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Physical and mathematical sciences
du3zuko-MmaTeMaTHYeCcKHue HAyKH

UDC 53:51

INVESTIGATING THE DIELECTRIC BEHAVIOR OF THERMOPLASTIC
POLYIMIDE NANOCOMPOSITES CONTAINING CARBON NANOFIBERS

Dao Thi Hong, Doctor of Physical and Mathematical Sciences, Teacher
Posts and Telecommunications Institute of Technology (Hanoi), Vietnam
E-mail: hongdt@ptit.edu.vn

Abstract. This study investigates the dielectric properties of thermoplastic polyimide nano-
composites containing carbon nanofibers. The main goal is to determine the molecular mechanisms
of the observed dipole polarization relaxation processes and reveal the influence of nano-additive
concentration on the dielectric behavior. Analysis of the dielectric data using the Havriliak-Negami
model allowed identifying the characteristic relaxation processes in the glassy and rubbery states of
the nanocomposite.

Keywords: nanofibers, Nanocomposite, dielectric materials.

1. Introduction

Polymer nanocomposites have been in high demand recently, as they offer advantages over
traditional polymer composites. These advantages include lower weight, enhanced impact and wear
resistance, as well as improved chemical resistance, making them suitable for military and aero-
space applications. Commonly used polymer matrices include polypropylene, polystyrene, polyam-
ide, and polyimide, while nanofillers can be particles of aluminum, titanium oxides, carbon, silicon
nanotubes, or fibers. The incorporation of nano-additives with varying nature and concentration al-
lows for tailoring of the mechanical, electrical, thermal, optical, and other properties of these nano-
composites.

Nanocomposites based on thermoplastic polyimides are of particular interest, as they are
widely used as highly heat-resistant structural materials, thermally stable coatings resistant to water
and solvents, as well as membranes for various applications. The properties of these nanocompo-
sites have been investigated using various methods, and they depend not only on the chemical struc-
ture of the polymer matrix and the nature of the nanoparticles, but also on their interactions. The
intra- and intermolecular interactions within the nanocomposite can be assessed by examining the
molecular mobility [3, 4]. Dielectric spectroscopy (DS) is a conventional method for studying mo-
lecular mobility, as it allows for the identification of specific features of the polarization processes
and their relationship with the structural characteristics of the material [1, 2].

In this work, the molecular mobility of thermoplastic polyimide R-SOD and nanocomposite
based on it with 3% of carbon nanofibers is investigated by the dielectric method:
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Fig. 1. Structure of R-SOD thermoplastic polyimide
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The aim of this study is to determine the molecular mechanisms behind the observed relaxa-
tion processes of dipole polarization, which are related to the molecular mobility in the glassy and
rubbery states. Additionally, the study seeks to reveal the influence of the nano-additive concentra-
tion on the dielectric behavior of the nanocomposite.

The dielectric spectra were obtained using a wide-band dielectric spectrometer "Concept 22
and 81" from "Novocontrol Technologies”, which includes an automatic high-resolution frequency
analyzer ALPHA-ANB. The samples were prepared as films with a thickness of 25-40 um, com-
pressed between brass electrodes (diameter of the upper electrode — 20 mm) at a temperature ap-
proximately 30°C above the glass transition temperature. The dielectric behavior was obtained in
the frequency range 0.1 - 2E6 Hz and temperature range 50-320°C.

Dielectric spectra were analyzed with the Havriliak-Negami (HN) two-parametric empirical
function using the Novocontrol Winfit software. Based on these approximations, positions of the
dielectric loss maxima were identified and the HN parameters were determined for the studied re-
laxation processes:

Ag
[l+(ia)2')aHN ]ﬂHN , (1)

where, € is the high-frequency limit of the real part of dielectric permittivity, Ae is the die-
lectric increment (the difference between the low- and high-frequency limits), ® = 2xaf, axn and Brn
are shape parameters that describe the symmetric (f = 1, the Cole-Cole distribution) and asymmet-
ric (a = 1, the Cole-Davidson distribution) expansion of the relaxation function, respectively. The
most probable relaxation time corresponding to the dielectric loss maximum was evaluated by the
formula:

& (w)=¢_+

7 (@ ) Bin )
2(Bn +1) ]1/(aHN)
sin( 7(un) )

2B +1) )

sin(

TMLIKC = THN

2. Results and disscussion

The dielectric spectra revealed several regions of maximum values, corresponding to relaxa-
tion processes of dipole polarization. These regions are indicated (in the order if temperature in-
crease) as P (in the glassy state) and o (in the rubbery state). At temperatures above o process, an-
other tgdmax region was observed, which corresponded to the DC conductivity relaxation (not dis-
played in the figure) (Fig. 2).
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In fig. 3 demonstrates the dependences of dielectric loss factor in temperature regions corre-
sponding to P relaxation process. The values of relaxation times and their temperature dependence

calculated according to the formula HN (1), are presented in Fig. 4 and tables 1.

7 1
. beta R_COD fibers 3%
6 1,=19.6
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Fig. 4. Temperature dependence of the relaxation time calculated
by the HN formula in the region of  process
Table 1
Parameters of the Arrhenius equation (3) for B process
Sample -logo, | Ea, keal/mol | Ea eV
[-process
P-COD 3% fibers 19.8 29 1,25
Error (+) 0.11 0.25 0.12
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Comparing the data obtained earlier for linear thermotropic polyesters and Pls of various
structures, it can be assumed that the appearance of the  process reflects the limited rotations of the

phenyl rings and the associated —O— polar groups.
Dependences —Ig tmax=f(1/T) for § process can be described by the Arrhenius equation:

T(T)rnax = z-O exp( Ea j
RT @)

where, , to = tmax at T—o0, Ea is the activation energy, R is the universal gas constant (R =
8.314 J/mol.K). The linearity of —lg tmax=f(1/T) dependence is typical for the local forms of molecu-
lar mobility described by the Debye model. This model assumes the absence of intermolecular in-
teractions and here the activation energy does not depend on temperature. The equation parameters
(3) for this process are presented in Table 1.

Fig. 5 presents the frequency dependence of dielectric loss in the temperature region corre-

sponding to o relaxation processes.
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Fig. 5. Frequency dependence of dielectric loss in
o process region at different temperatures. Solid
lines refer to the HN approximation of the exper-

Fig. 6. Temperature dependence of the relaxation
time calculated by the HN formula
in « process region

imental curves

The values of relaxation time and their temperature dependence calculated by the HN for-
mula (1) are shown in Fig. 5. Here, Igtmax=@(1/T) temperature dependence of the tested samples
reveal a nonlinear pattern in o process region (Fig. 5). This pattern is typical for cooperative relaxa-
tion processes in molecular motion, which are characterized by a wide set of relaxation times and
are implemented as a joint correlated movement of a large number of segments belonging to neigh-
boring macromolecules (Table 1). The effect is that the molecular mobility of kinetic segments de-
pends on the state of the immediate environment and is determined largely by intermolecular inter-
actions. The activation energy of this cooperative process depends on the temperature and
lgTmax=(1/T) dependences are well described by the empirical VVogel-Tammann—Fulcher (VTF)
equation:

B
Tyvuke = %o exp(?) )
0
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where, to, B and To are temperature-independent parameters. Tg is the so-called Vogel tem-
perature. B parameter represents a measure of cooperativity of the relaxation process. The smaller B
is, the greater are distortion and deviation from linearity of -Igtmax=@(1/T) dependence, as well as
the cooperativity of the process (parameters of the equation (4) for a process in the studied system
are presented in Table 2).

Table 2
Parameters of the equation (4) in a. process region for R-SOD 3%
Sample -Igto [c] B, K To, K T.°C
P-CO/1 3% 11,7 1317 441 222
Error(+) 0.35 46.92 16.84 9.6

For this thermoplastic PI, the same as for the Pls of various structure studied previously, o
process can be explicitly associated with crossing the glass transition temperature. The molecular
source of o process is presented by large-scale segmental mobility of the macromolecule ridge. The
temperature-frequency coordinates of process (Fig. 6), dependences - logtmax = @(1/T), separate the
glassy state region of the polymer (right) from the rubbery state region (left). The glass transition
temperature, Tc (see Table 2), was determined by extrapolation of logtmax = @(1/T) dependence de-
scribed by the VTF equation to - logtmax = 0, (tmax = 1 s). For linear polymers, Tc is determined
primarily by intermolecular and dipole-dipole interactions between macromolecules. In the case of
Pls, the major contribution to intermolecular interactions is probably provided by dispersion forces
between planar phenylene rings.

3. Conclusion

The molecular mobility of the aromatic thermoplastic polyimide R-SOD, with a constant
chemical structure in the diamine and dianhydride parts of the macromolecule, was studied using
the dielectric method. In the investigated temperature-frequency range, the dielectric spectra for R-
COD with 3% of fibers (in order of increasing temperature) showed two relaxation regions of di-
pole polarization: B (in the glassy state) and o (in the rubbery state). The empirical Havriliak-
Negami (HN) formula was used for the quantitative description of the 3 relaxation process. Com-
parison of the dielectric behavior of polymers with similar structure to the given polyimide allows
the identification of the relaxation processes.

The B process, which is the superposition of several molecular mobility modes with close re-
laxation times, is associated with the mobility of the phenyl rings in the diamine and dianhydride
parts of the macromolecule, as well as the polar groups adjacent to them.

The temperature dependence of -lgtmax = f(1/T) in the a process region displays a non-
linear pattern, which is typical for cooperative relaxation processes in molecular motion. In the case
of the studied system, the major contribution to the intermolecular interactions is likely provided by
the dispersion forces between the planar phenylene rings.
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Annomayun. B 0anHom uccnedo8anuu u3yuaromcs OudieKmpudecKue C8oUcmea mepmo-
NIACMUYHBIX HAHOKOMNO3UMO8 U3 NOIUUMUOA, COOEePIHCAUUX YeNepOOHble HAHOB0I0KHA. OCHOBHASL
yenb cocmoum 6 onpeoesieHuy MOJIeKYIAPHbIX MEeXAHUIMO8 HAOII00aeMbIX NPOYECco8 pelakcayuu
OUNONLHOU NOMAPUIAYUU U BbIABNEHUU GIUAHUSL KOHYEHMPAYUU HaAH0-000a80K HA OUIIEKMPUYECKoe
nosedenue. AHanU3 OUdNeKMPU4eCKUx OaHHbIX ¢ ucnonvzosanuem mooenu I aspunsaxa-Heeamu nos-
801Ul ONpedenums XapaKkmephvle Npoyeccobl pelaKcayui 8 CmeKio00pasHOM U pe3uHon000OHOM
COCMOAHUAX HAHOKOMNO3UMA.

Knrouesnie cnosa: Hano8or0KHA, HAHOKOMNO3UMbL, OUDTIEKMPUYECKUe MAMEPUATDL.
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CebCKOX03511ICTBEHHBIC HAYKH

V]IK 626.81

OLEHKA BJIUAHUSA KIINMMATA
U AHTPOIIOTEHHOM JEATEJBHOCTH
HA BOJAHBIE PECYPCBI PECIIYBJIUKHU KA3BAXCTAH *

T.C. I'puuanas’, A.B. BeiicenkyaoBaZ, A.A. Bopucosa®, SI.A. Kypeana*
! kanmaT TexHUYECKHX HAyK, CTAPLIMI HAYYHBIH COTPYIHHUK, 24 koHCTpyKTOp Il KaTeropuu,
14 TOO «Kazaxckuii HayqHO-HCCIIEN0BATENbCKHH HHCTUTYT BOAHOTO X03aiicTBay (r. Tapas),
Pecny6onuka Kazaxcran

Annomayun. B cmamve paccmompena oyenka 6nuAHUsL KIUMAMA U aHMPONO2EHHOU 0esl-
menbHocmu Ha 800Hvle pecypewl Kazaxcmana. Llenvio pabomsi aensemcs ycmanogienue eausiHusl
IMUX haKkmopos Ha 800HbIE PECYPCHI 8 COBPEMEHHBIX YCOBUAX C YUemOM PeKOMEeHOayull Hanpas-
JIEHHBIX Ha 3¢hhexmuenoe ynpasienue UMerouuxcs 600HbIX pecypcos.

Knwueevie cnosa: knumam, aHmponocenHas 0esmeibHoCmy, YnpasieHue 800HbIMU pecyp-
camu, npoo.aembl, peuleHus.

OneHka BO3ACUCTBUSL KIMMaTa U aHTPOIIOTEHHOM JESITEIbHOCTA Ha BOJHBIE pecypchl Pec-
nyOnuku KaszaxcTan HampaBlieHa Ha pellieHHe MHOTOTPAHHBIX MPOOJIEM U CTPATETruid, CBSI3aHHBIX C
yIIpaBJI€HUEM BOJHBIX pecypcoB B KazaxcraHe, KpynHEHIIeW cTpaHe MUpa, HE UMEIOIIEH BBIXOAA K
Mopro. PacmonoxenHslii Ha mnepekpectke EBpombsl M A3suu, pa3HooOpas3HbIl reorpaduieckuii
nanamadT Kaszaxcrana, oT oOIIMPHBIX CTENEH A0 TOPHBIX PETHOHOB, CYIIECTBEHHO BJIMSET Ha €ro
BOJIHBIE PECYPCHI.

N3-3a 00mIMpHON TEPPUTOPUM W YJIAJICHHOCTH OT KPYIHBIX BOJIOEMOB, KiuMmaT Kazaxcrana
XapaKTepU3yeTcsl pe3KOl KOHTUHEHTAJIbHOCTHhIO, OTMEUYEHHOM 3HAUNUTEIbHBIMU BHYTPUCYTOUYHBIMU
U TOJOBBIMU KosieOaHUsIMU TemnepaTypsl [1]. 3uMbl (1ekaOpb-peBpalib) Upe3BbIYaiHO XOJIOAHBIE,
CO CpeTHUMU TIoKazaTessMu 1o crpaHe oT -9°C no -12°C, a nero (UIOHB, UIOIb U aBTYCT) JKapKoe,
co cpeauumu temneparypamu ot 22°C no 23°C [1].

I'eorpaguueckoe pazHooOpasue CTpaHbl, OT OOIIMPHBIX CTENEH A0 TOPHBIX PallOHOB, MPH-
BOJUT K HEPAaBHOMEPHOMY pachpe/esieHnio Bojbl. CeBepHble PErOHbl UMEIOT Oosiee OOUIIbHBIC
3arnachl BOJIbI IO CPABHEHUIO C 3aCYIUIMBBIMU F0KHBIMHU paiioHaMu [2]. DTO HEpaBEHCTBO BIIUSET HE
TOJIBKO Ha JIOCTYIHOCTb BOJIbI JJIs1 OBITOBBIX HYX[I, HO U UMeeT 0osiee MMPOKHE peruoOHaIbHbIE MO0-
CJIEJICTBUS, OCOOCHHO YUYUTbhIBasA, YTO MHOTHE cocenu KazaxcTaHa mosib3yloTcs TEMU K€ MCTOYHU-
KaMH BOJIBI [2].

LenTtpanu3oBanHas miaHoBas s3KkoHomudeckas cucrema Coserckoro Coro3a, KOrjga-To Cro-
coOCTBYIOIIIasi B3aUMOIOTIOTHAIOIIEMY OOMEHY MEXIy CTpaHaMu BepXxoBbsi Kuprusun u TamKuku-
cTaHa, oOecrieuyuBail BOAHBIMU pecypcaMu CTpaHbl HU30Bbs Y30ekucrana u Kazaxcrana, mocras-
751 SHepreTudeckue pecypesl [3]. OqHako pacrmaj 3TOW CUCTEMbI MPUBET K YCHWICHUIO KOHKYPEH-
IIUU 32 BOJHBIC PECYPChI MEXKIy dTUMU CTPaHAMU, YTO BBI3BAJIO HATIPSIKEHHOCTh M KOH(IUKTHI U3-
32 BOJIOIIOJIb30BAHUS.

