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THE CONTENT OF HEAVY METALS IN THE SOIL
OF CENTRAL KAZAKHSTAN

Abstract. Heavy metal pollution of the environment of urbanized areas
has a negative impact on the environment and human health. The whole
life of mankind is connected with this soil. Soil is the main component
of agricultural production. There are various fertilizers that increase soil
fertility. The article provides comparative data on the content of such heavy
metals as chromium, zinc and lead for 2019 and 2020 in several cities of
the Akmola region. Heavy metals, as a special group of elements, exceed
the background in their high concentrations due to their toxic effects on
living organisms. This problem is urgent, as more pollution objects are now
becoming available. Heavy metals entry into the environment is related to
active human activity. Intensive industrial and agricultural use of natural
resources has led to significant changes in the biochemical cycles of many
of them. Their main sources are industry, motor vehicles, boiler rooms,
waste incinerators and agricultural production. Industrial enterprises,
roads, railway tracks, landfills, residential buildings and other facilities are
adversely affected. The study of soil for heavy metals is of great practical
importance. Since heavy metals may be negative, their content should be
included in the MPC. The findings can form the basis for monitoring studies
and integrated land cover assessment. The results of the study can also serve
as a basis for a plan of work to reduce the concentration of heavy metals.
Technogenic pressure has an impact on all soil components and especially
on such important indicators of fertility and sustainability of lands as organic
matter and microorganisms. Technogenic pressure has an impact on all soil
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components and especially on such important indicators of fertility and
sustainability of lands as organic matter and microorganisms. At the same
time, the mechanisms of soil contamination with heavy metals are still
insufficiently studied, since there were no reliable control methods. At the
same time, the mechanisms of soil contamination with heavy metals are still
insufficiently studied, since there were no reliable control methods. One of
the urgent tasks in soil science is to study the mechanisms of interaction of
soil with heavy metals. This will help in the development of reliable methods
for monitoring and assessing the level of pollution.
Key words: heavy metals, pollutants, ecology, environment.

E. burmanoB*, A. AG:xkaJienos, JI. bBoaycnaeBa

JL.H. I'ymunes arsiagarsl Eypasust yITTBIK YHUBEPCHUTETI,
Acrana, Ka3akcraH.
E-mail: yertasbey@gmail.com

OPTAJIBIK KASAKCTAH TOIIBIPAFBIHIAYBI AYbBIP
METAJIJAPABIH MOJILIEPI

AHHOTanusl. YpOaHu3alusiaHFaH alMaKTapAblH KOpIIaraH OpPTaHbBIH
aybIp METAJIIAPMEH JIACTaHYbl KOpIIaFraH OpTara jKOHE aJjaM JCHCAYIIbIFbIHA
Kepi ocepiH Turizeni. ApaM3arTblH OYKUT eMipl OChl TONBIPAKIIECH
OaiinanpicThl. TOMBIpaK aybUIIIAPYAIIbUIBIFBI OHIIPICIHIH HETI3T1 KypaMbl
Oonbin  TaObuTanbl. TONBIPAKTHIH KYHAPJBIFBIH apTTBIPATbIH op TYpIi
ThIHAUTHIIITAp O6ap. Makanana AKMouia OOIBICEIHBIH OipHEIIe KajlaiapbiHaa
XPOM, MBIPBIIII 3K9HE KOPFAChIH CUSAKTBI aybIp MeTanaapabiy 2019 xone 2020
KBUIIAPAAFI KYPaMBbI TYPaJibl CAJILICTHIPMAJIbl IEPEKTEP KEeATIPIAreH. AybIp
MeTaJap MIEMEHTTEPIIH epeKIle TOObI PETIH/IE Tipl OPraHU3M/IEPTe YBITTHI
ocep eTyiHIH apKachIHJA YKOFaphl KOHIICHTpaIrwsaa (OHHAH achIl TYCEI.
Taburu pecypcrapabl KapKbIH/IbI ©HEPKACINTIK JKOHE aybUIIapyaIlbuIbIK
naijanaHy — ONapiAblH  KOMNUIUNTiHIH  OMOXMMHUSJBIK  LUKIJIEPiHJIE
auTapibIKTail e3repicrepre okeni. OnapablH HETi3r Ke37epl — aBTOKOMIK,
Ka3aHIbIK, KOKBIC IIBIFAPATBIH 3aybITTAp KOHE aybUIIIAPYaIIbUIBIK
OHIIPICTIK Ko31epi. OHEPKACINTIK KACIMOPBIHIAP, XKOJIAap, TeMipxKoiaap,
MOJIUTOH/IAp, TYPFBIH Yilliep jkoHe Oacka J1a OOBEeKTiIep KOJaich3 acep
ereai. TexHoreHaiKk 6acy TOMBIPAKTHIH OapibIK KOMIIOHEHTTEpIHE, ocipece
OpPTaHUKAJIBIK 3aTTap MEH MHUKPOOPTaHM3MJEDP CHSKTHI KYHApJIBUIBIK
NIEH JKEPJiH TYPaKThUIBIFBIHBIH MaHBI3bl KOPCETKIIITEpPIHE acep eTei.
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CoHBIMEH Kartap, 9Jli KYHTe JICHiH TONBIPAKTHIH aybIp METAAAPMEH JIACTaHY
MEXaHU3M/IEP1 )KAKChI 3ePTTEIIMETEH, OUTKEH1 OaKbUIAYIbIH CEHIMII 9/1iCTep1
OosraH KOK. TOmBIpaKTaFkl ayblp METAIAP/IbI KOHE 3USHIIBI JIIEMEHTTEP/I1
aHBIKTAY YIIIiH 3€PTTEY/iH IPAKTUKAIBIK MaHbI3bI 30, ce0e01 aybIp MeTasaap
Tepic 00Mybl MYMKiH OoiFaHbIKTaH, onapabiH kenemi IPK-nan acnays
KepeK. AJIBIHFaH HOTIDKENIEP/i TOIBIPAK >KaMBUIFBICBIH MOHHTOPHHITIK
3epTTeyaepi MEH KelIeH i Oaranay/IblH HeTi31 peTiHae KoygaHyra 0oJiabl.
CoHbIMEH KaTap ayblp MeETaJJapAblH KOHIICHTPAIMAICHIH TOMEHACTY
OOMBIHIIIA J)KYMBIC JKOCIIapbIHA HET13 00Ja anajbl.

Tyilin ce3aep: ayblp MeTangap, JacTayllbl 3aTTap, YKOJOTHs, KOpIIaraH
opTa.

E. butmanoB*, A. Ad:kaJesnios, JI. boirycnaesa

EBpasuiickuii HannoHaabHbI yHUBepcuTeT uMenu JI.H. I'ymunesa,
Acrana, Ka3zaxcran.
E-mail: yertasbey@gmail.com

COIAEPKXAHUE TAXKEJIBIX METAJIJIOB B IIOYBAX
HEHTPAJIBHOI'O KASAXCTAHA

AHHOTaIUs1. 3arps3HCHUE OKPYXKAIOIMIEH cpenbl ypOaHM3UPOBAHHBIX
TEPPUTOPUH TSAKEIBIMUA METAJUIAMUA OTPULATENIBHO CKA3bIBACTCSA HA OKPY-
YKAIOIIEH cpeie U 30poBbe uesioBeka. C Mo4YBOil CBsi3aHa BCS JKU3Hb YEII0-
BeuecTBa. IlouBa SBISETCS OCHOBHBLIM COCTAaBOM CEJIbCKOXO3SHCTBEHHOIO
npou3BoicTBa. CyIlIECTBYIOT TAK)KE pa3INuHbIC yI0OPEHUs, KOTOPBIEC TTOBBI-
Iar0T HJIO,Z[OpO,Z[I/Ie IIOYBBI. B CTaTrbe HpI/IBCI[eHLI CpaBHI/ITCHLHLIe JAaHHBIC
M0 COACPIKAHUIO TAKUX TSKEJBIX METALIOB, KAaK XpOM, IIMHK M CBHHEII, 32
2019 u 2020 rogsl B HECKOJIBKUX roponax AKMOJUHCKOW oOnactu. Tspke-
JIBIC METaJUTBI, KaK 0c0o0asi rpyIia 3JIEMEHTOB, MPEBBIMAIOT (JOH B CBOUX
BBICOKHX KOHL[GHTpaI_[I/IﬂX n3-3a UX TOKCHUYCCKOI'O BOSI[CP’ICTBHSI Ha KHUBBIC
opranusmbl. JTa npodieMa akTyajabHa, OCKOIbKY B HACTOSIIIEE BpeMsl CTa-
HOBUTCS JOCTYITHO BCe OoJibIlie OOBEKTOB 3arpsi3HeHus. [lomananue Tsoxe-
JIBIX METAJIJIOB B OKPY’KAIOIIYIO CPEAY CBA3aHO C aKTUBHOM JIEATETbHOCTHIO
YCJIOBCKA. I/IHTeHCI/IBHOC HpOMBIH_UIeHHOe n CGHLCKOXOSﬂﬁCTBGHHOe HncC-
MOJIb30BAaHUE MTPUPOTHBIX PECYPCOB MPUBEIO K 3HAYUTEIILHBIM U3MEHEHUSIM
B OMOXMMHYECKUX IHUKJIAX MHOTMX M3 HUX. IX OCHOBHBIMH MCTOYHHKAMU
SABJIAKOTCSA HpOMI)IHIJIeHHOCTI), aBTOTpaHCHopT, KOTCJIbHBIC, Mycopocncnra-
TEJbHBIE 3aBOJIbl M CEJICKOXO35HICTBEHHOE MPOoU3BOACTBO. Hebnaronpust-
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HOMY BO3JICHCTBHUIO MIOABEPralOTCs MPOMBIIICHHBIC TPEANPUATHS, TOPOTH,
KEJIE3HOOPOKHBIE MTyTH, CBAJIKU, KUJIbIE 3JaHUs U Jpyrue oobekThl. Tex-
HOT'€HHBII MPECCHUHI" OKA3bIBACT BJIMAHNEC HAa BCC KOMIIOHCHTEI ITIOYB U OCO-
6eHHO Ha TaKUC BAYKHBIC IMOKA3aTCIIN INIOAOPOAUS U yCTOfI‘-IHBOCTPI 3€MCJIb
KaK OPraHUYEeCKOe BEIECTBO U MUKpOOpraHusMsel. [Ipu 3ToM 10 cux mop
MEXaHU3MbI 3arpsI3HEHUS TOUBbI TSKEJIBIMU METaJIaMU HEJJOCTATOYHO U3Y-
YCHBI, ITIOCKOJIbKY HC OBLI0 HaACKHBIX MCTOAOB KOHTPOJIA. I/I3yquHe IIOYBBI
Ha HaJIM4YUEC TAXKEIIbIX METAJIJIOB UMECT 6OJIBI_HOC MMPAKTUYCCKOC 3HAYCHUC,
MTOCKOJIBbKY TSXKEJbIe METAJUIbl MOTYT OBITh OTPUIIATEILHBIMU, UX COJIEPKa-
HUe A0HKHO ObITh BKTFOUeHO B [1JIK. [lomydennbie pe3ynbTraTbl MOTYT JI€Ub
B OCHOBY MOHHTOPHHIOBBIX I/ICCJICIIOBaHI/Iﬁ U KOMILIEKCHOU OLCHKU I10Y-
BCHHOI'O IIOKPOBA. PCSyJ'H:TaTLI HCCJICAOBAHUA TAKIKEC MOT'YT ITIOCIYKUTb OC-
HOBOM 14 TJ1aHa paboT MO0 CHIKEHUIO KOHILIEHTPAIMH TSKEIbIX METaJIOB.

KuroueBble cJjioBa: TsDKenIble MeTasllbl, 3arps3HUTENH, SKOJOTHS,
OKpy’Karolllas cpefa.

Introduction. At present, the release of heavy metals into the environment
is not only natural, but also anthropogenic. These include industrial waste,
mining, transport, production of non-ferrous and ferrous metals, the
indiscriminate use of fertilizers containing heavy metals, thermal power
plants (TPPs) or general urbanization. Many heavy metals, including lead,
cadmium, chromium, nickel, and mercury, are toxic. According to scientists,
cadmium and lead are ubiquitous and belong to the first class in terms of
exposure. Any amount of these elements is very dangerous for the human
body and leads to various metabolic disorders in living organisms. MGF has
shown diverse effects such as antioxidant, antiapoptotic, radical scavenging,
and chelating properties. The extraction and recovery of these valuable
metals has significant importance (Naraki et al., 2020:68).

Insignificant variation of the heavy metals was observed amidst the three
reaches of the reservoir except for HM which showed a significant difference.
Since many heavy metals impart toxicity in one or other way, they must be
constantly monitored to prevent fatalities and ecological disasters (Dipak
et al., 2020:13). The ratios between non-carcinogenic average daily dose
(ADD) of whole wheat flour and wheat flour consumption ranged from
1.06 to 3.76, with Pb having the greatest values compared to other metals.
The best fit kinetic model varied among the metals. Environmental factors
or heavy metals, such as effectively cooperate in bryophyte distribution.
Floodplains downstream of urban catchments are sinks for potentially toxic
trace elements.

Studies of flue exhaust gases from fuel combustion plants show that in
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their composition the main air pollutants are carbon oxides (up to 50%),
sulfur oxides (up to 20 percent), nitrogen oxides (up to 6-8%), hydrocarbons
(up to 5-20%), soot, oxides and derivatives of mineral inclusions and im-
purities of hydrocarbon fuels (Babatunde O et al., 2020:24). Together with
the exhaust, exhaust and exhaust gases, about 60-80 percent of all the heat
received during the combustion of hydrocarbon fuel is discharged into the
atmosphere in the form of hot gases and heated water, which also leads to
thermal pollution of the atmosphere. In addition, emissions are divided into
unorganized, entering the atmosphere as non-directional gas flows as a result
of technical problems of the equipment, and organized - coming through
specially constructed plants, which is economically profitable and environ-
mentally safe. The pollutants themselves can also be divided into several
classes: local, having a short life, and characteristic of a small territory, but
nevertheless the most common, regional - spread within the region, and pos-
sess a little big term of life. Non-conserved pollutants are volatile, constant-
ly subject to physical and chemical processes, and can be converted to other
substances, both more and less toxic (Nigam et al., 2020:68).

Similar phenomena are known for silver. When heated in air, it also
dissolves oxygen. If you then heat it in hydrogen above 500 C, bubbles
appear in it or it loses its plasticity. The mechanism of this phenomenon is
similar to the mechanism of copper hydrogen disease. Silver, not containing
oxygen, being kept at 850 C in a hydrogen atmosphere for 1h, does not
embitter and does not collapse. Part of the dissolved hydrogen evaporates
before oxygen diffuses into silver, so the degree of destruction decreases.
Gold and platinum are not subject to destruction when heated in hydrogen,
since oxygen is practically insoluble in them (Kelly et al., 2020:483). The
presence of lead in the exhaust of automobile engines makes them the most
serious sources of environmental pollution by lead. An antiknock agent —
tetra methyl- or tetraethyl lead — has been added to most gasoline since 1923
in an amount of 80 mg. When the car moves from 25 to 75% of this lead,
depending on traffic conditions, is released into the atmosphere. Although
the bulk of it is deposited on the ground, a significant amount of this pollutant
can also be contained in the air. Of particular danger to humans and the
environment are lead and its compounds contained in gas emissions from
automobiles. Lead compounds, mainly tetracthyl lead (TPP), are added to
gasoline to increase octane performance (Liping et al., 2020:76).

The burning of fossil fuels such as coal, oil and natural gas is the main
cause of anthropogenic CO2 emissions as well as deforestation.

The purpose of work is identifying the content of hazardous elements
and metals in Central Kazakhstan’s soil.
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Research material and methods. The object of the study is the content
of heavy metals in the soil of the cities of Akmola region such as Kokshetau
and Shchuchinsk, as well as the ratio of the content in 2020 to 2019.
Heavy metals such as chromium, lead, zinc and cadmium were sampled
(Tuomikoski et al., 2020:5).

Experts note that it is these three factors that contribute to a high and very
high level of atmospheric air pollution in settlements with such pollutants as
nitrogen dioxide, carbon monoxide, sulfur dioxide, formaldehyde, hydrogen
sulfide, suspended particles, phenol, and ammonia. Let’s take a closer look
at these points:

1. Dispersion of emissions from industrial enterprises - the result of
production processes during the combustion of industrial products is the
entire list of harmful substances that cause high levels of air pollution.
Their dispersal in the air basin over the territory of settlements significantly
affects the atmospheric air quality of cities, suburbs and towns (Manara et
al., 2020:93).

2. Road congestion by urban transport - the multicomponent emissions
of gasoline and diesel fuel from vehicles is one of the main sources of air
pollution in settlements by nitrogen dioxide, carbon monoxide, and organic
substances, and high congestion of roads, even in cities with good ventilation.

3. Low ventilation of the atmospheric space of settlements - airborne
pollutants accumulate in the surface layer of the atmosphere and their
concentration remains at a very high level.

Carbon monoxide CO, as mentioned above, is formed by incomplete
combustion of carbon in the fuel. Similar formation occurs in the furnace
when the furnace shutter is closed too soon (until the coal is finally burned
(Bagova et al., 2021:5).

Result and discussion. The results of the study of the content of heavy
metals in the soils of the city of Kokshetau and the ratio of the content of
heavy metals in 2021 to 2020 are shown in Table 1.

Table 1 - Ratio of content of elements in Kokshetau city between 2019 — 2020.

Name of an | The average content of an element | The average content of an element in
element in 2019 (mg/kg) 2020 (mg/kg)

chromium 1.2-1.6 0.36-0.91

lead 15.8-31.5 15.2-28.2

zinc 0.8-1.9 03-12

cadmium 037-1.9 02-1.27
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Figure 1 - Ratio of content of elements in Kokshetau city between 2019 — 2020.

Exceeding the maximum permissible concentration was noted in the
glassworks for copper — 2.1 MPC.

The content of heavy metals in soil samples taken in Kokshetau is not
exceeded the norm (Picture 1). In the city of Kokshetau in soil samples
taken in various regions the chromium content was in the range of 0.0036
—0.02 mg / kg, copper - 0.3 —20.0 mg / kg, lead - 15.2 — 28.2 mg / kg, zinc
—0.3-1.2mg/ kg, cadmium - 0.2 - 1.3 mg / kg. The content of other heavy
metals in soil samples taken in the city of Kokshetau did not exceed the
norm.

Table 2 - Ratio of content of elements in Kokshetau city between 2019 — 2020.

Name of an | The average content of an The average content of an element in
element element in 2019 (mg/kg) 2020 (mg/kg)

chromium 0.86 - 1.69 0.184-0.813

lead 3.07-11.2 0.13-1.37

zinc 241-2.76 031-1.56

cadmium 1.76 —2.57 0.27-1.43

The content of other heavy metals in soil samples taken in the city of
Shchuchinsk did not exceed the norm.
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Figure 2 - Ratio of content of elements in Kokshetau city between 2019 — 2020.

Exceeding the maximum permissible concentration was noted in the st.
Mirzoyan for copper - 6.3 MPC.

In the city of Shchuchinsk (Table 2) in soil samples taken in 2019 in
various regions the chromium content was in the range of 0.84-1.48 mg / kg,
copper - 8.13-23.2 mg / kg, lead - 2.05-10.17 mg / kg, zinc - 1.36-1.64 mg
/ kg, cadmium - 0.10-1.32 mg / kg. (Picture 2). In this city in soil samples
taken in 2020 in various regions the chromium content was in the range of 0.
184 - 0. 813mg / kg, lead - 0.13 — 1.37 mg / kg, zinc - 0.31 - 1. 56 mg / kg,
cadmium - 0.0042-0.1379 mg / kg.

Conclusion. The main technical measures and means of maintaining the
air of the working area within the required limits include the following.

1. Selection of rational architectural and planning solutions allowing to
reduce air pollution as much as possible;

2. Rational organization of technological processes, excluding operations
related to the release of moisture, harmful vapors, gases, aerosols into
working rooms, as well as the supply of overheated and cold air;

3. Extensive use of mechanization and automation of production, which
allows excluding contact of workers with harmful substances;

4. Application of efficient heating, ventilation and air conditioning
systems ensuring creation of comfortable conditions in the working area;

5. Application of modern mechanical cleaning equipment rooms (vacuum
dust cleaning with the help of stationary and mobile installations, hydraulic
cleaning, etc.);
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6. Use of degassing of premises by special means at production facilities
related to the release of harmful and toxic gas and vapor substances;

7. Cleaning of contaminated air in dust and gas collecting devices when
it is released into the atmosphere and supplied in the room;

8. Use of personal protective equipment and taking urgent measures
to normalize the air composition of the working zone during short-term
operations in emergency conditions (emergency situations, etc.) in case of
impossibility to reduce harmful emissions to permissible levels.

During the work of this thesis, I made the following conclusions.
Currently, there are four ways to combat harmful gaseous emissions:

- optimization of fuel combustion processes;

- purification of fuel from elements that are sources of pollutants;

- purification of flue gases from pollutants;

Compared to 2020, in 2021 there is a decrease in the volume of heavy
metal emissions into the soil in these cities. These ways to reduce the volume
of harmful gases will help maintain the ecosystem of the region in optimal
condition.
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KA3AKCTAHHBIH OHTYCTIK OHIPIHJIETT COPT'O
KAHTBIHBIH OHIMILIITTHE BUOJOT USIIBIK BEJICEH/I
3ATTAP MEH TBIHAWTKBIIITAPIBIH OCEPI

AnHotamusi. Ocbl Makajganbl 3epTTEYIOiH MakcaTbhl —Kejecinein
OMONOTH-AIBIK OENICeHl 3aTTap/Abl KOJJaHYAbIH THIMJIIIITIH aHbIKTayFa
OarpiTTanran: Celeste Top, «Gumi 20» >xoHe Kamuii rymMaTbhIHBIH COPro
KAHTbl ©CIMIIK-TEPiHIH ©Cyl MEH JaMyblHa *oHe OHBbIH Ka3zakcTaHHBIH
OHTYCTIK OHIpPIHJETl OHIMIUIriHE apHainFaH. 3epTTey 0O0beKTici OOoJbII
Copro KaHTBIHBIH «Ka-3akctan 20» coprtrapel TaObuiabl. Copro-
OMOJIOTHSJIBIK ~ €PEKIIETIKTepl MEH OKOHOMHUKAJIBIK CHUIIaTTaMajapbl
OOMBIHIIA epeKIe AOHAI ociMaiK. OHBIH HEri3ri apTHIKIIBUIBIKTaphl -
KYPFaKIIBUIBIKKA ~ €PeKIIe  TO3IMJAUIIK, Ty3Fa TO3IMIUIIK, KOFaphbl
OHIMIUTIK, JXKbUIIAp OOWBI EriHHIH TYPAaKTBUIBIFBI, )KEMIIOITIH KaKChl
KacHueTTepi jkoHe oMOeban maiinananyra OO0JaTHIHABIFBI. JKCIEPUMEHTTIK
3epTTeyiep kem (aKTOpibl JajalblK TKIpuOe TypiHIE >KajIbl
KaOBUIIAaHFaH KJIACCHKAJBIK OJIICTEPMEH, SKCIEPUMEHT TaXKIprOe >KoHE
OaKplIayMEH KYPTi3iiIi.

buorexHosoruss HEri3iHAE Mad a3bIKTBIK JAKBUIIAPMEH  ETiCTIK
TOXKIpU-Oenep Kyprizyre apHajfaH >kKoHE OeJIIHTeH yyacKesep o/iCiMeH
exki  Qax-Topabl  ToKipuOE  OpHATBUIABL.  3epTTey  HOTHXKeNepi
OMOTEXHOJOTHSIIBIK 9/11-CTEP/I1 KOJIJIAaHY apKbUIbI alIbIH/IBL.

buonorusibik 6encen i 3aTTapablH jkoHe a30T-(Gpocdop THIHAUTKBIIITA-
PBIHBIH J03allapblH KOJJAAHY apKbUIbl 3€pPTTEIreH OAICTep HOTHUXKECIHE
KYNTBHIK KOPPEISIUSIBIK KO3(PGUIMESHTTEP aJIbIHBI, OJIAPABIH OachIM-
JIBIFBI JKOFapbl 0okl MIBIKTHI koHe 0,89 ... 0,92 neHreitinae OenrineH-
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Ii. ATBIHFaH 3epTTEy HOTHXKENEpl HEeTi3iH[e OMONOTHUSIIBIK OeJCeH Il 3aT-
Tap MeH a30T-PocGop THIHAUTKBIIITAPHIHBIH T03aChIH KOJAAHY - TYKbIM-
IIbl KeH KaTapra ceOy Ke31H]1e OPBIH/IbI €KeHIIT1 JoNenAeH 1. bruonorusubk
OenceH/l 3aTTapMEH OHJIENTeH TYKbIMAAPAbIH OaKbUIaylarbl TYKbIMIapFa
KaparaHja oJIJIeKaiia KblIJaM JaMbIFaHbl aHbIKTaabl. bb3-MeH copro
KAHTBIHBIH OHJIEJTeH TYKbIMIApbIHAa OaKbUlayFa KaTbICThl YPBIKTaHIbI-
pBUIFaH HYCKaJlapFa KaparaH/la abIpakK KeJIeMiHIH alTapJIbIKTall YIFarobl
Oaiikanel. «Kazakcranapik 20» yurin OI1 MakcuManabl MoHI Kaluid ryma-
TBIMEH OHJEJIreH HycKanapzaa aram ot - 0,982 ... 1952 miH M % /Toy/ra
I'ymu 20-MeH eHIeY Ke31H1e KOPCETLIAl.

Tyiiin ce3nep: OMOTEXHOIOTHS, OUOJIOTHSIIBIK OCJICeH I 3aTTap, COPro
KaHTBI, OHIMIUTIK, MaJ a3bIKTHIK JaKbUIIAP.
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BJIMSTHUE YIOBPEHUI U BUOJIOT MUECKH AKTUBHBIX
BEIIIECTB HA YPOXKAMHOCTH CAXAPHOI'O COPT'O B
IO KHOM PEI'MOHE KA3AXCTAHA

AnHoTanus. llenp uccienoBaHMM [aHHOM CTaTbU HAINPaBICHO Ha
BbIsIBIIEHHE O3(()EKTUBHOCTH NPUMEHEHUs OHMOJIOTMYECKH AaKTHBHBIX
BewtectB: Cenect Ton, «['ymu 20» u I'ymar Kanus Ha poct u pa3Butue
pacTeHuil caxapHOro copro, U €e HPOJYKTUBHOCTb B YCIIOBHSIX OXKHOTO
peruona Kazaxcrana. O6beKTOM Hcciea0BaHUM ABIsIUCH CaxapHOE COpro
— copra «Kaszaxcranckoe 20». Copro — yHMKaJbHOE 3J1aKOBOE PacCTCHHE,
KaK II0 CBOMM OHMOJIOTMYECKHUM OCOOECHHOCTSMH, TaK M XO35IHICTBEHHBIM
npu3HakaM. Ero OCHOBHBIMHU JIOCTOMHCTBAMU SIBJISIFOTCSI MCKJIIOUUTENbHAS
3aCyX0yCTOMUMBOCTb, COJIEBBIHOCIUBOCTb, BBICOKAs IMPOAYKTUBHOCTB,
CTaOWJIBHOCTh ypOXaeB IO IojaM, XOpOIIME KOPMOBBIE JIOCTOMHCTBA U
YHHMBEPCAJIbHOE HCIIOJIb30BAaHUE. OKCIEPUMEHTAIbHBIE MCCIIEN0BAHUA
IIPOBE/IEHbl OOLIETIPUHATHIMU KJIACCUUECKUMHU IMIPUEMaMH, SKCIHEPUMEHT-
OIIBIT U HAOJIO/IEHHUE, B BUIE MHOTO(AKTOPHOT'O MOJIEBOTO OIBITA. 3aI0KEH
Obul /BYX(paKTOPHBIM OINBIT METOIOM pACIHICIUICHHBIX JEISHOK M Ha
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OCHOBaHMU OMOTEXHOJOIMH HPOBEJIEHHS MOJIEBbIX OIBITOB C KOPMOBBIMHU
KyJbTYPaMH.

