI3/bl yKacymaaap, Memauca
JIeHEIIIIri.
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2 L.N.Gumilyov Eurasian National University, Astana, Kazakhstan

The process of egg shell formation by the example of trematode Dendrithobilharcia purverulenta (Braun,
1901)

Abstract: This paper shows the process of egg shell formation on the example of the trematode Dendrithobilharcia purveru-
lenta (Braun, 1901). It was established that the process of egg shell formation is associated with morphofunctional features of
vitelline glands and Mehlis’ glands. Vitellines’ granules in the ootype or proximal uterus, release proteins for tanning under
the influence of agents. Mehlis’ glands of trematode Dendrithobilharcia purverulenta is a multifunctional organ that provides:
activation of the process of release of the shell material from vitelline glands; the formation of a resistant egg shell as a result of
layering the shell material on it; facilitating the process of moving eggs through the uterus loops due to "mucosal" substances
secreted by the second type of cells. Thus, the vitelline follicles Mehlis’ glands of trematode Dendrithobilharcia purverulenta
represent a single functional unit that ensures the formation of a resistant egg shell.

Keywords: helminths, trematodes, female reproductive system, yolk gland, yolk cells, Mehlis’ gland.
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HanUoHaJbHOro yHuBepcurera umenum JI.H. I'ymuneBa, usgaHusi crateil B >KypHaJjle U NEepEeU3JaHUs UX HA
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NpPaBUJIBLHOCTH BCEX CBEAEHUI O cebe, OTCyTCTBHE ILIATAATA U APYTruX (POPM HENPABOMEPHOrO 3aMCTBOBAHUS B
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Bce abbpesuamypst u coxkpauierust, 3a UCKIIOUYEHUEM 3aBEIOMO ODLIEU3BECTHBIX, JOJIXKHBI OBITH PACIIU(pPOBAHBI [IpU
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B koHIIe cTaThK, TIOCIIE CIIMCKA JINTEPATY PbI, HEOOXOIUMO yKa3aTh bubauoepapuueckue daHHble Ha PYCCKOM U aHTJIMIACKOM
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Ceedenus 06 aemopax: damunus, UMs, OTIYECTBO, HAy4IHAs CTENEH, JOJKHOCTb, MECTO PabOTHI, MOJHBIA CJIyKeOHBIN
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (CP) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.

TEXT OF THE ARTICLE

- The main text of the article should be divided into clearly defined and numbered sections
(subsections). Subsections must be numbered 1.1, 1.2, etc. Required sections of the article:

1.Introduction should supply the rational of the investigation and its relation to other works in
the same scope.

2. Materials and methods should be detailed to enable the experiments to be repeated. Do
not include extensive details, unless they present a substantially new modification.

3. Results section may be organized into subheadings. In this section, describe only the results
of the experiments. Reserve extensive interpretation for the Discussion section. Avoid combining
Results and Discussion sections.

4. Discussion should provide an interpretation of the results in relation to previously published
works.

5. Conclusion The main conclusions of the study can be presented in a short section "Conclu-
sions".

6.Author contributions should indicate the individual contribution of authors to the manu-
script.

7.Acknowledgments should be brief and should precede the References.

8.Funding the source of any financial support received for the work being published must be
indicated.

Ethics approval Manuscripts reporting animals and /or human studies must that relevant Ethics
Committee or Institutional Review Board include provided or waived approval.

Tables

Tables must be placed next to the relevant text in the article. Number tables consecutively in
accordance with their appearance in the text and place any table notes above the table body.
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Solanum lycopersicum ecimzairinge pe3ucTeHTTiNIIK »kayanTbiH tomato bushy stunt
virus (tbsv) BupyceiabiH p4l KancuAaTiK akybI3bIMEH GesiceHaipinyi

Annoramust.  Tomato bushy stunt virus (TBSV) supyceiven kogramarsin P19 akybisst
PHK wunaTepdepennusauniy, KyaTThl CyHIpeccopbl O0JbIn TabbLaaabl koHe Nicotiana benthami-
ana eCiMIIKTepiHiH BUpPYCIEeH KYKTBIPBLIYBIHIA MaHBI3IbI peJl aTKapaibl. P19 akybI3bIHBIH
9KCIIPECCUSICHI BUPYCIIEH 3aKbIMJIaHybl aflkblH Kepinic Oepemi i€, ©CIMIIKTIH TOJBIK, KOJIJIAIICHIHA
okesrin coKThipasbl. CoHbIMEH Karap cympeccopdiblk P19 akybiser Nicotiana tabacum ecimiriame
TUTIEPCe3iMTANIBIK, PEAKITUICHIH Oesicenaipyre xKkayanTtol. Bupycroin P41 kancuaTik akyb3bl BUPUOH
KYPBLIBIMBIH KAJIBIITACTBIPBII, OCIMIIK OOMBIMEH TapaJiayblH KAMTaMAChI3 eTeli. AJIBIHFaH 3epTTey
wormkesiepi TBSV Bupycbinbiy xabaiibl Tuninig nadeknuscer Solanum lycopersicum (Money maker
cypbIObl) KbI3aHAK OCIMJIriH/E BUPYCKA KAPChl TO3IMILIK KayaOblH TYJLIPATHIHBIH AHBIKTAIBI.
OCIMIIKTIH TaMbIp »KOHE >KAIBIpaK, yJrnackiHga P19 akybI3bIHBIH KUHAKTAJIYBIHA KapaMaCcTaH
BUPYCIIEH 3aKbIMJIAJIYIbIH, CBHIPTKbI Kepiici Hamap Oaiikaygbl.  Agaiiga, Chlorophyll Fluores-
cence Imaging system (Chl-FI) capanramackl BUpyciieH 3akbIMJIaFal ©CIMIIKTEP/IE YKacy Iainmiiik