© I'puuanas T.C., beiicenkynoBa A.b., bopucoBa A.A., Kydpensn S.A. /
Grichanaya T.S., Beisenkulova A.B., Borisova A.A., Kufeld J.A., 2024
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Taxoke Ka3zaxcran craikuBaercsi CO 3HaYUTENbHBIMU MPOOIeMaMHu, CBI3aHHBIMU C U3MEHe-
HUEM KJIMMaTa U aHTPOIOT€HHOM JesITeIbHOCTBIO.

['mobanbHOE MOTEIUIEHNE U aHTPOIOT€HHAsl IESTETbHOCTh BO BCEM MUPE YIPOXKAIOT BOJIHBIM
uctoyHukaMm. CocTosiHue BOJIbl HEPA3pPhIBHO CBSI3aHO ¢ M3MEHEHUSIMU TEMIIEPATyphbl BO3/1yXa U pe-
KUMaMH OCaJIKOB.

Kazaxcran crankuBaeTcs co 3HaUMTEIbHBIMU IIPpOOJieMaMu B yIPaBIE€HUH BOJHBIMU pecyp-
caMM Kak M3-3a IPUPOAHBIX, TAaK U aHTPOIIOTEHHBIX (pakTOpOB. M3MeHeHHe KiiumMaTa MpeCcTaBisieT
co00i1 3HAYUTENBHYIO YIPO3y, IIPU 3TOM MOBBIIICHUE TeMIIEpaTypbl 1 U3MEHEHHE XapaKTepa 0caj-
KOB MPUBOJAST K YBEJIMYEHHUIO YaCTOThl AKCTPEMAJIbHBIX MOTOAHBIX SIBJICHUM, TAKMX KaK HaBOJHE-
HUS ¥ 3acyxH. Jlerpamays KpUTHUECKUX BOAHBIX 0OBEKTOB, TAKMX KaK ApallbCcKOe MOpe, SBISETCS
OPUMEPOM YXKACAIOUIUX MOCIEICTBUI HCTOPHUUECKOTr0 U TEKYILIEro HENpPaBUIBHOIO YIIPaBIICHMUS,
yCcyry0iaeHHOTO Hed((EKTHBHBIMU METOJIAMH OPOIICHUS M YPE3MEPHBIM 3a00pOM BOJBI JIIS CEIlb-
CKOXO3SIICTBEHHBIX U MTPOMBIIIJICHHBIX HYX]I.

AHTpoTIOTeHHas nesTenbHOCTh B Ka3zaxcrane, B 4aCTHOCTH TOPHOIO0BIBAIOIIAS U HE(PTEI0-
ObIBaroIIas, CocOOCTBYET Jerpajaluu NpupoaHbBIX pecypcoB Kazaxcrana. I'opHomoObiBaromiue
orepanyuy TeHePUPYIOT 3HAYUTENbHBIN 00beM OTXOA0B, KOTOpHIE, €CIM HE YNPaBJISATh UMM JIOJIK-
HBIM 00pa30M, MOTYT IIPUBECTH K CEPHE3HOMY 3arpsS3HEHUIO OKPYIKAIOIINX 3eMeJb U BOJIOEMOB.

s ycToiuuMBOCTH BOJHBIX pecypcoB B Ka3axcrane mpeacTaBislIOT 3HAYUTENbHYIO YIPO3Y
U DKOJIOTUYECKHE MPOOIEeMBbl, TaKUe KaK 3aCOJICHUE U OIyCThIHUBAHNE

Kpynreiimum motpeduTeneM BOIHBIX PECYPCOB SIBISETCS CEIbCKOE X03siicTBO. Bomormo-
TpeOMAIONME KYJIbTYpPhl, TAKUE KaK XJIOMOK U PHUC, JOMUHUPYIOT B CEITbCKOXO3IMCTBEHHOM JIaH/I-
madTe, Ha J10JII0 KOTOPBIX mpuxoautcs 90% cenbckoxo3siicTBeHHOTO Bononoiab3oBanus [3]. Ilo-
TpeOJieHre BOJIbI Ha YLy HACEJIEHHUS B CEIbCKOXO3SIMCTBEHHBIX yroabix Kazaxcrana B JeBsATh pas
MPEBBIIIAET MOKA3aTENN PA3BUTHIX MHIYCTPUAIBHBIX CTpaH [3].

OneHkH BOJONOJIb30BaHMsI MOKa3bIBAIOT, 4TO K 2040 roay crpaHa MOET CTOJKHYTBCS CO
3HAYUTENbHBIM JeuuuToM Bofbl, cocTaBmsomuM 50% ot ee norpedHocreit [4]. Bona Heobxonu-
Ma JUIsl pa3iMYHbIX CEKTOPOB SKOHOMUKH, U €€ AePUIUT MOXKET NpuBecTH K cokpameHuto BBII Ha
6 npoueHToB kK 2050 rogy, 4TO AENAeT yNpaBIeHUE BOJAHBIMU PECYPCAMHU JKU3HEHHO BAYKHBIM IPU-
OpUTETOM JIsl TOCyAapcTBa [4].

l'omoBeie pecypchl mOBepXHOCTHBIX BOJ Kaszaxcrana coctaBisitor okono 100 kyOumdeckux
KUJIOMETPOB, npuyeM Ooiee 44% dopmupyroTces 3a npeaenamu ero rpanui [5]. [Torpebdienue Boas
B 3HAYUTENILHON CTENEHU MEPEKOIIEHO B CTOPOHY CEITBCKOT0 XO3sIICTBa, HAa JOJIO KOTOPOTO MpH-
XOUTCS OKOJI0 67% OT 00111ero 00bemMa MCTOJIb30BaHus, ajee CleayeT MPOMBIITUIEHHOCTh ¢ 30%
U OBITOBBIE HYXIIbl, COCTABJISIIOIINE OCTABUIYIOCS 4acTh [5,6]. D (PeKTUBHOCTh MCIOIB30BaHUS BO-
JIbl B CEJIbCKOM XO034MCTBE 3aMETHO HM)KE IO CPABHEHMIO C Pa3BUTBHIMU cTpaHamu. Hanpumep, s
NPOM3BOJICTBA OJHOM TOHHBI ypoxkas B Kazaxcrane tpedyercs okono 3500 kyGomMeTpoB BOJpI, O
cpaBHeHuto ¢ 1300 kybomerpamu B [lonbire u Bcero numb 660 kybomerpamu Bo ®panmmu [7].
[ToTepu BoabI IpU TPAHCIIOPTHPOBKE elie OoJbIne yCyryOusitoT Hed((PEKTUBHOCTh: MO OLIEHKaM,
NIOTEPHU COCTABILIOT 0KO0JIO 70% B CENbCKOXO3MCTBEHHOM CeKTOpeE, 50% B KOMMYHAJIBHOM CEKTO-
pe u 40% B npombinuieHHOM cektope [7]. HeaddexruBHOCTS YacTUUHO 00YCIIOBIEHA yCTapEBIIU-
MU UPPUTAIMOHHBIMU CETSIMU M HEAJICKBATHON HHMPACTPYKTYPOIl.

s pemenus 3tux npobnem B Kazaxcrane paspaborana [IporpamMmma ynpaBieHus: BOJHBIMU
pecypcamu Ha 2020-2030 rozapl, HanmpaBiIeHHAs Ha MOIEPKaHUe BOJTHOTO OajlaHca 3a CYET yBeJH-
YEHUsI PECYpCOB MOBEPXHOCTHBIX BOJI, CTPOUTENHCTBA HOBBIX BOJOXPAHWIMIL M IOBBIINICHUS HUC-
NOJIb30BaHUS MOA3EMHBIX BoJ [5]. KiltoueBble Lieny BKIIIOYAOT COKpAlleHne NOTpeOIeHus BO/Ibl Ha
equnauily BBII v cTpoUTENbCTBO HOBBIX MPPUTAIIMOHHBIX CUCTEM I YBEJTMUEHHUS OPOIIAEMBIX 3€-
Mmenb ¢ 1,7 no 3 mumironoB rekTapoB [5]. Kpome Toro, Ob1710 co31aH0 MHHHCTEPCTBO BOJTHBIX pe-
CypcOB JUIsl HaJa30pa 3a YIpaBJIeHHEM BOJIHBIMH pecypcamu. [lmanupyercst noctpouts 20 HOBBIX
BOJIOXPaHWIHIL, PEKOHCTPYUPOBATh 15 CylecTBYIONMX U MojaepHU3upoBath 6onee 14 000 kuio-
METPOB OPOCHUTEIBHBIX KaHAJIOB M TMAPOTEXHUYECKHUX coopykeHui [8]. Takxke cymiecTByer no-
pO’KHasl KapTa Mo 3KOHOMHH Bojibl Ha 2024-2026 rofpl, B KOTOPOH OCHOBHOE BHHUMAaHME YJEJISETCS
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IU(PPOBU3ALMN BOJHOIO CEKTOpA, YJIYUIIEHUIO IOCYlapCTBEHHON MOJAEPKKH (epMEepoB U BHE[-
PEHHIO COBPEMEHHBIX BOJOCOEPETAIOIINX TEXHOJIOTHI [§].

[IpaBuTEnHCTBO pecHyONUKH NPOSIBISAET aKTMBHOCTh B PEIIEHHM MpPoOJeM BO3ACHCTBUSA
KJINMAaTa U aHTPOIIOT€HHOM JEATEIbHOCTH Ha CBOM BOJIHBIE PECYPCHI KaK IIOCPEICTBOM HAIlMOHAJb-
HOW INOJINTHKH, TaK ¥ MOCPEACTBOM MEKIYHAPOJHOTO cOTpyaHHYecTBa. CTpaHa MPUHSIA BaKHbIE
HOpPMAaTHBHBIE aKThl, HAIIPABJICHHbIE HA 3aIlUTY OKpY>Karollel cpebl U 3pGEKTUBHOE YIIPABICHHUE
BOJHBIMU pecypcamu. KiroueBble 3akoHOIaTeNbHBIE MEpPhI BKIIOYatoT 3akoH PecryOmmku Kazax-
ctaH «O0 oxpaHe OKpy>Karollel cpenbl», KOTOpbIi ObUT yTBepkaeH 2 ssHBapst 2021 roga u onpene-
JSI€T KOMIUIEKCHBIE CTPATETHUU 110 OXPaHE OKPYXKAIOIIEH CPEeNbl U CMATYECHUIO MTOCIEACTBUM H3Me-
HeHus kimmarta [9]. Boassril kogekc KazaxcTaHa B CIIOXKUBIIUXCS YCIOBUSIX TaKKe OBLT IIEPECMOT-
PEH C LENbIO PEIICHUST HEOTJIOKHOM 3aJjaui aJanTali K U3MEHEHHIO KJIMMaTa U COXpaHEHUs JIe-
HUKOB [8]. DTOT KOJEKC BKJIOYAET MEPbI MO0 MOJEPHU3ALMUU CUCTEMbl YIPABIEHUS BOJHBIMU pe-
CypcaMu, pallMOHAJIBbHOMY HCIOJb30BAaHUIO BOJHBIX PECYPCOB U TPAHCIPAHUYHOMY COTpPYIHHUYE-
CTBY.

Ha mexnaynaponHom ypoBHe KazaxcraH yd4acTByeT B MHOTOYMCJIEHHBIX COIVIAILIEHUSX M
napTHEPCTBaAX I OOECIIEYEHUsT YCTOMYMBOTO yIIPaBJICHH BOAHBIMH pecypcamu. B 1992 roay Ka-
3axcraH, Hapsany ¢ Keipreizcranom, Y3oekucranom, TaxukucTanoM U TypKMEHUCTAHOM, MO~
CaJll MEKIYHapOJHbIE COIJIAIIEHUS O COBMECTHOM YIPABJIEHUU M OXPaHE BOJHBIX PECYPCOB U3
MEXXI0CyIapCTBEHHBIX UCTOYHHUKOB, YTO MPUBENIO K 00pa30BaHUI0 MeEXIrocy1apCTBEHHON KOOpPIH-
HanoHHOM Bogoxo3siicTBeHHOM komuccun (MKBK) [10]. MKBK opranusyer exekBapTajbHbIE
COBELIaHUs JUIsl OOCYXIEHHS ¥ YTBEP)KICHUS ONepalfii 110 yIpaBJIEHUIO BOJHBIMU peECypcaMu Kak
B BEreTallMOHHBIN, TaKk M B HeBererannoHHbIN niepuossl [10]. Kpome Toro, B 2001 roxy Kazaxcran
nojanucan cornameHue ¢ Kuraem o peryianpoBaHUM HCIOJB30BAHUS M OXPAaHbl TPAHCTPAHUYHBIX
pek [10]. IToaxon Ka3axcraHa K ynpaBiI€HUIO BOJAHBIMHM PECYpPCAMU IOJIyYMJ BBICOKYIO OLIEHKY 3a
CBOIO 3P PeKTUBHOCTh. MUHHUCTEPCTBO BOAHBIX PECYPCOB U MEJIIMOPAIIMH B COTPYIHUYECTBE C MEXK-
JYHapOAHBIMM OpraHu3auusmMy, Takumu kak [Iporpamma passutuss OOH (ITPOOH) u EBpaswmii-
CKMI 0aHK pa3BUTHS, NIPUCTYNWIO K peaJu3alii MacIITaOHbIX MPOEKTOB, HAIIPABJICHHBIX Ha pa3-
BUTHE BOJHOW MH(PACTPYKTYphl U BHEAPCHUE MEPEAOBOTO OmbITa npyrux crpan [11, 12]. Hampu-
Mep, HEIABHEE COIVIAILIEHUE MEKIY dTHMH OPTaHM3aLMsAMM HAIPABJICHO HA PEAIM3aLUI0 MHOTOILIE-
JIEBBIX MPOEKTOB 10 YIPABICHHIO BOJAHBIMU peCypcamu, KOTOpbIE, KaK OKUAAETCS, IPUHECYT JOJI-
rocpounsle BeIroael [11]. Kpome Toro, EDK OOH nomuepkHyia BaXXHOCTb TPAHCIPAHUYHOIO CO-
TPYJHHUYECTBA B YIIPABJICHUN BOAHBIMU pecypcaMu. Bo Bpemsi HelaBHEH BCTPEUYM MPEACTABUTEIH
ESK OOH noguepkHyin HEOOXOAMMOCTh KOOPIMHAIIMKM CTPAaHAMU MEp MO YIPABJICHUIO BOJHBIMU
pecypcaMu Uil CMSITUYEHHS TPAHCTPAHUYHBIX BO3AEHCTBHI U JJOJITOCPOYHBIX MHBECTHIIMN B HH(Pa-
CTPYKTYpPY, YCTOWYHMBYIO K M3MeHeHHI0 kimMmata [13]. Ogaum u3 00CyXIaeMbIX MPOEKTOB ObLI
npoekT croumocteio 1 miH nomnapoB CHIA «CopelicTBHe TpaHCTPaHUYHOMY COTPYAHMYECTBY M
KOMIUIEKCHOMY YTIPABJICHHIO BOJIHBIMU pecypcaMu B OacceitHax pek Uy u Tanacy, HanmpaBiIeHHBIN
Ha YJIYYIIEHHE OXpaHbl U MOHUTOPUHTA BOJHBIX dKOCUCTEM [13].