Pesynbrarel uMcciaeoBaHUS MOIYYEHbl IPU MPUMEHEHMH OHOTEXHO-
JIOTHYECKUX METO/I0B.

W3yuaemble MeTOABI C NPUMEHEHHEM /03 OHOJOTMYeCKH AaKTHBHBIX
BELIECTB U a30THO-POCHOPHBIX YyHAOOpeHui, B pe3ylnbTare 4ero ObLIn
NOJTy4YeHbl KO3(Q(UIMEHThl MapHOH KOPPESILUU, KOTOpbIE OKa3aJNCh
MIPEUMYIIECTBEHHO BHICOKMMHU U OBLIM OTMeuYeHbI Ha ypoBHe 0,89...0,92.

Ha ocHoBaHuU MOJTy4eHHBIX PE3YJIBTATOB UCCIIEI0BAHUN J10KA3aHO
1es10cabpa3HoCTh IPUMEHEHUS /103 OMOJIOTUUECKH aKTUBHBIX BEIIECTB U
a30THO-(OCHOPHBIX YIOOPEHUH, IIUPOKOPSTHOTO IOCEBA CEMSIH.

YcraHOBIIEHO, 4TO 00paboTaHHbIE ceMeHa OMOJIOTMYECKH aKTUBHBIMU
BEIIECTBAMHU pPa3BUBAINUCh 3HAYMTEIBHO OBICTPEE IO OTHOLICHUIO K
KOHTpoJt0. B Bapmantax ¢ oOpaOGOTaHHBIMM CEMEHaMHU CaxapHOIo COpro
BAB npoucxoawsio 3HauUUTENIbHOE YBEIMUYEHHE IUIOIAAM JIMCTHEB Ha
yA0OpEHHbIX BapUaHTax I10 OTHOLICHHIO K KOHTPO0. MakcuMmaiabHOe
3HaueHne DIl y «Kazaxcranckoe 20» ObUIM OTMEYEHbI B BapHaHTaxX C
obpabotkoii I'ymar Kamus- 0,982... 1952 muH.M%/cyToK/Ta ¢ 00pabOTKOMI
I'ymu 20.

KroueBsble ci10Ba. buorexHosorust, 6M0JI0rn4ecky aKTUBHBIE BELLIECTBA,
caxapHO€ COpro, MpoxyKTUBHOCTb, KOPMOBBIE KYJIBbTYPBbI.

K.K. Mambetov', A.Zh. Bozhbanov?, I.B. Dzhakupova**

'M. Auezov South Kazakhstan University, Shymkent, Kazakhstan;
*Almaty Technological University Almaty, Kazakhstan.
E-Mail: www.inkar 18@mail.ru

INFLUENCE OF FERTILIZERS AND BIOLOGICALLY
ACTIVE SUBSTANCES ON YIELD OF SUGAR SORGO IN THE
SOUTHERN REGION OF KAZAKHSTAN

Abstract. The purpose of the study of this article is aimed at identifying
the effectiveness of the use of biologically active substances: Celeste Top,
“Gumi 20” and Potassium Humate on the growth and development of
sweet sorghum plants, and its productivity in the conditions of the southern
region of Kazakhstan. The object of research was Sugar sorghum - varieties
“Kazakhstanskoe 20”. Sorghum is a cereal plant that is unique in its biological
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features and economic characteristics. Its main advantages are exceptional
drought resistance, salt resistance, high yield, crop stability over the years,
good feed properties and universal use. Experimental studies were carried
out by generally accepted classical methods, experiment-experiment and
observation, in the form of a multifactorial field experiment. A two-factor
experiment was established using the method of split plots and on the basis
of biotechnology for conducting field experiments with fodder crops.

The results of the study were obtained using biotechnological methods.

The studied methods with the use of doses of biologically active substances
and nitrogen-phosphorus fertilizers, as a result of which pair correlation
coefficients were obtained, which turned out to be predominantly high and
were noted at the level of 0.89 ... 0.92.

On the basis of the obtained results of the study, the wholesomeness of
the use of doses of biologically active substances and nitrogen-phosphorus
fertilizers, wide-row sowing of seeds was proved.

It was established that the treated seeds with biologically active substances
developed much faster in relation to the control. In the variants with treated
seeds of sweet sorghum with BAS, there was a significant increase in leaf
area on the fertilized variants in relation to the control. The maximum value
of FF at “Kazakhstanskoe 20” was noted in the treatment options with
Potassium Humate - 0.982 ... 1952 million m2 / day / ha with the treatment
of Gumi 20

Key words. Biotechnology, biologically active substances, sugar sor-
ghum, productivity, fodder crops.

Kipicne. Conrbl OBXBLIABIKTA O13/11H €J1iMi3]1€, 9Cipece OHTYCTIK ailMaKTa
JOCTYpIIi Maj a3bIKTHIK JaKbUIIApAbl ©Cipyre KOJIAHChI3 KYPFaKIIBUIBIK
ke3eHaepi ckumienn KeTrTi. OchblFaH OalIaHBICTBI TOIBIPAKTHIH — BLIFAI
TaIIbUIBIFBIHA TO3IMAUIIN JKOFaphl JaKbUIAAPIbl KEPCIHAIPY OpeKeTTepi
XKYPri3ityze, MbICallbl: COPro-Cy/iaH OylaHaapbl, COPro KaHTbI, Tapbl, CylIaH
me0i, aMapaHT, YyMH3a KoHe T.0.

Kazakcranga eriHmIuiK >KOHE OCIMAIK IIapyallblIbIFbl  FBIIBIMU-
OHJIIPICTIK OPTaNbIFbIHBIH (OYpbIHFBI YHubsiMc aThiHaarbl Kaz¥YF3M) copro
CCJICKIIUACHl KOHE TYKBIM MIAPYalllbUIBIFBl 3€PTXAHACBIHIA allFall pPeT
a3bIKTBIK COPTOHBIH IEPCIICKTHBAIBI YJIT'1JIi COPTTAphl MEH €PTE ITiCETIH KEyTe
’KapamJibl COPTOHBIH acChll TYKBIMJIBIK MaT€pPHalbl aybll MIAPYalllbUTbIFbI
FBUIBIMIAPBIHBIH JOKTOPbI B.M. MakapoBTbIH OaCIIbUIBIFBIMCH aJIbIH/IbI.

JIyHUE@XKY3UTIK aybul MIapyallbUIbIFBIHBIH AKOJIOTHSUIBIK JKaFAaibl 0131
aybUl INApyallbUIbIFBl  JaKbUIIAPBIH ©CIpY TEXHOJOTHSCHIHAA OPTYPIIl
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MakcaTTapra apHajFaH »aHa opl SKOJOTHSUIBIK Ta3a OHMOTEXHOJOTHSUIBIK
omicTepai i3eyre MaKOYp eTefi: eCIMAIKTEep Il 3USTHKECTep MEH aypyaapaaH
KOpFay, oCIMAIKTEP/iH 6Cyl MEH JaMyblH BIHTATAHJBIPY KOHE THUIMILIIr
KOFapbl THIHAUTKBILITAPALl ainy. COHFBI Ke3[e OWONIOTHUSIBIK ETiHIIUTIK
Macernenepine kedipek koHin 0emninyae. CHMOMOTHKAIBIK )KOHE aCCOIIMATHUBTI
a30TThI  TY3€TIH MHUKpPOOpPraHU3MJIEpP, COHJal-aKk (UTOropMOHAAP,
BUTAMUHJCP, OPTraHUKAJBIK KBIIIKbUIIAP, aHTUOMOTHKTED JKoHE Oacka jaa
OMOJIOTHSIIBIK OCJICEH T1 3aTTap bl OHIIPETIH MUKPOOPTaHU3M/ICp HET131H 1e
OUMOJIOTHSIIBIK OHIMACPAl OH/IIPY JKOHE Maljanany yiliH OMOTEeXHOJIOTUsIIap
osipnenai. Kenreren rambimmap (MapteiHoBa, 1996; IlanukoB, 1994;
Owmaposa A.IIL. 2012; Capcenbae b.A. 2013; Hekepbexosa H.K. 2017.)
©CIMJIIKTEP/I1H MUHEPAJIIbl KOPEKTEHY1H jKaKCapTaTbIHBIH, OJIAP/IbIH OPTY Pl
KyH3emcTep MeH (uTonaToreHaepre TO3IMAUINTIH apTTBIPBIN, TOMBIPAK
KYHApPJIBIFBIH CaKTail OTBHIPHIN, OCIMIIK IIApyallbUIbIFbI ©HIMI CalachIHbIH
OHIM/IUTITIH MOJIANTBIIT KOFapbLIATaThIHIBIFBIH JTQJICICTEH

LF. KostikovreiH aiitysinma, Conryctik Kaszakctan karnaiibiHga,
eric MepsiMmiHiae ceOy KapKbIHBI MEH €TriH JKHHAy KYHIEpl 3epTTelIi.
3eprreymrinep 108-143 m/ra neHreiiiHae >Kachll MacCaHbl KaMTaMachl3
€TETIH COPTro KAaHTBIHBIH 3€PTTEITCH COPTTAPBIHBIH apachlH/Ia epTe MiCETiH
OyHmaHmapbl HEFYpJIbIM ©HIMII eKeHIH aHbIKTaabl. Copro KaHThl YIIiH
OHTaWIbl ceby Mep3iMi — TOMBIPAK TEPEHAITIHIECTI TYKBIMHBIH KbI3YbI
+18...20°C. Onraiinsl cedy Hopmackl 250 MbIH JaHa TyKbiMaap/ra .byn 146
- 183 w/ra (KoctukoB U.D., xonHe T. 6 2014; 5) »xuHay Ke3iHAe KacbLl Macca
MEH KYpFaK 3aT aJIbIH]IbI.

HexepGexoBa H.K., (2017) 3eprreynepi Ooiibinma Ka3zakcTaHHBIH
OnrycTik-11pIFpICc KalmTaH TOMBIPAFbl JKaFAalbIHIA COPrO KAHTBI ©CIM-
JIKTEPiHIH 6Cyl MEH JIaMybIHBIH €pTe Ke3eHAePiHAe a30T ThIHAUTKBIILITAPBIH
KOJIJIaHy KAHTTBIH COPro OCIMAIKTEpPiHIH OYKLT BEreTalMsUIbIK Ke3EeHiHJIe
KUHAKTATybIHA bIKNAN eTkeH. COHBIMEH KaTap cOpro KaHThl COPTTapbIHBIH
OMOJIOTHUSIIBIK epEeKIIeTiKTepiHe OaliIaHbICTBl TOMBIPAKTHIH KbUIKbIMAIIBI
bochopmen 60TybIHBIH €Ki (POHBIHAA 12 a30T THIHAWTKBIIIBIMEH ThIHAUTYFa
OailTaHBICTBl KAHTTBIH [1a, IIBIPHIHHBIH Jia CalalblK KOPCETKIIITEpiH
apTTHIPY TeHACHUUACH cakTanabl(Sanjana Reddy P., 2017;6).

Copro eciMAiriHiH KOJIAaHbUTYBI KoIl. OHBIH aCTHIFbI MaJl IIAPYaIlbUIBIFbI
YIIiH Oaraibl KEeM JKOHE >KeMJey VIIIH IIuKi3aT Ooibll TaObulajbl, ain
OHBIH KpaxmaJibl — aJKOrojb eHepKaciOiHme Kosmanbutaapl. OnaH jkapMa
xacananel, Opta A3us pecnyOIuKaIapblHAa COPTro AQHII JaKbUI PETiHJe
nanaJaHbplIaabel. OJIEMJIe TaFaMJIBIK ©CIMJIIK PEeTiHAe copro Oumai MeH
KYpIIITeH KeiiHri yuriHm opsiasl ueneneni (Bavei V., 2011;3).
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CoOproHsbIH Kachll Maccachl MajiFa TaMala )eM OOJIbIT TaObLIabl, OHbI
cypiaemre ne mainanmananbl. Cabarbl Keaip-Oyapip O0Mai TYphINT KeciireH
copro akchl mimeH oepeni. COHbI KachlUI KEMIe NaiganaHblIagbl HEMe-
ce *xaibuibIMFa nainananyra 6omnasl. 100 kr copro noHinae 119 Gipik xem
0ap, 100 kr >xacel1 Maccaga — 23,5, cypiemae — 22,0, mente — 49,2 Gipiik
xem Oonazpl. Copro Kapasl €3 OOMBIHAA YCTay YIIIH KOHE eTiHAl Kyprak
KENJeH KOpFay YIIiH MIBIMBUIABIK peTiHAe mnaiananbuiafgsl. Katapisl
erUIreH JAaKbUI PETIHIE COPro — >Ka3AbIK JAKbUIAAP YIIIH aKChl KOpFa-
yuisl (Mam6etoB K .K. xone 1.6, 2019; [Iponos A.B. xone 1.6., 2012; Ama-
6okoB b.A. xone 1.6.,2012; I'opnios, N1.®. xxone T.6., 2012).

KypraknibuIbIKKa TO31MILTIT )KOFApPhI COPTO €IIMI3/I1H KyPFaK aiMaKTapbl
yurin ete kyHubl DAO, 2020). OsblH makpuiaapbl Opranblik Asusia,
Conrycrik KaBkazna jkoHe 3akaBkasbene, YKpawHAHBIH OHTYCTITIHIE,
MonnoBana, Temenri Exin Ootibiaaa, Jlonna sxone KazakcTanma HIOFbIp-
nanrad. KazakcTanua copro mapyamibUIbIFbl OaH 9pi AaMyza.

3eprreynepre coiikec (Sorghum 2017), GipHele Kblaap iIiHAe coOpro-
HBIH MaHBI3/Ibl OMOJIOTHSIIBIK KACUET] aHBIKTAJJIBI - OJI Y3aK JKbU1Iap OOMbI
OHIMJIUTITIH TOMEHJETIICH, TYpaKThl Jakbulaapra aiHaingasl. COpProHbIH
TYPAaKThl AaKbULIAPBIH €HJIIPY aybICHalbl €TICTE OCIpPyMEH CabICThIpFaH-
na Oenri Oip apTHIKIIBUIBIKTApPFa ue. byil, eH anapiMeH, Oi31iH eliMi3IiH
OHTYCTITIH/IE JKM1 Ke37eCeTiH, 0acKa MaKbUIIAp OHIMIUIIKTI KYPT TOMEH-
JIeTeTIH OeTKeiepae, Ipo3usiFa YIlblparaH KOHE COpTaHJaHFaH JKepliepae
COPro JaKbUIIApblH OpPHAJIACTBIPYFa, SFHU €Tyre KaThbICThl OOMajbl. ¥3aK
TOKIpUOE KOPCETKEH ICH, COPro MyH/1al KOFapbl ©HIM OepMmeiii, OyJ1 OHbIH
oneyetine ToH. byn ke3nelicok, OiTenin KaifaH, OJlaH J1a HaIllap >kepiepre
cebinrenimMer OaMIaHBICTEHI.

Copro noninnme 12-15% O6enok, 3,4-4,4% wmaii, 2,4-4,8% xieryarka
Oap. Man a3bIKTBIK KacHueTi OOWBIHIIA COPro JOHIHIH KYHApJIbUIBIFBI
Oayamasibl Typjae TINTI apmafgaH Jga ackinl Tycemi. JlerenmeH, oOnbIc
Kargaiibiaaa OyJ1 ©CIMIIKTIH OHIMAUIIK 9JI€yeT1 TOJMBIK 1CKEe aChIpbUIMAaN/IbI.
CoproHbIH OHIMIUIITIH apTTBIPy MACEJECiH WIeNly YIIIH JKalmbl ecipy
o/icTepl MEH TEXHOJOTHSCHIH 93ipiey, OHbIH cely oaicTepi MeH cely
HOpMAaJapbhlH AaHBIKTAy, TYKbIMIApAbl TaHIay, MaijaiaHy, AaKbLIAApAbI
apaMIIenTepleH KOpFay VIIH THIHAUTKBILITAD MEH TepOounuaTepi
Koanyabl KaxeT eredl (Amalyme A. B xone T. 6., 2017 ; KoryHoBa
H.A. xone 1.6., 2017; Haymona, T.B. xone 1.0., 2012; Teetor V.H. et al.,
2011; l'opriuanuenko C.H., xxone 1.6. 2005).

Conrbl xbu11apel KazakcTanna KaHTTHIH KETICTIEYIIUTITiHE OaiiTaHbICThI
COPro KaHThIHA JIET€H KbI3bIFYIIBUIBIK alTapibIkTail apTThl. CabakTapaarbl
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KAHTTBIH KOFapbl OOIYBI OpTYpil OHIMAEPAl OHIIpYAE KbI3bUIIIA KAHTHIH
alMacThIpa ajJaThlH Meacca, CUPOIl alyra MyMKiHIIK Oepeni (PomaHiokuH
A.E., 2016; Yerbulekova M.T., 2015).

byrinri Tanaa 3epTTENETIH aliMaKTaFbl COPro KaHThI XKaHa TYPIiHIH aTall-
FaH MaceJIeNiepiH LNy oTe ©3eKTi Macesne 0obin Tadbaabl. COHABIKTAH,
OChl MaKajaHbl 3epPTTEYAIH MaKcaTbl COPTrOHBIH OHIMIUIIIH apTTHIPYIbI
aHbIKTayFa OaFbITTaJFaH, €Ty OJICTepIH aHBIKTAyFa HETi3/IEJreH, MKaJIlbl
ecipy oicTepi MEH TEXHOJIOTHUSACHIH d3ipiiey OOMBIHIIA )KYMBIC iICTEy KEpPEeK
€KEH/IIT1H )K9HE TYKbIM ce0y HopMasaphbl, COPTTapbl TAH 1Ay, THIHAUTKBIIITAP
MEH OCIMIIKTEp/Il apaMIIeNTep/IeH KOpFay YIIiH repOuluaTepAl KoiIanyra
apHaJFaH.

ByJ1 2KYMBICTBIH FBLIBIMH JKaAHAJBIFBI, O1piHIIi peT KazakcTaHHBIH Cyp
TONBIPAFBI YKaFIalbIHIA OMOJOTHSIIBIK OCJICeH Il 3aTTap MeH a30T-Gocdop
THIHAUTKBIIITAPBIH KOJIAAHY/IbI 1aMbITy OOWBIHILA 3€pPTTEYJep KYPri3iijii,
MUHEPAJIbl THIHAUTKBIIITAP/BIH J103aJapbl aHBIKTAJbl, COHBIMEH Karap
KaChLJI MacCaHblH aWTapibIKTail ®HIMIH KaMTaMachl3 €TETIH COPTTap MEH
chI30amap a3ipiacHi.

XKyprizinren fbuUlbIMU Jana ToxipuOenepiHiH HoTwkeciHge OHTYCTIK
Kazakcran aiiMarbIHBIH JKafJaiiblHA COPro KAaHTBIH OcCipyaiH OediMaey
TEXHOJIOTHSICHI Kacall bl

3eprreynin Marepuanaapbl MeH aicrepi. Toxipubenik 3eprreynep
2018-2021 xbu1maper M. Oyes3oB arbiHaarbl OKMVY-na «3Jkonorus xoHe
ouotexnonorus» F3U oky-Toxxipubde anaHbIHBIH ayMarbIHAAFbl « KypbibiM-
JIBIK JKOHE OMOXMMUSUIBIK MaTepHaiapy aliMaKThIK WHKCEHEPIIIK OeriHaeri
CBhIHAK 3epTXaHachlHa Kyprizinai. ChIHaKTap )KYPri3iireH yuacke Tay 0ek-
TepiHJeri JanaiblK aifMaKTa OpHaJacKaH *oHe TOMBIPAK-KIUMATTHIK Mapa-
MeTpi OoitbiHIIa KazakcTaHHBIH OHTYCTITIHET] TUIITIK 3€pTTEY ailMarbIHIa
OpHAJIAaCcKaH OCHI JKaraaiaapra TOH OOJIbI.

3eprrey oObekrici Oonbin «KaszakcTan-20» copTTapbl albIHABL JKC-
MEPUMEHTTIK 3epTTeyJep Kallbl KaObUITaHFAH KIACCHUKAIBIK IICTEPMEH
KYPri3uii: SKCIepUMEHT-TIKIprOe koHe Oakbuiay, Keml (aKTOpIbl Jana-
JBIK dKcniepuMenTTep Typinae (Kuprommun xone 1.0., 2009; MBanos, 2008
K. )koHe B.P. Bunbsmc ateiHgarel bBykinpeceinik ®KeMIer FhITbIMU-3EPT-
tey uHCTUTYTHI, 2011). Toxipubemnik >KyMbIC 9/iCiHE COMKeC COHaal-ak
«ATPOTEXHUKAIBIK JaTalbIK TKIpHOeH1 xyprizy aaictemeci» (HoBukos,
xoHe T.0., 2010; ['omy6es B.B., 2017).

Copr XKIIC «Kazak eriHmriik »xoHe oCIMIIK MIapyallbUIbIFbl FHUIBIMU-
3epTTey MHCTUTYThIHAA ecipinai. Kycrap 3akpiMIaMalThiH COPro KaHTBIH
TO3aHAaHBIPY HOTHKECIH e xKacan bl buikriri 130-175 cMm, ynken OyTais
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OCIMJIIK ©Cy/iH OacTamnKbl Ke3eHIHAe KapKbIHIbl JaMUIbI, TYPyFa TO3IM/II,
JKachlJl Macca MEH TYKbIMJApAbl MEXaHUKAJIAHJBIPBUIFAH arperartrapMeH
KUHAyFa )KapamIabl OOJIBI.

Copr cabarpiHa Typasanrad. Herisri cabakra 7 xepycti Ty#ini, 9
)anblpak Oap. JKarbIpak yKachul, JJaHIET Topizaec. JKamblpak TakTackl MCH
TaMbIpbl TOMEH TyclereH. JKamblpak KbIHAOBI a3fam ©cCiHmici Oap alllbIK
»acbll. ChIBIPTKBI Y3bIHIBIFBI KbICKapFaH OUTIKTI 25-30 cM. ASKIIAChIHBIH
y3bIHABIFE 30-35 cMm. YCTIHI JKambIpaKThIH KEPHEWIHEH TOOCIIIKTIH
OipiHII TapMarblHa JCHIHT1 KaIBIKTHIK 5-8 cM.IIBIOBIKIIIACH pOMO Topi3i,
TIKEHEKTI, Macakiia KaObIpmakTapsl 6-7 cM, ak-Kapa, Teric. JloHi )KyMbIpTKa
TOpi3/li, KOHBIP TYCTI, TOJBIFBIMEH JEPJIiK KaOBbIKICH >kaObutraH. KaObIFbl
KOHBIP-Caphbl, SHJIOCIIEPMI aK.

JKacpln MaccaHbIH aOCOMIOTTI KypFaK 3aThIHAA UK aKybI3IbIH MOJIIIIepi
5,8-6,2%, kneruarka 24,4-24,6%, cabak MIBIPBIHBIHAA KAaHT MeIepi oap.
CopTTBIH TYKBIM OHIMIUIII JKaKChl, »achll MaccaHblH oHIMaiLIIr: 800-
870 m/ra. OckeHHeH 1-m1i Kecyre JIeHiHT1 BereTanusuiblk ke3eH 78 — 95
KYH, ceOUIreHHEeH OacTan JoHHIH TOJIBIK ImickeHiHe nerin 115 — 120 kyH.
CopT KypraKIIbUIBIKKA TO3IM/I1, bUIFAJIFa TO3IM/I1 J)KOHE YKOFaphl €riHIIUIIK
¢donbiHa we. JKamo6pu1, IlaBnomap, OHrycTik Kaszakcran oOnbICTapbIHIA
ecipyre YChIHbLIA/IBI.

3eprreynin MakcaTbl. KazakcTaHHBIH KaHOBIPIIBI KYPFAK Jaia 30HACHI
XKaraanpiHaa a3oT-Ghocdop THIHANTKBIIITAPEI MEH OpPTYPJIi OHMOJIOTHSUIBIK
OenceH/1l 3aTTapIbIH YTHIM/IBI JO3aIapBIH O1pJecin KOIAaHy apKbLIbl COPro
KAHTBIH ©CIpY[IiH OMOTEXHOJOTUSJIBIK OAICTEPIH KONAAHYIABl >KETUIIIPY
0O0JIIBL.

A dakTopsl O0HBIHINIA — COPTO OCIMIIKTEPIHIH MUHEPAJIIbl KOPEKTEHYIHIH
TepT (POHBI Keyleci HyCcKaaapaa 3epTTeui:

1. bakputay — TeiHaiTKpImICH3; 2N, P, s 3.N P 4N R

B ¢daxTopsr GoiibiHINIA — yII TYpii OMOJOTHSUIBIK OCJICEH]I 3aTTapblH
tuimMainiri 3eprrenai: Cenect Tom, «'ymu 20» koHe TYKbIMIapibl cely
aJJIbIHIaFbl JAMBIHABIKTA KOJIIaHbUIAThIH Kanuii rymaTs! .

Celeste Top — Taburu Owmornonumep, OEICEHAl WHIPEIUCHT HEeri3i —
TombIpaK OakrepusiiapbiHaH Pseudomonas aureofaciens »xone Bacillus
megaterium OKIIayJay apKbUIbl ajblHFaH MOJU-0eTa-TUIPOKCUOYTHD
KbIIKpUTbl. Humate Kaliya npuHnumi eciMIiKTiH TaOWFU KOPFaHbBIC
peakuusIapbIHbIH UMITYJIbCiHE Heri3aenreH. COHMIBIKTAH Ja SKCTPEeMallIbl
TeMIleparypara, MECTHIMITIK CTPECCKE, TOMBIPAKTBIH  XUMHSIIBIK
3aTTapMEH JIaCTaHybIHA, KYPFaKIIbUIBIKKA, TY3/bUIBIKKA, asg3Fa jkoHe 0acka
Jla CTpEeCCTepre TO3IMIIIIK apTabl.
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Gumi 20 - OenceHal OWONOTHSUIBIK TYypAeri (UTOrOPMOHAAp MEH
MUKpO3JIeMeHTTep, coHmaii-ak 2000 mr / nm aeiliH ¢ynbBUKANBIK >KOHE
TYMUHZIIK KocbuibicTap Oap. Ilpemapar conpiMeH Kartap puzochepalbik
MHKPOOPTraHu3MIep MEeH (DUTONATOreH I KAMTH/IBI.

Kanuii rymarsl - THIMA1 ©Cy CTUMYIISATOPBI CTPECCKE KapChl aJalTOTeHHIH
KacHETTepiH OIipiKTipeai, OHIMIUIKTI apTThIpaJIbl JKOHE JaKbLIIBIH
AKOJIOTHSUIBIK Ta3aJIbIFBIH apTThIpanabl. KypaMblHga HaTpuil MEH KaJlui
ryMaTTapbl KOFapbl TYMUH KBIIIKbULAAPH MEH (PUTOrOpMOHIApFa
Herizaenrex - 80%, ochlaiiiia TYKbIMHBIH ©HYIHE KyaT Oepeni, COHbIMEH
Karap JamyablH OacTankbl KE3eHIHJE KYIITI TaMblIp KYHECIHIH IaMyblH
BIHTAJIAHIBIPAJIbI.

Celeste Top xone «Gumi 20» XUMHUSJIBIK KypaMbl 3epTTENETiH
npenaparrapia eCiMAIKTepAiH TOJBIK JaMyblHa KaKeTTl OapiblK KaKeTTi
MukpoanemeHTTep (B, Mo, Fe, Li xone T.0.) 0ap ekeHiH KepceTesi.