101



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 1(126)

MeTabOIIM3MIHIH ©3repyiH aHBIKTaAbl. AJI BUPYCTBIH KAICHJITIK aKybI3bl 9KCIPECCUTIAHOANTHIH
MyTaHTIIEH UH(MEKIUS TYAbIPFaHIa, KbI3aHAK OCIM/IIKTEpl KOFApbhl Ce3IMTaJIIbIK, KOPCETil, Kyhemik
HEKPO3Fa YIIbIPa/Ibl. 3epTTey HoTHKeIepi KbizanakTblH Money maker cypeiobiaia TBSV Bupycoina
KapChl KOPFAHBIC MEXaHU3M/IEP] BUPYCTHIK, KAIICUATIK aKybl3 P41-7i Tamy apKbLIbl OeIceHIipiieTiHin
KopceTe/i.

Tyitia ce3aep: Tomato bushy stunt virus (TBSV), Bupyc, kamncuarik akysr3, BUpuoH, Solanum
lycopersicum, pesucrentrinik, PHK-untepdepentus.

I.C. Mykusinosa ', A.2K. Ak6acosa ', M.X. ITozo?, P.T. Omapos !
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Kanicuguasriii 6e1ok p41 Bupyca tomato bushy stunt virus (tbsv) akrTuBupyer
PE3UCTEHTHOCTh Y pacTeHwuii Buja solanum lycopersicum

Awnnoranms. Kosgupyewmsiit Bupycom Tomato bushy stunt virus (TBSV), 6enok P19 siBisiercs
MotabiM cytipeccopom PHK waTepdepeniiny u urpaer BaXKHYIO POJib P UHMEKITUH PACTEHUIT
Nicotiana benthamiana, Koropasi xapakTepusyercsi SpKO BBIPAYKEHHBIMU CHMITOMAME 3200/ I€BaAHUS
U CHCTeMHBIM KoJutanicoM. Kpowme Toro, 6emok P19 siBisiercss /ucuTOpOM THIIEPYYBCTBUTEIHLHOTO
orBeta y Nicotiana tabacum. Kamcugasriit 6esiok Bupyca P41 ¢popmupyer BUPHOHBI U CIIOCOOCTBYET
pasBUTHIO cucTeMHOI uHpeknuu. llosydeHHble HaMU JaHHBIE [TOKA3AJU, 9TO TPU HUHQMEKITUH
nukuM tuiom TBSV y pacrennit Buga Solanum lycopersicum (copr Money maker) akruBupyercst
pe3ucTeHTHBIN oTBeT. HecMmoTpsi HA CHCTEMHYIO aKKyMyJsiuio Oefika cymnpeccopa P19 B smmcrbsix
U KODHSIX, Y PACTEHHIl He IPOSBJISIOTCS BUJIUMBIE CUMIITOMbBI 3abosieBanus. OJHAKO aHAIU3
Chlorophyll Fluorescence Imaging system (Chl-FI) mokasas, 4uro B wHHUINPOBAHHBIX BHPYCOM
PACTEHUSIX TTPOUCXOIAT SHATUTEIbHbIE U3MEeHeHnsT MeTabom3Ma. Bostee Toro, mHbEKINsT pacTeHmi
myrantoMm TBSV mno kancugaomy OejKy HNPUBOJIUT K CHCTEMHOMY HEKPO3y TI'ubesin pacTeHWUil.
[Tonyuernbre JaHHbIE YKA3BIBAIOT HA TO, YTO ¥ TOMATOB BHIPAOOTAHBI 3AIMUTHBIE MEXAHU3MBI B OTBET
Ha KCIIpeccrio Karcuaaoro 6eiaka P41 supyca TBSV.

KumroueBbie cioBa: Tomato bushy stunt virus (TBSV), kancuausiit 6esok, Bupnon, Solanum
lycopersicum, pesucrenrnoctsb, PHK-unTepdepentms.
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