YcroitunBoe ynpaBieHue BOAHBIMU pecypcamu B PecriyOnuke Kasaxcran umeer nepBocre-
IIEHHOE 3HAYEHUE, YUYUTBIBAs CIIOYKHBIE FMIPOJIOIMUECKUE PEXUMBI KPYIHBIX PEK, Takux kak Celp-
Japbst 1 AMyJapbs, KOTOPbIE YSI3BUMbl K U3MEHEHUIO KJIMMAaTa M aHTPOIOT€HHOM JEeSTEIbHOCTH.
OTBOJZ BOJBI JUISI CENBbCKOXO3SHCTBEHHBIX, MPOMBIIIJICHHBIX M OBITOBBIX HY’K[ IIPUBEJT K COKpalle-
HUIO [IOTOKOB B PEFMOHAX HUKE T10 TEUEHHIO, YTO IPUBEIIO K CEPbE3HOMY IKOJIOTHYECKOMY yIEPOyY
[14].

[IpaBurenscrBo Ka3zaxcrana omnpeaenusio NpUOPUTEThl (PMHAHCUPOBAHUS PA3IUYHBIX WHU-
[IMAaTUB B O0JIACTU yIpaBJIeHUS BOAHBIMU pecypcamMu. K HUM OTHOCSTCS SKCILTyaTalys U 00CITyKH-
BaHUE TPAHCTPAHUYHBIX BOJOXO3SMCTBEHHBIX COOPYKCHMI, BOCCTAHOBJICHUE aBAPUIHBIX BOJOXO-
3SIICTBEHHBIX OOBEKTOB, a TAKKE UPPUTALMOHHBIX U JIpeHakHbIX cucteM [10]. Takxke npeanpuHu-
MAIOTCSl YCWJIMS 110 CTPOUTEIHCTBY HOBBIX OOBEKTOB YIPABIECHUS BOJAHBIMU pPECypcaMu M PEKOH-
CTPYKLUH CYIIECTBYIOIIUX, YTO 00eCHeunBaeT 0€30MacCHOCTh M JKCIUTYyaTallMOHHYIO L[EIOCTHOCTh
rOCyJIapCTBEHHBIX CHUCTEM BojlocHaOKeHus. CyOCHanN MPEIOCTABISIOTCS CeIbCKOX03IHCTBEHHBIM
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MPOM3BOUTEIISIM JUTsI TOCTABKU BOJBI M CHAOXKEHUSI TUTHEBOUM BOJIOW M3 KPUTUYECKHX CHUCTEM BO-
nocHaOxxenus [10].

Yeunus mo peuieHrio 3THX MpoOsieM BKIIOYAIM PEKOHCTPYKLUIO MPYJOB U MPUMEHEHUE
BOJIOCOEpEraroIux TEXHOJIOTH, 9TO Mo3BOJIMIO0 (pepMepam Oosiee pallMoHaIBLHO UCTIOIh30BaTh BO-
Iy ¥ COKpaTuTh pacxonbl [15]. Takue MHUIUATHBBI YIYUIIMIA METO/ABI OPOIICHUS M MO3BOJIMIU
YIIYYIIATh YIIPaBJI€HHUE BOIHBIMHA PECypcaMi, B KOHEYHOM HTOTE TIOIEPKUBAsT MPOU3BOIUTEIh-
HOCTh M YCTOWYHMBOCTH CEIIbCKOTO X03sKicTBa [15]. HecmoTpst Ha 3T ycunusi, CTpyKTYpHBIH nedu-
IIUT BOJIbI OCTACTCS CYIIECTBECHHBIM TMPENSATCTBUEM ISl YCTOHYUBOTO 3KOHOMUYECKOTO U COIHANTb-
Horo paszButusi Kazaxcrana. Mongenu moTpeOeHust BOJbI B CTpaHE, OCOOCHHO B CEIBCKOM XO3SH-
CTBE, HEOOXOUMO MEePECMOTPETh, YTOOBI 00ECTICYUTh TOJITOCPOUHYIO YCTOHUMBOCTh BOJIOCHAOMKE-
HUsL. OTO BKIIIOYAET MOJCPHU3ALMIO YCTAPEBIIUX CUCTEM BOJIOCHAOKEHHS U BHEJIPEHUE KIMMAaTH-
YEeCKU-yMHBIX METOJIOB BEJICHHS CEIHCKOTO X035 HCTBA, TAKMX KaK KaleJIbHOE OPOIICHHUE M 3aCyXO0-
YCTOMYMBBIE KYIBTYPBI, U1 CMSATYEHUS MOCICICTBUM MOBBIILICHUS TEMIIEPATYpbl U M3MEHEHUS KO-
arygecTBa ocankoB [16, 17]. Pemenne stux mpobieM Takxke TpeOyeT MeXTyHapOJIHOTO COTPYIHH-
4eCTBa, 0COOEHHO B COTJIAILICHUSIX O TPAHCIPAHUYHOM BOJIONOJI30BAHUH C COCEHUMH CTpaHaMH,
JUTSL YKPETICHHS TTEPETOBOPHBIX MPOIIECCOB M 00ECIIEUEHUS CIPaBEIIMBOTO PACIIPEICIICHUs pecyp-
coB [18].

[IpoBenenHas oueHka mokasaia, yTo noaxona Kaszaxcrana K ynpaBlieHHIO BOJHBIMHU pecyp-
CaM¥ C YYETOM BJIMSIHUS KJIUMaTa M aHTPOTIOTCHHOM JIESTEIbHOCTH Ha MMEIOIINECS BOJIHBIC PECYp-
CBI MpearnoaraeT 6ajJaHc MeXIy HeTOCPEACTBEHHBIMU MOTPEOHOCTSMU U IOJITOCPOYHON YCTOWIH-
BOCTbIO, IMOJYEPKHBAsi BAXKHOCTb PErMOHAJIBHOIO COTPYAHMYECTBA M BHEJIPEHUS COBPEMEHHBIX
TEXHOJIOTHH JJ1 o0ecrieueHnst 6€301acHOr0 M YCTOMYMBOTO Oy IyIIEro BOJTHBIX PECYPCOB.

* JlanHble uccie0o8anst 8bINONHEHbl NPU YUHAHCOBOL NOOOEPIHCKe
Munucmepcmea 600n020 xossticmea u uppueayuu Pecnyonruxu Kazaxcman. BR 23791322.
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ASSESSMENT OF THE IMPACT OF CLIMATE
AND ANTHROPOGENIC ACTIVITIES
ON WATER RESOURCES OF THE REPUBLIC OF KAZAKHSTAN
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Abstract. The article discusses the assessment of the impact of climate and anthropogenic
activity on the water resources of Kazakhstan. The aim of the work is to establish the impact of
these factors on water resources in modern conditions, taking into account the recommendations
aimed at the effective management of available water resources.

Keywords: climate, anthropogenic activity, water resources management, problems, solu-
tions.
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OINEHKA UBMEHEHMUS KIINMATA B KABAXCTAHE *

B.A. Kapkos!, P.A. Mamyues?, A.B. Beiicenkyosa’, H.B. Bopuciok®
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3 KOHCTPYKTOp 2 KAaTeropum, 4 KOHCTPYKTOp 3 KaTeropuu
4 TOO «Kazaxckuii Hay4qHO-HCCIIEI0BATEIbCKHI HHCTHTYT BOJHOTO X03siicTBay (r. Tapas),
Pecnybnuka Kazaxcran

Aunnomauyun. B cmamove npusedenvl nokazamenu uzmerenus: kiumama 8 Kasaxcmane, dana
OYEeHKa MeHOeHYULl meMnepamypvl NPU3EMHO20 8030YXA U KOIUYECMBA 0CAOKO8 NO CE30HAM 2004 8
paspese obracmetl, HanpasieHus no obecneuenuio 800HOU U IKoI02u4ecKou beszonacnocmu Pec-
nyoauxu Kazaxcman. Llenvio pabomol s6151emcsi Oyenka KiumMamudeckux usmeHeHull s YyCmaHos-
JIeHUsl OCHOBHBIX HANPAGIEHULl NO 0becnevenuio 800HOU U IKOI02u4ecKoll bezonachocmu Pecnyonu-
xu Kasaxcman.

Knrouesvie cnosa. kiumam, noxazamenu, meHOeHYUU usMeHeHus:, 800ocobepezaroujue mex-
HOJIO2UU.

Knumar — 310 npupoaHsiil pecypc, >KM3HEHHO BaKHBIN JJIS OMPEICIICHUS HAIIPaBJICHUH pas-
BUTHSI MHOTHX OTpaciieil SKOHOMHUKH M 370POBbSl HACEJIECHUS JII000ro rocyaapcTsa. Mereoposoru-
yeckast nHpopmMmanus, cobupaemasi, ynpasisieMas U aHaJu3UpyeMas HallMOHAIbHBIMU THIPOMETEO-
POJIOTMUYECKUMU CIIy>KOaMH, ITOMOTaeT MOJb30BATEIsIM JaHHONW MH(OpMaIMK, B TOM YHCIE U JIH-
11aM, IPUHUMAIOIINM peIICHUs, IAHUPOBATh JIOOYIO ESATENbHOCTh C YyUYETOM COBPEMEHHBIX KITH-
MaTHYECKUX YCJIOBUH M HAOMI0JaeMbIX U3MEHEHHH KiuMara. VMcnonab3oBaHue akTyalbHON MeTeo-
POJIOTHYECKON M KIMMaTH4eCKOM MH(OpPMAIMK CIIOCOOCTBYET YMEHBIIEHHIO PUCKOB M yliepda u
ONTHUMM3ALMHA COLMAIBHO-3KOHOMHUYECKON BBITObl. MOHUTOPHHI KJIMMAaTH4YECKOW CHCTEMBI OCY-
HIECTBJIIETCA HAMOHAJIbHBIMY, PErMOHAIbHBIMU M MEKIYHAPOJHBIMU OpraHU3alUsIMU MIPU KOOp-
JIMHAIMU cO cTOpoHbl BecemupHoit Mereoponornyeckoit Opranuzaliui U B COTPYJIHUYECTBE C APY-
MMM [IpOrpaMMaMi IO OKpy»karomiel cpeae. OTMmeuaercs, 4To U3MEHEHHEe INT00aNIbHOTO KiuMaTa
Ha 3eMHOM HIape CTAaHOBUTCS 0oJiee MHTEHCUBHBIM C cepeauHbl 1970-X rogoB MpoILIOro BeEKa,
ocobenHo B CeBepHoM nosymapuu. B nienom mis 3emuoro mapa 2020 roj BoIen B TPOWKY CaMbIX
TEIUIBIX JIET 3a MEPHUOJ MHCTPYMEHTAJIbHBIX HaOmroneHui. I'nmobanbHas cpenHss TemmepaTypa B
2020 r. 6puta npumepHo Ha 1,2+0,1 °C Beie 6a3oBoro ypoBus 1850-1900 rr., ucnonaszyemoro B
KAauecTBE allPOKCUMAalMU JOMHAYCTPHUAIbHBIX YPOBHEH [1].

[Tokaszarenu cpenHErofoBOi TeMmImepaTypbl BO3AyXa B CTpaHaX MHpa CBHUIETEIHCTBYIOT O
NOBBILIEHUM CPEJHETOA0OBBIX TEMIIEPATYp IIPAKTUYECKH Ha BCeil Tutanete. [Ipyu aToM 3HauMTEIBHOE
€€ IOBBIIICHHE OTMEYAETCs B €BPONECHCKUX U a3UaTCKUX CTpaHax. B yClIoOBUsAX H3MEHEHHS KIMMATa
BEreTAllMOHHBIE TIEPUOJBI CEIbCKOXO3IMCTBEHHBIX KYJBTYp B PETMOHAX MEXIY TPONUYECKON U
apKTHYECKOM o0JiacTeil M B apKTUYECKMX PETMOHAX, MOTYT YIJIMHATHCS B CPaBHEHUM ¢ 0a30BOMU
HPOJOJDKUTEIBHOCTBIO M YKOPAUMBAThCsl B pallOHaxX, CTPAJalOINX OT JUTHTEIBHBIX 3acyX [3].

[Tonnmanue OyayImuX MOCIEACTBUN N3MEHEHUS KIIMMAaTa U yCIIEIIHOE TNIAHWPOBaHUE aJiall-
TAI[MOHHBIX MEpP MMEIOT JKU3HEHHO BakHOe 3HaueHue i LlentpanbHoit Asum (L[A), yuuTsiBas
SKOHOMHUYECKYIO YS3BUMOCTb PETMOHA, 3aBUCHUMOCTb OT CKYAHBIX BOJHBIX PECYpCOB M HaOmronae-
MBbI€ TEMITbI TIOTETUICHHSI, IPEBBIIIAIOIINE CPEIHNE TTI00abHbIE. B 11e10M TeMnepaTrypHbIe YCIOBUS
B LA moaxonsT Ais BeIpalllUBaHUsI MHOTMX Pa3IMYHbIX KYJbTYp, TAKMX KakK IMIIEHUIA, KYKypy3a,
XJIOTOK, pHC, (OPYKThI, OBOLIM U Apyrue. OHAKO CEIbCKOX03HCTBEHHOE IPOU3BOJICTBO B 3TOM pe-
THOHE CHIEP’KUBAETCA HEPAaBHOMEPHBIM IIPOCTPAHCTBEHHBIM DPACIPEACICHUEM BOIHBIX PECYpPCOB,

© XKapko B.A., Mamyues P.A., Beiicenkynopa A.b., bopucrok H.B. /
Zharkov V.A., Mamuchev R.A., Beisenkulova A.B., Borisyuk N.V., 2024
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HaJIn4ueM He3(PEeKTUBHBIX UPPHUTALIMOHHBIX CUCTEM M HM3KOW MPOAYKTUBHOCTBIO CEJIbCKOXO3si-
CTBEHHBIX IIPUEMOB.

[locnencTBuss NMpPOrHO3MPYEMOro M3MEHEHMsI KiIMMaTa MOTYT CTaTh JONOJIHUTEIbHBIM
CTPECCOPOM HapsIy C YK€ CYIIECTBYIOIIMMHU MPOOIeMaMH, TAKUMH KaK Pa3BHBAIOLIEECS YKOHOMHU-
YeCKOe COCTOSIHME CTpaH PErMOHa, CHJIbHAs 3aBUCUMOCTh SKOHOMHUKHU OT JA€(UIIUTHBIX U HEPAaBHO-
MEPHO PaCHpeeICHHBIX BOJAHBIX PECYPCOB, KOHKYPEHIIMH MEXy CTPaHAMU U PA3INYHBIMU CEKTO-
paMu SKOHOMHKHM I10 BOJHBIM pecypcaM B pernose. [Ipu 3ToM orMeuaeTcs, 4To B YCIOBHAX IPO-
THO3UPYEMOT0 U3MEHEHHUs KJIMMaTa BO3MOXHO YBEJIMUYEHUE YPOKAHHOCTH CEIbCKOXO03SIIICTBEHHBIX
KyJbTyp B cTpaHax LA, Takux kak Kazaxcrane, Keiprescrane, Y30ekucrane u TaKUKUCTaHE 3a
CYET MPOJUICHHUs] BETETALIMOHHOTO TMEPHOa U YCKOPEHHOT0 HaKOIUIeHUs 3((EKTUBHBIX TeMIlepa-
TYyp, 4TO NMPHUBOJUT K Oojiee ObIcTpoMy (peHosornyeckomy pasBuTHi0. COOTBETCTBEHHO 3TO obec-
MICYMBACTCSI C YYETOM HAJIMYHSI JJOCTATOYHOTO KOJIMYECTBA BOJHBIX pecypcoB [4].