Copro KaHTbI TYKBIMBIHBIH €T1CTIK HOPMAChI €TICTIK TOXIpuOe e 1 raxepre
300 MbIH 1aHa, €Ty 9/1ici KeH KaTapJibl, Katap apaibirbl 0,45 M. Eric anapiHaars
TOMBIPAKTHI TaWbIH/IAY YIIIH a30T HeH (ochHOp THIHANTKBIIITAPBIHBIH TOJIBIK
703aChl eHri3inai . bipiHm petti yuackenepain kejaemi 42m> O0IIb! .

Jlananplk ToxipuOene aifa KOWbUIFAH MakKcaT IMEeH MIHACTTEepre Com-
KeC >KaJbl KaObUIAaHFaH oJicTep OOMBIHIIA OapiblK KaKeTTi jka30a-
nap, 6aKpLIayIap MEH Tayaayaap *Kypri3iiai .

3eprrey HATHKeAEPi. CHIPTKHI JKaFAaiaap ecyre TikeneH »oHe kaHama
ocep ereni. COHFBICHI ©CYy KapKbIHBI OapiblK Oacka (U3HOIOTHUSIIBIK
MpoLecTep/IiH KapKbIHABUIBIFbIHA, aya MEH TaMbIPJbIH KOPEKTEHY1, CYMEH
KaMTaMachl3 €TUlyi, 3aT ajaMacy >KOHE HHEPreTHKANBIK MPOLECTepIiH
KapKbIHJIBUIBIFBIHA OalmaHbIcThl Oomanbl. OChbiFaH OaIaHBICTBI CHIPTKBI
KarJainapabiH ocepi OChl MPOLECTEP/IiH Ke3 KeIreHiHIH e3repyl apKbUIbl
eCy KapKbIHIBUIBIFbIHA ocep €Tyl MyMKiH. COHBIMEH Karap, OChl HEMece
Oacka na ocepiiH ceOenTepiH KETKUIIKTI JONJIIKIEH aHBIKTay OpKallaH
MYMKIiH eMecC, OUTKeH1 TaOWFH XKaF/1aiiia skeke GhaKkTopiapabliH acepi e3apa
TBIFBI3 OaMIAaHBICTBL. 3€pPTTENIETIH aybUIAPYAIIbUIBIK JaKbUIIAPbIHBIH
BEreTalUsIIBIK KE3CHIHJIET1 OJapiblH ©3repy CHUIaThl OCIMIIKTEP/iH ocyil
MEH JIaMybIHJa FaHa eMec, aKbULJIBIH KaJbINTaCybl MEH OHBIH CalachlH/Ia
J1a KOPIHIC TanThI.

Copro KaHThI )Ka3Fbl KYPFAKIIIBUIBIKKA ©T€ IIbIIaM/Ibl, Ky bIH-IIAIIBIHCHI3
y3aK yaKbIT ©TKEHHEH KeiiH oJ1 OMOMacCachlH YKOFANTHACTaH OcCiM, JaMH
ananpl. COHBIMEH Karap, COPro KaHThl BEreTaTUBTI JKOHE T'€HEPATHBTI
MYIIEJIepAiH KaJbIITaCybl YIIIH BETeTAMSUIBIK KE3€HJE TOIMBIPAKTHIH
BUIFAJIBUIBIFBIH YHEMII TYpJe skymcaiiapl. JXKyrepieH aiblpMaliblIbIFbI,
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COpro ocipece KyaHIIBUIBIKTA KOJAMIbI CYpIEMIIK JaKbLI OOJNbII TaObl-
naapl. byn aybul mapyainbUIbIFbl KaHyapiaapblH a3bIKTaHIBIPYABIH KY3Ti-
KBICKBI CBIHM KE3€HIHJIe a3bIK OipJIiKTepi MEH KOPBITBIIATHIH IMPOTEHHHIH
MeJILIEeP1 KOFaphl KEM1 Y3IIKCi3 oHaipyai KamTamach3 eTefl (ThIHbIKYII0B
M.K. 2015 x.).

Copro KaHTbI 3KOKYHeCiHIH TeMieparypaiblk peskumi 2018-2020 3epr-
T€y >KbUIJAPbIHAAFBl COPTO KAHTHIHBIH BETETAIMSUIBIK KE3€HIH/IE ayaHbIH
opraiiia ailJibIK TeMiieparypachiabiH (t°C) MoHIEpiMeH aHbIK T b (1-KecTe).

Kecte 1 — Copro KaHTBI aiiMarbIHAAFBl TEMIEPATYypPalbIK PEKUMIe OalIaHBICTHI
BEreTalusuIbIK Ke3eHH1H y3aKkThiFbl (2017-2020 FhUIBIMU-3EPTTEY JKbUIIAPHI)

AyanbIH opTarra ainisik t°C > parcThIH Ocimaik
3eprrey paric eciMIiKTepiHe apHaIFaH BEreTamusi- | KaMbUIFbI-
JKbU1IapbI JIBIK CBHIHBIH
3epTTey Kell aya TEMIEPATYPA- | osorinne | y3akThies
KpUTaa- | Kkeuigap | ceiabiH t°C Genceni t* | copro kezeni
pbIHAA 0OMBI | JKOFapbUIaybI oC KyHMeEH ’
JepeKTep
2018 23.7 4.9 > 3205 114
2019 242 188 5.4 Y 3315 116
2020 24.0 5.6 > 3270 110
3epTTey KbUI- 23.8 5.0 > 3263 115
JIAPBIHIIAFbI
opraiia

A¥iTa KeTy KepeK, ayaHblH OpTallia ailJIbIK TeMIIepaTypachl BEreTalUsIIBIK
Ke3eHzeri 3eprrey kpuigapeinaa 23,3°C skone 24,2°C Gommel, am Ker
KBUIIBIK OpTaliia aiyielK Temmeparypa 18,8° C 6omabl.

JlanansIk 3epTTEyNep KbUIIAPbIHAAFEI aya pPaiibl KaFaainapsl Kenecinen
cunartanapl: 2018 KbUIABIH BEreTalUsUIbIK Ke3eHI (OChl Ke3eHJeri
KaybIH-IIAIIBIH 28-1eH 25 MM-Te AeiiH TeMeHedl, Oy opTalla KbUIIbIK
KOPCETKIIITEH 5,5-6,6 MM-T¢ TOMEH) KYPFaKIIbLUIBIKIICH CUITATTaJIIbI.

2019 xbuIbl coyip albIHIA KaybIH-IIAIIBIHHBIH Kom Menmiepi 139 mm
xKaydbl, OyJ1 opramia XbeUIABIK KepcerkimrepaeH 13,5-30,3 M KoFapsl,
TaMbI3/ia JKaybIH-1IammbH Tycneai -0,0 MM (skaybIH-1amsiH Mentiepi 187,7
MM, Oy 30,0 MM. KOIDKBUIIBIK OpTalia JACHICHIeH >KOFaphl), IIUIICHIH
opTtaiia temmneparypacsl + 30,66°C-ka xeTti, an 2019 xpuaby mingeci (+
30,63°C) 2014 - 2020 >xpu1gapaarsl €H KbLUIbLIAPABIH Oipi OO b

2020 Kbl €H BUIFAIABl KbUT OONIbl (Bereranus Ke3eHIHAE KaybIH-
IIAIIBIHHBIH Kaiambel Memmepi 211,4 mm Oonael, Oy opTamia >KbUIIBIK
KepceTKimTepaceH 53,4 MM KOFaphl).
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Bereranusuibik ke3eqae — 2018 xputFbl OelceH i TeMieparypaiapiabiH
KochIHABICH 3205°C, 2019 xbuasl — 3315°C, 2020 x)buisl — 3270°C Gosbl.

Ocpinaiima, a3 OYITTBIIBIK, KYH COYJECIHIH KOITIr, XKaybIH-IAIBIHHBIH
MayChIMJap OOWBIHILIA Tapaly CHUIAThl J>KOHE >KAHOBIPIBI ETiHIIUTIK
(GOHBIHAAFBI KBULy PEXKHUMI COPro KaHTBHIHBIH ©CyIHE KONAMIbI Karaail
JKacauabl.

«Gumi 20», Celest Top >xone Kamnuii rymareiMeH TYKbIM OHACYIIH
AHBIKTAJIFAH TOCUIIEP] JaNalIbIK JKaFdaiiaa cCOpro TYKbIMBIHBIH OHTIIITITIHE
OPTYPJIi dcep ETETIHAIT TaKIpuOeae aHBIKTAIIBI (2-KecTe).

Jlopinik mpemnaparTapMeH OHJEY ericTIKTiH OHrmTIrH 16-18%-ra neiin
apTTHIPAJIbL. 2-KECTEIE COPTO KAHTHIHBIH COPTTHIK Ta3aJIbIFbI )KOFaphI, OipaK
TYKBIMHBIH OHTIIITIr 82,5%-Fa eiiiH aybITKHUIBI.

Kecte 2 — Copro KaHTBIHBIH TYKBIM/IBIK Calachl

CopTTapsl Cyppin- | ©niM- | 1000 Tyxemv | Leik- | dama- | IIpopac-tuaMeH
Tay Taza- |mimiri, | TykemM Ce0in- KaHbI JIBIK | OHJIENTEeH
JbIFeL, %0 | % Maccachel, |TeH M*/nana | eHiM-
p 1 Mm%/ K,
JlaHa. %
Kazakcran 20 [eIk- Jlama-
KaHbI M?/ | JIBIK
JlaHa OHIM-
ik, %
99.2 82.5 24.1 30 20 66 23 74

Kecre 3-buonormsuislk OesceHjai 3aTTapMeH eHJeyre OailflaHbICTBI COPro KaHTBI

TYKBIMBIHBIH TaHANTHIK 0HYi1 (2018-2020 »xok. opraria)

Coprrapsl CopTThl | OHIMIITIK, Canmarsl Tyxpim | Lbikkansl, | Jananbsik
Ta3aJbIK % 1000 ceOinren, | mama/m? | eHIMIIIIK,
% TYKBIMJIAFbL, Ip. | 1M%/nana %

Bakputay (eHzmenMereH)

«Kasakcran 20» (992 [82.5 [24.1 [30 [21 [57.7
Cenecte Ton

«Kasaxcran 20» [992  [82.5 [24.1 30 |23 [632
«'ymu 20»

«Kasaxeran 20» [99.2  [82.5 [24.1 30 |26 [71.5
Kasuit rymarst

«Kasakcran 20» [99.2 825 [24.1 [30 [28 [77.0

«Kazakcran 20» COPTHIHBIH TAHAITHIK OHTIMITITI (3-KeCTe) OMOIIOTUSITBIK
OenceH/Il 3aTTapAblH KOJJaHBUTYbIHA OalIaHBICTBI ©3repe/ii, MaKCUMAaJIbI
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TaHANTBIK OHTIITIK OMOJIOTHsUIBIK Oesncen i 3artap Kanuii rymars: — 77,0%,
onan keitin “I'ymu 20” — 71,5% xone Celeste Top 63,2% naitnananraniga
Oaiikanel, 0y 10-15% OakputaynaH (eHIeIMEreH) alTapabIKTal KOFaphl.

Kecte 4-Copro KaHTBI TYKBIMAAPBIHBIH THIHAWTKBIII [03allapblHa OalIaHBICTHI

TaHanTHIK 6HYyi (2018-2020 >ok. opramia)

Coprraps CoprrhIK | Ocipy, | Canmarsr | 1M 2/ nana | Ketepinrewn | Jlanambik eny,

Tasaislk, | % 1000 cebinren |mama/m2 | %

% TYKbIM- TYKbIMIAp

zap, 1p.
Bakpuiay (TBIHAHTKBIIICHI3)

«Kasakcran 20» [99.2  [82.5 [24.1 [30 [21 [57.7
N30P30
«Kasakcran 20» [99.2  [82.5 [24.1 [30 [22 [60.5
N 60 P 60
«Kasakcram 20» [99.2 825 [24.1 [30 [24 [66,0
N 9o P90
«Kasakcram 20» [99.2 825 [24.1 [30 [27 [74.2

«Kazakcran 20» cOpTBIHBIH TaHANTHIK OHTIMTITI (4kecte) a3ot dhochop
TBHIHAWTKBIIITAPBIHBIH SPTYPII1 J03aIapbIH KOJIJTaHyFa OaiJIaHbICThI ©3repe/i.
Asot -pocdop TeiHAWTKBIITApbIH Ny Py, -74,2%3 oman kerin N, P60-'
66,0%, N, P, -60,5% nosana Koijanrania €riCTIKTIH MaKCHMaJ/bl OHyl
Oaitkanasel, 0yi18-12% O6akpliayaH al TapabIKTal >KOFapbl (TEIHANTKBIIICHI3).

6
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S S |

=== DaxTop A
= (axTop B

Pucynox 1- [lnarpamma 1- A daxropsl MeH B (akTopbIHBIH aybITKYBI (+/-), T/Ta

Kecte 5 — Copro KaHTBI yKachlll MaccachlHBIH OHIM/LTIT, T/Ta (oprama 2018-2020 x.)

A ¢axropsI- B dakropsr OHIMITIK, T/ AywITKY (+/-), T/Ta
THIHAUTKBIITAPIBIH — 6I/IOJ]0.1“I/I$IJ'ILIK ra oprama 2018- A (aktop! | B daxropsi
J103aJapsl, Kr/ra OeJiceH i 3aTTap 2020
«Kazakcran 20»
Bakpuiay 11.7 - -
Cenecre Tom 134 - +1,7
I'ymu 20 13.7 - +2,0
Kaymii rymarsr 14.2 - +2,5
Bakpinay 13.2 +1,5 -
N60 P60 Cenecre Tom 14.8 +1,4 +1,6
T'ymu 20 15.4 +1,7 +2.2
Kanuit rymatst 15.9 +1,7 +2,7
Bakpuiay 13.9 +2.2 -
Nogp P9 Cenecre Tom 18.0 +4,6 +4.1
Tymu 20 18.2 +4,5 +4.3
Kammii rymarsr 19.3 +5.1 +5.4
2018 [2019 x 2020 -
NSR ., bakropsr , T/ra 0,58 0,49 0,36 -
NSR B daxrops! , T/Ta 0,66 0,56 0,42 -
NSR . AB dakropnapbinbin 63apa apekerrecyi, /| 1.15 0,97 0,72 -
ra

Ocsl

KecTeneH (5-kecte IKoHE

l-muarpamma) copro KaHTBIHBIH

KachlJl MAacCachbIHBIH OHIMILIII a30T-Gpochop THIHAUTKBIIITAPEl MEH
OMONOTHSIIBIK O€JICEHAl 3aTTapAblH J103aChiH KOJJaHyFa OalIaHBICTHI
OHIMJIUTIKTIH JKOFapbLIaHTBIHBIH KopceTenl. N, P ThIHAWTKbIITAphl MEH
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OMOJIOTHSIIBIK OeJIceH Il 3aTTap A03achIHbIH acepineH 2018 — 2020 xpLiaap
apaneirpiiga oprama eHiMmaimik Celest Top 13,4 1/ra, 'ymu 20-13,7 1/
ra >xone Kanwmii rymarsl — 14, 2 T /ra Kypaasl.

N,, P, THIHAATKBILITAPEI MEH OHOIOTHAIBIK OEJICEH/I1 3aTTap/IbIH 103aChI
ocepinen 2018-2020 xbunmap apanbirbiHaa oprama eHimaunik Celeste Top
14,8 w/ra, rymu 20 — 15,4 1/ra sxone kanui rymars — 15,9 t/ra kypaner. Ny Py,
THIHAUTKBIIITAPBl MEH 6Cy CTUMYISATOPIApHI 103aChIHbIH dcepineH 2018—
2020 sxwiigap apaneiFbigga oprama eHimautik Celeste Top — 18,0 1/ra,
I'ymu — 20 — 18,2 1/ra xone A Kanuii rymarei— 19,3 T/ra Kypaasl.

Copro KaHTBIHBIH >KacbUl MAacCCAChIHBIH Ty3ilyiHe B ¢akTopbsiHbIH
(6MONOTHAIBIK OCJICEH Il 3aTTap) 9cepi THIHANTKBIII J103aChIH N,, P, xone
N90P90+1 ,6 -+4,1 t/rallenecte Tonmewn, ['yMuMeH Konganrana apTaabl. Y 1
KbL1 iminae opra ecemmed ['ymu 20 - + 2,2 - +4,3 1/ra xone Kanuii rymarsl
- +2,7 - +5,4 1/ra ekeHairid kepcerti. bakbuiaynarsl N wP ¢ xone N P
no3ackl 0ap A (GakTOPBIHBIH (THIHANTKBIII J03aChl) 9cepi OHMOJIOTHSIIBIK
oencenniirine Oainanpictel +1,5 - +2,2 1/ra, Toxipudene +1,4 - + 5,1 1/
ra 0oJabl.

2018-2020 >xpLagap apalbIFBIHIAFBI TOHKIPHOETIK Jana dKCIepUMEH-
TIHJIET1 HOTHIKEJEepiMi3 OMOJIOTHSUIBIK OEJICeH Il 3aTTap MEH a3oT-pocdop
THIHAUTKBIIITAPBIH KEIIEHAl KOJJaHy COPro KaHTBIHBIH J>KOHE >KalIlbl
KAChLJI MAacCaHbIH TaraMJbIK KYHJBUIBIFBI MEH OHIMJIUIINH apTThIpyFa
TiKeTlell ocep eTEeTIHIH KOpceTTi. DKOHOMHUKANBIK TUIMIUTIKTI Tasaay/sl
CaJbICTBIPMAIIbI Oarajay COpro KaHTBhIH OHIIPYIIH SKOHOMHUKAIBIK KOPCET-
KIIITepiHIH KOTIIIJIIr eH ajJbIMEeH aFbIMIaFbl HAPBIKTBIK Oarara, COHBIMCH
Karap MaTepuasIbIK pecypcTap MEH allbIHFaH OHIM JeHreiliHe OalIaHbICThI
€KEHIH KOpCETTI.

bipiHmi kepceTkill HETi3IHEeH 9IeyMEeTTIK-DKOHOMUKAIBIK (hakTopra
OaitaHpICThI O0MIBI. EKIHIIICI TEHETHUKAJIBIK €PEKIISTIKTEPTe dKOHE COPTro
KAHTBIHBIH Oenrini Oip TOMBIPAaK-KIMMATTHIK JKaraaimapbiHa OediMerny
JICHTeiiHe OalIaHBICThI €KEH/IIT1, COHBIMEH KaTap KelleHHIH (OHBIHIA CYp
TOTBIPAKTA COPTO JAKbULIAPBIH OHAIPY TEXHOIOTUSCHIHBIH UHHOBAIUSIIBIK
IEMEHTIH TMaiJaIaHbIll OMOJOTHUSIIBIK OCJICEH/II 3aTTap MEH MHHEPaJbI
THIHAUTKBIINTApAsl KongaHy Oonael. OcbUiaiiiia, MakcaTThl MOCENEHI
memryge KazakcTaHHBIH OHTYCTIK aiMarbiHAa ecipiieriH Copro KaHTBI
TYKBIMJIAPBIHBIH OHOJOTHSUIBIK O€JICEeH/l 3aTTapMeH OHIMILIITIH apTThIPY
MOCeJeCiH IIEeMIyIiH 3amMaHayd OHOTEXHOJOTHSIIBIK OJICTEpiH 3epTTel
HET13Ie01K.

OHIMHIH OHONOTHSUIBIK ~ OeNceHAl 3aTTapra, OHBIH Maijanany
(oHbBIHA JKOHE MUHEPAJIIbl KOPEKTEHYTE TOYEIN LT aHbIKTaabl; OHTYCTIK
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KazakcTaHHBIH Cyp TOIBIpaFbIHAa OMOJIOTHSIIBIK OCJICEH II 3aTTap MEH a30T
(dhochop THIHAUTKBIIITAPBIHBIH €H YTHIMJIBI 103aJIaphl AaHBIKTAJIJIBI.

buonorusnbeik  OenceHai 3arTap MEH THIHAWTKBIIITAPABIH OpTYpIIi
KOMOMHAIMsIapbl 0ap COpro KaHThl COPTTapbIHBIH  CaJIBICTBIPMAJIbI
OHIMJIUTITT aHBIKTAJIIbI , COHBIMEH KaTap JKachbll Maccara camajibl Oara
oepinai. COHbIH HET131HAEe MbIHAIall KOPBITBIHBI )KACAIbIK.

KopbiThinabuiap: 1. 3eprrey HOTIKedepi OOMBIHIIA COPTOHBIH
MaHBI3IBUIBIFBl  JKaFbIHAH JKYTEpIIEH em KeM TycrneuTiH OHTYCTIK
KazakcTanHbIH KypFak Jaja 30HACBhIHJIA KOFapbl camajbl JKachbUl Macca
MEH CYpJieM aly YUIiH eTe Oarajibl JaKbUl €KEeHI aHBIKTalAbl. JlereHMeH,
KYpFaK aiiMakTapJia COpro IaKbLIAapbl ©31HIH SKOJIOTHSIIBIK TUIACTUKACHIH
KaKChl KOpCETell, TONbIPaK MeH (POTOCHHTETUKAIBIK pecypcTapibl THIM/I1
naijanaHajbpl, OJapAbl ©Cipy TEXHOJOTHUACHI JKAaKChl KYMBIC 1CTeil,
oJIap OpKalllaH >KOFaphl )KOHE TYPAKThI OHIM Oepei .

2. Copro KaHThl AAKbUIAAPBIHBIH OHIMIUIIIH apTThIPYy YVIIIH COPro
KaHTBIHBIH arpoOHOJIOTUSIIBIK CHITaTTaMajiapbl OOMBIHINA OHOJIOTHSIIBIK
Oencenai 3artap MeH a3oT-Gocop THIHAUTKBIITAPHIH KOJJAHYIBIH
OMOTEXHOJIOTUSIIBIK dJIICTEP1 3ePTTEIIII.

3. Amram per TYCIMHIH OWONOTHSJIBIK OCJICEHII 3aTrTapra KoHE
naiiganany (QOHbIHA JKOHE MHUHEpPANAbl KOPEKTeHYre ToyeINIiliri
oenrinenai; OHTycTik Ka3akcTaHHBIH Cyp TOMBIParbIHIA OMOJOTHSIIBIK
OeJICEeH/I1 3aTTap/IbIH KOHE a30T-(h0oCc(Op THIHAUTKBIIITAPBIHBIH €H YTHIM/IbI
Jlo3ajapbl  aHBIKTAJbI. N60 PéO JKoHeE N90 P90 THIHAUTKBIIITAPhl MEH
OMOJIOTHSITBIK OeICeH 1 3aTTapablH 103ackl acepineH 2018 — 2020 >xpLiaap
apanbirbiaa optama eHiMautik Celest Top 14,8 — 18,0 T/ra, Gumi 20 — 15,4
— 18,2 1/ra xoHe kamuii rymarel — 15,9 — 19,3 1/ra Kypazsl.

4. N60 Pé0 JKoHe N9O P9O THIHAUTKBIIITAp J03ajJapbl MEH OMOJIOTHSIIBIK
Oencenai 3artapabl Konpany ocepiepineH 2018-2020 »xputFbl opraina
enimaiik Celest Top- 14.8-18.0t/ra, Gumi20- 15,4 -18,2 T/ raxone Kanuit
rymar -15.9-19.3 1t/ ra 6omnapl1.

5. ©c¢cy cTUMYISATOPIAPBIHBIH SCepi THIHAUTKBIILITAP bl KOJAaHOal )KachLl
MaccaHbIH OHIMAUIITIH 5-8% -Fa IeiiiH apTTIPYIbl KYpabl.

6. MuHepanapl THIHAUTKBIIITAP MEH OMOJIOTHSIIBIK OCJICEH Il 3aTTap.Ibl
OIpiKTIpin KOJJaHFAaHJIA COPTrO KAHTBIHIA JKAachbUl Macca OHIMILIIT opTa
ecenned 10 — 12% xypanpl.

7. Celeste Top, «Gumi 20» xone Kanuii rymarsl MUHEpaibl ThIHANWT-
KBIIITApABIH J03aChbIH a3aiTyFa MYMKIHAIK OepeTiH KOPEKTiK 3aTTapAblH
CiHipy K03 (dUILIMEHTIH apTThIpyFa KOMEKTECe/I.
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RHIZOSPHERE MICROORGANISMS: INCREASING
PHYTOTECHNOLOGY PRODUCTIVITY AND EFFICIENCY —
A REVIEW

Abstract. The review contains information on rhizobacteria with plant
growth promoting properties (PGPR), on plant mechanisms of bacterial
defense against heavy metal pollution and on stimulation of plant growth
by nitrogen fixation, phosphorus dissolution, siderophores, phytohormones
and ACC deaminase enzyme synthesis. PGPRs are classified according to
their functionality, the degree of proximity to the root and the closeness
of their association with the plant, and the site of bacterial colonization,
and information is provided on the taxonomic affiliation of PGPRs. Issues
of phytoremediation of soils contaminated with heavy metals and methods
to improve process efficiency using rhizospheric microorganism inoculants
are highlighted in the review, as phytoremediation is an economically
viable and environmentally friendly technology. The review considers the
role of association of endophytic and rhizospheric PGPBs with a plant in
enhancing the efficiency of phytoaccumulation and phytostabilisation of
soils contaminated with toxic metals and plant productivity.

Key words: Plant, rhizosphere, PGPB, mechanism, productivity, phytore-
mediation.
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PU3OCD®EPAJIBIK MUKPOOPTAHU3M/IEP:
OUTOTEXHOJIOT'UAAHBIH OHIMAIJIII'TH APTTBIPY )KOHE
OHBIH TUIMALIITT

AHHoTanusi. Makanana ocIMIIKTepAiH ©cyiH BbIHTAJTaHIbIPATHIH
kacuettepiOap (PGPR),aybsip MeTaniapmMeHIacTanFaH OpTaiaH ©CiMAIKTEp Il
OaKTepUsIIBIK KOpFay MeXaHU3Mjepi KoHe a30TThl Oekity, (ochopmabl
epity, cunepodopnap, puroropmonnap xone AlIK-neamunassl pepmMeHTIH
CHHTE3/Iey apKbUIbl ©CIMAIKTEP/IIH 6CYiH BIHTAJIAHABIPYILIBI PH30C(EpaIbIK
OakTepusyap Typasibl —aKmapar —YCbIHBUIAAbl. (DYHKUIMOHAJIBUIBIFH,
TaMBIPFa >KaKbIH/IBIK J19PEkKeC] KOHE OJIapIbIH ©CIMIIKIICH OaiIaHbICBIHBIH
KAKBIHABIFbI, OAKTepUsIIapIbIH KOJIOHU3aLUsIany opHbI OoibiHa PGPR
KIaccupuKanuscel KapacThIpbuiasl, PGPR-1iH TaKCOHOMUSITBIK THICTLIIT
Typasibl JepekTep KenTipuini. Makanaga ayelp MeTanJapMeH JacTaHFaH
TOTBIPAKTHI (pUuTOpEMeranusIay MaceeIepiHe )KoHE OHbIH pU30C(epabIK
MHUKPOOPIaHU3MAECP-UHOKYISSHTTapAbIH KOMETIMEH TUIMIUILH apTThIpY
o/licTepiHE epeKIle Ha3ap ayJapbuUlibl, OWTKeHI Oyl TeXHOJOTHs
HSKOHOMUKANBIK THIMAI KOHE OSKOJOTHSUIBIK Taza TEXHOJIOTUS OOJbII
cananaapl. COHBIMEH KaTap yibl METaJIapMEeH JIaCTaHFaH TOIbIPaKTapabl
(bUTOTYpaKTaHIBIPY JKOHE (UTONKHMHAKTAY THIMIUIIIH JKOHE OCIMIIK
OHIMIUIITH apTThIpydaFrbl 3HA0(GUTTI koHe pusochepanslik PGPR-abg
©CIMIIKIICH OailyTaHBICBIHBIH MaHbI3bl KAPACTHIPbLIA/IbL.