N3yueHne pernoHaIbHOrO KiauMara M MOCTOSHHBIA MOHUTOPUHI €0 M3MEHEHHUs SIBIISETCS
OJTHOW W3 TPUOPUTETHBHIX 3aJad HAIMOHAIBHOW THAPOMETEOpOIOrndeckor cimyxObl Kazaxcrana
PI'TI «Kasrugpomer». C 2010roma PI'TI «KasrunpomeT» OCyIIECTBIISET BBITYCK €KErOAHbIX O0JI-
JeTeHel Ui MpeloCTaBIeHNs 10CTOBEPHON HayuyHOW MH(OPMALMK O PETUOHAIIBHOM KJIMMATe, €ro
M3MEHYMBOCTU M M3MeHeHuH. [IpuHrMas Bo BHIMaHue reorpaduueckoe nojoxkeHne Kazaxcrana u
€ro OOIIMPHYIO TEPPUTOPHIO, HAOIIONAaeMble U3MEHEHHUS KIMMATHYECKUX YCJIOBUH B pa3iIMYHbIX
peruoHax PecryOnauku MOTyT oKa3aTh KaKk HEIaTUBHOE, TaK U MO3UTHUBHOE BO3JeicTBHE HA OHO(U-
3MYECKHE CHUCTEMBI, HA YKOHOMHUYECKYIO JeSITEILHOCTh U COIMaIbHYI0 chepy. Yuer kiammarnde-
CKHX YCJIOBUM M OLIEHKA MX W3MEHEHUH HEOOXOIUMBI JJIS ONpeesIeHUs MOTEHIUATbHBIX MOCIE-
CTBUM U NPUHATHUSA CBOEBPEMEHHBIX M aJ€KBaTHBIX MEp aJalTallM, B KOHEYHOM MTOre, s odec-
IeyeHus: ycronunsoro passutus Kasaxcrana. /[ns onenku usmeHeHus kimMara B Kasaxcrane uc-
NIOJIB3YIOTCA PSAJbI CPEAHEMECAUHBIX TEMIIEPATYP BO3yXa U MECSYHBIX CYMM OCAJIKOB, a TAK¥Ke psi-
Jbl CYTOYHBIX MAaKCHUMAaJIbHbIX M MUHUMAJIbHBIX TEMIIEpATyp BO3yXa M CyTOYHOIO KOJMYECTBA
0CAaJIKOB IO JAHHBIM METEOCTAHLUM 11 00001eHHsI HHPOPMAIMK IO TEPPUTOPHSIM obacTeil u B
resoM 1o Kazaxcrany v O1leHKM aHOMAaJIUN U TEHCHITMI B KOHKPETHOM TyHKTe [1].

B kauecTBe HOpPMBI paccMaTpuBaEeTCsl CPEIHEMHOTOJIETHEE 3HAUEHUE PACCMATPUBAEMOM
KJIMMaTU4eCKOU nepeMeHHou 3a nepuof 1961-1990 rr.

AHOMaJIUK TEMIIEpaTypbl PACCUUTHIBAIOTCSA KAK OTKIOHEHUS HAOMIOAEHHOIO 3HAYEHUS OT
HOPMBI. AHOMAJIMU KOJMYECTBA OCAIKOB PACCMaTPHUBAIOTCS KaK B OTKJIOHEHHUSX OT HOPMBI (aHAJIO-
TMYHO TeMIIepaType BO3AyXa), TaK U B IPOLEHTAX OT HOPMBIL.

OueHka TeHACHUUH TeMIlepaTypbl MPU3EMHOT0 BO3/1yXa M KOJMYECTBAa OCAJKOB IOKa3aHa
KaK IO JIaHHBIM OT/IEJbHBIX CTAHIMM, TaKk U B cCpeiHeM Mo Teppuropun 14-tu obnacteit Kaszaxcra-
Ha. CpenHue /Ui TEppUTOPUHN BEIUUMHBI AHOMAJINN METEOPOJIOTUYECKUX NIEPEMEHHBIX PACCUUTAHBI
MyTEM OCPEHEHMS CTAHLIMOHHBIX JAHHBIX 00 aHOMAJIUSX.

JU1 OLIEHKH 2KCTPEMaJIbHOCTH TEMIIEPATYPHOI'O PEXMMA U PEKUMA OCA/IKOB B KOHKPETHBIN
TOJl M €e U3MEHEeHHs 32 HaOII0IaeMblii IEPHO/. MCTIONIb3YIOTCSI MHACKCH U3MEHEHHs KJIMMaTa, pe-
KOMEHJI0BaHHbIEe BceMupHON MeTeoposornyeckor opranusanueid. Hekoropbele HHAEKCH OCHOBAHBI
Ha (DUKCHPOBAaHHBIX €IUHBIX MOPOrOBBIX 3HAYEHUSAX JJIS BCEX CTAHIMM, APYrue — Ha MOPOTrOBBIX
3HAYEHUSX, KOTOPhIE MOT'YT BapbHpOBAaTh OT CTAHLMU K CTaHUUHU. HAEKCHI MO3BOJISIOT OLIEHUTH
MHOTHE aCIEKThl U3MEHEHUS KIUMaTa, TakKue, HallpuMep, KaKk U3MEHEHUE NHTEHCUBHOCTH, YaCTOThI
U IPOAOJKUTEIBHOCTH IPOSABJIECHUS 3KCTPEMAIbHOCTH B TEMIIEpaType BO3AyXa M KOJIMYECTBA
OCAaJIKOB.

Bce skcrpemanbHO TEMIIBIE OBl B M100aJbHOM MaciuTabe npuxonsaTcs Ha nociueanue 20
aer. B Ka3zaxcrane 3Ta 0COOGHHOCTh TakXe XOpOIIO MPOCIEKUBACTCS, UCKIIOUYEHUE COCTABISIOT
1983 . u 1995 1.

B cpennem no Kasaxcrany cpeHerozioBas Temieparypa Bo3ayxa B 2020 . 6su1a Ha 1,92°C
BBIIIIE KIIMMAaTU4YECKOW HOpMBI 3a neprof 1961-1990 rr. u 310 nepBast BeIM4YMHA B paHXUPOBAHHOM
psAxy cambIx TEWIBIX JeT 3a nepuon 1941-2020 rr. Jlns AxmMomuHCKOM, AKTIOOMHCKOM, AThIpa-
yckol, Kocranaiickoii, [TaBnomapckoit m CeBepo-Kazaxcranckoit oomacteit 2020 ron ObLT Takke
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PEKOP/IHO TEILIBIM, AHOMAIIMH TeMIlepaTyphbl cocTaBunu ot +2,23°C 1o +3,16°C. Ha 59 meteocran-
nusx ceBepHoro perunona 2020 r. ctan caMbIM TEIIbIM rojioM ¢ 1941 r.

B cpeanem no tepputopun Kazaxcrana aHoManusi TeMreparypsl 3umHezo ce3ona Obuia pe-
KOPJHO BBICOKO# 1 cocTaBuna 5,5°C. PekopHEIME GbLITH TaK)Ke aHOMAJIHH B CPETHEM TI0 TEPPUTO-
PHH 3aIajiHBIX, CEBEPHBIX U IOTO-BOCTOUHBIX peroHoB Kasaxcrana (ot +4,06°C s AnmaTuscKoit
o6mactu 1o +7,35 °C mns 3amamHo-KaszaxcraHckoit obmactn). B cpennem mo Kazaxcrany komude-
CTBO 3UMHHUX 0CaJKOB cocTaBmwio 132 % (91-w1if nmpouenTiib). B AxmonmHcko#t u [TaBnomapckoit
00J1acTAX BBINAJIO PEKOPAHOE KOJIMYECTBO OCAIKOB 3a 3UMHUHI nepuoa — 220 u 182 % HopMsl, co-
otBeTcTBeHHO. B CeBepo-Kazaxcranckoi 00/1acTH KOJUYECTBO OCAIKOB MPEBBICKIIO 95-0H TIpo-
LEHTWIb U cocTaBuiio 180 % HOpMBL

Cpennsis no teppuropun Kazaxcrana aHomanus TeMIIEpaTyphl 6ecenHezo ce3oHa Obuia pe-
KOPJIHO BBICOKOH U cocTaBmna +3,84°C. B psaje obnacteil cpeHme MO MX TEPPUTOPHH AHOMAIUH
TeMIepaTypbl BO3yxa ObUIM KCTPEMATbHO BHICOKUMH C BEPOSTHOCTBIO HENpeBbIIeHUS Oosee 95
% u coctasisuti ot 2,88°C B XKamObuickoii o6mact 1o 4,44°C B Bocrouno-Kazaxcrauckoii 06ita-
ctu. B ATtbipayckoif, Manrucrayckoir u TypKecTaHCKOH 00JacTX BEpOATHOCTb HENPEBBILICHUS
aHomaymu coctaBmia 89-94 %, 3HaUCHHUS aHOMAJIMH JIS)KAIH B TIpeJieax 1,73-2,49°C. KonuuectBo
BECEHHUX 0caaKoB B cpeaHeM mno Kazaxcrany cocraBmiio 82 %. JloctarouHo “BiaxkHasl” BECHA
HaOmonanack B Kocranaiickoit (142 % nopwmbl) u CeBepo-Kazaxcranckoit obnactsax (121 %). B
Tpex obnactsax KazaxcraHa KOJIM4eCTBO OCAAKOB ObIJIO 3HAYMTEIBHO HUXKE HOpMBL: B Kaparanaus-
ckoit — 56 % nopwmar; [TaBnonapckoit — 54 % Hopmbl; B BocTouno-Kazaxcranckoi — 45 % HOpMBL

3HayeHue CpeiHeH MO CTpaHe aHOMAJMK TeMIIepaTypbl BO3AyXa JiemHe20 ce30Ha ObLIo MOo-
noxkutensHBIM 1 cocTaBmio 0,86°C (BeposTHOCTH HenpeBbimenns 89 %). CpeaHsas mo ATeIpaycKoii
0671aCTH aHOMAJIHs TeMIEpaTyphl ObLIa IKCTPEMaIbHO BBICOKOH: +2,16°C ¢ BeposaTHOCTHIO Hempe-
BpimeHns 96 %. Taxske 3HAYUTENbHOM 6bla aHOManus B Manrucrayckoii o6mactu: +2,13°C ¢ Be-
posaTHOCTBIO HenpeBbieHus 91 %. CpeaHue Mo TEppUTOPUN OCTAIBHBIX 00JacTel 3HaYCHUs aHO-
MaJIMM TeMIIEpaTypbl COCTaBUIIA OT 0,44OC st Kaparanauackoit odmactu 10 1,2OOC T AKTIO-
OuHckoi obmactu. KomuuecTBo JIeTHUX 0CakoB B cpelHeM 1o Tepputopun Kazaxcrana Oblio Ha
10 % Hmxe HOpMBI U cocTaBwiio 79,2 MmM. HanmeHnsbliee KOJIMYECTBO OCAaJKOB BBINAJIO B ATbIpa-
yckoii (47 % Hopmbl) u CeBepo-Kazaxcranckoii (64 % HopMmbl) obnactax. Ha ocranbHol Tepputo-
pUU CyMMa BBINIABUIMX OCaIKOB cocTtaBuiua 75-114 % HopMBL.

B cpennem nmo Kazaxcrany Ttemmeparypa Bo3lyXa OCEHHEI'O Ce30Ha Oblia HECKOJIBKO HMXKE
HopMbI — Ha 0,21°C npu BeposiTHOCTH HemnpeBbliieHus 37 %. B pa3pese obnacreit anomanuu 6bu1n
KaK TOJIOKHUTEIbHBIE, TaK U OTPULIATEIbHbIC, HE MPEBHIIIAIN 3HAYEHUSI CTAHJAPTHOTO OTKJIOHEHMS
3a MckmodenneM AnmaTuackoii o6mactu (-1,03°C ¢ BeposTHOCTBIO Hempebimenus 19 %) u Kam-
obuickoit obnmactu (-1,76°C ¢ BeposTHOCTRIO HempeBblieHus: 13 %). B cpeaneM mo tepputopuu
Kazaxcrana koam4ecTBO 0CaKOB B OCEHHUN Ce€30H cocTaBio 53,5 MM (68 % HOpPMBI, BEpPOATHOCTD
Henpesbiienus 10 %). 3naunrenbHas yacte Teppuropun Kazaxcrana ucneiTbiBana AeULIUT Ocal-
KOB, 32 HCKJIIOYCHHEM HEKOTOPBIX PalilOHOB B ceBepHOM Kazaxcrane, riie KOJIMYeCTBO OCATAKOB ObI-
10 Ha 20-30 % BbIIIE HOpMBL B roxHOM nosoBuHe KazaxcTaHa KOJIMYECTBO OCAIKOB COCTABIISIO, B
ocHOBHOM, MeHee 60-40 % HOpMBI, B 3alIaJIHBIX PErMOHAX U B pailoHe BOCTOUHEE APabCKOT0 MOPs
MUHUMAaJIbHOE KOJIMYECTBO OCAJKOB COCTaBIIsLIIO MecTaMu MeHee 30 %.

Cymma ocankos 3a 2020 rog B cpegnem no tepputopuun Kaszaxcrana cocrasmia 270,7 MM
(85 % Hopmbl). ['00BBIE CYyMMBI OCAJIKOB OBLIM BbIIIE HOPMBI B HEKOTOPBIX CEBEPHBIX PETHOHAX
Kazaxcrana, makcumym Ha 40-45 %. dedunut ocaakos (30-40 %) HaGmronancs B 3amaHbIX U FOXK-
HBIX 00JIaCTSIX peCcIyOJIMKH.

3a nepuon ¢ 1976 o 2020 rr. B PK HaOmonanuce cieayronme n3MeHeHNs KIIMMarTa.

YcToitunBoe MOBBILICHUE CPETHEN r010BOM TeMIepaTypbl BO3/IyXa HaOl01al0Ch Ha TePpHU-
topun Bcex obnacteit Kazaxcrana. B cpennem mo tepputopun Kazaxcrana moBblllieHHE CPEIHETO-
0BO#1 Temmeparyphl Bo3ayxa cocranser 0,32°C xaxpie 10 net. Bornee GBICTPBIME TEMIAMH TeTI-
JICET B 3aIlaJIHbIX W I0r0-3amaHbIx peruonax Kazaxcrana (oT 0,28°C/10 net mo 0,52°C/10 ner), 6o-
Jee MEUICHHBIMM TEMIIaMHU — B LIEHTPAJIbHBIX, CEBEPHBIX U CEBEPO-BOCTOUHBIX pEruoHax (OT
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0,22°C/10 ner mo 0,37°C/10 JIET), a TaKe B FOPHBIX paiioHaxX ora-BocToka (ot 0,24°C/10 ner mo
0,27°C/10 ner).

B cpennem no tepputopun Kazaxcrana TeHIEHLUS K MOTEIJICHUIO 3UMHETO C€30HA COCTaB-
asiet 0,23°C/10 net. TpeHasl 3MMHUX TeMIIEpaTyp ObUTH MOJOXKHUTEIbHBIMUA BO BCeX 001acTAX, HO B
OCHOBHOM, CTaTUCTHYECKM He3HauMMbl. Hambonee 3ameTHOe MOTEMJICHHE OTMEYEHO B 3amajiHo-
KasaxcraHckoi, ATeIpayckoi, Manrucrayckoit m Typkecranckoif obmactsx — Ha 0,34-0,53°C/10
JIeT).

Haubonee nHTeHCHBHASA TEHACHIIMS K MOTEIUICHHUIO BECEHHUIN CEe30H HAOII0JaeTCsl BO BCEX
obmactsx Kaszaxcrana. /lnana3on m3Menenuii cocrasiuser ot 0,51°C/10 ner (Atsipayckas o61acTs)
10 0,70°C/10 ner (Kaparanmuuckas o6macts). B cpeqnem nmo KasaxcTaHy TemmepaTypa B BECEHHHT
ce30H nosbimaroTest Ha 0,65°C/10 rer.

Jletom B cpemnem mo Kasaxcrany Temmeparypa mossimaercsa Ha 0,19°C/10 ner. Haubonee
3HAYHUTEJIbHBIC TEMITbI MOBBIIICHUSI TEMIIEPATyphl OTMEYAeTCsl B 3amagHbIX obmactax — Ha 0,31-
0,63°C/10 ner. MeHee MHTEHCHBHOE MMOTEIUICHHE HAOIONAETCSA B KOJKHBIX U FOrO-BOCTOYHBIX 00JIa-
crax Kaszaxcrana, Temmeparypbl JIETHEIO CE€30Ha HMEIOT TEHJCHLMIO MoBblIathess Ha 0,15—
0,20°C/10 ner. B ceBepHBIX M IEHTPANBHBIX PETHOHAX TEHIEHIMH MPAKTHYECKH OTCYTCTBYIOT. B
WIOHE W UIOJIC TCHICHIWS K HE3HAYMTEIHLHOMY IMOXOJIOJAaHHWI0 HAOIIOJAeTCs B CEBEPHBIX U IICH-
TpasbHEIX paitonax (ga 0,01-0,30°C/10 ner. B aBrycre B GompmmHCTBE pernoHos Kazaxcrana ot-
MeYaeTcsl CTAaTUCTUYECKU 3HAaYUMBbIE MOJIOKUTEIbHbIE TEHACHIIMM TEMIIEpaTypbl BO3yXa B Juana-
30me o 0,38 10 0,79°C/10 ser.

OceHblo TEHACHIUS K MOTEIVICHUIO OTMEYAETCsl Ha TEPPUTOpUM Bcex obnacteil. Hanbonee
3HaYMMOE TMOBBIIIEHUE TEMITEPATyphl HAOJIIOMaeTCs B 3alaHBIX 00JIaCTAX — Ha 0,37-0,45°C/10 ner,
B Kocranatickolt, CeBepo-Kazaxcranckoit 1 AKMOJIMHCKON — Ha 0,32-0,45°C/10 ner, B Ke13bu10p-
muHCKOM — Ha 0,24°C/10 ner. B cpennem nmo KasaxcTany TpeH[ OCEHHHX TEMIIEPAaTyp COCTABJISET
0,25°C/10 zer.

B otnnume ot Temmeparypbl Bo3Ayxa, U3MEHEHHE pPeKuMa aTMOC(EpHBIX 0CAIKOB Ha Tep-
putopun Kazaxcrana 3a mccieayeMblii IEpHOJ] MPEICTaBIsET co0o0i Oojee mecTpyro KapTuHy. B
cpennem o Kazaxcrany B nepuos 1976-2020 rr. HabmrogaeTcsi He3HAUUTEIbHAS TEHACHIIUS K yBe-
JMYEHUIO TOJI0BOTO KOJU4ecTBa atMocdepHbIX ocaakoB Ha 2,6 MM/10 net. [lonoxxurenbHas TeH-
JICHIIMST CPEITHETO TI0 TePPUTOPUH 00sacTe koimdectBa ocaakoB (ot 0,3 mo 12,8 mM/10 er) otme-
yeHa B OonbIIMHCTBE ciydaeB. B XKamObuickoi, Keisbutopanuckoi, 3anagHo-Kazaxcranckoi, Ak-
TIOOMHCKON M Manrucrayckoil obnactsax HabIOgaeTcss YMEHbIIEHHE TOI0BOT0 KOJIMYEeCTBa OCa/l-
koB Ha 4,5-7,8 MM/10 neT. CTaTHCTUYECKU 3HAYMMOE YBEIMYCHHE TOAOBBIX CYMM OCaJIKOB BBISIBIIC-
HO B CeBepo-Kazaxcranckoit 1 AKMOIHHCKON o0nactsax. Bo Bce ce€30HbBI, 32 UCKITIOYCHHEM OCCHH,
HaOII0aeTCs TEHICHIMA K YBEMUYECHUIO CPETHETO 0 TeppuTopun PecryOnmku KoauuecTBa aTMo-
cdepubix ocaakoB ot 1,1 mM/10 ner no 2,8 mm/10 ner. B oceHHMii ce30H MpOCIeKUBAECTCS OTpULIA-
TeJbHAas TCHJICHIIN KoJimuecTBa ocaakos (-1,9 mm/10 ner).

B 3umnwmii nepuon B cpenHem no Kazaxcrany ocajiky HE3HAUUTENbHO YBEJIMYUBAIUCH Ha 1,1
MM/10 net. TenaeHIMM K yBETMUYEHUIO OCAIKOB Hanbojee OlyTUMbI B AKMOIMHCKON obnacTu (4,1
MMm/10 ner) u B [IpukacnuiickoMm pervone — B ATbipayckoit oomnactu (2,4 mm/10 net) u B Manru-
crayckoit oonactu (2,3 mM/10 ser), a Takxke Ha tore B Anmarunckoit (4,0 Mm/10 ner) u TypkecTan-
ckoit (3,1 mm/10 7ner) oOmactsax. 3aMeTHOE YMEHbBIIEHHWE OCAJKOB OTMEYaeTcs B 3amajHo-
Kazaxcrauckoii oomactu (2,7 mm/10 ser).

BecHoli Ha TeppuTOpun OONBIIMHCTBA 00JacTel TEHICHIMH B KOJWYECTBE OCAIKOB IIOJIO-
xurenbHble. B cpenqnem no Kasaxcrany ocajku yBenuuuBatotcs Ha 2,8 mM/10 net. Ha 3amane (3a-
nanHo-Ka3axcranckas, ATeipayckas obnactu), ceBepe (Kocranaiickas, CeBepo-Kazaxcranckas u
[TaBnomapckas o6gacTv) pecnmyOIMKH OCaJKH YBEIIMYUBAIOTCS C Habousbleld ckopocThio (3,8-8,6
mM/10 nreT. Hanbosnbiee yBennaeHne 0caIkoB BECEHHETO Ce30Ha MPUXOIUTCS HAa MapT MECSIII.

Jlerom cpennee no KazaxcraHy KOJIMYECTBO OCAJIKOB HE3HAYUTEIHHO YBEIMYMBAJIOCH — HA
1,1 mm/10 ner. B 3anaanbix pernonax Kazaxcrana (ATeipayckasi, 3anaano-Kaszaxcranckasi, AKTIO-
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OuHCcKasi 006J1aCTH) OCaJKu yMeHbIIanuch Ha 2,3-4,6 mm/10 net. B Kaparanauckoit o6iactu yBenu-
YeHrne aTMOC(EPHBIX 0caaKoB cocTaBmiio 4,4 mm/10 ser.

OceHblo Ha TEPPUTOPUH OOJBIIMHCTBA 00JACTEN TEHJCHLUMH B KOJIUYECTBE OCAJKOB OTpH-
natenbHble, B cpenHeM no Kaszaxcrany tenaeHuus coctaBmia munyc 1,9 mm/10 ner. HaubGonee
3HAYMUTENIbHBIC TEMIIBl YMEHBIICHUS OCaJIKOB OTMevaroTcsl B AkTroOuHCKoU, Kocranaiickoit, Man-
ructayckor u Kepimopauackoi obmactsax (3,1-5,1 mm/10 mer).

Bce Tpennbl cpennero mo tepputopuu KazaxcraHa rogoBOro M CE30HHOTO KOJIMYECTBA
0CaJIKOB CTAaTUCTHUYECKU ObUIM He3HaunMbl. Habmoganace ciabast TEHACHIUS K YBEIMUEHHIO TOJ10-
BBIX CyMM atMoc(epHbIXx ocaakoB (Ha 2,6 mm/10 j1eT), B OCHOBHOM 3a CUET OCaJKOB BECEHHETO Ce-
30Ha, KOTJ]a YBEIIMYCHHE B HEKOTOPBIX 3alaJHbIX U CEBEpHBIX perumonax cocravisieT 10-20 %/10
aet. B oceHHuil nmepuosi KOJMYECTBO OCAJKOB YMEHbIIAIOCh, B HEKOTOPBIX 3alaJHbIX M 0XKHBIX
pernonax Ha 2-12 %/10 ner.

AHanmu3 TEeHJEHIMH B 3KCTpeMyMax TEMIIepaTypbl MPU3EMHOTO BO3/1yXa M KOJIWYECTBA aT-
MocdepHbIX ocaakoB 3a nepuoxa 1961-2020 rr. mokasan cienyromiee.

— TPOCIECKUBACTCS YCTOMUMBOE yBEIMYEHHE KOJIMYECTBA JIETHUX JIHEH C TeMIleparypamu
serme 25°C u 30°C, a Takxke Tpommueckux Houeil ¢ Temneparypamu Boime 20°C, 0coGeHHO 3aMeT-
HOE Ha [oTre, FOr0-3aIa/ie v 3amajie pecmyOInKu;

— TOBCEMECTHO NPOUCXOAUT YBEIMUEHHE KOJIMYECTBA BOJH JKapbl B TEIJIOE BpeMs roja,
oOmiell MpOJOKUTENIBHOCTH BOJIH apbl U MPOJOKUTEIBHOCTH MAaKCUMaJIbHOM BOJIHBI JKapbl,
YBEIIMYUBACTCS TaK)KE MPOIOJKUTEIIBHOCTD BOJIH TETJIa B IIEJIOM 32 TOJI;

— Ha0JI0ZaeTcsl COKpalleHne e(uIUTa TeIula B XOJIOAHbIA MepHo T0/la U YBEIUYCHHE Jie-
¢dunrTa X0JI07a B TEIUIBINA IEPHOI, 0COOSHHO HA FOr0-3ara/ie u 3amajie pecmyOauk;

— TIOBCEMECTHO HAOJIOAAETCs] YCTOWYHMBOE YBEIWYCHHE TEPHOJa aKTHBHOW BEreTalu CO
cpelHeCyTOUHOM TeMmeparypoii Beime 10°C, a Takske CyMMBI aKTUBHBIX TEMIIEPATYp 3a STOT HepH-
ox;

— COKpAIIlaeTCsl KOJMUYECTBO CYTOK C 3aMOPO3KAMM U C CUJIBHBIMH MOPO3aMH HHMXKE MHMHYC
20 °C;

— B XapaKTEPUCTHKaX HKCTPEMAIBLHOCTU PEXHMMa OCAJKOB Ha OOJBIICH YacTH TEPPUTOPUH
Ka3axcraHa cyliecTBeHHbIX U3MEHEHHUH He MPOU30IILIO.

HeoOxomumo ormeTrnuth Takke, 9to K 2050 romy mpu OIeHKE BO3MOKHOCTH ITOBBIIICHUS
TemmnepaTyphl Bo3ayxa Ha 2-3 °C oxmmaeTcs cokpalieHue epHoa BHIAIEHHS OCAIKOB H yBEIH-
YeHHe TIepro/a JITUTEIbHOM jKapsl [2].

[Ipu TexymieM MOBBIIMICHUN TEMIIEpATypbl BECEHHHX MECSIEB C COXpAaHEHHWEM TaKOW TEH-
JICHLIMU COKPATUTCS TMEPHUOJ] BBIMACHHUS OCAJIKOB B BUJE CHEra, YTO B CBOIO OYEpEb OTPA3UTCS Ha
CHETOHAKOIUIEHWH, KOTOPOE OYEHb Ba)KHO ISl CelbCKoro xossicrea. B 2021 rony Ha 3anazne u B
IOKHBIX pErnuoHax ObLIa aKTHBHAS 3aCyXa, U C YYETOM KOJIMYECTBAa OCAJIKOB, HAUMHAS C OKTSIOps
HPOIJIOro roja, 3apUKCUPOBaH B 3TUX peruoHax Aeuuut. [louBa He moaydmsia 10CTaTOUYHOU BiIa-
TH, ¥ 3TO SIBJIIETCS MIPEANIOCHUIKON OoJiee CepbE3HOM 3aCyXH, UYTO JAUKTYET K MPUHITHIO MEp 10 CO-
KpalllEHUIO MIOCEBHBIX IUIOMIAJeH U3-3a AeuuuTa BOIbIL.

C ydeToM nporxosa Jerpajgaluy OOJIbIIMHCTBA JIEAHUKOBBIX CHUCTEM 3amiuiickoro Asartay
K KOHITy BeKa BO MHOTHX TOPHBIX PeKaX, MUTAIOIIMXCS 33 CYET TasiHUA JISJTHUKOB, B IETHUN MIEPUOJT
oKuzaeTcst AeUIUT BOJBI U B IEPBYIO O4Yepedb Ul IMOJIMBA CEJIbCKOXO3AMCTBEHHBIX KYJIBTYD.
ManoBoabe TOPHBIX peK oTMedanochk B utoHe 2021 rona Ha pekax Typrens, Yapsin, Ecuk u Tanrap,
KOTOpPBIE NPEBPAIIAIUCH B PyUYeHKH. 3HAUUTEIILHO CHU3WICA U YPOBEHb BOJIBI B peke Wi, rmaBHON
BOJIHOW apTepuu AJIMaTUHCKOW 00JacTH, OT KOTOPOU 3aBUCAT U YpPOBEHb BOJbI B 03epe banxar, u
3anonHseMocTh Kanuaraiickoro Bo0XpaHUIHIIA.

ITo pacueram [TPOOH u no onienke Komurera no BoausiM pecypcam, k 2050 roay nmoa Bo3-
JICUCTBMEM W3MEHEHHMS KJIMMAaTa OXKUIAETCS COKpallleHHe CTOKa pek Ypana, Mpteima, Ecuns, To-
6oma. ITo sToit k 2050 roxy Kazaxcran MoxeT oka3aThbCsl B CIIUCKE TOCYAAPCTB KaTacTPO(UIECKOro
BoHOTO cTpecca. COOTBETCTBEHHO, B YCIOBMAX M3MEHSIOLIETOCs KIMMaTa OYEBHIHA HEOOXOIU-
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MOCTb ME€pPECMOTpa KyJbTYpbl 3eMJIEJIENIUs U BHEAPEHHUE BOAOCOEperaroInx TEXHOJOTHIl opolie-
HUSL.

BHeapenne coBpeMeHHBIX BOAOCOEpEralolyX TEXHOJOTHI OpOIIeHHUs CocoOCTBYeT obec-
MIEUYCHHUIO BOJHOW M 3KOJIOTHUecKoi Ge3omacHocTH Pecmy6nuku Kazaxcran mytem 3¢ (eKTUBHOTO
MCIIOJIb30BaHUsl BOJHBIX PECYPCOB B OPOLIAEMOM 3E€MJICACIINU NIPU YBEJIUYEHUU OPOIIAEMBIX TEp-
PUTOPHI, 5KOHOMUHU OpOCUTEIbHON BOBI HA 20-25 %, yBeIHUEHUIO MPOJLYKTUBHOCTH OPOIIAEMOro
3emienenus B 2 pa3a U 00eCHeueHHI0 rapaHTHPOBAHHOTO MPOU3BOJICTBA CEIbCKOXO3IUCTBEHHOM
OPOAYKLHUH.