Tyiiin ce3nep: ecimiik, pusocdepa, PGPR-6akrepusinap, MexaHusm,
OHIM/ITIK, (PUTOpPEMEINALIHSL.
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PU30OC®EPHBIE MUKPOOPI'AHU3MbI: TIOBBIIIEHUE
IMPOAYKTUBHOCTHU U DOPPEKTUBHOCTHU
OUTOTEXHOJIOI'MHU

AnHoTanusi. B 0030pe mpencTaBieHbl CBEACHUS O pu3ochepHBIX
OakTepusx, 00J1aJaFOINX CTUMYJIUPYIOIIUMHU poct pacTeHui
coiictBamu (PGPR), mexanum3max OakrepHaabHOM 3alllUThl pacTeHUi
OT 3arpsi3HEHHOM TSDKEIBIMU METAJUIAMU CPEAbl U CTUMYJSILMM pocTa
pacTeHmii mocpencTBoM azordukcanuu, pactBopeHus ¢ocdopa, cuHTE3a
cuaepodopos, hurtoropmonoB u pepmenTa AIIK-neamunasel. PaccMoTpeHst
knaccudukanus PGPR no hyHKIIMOHaTEHOCTH, CTETIEHU OIM30CTH K KOPHIO
U TECHOTE acCOIMAIlMM WX C PACTEHHEM, MECTa KOJIOHHM3AIMH OaKTEpHH,
MIpUBEICHBI JAHHBIE O TAKCOHOMUYeCKo npuHaanexxHoctd PGPR. Ocobblit
aKIIEHT B CTaThe yACTWIN BOpocaM (puTopeMeraiy NOYBbI, 3arPSI3HEHHON
TSOKENBIME  METallZIaMH M METOJlaM TOBBIIICHUS ee 3(pdexkTuBHOCTH C
MTOMOMIBIO pU30C(HEPHBIX MUKPOOPTAaHHU3MOB-UHOKYIISTHTOB, TaK KaK TaHHAs
TEXHOJIOTHS ABJIIETCS SKOHOMUYECKH BHITOAHOM U SKOJIOTHYeCKH 0€30I1aCHOM
TexHonorue. B 0030pe paccMaTpuBaeTcs posib acCOUUAUU SHIO0PHUTHBIX
u pusocthepusix PGPR ¢ pactenwem B mnoBbimeHuu 3(h(HEKTUBHOCTH
buToaKyMYISIIINK U (PUTOCTAOUITH3AINH TT0YB, 3arPSI3HEHHBIX TOKCUYHBIMU
METaJUIAMU U TPOAYKTUBHOCTH PACTEHUN.

KuroueBsle ciioBa: pacrenue, pusochepa, PGPR-6akrepun, mexanusm,
MPOAYKTUBHOCTH, PUTOpPEMETUAITHS.

Introduction. The organs of higher plants represent a special ecological
niche inhabited by microorganisms. In the course of their development, they
act as centers for the formation of microbial communities - epiphytic, which
settle on the surface of various plant organs, or endophytic, which invade,
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colonize and multiply in plant tissues (Bulgarelli et al., 2013; Feoktistova
et al., 2016). Microorganisms living on the surface of above-ground plant
organs are called phyllospheric, while those living in the root zone are called
rhizospheric. The roots of plants are surrounded by soil - a medium densely
populated by various microorganisms. The distance from the root determines
how close the relationship is between the plants and the microorganisms
living in their root zone. The soil microorganisms inhabiting the rhizosphere
(a narrow soil zone about 0 to 8 mm in diameter that directly surrounds
the plant roots) or the rhizoplane (the surface of the plant roots) form more
or less strong associations with the plant’s root system and form specific
rhizosphere communities. Such relationships are characterized by the terms
“associative bacteria”, “associative relationship”, “associative symbiosis”
(Dobereiner, 1983).

Rhizospheric microorganisms colonize the area around and on the
surface of the root unevenly, mainly in its upper part, and attach themselves
to the pores of the cell walls. The existence of microorganisms and strong
associations in these ecological niches, both within the root tissue and in the
rhizoplane and rhizosphere, is primarily due to the active secretion of various
low molecular weight substances such as amino and organic acids, sugars
and various secondary metabolites by the root cells (Fan et al., 2018; Mitter
et al., 2016). The microorganisms were found to be unevenly distributed
within the same root: abundance increases in the area of the young apical
roots, where the maximum release of soluble organic compounds takes place
(Vives-Peris et al., 2020).

Materials and methods. The rhizospheric effect, which characterizes
the increased number and activity of microorganisms in the root zone,
increases after seed germination and reaches a maximum during flowering
and fruiting depending on the composition of root exudates during plant
development (Ray et al., 2020; Weyens et al., 2009). Thus, the root zone
of young plants is dominated by gram-negative bacteria of the genera
Pseudomonas, Flavobacterium, Azotobacter, etc., which are replaced
by gram-positive bacteria of the genus Bacillus and actinobacteria of the
genera Mycobacterium and Streptomyces as the plants age (Feoktistova et
al., 2016).

The specificity of the microorganisms in the rhizosphere of a given plant
species can be taken into account, i.e., a symbiotic relationship can only be
established between certain species, which determines the specificity of the
symbiosis (Kidd et al., 2017). For example, Fan et al. (2018) investigated
the species diversity of plant root-associated bacteria in 6 cultivated and 20
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wild plant species. Using 16S rRNA gene sequence analysis, the authors
showed that 446 bacterial isolates were distributed among four phyla
(Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes), 32 families,
and 90 genera. Proteobacteria formed the largest group of isolates (240): 40%
ectophytic and 60% endophytic bacteria. In the rhizosphere, representatives
of the genera Bacillus and Pseudomonas dominated; the most important
endophytes were Microbacterium and Pseudomonas. Some genera, such as
Stenotrophomonas, Yersinia, Labrys, and Luteibacter, were associated with
specific plant species.

For soil bacteria that have a positive effect on plant growth, live in the
rhizosphere and rhizoplane of plants and have the ability to colonize the root
surface, survive, multiply and compete with other microbiota, Kloepper et al.
(1980) coined the term PGPR, i.e., rhizobacteria that stimulate plant growth.
PGPRs are found not only around but also within plant roots (endophytic
bacteria colonizing apoplastic spaces inside the plant). No soil bacteria
have been found to colonize these spaces (Rosier et al., 2018; Santoyo et
al., 2021). Taxonomically, PGPRs are extremely diverse and are divided
into extracellular and intracellular depending on the degree of proximity to
the root and the closeness of association with plant. Extracellular PGPRs:
representatives of the genera Agrobacterium, Arthrobacter, Azotobacter,
Azospirillum, Bacillus, Burkholderia, Caulobacter, Chromobacterium,
Erwinia, Flavobacterium, Micrococcous, Pseudomonas, Serratia, etc.,
while intracellular PGPRs are representatives of the genera Allorhizobium,
Azorhizobium, Bradyrhizobium, Mesorhizobium belonging to Rhizobiaceae
family. The majority of rhizobacteria belonging to the intracellular group are
gram-negative rods; a smaller proportion are gram-positive rods, cocci or
pleomorphic rods (Bhattacharyya et al., 2012).

Mechanisms of plant growth stimulation by PGPRs. The mechanisms
of the positive effect of rhizobacteria on plant vital activity vary (Hayat et
al., 2010). PGPRs influence plant growth and development either directly or
indirectly (Glick, 2012). Different bacteria can influence plant growth and
development under different conditions by using both of these mechanisms
together or separately (Ojuederie et al., 2017). Indirect stimulation of plant
growth occurs by reducing or preventing the harmful effects of phytotoxic
microorganisms. This may involve a reduction in the Fe available to
phytopathogens in the rhizosphere, the synthesis of enzymes that lyse the cell
walls of fungi, and competition with harmful microorganisms for a place on
plant roots. The mechanism of plant growth stimulation is the antagonistic
relationship between PGPRs and phytopathogenic microorganisms
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(Chowdhury et al., 2015). Direct stimulation of plant growth consists
of: 1) supplying the plant with substances synthesized by the bacteria or
facilitating the entry of nutrients from the environment into the plant (e.g.
microbial nitrogen fixation); 2) synthesizing siderophores that can dissolve
and accumulate Fe from the soil and supply it to plant cells; 3) production of
various phytohormones, including auxins (e.g. indolyl-3-acetic acid (IAA),
cytokinins, and gibberellins) which can influence different stages of plant
growth; 4) a mechanism to dissolve minerals such as phosphorus, which
then becomes readily available to the plant; 5) enzymes that can influence
plant growth and development (e.g. 1-aminocyclopropane-1-carboxylic
acid (ACC) (Le et al., 2019; Shaposhnikov et al., 2011) The screening of
rhizospheric and endophytic microorganisms for the presence of the above
properties serves as a basis for obtaining an effective PGPR inoculant to
enhance plant growth for economic purposes, both to increase the yield of
food crops and to promote the development of phytoremediation agents on
contaminated soils (Schmidt et al., 2018; Mamirova et al., 2019).

Nitrogen fixation. Nitrogen is a nutrient for plant growth and productivity.
Although the atmosphere consists of ~78% nitrogen, it is not available
to plants. The ability to biologically fix molecular nitrogen (N,)) is only
possessed by prokaryotes, which convert N, into ammonia with the help
of the enzyme nitrogenase. The highest intensity of N, fixation can be
developed by those microorganisms that interact with plants and use the
products of their photosynthesis to maintain nitrogenase activity. The N,
fixation is carried out by a complex enzyme, nitrogenase (Kim et al., 1994).
Structurally, the N, fixation system differs among bacterial genera. Most
biological N, fixation occurs through the activity of Mo-nitrogenase, which
is present in all diazotrophs (Spaepen et al., 2011). Dinitrogenase reductase
provides electrons with high reducing power, while enzyme dinitrogenase
uses these electrons to reduce N, to ammonia (Kim et al., 1994).

Genetic control of N, fixation occurs at several levels: ammonium, nif-
specific, amino acid, oxygen, nitrate, molybdenum, and temperature levels
(Spaynk et al., 2002).

N -fixing bacteria are divided into symbiotic characterized by nodules
formation as a result of host-symbiont interaction, where rhizobia act as
intracellular symbionts, and non-symbiotic or associative ones, which
provide only a small amount of fixed N, necessary for the bacteria-associated
host plant (Bhattacharyya et al., 2012; Glick, 2012; Spaepen et al., 2011).
Bacteria from the following genera have a high potential for N, fixation:
Azospirillum, Azotobacter, Achromobacter, Agrobacterium, Bacillus,
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Beijerinckia, Clostridium, Enterobacter, Herbaspirillum, Klebsiella, and
Pseudomonas (Morgun et al., 2009).

Phosphate solubilization. Plants can only take up inorganic phosphorus
and its concentration in soil is very low as most of the organic phosphorus
present in soil is insoluble and may constitute 4-90% of the total phosphate
(Yadavetal.,2015). Despite its high content in soil, phosphorus bioavailability
limits the plant growth, development, and productivity. The concentration of
phosphorus available to plants in soil solution is about 1 mM and rarely reaches
10 mM (Lambers et al., 2006). The ability of some microorganisms to convert
insoluble phosphorus (organic and inorganic phosphates) into an available
form such as orthophosphate is an important feature of PGPB for increasing
crop yield (Khan et al., 2007; Rodriguez et al., 2006). Microorganisms can
use two systems to increase the concentration of exogenous phosphate: 1) by
hydrolyzing organic phosphates under the action enzymes (non-specific acid
phosphatases, phytases, phosphonates, and C-P lyases); 2) by dissolving
mineral phosphates through the production of organic and inorganic
acids (Rodriguez et al., 2006). Phosphate-solubilizing bacteria include
members of the genera Azospirillum, Azotobacter, Bacillus, Beijerinckia,
Bradyrhizobium, Burkholderia, Enterobacter, Erwinia, Flavobacterium,
Microbacterium, Pseudomonas, Rhizobium, and Serratia (Bhattacharyya et
al., 2012; Morgun et al., 2009). The strains of Pseudomonas, Bacillus, and
Rhizobium are among the most potent phosphate solubilizes (Rodriguez et
al., 1999).

Inoculation of seeds or soil with phosphate-solubilizing bacteria improves
the solubilization of bound soil phosphorus and applied phosphates, resulting
in higher crop yields. The combination of phosphate application and bacteria
can be a cheap source of phosphate fertilizer for crop production (Yadav et
al., 2015).

Siderophores synthesis. To ensure the availability of Fe, PGPRs synthesize
siderophores. Almost all facultative anaerobic and aerobic microorganisms
(especially bacteria and fungi) produce extracellular siderophores that bind
the iron necessary for their growth. Phytopathogens also produce their own
siderophores, but unlike PGPR siderophores, they bind iron ions much more
slowly. Among the fungi that synthesize siderophores, representatives of
the genera Penicillium and Aspergillus dominate, while among the bacteria,
representatives of the genera Achromobacter, Agrobacterium, Enterobacter,
Pseudomonas, Serratia, Bacillus, and Pseudomonas dominate (Haas, 2014;
Lawongsa et al., 2008). The main function of siderophores is to convert Fe
bound to proteins or water-insoluble compounds into the ionic form Fe**
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accessible to microorganisms (Loper et al., 1999; Rajkumar et al., 2006).
However, in addition to main function, siderophores also have the ability to
chelate other heavy metals such as AI**, Zn**, Cu**, Pb**, and Cd**, which can
influence the homeostasis and resistance of microorganisms to heavy metals
(Ztoch et al., 2016).

Plant siderophores have a much lower affinity for iron. Therefore, plants in
soils contaminated with metals are unable to accumulate significant amounts
of Fe in the absence of bacterial siderophores. In order to alleviate the plants
stress caused by high metal concentrations in the soil, microorganisms
synthesize siderophores (Saha et al., 2016). PGPR siderophores have
different chemical structures and usually have a high affinity for Fe, with
which they form stable complexes that can be taken up by plants (Loper et
al., 1999). In order to obtain the required amount of Fe from the environment,
they have developed mechanisms that increase the solubility and dissolution
rate of the Fe*" oxyhydroxides prevalent in aerobic soils. Chemically,
these mechanisms are based on the weakening of the Fe-O bond through
reduction, chelation, and protonation. Physiologically, two different mutually
exclusive strategies are distinguished: (1) release of siderophores capable of
dissolving external Fe** and subsequent absorption of the Fe**-siderophore
complex; (2) reduction of Fe** to absorb the more soluble Fe* ion. In higher
plants, the increase in their ability to convert extracellular Fe** to Fe** is part
of physiological and morphological events operating to achieve adequate
internal Fe levels. This series of traits determines the efficiency of Fe content
in a species or cultivar, which in turn influences the yield of economically
important plants and the natural distribution of species.

Phytohormones synthesis. The microbial production of individual
phytohormones such as auxins and cytokinins has been well studied
(Selvakumar et al., 2008; Spaepen et al., 2007).

Auxins. Bacterial auxins initiate and elongate roots, develop lateral
roots and root hairs, which is important for the active uptake of nutrients
by the plant, its growth and resistance to stress (Frankenberger et al., 2020;
Spaepen et al., 2007). The most important natural representative of auxins
is indolyl-3-acetic acid (IAA). IAA can act as a mutual signaling molecule
in interactions between microbes and plants. Microorganisms use the
phytohormone in interactions with plants as a strategy to colonize them for
a mutualistic or parasitic relationship (Spaepen et al., 2007). Interest in the
microbial synthesis of [AA is also growing due to another recently discovered
property of auxin in Arabidopsis, the plant protection from phytopathogenic
bacteria (Spaepen et al., 2011). IAA can be synthesized not only by plants
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but also by 80% rhizobacteria (Duca et al., 2020). This ability is possessed
by bacteria belonging to different genera such as Aeromonas, Acetobacter,
Alcaligenes, Agrobacterium Azospirillum, Bradyrhizobium, Enterobacter,
Commamonas, Rhizobium, Pseudomonas, and Xanthomonas (Weyens et al.,
2009). The biochemical pathways and genetic regulation of IAA synthesis
are under active investigation. Currently, 5 tryptophan-dependent pathways
are distinguished (with the formation of the following key metabolites:
indole-3-acetonitrile, indole-3-acetaldehyde, indole-3-acetamide, indole-3-
pyruvate, and tryptamine) and a single tryptophan-independent pathway is
suspected (Spaepen et al., 2007). Rhizobacteria that synthesize IAA from
tryptophan are very diverse, but the most important genera are Azotobacter,
Azospirillum, Enterobacter, and Klebsiella.

Cytokinins and gibberellins. Much less information is available on the
microbial synthesis of cytokinins and gibberellins. Cytokinins stimulate
cell division and increase the growth of plant tissues, stimulate shoot
growth and inhibit root development. The effective stimulation of plant
growth by bacterial cytokinins has been demonstrated by many researchers
(Arkhipova et al., 2007; Gutiérrez-Mafiero et al., 2001). Gibberellins are
involved in changing the plant morphology and tissue growth, especially
shoots. Microorganisms in the rhizosphere can also produce or modulate
phytohormones under in vitro conditions, so that they can alter the content
of phytohormones influencing the plant hormone balance and response to
stress (Morgun et al., 2009). The gibberellins formation is characteristic
of rhizospheric bacteria, mainly of the genera Azotobacter, Azospirillum,
Pseudomonas, Bacillus, Flavobacterium, Clostridium, and Agrobacterium
(Tsavkelova et al., 2006). Cytokinins are synthesized by rhizobacteria
belonging to the genera Azotobacter, Azospirillum, Pseudomonas, and
Bacillus (Morgun et al., 2009).

ACC-deaminase synthesis and its role in the phytohormone ethylene
reduction. The phytohormone ethylene is very important for the normal
development ofaplant, especially in its early stages. The hormone is produced
endogenously by almost all plants and is also produced by various biotic
and abiotic processes in the soil and plays an important role in triggering
various physiological changes in plants. Among the numerous effects of
ethylene on plants (seed germination, morphogenesis, flower induction,
fruit ripening), the most commonly observed are inhibition of elongation
and growth of lateral roots, development of root hairs, usually in response
to abiotic and biotic stresses. Ethylene is not only a plant growth regulator,
but is also considered a stress hormone (Arshad et al., 2007; Lawongsa et
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al., 2008). Under stress conditions such as high salt concentrations, drought,
extreme temperatures, high light intensity, flooding, radiation, insect injury
and feeding, polyaromatic hydrocarbons, heavy metals and pathogenicity,
endogenous ethylene levels are greatly increased, which negatively affects
overall plant growth and response to stress (Deikman, 1997).

Higher plants produce the hormone ethylene from L-methionine
via intermediate compounds (S-adenosyl-L-methionine and
l-aminocyclopropane-1-carboxylic acid, ACC) (Yang et al., 1984). Glick
et al. (1998) suggested that microorganisms containing ACC deaminase,
which degrades the ethylene precursor to ammonium and a-ketobutyrate,
may act as PGPRs by eliminating ACC, thereby lowering ethylene levels
in developing and/or stressed plants. The yield of ethylene produced by
the plant decreases as a consequence of the ACC decline in the plant and
its excretion by bacteria (Glick, 2003). Belimov et al. (2005) showed that
bacteria of different origin having ACC deaminase activity stimulated
plant growth in soils containing phytotoxic Cd concentrations. In addition,
Wang et al. (2000) showed that bacterial strains exerting biocontrol
and carrying ACC deaminase genes were able to protect plants more
effectively against viral phytopathogens. To date, bacterial strains with ACC
deaminase activity have been identified in a variety of genera, including
Acinetobacter, Achromobacter, Agrobacterium, Alcaligenes, Azospirillum,
Bacillus, Burkholderia, Enterobacter, Pseudomonas, Ralstonia, Serratia, and
Rhizobium (Kang et al., 2010; Zahir et al., 2009).

PGPR bacteria are thought to attach to the seeds or roots surface of
developing plants in response to tryptophan or other molecules present
in plant secretions, whereupon the bacteria synthesize and secrete 1AA,
some of which can be taken up by the plant (Patten et al., 2002). This IAA,
together with the plant’s endogenous IAA, can stimulate growth and induce
the synthesis of ACC synthase, which converts S-adenosyl-L-methionine
to ACC. Some of the ACC formed in this way is isolated from the plant
seeds or roots along with other low molecular weight compounds normally
present in root exudates (Patten et al., 2002). ACC, which is present in plant
secretions, is taken up by bacteria and subsequently converted to ammonium
and o-ketobutyrate by ACC deaminase. This reduces the amount of ACC
outside the plant, so that the plant has to release larger amounts of ACC
to maintain the balance between external and internal amounts. Firstly, the
bacteria cause the plant to synthesize more ACC than would be necessary,
and secondly, they stimulate the release of ACC from the plant.

The literature data shows that rhizobacteria stimulating plant growth
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not only have the potential to survive under stressful conditions, but also
stimulate plant growth.

PGPR application to increase plant productivity. A strong incentive
for the study of PGPR in the 70-80s was its obvious prospects for solving
the problems of agrobiotechnologies related to achieving consistently high
and qualified yields. Soil microbiological studies focused primarily on
achieving practical goals: soil fertility, biological plant protection against
diseases, sources of biologically active substances - plant growth stimulants
(Simpson et al., 2011; Singh et al., 2011). The PGPR beneficial effects on
plant growth and nutrition through a number of mechanisms including N,
fixation, synthesis of siderophores, phytohormones and ACC deaminase have
spurred the PGPR strains commercialization (Glick et al., 1998). PGPRs
were classified according to functionality into the following categories:
biofertilisers (increasing the nutrients availability for plants); phytostimulants
(stimulating plant growth by phytohormones); rhizoremediators
(degradation of organic pollutants); biopesticides (disease control mainly
through the production of antibiotics and antifungal metabolites) (Somers
et al., 2004). Numerous actinomycetes (Micromonospora sp., Streptomyces
spp., Streptosporangium sp., Thermobifida sp., etc.) as major components
of the microbial communities in the rhizosphere, which have inhibitory
effects on various pathogens, are used as biocontrol agents to reduce plant
infections and diseases and contribute to normal growth and development
(Bhattacharyya et al.,, 2012; Glick, 2012). Currently, many bacteria
(Agrobacterium, Alkaligenes, Arthrobacter, Azotobacter, Azospirillum,
Bacillus, Burkholderia, Brevibacterium, Caulobacter, Chromobacterium,
Enterobacter, Flavobacterium, Gluconacetobacte, Klebsiella, Micrococcus,
and Pseudomonas) are commonly used as vaccines and actively included in
commercial organic products and biofertilisers as an alternative to chemical
ones polluting environment (Ortiz-Castro et al., 2009; Simpson et al., 2011;
Singh etal., 2011). The process of Fe binding by PGPR siderophores leads to
phytopathogens growth inhibition and plant growth enhancement, therefore,
they are used as bacterial fertilizer (Bhattacharyya et al., 2012; Jing et al.,
2007).

In recent decades, the scope of PGPR has expanded and they are now
being considered not only for agriculture but also for soil bioremediation, as
many PGPRs are resistant to pollutants (Belimov et al., 2009).

Based on the knowledge of plant-bacteria association interaction and
examples of improvement of plant growth and nutrition by inoculation with
beneficial microorganisms, the role of some biotic and abiotic factors in
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these interactions is studied and the possibility of using associative bacteria
to increase plant resistance to various stresses is evaluated (Belimov et
al., 2005, 2009). Microorganisms have different mechanisms of biological
plant defense that manifest themselves both at the cellular level and at the
population level. The interaction of plants and PGPRs aims at joint survival in
a plant-microbial association under adverse environmental conditions. They
can minimize the harmful effects of pollutants through reduction, oxidation,
methylation or demethylation, compartmentalization and transformation to a
less toxic state in the composition of engineered plant-microbial complexes
(Hassan et al., 2017). Identifying the effect of enhanced biodegradation
of pollutants in the root zone was the reason for combining the efforts of
plant physiologists and microbiologists in developing phytoremediation
biotechnology - the use of plants and their associated microorganisms to
cleanse the environment matrices - and is considered the most promising
approach due to its low cost and environmental friendliness. Isolation,
screening and bacterization of plants with heavy metal-resistant PGPRs is
considered an important tool to improve growth and increase the efficiency
of phytoremediation of soils (Cho, 2020; Ojuederie et al., 2017).

Applying PGPRs to improve phytoremediation efficiency of heavy
metals-contaminated soils. Phytoremediation strategies using rhizobacteria
adapted to heavy metals are attracting more and more attention, as soil
contamination with toxic elements is a serious environmental problem
that negatively affects human health and agriculture. Phytoremediation
is a promising method for the remediation of environments contaminated
with heavy metals. However, there is a limitation: long remediation time,
low biomass, inhibition of growth and development, and slow and limited
bioavailability of some elements (Karimi et al., 2017; Kong et al., 2017).

Various agricultural practices, growth regulators and microbial organisms
are used to improve biomass production and increase phytoremediation
efficiency (Hu et al., 2018; Nebeska et al., 2019). Of particular interest
is the study of rhizospheric bacteria, which belong to the PGPRs, as they
are resistant to metals in the composition of engineered plant-microbial
complexes while having a growth-promoting effect on phytosanitizing
plants (Oh et al., 2015; Ullah et al., 2015). Endophytic or rhizobacterial
microorganisms are used in the establishment of plant-microbial associations
(Kidd etal., 2017; Ren et al., 2019). The main advantage of using endophytic
microorganisms in conjunction with plants in phytoremediation is that any
toxic xenobiotic ingested by the plant can be degraded within the plant,
reducing phytotoxic effects and eliminating toxic effects on herbivorous
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animals living in or near contaminated areas (Ryan et al., 2008). Siciliano
et al. (2001) studied the endo- and rhizosphere microbiomes of different
grass species growing in oil-contaminated and nitroaromatic soils and found
that contaminant concentration was the most important factor determining
the structure and function of the rhizosphere and root endosphere
microbiome. In addition, the plant-specific and selective effect influenced
the prevalence of specific catabolic genes. Thus, the cane fescue rhizosphere
community was characterized by the enrichment of catabolic genes such
as alkane monooxygenases, naphthalene dioxygenases and nitrotoluene
monooxygenases, while the predominance of catabolic genes in the clover
rhizosphere decreased (Siciliano et al., 2003). This suggests that plants
can control microbial signs of degradation in the rhizosphere and thus
phytoremediation activity.

There is a great deal of information in the literature that under the effect
of PGPR both the removal of heavy metals by plants and their entry into
the plants increases. Given the differences in the attitude of plants and
microorganisms towards elements, two mechanisms are therefore being
considered in phytotechnology: phytoextraction and phytostabilisation (Ma
et al., 2011). Bacteria from the PGPR group can improve the regenerative
capacity of plants or reduce the phytotoxicity of polluted soils. In addition,
plants and bacteria can form specific associations in which the plant provides
the bacteria with a specific carbon source that induces the bacteria to reduce
the phytotoxicity of the contaminated soil. On the other hand, plants and
bacteria can form non-specific associations in which normal plant processes
stimulate a microbial community that degrades contaminants in the soil
through normal metabolic activities (Jing et al., 2007).

Phytoaccumulation or phytoextraction is the ability of a plant organism
to extract pollutants from contaminated soils and accumulate them in
aboveground organs. Phytoextraction involves the use of plants capable
of accumulating metals in aboveground organs (Cunningham et al., 1996).
Contaminated plant biomass must be disposed of and transported to special
landfills to reduce the transfer of contaminants through the food chain.
Disposal of contaminated biomass is believed to be more cost effective than
disposal of contaminated soils (Arthur et al., 2005). PGPR-associated strains
contribute to the uptake of metals by the plant from the soil through an increase
in root surface area, the formation of root hairs, an increase in the solubility
of elements, and their transfer in the soil-root-aboveground biomass system.
These properties of microorganisms are used in phytoextraction technology
(Glick, 2014; Visioli et al., 2015).
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Heavy metals can be toxic to metal-accumulating and metal-tolerant
plants if the metal concentration in the environment is high enough. This is
partly attributed to iron deficiency in a number of different plant species in
soils contaminated with heavy metals. Furthermore, low Fe content in plants
grown in the presence of high heavy metal concentrations usually causes
these plants to become chlorotic, as iron deficiency inhibits both chloroplast
development and chlorophyll biosynthesis (Imsande, 1998). Therefore,
microbial siderophores are used as iron chelators that can regulate iron
availability in the rhizosphere of plants (Loper et al., 1999). In addition, low
iron contentin plants grown in the presence of high heavy metal concentrations
usually causes these plants to become chlorotic, as iron deficiency inhibits
both chloroplast development and chlorophyll biosynthesis (Imsande,
1998). However, microbial iron siderophore complexes can be taken up by
plants and thus serve as a source of iron for plants. Therefore, it has been
suggested that the best way to prevent plants from becoming chlorotic in
the presence of high heavy metal concentrations is to provide them with
a siderophore-producing bacterium. This suggests that some plant growth-
promoting bacteria can significantly increase plant growth in the presence of
heavy metals, including nickel, lead and zinc (Burd et al., 2000), allowing
plants to develop longer roots and better rooting in the early stages of growth
(Glick et al., 1998). The results of the study suggest that inoculation of plants
PGPB with siderophore-producing bacteria can improve the bioavailability
of elements, thereby accelerating the process of remediation of metal-
contaminated soils by phytoextraction. Siderophore-producing PGPB strains
help reduce plant stress by forming stable complexes with environmentally
hazardous toxic metals such as Cd, Cu, Cr, Pb and Zn (Rajkumar et al.,
2006). For example, in the article by Ztoch et al. (2016), the selection of the
most effective strains of siderophore-producing bacteria isolated from the
roots (endophytes) and rhizosphere of Betula pendula L. and Alnus glutinosa
L. growing at two sites contaminated with heavy metals in southern Poland,
the siderophore-producing bacterial strains were found to be more numerous
in the rhizosphere (47%) than in the root (18%). The strains from the genus
Streptomyces synthesized of siderophores most efficiently. Under the stress
of Cd* in the soil, Streptomyces sp. secreted three types of siderophores
- hydroxamates, catecholates, and phenolates. Addition of an element to
the soil increased the synthesis of siderophores, especially the synthesis of
ferrioxamine. Siderophore-producing Pseudomonas aeruginosa increased
the uptake of Cr and Pb by shoots when Zea mays was inoculated. The
translocation coefficient was 4.3 and 3.4, respectively (Braud et al., 2009).
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Phytohormones such as IAA released by PGPR also induce plant growth,
are responsible for metal uptake and activate the plant defense response
against heavy metal stress (Spaepen et al., 2011). It is believed that in
addition to the production of siderophores, auxin, glutathione, low and
high molecular weight proteins, intracellular polyphosphate granules and
polyhydroxy butyric acid (Kulaeva et al., 2004). For example, when Populus
euphraticaa was inoculated with a PGPB strain of Phyllobacterium sp. C65
that produced auxin, production decreased when the zinc concentration in
the medium increased. The C65 strain helped Populus euphraticaa extract
zinc more efficiently from the polluted environment, facilitating growth
inhibition caused by heavy metals (Zhu et al., 2015). Bacteria are known
to alter the ability of plants to bioaccumulate metals by releasing metal-
immobilizing extracellular polymeric substances as well as metal-mobilizing
organic acids and biosurfactants (Ma et al., 2016). PGPRs produce ACC
deaminase, which reduces the production of the stress hormone ethylene.
Extracellular polymeric substances secreted by bacteria, mainly consisting
of polysaccharides, proteins, nucleic acids and lipids, play an important role
in complexing with metals, reducing their bioavailability (Pinto et al., 2018).

The use of PGPRs does not always lead to increased uptake of metals by
plants and soil remediation. PGPRs can reduce the mobility of metals through
the mechanisms of biosorption and bioaccumulation (Pratush et al., 2018).
In biosorption, metals are immobilized through various microbial processes
such as precipitation, accumulation, sequestration and transformation (Ma et
al., 2016). In addition, the ionic state of heavy metals (Cr, Fe, Mn, Hg, and
Se) is influenced by reduction and/or oxidation, which transform the toxic
mobile form into a less toxic immobile form (Ma et al., 2011).

Results and discussion. Phytostabilisation is based on the ability of
plants or plant compounds to stabilize soil pollutant levels at low levels
by depositing heavy metals or reducing the valence of metals in the
rhizosphere, absorption and sequestration in root tissues, or adsorption on
root cell walls (Gerhardt et al., 2017; Kumpiene et al., 2012). An advantage
of phytostabilisation is that it does not require the removal of hazardous
biomass compared to phytoextraction. In phytostabilisation, plants that are
highly resistant to metals can be used to immobilize heavy metals in the
subsurface and reduce their bioavailability. This prevents their migration
into the ecosystem and reduces the likelihood of metals entering the food
chain. The use of plant-associated bacteria capable of synthesizing IAA
and other indole derivatives in the medium is thought to increase the flow
of exudates into the rhizosphere. This leads to intensive proliferation of
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the bacteria and binding of elements in chelate complexes. As a result,
plants can accumulate more pollutants due to the increased solubility and
bioavailability of toxic heavy metals. The ability to synthesize auxins, found
in many bacterial strains, e.g., from the genera Azospirillium, Pseudomonas
and Bacillus, activates the growth of plant roots and provides a strategy
for their colonization (Dodd et al., 2010). It is believed that the increased
synthesis of bacterial IAA under the influence of Pb?* and Cd** ions lead to
increased exudation of carbon compounds and lectins by plant roots, which
in turn leads to increased colonization of plant roots by microorganisms
(Pishchik et al., 2016). Over time, the number of populations on the roots
reaches a state of equilibrium as some of the populations migrate from the
rhizoplane to the rhizosphere. As the number of bacteria in the rhizosphere
increases, so does the number of free Pb>* and Cd** ions bound in chelate
complexes that are inaccessible to the plants. As a result, the uptake of
metals by plants decreases significantly (up to 6-fold). The use of plant-
associated bacteria capable of synthesizing IAA and other indole derivatives
in the medium increases the flow of exudates into the rhizosphere. This leads
to an intensive proliferation of the bacteria and the binding of elements in
chelate complexes. As a result, the plants can accumulate more pollutants
due to the increased solubility and bioavailability of toxic heavy metals.
Yongpisanphop etal. (2021), an S3 strain was isolated from the rhizosphere of
Pityrogramma calomelanos, which grows on heavily Pb-contaminated soils,
produces siderophores and is unable to dissolve phosphate. Partial analysis
of the 16S rRNA gene identified this isolate as a strain phylogenetically
closely related to Arthrobacter humicola. When inoculated with the isolated
Pityrogramma calomelanos strain, the authors showed Pb immobilization,
leading to the conclusion that this strain can be recommended for lead
phytostabilisation. Enhancement of phytoremediation of lead in soil using
the wild species Onopordum acanthium by inoculation with some arbuscular
mycorrhizal fungi and PGPR was found to increase Pb bioavailability, dry
matter yield of shoots and roots, and absorption of the element by the plant
(Karimi et al., 2017), mainly through the root system. When inoculated with
arbuscular mycorrhizal fungi and PGPR, the Pb concentration in the O.
acanthium root was 1.75-2.71 and 1.25-1.53 times higher than in the control
(non-inoculated plants). Furthermore, the article by Shabaan et al. (2021)
confirmed that PGPRs are an effective means of reducing Pb mobility and
can be used effectively for phytostabilisation. The authors showed that the
length of shoots and roots of Pisum sativum L. inoculated with PGPR when
grown on soils contaminated with Pb at concentrations of 0, 250, 500 and 750
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mg kg increased by 21, 15, 18% and 72, 80, 84%, respectively, compared to
non-inoculated control. Fresh biomass of shoots and roots also increased at
Pb concentrations of 250, 500 and 750 mg kg' by 51, 45, 35% and 57, 101,
139%, respectively. Moreover, PGPR inoculation reduced Pb concentration
in roots and shoots by 57, 55, 49%, and 70, 56, 58%, respectively, compared
to the control (non-inoculated plants). The authors suggest using PGPR to
improve the efficiency of phytostabilisation of soils contaminated with the
toxic element lead. Lead is a very harmful and second most toxic element in
nature, characterized by high persistence. It is ranked number one on the list
of priority hazardous substances and causes adverse effects when released
into a living system (Shabaan et al., 2021). Furthermore, Hassan et al. (2017)
showed the effect of PGPR Bacillus cereus and Pseudomonas moraviensis
on wheat yield on saline soil contaminated with trace elements. The authors
found the maximum decrease in the coefficient of biological concentration
for Cd, Co, Cr and Mn. Inoculation of wheat with the P. moraviensis strain
reduced the biological accumulation factor, the translocation factor for Cd,
Cr, Cu, Mn and Ni.

Thus, regulating the accumulation of heavy metals through PGPR is at the
heart of a strategy to address the consequences of environmental pollution.
Phytostabilization technology (conversion of chemical compounds into a
less mobile and active form) is promising for obtaining environmentally
friendly products, as the problem of disposing of the polluted biomass is
eliminated, unlike phytoextraction technology. The site for phytoremediation
is specific, i.e., the use of plants in certain soils and under certain climatic
conditions does not guarantee their successful use in others. The specificity
of the interaction of PGPR with heavy metal resistance depends on the soil
environment, plant type, bioavailability of metal contaminants, composition
of root exudates and nutrient content. The daily increasing contamination of
soils and water bodies with plant metals can best be managed by interaction
with metal-resistant PGPR. This has been the impetus for new research
and the identification of potential PGPRs that play an effective role in
phytoremediation (Shinwari et al., 2015).

Conclusion. Analysis of scientific literature data indicates that PGPRs
in the composition of engineered plant-microbial complexes help the
plant tolerate high metal toxicity due to their resistance to metals and their
simultaneous ability to positively affect phytoremediation productivity. By
altering the solubility and thus the bioavailability of metals, PGPRs have
the potential to improve phytoremediation processes and contribute to an
increase in the accumulation of heavy metals in plants, their migration in
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the “soil - root - soil part of the plants” system (this property is used in
phytoextraction technology) or their localization mainly in the root system,
i.e., transfer to a less mobile and active form through phytostabilisation.

Undoubtedly, the question of the relationship between bacteria and plants
in plant-microbial associations requires fundamental investigation. How
do plants form a microbial community in their root zone that is closely
associated with plants in the presence of environmental pollutants, and how
does inoculation of plants with microorganisms that stimulate their growth
promote soil purification? One of the complex issues in the relationship
between bacteria and plants in plant-microbial associations is the problem
of the genetic mechanism of plants that determines the ability of a plant to
interact with beneficial microorganisms. In this context, ohmic technologies
such as metagenomics, metaproteomics, metatranscriptomics, etc. have
been actively developed in recent years to better understand the function
and interaction of plants and associated microorganisms. It is believed that
the combination of phytotechnology and ohmic technologies can open up
new opportunities for phytoremediation in persistent pollution. known or
emerging pollutants (Vocciante et al., 2022).
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ECOLOGICAL AND BIOLOGICAL CHARACTERISTICS AND
ECONOMIC VALUE OF THE SPECIES RIBES AUREUM PURSH.
IN ARID CONDITIONS

Abstract. Identification of economically valuable qualities of golden
currant in the conditions of the Volgograd region in order to introduce it
into nurseries, protective forest plantations and landscaping facilities is a
particularly relevant area of research. The forest-growing conditions of the
arid zone imply a constant expansion of the range of tree and shrub
species. The purpose of the research was to study the growth and
development, to determine the phytoncid properties of leaves, the amount
of heavy metals, the biochemical composition and biological value of the
fruits of the species Ribes aureum Pursh. In conditions of dry steppe and
semi-desert. In the Volgograd region, the authors for the first time studied
and proved the high ecological plasticity, economic value and adaptation
of golden currant for various purposes. Information on the heavy metal
content of fruit may be used for bioindication, the amino acid content
of fruit may be used for medical purposes. Indicators on the structure
of the leaf blade, drought resistance and racial differences will
determine the type and design of protective and landscaping plantations
where the species under study can be used. It has been established that
golden currant goes through a full cycle of seasonal development, blooms
well and bears fruit, has high fruiting rates. The species studied by the
authors has decorative properties, which makes it promising for use in
landscaping, tolerates pruning well, allowing you to form the desired shape
of the crown, perfectly binds the soil with roots, is a honey plant, which
allows it to be used in forest reclamation plantings. With
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the help of a properly selected irrigation system, it is possible to improve and
accelerate the growth and development of currant seedlings in nurseries and
grow seedlings that meet all the requirements of GOST.

Key words: currant, growth, development, biochemical composition of
fruits, heavy metals, yield.
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RIBES AUREUM PURSH TYPIEPIHIH DKOJIOTUSLIIBIK
"KOHE BUOJIOTUSIIBIK CUTIATTAMACHI JKOHE KYPFAK
KAFTANJIA DKOHOMUKAJBIK KYHIBLIBIFBI

AHHoTamusi. Boirorpag oObIChl JKarJadbIHIA alThIH KapaKaTThIH
SKOHOMMKAJIBIK JKOHE KYHJbI KACHETTEPIH IHUTOMHHUKTEPre, KOPFaHBIII
OpMaH eKIeNepiHe KoHEe KoralJaHIbIpy 0ObEKTIIepiHe €HT13Y YIIIiH aHBIKTay
3epTTEYAiH epeKIle ©3eKTi 0arbIThl Oonbin TadbUIanbl. Kyprak aiiMakTbIH
OopMaH ecipy arjaiapsl aram-OyTra TYpJIEpiHIH aCCOPTUMEHTIH yHeMi
KEHEHTY/l1 KaKeT eTe/ll. 3epTTeyAiH MaKCcaThl )KallbIpakTapAbIH GUTOHIUITIK
KAaCHUETTEPiH, ayblp MeTaJJapAblH MOJIIEPiH, OHOXUMUSUIBIK KypaMbIH
JKOHE KYpFaK Jlajia MeH ImeseiT xepiepae Ribes aureum Pursh typnepinin
ecyl MEH JaMybIH, >KEMICTEPiHIH OWUOJIOTUSIBIK KYHABUIBIFBIH AHBIKTAY
Oombl. Bosirorpat 00/IbICkIH/IA aBTOPJIAP aJIFAll PET KOFaphl SKOJIOTHSIIBIK
HMKEMJIUTIKTI, SKOHOMHUKAJIBIK KYHIBUIBIKTHI JKOHE TYpJII Makcarrap YIIiH
aJTHIH KapaKaTThIH OeiiMienyin 3epTTei. JKemicTepaeri ayblp MeTaiaapabiH
Kypambl Typajibl MoNIMeTTep OWOMHAMKALMSA VIIiH, al KeMicTepaeri
AMHUHKBIIIKBUIIAPBIHBIH KypaMbl MEUIIMHA YIIIiH MMaiaaJaHbUTybl MYMKIH.
Jarbipak MbIIIaFbIHBIH KYPBUIBIMBI, KYPFAKIIBLIIBIKKA TO3IMILIIK )KOHE 6CY
afBIPMAIIIBUIBIKTAPBl 3EPTTEICTIH TYPIAI KOJJIaHyFa OOJIaTBIH KOpPFaHBIC
’KOHE KOTaJJIaH/IbIPy CKIIeICePiHIH Typl MCH TU3aiiHBIH aHBIKTAM bl AJITHIH
Kapakar mMaychIMIBIK JaMy/IblH TOJBIK ITUKJIBIHAH OTIIl, YKaKChl TYJIICHTI
KoHe xkeMic Oepefi. ABTOpJap 3epTTEreH TYpJIep COHJIK KacHeTTepre He,
OyJ1 OHBI KOTaJJIaH/IbIPY/Ia KOJIIaHyFa MEPCIEKTHUBAIIBI €TEI1, KECYTe )KaKChI
Te3edl, TOKIIH KaKeTTI MINIHIH KalbITacThIpyFa MYMKIHIIK Oepeni,
TOIBIPAKThI TAMBIPBIMEH JKaKChl OekiTe i, lyphic TaHIaIFaH cyapy KyheciH

60



Reports of the Academy of Sciences of the Republic of Kazakhstan

KOJIJIaHa OTBIPHII, MUTOMHUKTepIe Kapakar kemeTTepiHid ecyi MCH JJaMybIH
xKakcapryra xkoHe xenenaeryre xkoHe ['OCT TanantapbiHa colikec KesleTiH
KeIIeTTep/i ecipyre 60mabl.

Tyiiin ce3nep: Kapakar, ecy, 1amy, sxemicTepIiH OMOXUMHUSIIBIK KYpaMBbl,
aybIp MeTaijap, OHIMILIIK.
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IKOJIOI'O-BUOJIOT'NTYECKASA XAPAKTEPUCTHUKA U
XO3SAMCTBEHHAS IEHHOCTH BUJIA RIBES AUREUM PURSH.
B APUJHBIX YCJIIOBUAX

AHHoTanusi. BeIsBICHHE XO3SMCTBEHHO-IICHHBIX Ka4€CTB CMOPOIMHBI
30JIOTUCTON B YCIIOBHSIX BoJrorpajickoil o0macTé ¢ 1eNbl0 BHEIPCHUS B
[MATOMHHMKH, 3aIIIMTHBIE JIECHBIE HACAXK IEHHS M 00bEKTHI 03€I€HEHH IBJISIETCS
0Cc000 aKTyaJbHbIM HAIPABICHUEM HCCIIeoBaHMA. JlecopacTUTeIbHbIC
YCIOBHS apUJHOW 30HBI TPEANONAraloT IOCTOSHHOE pAaCIIUPCHUE
ACCOPTUMEHTa J[PEBECHO-KYCTapHUKOBBIX BHUIOB. Llenb wucciaemoBanuit
3aKJII0Yajiach B U3yUYEHHH POCTA M Pa3BUTHS, ONPEACICHUN (DUTOHIIUIHBIX
CBOWCTB JIMCTHEB, KOJMYECTBA TSDKEIBIX METAIOB, OMOXHMHYECKOIO
cocTraBa U OMOJOrMYECKON IIEHHOCTH IUIoAoB Buaa Ribes aureum Pursh.
B YCJOBHSAX CyXOW CTENW M MONymycThiHM. B Bomrorpanackoit obmactu
aBTOpaMu ObLIa BIEpPBbIC M3Y4YCHAa M JOKa3aHa BBICOKAs JKOJIOTMYECKAs
IUIACTUYHOCTh, XO3SMCTBEHHAs LEHHOCTh M aJanTalis CMOPOIUHBI
30JIOTHCTON JUIS Pa3IMyHbIX 1iejaed. CBeJACHHUS O COJACPIKAHUHU TAKEIbIX
METAJUIOB B IUIOZAaX MOTYT MPUMEHSTHCS JIJIsl OMOMHIUKAINH, COJICPKAHNE
AMHHOKHCJIOT B IIJI0JIaX MOYKET MCII0JIB30BaThCS U1 MEAUITUMHEL. [Toka3aTenu
[0 CTPOCHHIO JIMCTOBOW IUIACTHHKH, 3aCyXOYCTOHUMBOCTH U POCTOBBIM
pasIMYKsIM ONPEACIISAT THIT U KOHCTPYKIIUIO 3allIUTHBIX U 03CJICHUTEIBHBIX
JICCOHACAXK/ICHUH, TJIe MOXKET IPUMEHSTHCS U3y4aeMblii BHJI. YCTAHOBIICHO,
YTO CMOPOJIMHA 30JI0TUCTAs MIPOXOIUT MOJHBIA UK CE30HHOTO Pa3BHUTHS,
XOPOIIIO I[BETET U TUIOIOHOCHT, UMEET BHICOKHE ITOKA3aTEIIH IIJIOJOHOIICHHS.
W3yueHHbIil aBTOpaMu BHJI 00Ja/lacT JACKOPATHMBHBIMH CBOWCTBAMH, YTO
JIeJIaeT €ro IEPCIEeKTUBHBIM JIJIS MCIIOJIb30BAaHUSA B O3CJICHCHUH, XOPOIIIO
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MEPEHOCUT 00pe3Ky, MOo3BOJsAsA CPOPMHUPOBATH HYXKHYIO (POPMY KpPOHBI,
OTJIIMYHO CKPEILISIET OYBY KOPHSMHU, SIBISIETCS MEIOHOCOM, YTO TO3BOJISET
UCIIONB30BaTh €r0 B JIECOMEIHMOPATUBHBIX HacaxaeHusX. C MOMOIIbIO
MPaBWIbHO TOAOOPAHHON CHCTEMBbI OpPOIICHHS BO3MOXKHO YIYYIIUTh
U YCKOPUTH POCT U Pa3BUTHE CAXKEHIIEB CMOPOAMHBI HA MUTOMHHUKAX WU
BBIpAIIIMBATh CaXKEHIIbI, OTBeuarotre BceM TpedoBanust [OCTa.

KuroueBble cjioBa: CMOpPOJMHA, POCT, pa3BUTHE, OMOXUMUYECKUN COCTaB
IJI0/IOB, TSDKEJIbIE METAIUIBI, YPOXKAHHOCTD.

BBenenne. CenbCKOXO34WCTBEHHOE MPOU3BOACTBO B YCJIOBHSX
Bonrorpajckoii 001acTy BEACTCS B CJAOKHBIX KIIMMAaTHYCCKUX U TOYBECHHO-
rugponorudeckux ycioBusx (Ivanov, Kulik, 2006). B pesynbrare
BO3pacTaroIle MHTCHCU(DUKAIIMKA CEIbCKOXO3SMCTBEHHOTO IPOU3BOICTBA
HPUPOIHBIC JTAHIIA(THI 3eMJICICIIBUCCKIX PaiOHOB CTPAHBI ITOIBEPIaIuCh
3HAUUTEIILHOW aHTPOINOTreHHON Momudukamu. Haunbornee cyriecTBeHHbIC
M3MEHEHHS B HHUX BHECJIO 3allMTHOC JIECOpa3BEJCHHE, HAlpaBICHHOE
Ha OOprOy ¢ Ppo3Meil MOYB M 3aCyXOH, a TaKKe CEJICKIIMOHHBIA TOoA00p
XO3SMCTBEHHO IICHHBIX BUIOB. B HACAKICHUSAX pa3IUYHOIO Ha3HAUCHUS
UCTIONIB3YeTCS Pa3HOOOpPAa3HbI aCCOPTUMEHT JIEPEBbEB W KYCTapHUKOB,
UX OHMOJIOTMYECKHE CBOMCTBA OTPaKalOT HMX OTHOIIECHHE K (aKropam
BHeIIHeH cpenbl. CMOpOAMHA 30JI0THCTas!, KaK MEPCIIEKTUBHBIN KYCTapHUK,
HMEET OrPOMHOE 3HAUCHHUE JUIS JICCOMEIHOpAIMd M ITUTOMHHKOBOJCTBA
(Burmenko, Sorokopudov, 2015; Wynia, 2011; Temperate Plants Database,
2020; Mehmet, 2018; Mataraci, 2012). ITonOop NEpCIEKTUBHBIX BHJIOB
CMOPOIUHBI UMECT 3HAYUTEIIbHBIN IPAKTUUECCKUI M TCOPETUICCKUN HHTEPEC
(Sorokopudov, Burmenko, 2017). LlenenanpaBieHHbIii 0TOOpP MUCXOAHOTO
MaTepuana IPOBOJUTCA M3 HMMEIOIIErocs pa3sHooOpasus i moadopa
POAUTENBCKUX POPM, C YIETOM MECTA UX MTPOUCXOKICHHS U IPOU3PACTAHHUSI.
[Ipu 3TOM, BIUsIHUE HEOJATONPHUATHBIX (PAKTOPOB MPOU3PACTAHUS, TAKHX
KaK BBICOKHE ¥ HU3KUE TEMIIepaTypbl, OCTHBIC TOYBBI, U T.1I., [IO3BOJISIET IPU
orOope noroMcTBa B F, M mocneayomux NOKOIEHUS BBIACIUTh 00pasLbl,
o0JajjaroIye  IMOBBIMICHHOW IPHCIIOCOOJICHHOCTEIO K  KOHKPETHBIM
YCIIOBUSIM CPEJIbI.

MarepuaJjbl 1 METOIMKA HCCJIeT0BAHMIA. /)1 onpeieneHus: SK0a0ro-
OMOJIOTUYECKOTO TOTeHIMada HcXomHbIX (opm Ribes aureum Pursh.
W3YYaIUCh  CIICAYIONINE XO3SMCTBEHHO-IICHHBIC TIPH3HAKK PACTCHUN:
deHonornyeckue (aspl pasBUTHS, YCTOHYMBOCTh K aOHMOTHUECKUM U
OnoTHYeCKUM (haKTOpaM, MPOAYKTUBHOCTh, KAUECTBCHHBIC XaPAKTEPHCTUKH.
Wzyuenue (eHONOrnu ¥ M3MEHYUBOCTH MOPQOJIOTHUSCKUX MPU3HAKOB U
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OMOJIOTHYECKUX OCOOCHHOCTEH BHOB MPOBOIUIIOCH C ampesis 1o HOsIOpb
no Meromuke [maBHoro Ooranmueckoro caga (Methods of phonological
observation in the Botanical gardens, 1979; Novikov, Novikov, 2010).
denonoruueckasi mporpamMmma HaONMIOIEHUN BKIOYana (UKCUPOBAHUE Y
pactenus cienyrommx ¢az: 11142 — Hayano pasBep3anusi mouek, 11IB3
— nonHoe 1BeteHue, 11161 — Hagano pocra mo6eros, 2I162 — okoHuaHHe
pocrta nmooderos, 2JI3 — monHoe odnuctBenue, 11113 — mmononomenwne, 1J14
— HAyYaJo0 pacliBEYMBaHUS JUCThEB, 2JI5 — MacCOBBIN JTUCTOIIA/.

PamxupoBaHue mokasaresei 1o CTeIeHH aIaliTalliy ITO3BOJINIIO BHISBUTh
HauOosee yCTOMYMBBIE BUIBI MO reorpauueckuM MECTOIONOKEHUSIM U
YCTAaHOBUTH 3aKOHOMEPHOCTh UX HM3MEHUYUBOCTH IO MPUCIIOCOOISIEMOCTH
K KJIMMAaTUYECKUM YCJIOBUSAM CpPEbl U €€ COIMPSHKEHHOCTh C TEIUIOBBIM U
BOJIHBIM PEKUMaMHU.

DKOJIOTHYECKas TUIACTUYHOCTh ~ ONpenessjgach HOPMOW  peaKIuu.
[InacTuyHOCTH — CIOCOOHOCTH OpraHU3Ma CYIIECTBOBATH B ONPEACICHHOM
JUana3oHe 3HaYCHHUH AKOJIOTHYeCcKoro ¢akropa. [1o crernenu miacTHIHOCTH
[0 OTHOIICHHUIO K OTIEIBHBIM (haKTOpaM BCE PACTEHUS IMOAPA3ACISIOT
Ha rpynnsl (Kosulina, 1993). Ilpu usydyenun pazHooOpasusi B MOJEBBIX
YCIIOBUSIX OTpeeNsiaach MPUHAICKHOCTh CMOPOJIUHBI K ONpPeIeICHHBIM
9KOJIOTUYECKUM IpyTIaMm, )KU3HEHHBIM (hOpMaM, OTHOIIEHHE K BIare, CBETY,
IMUTAHUIO.

Jlnst  pacdeToB  TOJB30BAIMCH  arlIOMEPAaTHBHBIM — HEpapXUUECKUM
AJITOPUTMOM KJIacCU(PHUKAIIMK HA OCHOBE €BKJIMIOBBIX PACCTOSTHHM:

p(xij) =\ 2 (xi-Xji)? (1)

rae | - mpuszHakuy; k - KOMM4ecTBO MPU3HAKOB

Boanbiii nedunuT AUCTHEB M HUX BOAOYIEP’KHBAIOLIAsi CIIOCOOHOCTh
onpejensiach C IOMOMIIbI0 METOJa HACBHIIEHUS C TMOCIEAYIOUUM
B3BEIIIMBAHUEM M BBICYyIIMBaHUEM 00pasnoB npu temmeparype 105 °C.