Pe3epBbl COKOHOMIIEHHBIX BOJHBIX PECYpPCOB JUISl PACIIUPEHUS HOBBIX OPOIIAEMBIX 3€MEIlb
MO>KHO CO3/aTh 32 CUET COKPAIIECHUS MOTEPh BOJbI B UPPUTALIMOHHBIX CUCTEMAX M HETIOCPEICTBEH-
HO Ha OPOIIAEMbIX MAaCCUBaX Ha OCHOBE NMPUMEHEHUs MEPEJOBbIX BOJIOCOEPEratouIX TEXHOIOTHM
OpOILEHUS CEJIbCKOXO3SICTBEHHBIX KYNIbTYyp. OCHOBHBIE TEHJEHIMI (HOpMUPOBaHMS U MPOTHO3U-
pOBaHMs U3MEHEHHUS IOCTYIIHBIX BOJAHBIX PECYPCOB Ha OPOLIEHHE, MTO3BOJISAIOT YCOBEPLIEHCTBOBATh
YIOpPaBJIE€HUE BOJHBIMU PECYpPCAMM B OpOILIAEMOM 3€MJIEJIEIMM C YUYETOM Ieecoo0pa3HOCTH II0-
TpeOJIeHUs U CIIpOca, a TAKKE OCOOCHHOCTEN PETMOHOB.

BHaenpenue BomocOeperarmommx TEXHOJIOTHI B MEPCHIEKTUBE SIBISETCA 0CO00 aKTyalbHbIM
HanpasyieHueM. [Ipy 3TOM OCHOBHBIMH PETMOHAMH, BBIPAIIMBAIOIIMMHU CEIbCKOXO3HCTBEHHBIE
KyJbTYphl Ha OpOIIEHUH, ABIsAt0TCs Typkecranckas, KamoObuickas, Anmaruackas 1 KbeI3buiopaus-
ckas obnactu. [IpuMeHeHre BOAOCOEpETaAOIMNX TEXHOJOTUN MTO3BOJIUT MOBBICHTH 3 (EKTUBHOCTD
MCIIOJIb30BaHUsl BOJbI B CEJIbCKOM XO3SIICTBE, MOBBICUTH YPOXKAHOCTh B paCTEHUEBOJICTBE U yBe-
JUYUTH JTOOABIEHHYIO CTOMMOCTH MOJYYEHHOM MPOAYKIUH C €AWHUIBI IUIOMIATN OpOIIAEMOT0
3eMJIeleNInsl, TOBBICUTh JOCTYIIHOCTh BOABI B BoAoAeUUMTHBIX pernoHax Kasaxcrana, a Taxxke
CHU3UTh 3aBUCUMOCTb OT IIOTOJIHBIX YCJIIOBUI U YCTPAHUTh PUCKHU MOTEPU ypoxkas OT 3acyxu. Bos-
JIeNIbIBAHNE CEJIbCKOXO03UCTBEHHBIX KYJIbTYp Ha OPOIIAEMBIX 3€MJISIX — 3TO HE TOJBKO COOJIO/IEHUE
TpeOOBaHUI 30HAIBHON arpoTEXHUKU Tepea TPAAUIMOHHO TMPUMEHIEMOW M PEKOMEHIOBAaHHBIX
PEKUMOB OpPOILICHUS, HO U, MPEXIE BCEr0 HCIOJIb30BAaHUE BOJOCOEPEraroIuX TEXHOJOTHH MpHu
Pa3IMyYHBIX croco0ax MOJUBa JUIsl COXPAaHEHUS IIOJOPOAUS TOYB, S3KOHOMHOTO HCHOJb30BaHUS
OPOCHUTEIILHOM BOABI U OJaronpusITHON METHOPATUBHOW 0OCTAaHOBKM HA MPOTSXKEHUH BCETO MEPUO-
Jla SKCIUTyaTallly arposKOJIOTHYECKUX CUCTEM.

* «/lannoe uccredosanue 8bINOJHEHO NPU PUHAHCOBOU NOODEPIHCKE
Munucmepcmea 6oonozo xo3aiicmea u uppueayuu Pecnybonuxu Kaszaxcmany BR23791322.
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Abstract. The article provides indicators of climate change in Kazakhstan, an assessment of
trends in surface air temperature and precipitation by seasons in the context of regions, directions
for ensuring water and environmental safety of the Republic of Kazakhstan. The purpose of the
work is to assess climatic changes to establish the main directions for ensuring the water and envi-
ronmental safety of the Republic of Kazakhstan.

Keywords: climate, indicators, trends, water-saving technologies.
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IMPOU3BEJEHUE AJTEKCAHJIPA T'PHHA «AJIBIE ITAPYCA»
B PEIIENNIIMY HEMPOHHBIX CETEHN

A.C. Benauna, Maructp
MocCKOBCKMI Ie1arorueckii rocy1apcTBeHHbIN yHuBepcureT (MockBa), Poccust

Annomayun. B oannou cmamve paccmampueaemcsi nogecmu-gheepuu «Anvie napyca» no-
cpedcmeom uckyccmeennHozo unmeinnekma. To, xak MU eocnpunumaem Hazeanue npou3eeoeHus,
e2o codepoicanue, 3a104CEHHble 8 HeM CUMBouYecKue u memagopuyeckue cmvicavl. 10, Kak Oau-
HOe npou3gedeHue MOXCem omodpa3camvcs 8 Pa3HbIX CMUTUCIUYECKUX NPUIMAX U 80CHPUIMUSAX.
Ilocpeocmeom 0aHHO20 8U3YANLHOCO OMOOPAdNCEHUS NPOCPAHCIEO BOCHPUSMUS MEKCMA CMAHO-
sUMCcs ewé 6oaee aKkmyaibHbiM 8 NPOCMPAHCIEe BOCHPUAMUS COBPEMEHHIMU MeOUacpeocmeamu
U BKIIIOYEHHBIM 6 COBPEMEHHbIL MUPOBOL KOHMEKCH.

Knwueegwie cnoea: obnodxcku, nelipocemns, omoopadicenue, Heupou3oopaxicerue.

N3narenbckuid mopran mopran Riderd, TecHO CBA3aHHBIA MCIIOIL30BAaHHEM HEHPOHHBIX Ce-
TE€ll B COTBOPYECTBE C YEJIOBEKOM, IMPEACTABUI Pl OOJOXKEK, MOCBSIIEHHBIX poMaHy A. ['puHa
«Anpie mapyca». JlanHbie 00710KKH 0TOOpaX)ArOT CUMBOJIMYECKOE U MeTapopruecKkoe coaepKaHue
MOBECTHU U MPEACTABISAIOT UHTEPEC IS XyA0KECTBEHHOTO PACCMOTPEHHS.

Ha Bcex Tpex n300paxeHHsIX, MPeCTaBICHHBIX HEUPOCETHI0O MOKHO YBUIETh MOPCKYIO TE-
MAaTHKY, TECHO HACTPOCHHYIO MIMEHHO C Ha3BaHUEM IOBECTHU: Mapyca, MOPE, aJIbIi LIBET.

st Bcex Tpex m300pakeHHi XapaKTepHbI MOPCKHE IBETa, TOay0oH, 11BeT Heba, 3eJICHbIN,
[IBET MOPCKOM BOJIHBI U SIPKHE AKIEHTHBIC JCTAIM SIPKO aJOro I[BETA, KOHTPACTUPYIOIIHUE U TPH-
BJIEKAIOLIME BHUMAHUE CBOEH KUBOMHUCHOCTHIO aKIIEHTA.

[TepBast u3 00J0KEK MpEACTaBIsET HAM M300paKeHHE Mapyca, pa3BeBaOIIEMCs B MOJIOTHE
MOPCKOM CTUXHH, bl TApyC, COJAEPKUTCS KaK yeTKas (urypa BAaliv, Ha MOJIOTHE OeNoro napyca,
MIOXOXHI Ha 3aCYIICHHBIA JIUCT, U W300paKEHHBI MaKCUMaJbHO Tpadudecku. Mbl MOXKEM YBHU-
JIeTh, KaK MeTa(OpUUECKHU 3TO CBSI3aHHO C TEKCTOM IMOBECTHU. VI3HaUaIbHO U3 CBETJIOrO I[BETA Mapy-
COB, TPAJUIIMOHHBIX JJII MOPCKOTO 00MX0/1a, B IEPCIIEKTUBE JIaHHbIE OeNble mapyca CTaHyT albIMU.
Kak u Bunenune Acconpb u ['pest: Bo3BhIlLIEeHHass MeuTa ACCOJb U Bepa B TO, YTO OHA 00s13aTEIbHO
WCIIOJIHATCS. U COXPAHEHHUE 3TOTO YyBCTBAa B €€ NMOBCEIHEBHOM XW3HU, Tak U no3uums ['pes o ak-
TUBHOM IPE0OpaKEHUU CBOEH JKU3HU U BOBMOKHOCTH CO3JIaHMSI Uy/1a CBOMMU PYKaMU.

Bropast u3 06moxek Oosiee K1accCu4Ha, HO Co3aHa B rpadudHbIX Gopmax, HO peancCTHU-
HBIX, MBI Cpa3y MOXEM YBHJIETh TO, YTO H300paKEHO, HO OJHOBPEMEHHO KMBOIMCHA, BO3BHIIIICHHA
U CKa304Ha, Onarojaaps HBeTaMm U BbIOpaHHBIM popmam. [laHHOe M300pakeHUE MOKET OoXapakTe-
pHY30BaTh CaM TEKCT U CTHJIMCTHKY MOBECTH MMEHHO B €€ TEKCTOBOM 3HAUYCHHUU. TOHKH, BO3BbI-
IEHHBIA, HO MPHU 3TOM OTTOYEHHBIA U SCHBIN, CKa30YHbIA, JTAKOHUYHBIA U TOYHBIN, MOJHBIA CHUM-
BOJIM3MA.

Tpetbs U3 0010KEK SPKO M HATTSIAHO OTChUIaeT Hac kK crunuctuke Karycuku Xokycas u
cepuu ero kaptul «Tpuanate mects BUI0B Oya3m», « Teicsiua BUIOB MOPsI», U OTIEIBHBIX TPaBIOp
«bonwmas BosHa B Kanarasey, «[lo6enubiii Betep. SICHBIN AeHBY, «OKeaH MyaApOCTI».

© Benmuna A.C. / Wendina A.S., 2024
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l'opa ®ym3u MecTo MmouuTaHus, MOKJIOHEHUS, OOPETEHHUs JAyXOBHOM CHJIbI, CHJIa MOIIIH,
npupoibl, Kpacotel. OnHa U3 rpaBiop XoKycas Takke umeeT HazBaHue «Dya3u, 3TO MpeKpacHas
MeuTa NTULbD. ['opa, 3anuTas CBETOM, MK TOPEHUs COJIHIIA.

Mopckoi BOJie TakKe MPUIIHCHIBAECTCS OrPOMHOE MOPCKOE 3HAYEHHE B KyJbType SnoHum.
Cama BOa — CTUXHSI OUMCTUTEILHOTO CMBICIIA, OMBIBAHUS I'PEXOB, CMBIBaHUs UX, cTUpaHus. Cyia
— MOJI BJIAacTbio OOTMHU AMaTdipacy M HaXOAUTHCS MOJ €€ 3alUTON, MO/ 3allMTON Olaronoayyus,
MOpe K€ CTHXHSI MO/ MOKPOBUTEILCTBOM Jpyroro 6ora CycaHoo u siBJstolIeiicss 0ojiee OMacHOM,
HEIMOJAKOHTPOJIBHOM, Xa0TUYHOU. ['OpBI 1 MOpE, TECHO CBSI3aHBI CO CTUXUEH CMEPTH, OJJHOBPEMEHHO
C UX BEJIUYHEM.

Tax u 31€ch, B «AJIBIX TApycax» MOpE SIBISIETCSI CHMBOJIOM OOLIMPHOTO MPOCTPAHCTBA, TPO-
CTPAHCTBa OOIIMPHBIX W3MEHEHHH, CBSA3U € OOJBLIONW 3eMJIeil U BO3MOXKHOCTH pealM3aluu CBOEH
MEUTBI, BOJIICOHOW CTUXUHU OOJIBIIOr0 MHUPA.

Criennduika 11BeTa B MUPOBOM HCKYCCTBE TaK)Ke MMEET CBOIO CMBICTIOBOE 3HaYeHue. VicTiuHa
u TaitHa. JI'o00Bk 3eMHas u HebecHast. [{enomynpue.

B snoHckoii Tpaguuuu Oenblid 1 CMHUHM IBETA ABJSUIMCH IIBETOM O0XKECTBEHHBIX CYILECTB,
IIPEAAHHOCTH, MPABOCYAMsI, COBEPLIEHCTBA U MHUPA, TAMHCTBEHHOIO MHUpPa W MUCTHUKH. Bo3myx u
SHEprus KU3HU, HHPopManuu. J[aHHast KOHHOTAIHS I[BETa COOTHOCUTCS C TEKCTOM POMaHa CIemy-
IOIIMM 00pa3oM: MHUpP MPOCTPAHCTBA MOPS, MOTACHHBIH, TAMHCTBEHHBIN, 3CXaTOJIOTHUECKU JIPYTOM,
HO TECHO CBSI3aHHBIN C ACCOJIb U €€ OTIIOM MOPSAKOM. ACCOJIb TECHO CBSI3aHA C MOPEM, 3Ta CTUXUSA
e€ BJIEYET, OHA BHYTPEHHE I'OTOBA K MHOW JKU3HHU, K BHYTPEHHEMY U BHELIHEMY MEPEPONKICHUIO.
AJBII 1IBET MapycoB — IIBET COJIHIIA, 3apH, aJIOr0 1IBETa, TeIjla U HaXOIUTCA 10/ CBO€OOpa3HOi 3a-
HIUTON OOoruHM AMatapacy. ITO 3HAUUT, YTO C MOPSKAMH MO TaHHBIM (JIarOM U HAXOJSIIUMCS Ha
HEM maccaxupam, JTU00 CBA3aHHBIM C HUMH JIIOJbMH — OyJIeT OaromnoryyHas 3aluTa OOTUHU 3eM-
i u conHua. Cam KpacHbIi (yiar oueHb CHIIBHO HamoMHuHaeT ropy Dya3u, Takke CBSILEHHOE Me-
CTO U MECTO JJIsl TIOKJIOHEHHS, MECTO )KMBOTBOPAILLMX CUJI MIPUPOJBI, JAOMINX KU3Hb M UMEIOLINX
BO3MOXHOCTh €€ 0ToOpath. ['opa dya3u cama no3pana Acconb u ['pest 1aB UM BO3MOXKHOCTH Tepe-
poautcs B ux xu3HU. CHUMBOJIMKA KPAacHOTO LBeTa B SIMOHUM MMEET 3HAUY€HHE CHPaBEIMBOCTH,
OTIyT'MBaHMsI 371X QyX0B. OKpaIjieHue KpacCHOM KpOBBIO, OKPAILIMBAHUE TOPHI B JAHHBIN LIBET, Ma-
PYCOB, CUMBOJIMYECKH O3HA4aeT BO3BpAILCHHE K XKM3HU. J[aHHas medra cBs3bIBaeT AcCCOJIb C €€
KU3HEHHBIMU CWJIaMU U BJIOXHOBJseT ['pes Ha mpeoOpaxkeHue camoil xu3HHU. Bo3ayx B JaHHOM
U300paKEHUU CUMBOJIMYECKHU TOBOPUT HaM O BHYTPEHHEH MYyJIpOCTH U 4yyThe ACCOJb, BHYTpEHHEH
Bepe, Ojarogapsi SToW MOIJIMHHON Bepe, MEepeHEeCeHHON yepe3 e€ IoHbIe Tojbl, y3HaeT ['peit u uc-
MOJIHSIET €€ MEUTy U CO3JaET NMpa3IHUK, (PeepHIo KU3HU JUIsl BCETO CBOETO OKPY>KEHHUS U 3TOTO To-
poJa, moMorasi BCeM CHOBA IIOBEPUTH B JKU3Hb U B UY/IO.

B nanHoii ctaThe ObLIO y/I€IeHO BHUMaHUE COBMECTHOH pabote U u nmu3zaiiHepa KHIKHOTO
u3narenbeTBa Riderd penpeseHtanuu 0010KKH Xy105KECTBEHHOTO npousBeieHust A. I'puHa «Asbie
napyca». [Ipencrasnser uarepec 1o, kak MM mpexacrasmsier cebe moBecTh «AJble mapyca» M ero
conepxanne. MOXKHO 3aMETUTh, YTO OOJOXKKHU IMEPEJaroT TEeMY IMOBECTH, €€ BHYTPEHHUH CHMBO-
JU3M U MeTaQOpUYHOCTh, 3HAKOBO-NIPEAMETHbIE 00JacTh. Takke B XpUCTUAHCTBE - BECh MUP —
KOpalJib, a aJible Mmapyca — CUMBOJI XPpHUCTa, U €ro IapCTBEHHOTO Benuuns. [lepcrnekTuBy naapHEH-
LIEr0 MCCIIEIOBAHUS MOKHO YBUIETH B JajbHeueM nusydeHuu M u ero B3auMoieicTBuu ¢ 4eno-
BEKOM B IOCTWKEHHUHU XYJA0’KECTBEHHBIX MPOM3BEACHUM, U UX Oojiee NOJHOM aHaJIU3€ BO B3aUMO-
NEUCTBUM.
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THE WORK OF ALEXANDER GREEN "SCARLET SAILS"
IN THE RECEPTION OF NEURAL NETWORKS

A.S. Wendina, Magister
Moscow State Pedagogical University (Moscow), Russia

Abstract. This article considers the story-extravaganza "Scarlet Sails™ through artificial in-
telligence. The way Al perceives the title of the work, its content, the symbolic and metaphorical
meanings inherent in it. How this work can be displayed in different stylistic prisms and percep-
tions. Through this visual display, the space of perception of the text becomes even more relevant in
the space of perception by modern media and included in the modern world context.

Keywords: covers, neural network, display, neuroimaging.
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THE MAIN METHODS OF INTERACTIVE LEARNING IN THE ENGLISH
LANGUAGE TEACHING EXPLORATION AND APPLICATION

M.G. Akhanoval!, G.S. Plotnikova?
1.2 candidate of Philology, Associate Professor of the English Language Department
1.2 Rostov State Economics University (Taganrog Institute named after A.P. Chekhov) (Taganrog),
Russia

Abstract. The article discusses and explores the main methods of interactive learning and
ways to effectively apply them in modern realities. Methods are proposed that allow the implemen-
tation of interactive learning without the use of modern technologies and with the use of them. The
role of online tools and resources in teaching English is described, allowing not only to convey a
certain amount of knowledge, but also facilitating the establishment of emotional contacts between
students and the development of communication skills. Here are some top tech tools recommended
to include in your lesson plans. A logic of the educational process different from the usual can be
traced: not from theory to practice, but from the formation of new experience to its theoretical un-
derstanding through application. The possibility of using interactive learning at all levels of mas-
tering the discipline, obtaining new knowledge and improving the acquisition of necessary compe-
tencies is demonstrated.

Keywords: interactive learning, methods, techniques, learning process, foreign language,
innovative technologies.

Good language teachers can usually be identified by their ability and willingness to use a va-
riety of classroom teaching methods and practical training techniques. They are always trying new
ways of teaching language to keep their students interested, and new tools to help students learn
better.

According to the point of view of Yu.K. Babansky, any pedagogical system strives to
achieve the best results in the educational process based on 2 criteria: the achievement by each stu-
dent of the maximum possible level of academic performance, education and development for him,
in a given period, and the absence of facts of systematic exceeding of time standards by students
and teachers [1, p. 192].

The purpose of the study is to identify the most relevant method and methodology for its
implementation in the process of teaching a foreign language at a university in non-linguistic de-
partments and to prove its effectiveness in modern realities.

In their work, by teaching method (from the Greek Méfodoc — way), the authors understand
the process of interaction between the teacher and students, as a result of which the transfer and as-
similation of knowledge, skills and abilities provided for by the content of training occurs.

Material and research methods

According to the established tradition in pedagogy, teaching methods are divided into three
groups:

© Akhanova M.G., Plotnikova G.S. / Axanosa M.T"., ITnoruuxosa I'.C., 2024
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* Methods of organizing and implementing educational and cognitive activities: verbal, vis-
ual, practical (according to the source of presentation of educational material); reproductive, ex-
planatory and illustrative, search, research, problem, etc. (according to the nature of educational and
cognitive activity); inductive and deductive (according to the logic of presentation and perception of
educational material).

* Methods of monitoring the effectiveness of acquiring the necessary competencies of edu-
cational and cognitive activities: oral, written tests and self-tests of the effectiveness of mastering
knowledge, skills and abilities.

* Methods of stimulating educational and cognitive activity: certain incentives in the for-
mation of motivation, a sense of responsibility, obligation, interests in mastering knowledge, skills
and abilities.

In teaching practice, there are other approaches to determining teaching methods that are
based on the degree of awareness of the perception of educational material: passive, active, interac-
tive, heuristic and others [6, p. 113-115].

Students these days are more impatient and to capture their attention, teaching methods must
cater to their dynamic thought process.

In recent years, in the methodology of teaching foreign languages, there has been a tendency
to move from the communicative approach to its variety - the interactive approach, which was pro-
posed by Western methodologists.

The use of interactive forms of teaching a second language is very useful. These methods
can provide many benefits when it comes to developing students' cognitive or creative abilities, and
will also help improve interactions between students and teachers to ensure effective learning.

Interactive learning can be used at all levels and will help provide an enjoyable way to learn
new languages. Learning a new language is a challenge in itself, so by using forms and methods
that encourage interaction with peers and teachers, students will have a better learning experience.

Research results and discussion

During the study, the authors consider the most relevant and effective methods of interactive
learning.

Interactivity (from the English Interaction — “interaction”) is a concept that reveals the na-
ture and degree of interaction between objects or subjects; it is the principle of organizing a system
in which the goal is achieved by the information exchange of elements of this system.

Interactive means to interact, to be in the mode of conversation, dialogue with someone [3,
p. 42]. In other words, unlike active methods, interactive learning aims to teach students to actively
participate in the learning process. There are different ways to create this kind of engagement. Most
of the time everything goes:

* interaction between teacher and student;

« student-student interaction;

« use of audio, visual effects, video;

* practical demonstrations and exercises;

Speaking about the interactive teaching method, where language is a means of creating and
maintaining social relationships, the following are distinguished:

1. The direct method (direct method) — the direct method of teaching, which is sometimes
called the natural method, involves refusing to use the students' native language and using only the
target language. It was founded in England around 1900 and differs from the grammatical transla-
tion method and other traditional approaches, as well as from the bilingual method of K.J. Dodson.

2. The series method (sequence method) — a variant of the direct method. This method was
perhaps the first step away from grammatical translation in language teaching. It was developed by
Frangois Gouin (1831-1896). The series method is a "series" of connected sentences that are easy to
understand and do not require much knowledge of grammar. Educational texts in this case are time
sequences; sequences of actions are often used (I come home, have lunch, relax, do my homework
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and go for a walk, etc.). The method involves a large number of repetitions of the studied material,
spaced out over time for better assimilation.

3. Communicative language teaching (communicative teaching) - involves the use of the
target language, both in tasks and for communication with the teacher within the group. Everyone
should learn from each other's contributions and experiences. The teacher can give his students
some key words to start a discussion. There are many different ideas for interactive learning. The
authors of the work identified four main methods of activity:

* the student completes tasks individually, for example, “Exit sheets”. They are best used at
the end of class - the teacher asks students to write for one minute on a specific issue. It can be
summarized as “What was the most important thing you learned today?” This will help you decide
if you are going to start talking about it in the next lesson. You can ask students if they still remem-
ber what they wrote down;

* students work in pairs (student A/B), for example, “Wisdom from Another,” where after an
individual brainstorming or creative activity, students pair up to share their results. You can then
invite volunteers who find their partner's work interesting or exemplary. Students are often more
willing to share their fellow students’ work publicly than their own;

* students work in groups, for example, "Movies", where students in groups discuss exam-
ples of films that used a concept or event previously discussed in class, students try to determine the
moment in which the filmmakers got it right and the moment in which they were wrong (the authors
of the study suggest using films demonstrating historical or geographical facts, biographies of fa-
mous people);

* role-playing games are perhaps the most effective interactive method that can be used
when teaching a foreign language. When using it, students interact with each other, have meaning-
ful conversations and communicate during classes, speaking in the target language. This helps in
maintaining vocabulary, developing correct pronunciation, verb usage and other grammatical as-
pects that are largely essential to becoming a fluent speaker.

4. Language immersion (immersion in language) — the method is used at the initial stage of
education, provoking bilingualism by teaching subjects in the second language of students. The
main goal of this method is to develop the student’s language competence.

5. Silent Way (method of silence). The essence of the method is that without a teacher dom-
inating the lesson, the student takes an active role in the learning process, and his contribution de-
termines the learning trajectory. The teacher redirects and corrects when necessary, but the teacher
allows students greater autonomy and encourages the development of independent problem-solving
skills. The teacher's role is to direct students' attention, promote self-reflection, and provide verbal
and nonverbal feedback as needed. On the other hand, students are encouraged to speak as much as
possible.

6. Natural Approach — the emphasis is on the fact that the student cannot learn everything.
Each subsequent portion of material must necessarily be based on what has already been covered
and at the same time be easily digestible.

7. Total Physical Response (physical response method) — implies that students first passive-
ly perceive the material without using it. The next step is for them to physically respond to certain
words, such as action verbs. And only after passing the first two stages do students begin to practice
the language themselves.

8. Teaching Proficiency through Reading and Storytelling (teaching skill through reading
and storytelling) — the method is an offshoot of the physical response method. It consists of the
teacher telling short stories full of new words and then asking students a series of questions, requir-
ing simple but emotionally charged answers from them.

9. Dogme language teaching (Dogme language teaching method) — the method refuses to
use textbooks. Instead, the greatest emphasis is placed on teacher-student communication. The ma-
terials that the student uses must be written by him/herself [4, p. 140].
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To organize these interactive teaching methods, special interactive teaching methods were
created. Although today's innovative technology has allowed interactive learning to reach great
heights and it is one of the most popular forms of learning and technology plays a key role in the
world of modern education, there are several ways that you can implement interactive learning
without relying on technology.

According to this, the authors of the work propose to divide the methods of teaching interac-
tive learning into methods without the use of modern technologies and with the use of them. Let's
look at the first group.

The methodology of interactive learning in the study is understood as: a system of ways to
organize interaction between a teacher and students in the form of educational games, guaranteeing
pedagogically effective cognitive communication, as a result of which conditions are created for
students to experience a situation of success in educational activities and mutual enrichment of their
motivational, intellectual, emotional and other spheres [2, p. 114].

Currently, a fairly large number of interactive techniques have been developed, among
which the following can be distinguished: the “Brownian motion” technique; "Decision tree";
Brainstorming, etc.

Using the Brownian Motion technique involves students moving throughout the class to col-
lect information on a given topic. You can use the topics: “Who are your ideal neighbors?”, “Peo-
ple's lifestyles”, “Attitudes to shopping”, “The good things and bad things about living in your
town”, while simultaneously practicing all kinds of grammatical structures.

When using the Decision Tree technique, the audience is divided into 3 or 4 groups with the
same number of students. Each group discusses the issue and makes notes on its “tree” (a large
sheet of paper), then the groups change places and add their ideas to their neighbors’ trees, without
criticizing or correcting those already on the sheet. You can change groups in a circle, you can stop
at a certain number of “advisers”. The host group processes the additions, proposes its final decision
on this issue, then it is necessary to hold a discussion, sometimes developing into a debate between
the parties (especially when discussing some controversial or controversial issues). A decision tree
can be used when discussing the pros (one group) and cons (second group) of some issue [5, p.
164].

Interactive brainstorming is most often carried out in group sessions. This process is useful
for generating creative thoughts and ideas. Brainstorming helps students learn to work together and,
above all, learn from each other. The authors of the work focus on the possibility of using interest-
ing applications for this technique, which can be connected to classroom work or use the Mindmap
widget from BookWidgets to structure thinking.

All these techniques are aimed not only at conveying a certain amount of knowledge, but al-
so contribute to the establishment of emotional contacts between students; development of commu-
nication skills; provide students with the necessary information, without which it is impossible to
implement joint activities; They are taught to work in a team, to listen to other people's opinions.

Although classroom lessons are very useful, mastering a language in just an hour of class is
not possible. It is important to encourage the use of a foreign language in extracurricular activities.
The authors propose the use of the following pedagogical experience: teachers instruct students to
conduct a tour of the city in the target language.

As we mentioned earlier, technology plays a huge role in the learning process, and there are
many online tools and resources that can help you learn a foreign language. No student can learn a
language from a textbook or individual classroom lessons, no matter how interactive or communica-
tive they are. At some point, technology will be involved in the learning process, and this can be
very helpful.

Based on their teaching experience, the authors recommend some of the best technology
tools to include in your lesson plans.

By accessing audio files or even watching videos online, you can hear other languages being
spoken. Simply listening can be a great way to learn a foreign language, as you will be able to

31



ISSN 2308-4804. Science and world. 2024. Ne 8 (132)

memorize phrases and grammatical patterns. By listening to real-life conversations, students can
find new ways to use what they already know and test their language proficiency.

Foreign Language News Sites — Online news sources that are published in foreign languages
are a great way to improve your vocabulary and be able to review written words and phrases. The
new sites also provide video and audio clips that can be used to learn a language and learn about
other cultures at the same time. One great assignment would be to ask the student to access a news
source and present the news orally in the next class, speaking the target language.

Skype is a powerful communication tool that can connect people around the world. It can al-
so be used for educational purposes. By participating in Skype conversations with a native speaker
from another country, students will be required to learn the language while still having the oppor-
tunity to communicate with people from other parts of the world.

Now the revolution is being driven by Al - in particular, large language models that can tru-
ly converse with the user. Already today, such neural networks are used in interactive learning, for
example, to train skills in dialogical speech.

Conclusions and Conclusion

Thus, learning using interactive educational methods presupposes a different logic of the ed-
ucational process from the usual one: not from theory to practice, but from the formation of new
experience to its theoretical understanding through application.