[Tporpammer MS Excel, Statistica mo3BosMIN MPOBECTH CTATUCTHUECKYFO
00pabOTKy JaHHBIX U UX aHAJIN3.

Pesyabrarel U ux oo0cyxaenue. C 1enpl0 MHTPOAYKIMH W OTOOpa
MEPCIEKTUBHBIX XO35MCTBEHHO-IIEHHBIX BHUJIOB pacTteHui, B 1962 romy
Havan cosnaBarbes aeHapapuiit BHUAJIMU (apine ®HII arposkonmorun
PAH), a Taxxe mpousBoacTBeHHbIe ydacTku ¢ummanoB (Kleinman et al.,
1961).

Bospact cmopoaunsl 3omotuctoit (Ribes aureum Pursh., apean — CeBep-
Has Amepuka) (Agroatlas, 2020) k 1984 romy cocrapnsn 18 net, BeicoTa
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— 2,2 MeTpa, 3MMOCTOMKOCTh — 1 Oain (pacTeHue He 0OMep3aer), 3acyXoy-
CTOMYMBOCTH — | Oam (pacTeHue He pearupyeT Ha 3aCyIUIUBBIC YCIOBHUS),
1BeTeHue — 5 OayuioB (mosHOEe OOWIBHOE mBeTeHue, Ha pacteHuu 100%
pacIyCTHUBIIMXCS [IBETKOB MJIM COLIBETUH), MIof0oHOIIEeHHEe — 4 Gasuia (Xo-
poliiee TIOOHOLICHHE, YpoyKall MOTHOIIEHHBIX IJI0A0B 0K0JI0 75%, cunrtas
OT MOJIHOTO IJIOJIOHOIIECHUS PaCTeHUI TaHHOTO BUAA WK (OPMBI), )KU3HEH-
HOCTB — | 6asu1 (Xopo1as >KW3HEHHOCTh, PACTEHHE XOPOIIIO PA3BUTO, UMEET
37I0POBBIM BU, XOPOLIO Pa3BUThIE MOOETH, OUYKH U JIUCThS, HOPMAIbHYIO
UX OKpacKy, OOMIBHO MIJIM XOPOIIO I[BETET U MIIOJOHOCHT).

Kampimunckuit neaapapuit BHUAJIMU Obut 3anoxen B 1931 roxy Ha
wiomanu 7,5 ra. CMoponnHa 300TUCTast OblUla BhICAKEHA HA Y4acTOK B
1938 rony, cemena Obun mosyueHsl u3 Kawmbimmna. @anepoput (Bun, y
KOTOPOTO MOYKH BO30OHOBIICHUSI HAXOASTCS BHICOKO HaJ 3eMiiei), KycTap-
HUK BBICOTON 2 MeTpa, penpoayKTHUBHAsI CIOCOOHOCTh KOTOPOTO0 KOCBEHHO
OTpEesIach MO YUCITY IUIOOHOCAIIUX MTOKOJIEHUH — 1 mokosieHue (perpo-
JYLEHT), CeMs3a4aTK CMOPOIUHBI 30JI0THCTON C(HOPMHUPOBATIUCH B KIIMMa-
TUYECKUX YCIOBUAX pallOHa HHTPOAYKIIMHU BIEPBBIE, OHA OblIa PEKOMEH/10-
BaHa K BbIPALIMBaHUIO B JICHIPOJIOIMUECKHUX CaJlaX, B OOrapHbIX YCIOBHSIX
MPOU3PACTAHMSI C PEAKHM IIOJIMBOM B TEUCHHE BETETAIIMOHHOTO TMEpPHOAA.
Pacrenue ne oOmep3ano (7 6amioB), MOBPEKISHUS TUCTHEB 3aCyX0l HE 00-
HapyKUBaJIOCh (6 6aIoB), OOUIBHO 1BEJIO M XOPOIIO II0J0oHOCKIO (5 u 4
Oayia COOTBETCTBEHHO), JaBaj0 JIPYKHBIC BCXOJbI B OTKPHITOM I'pyHTE (4
Oamna).

ITpu ocBoennu Tepcko-KyMCKUX 1eCKOB yUUTHIBAIMCH CYpOBBIE YCIOBUS
peruoHa—Ccyxoi KOHTUHEHTaIbHBIM KIIMMAT, TO/I0Basi aMILUIUTYAa TEMIIEpaTyp
10 80°C. CpenHeromoBoe KOJIMYECTBO OCAJAKOB YMEHBIIAETCS C FOro-3amnaja
Ha ceBepo-BocToK ¢ 400 no 250 mm. Yucno nHeH ¢ BETpOM MPEBbIIIAET
300. BelIpamuBaHue JieCOHACaXkI€HUH B JAHHBIX YCJIOBUSX 3aTPyAHEHO
U3-32 HEJOCTaTKa OCAaIKOB, IOATOMY TJIABHBIM HCTOYHHUKOM BOJHOTO
MUTaHUS PACTEHUI CIIy>KaT rpyHTOBbIE BO/ibl. CMOpOAMHA 30J10THCTas ObliIa
PEKOMEH/I0BaHa JIJIsl BBIPAIIMBAHMS HA MACTOUIIE3aIIUTHRIX HACAKIACHUSX,
KOTOpBIE NOBBILIAOT ypokail KOPMOBBIX TpaB Ha 15-20%, co3znatoT yciioBus
JUIS OT/AbIXA )KUBOTHBIX B JKapKoe BpeMs T0jia, 3alUIIAI0T UX OT CHIHHOTO
BETpa, MbUILHBIX Oypb 1 METENIEH, O3BOJISIOT MPOBOAUTH PETY/ISIPHBIH BbIIAC
CKOTa, IIUPOKO MPUMEHSTH MaCTOUIIE000POTHI, 4TO ¢ OOMBIIUM P PEKTOM
OTpa)kaeTcs Ha COXPAaHHOCTH NACTOMIN M TIOBBIIICHHMM HX KOPMOBOM
emkocTd. CMOPOMHY BBOIST B OIYIIEYHBIC PS/IBI C PACCTOSHUEM MEXKIY
OCHOBHBIMH ITPOJIOJILHBIMU MoI0camMu He Oosee 20-30 H, nHanpaBnenue nx —
neprneHIuKyasipHoe K BperoHocHbIM BeTpam (CCB-IOK03). Onu coznatorcs
u3 3-5 psJ10B Npu MHUPUHE MEKIYPAAUM 4-5 M.
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[Ipn mocaake 3eNeHBIX 30HTOB y MNTUIEBOTYECKUX (hepM CMOpOIMHA
pEeKOMEHIoBajlach, KaK IUIOAOBas  IOpPOJa, YTO  CIOCOOCTBOBAJIO
JIOTIOJIHUTENIBHOMY 00€CIIEUeHUIO MTUI] BATAMUHHBIM KOPMOM. AnTaiickas
arpoJIeCOMENIMOpaTUBHAsl M JIeCHAas OMNbITHas cTaHmus a0 1954 roma
Haxonwiack B cucreme BHUAJIMU, 3zarem Obuta mepenana BHUJIM.
CMopoarHa 30JI0TUCTast BIIEPBBIE MPOIIIA UCIIBITAHUE Ha OCITHBIX CBETJIO-
CepbIX OyrpUCTBIX MECKaX, a TaKXKe YCIEIIHO 3apeKOMEHJoBana cebs Ha
MOJIAX C HMOBBIIIEHHBIM 3aCOJICHUEM MOYB.

B 1946 rony Auunkynakckasi ONbITHasl CTAaHILIMS 3aJ10%KUIIa IEHIPOYYaCTOK,
B KOTOPOM CMOPOAMHA 30JIOTUCTas OblIa MCIbITaHa, KaK XO3SMCTBEHHO-
LEHHBIN, OBICTPOPACTYIIUN BU], B MOCAIKaX B0 Tpacc CyXomaauHCKOro
n JIeBoOepe)KHOTO KaHAJIOB CMOPOJIMHA B COCTABE HACAKCHUI OTIIMYAIach
WHTEHCHUBHBIM POCTOM U Pa3BUTHEM.

B IloBomKCKOM ONBITHOM arpojiecoMenopaTuBHOM ctaHmuu ¢ 1931
roza ObLT pa3paboTaH KPYIHBIM arpoiecoMeNOpPaTUBHBIN MUTOMHUK, TTIe
OblIa 3aJI0KCHA IIAHTALUS M3 CESHIICB CMOPOAMHBI 30JI0TUCTOM C IEIBIO
M3y4eHHUs cOopa U XpaHEHHUs CEMSH.

Ha onbrtHom yuactke BHUAJIMU B 1959 rony Ha mitomaau 7 ra ypoxai
CMOPOJMHBI cocTaBuI 45 11/Ta, BajmoBoi coop — 31,5 ToHH., cakeHibl — 0,5
TBIC. 1T, YBETUYUB 00bEM BaJIOBOU MPOAYKIIMH B HATYpaTbHBIX MOKA3aTENIX
B 3-4 pa3a U B JICHE)KHOM BBIPQXECHHH B 3 pa3za ¢ y4eTOM ILIAHUPYEMOTO
CHUKEHUS OTIYCKHBIX 1IeH Ha 35-40%.

Ribes aureum Pursh. (CmoponuHa 3050THCTas) — KOMIIAKTHBIN
KycTapHuk cemeiictBa KpeokoBHuKOBBIE (Grossulariaceae), BBICOTOH /10
2-2,5 M. Apean 10CTaTO4YHO MMUPOKUH, 3aHUMAET IJIONIA/lb IEHTPAJIBHOU U
1oxHOM yacteit Poccun, KaBkas, AzepOaiimkan, [lanbauii BocTok, crennyo
yacth [Ipuypaibs, ciopaanyecku MOXKET BCTpeuaThesi B mocaakax CaHKT-
[TerepOypra, Mocksbl, KupoBa, Bomnorasi, ExarepunOypra, Hpxyrtcka,
Owmcka, HoBocubupcka, Amnmepona, baky, Amixabana, B Tamkukucrane,
V30ekucraHe, B 3alMTHBIX JE€CHBIX HACAKIEHUIX CTEMHON U JI€COCTEMHOM
30H 10ro-Boctoka Bomnrorpasackoit 061., Hiwkaero IToBoimkbst, Kazaxcrana,
3anaguoit Cubupu, Antas (GOST, 2013).

Jlns oleHKH OMOJIOTMYECKOro MmoTeHnuaia Buaa Ribes aureum Pursh.
MIPOBOJIUJIOCH COMIOCTABICHHUE PA3BUTHSI U PEPOTYKTUBHBIX CIIOCOOHOCTEHH,
BBISIBJICHHE DKOJIOTHMUYECKOM IMJIACTUYHOCTH BHJA, KOTOpPAs CIYXXHT MEpoin
YCHEIHOCTH MHTPOAYKIUU B 3aCYLIUIUBOM DPETHOHE U JIa€T BO3MOKHOCTh
€ro MPaKTUYECKOTO UCTIONB30BAHMS JIJIs 1IeJiel MOOMIHM3aIi OuopecypcoB
M MUTOMHHMKOBO/CTBA.

CTereHp ©XEroJHOTO BBI3PEBaHUS IOOETOB CMOPOIMHBI 30J0THCTOM
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ompeneNsieT ux 0oJjee WIM MEHee YCICIIHYI0 NEPE3MMOBKY, BH3YaJbHO
BBI3pEBaHUE TOOETOB OIPEIEIISIIOCH 110 OJIPEBECHEHUIO, OKPACKE U PA3BUTHUIO
HApY)XHBIX TOKPOBOB, IO 3QJIOKCHHIO CTEHCHH CHOPMUPOBAHHOCTH U
3alUIIEHHOCTH MTOYEK, 10 BPEMEHU OKOHYAHUS pOCTa TOOETOB M OKOHYAHUIO
nucronana (Tabmn.1).

Tabmuma | — OOmas ornenka 6momopdomorndeknx mapameTpoB Buaa Ribes aureum
Pursh.

[Ipusnak | XapakTepucTuka Enununel | JloCTUrHYTHINA YpOBEHb
W3MEpEeHHsI | TapaMeTpoB

1 Bricora kycra M 1,7-2,0

2 Kpona kycra - MOy PaCKUANUCTAS

3 [ToGerooOpazoBarenpHas CIOCOOHOCTH KyCTa CTETeHb xopouias

4 CriocoOHOCTh BOCCTaHOBJICHUS IIPH CTETIeHb BBICOKAst
TIOBPEKICHHUIX

5 IIpoaoKUTENLHOCTD IEPUO/Ia BEreTaluu CYTKHU 170

6 AnanranuoHHasi CHOCOOHOCTB K 3acyxe - BBICOKAst

7 Mopo30cTOHKOCTh rpagyc —35 rpamycoB

8 CrerneHb BBI3pEBaHMs TOOETOB Oasn 1

9 [InonoHomenue Gann 5

Y cMOpOIUHBI 30J0THCTOW Ha MPOTSHKEHUH BET€TAIMOHHOTO TIEPHO/Ia
HaOMrofanach HE3HAYMTENbHAS BHYTPHIIOMYISIIUOHHAS H3MEHYMBOCTH
denodaz. Nzyuenne BrusHUS (OTONEPUOIOB HA CPOKH Hadaja IIBETCHUS
MOKa3aJl0, 4YTO JAHHBIA BUJ OTHOCHTCS K JJIMHHOIHEBHBIM DPACTCHHUSIM,
CIOCOOHBIM 3allBETaTh W JIaBaTh HAUOOJBIIMKA TPUPOCT TOOETOB JIHIIH
Mociie M3BECTHOTO TMEpUoJa pa3BUTHS Ha JUIMHHOM jaHe. Yame Bcero
€ro Mopor JJWHBI IHS O1M30K K 15-16 wacam. B mpupomHbBIX ycmoBHAX
Bonrorpanckoii o0macTy AMHA THS ¢ BECHBI U JI0 KOHIIA JIETa IEPKUTCS B
npeznenax 14-16 yacos, 4To oOecreunBaeT CMOPOANHE OeCIPENITCTBEHHBIN
nepexo K iBeTeHnt0. CpOKH IIBETEHUS] CMOPOIUHBI B IPHUPOIHBIX YCIOBHIX
OTIPEIEIISIOTCS, IPEKIE BCETO, TEPMUIECKIM PEKUMOM.

JmuTensHOCTh (DEHONMOTHYECKUX (a3 W PUTM KU3HEHHBIX MPOIECCOB
CMOPOJIMHBI 3aBUCHUT OT HCTOPHKO-OO0TAaHUKO-TeorpaduuecKux, (hUTOIEHO-
JOTHYECKAX W DKOJIOTMYECKHX TPUYMH. B  3aCylIIMBBIX YCIOBHX
CMOpOJIMHA 30JI0THCTas COXpaHs{eT pPHTM CE30HHOTO pPa3BUTHA, a
HKOJIOTUYECKHE TPUYMHBI OTPEICISIOT 0COOCHHOCTH €€ CE30HHBIX CMEH
denodas, 3aBUCAIINEC OT PUTMA OKPYKAIOIICH CPEIbl U B3aMMOCBS3aHHBIC
¢ ¢eHodazaMi pUTMBI OCHOBHBIX JKU3HEHHBIX (DYHKIMH — TPaHCIIUPALUU
U acCUMWIALUU./J[namMeTp KpOHBI KyCTapHUKA MTPAaeT BAXKHYIO POJIb TPU
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MIPOEKTUPOBAHUU HACAKICHUH Pa3IMYHOTO TUIIA. Y CMOPOAUHBI 30JI0TUCTON
OH cocTaBisieT MUHUMaIbHO 48,3-56 cMm, B cpegnem 101,18-102,31 cwm,
MakcumaitbHO 148,0-152,20 cm. 1o Hanbonee BaxkHBIM MOPHOMETPUIECCKUM
rapaMeTpam KycTa MO>KHO MTOCTPOUTH MIPUMEP EHAPOTrpaMMbl OHKaNRIIIIX
cxoncts (Tabm. 2).

Tabmmnma 2 — Ucxonusle JaHHBIE

3
= ) g © =
5 . | |2 s 5 |
Hazpanue nmynkra S 2 8 A 8w |E 2 S
= Al = o = R = 2
< =28 2 72 22 < a
c e = s E |58 z 2
£ g =) Z = = z
= > = = =
= g = N =
Z = 3
o X
Bonrorpan 138 11 148 235 |4.11 349 |125
JHy6oBka 144 16 152 1272 14.69 418 |123

1. p(xi2) =\[(138-11) + (144-16)> = 180.31
p(x13) =\[(138-148)? + (144-152)* = 12.81
p(x1.4) =\[(138-2.35) + (144-2.72) = 195.86

2. [Tomy4yennsie 1anHbBIC TOMenTaeM B Tabmuiry 3 (MaTpuily pacCTOSTHUMN ).

Tabmuma 3 — MaTpuna paccTosHUI

Ne n/m 1 2 3 4 5 6 7
1 0 181 13 196 194 195 182
2 181 0,0 194 16 14 14 4
3 13 194 0,0 209 206 207 195
4 196 16 209 0,0 3 2 14
5 194 14 206 3 0,0 0,9 12
6 195 14 207 1,9 0,9 0,0 13
7 182 4 195 14 12 12 0,0

3. Ilo 7aHHBIM NTOUCKA HAUMEHBIIIETO PACCTOSIHUS CIIEAYET, YTO OOBEKTHI
5 u 6 nanbonee 6musku P, = 0.9, mo3TOMY HX MOKHO OOBEMHUTD B OIUH
knactep (Tab6m. 4).

Tabmuma 4 — O0beAMHEHNE KIIAaCTEPOB

Ne mi/m 1 2 3 4 [5] [6] 7
1 0 181 13 196 194 195 182
2 181 0,0 194 16 14 14 4
3 13 194 0,0 209 206 207 195
4 196 16 209 0,0 3 2 14
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[5] 194 14 206 3 0,0 0,9 12
[6] 195 14 207 1,9 0,9 0,0 13
7 182 4 195 14 12 12 0,0
@®opMupyst HOBYIO MAaTpHUIy PpAcCTOSIHUH, BbIOMpaeM HauMEHbIee

3HAYCHUE U3 3HAYCHUN 00beKTOB Ne 5 1 Ne 6.

B pesynbrare umeem 6 kinactepos: S

a1y ~@y

Sy Sy Sy S

4y 7 (5.6

(7

W3 MaTpu1ibl pacCTOSIHUMN CIEYET, YTO 00bEKThI 4 1 5, 6 Hanboiee 6IU3KU
P,. .= 1,85, mostoMy oHu TaK e 00beuHsA0TCs B ouH Kinactep (Taom. 5).

Ta6J'II/IIIa 5-— O6’b€ﬂI/IHeHI/Ie KIIAaCTECPOB MO CXOKECTU MPU3HAKOB

Ne /i 1 2 3 [4] [5.,6] 7
1 0 180.314 12.806 195.86 193.22 181.921
2 180.314 0 193.041 15.849 13.243 3.992
3 12.806 193.041 0 208.563 205.924 194.618
[4] 195.86 15.849 208.563 0 1.852 13.957
[5.,6] 193.22 13.243 205.924 1.852 0 11.327
7 181.921 3.992 194.618 13.957 11.327 0

B pesynbrare (opMupoBaHus HOBOM MaTpHIIbI PacCTOSHUI nMeeM 5

KJIaCTEepOB: S

y

Sey Sap S

S

(45,6 ~(

7)°

KJ1actep, kak Haubosee onmskue (Tabm. 6).

Tabnuua 6 — O0beqMHEHNE KJIACTEPOB M0 TIpU3HaKam 2 u 7

00BEKTEI 2 U 7 OOBEIUHSIOTCS B OINH

Ne i/ 1 [2] 3 45,6 [7]
1 0 180.314 12.806 193.22 181.921
2] 180.314 0 193.041 13.243 3.992
3 12.806 193.041 0 205.924 194.618
45,6 193.22 13.243 205.924 0 11.327
[7] 181.921 3.992 194.618 11.327 0

Hanee pesynsraTel (HOPMUPOBAHMS HOBOW MAaTPHUIBI TTOKA3bIBAIOT
HauOosiee OM3KKUE 3HAYEHUS MPU3HAKOB 2, 4, 5, 6 u 7 (Tabmx. 7).

Tabnuma 7 — O0benMHEeHNE KIacTepoB 1o mpu3Hakam 2,7, 4, 5 u 6

Ne /i 1 [2,7] 3 [4,5.,6]
1 0 180.314 12.806 193.22
[2,7] 180.314 0 193.041 11.327
3 12.806 193.041 0 205.924
[4,5,6] 193.22 11.327 205.924 0
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OObekThl 1 U 3 00BbEIUHSAIOTCS B OJIMH KJIACTEP, KaK Haubosiee OIu3Kue
(Tabm. 8).

Tabmuma § — O0beaMHEHNE KJIACTEPOB 10 TIpu3HaKaM 1 u 3

Ne /i [1] 2,7,4,5,6 [3]
[1] 0 180.314 12.806
2,7,4,5,6 180.314 0 193.041

[3] 12.806 193.041 0

B xoHeuHOM uTOrE, MMEEM JBa KiacTepa: S(I’S), 8(2’7, 45.6) (Tab6m. 9).

Tabmuma 9 — ITOroBEIi pe3ynsTaT 1Mo 00heIHNHEHUIO KIacTEPOB
Ne i/t 1,3 2,7,4,5,6
1,3 0 180.314
2,7,4,5,6 180.314 0

Takum 00pa3zom, npu NPOBEACHUN KJIACTEPHOTO aHaIHM3a MO MPUHLIUITY
«OMKalIIMX CXOACTB» TMOJYYMIIM JIBa KjacTepa, PAacCTOSIHHE MEXIy
koTtopbiMu paBHO P=180,31. Temnbel pocTta W pa3BUTUS CMOPOIUHBI
SABISAIOTCS (PEHOTUMUYECKU IUIACTUYHBIM MPHU3HAKOM, MOIUMULIHPYEMBIM
BHEUTHUMH BO3ACHCTBUSIMHU. Pa3ianuHble TEMIbI MPUPOCTa U BHICOTY KycTa
MO>KHO paccMaTpUBaTh Kak aJalTUBHYI0 MOJU(PUKAINIO, 00€CIIeUHBAIOIILY IO
MpHUCIOCcoOIeHNe BUJA K YCIOBUSAM OKpY’Karollel cpeabl. Y CMOPOIMHBI
30JJ0TUCTOM B  YCJIOBHUSAX CYXOCTENHOM M TOJYIYCTHIHHOM 30HBI
CKJIQJIBIBACTCSI OCOOEHHBIN (PEHOJOTMUECKUN THI, BBIPAKAIOUIUNCS B
WHTEHCUBHOCTH BO3PACTHBIX U3BMEHEHHUI U MTpo1ieccoB pocTta. KOBeHMIIbHBIN
nepuoj cocrasisier 1,5-2 roga, HO B ’TUX YCIOBUSIX JAHHbBINA BUJT TPOSBIISIET
0oJBIIYI0 yCcTOMUMBOCTh. B Bo3pacte 8-10 jer oHa JOCTHUTAET BBICOTHI
1,8 -2,2 M W XMBET TPH CHUCTEMaTHYECKOW OMOJaKHMBAIOUIEH 00pe3ke
30-40 u Gonee ner. KomebaHuss MHTEHCUBHOCTH W TMPOJOJDKATEIHLHOCTH
BEreTaTUBHOTO MOp(doreHesa, WHAYLHUPOBAHHOTO YCIOBUSIMHU BIIaKHOCTH,
SIBJISIFOTCS. OCHOBOM M3MEHUYHUBOCTHU CTPYKTYPHBIX JJIEMEHTOB BETETaTUBHBIX
opranoB. @utonnuasl Ribes aureum Pursh. cnocoOHb1 yOMBaTh ¥ TOIABISATH
BHUPYCHI, 0akTepuu, Mukpockonudeckue rpudsl. 1o I1. b. Tokuny BnepBbie
B 3aCyLUIMBBIX YCJIOBHsIX I Bonrorpama Obuia ompezeneHa (GUTOHIIMIHAS
AKTUBHOCTH JINCThEB CMOpoauHBI 3010TucToi (Tadm. 10) (Tokin, 1974). B
KEepaMHUEeCKOI CTyINKe MEepeTUpaliich JIUCThS HccieayemMoro Buaa. Uepes
MapJII0 OTKUMAJIMCH 3 Karulk coka pacTeHusd. B xumuyeckuid crakan k 50
MJ AMCTUUIMPOBAHHON BOJBI BHOCHJIACH CYCIIEH3USI MUKPOOPTraHU3MOB
Paramécium caudatum Ehrenberg. Ha mpenmerHoe cTekio momernanach
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Kalurd BOJAbBI C MHKPOOpraHM3MaMHM W Ha PpPacCTOAHHUM HCECKOJbKUX
MUIJIUMETPOB OT HEC — KalllIs1 COKa CMOPOAUHBI. brino 38.(1)I/IKCI/IpOBaHO
BpCMA KUBHCACATCATCILHOCTH C IIOMOIIBKO MHKPOCKOIIA MI/IKMCI[-S, a
TAaKXXC OTMCUCHO BPCM: OTBETHOM pPCaKknu Ha BO3,I[€I>'ICTBI/IG (I)I/ITOHI_II/II[OB
JJIA KaXXJ0ro uCCiacaJ0BaHHOI'O BUa

Tabmuma 10 — CpaBHUTEnbHBIE (DUTOHIUAHBIE XapaKTEPUCTHKH CMOPOIUHBI
30JI0TUCTOM, IIMIIOBHUKA OOBIKHOBEHHOTO M JIMIBI CEPALCBUIHON M MX BIMSHHE Ha

peaxiro nHby30pun Typensku (Paramécium caudatum Ehrenberg)

Bpewms rubenn Paramécium caudatum
Bun DuUTOHIMIHAS AKTUBHOCTD, %
Ehrenberg.
1 munyTa 07 cekyH[ 93,4
R. aureumPursh. 2 MUHYTHI 15 cexyHI 46,5
4 MUHYTBI 23 CEeKYHAbI 23,6
3 MUHYTHI 45 CeKyH]I 28,9
R. canina L. 5 MUHYTBI 24 CEKyH[IbI 19,08
6 MuHYT 18 cexyHn 16,1
4 MuHYTHI 34 CEKYHABI 23,0
T. cordata Mill. 6 MunyTHI 09 CeKyH]T 16,4
7 MUHYT 55 CeKyHT 13,2

YrtoObl BBIPACTUTH KU3HECTIOCOOHBIM BHJ B HKCTPEMAIIbHBIX YCIOBUSX
HEOOXOIMMBI €ro Pa3HOCTOPOHHUE HCCIIENOBAaHUS — HAONIOAEHUs, Kak
OTpa)KaroTCs Ha BHYTPEHHEN OPraHU3aluU JPEBECHOIO OPraHU3Ma BEICOKHE
TeMIeparypbl U TOCTOSHHBIM BOAHBIM Je(QUIMT, KaK 3T MOKa3aTesn
CKa3bIBAIOTCS HAa POPMUPOBAHUU BETETATUBHBIX U PETIPOAYKTUBHBIX OPTaHOB
U CIIOCOOHOCTH BUAA PACTH M Pa3BUBATHCSA B YCIOBUSAX HANpPSHKEHHOTO
TUAPOTEPMHUUYECKOTO PEKHUMA.

Xapakrep aganTaluy pACTEHHUM K pa3JIMYHBIM CTPECCOBBIM BO3JECHCTBUAM
HecnenuduyeH. Y BUJOB B OTBET HA CTPECCOBBIC BO3ACUCTBUS B pa3HOU
CTETIEHU U3MEHSIOTCA (U3HOIOTHYeCKUe (YHKLIUH, YTO OTPaXaeT HX
YPOBEHB YCTOMUNBOCTH, HO B HEKOTOPBIX CIIy4asiX MOJKET CBUIETEIbCTBOBATD
u o crieruuarocty peakuu (Tabm. 11) [2].