Each teacher will have a different teaching method, but when it comes to foreign languages,
it is clear that interactive teaching methods are the best approach. Although students can learn vo-
cabulary and grammar from a textbook, they will not be able to use what they learn to communicate
effectively or become fluent in a new language. With modern technology tools and engaging exer-
cises, interactive lessons will not only make learning more enjoyable, but will also improve reten-
tion and ability to communicate in written and oral forms.
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MN3YYEHUE U IIPUMEHEHHUE OCHOBHBIEX
METOA0B UHTEPAKTUBHOI'O ObYYEHUSI
B ITPEIIOJABAHNUU AHI'JIMUCKOI'O A3BIKA

M.I. AxanoBal, I'.C. IltoTHUKOBA?
KaHIUAAT (PUIOJOTHYECKUX HAYK, TOLEHT Kadeaphl aHTTIUHCKOTO S3bIKa
TU umenu A.I1. Yexosa PI'OY (PUHX),
L2 ®I'bOY BO Pocrosckwii 'ocynapcTBennsiii DxonoMudeckuii Yausepenter (PUHX)
(Taranpor), Poccus

12

Annomayun. B cmamve uccinedylomesi 0CHOBHble MemoObl UHMEPAKMUBHO20 00yUeHUs U
cnocobwl, noseonawue 3ppekmusrnoe ux npumeHeHue 8 coepemennvix peanusax. Ilpeonacaromesa
MemOOUKY, NO360II0OUWUE BHEOPUMb UHMEPAKMUBHOE 00yUeHUue 6e3 NPUMEHEHUs] COBPEMEHHBIX
MEeXHON02UIl U C NPUMEHEHUEeM MAK0BbIX. PeKomMeHOyIomcs HecKONbKO IyUuuUx mexHudecKux uH-
CMPYMEHMOo8, KOMopbvle MONCHO BKIIOUUMb 6 NAaHbl 3auamull. [lpociexcusaemcs omauunas om
NPUBLIYHOU TOSUKA 0OPA308AMENLHO20 NPOYECCd. He Om meopuu K Npakmuxe, a om (opmuposa-
HUSL HOBO20 ONbIMA K €20 Meopemuyeckomy ocmblcieHulo uepes npumenerue. QO0OCHO8bI8aEMCs
AKMYaIbHOCMb UCNONb308AHUSL UHMEPAKMUBHO20 00VUeHUs. KaK Cpedcmea UHmMeHCUupurayuu npo-
yecca uzydeHuss UHOCMPAHHO20 SA3bIKA, 83AUMOOCICMBUSL CO C8EPCMHUKAMU U NPEeno0dasamensimu,
VayyueHus npuobpemenus HeoOX00UMbIX KOMnemeHyuil. [leMoHcmpupyemcs 603MOMCHOCMb UC-
NONL306AHUSL UHMEPAKMUBHO20 00VUEHUs. HA 8CeX YPOBHAX OCBOCHUSL OUCYUNTIUHBL U NOJIYYEeHUs. HO-
8bIX 3HAHUU.

Kntouesvie cnosa: unmepaxmusroe oOyueHue, Memoovl, MemoOuKu, npoyecc 00yYeHus,
UHOCPAHHBLL SI36IK, UHHOBAYUOHHbIE MEXHONO2UU.
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VJIK 910.1

HAYUYHO-UCCJEIOBATEJbCKAS IESTEJABHOCTb
HA YPOKAX TEOTPA®UU U B PAMKAX
BYJI KAK CPEJICTBO PEAJIM3ALIUU ®T'OC

T.H. KoHCTaHTHHOBA, yuuTesh reorpaduu
MBOY "Kpecr-Xanpmkaiickas COL um.®d.M.Oxnonkosa" (c. Kpect-Xainbmxaii),
Poccuiickas @enepanys

Annomauus. B Oannmou Hayunoli cmamwve  paccmampusaemcs  poib  HAYYHO-
UCCNe008amMeNbCKOlLL 0eameNbHOCMU HA YPOKAX 2e02paduu U 8 pamMKax HEYPOUHOU OesimelbHOCU
(BY]]) kax oonoeco uz xnouegvix cpeocmse oocmudicenus yenetl DedepanbHuvlx 20Cy0apcmeeHHbIX
obpazosamenvhvix cmanoapmos. Ilpeocmasnenvl pezyiomamol ycnewnvlx npoekmos MBOY
"Kpecm-Xanvoocaiickas COLL um.d.M.Oxnonkosa", obcysicoaemcs npoekmuas mexHonio2us, cno-
cobcmeyrouwas ux 3QdexmusHoll peanuzayuu.

Knwueegwie cnoea: ceocpadus, @I'OC, nayuno-ucciedo8amensbckas 0esimeibHOCb.

Cornacno ®eznepanbHbIM rOCYAapCTBEHHBIM 00pa30BaTeNbHBIM CTAHAAPTaM TPETHErO MO-
kosnenus (OI'OC), HayuHO-HCCae10BaTENbCKAs! AEITEILHOCTD SBISETCS BOXHBIM YCI0BUEM 3 dek-
TUBHOCTH 00pa3oBaTelIbHOM INporpamMMbl. B yclIOBHSX MHPOBOIO 3KOJOTMYECKOIO JBHXKEHUS U
NPUHIMIIOB 3KOJOTMYHOCTH MPOOJIEMHO-OPHEHTUPOBAHHOE HKOJIOTHYECKOE 00pa3oBaHUE HIPAET
0COOEHHO 3HAYMMYIO POJIb B PA3BUTUH UCCIIEOBATENbCKOM EATENbHOCTH yuamuxcs [2].

Ocy1iecTBIeHHE HAyYHO-UCCIIEN0BATEIbCKON IEATEIbHOCTH BO3MOXKHO B KOHTEKCTE peallu-
3allUM Pa3IMYHBIX MEeJarorn4eckux TeXHoJIoruii. OCOOEHHOCTH UX pean3aliy 3aBUCAT OT MeJaro-
THYECKUX METO/OB U MPUEMOB, HCIIOJIB3YEMBIX B paMKax KOHKPETHOTO MpenmeTa. B manHoit pado-
T€ MbI PACCMOTPUM HAy4YHO-HUCCIIEIOBATENIBCKYIO AEATEILHOCTh YUAILUXCS B 00JIaCTH reorpadum.

[Iporpecc Hay4HOM aKTUBHOCTH B OOpa30BaHUU TMPEACTABISIET COO0M BOXHYIO HAIIMOHAIb-
HYI0 1 MUPOBYIO TEHJIEHIIMIO B 00JIaCTH MeJarormueckux Hayk. B. A. bacoB ykasbIBaerT, 4To B co-
JiepKaHuU 00pa30BaHMs BO3PACTAET PAa3BUTHE HOBBIX MPOLECCYaTbHBIX KOMIETEHIMH, KOMIETEH-
Ui ynpasiaeHus MH(opManuei, yTo TpedyeT MHTErpalul TEXHOJIOTMYECKUX METOJI0B B 00pa3zoBa-
TenbHbIN Tiporecc [1].

O0630p METOAMYECKOM JTUTEPATYPhl MO3BOJISIET ClIENIaTh BBIBOJA O TOM, YTO HCCIIE€OBATEIb-
CKasl JEATENBHOCTh y4aIUXCs - 3TO IEATEIbHOCTh, CBA3aHHAS C PEILIECHUEM TBOPYECKHUX 3a]a4 HC-
CJIEZIOBATEJICKOT0 XapakTepa MpH HAJIMYUK PaHee HEU3BECTHBIX pemeHui. OObIYHO Takoil mporece
BKJTIOYAET HECKOJIbKO 3TAroB, B TOM 4YHCIE (POPMYIHUPOBKY MPOOIEMBI, N3yUYE€HHE COOTBETCTBYIO-
[IUX TEOPETUUYECKHUX MOJOXKEHUH, BHIOOp M MPAKTUYECKOE NMPUMEHEHHE COOTBETCTBYIOUIMX METO-
JIOB UCCIIeZIOBaHMsI, cOOp M aHAJIN3 JaHHBIX, (OPMYJIMPOBAaHHE BHIBOJIOB O pe3yjbTaTaM aHajIu3a
[3].

OnHa M3 OCHOBHBIX 3374 MPOEKTHOW TEXHOJIOTHUU - Pa3BUTUE MCCIIEN0BATENIbCKUX HaBbI-
KOB, BKJIIOYAsl aHAIUTUYECKOE MBILIUIEHUE, HaOtoieHne, GopMyIMpPOBAHUE TUIOTE3, IKCIEPUMEH-
TUPOBaHHE U 0000IIeHNEe. JTa 1eNh HEPa3phIBHO CBSA3aHA C XOJI0M HAay4YHO-HCCIIEAOBATENILCKOM Jie-
ATEJIbHOCTU y4damuxcs [6].

[IpoekTHas meronuka, BrepBble npepiokeHHas /xoHom Jlptou, npezacraBiser coOoi pas-
BUTHE KOHIICTIIIUHN MPOOJIEMHO-OPHEHTUPOBAHHOTO 00yueHus [4]. OHu pazpabaThIBalOTCS M CO3/a-
IOTCSl yYaIIUMKCS 1IOJ PYKOBOJACTBOM YUMTENIEH, B PE3ylbTaTe YETO CO3JAIOTCSI HOBBIE IPOAYKTHI,
oOmagaromue Kak CyObeKTHBHOM, TaKk U 00BEKTHBHON HOBHU3HOW M MMEIOIINE MPAKTUUECKYIO 3HA-
yuMocTb. [IpobieMHOe 00yueHre MOXKET JOCTHYb CBOEH KOHEUHOW LIE€IH TOJIBKO B TOM Cllydae, ec-

© Koucrantunosa T.H. / Konstantinova T.N., 2024
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71 yyeOHble MaTepuaibl OCHOBAHbI HA PEIICHUU MOCTABICHHBIX 33/1a4, €CIU y4alllhuecs SBIISIOTCA
AKTUBHBIMH YYaCTHHKAMHM Tpoliecca OOyYeHHs M €CIT y4eOHBI MPOIECC CBS3aH C MPAKTHKOU U
NPaKTUYECKHM [IPUMEHEHHUEM B PEaIbHOM MUDE.

Peanuzanus npoeKkTHON NEATENbHOCTH COCTOUT M3 CIEAYIOLIUX 3TaIlOB: BBISIBICHHUE IIPO-
O6nemMHOl cuTyanuu, GpopMysupoBaHHe NPOOIEeMbl, ONPEIEICHUE 0XKUAAEMOr0 pe3yibTara U COOT-
BETCTBYIOIIMX KPUTEPUEB OIICHKH, IUIAaHWPOBAHUE, peain3alus, OLEHKA MPOeKTa M0 yCTaHOBJIEH-
HBIM KpUTepUsM, (GOPMYIHPOBAHUE BHIBOJOB O CTEIEHHU AOCTIDKEHHS IIeJie M, HaKOHeIl, OIICHKa
BCEU MPOEKTHOU ACSITENBHOCTH [5].

PaccMoTpuM 0coOE€HHOCTH MPUMEHEHUS MPOEKTHOW TEXHOJIOTHMH HETOCPEICTBEHHO B paM-
Kax pa3paboTaHHOW HAMU MPOTPAMMBI.

Huxenpusenénuple pa3pabOTKH MPOEKTOB M HAYYHBIX PAa0OT SBISIOTCS 3BEHbSIMH OJHOTO
HAy4YHO-HCCIIEI0BATENIbCKOTO MPOEKTA.

AXTyallbHBIMU TIPOEKTAMU SIBIISIOTCS
Kpuorenunsie popmsl penseda c. Kpect-Xanpmxait,
®dayHa OynaBOyChIX YeIlyeKpbIIbIX B okpecTHOCTH KpecT-Xamnbmxkait,

CrenHoit Ou30H U3 MamMoHTOBOM ropsl TOMITOHCKOTO paiioHa,
CpaBHeHue OTTanBaHUs MEP3JI0Thl B JUCTBEHHUYHOM JIECY U B JIECY IIOCIIE MIOKapa,
N3yuenue Mep3nioTel Ha MeTeocTanluu cena Kpect-Xanbmkai,

e JluHaMuKa MpOTaMBaHMs BEPXHEH YacTH BEYHOM MEP3JIOTHI B PAa3NUYHBIX YCIOBHAX B
okpectHocTH cena Kpecr-Xanbmkait,

e lI3yuyeHue Mep3n0Thl Ha MeTeocTaHluu cena Kpecr-Xanbaxkai,

e Mopdonornyeckre 0COOEHHOCTH Yeperna UCKOMaeMoro Ou3oHa U3 MECTHOCTH MaMOHTO-
Bast ropa ToOMIIOHCKOrO palioHa.

Bce Boimensnoxennsie 6butn npusHanbl npuzépamu B HIIK «Illar B Oynymiee», «KbrukuH-
ckue uTeHus», «JlapbacoBckue ureHus», «llerpoBckue urenusi», HIIK arponpodunbHbIX mKos
MCO «Angan-Cutumy» nocBsiieHHbIi 60-netnio copxo3a uMm. @.M.Oxionkosa, HIIK mo naneoH-
tonorun «Hayunas mkona JoKTOpa OMONOrHyeckux Hayk, npogeccopa boeckoposa I'.I'», «Ot-
Kpoil B cebe yueHoroy» r. Cankr-IlerepOypr, HIIK «Ha nytu k no3nanuto» r. EkarepunOypr.

W3y4das oTauuuTenbHble 0COOEHHOCTH HAayYHO-UCCIIEI0BATEIbCKON AEATEIbHOCTH YYaliX-
Cs U peayn3alliy MPOEKTHOM TEXHOJOTHUU MEAAaroroM, a TakkKe MX B3aUMOCBSI3b, Mbl pa3paboTaiu
METOMUYECKUE MOAXO0/IbI K IPOSKTHOMY O0YUYEHHIO KaK B ayIUTOPHBIX, TAK U B MOJIEBBIX YCIOBHUSX.

Hcnonb3oBaHue NPOEKTHON TEXHOJIOTUHU sBIsAETCS 3()()EKTHBHBIM METOIOM IOBBILICHUS
MOTHBAIMH K HUCCIEA0BATEIbCKOM JeATEIbHOCTH.

HenpeppiBHOE BKIIIOYEHHE YYALIUXCS B W3yYEHHE HKOJOTHUECKHUX MpoOJIeM, OLEHKY HX
OCTPOTBHI, MOCIEACTBHI MPOSBICHUS U pa3pabOTKy MyTel UX PeIlIeHUs BBINOJHAET BaXKHYIO BOCITH-
TaTeNbHYIO0 PYHKIIHIO. DTO CBSI3aHO C TEM, YTO OHO OMHUPAETCS] HA AKTUBHYIO MO3MIIMIO YUYAIIUXCS B
0o0yuYeHHH yepe3 pelleHHE 3HAYMMBIX dKOJIOTHYECKHUX M COIMaJIbHBIX MpobiieM. Kpome Toro, ona
MpHOOIIAET UX K COIUAIIBHO 3HAYUMOMN MPUPOIOOXPAHHON NESTEILHOCTH.

Pe3ynbpTaThl aHHOrO HCCIENOBaHUS MpEeAJaraioTcs i anpodauuy B IMEeJaroruyeckoit
MpaKTUKE yuuTenel reorpaduu Ha ypokax U BO BHEKJIACCHOI paboTe.
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SCIENTIFIC-RESEARCH ACTIVITIES IN GEOGRAPHY LESSONS
AND IN EXTRACURRICULAR ACTIVITIES AS A MEANS
OF IMPLEMENTING FSES

T.N. Konstantinova, Teacher of Geography
Municipal Budgetary Educational Institution
‘Krest-Khaldzhaiskaya Secondary School named after F.M.Okhlopkov’
(v. Krest-Khaldzhai), Russian Federation

Abstract. This scientific article considers the role of research activities in geography lessons
and extracurricular activities as one of the key means of achieving the goals of the Federal State
Educational Standards. The results of successful projects of Municipal Budgetary Educational In-
stitution ‘Krest-Khaldzhaiskaya Secondary School named after F.M.Okhlopkov’ are presented, the
project technology that contributes to their effective implementation is discussed.

Keywords: geography, FSES, scientific-research activities.
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