Tabmuua 11 — BoaHblli peXUM JHCTHEB CMOPOAMHBI 30JOTHCTOM B ITyHKTax
HCCIIeI0BaHUN
[lynkt nccnenosanuit | Jlara t Braxuocts, | Boambiit nedunurt, | Typropecuent-
BO31yXa, °C % % HOCTB %
r. Bonrorpan 7.07 |+36 25 19,24 81,02
r. Kanay-na-/lony 18.07 |+31,3 22 21,43 78,58
noc. ITsTuMopcek 18.07 |+31 32 57,78 42,23
r. Jlyboska 3.08 |+31 37 41,36 58,65
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r. Kampimmn 24.08 |+30 21 55,04 44,97
Hennpapuii GHIL] 28.07 |+33 30 29,41 70,58
arposkosiornu PAH
Teppuropust ®HI| 27.07 |+32 20 38,35 61,64
arpooakosiorun PAH

Hawnnyumunii pesynapsrar no BogHoMy JAeduuuTy mokasaiu oToOpaHHbIE
oOpasupl cMoponuubl B T. Bomrorpane, r. Kamau-na-Jlony u aenapapuu
OHII arposkonorun PAH. TypropecueHtHOoCTh Hanbojee BbIpaskeHa
y o0pa3noB u3 . Bonrorpaga, r. Kanau-na-Jlony, u Ha yuactkax DHI]
arposkosiorun  PAH, 49TOo cBuIETeNbCTBYET O BBICOKOM BeIMUYMHE
OCMOTHYECKOIO JaBJIEHUS BHYTPUKIETOUYHbIX Bakyosed. Ilokasarenu
BOJIHOTO Jie(hUIIUTa U TyPropeCleHTHOCTH — MPONOPLUUOHAIIBHBI, TI03TOMY
y BUJOB C HM3KHM 3HAUE€HHWEM BOJHOTO JAEe(QHUIMTAa OTMEYEHBI BBICOKHE
II0Ka3aTeu TYPropeCUEHTHOCTH. Y BHJIa CMOPOAMHBI U3 I. Bonrorpazaa nox
MUKPOCKOITOM OBLIIM YE€TKO BUHBI TYJIbCUPYIOIIKE BAKyOJIU, PETYIUPYIOLIHE
ocmotnueckoe naBieHue (ysenmuuenue 10,0 u 4,0), HaOmromascs SpKO
BBIPa)KEHHBIN TOMEOCTA3.

[lo maHHBIM BOJIHOTO peXUMa MOXHO CJIeNaTh BBIBOJ, YTO CMOPOJMHA
30JIOTHCTAs — TAIIMYHBIN Me30(UT € IHUPOKOI HIKOJIOTrMUECKON aMILIUTYOM.
brmarogaps sToMy OHa MOXKET XOPOLIO PacTH M ILIOJOHOCUTH B apealie
YMEPEHHO YBIAKHEHHBIX MECTOOOMTAHUH, IMOJIOKUTEIBHO pearupoBarhb
Ha HEKOTOPOE YBEIMYEHHE BIIAKHOCTU. YCTAHOBJIEHO, YTO IPEICTABUTEIIN
OJTHOTO U TOTO K€ BHJ1a, IPOU3PACTAIOIINE B Pa3HBIX YCIOBUSX, OTINYAOTCS
TUIIOM CTPOEHUS. Y NEPBBIX YCUIUBAIOTCS MPU3HAKU KCEPOMOP(PHOCTH,
y HOCHEAHUX — ME30MOP(HOCTH, YTO KOPPEIUPYET C MPOAYKTUBHOCTHIO
pacTeHuii. MI3MeHUYMBOCTh JIMCTHEB CMOPOAMHBI BapbUPYET B 3aBUCUMOCTH
OT MeCTa MpOoM3pacTanus pacTeHui (Tadbmumna 12).

Tabnuua 12 — MeramepHasi ©3MEHYMBOCTb JINCTHEB CMOPOAMHBI B TyHKTaX HAOIIOICHUIH

Z[J'H/IHa qepelika, CM | I[JII/IHa JIucra, CM | I_HI/IpI/IHa Jmucra, CM | KomuuectBo JKUIIOK, IIT
r. Bosrorpan
4,08 | 7,06 | 8,85 | 9,85
r. Kanay-na-Jlony
3,90 | 9,35 | 7,99 | 12,3
noc. IIsatumopck
4,16 | 8,82 | 7,72 | 12,0
r. /IyboBka
2,35 | 3,49 | 4,11 | 12,3
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Hennpapuit @HII arposkonorun PAH
2,72 | 4,18 | 4,69 | 12,5
Teppuropust ®HIL| arposxonoruun PAH
3,72 | 5,08 | 5,42 | 14,1
r. Kamprimn
2,47 | 3,11 | 4,47 | 143

HawuOonpmiel niauHOW deperika OTauvaeTcss BUA u3 moc. [larumopck,
HauMeHbllle — T. JlyOoBka, HauOONBIIYIO JJIMHY JIHCTAa MUMEET BUJ W3
r. Kanay-na-/lony, Haumensuyro — u3 aenapapus ®HIL arposkonornn
PAH. lllupuna nucra oTauvaeTcss HauOOJBIIUM pa3MEepoOM y BHJIA U3 T.
Bonrorpana, naumensium — u3 1. [lyooBka. Bug u3 r. Kambiimna nmeer
HamOoJbIlIee KOJMYECTBO KHIIOK, HAaMMEHbIIIee — BHUJ W3 I. Bonrorpana.
JIucTea HUKHEN YacTH KyCTapHUKA U BEPXHEW YacTU OTIMYAIOTCS JIPYT OT
npyra Oonblied CTENeHbI0 BapbHUPOBAHMs TMOKa3aTeneld. [eHoTUnyeckue
OCOOCHHOCTH BHUJA PACTEHUS OMNPEACNAIOT MapaMeTpbl €ro JIUCTOBOM
IJIaCTUHKU. Temmneparypa Bo3ayxa, KOJIU4eCTBO OCAJKOB, BIIaKHOCTb I10YBBI
BIMSIOT Ha MOAM(DHUKAIMOHHYI0 HM3MEHUYMBOCTH JIUCTOBBIX MapaMeTpOB,
pacroyio)keHre JUCThEB Ha KycTe W mobere. Ecnu pasnuiia B mapamerpe
JIUCTOBBIX TJIACTUHOK YCTOWYMBA, TO JAHHBIA (DAKT TOBOPHUT O BHJIOBBIX
pa3InyusaX pacTeHUM.

[IpoucxokaeHne CeMssH — OCHOBA JIJIsl BBIPAIIMBAHHS OHMOJIOTUYECCKU
CTOHMKOTO TIOCAIOYHOTO MarepHalia, KOTOPBIH CIOCOOEH MPOTHUBOCTOSTH
HEOIaronpusATHRIM YCIOBUSIM. KOTHYeCcTBO CeMsIH JI7s BRIpAIMBaHUS | ThIC.
CEeSTHIIEB CMOPOIUHBI 3070TUCTON cocTaBiuseT 0,06 kr.llmoasl coOuparoT B
UIOJIE, PA3JIMUMs UX KaU€CTBEHHBIX U KOJIMYECTBEHHBIX IPU3HAKOB JEJIAET
BO3MOXKHBIM OTOOpaTh Hambojee MEPCIEeKTUBHBIE BHUJBI ISl 03€JICHEHUS,
WCIIOJIB30BAHUS JIJIs IEKAPCTBEHHBIX M XO3SUCTBEHHBIX 11esei (Tabmuna 13).

Tabmuma 13 — [Tokaszarenu MIOTOHOIICHUS CMOPOIUHEI 30JI0THCTON B OMBITHOH CETH

O®HII arposkonoruu PAH
IMoka3zarenu monoHomennst | Kanau-na-Jlony | yboska | [enapapuii @HI] arposkonoruu

PAH

Bec mona, ¢ 0,58 0,59 0,52

HupwuHa uona, cM 0,80 0,65 0,71

JlnuHa tiona, cM 1,04 0,86 0,68

KonmuectBo ceMsH B miofe, IIT. 24 22 22

Bec 10 mt. cemsiH, r 0,15 0,09 0,07

KoHTpoab nurarenbHOM HEHHOCTH, XUMUYECKOTO COCTaBa M IMOKa3are-
neil 6e30MacHOCTH IUIOOB SIBISIETCS MPUOPUTETHBIM JUISL OMpPECICHUS
XO3CTBEHHOW MPUTOAHOCTU CMOPOAUHBI (Tabnuna 14). JlerektupoBanue
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npoBoauioch B Y®-obnactu cnekrpa npu iuHe BoiaHbl 254 HM (GOST,
2010). Jnst mpsMOro KOJWYECTBEHHOTO OMNpeesieHus TpunrodaHa Oe3
nonyueHuss POTK-npousBogHOrO perucTpupoBasioch MOMIONIEHUE TMPU
JUIrHE BOIHEI 219 HM.

Tabmuma 14 — [Toka3areny aMHHOKHCIOTHOTO cOCTaBa cMOponuHb! B 2020 romy

Haumenosanue 3uauenue, Mr %
HoKasareJist r. Bonrorpan r. Jly6oBka
Aprunuz 162 113
JInzun 79 45
Tupo3un 42 30
DeHnnanaHuH 65 53
T'uctuanna 33 42
JlednuHa+u30aeHInH 166 136
MeTunoHuH 30 49
Banun 65 21
[Iponun 95 64
Tpeonun 64 42
Cepun 68 43
AnaHuH 73 48
I'munyn 109 72
Tpuntodan 59 75
PesyabTrarel M oOcykaeHme. PesynbraTel HM3y4deHHS COIAEpKaHUSA

TSAKCIJIBIX METAJIJIOB B IJIOAAX CMOPOAUHEI IMTPEACTABJICHBI B Ta6Jmue 15u
MOTYT OBITh HCIIOJIB30BaHEI B 6I/IOI/IHILI/IKaLII/II/I OKOJIOTHYCCKOIro COCTOSAHUSA
CMOPOAUHBI K UMCHOT ITPUHIUIINAJIIBHOC 3HAYCHUC JJI1 OLICHKU MOCJIEICTBUI

TEXHOT€HHOTO 3arPsI3HEHUS TPUPOTHBIX M aTPAPHBIX IKOJIOTHYECKUX CHCTEM
(GOST, 2010; Tkachenko et al., 2012; Zhao et al., 2013).

Tabnuua 15 — Cozmepxanue TSHKETIBIX METAIIOB

[Tynkt c6opa miomnos Hassanue snemenTa
Kammwuit (Cd) LueK (Zn) Cauren (Pb) Mens (Cu)
r. Bonrrorpan 0,04 12,07 0,84 8,19
r. JlyboBka 0,05 5,20 0,10 2,10
ITK* 0,03 10,0 0,40 5,0

*[IpumMedaHue: B BO3IyITHO-CYXOH TIpo0e, MI/KT

CMOpO,I[I/IHa, KaK MCOAOHOCHOC PACTCHUC, SABJIAACTCS LCHHBIM JJIA IMYCII,
KaK OCHOBHOM HMCTOYHHUK HCKTapa " HBCTO‘IHOﬁ NbUIbIBI, U IIPEBOCXOOUT
Mo MCAOMPOAYKTUBHOCTHU APYTIU€ NAPEBCCHBIC PACTCHUA CYXOCTCHHOﬁ 30HBI.
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Benenne muenoBoscTsa B ecax KamaueBcKoro ieCHUYECTBA Oy CKASTCs HA
Beelt miomaau (Forestry regulations of the Kalachevsky forest area, 2019).
XopouMx MEIOHOCOB IIOJ IOJIOTOM Jieca B JIECHOM (DOHJE JIeCHUYECTBA
MaJlo, a UX NOCTOSHHOE pa3MelIeH e B Jiecy HeuesnecooOpasno. Hacaxnenus
U3 CMOPOAMHBI CIIOCOOCTBYIOT YJIyYLICHUIO 0a3bl MEA0COOpa M CO3JaHUI0
Ty4Iiei kopMoBoi 6a3el myenoBoacTBa (Tabm. 16).

Tabmuma 16 — MEnonpoayKTHBHOCTh MEIOHOCHBIX PACTCHUH

. MEnonpoayKTUBHOCTE B IIEPEBOJIC
HaumeHoBaHME MEIOHOCHBIX PACTCHHUI
Ha ITOJIHOE MOKPBITUE HEKTap, Kr/ra
I'pyma 06BIKHO'BGHHaﬂ 30-50
Pyrus communis L.
AOpPHUKOC OOBIKHOBEHHBIN
. 25-30
Prunus armeniaca L.
SlononsinecHas
Malus sylvestris (L.) Mill. 30-50
Buiias 0ObIKHOBEHHAS 30-40
Prunus cerasus L.
Tepu
Prunus spinosa L. 15-20
Mainuna 0ObIKHOBEHHAS
Rubus idaeus L. 30-70
CMoponHHa 30JI0THCTAS 50-70
Ribes aureum Pursh.

KoneunsiM wTOrOM OTOOpa SIBIETCS MacCOBOE pa3sMHOXKEHHE U
BHEJ[peHue BblJeNeHHbIX GopM. Ha nutoMunke HikHEBOKCKON cTaHUIUU
M0 CEeJEeKIUU IPEeBECHBIX MOpoja B I KaMblllmHE Ca)KeHI[bI CMOPOIMHBI
30J10TUCTOM 1 W 2 TOma BBIPAIMBAIOTCSA IO CTaHIApTaM TpeOOBaHUU K
kagectBy: ['OCT P 53135-2008 «llocagounsliii marepuan IIIOAOBBIX,
STOAHBIX, CyOTPONMUYECKUX, OPEXOIUIOAHBIX LUTPYCOBBIX KYJIBTYp W 4Yasl.
TexHuyeckue ycaoBus».

YUucno KOpHEH y CaXKEHILIEB CMOPOAMHBI MEPBOTO TOBAPHOTO COpTa —
HE MeHee 4, BTOporo — He MeHee 3. J[mMHa KOpHEBOW CHCTEMBI CaXEHIIEB
MEepPBOro TOBAPHOTO copTa — HE MeHee 15 cm, Broporo — He Menee 10 cm. ¥V
OJTHOJIETHUX Ca)KEHIIEB MIEPBOr0 M BTOPOTO TOBAPHBIX COPTOB — HE MEHEe
OJTHOTO HaJ3eMHOTO TMolera, y IBYXJIETHHUX CaKEHIIEB MEPBOTO TOBAPHOTO
copTa — He MeHee 3 HaJ3eMHBIX T0OEroB, BTOPOro copTa — HE MeHee 2.

JlnameTp OCHOBaHMA HAA3€MHOM YacTH OJHOJETHHX Ca)KCHIIEB
CMOPOMHBI IEPBOTO TOBAPHOTO copTa—HE MeHee 0,8 cM, BTOPOTo TOBapHOTO
copra — He MeHee 0,6 cM. [{nrHa MOOEroB cakeHIIEB MEPBOTO TOBAPHOIO
coprta — He MeHee 50 cMm, BTOpOro ToBapHOTro copta — He MeHee 40 cM.
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Jl7ig monvBa Ca)XeHIIeB CMOPOAUHBI B TUTOMHHKE MCIIOJIB3YETCS Karelb-
Hoe opoienue, kaneabHbie TMHUU «NEO-DRIPy», mar 40-50 cM, sSMUTTEpbI
¢ pacxoaoM Bojbl 2,4 i/gac (Tabmn. 17).

Tabmuma 17 — KparHOocTh W HOpMa IIONTMBAa CESHIIEB CMOPOIWHBI B ITHTOMHHUKE Ha
CBETJIO-KAIITAHOBBIX IOYBaX

Bun 1 ¢pa3za — HabyxaHue U MpopacTaHUe CEMSH 1 ¢asza - popmupoBaHIE BCXOI0B
JImuTenbHOCTS, Yucno Hopma JImuTenbHOCTS, Yucno
JTHU HOJIMBOB | IMOJIMBOB, M’/ra JHI TIOJIUBOB
5-20 3-4 100 15-20 2
Ribes 2 ¢aza — popmupoBaHHe 3 ¢aza — pocT cesHIeB
aureum Pursh. BCXOJIOB
Hopwma nonuBa, M*/ra JnuTenbHOCTD, Yucno Hopma
JTHA MIOJIUBOB MOJIMBa, M°/Ta
100-150 80-90 3 300-350

BeiBoabl. Ha ocHoBe anamm3a u 0000IIEHUS IKCHIEPUMEHTATHHOTO
MaTeprayia BBISBIEHBI 3aKOHOMEPHOCTH M MEXaHU3MbI aJanTaluu
Ribes aureum Pursh. B 3acynuiMBBIX YCIOBHSAX, C YU4€TOM KOMILJIEKCHBIX
UCCIIEIOBAHUNA U KPUTEPHEB, XapaKTePU3YIOIIMX UX OHOIOTUYECKUN
MOTEHITHAT U XO3UCTBEHHYIO MPUTOAHOCTD JUIsl OTOOpa aJanTHPOBAHHOTO
reHo(oH/1a XO3sIIICTBEHHO LIEHHBIX BUJIOB, C IIEJIbIO CO3/IaHMUsI SKOJIOTUYECKU
cOalaHCUPOBAHHBIX HACAXKACHUNH C MHOTOQYHKIIMOHATBHBIM JEHCTBHEM:
ACTETHYECKHUM, PEKPEAlMOHHBIM, ITOYBO3ANIUTHBIM, MTOYBOYIYUIIAOIIAM,
PEMU3HBIM, 00ECIIEUHBAIONINM YITyUlIEHHE TPUPOTHON CPEIIbl, MOIYUSHHE
XO3SIICTBEHHOTO CHIPbhS (JIEKapCTBEHHOT0, MEIOHOCHOTO, TTUIIIEBOTO U T. 11.).

bnazooapnocmu. Ne '3 122020100448-6 «Co30anue HOBbIX KOHKY-
PEHMHOCNOCOOHBIX hopm, cOpmMO8 u 2ubpUO08 KyIbmypHblX, OPeBeCHbIX U
KYCMAPHUKOBLIX PACMEHULl C 8bICOKUMU NOKA3AMENAMU NPOOYKMUBHOCMU,
Kauecmea u no8blULeHHOU YCMOUYUB0CMbIO K HeOla2onpusimHuIM (hakmopam
gHeulHell cpedbl, HO8ble UHHOBAYUOHHblE MEXHONO2UU 8 CeMeHOB800CmEe
U NUMOMHUKOBOOCMBE C YUemomM COPMOBbIX 0COOeHHOCmeU U NOYEEHHO-
KIUMAmMu4ecKkux yciouti apuonsvix meppumoputi Poccuiickou @edepayuuy.
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ENVIRONMENTAL ASSESSMENT OF SOIL CONTAMINATION
OF THE OIL AND GAS ZONE INDUSTRY ZONE

Abstract. The oil and gas industry, the main industry operating in many
OPEC countries, makes extensive use of radiation equipment, some of this
equipment are potentially dangerous to human health and the environment if
not controlled every time.

The goal of our work is to develop scientific-methodical foundations of
radio-ecological and radiation safety at the enterprises of the oil and gas
complex, to ensure safe living conditions for staff and the
population living in adjacent territories. The article considered:
the role of groundwater in the radionuclide contamination in oil
fields. Depending on the chemical type of ground waters, enclosing
rocks state, and relation in the oil-water-rock system, various
anomalies formation is possible.

Gamma  spectrometry analysis has investigated the nature
of radioactivity and determined that the elements of uranium-radium
are the main cause of radiation background. Based on this data,
we estimated the radioactive background of the surrounding environment
and made a map of where were indicated the most dangerous
radioactive areas. The article describes the radiation background of the
study field environment. The article is shown local fields of
radionuclide contamination and the results of the investigations conducted
for studying the radioisotope  composition of  technogenic
anomalies and the mechanism of their formation.
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In the end, the results of the study showed that regular radioecological
monitoring is necessary in the territories of the Apsheron Peninsula oil fields
to prevent radiation hazards.

Key words: environment, radionuclides, ionizing radiation, oil-gas,
radionuclide pollution.
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MYHAW-TA3 AUMATbI TOIIBIPAFBIHBIH JIACTAHYBIH
IKOJIOI'UAJIBIK BAT'AJIAY

AHHoTanusi. MyHail oHe ra3 eHepKaciOi, KONTereH eyaepae KYMbBIC
icTelTiH jkahaHIBIK cajla COyJe IIbIFapy TIeHepaTropiiapbl MEH KaObIK
JKOHE alllbIK PaMOAaKTUBTI Ke3JIepii KCHIHCH MaijagaHaabl, OJapiblH
KeioOipeynepi erep onapabl THICTI Typae OakbUlaMalThIH Oosica anam
JeHcaysIbIFbl MEH KOpILIaFaH opTa YIIiH BIKTUMas KayinTti. bynan Oacka,
OHJIIPY, TEXHUKAJIBIK KbI3MET KOPCETY JKOHE Mal1ajlaHy/IaH IIbIFapy Ke3iH/e
KOJUICEKTOP JKBIHBICHIHAH IIBIFATBIH TAOWUFH PATUOAKTHBTI MaTepPHAJIbIH
e19yip Meuepi Ke3ece/i.

JKahaHbIK 9KOJIOTHSIIBIK TPOOIEMaIapIbIH IIIHAE PaIH0IKOIOTHSIIBIK
Kargail KopllaraH paJMOaKTUBTUIIKTIH aJaMHBIH TIPUIUIIK €Ty OpTachlHA
OCepiHIH €H a3 3epTTeNIreH cajachl PETIHIE epeKIle Hazap ayaapyibl
tanan ereai. COHFBI yakbITKa JeiiH atMocdepaHblH >KoHE >Kep OeTiHiH
PaZMOaKTUBTI JacTaHy Ke3/Iepi HET131HEH KacaH /bl PaIMON30TONTAP OOJBII
TaOBUIAIBI A€ €CEIITENI].

Makasaja MyHaii KeH OpBbIHAAPBIHBIH PATUOHYKIUATEPMEH JTIaCTAHYbIH-
JIaFbI JKEP aCThI CYJIAPBIHBIH POJIi KOPCETUITEH.

Tyiiin ce3nep: KopiaraH opTa, paluOHYKIHITEP, HOHIAYIIIBI COYJICIICHY,
MYHai-ra3, paJHOHYKIUITIH JIACTaHYbI.
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SKOJIOIT'MYECKAS OLIEHKA 3AT'PSI3HEHUS ITIOYB
HE®TEI'A30BOM 30HbI

AnHoTtanmsi. HedTsHas W ra3oBas NpPOMBIIIJIEHHOCTb, INOOAIbHAS
0Tpaciib, AEUCTBYIOIAasi BOMHOTUX CTPaHaX, LIMPOKO UCIIOIb3y€ET T€HEPATOPhI
U3JTYYEHHUs, 3aKPBIThIE U OTKPBIThIE PaHMOaKTUBHbIE HCTOYHUKH, HEKOTOPbIE
13 KOTOPBIX NOTEHIIMAIBHO OMIACHBI JUIs 3710POBbsI UETIOBEKA U OKPY KarOILEn
Cpenbl, eciii UX He KOHTPOJIMPOBAThH JOJKHBIM oOpazoM. Kpome Toro, Bo
BpeMsl J0ObIYM, TEXHUYECKOTO O0CIYKUBaHUS M BBIBOJIA U3 HKCILTyaTalluu
BCTPEUAIOTCSl 3HAYMTEIbHBIE KOJIMYECTBA €CTECTBEHHOIO PaJuOAKTHUBHOIO
marepuaia (HOPM), npoucxozsimiero u3 nopoas-KoJuIeKTopa.

Cpenn 1100aJbHBIX SKOJOTMUYECKUX TMPOOJIEM pPaauO0dKOIOrHYecKast
oOcTaHoBKa TpebyeT 0co00ro BHUMaHUs KaKk HauMeHee n3yueHHast 00J1acTh
BIIMSIHUSL OKPYXKAIOLIEH paJuOaKTUBHOCTH Ha Cpely OOMTaHUs YelOBEKa.
Jlo mocnenHero BpeMEHU CUMTAIOCh, YTO MCTOYHUKAMU PaJUOAKTHUBHOIO
3arpsi3HEHUs] aTMOC(Epbl M MOBEPXHOCTH 3€MIIM SIBISIOTCS B OCHOBHOM
HCKYCCTBEHHBIE PaJHONU30TOIBL. B cTaThe mokazaHa poJib NOJ3EMHBIX BOJ B
3arps3HEHUH PaIUOHYKINaMU HEPTIHBIX MECTOPOXKIEHHH. B 3aBucumoctn
OT XMMHMYECKOTO THIIA IMOJ3EMHBIX BOJ, COCTOSHHUS BMELIAIOIINX IMOPOL,
COOTHOLICHHUS B CHUCTeME He(Th-BOAA-NIOPOAAa BO3MOXHBI Pa3IUYHbIC
BapuaHThl (OpMHUpPOBaHMS aHOMANMW. PaaueBble aHOMAIMM IIUPOKO
pa3BUTBl Ha MECTOPOXKICHUAX OSKCIUTyaTUPYEeMBbIX HE(TAHBIX 3ayiexein
BEPXHEN 4aCTU NPOAYKTUBHOM TOJIIIH.

ITo pe3ynpraTam HaIIMX aHAIU30B OblIIa COCTaB/IEHA paluallMOHHAast KapTa
U BBIJENIEHBl Haubosee OnacHble YYacTKU MO YPOBHIO PaJUOAKTUBHOCTU
n3ydyaeMoil Teppuropuu. llenpro ramma-crieKTpOMETPHUYECKOTO aHaIu3a
UCCIIEN0BATh MPUPOAY PAJAMOAKTUBHOCTH XMMHMUYECKHMX JJIEMEHTOB U
OIIPENENIUTh, YTO MMEHHO D3JEMEHTHlI YypaH-pajuil SIBISIOTCS OCHOBHOM
NPUYMHON paguannoHHoro goxa. Ha ocHOBE 3TUX JaHHBIX MBI IPOU3BENIN
OLIEHKY pPAaJUOAaKTUBHOIO (OHA OKPYKAWOLIEH cpeasl M COCTaBHIN
KapTy, Ha KOTOpOH OBbUIM yKa3aHbl HauOojee OMacHble PaauOAKTUBHBIC
pailoHbl. B KOHEYHOM WTOre pe3yibTaTbl, IOJYyYEHHBIE B pE3yJIbTaTe
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3TOTO HCCJENOBaHMs, MOKA3alId, YTO HAa TEPPUTOPUSX HE(TEIpPOMBICIOB
ATIIIIEPOHCKOTO  MOJIyOCTPOBA HEOOXOAMMO MPOBOIUTH  PETYISPHBIN
PaAMO’KOJIOTHYECKUIT MOHUTOPUHT JUIS MPEIOTBPALCHHUS pagHallMOHHON
OTIaCHOCTH.

KuroueBble ci10Ba: pagroHyKIH/IbI, HOHU3UPYIOIIEE U3ITydeHue, He(Th-
ra3, OKpy>Karomias cpefia, paiuoOHyKINIHOE 3arpsi3HEHUE.

Introduction. Correlation of elevated concentrations of natural
radionuclides with oil fields known since the beginning of the 20th century.
In preparation, this article was intended to demonstrate to readers as much
as possible wide range of changes in background parameters and possible
mechanisms for the formation of its local features, which, as a rule, have run
into practitioners.

Radioactive pollutants mainly have natural origins and contents of
the naturally radioactive elements K, U, and Th in rocks are reported in
conventional units of % K, mg/kg U and mg/kg Th. Radium (Ra), thorium
(Th), uranium (U) and are the most widespread pollutants among the
naturally-occurring radionuclides. Following various technogenic processes,
the naturally-occurring radionuclides can become a serious threat to the
ecosystem (Aliyev, 2007:5).

The concentration of the gamma-emitting radionuclides, except for #
K, inhuman is so small that none of them can be detected using normal
whole-body counters available to measure any intakes of radionuclides by
occupational workers (Abison, 2001:3).

Differentially, the 238-U/235-U ratio has increased over time due to the
faster radioactive decay of 235-U (Hamlat et al., 2001:6).

The incompatibility of uranium implies that highly differentiated felsic
rocks (igneous rocks that are rich in feldspar and silicon) tend to have
higher contents of U: granitic rocks contain an average of 2 — 5Smg/kg of
U, depending on the magma source and the differentiation path (Wilson,
1992). Metamorphic and sedimentary rocks deriving from felsic materials
will inherit the U concentration of their parent rocks, as the most abundant
U-bearing minerals are typically resistant to weathering processes. Significant
enrichment of U in sedimentary rocks can be achieved by densitydriven
accumulation of these minerals, typical of placer deposits, as well as by
absorption and/or adsorption of U in organic matter.

Thorium is a trace element in the Earth’s crust (5.6 mg/kg) with a relative
enrichment in the upper crust (10.5mg/kg) due to its strong lithophile metallic
character. Concentrations in common rock types range from 1.6 to 20mg/kg.
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Monazite sands are one of the main sources of thorium, containing about
6% thorium. Consequently, monazite sand deposits are one of the areas with
unusually high natural radioactivity. At present, thorium has a major use in
nuclear power as a potential source of fissile material.

Amongst the daughter products of 232-Th, the major radiological hazards
come from the radium, radon, and polonium isotopes.

The natural radioactivity in rocks depends on their type and on how and
where they were formed. Rocks can be classified into igneous, sedimentary,
or metamorphic ones according to their formation process. Igneous rocks
are formed from magma, either inside a magma chamber (thus forming
magmatic rock like granite or diorite), inside intrusions (forming intrusive
rock like dolerite), or from lava flows (forming volcanic rock such as basalt
or rthyolite).

Materials and methods. Radioecological studies in Azerbaijan started
in 1988. It was established that the natural radioactive background of the
Absheron Peninsula, formed by weakly radioactive sedimentary rocks,
fluctuates around 6-8 mcR/h.

The sites in question were chosen on the territory of Bibiheybat and
Zykh-Hovsan oil fields of Absheron peninsula. The data considered here are
the results obtained from 10 different points as follows: samples 1 from the
center of Zykh lake, samples 2 and 3 from Duzlu lake, and three samples
from surface runoffs. Produced water samples were collected out of onshore
and offshore locations on the territory of the Bibiheybat field.

Experimental method. For our research we used different methods -
were analyzed using gamma-spectrometer according to generally accepted
methods for the assessment of the contribution of each element to radionuclide
pollution. Based on such a favorable radioecological situation, within the
limits of the given region, it was determined the presence of numerous local
and area sites where, as a result of technogenic activity, radioactivity exceeds
the acceptable radiation level by tens, hundreds, and more times.

For this research, we used ARL™ OPTIM’X WDXRF Spectrometer and
this spectrometer provides all the benefits of wavelength dispersive x-ray
fluorescence (WDXRF), one of the most versatile methods for elemental
analysis of solids and liquids.

The analyzed sample is placed in a fixed position under the detector (fig.
1), then the spectral capture time is entered from the “Analysis” panel with
the “ Acquisition” tool t Aoquisition — 86400 sec. From Genie 2000 program
alpha-spectrum assembly is started by pressing the “Start” button (Kelsey
etal., 2016:11).
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Figure 1. ARL™ OPTIM’X WDXREF spectrometer

When the error of the analyzed peak area is less than 26 (P = 95%
confidence), spectrum accumulation stops and the gamma spectrum is saved
with the same identification code (Briickner et al., 2003:108).

The sample analyzed by the alpha-spectrometric method, unlike the
gamma-spectrometric method, is measured on the spectrometer when it is
electrolyzed on stainless steel disks (Young et al., 2016:11). Preparation for
alpha-spectrometric analysis of uranium isotopes in the sample is as follows.

Results and discussion. After our experiment in the spectrometer
produced results are shown in the figure (2; 3).

1JI

0 5 10 15 20 25 30

Figure 2.Regularity of radioactive balance with the isotope *'“Pb, a decay product of the

isotope **Ra
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Figure 3. Regularity of radioactive balance with the isotope ?*Ac, a decay product of the
isotope **Ra

A characteristic feature of radionuclide contamination of the territory of
the Absheron Peninsula is that pollution occurs with radioactive isotopes of
natural origin but as a result of technogenic processes.

Meet pollutions formed by artificial isotopes or large accumulations of
potash fertilizers (Table 1). So, by developing the dynamics of pollution it is
necessary to follow the solution of a particular task (Aliyev et al., 1996:5).

Table 1

Radionuclide composition of technogenic contamination of the Absheron Peninsula

Sampled area U8 e R Ra2% | Rn222 R | e TI208 | K40
(MsTh II) | (MsTh I) (Th) |(RaC)

Bibi-Haybat + + + + |+ + |+ +
Gum adasi + + + + |+ + |+ + |+
Surakhani + + + + |+ + |+ + |+
East of the Hovsan |+ - - + |+ - |+ - -
Zira - - - - - - - - +

The dynamics of pollution of oil-field areas can be schematically modeled
quite simply. In the process of interaction of water solutions with rocks and
oil deposits, pollution happens as a result of the removal of radionuclides
of the uranium-radium and thorium series from the depths to the surface
(Khalilova, 2016:5). This is typical for hard waters of the upper layer of the
productive series, characterized by high mineralization of chloride-sodium-
calcium composition of sulfate-free with low content of bicarbonate ions.
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These waters leach radium from rocks with normal dispersion of radioactive
element content, where radium and its isotopes are in adsorbed form. The
processes of radium leaching from rocks take place in the presence of
corresponding cations of alkaline-earth elements in waters. In addition to
these factors, a huge role in the formation of contaminated areas in the oil
areas is played by the presence of mobile contact of water with rocks and oil,
which takes place during its extraction (Cannon et al., 1971:123).

In comparison with radinm uranium distribution in formation waters
of oil, fields have an opposite character. If the maximal levels of radium
isotopes content are typical of hard high-mineralized waters then uranium
content m these waters is lower than in alkaline ones. In alkaline waters,
the low limit of uranium concentration is not less than n x10%g/l, for hard
waters it doesn’t exceed nx10-7 g/l. It was established that in the neutral and
weak-alkane environment the uranium transition from rocks into solution
increases with temperature, incidentaily radium nearly is not leached. But as
acidity increases the leaching of uranium and radium increases as well. At
a low concentration of CaCl, uranium comes into the solution intensively,
on a high concentration - uranium content in water decreases sharply. High
concentrations of chloride (Na® Mg" Ca") act in the same way because at
this time uranium precipitates as Ca [UO, (CO,),], and owing to chloride
presence radium comes into the solution easily (Zielinski, 1999).

However, these processes are much more complicated than their schematic
representation. So, at the beginning of the research on the reasons for the high
radium content of oil waters L.V. Komlev established that radium content in
the water of the same well varies greatly over time. Further research showed
that waters of the same reservoir, similar in chemical composition, sometimes
contain sharply different concentrations of radium. The dynamics of this
process (2) become clear if all peculiarities of interaction between rocks
and waters with different salt compositions are taken into account (Heaton,
1995:5).

Typical concentrating ***Ra for oil field waters is (3-8) 10-11%, the highest
in the waters of the study area - 1.83 10-8%. This water is usually enriched
with isotopes 2?¢??2*Ra in times compared to sulfate and hydrocarbonate
water.

For example, as has been shown above, at low concentrations of CaCl,
the intensity of uranium leaching increases, while at high concentrations it
drops sharply (3).

1. In contact of calcium-containing waters with carbonate rocks exchange
reactions can occur over the surface:
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Na,CO, + Ca*" + 2C1>CaCO3 + 2Na* + 2Cl
MgCO, + Ca** + 2Cl ->CaCOs3 + 2CI' +Mg*

Due to the formation of a hard-soluble compound CaCO, on the surface
of the rock at high concentrations, uranium leaching becomes more difficult.

2. Uranium with calcium in the presence of carbonate ion forms a hard-
soluble complex compound such as Ca, [UO, (CO3)3]. By the increasing
concentration of CaCl, in the solution, the formation of this compound and
precipitation of uranium in the precipitate is possible. The leaching of uranium
from rocks by CaCl, solutions of various concentrations reflects the complex
nature of this phenomenon. As the increasing of CaCl, concentration in the
solution, the leaching first increases intensively and then decreases.

In this case, it is important to note that firstly decreasing radium leaching
corresponds to the concentration of CaCl, in the solution, at which the
leaching of uranium from rocks stops. This is explained by the fact that with
the growth of calcium chloride concentration the percentage of precipitation
of calcium in the solution increases. As a result, it can be concluded that
uranium is extracted by waters in those cases where the water contains
NaHCOs3 or at a moderate concentration of CaCl,.

By the increasing concentration of Na+, Mg*", and Ca*" chlorides
in solutions, uranium leachability decreases, which is explained by its
precipitation in the form of Ca,[UO,(CO,),].

An increasing concentration of these salts in solutions contributes to the
leaching of radium. This may partially explain the genetic meaning of a
regular distribution of radioactive elements in Plateau waters of oil fields.

Therefore, studying the nature and dynamics of pollution in various areas
needs an individual approach in each case.

Dynamics of distribution of radioelements on depth in the system of rocks
- reservoir waters - oil and in conditions of a terrestrial surface can be shown
on an example of the concrete situation developed during the development
of deposits and oil production. To begin with, it is necessary to take into
account that waters are always accompanied by oil. Oil is in permanent
contact with water both in the deposit and especially in the processes of
migration or movement in space. Thus, it is necessary to take into account
that oil and formation waters are sharply different both in composition and
in the chemical type of waters.

Table 2 shows the coefficients of uranium or radium enrichment of waters
depending on the hydro-chemical type, i.e., alkaline waters are enriched
with uranium and radium respectively 2 and 700 times, and hard waters are
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depleted in uranium by a factor of 10 and enriched in radium by a factor of
4000.

The thorium-uranium relations show that the contents of thorium in
waters and oils do not depend on the hydro-chemical composition of
waters (Zielinski et al., 1999:240). Radon during the contact of the radium-
containing solution with oil is strongly absorbed by it, thus violating all
balanced relations in the uranium-radium and thorium series (Schmitz et
al.,2003:16). Besides that, at the contact of waters with rocks of oil strata, it
is necessary to take into account a variety of lithological differences - clays,
sands, etc. that also influences on processes of redistribution of radioactive
elements.

Table 2
Enrichment of reservoir waters of oil deposits with uranium and radium

Water Uranium,% | Radium,% | Enrichment coefficient
uranium radium
Ocean 2x107 1x101
Reservoir waters of oil deposits
Alkaline 4x107 7x10°12 2 700
Hard 4x108 4x10M 0,2 4000

The whole process of the presented assessment shows that during the
geological time in the process of migration and formation of deposits in
reservoirs and as a result of constant contact with formation waters, as
a consequence, probably, many times broken and established balance,
distribution and redistribution of radioelements between oil and water takes
place.

In such a process, depending on the chemical composition of oils, i.e.
the presence of components capable of accumulating radioelements and
depending on the hydro-chemical type of contacting waters, determining the
forms of existence of radioelements in rocks and formation of water, oil, and
formation water will be depleted or enriched with radioelements, not to the
same extent.

This circumstance allows substantiating the reasons for “spotting” the
polluted territories of oil fields and indicates the necessity of a detailed study
of the distribution of increased radioactivity in different territories. In this
lies the difficulty of cleaning up the oil fields from radioactive pollution
(Webb, 1975; Dissanayake, 1984).

The pollution of the territories of the old lodine plants and their
surroundings occurs in a somewhat different way. lodine-bromine waters
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exploited by these plants are distinguished by a high concentration of radium,
for it is the hard waters of the upper part of the productive series that are rich
in iodine and bromine (Aliyev, 1996).

The main cause of pollution of oil field areas and territories of iodine plants
is the presence of radio-bearing water, which together with the extracted oil
comes to the surface and contaminates the environment (table 3, 4).

It should be emphasized that the Iodine plant Ramana and Surakhani
have been demolished and waste hazardous substances have been disposed
of in special zones.

Table 3
Radionuclide composition and level of radioactive contamination of the Absheron
Peninsula

Sampled area Radiation level, mcR/h | Level of radio active | Radiation zone on
contamination the map (figure 3)
Bibi-Haybat 9-9,5 High I
Gum adasi 3,5-4,0 low 111
Surakhani 4,5-5,5 medium I
East of the Hovsan 4,0-4,5 medium 11
Zira 3,5-4,0 low 111
Table 4.
The maximum permissible concentrations of trace elements in the body have been
established
Nameofanelement Blood (mkg/ml) Urine (mkg/ml)
U 0,06 0,07
Ac? 0,1 0,06
Ra?$ 0,2 0,004
Ra?* 0,08 0,8
Rn??? 0,005 0,04
Rn?? 0,03 0,02
Bi2! 0,004 0,02
TI208 0,9 0,1
K# 0,25 0,08

Conclusions. Water for iodine extraction is passed through activated
carbon, on which radioactive elements are adsorbed along with iodine. During
further processing of the coal, the iodine is extracted, and the uranium and
radium are discharged together with the coal into the settling tanks, which
are located in the open air. The radioactive elements are partly washed by
atmospheric precipitation and carried far beyond the plants, polluting the
environment, and partly carried by winds, also polluting the environment.
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According to our analyses, was created a radiation map and were identified
the most dangerous areas according to the level of radioactivity in the study
area (fig.4).
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Figure 4. Map scheme of radioactivity environment in oil and gas industry zone.

Another mechanism of pollution of separate areas refers to the processes
of separation of oil and water in tanks, for its subsequent transportation
for processing. In this operation, oil and water are piped into tanks, where
they are defended. Then, the water, together with the rocks flows into a lake
(Zykh-Hovsan) or directly onto the surface of the ground (Gumadasi Island).
Water and sand are heavily polluted with radionuclides which concentrate
on the ground surface.

There are many more ways of polluting the territory of the Absheron
Peninsula. In particular, during the operation of oil equipment at the fields
with an increased concentration of radioactive elements, sediments highly
enriched with radioactive elements are formed on the inner surfaces of
the pipes. When pipes are cleaned, or sometimes just folded, dirty areas
are formed, and near the working premises, sometimes in the territory of
settlements.

It is possible to imagine the processes leading to pollution of the channel
bed through which radioactive waters flow to the sea. Here the mechanism
of sorption operates on all objects, which are washed by these waters. Thus,
the pollution of the territory of the Absheron Peninsula with radioactive
elements takes place in different ways.
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Based on pollution lies technogenic processes associated with the
development and exploitation of oil fields, iodine-bromine extraction, repair
of equipment, oil processing, etc. Pollution in these processes occurs by
radionuclides of natural origin. Pollution caused by artificial isotopes is
local and confined mainly to landfills.

Finally, results derived from this study found that regular radio-ecological
monitoring should be implemented on the territories of the Absheron
peninsula oil fields to prevent radiation danger.
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TRANSITION OF ANEWTONIAN FLUID TO A VISCOPLASTIC
STATE

Abstract. When a non-isothermal waxy oil flow in a main oil pipeline,
a Newtonian fluid transits to a viscoplastic state. This is due to the fact that
the rheological properties of waxy oil are highly dependent on temperature.
When oil flow in the pipeline cools due to heat exchange with the
environment, viscosity and yield stress begin to increase and lead to the
appearance of a viscoplastic state of oil. In the zone of yield stress, the
fluid transits to a viscoplastic state and is described by the Shvedov-
Bingham rheological equation. Along the pipe cross-section, oil in the
near-wall zone can be in a viscoplastic state, and in the central part it can
be in a Newtonian fluid. In the zone of yield stress, oil does not flow,
which causes an increase in flow velocity in the central part of the
pipeline. Such a complex structure of a non-isothermal waxy oil flow is
investigated using the RANS turbulence model. In numerical calculations,
the distributions of averaged and pulsating flow characteristics are
obtained. The calculated data are compared with the results of the DNS
model and show the transition of a Newtonian fluid to a viscoplastic state
in the pipeline.

Key words: waxy oil, Newtonian fluid, viscoplastic state,
RANS turbulence model.
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HBIOTOH CYUBIKTHIFBIHBIH TYTKBIP IINIACTHKAJIBIK
KYWUT'E AYBICYBI

AHHOTauMsl. Maructpanabsl MyHail KyObIpbIHIAFbI NapaduHal MyHaii-
IBIH M30TEPMUSIIBIK €MeC KO3FallbIChl Ke3iHJe HBIOTOH CYMBIKTBIFBI
TYTKBIp IUIACTUKAJBIK KyWre aybicanpl. byn mnapadunzai MyHaiIbIH
PEONIOTHSIIBIK  KACHUEeTTepl TeMIlepaTypara KaTThl TOyelal eKeHIIriMeH
tycingipineni. KyOblpnarbl MyHail aFbIHBI KOpIIaFaH OpTaMEH JKbLTY
aJMacyblHa OaiJIaHBICTBl CaJIKBIHAAFAH Ke31€ TYTKBIPJIBIK IEH IIEeKT1
BIFBICY KepHeyi apra OacTaipl >XoHEe TYTKbIp IUIACTUKAIBIK MyHal
KyHiHiH maiiga OomybiHa okeneni. IlIexTi BIFBICY KepHEyl alMarbIHIA
CYMBIKTBIK BSI3KOIUTACTUKANBIK KyWre etedi »xoHe IlIBenoB-buHramusiyg
PeoNIOTUSIBIK TeHJIeyiMeH cunartaiaasl. KyObIp/AbIH KesJeHeH KHMachl
OolibIHIIa KaObIpFa aiiMarbIHAAFbl MYHAl TYTKBIp IJIACTHUKAJBIK KYIe,
an optanblk Oenirinae HpOTOH CYHBIKTBIFBIHAA O0mMybl MyMmKiH. IllexTi
BIFBICY KEpHEyl aliMarblHIa MYHal akmaijel, Oyl KyOBIPIBIH OpTaJIbIK
OeJiriHeri aFbIHHBIH KbUTIAMIBIFBIH apTThipaabl. [lapadunmi MyHaiiabH
M30TEPMUSUIIBIK €MEeC KO3FallbICBIHBIH MYHAal Kypaeni KypbulbiIMbl RANS
TypOyJIEeHTTIK MOJeNiHIH KeMeriMeH 3epTreniniai. CaHAbIK ecenTeyiepae
aFbIHHBIH OpTAallla )KOHEe UMITYJIbCTIK CUIIATTaMalIapblHbIH Tapalybl aJIbIHIBI.
Ecenrenren nepexrep MonenpaiH DNS HoTHKenepiMeH CabICTBIPbUIIbI
XKoHe KyObIpaarbl HbIOTOH CYHMBIKTBIFBIHBIH TYTKBIP TJIACTUKAJBIK KYHTe
aybICYbl KOPCETLIII.

Tyiiin ce3nep: mapapunni myHail, HbIOTOH CYHBIKTBIFBI, BSI3KOILIAC-
TUKaNbIK Ky, RANS TypOyneHTTinik Moeni.
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MEPEXO/l HbIOTOHOBCKO# "KUJIKOCTH B
BSI3KOIIVIACTUYECKOE COCTOSTHUE

AnHoTanus. [Ipu HEN30TEepMUYECKOM JBMKEHUH NTapauHUCTON HEPTH
B MAarucTpajibHOM He(TENnpoBOJe MPOUCXOAUT TMEPEXOa HBIOTOHOBCKON
KHMJIKOCTH B BSI3KOIUIACTUYHOE COCTOSHHE. OJTO OOBACHSAETCS TEeM, YTO
peosioruueckue CcBoiicTBa mnapauHUCTOM HEPTH CHIBHO 3aBUCSAT OT
temneparypsl. [Ipu oxnaxxaeHun moToka HeTH B TpyOe n3-3a TeII000MeHa
C OKpYKaloLEH Cpefol BA3KOCTh W IPEINEIbHOE HANpsKEHUE CIBUTa
HAuUMHAET BO3pacTarb W IPUBOJUT K IMOSBICHUIO BA3KOIUIACTUYHOIO
coctosiHusl He(TU. B 30HE mpenenbHOro HampsKEHUs CIIBUra KUAKOCTh
MIEPEXO/IUT B BSI3KOIJIACTUYHOE COCTOSIHUE U OMUCHIBAETCS PEOJIOTUUECKUM
ypaBHeHueM llIBenoBa-bunrama. I1o cedennto TpyObl He()Th B IPUCTEHHON
30HE MOXET HAXOAUTHCA B BA3KOIUIACTUYHOM COCTOSIHMM, a B LICHTPAJIbHON
4acTU — HBbIOTOHOBCKOHM XHUAKOCTHIO. B 30HE mMpenenbHOro HampsbKeHUs
c/IBUTa HEPTH HE TEUYET, YTO BBI3OBET POCT CKOPOCTH MOTOKA B LIEHTPATBHOM
yacTu TpyObl. Takas CIOXHasi CTPYKTypa HEM30TEPMHUECKOTO JIBUKECHUS
napadpuHUCTON HedTH wucciaenoBana ¢ nomomblo RANS  mopenn
TypOyJleHTHOCTU. B 4YHCIeHHBIX pacueTax IOJIYy4YeHbl paclpeaeeHus
OCPEIHEHHBIX M IYJIbCALMOHHBIX XapaKTEpUCTUK TeueHUs. PacueTHble
JaHHBIE COIOCTaBJIEHbl C pe3yapraraMu DNS Mozmenum M IMOKa3bIBaIOT
Nepexo]] HbIOTOHOBCKOM HIKOCTH B BSI3KOIUTACTUYHOE COCTOSIHUE B TPYOE.

KuroueBbie ciaoBa: mapadunucras HeTb, HHIOTOHOBCKAS KUAKOCTD,
BsI3KOIIACTUYHOE cocTosiHne, RANS mMozesns TypOyneHTHOCTH.

Introduction. Turbulent flows of non-Newtonian viscoplastic fluids
in pipes are of great practical importance, since they are found in many
industrial installations (pipelines, various heat exchangers, plain bearings,
centrifuges, oil production, wastewater treatment systems, etc.).

As an example of such a fluid is waxy oil. A characteristic feature of such
a fluid is the strong dependence of viscosity and yield stress (yield point)
on its temperature (Evseeva et al., 2002; Barnes, 1999; Abu-Jdayil et al.,
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2012; Zhapbasbayev et al., 2021). At high temperatures, waxy oil obeys the
laws of a Newtonian fluid, and as the temperature decreases, the viscoplastic
properties of a non-Newtonian fluid appear (Aiyejina, 2011; Chala, 2018).
Such oils have a high-pour-point (from 15 to 30°C), which can be higher
than the ambient temperature (Kulwant, 1995; Braga, 1997).

The appearance of yield stress in waxy oils can lead to a stagnant zone
where the flow does not occur. This leads to a decrease in the pipeline flow
area (Chala et al., 2018; Pakhomov et al., 2021; Gavrilov et al., 2016). The
appearance of the stagnant zone can lead to a complex rheological fluid flow
(Abu-Jdayil et al., 2012). In the case of the insufficient kinetic and thermal
energy of the flow, the stagnant zone overlaps the working section of the
pipeline and the section of the oil pipeline freezes (Hwang et al., 1998;
Blackburn et al., 2006; Blackburn et al., 2004).

The non-isothermal turbulent flow of a non-Newtonian fluid has been
little studied in the literature and only one recent paper has been found
(Blackburn et al., 2017).

Materials and methods. The mathematical model of the problem. The
non-isothermal waxy oil flows in an underground pipeline with an inner
diameter D, = 0.2 m, length L = 3 m, and its depth to the pipe axis H=2 m
(see Fig. 1). The average velocity of the fluid flow at the pipe inletis U_ =
0.2 m/s and its initial temperature T, = 298 K. The ambient temperature, soil
temperature, is T, = 273 K. The paper assumes that the soil temperature is a
constant value for a given depth and the pipe wall temperature on its outer
side is equal to the soil temperature T, =T, =273 K. The fluid density in the
inlet section is p, = 835 kg/m’. The Reynolds number of the flow determined
from the flow parameters at the inlet (for a Newtonian fluid) is Re=U_ D /
vy, = 8200. At the pipeline inlet, velocity and temperature profiles are
assumed to be constant, equal to initial values. As the fluid flows, the heat
transfer process takes place through the pipe wall with the environment, so
oil temperature and velocity will vary both along the pipe length and along
its cross-section.
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wall 15
o
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Figure 1. The flow and heat exchange diagram of an underground pipeline.
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The rheological model of a viscoplastic Bingham-Shvedov fluid has the

form (Barnes, 1999):
_{ﬂpﬂow, if [o]> 7,
/'leff - .
0, if |2'| <7,

(1)

The system of averaged Reynolds equations for an incompressible fluid
has the form (Pakhomov, 2021):

V-U=0 @)
V-(pUU)=-VP+V-(201,8)+ V(- pluw))+ V- (24, 8")  (3)
V-(pC,10)=V - (AVT)+ V(- pC, (u't'))+ 7S (4)

where S is the average strain rate tensor, S = ~/25ij,-,- is the average
strain rate tensor modulus. The turbulent characteristics —p(u'u’) and
—pC,(u 't" are in accordance with the Boussinesq hypothesis (Gavrilov et
al., 2016) he expression V - <2,u S ;in equation (3) is found according
to the representation (Gavrilov et al 016). The last term in equation (4)
considers the kinetic energy dissipation of the flow.

The system of equations (2)—(4) is considered together with the k—&
model (Hwang et al., 1998):

o(pU k 3
(pU, _)=£|:[/1+ jak} 05£{ 558J+pnk—pg+D,,+F,, )
J O A

Ox. Oox . 6xj ox £ Ox

opUE)_ @ Ku{jjﬂ ( gag] (CofT —CufoE)+E,  (6)
(7)

ox ; ox ;

pk2
C/tf

The problem is solved at the following boundary conditions. On the pipe
wall, no-slip conditions are set for velocity, turbulence kinetic energy and
the rate of its dissipation, and for temperature, conditions for heat transfer
with the environment are:

oT

r=R=D2: U=V =k=&=0and— ﬂw(a
r

j =k(T,-T,) (8)
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where A, is the fluid thermal conductivity coefficient, h is the heat
D2

5 I T(r)U(r)rdr is the fluid mass average

=1 o0
temperature, the subscript “W” is the parameter determined by the conditions

on the pipe wall.
The boundary conditions on the pipe axis have the form:

transfer coefficient, 7 =

ou _ov _or _ok _oF_, 9)
or or or or Oor

r=0:

In the inlet section (x = 0), the uniform distributions of velocity and
temperature over the pipe cross-section were set, and for turbulence kinetic
energy and the rate of its dissipation in the form are:

32

N k
k,=1.5Tu’Uy; & =C, 006 7 (10)

In the outlet section (x = L), the derivatives of all sought quantities in the
axial direction are set equal to zero.

Numerical solution. The solution will be obtained using the finite
volume method on staggered grids. For the convective terms of differential
equations, the QUICK procedure of the third order of accuracy is used. For
diffusion flows, it is planned to use the central differences of the second
order of accuracy. The correction of the pressure field will be carried out
according to the finite volume agreed the SIMPLEC procedure.

A computational grid was applied that was non-uniform both in axial and
radial directions. The concentration of design nodes is done in the vicinity
of the inlet section and solid walls. The first calculation node from the wall
is located at the distance y,= yu*/v = 0.5 — 0.8, where y is the distance from
the pipe wall measured along the normal, u, is the fluid friction velocity
determined from flow parameters in the inlet section, and v is the fluid
kinematic viscosity. It was found that the calculation results of the averaged
fields of axial velocity and temperature on grids 1500x100 and 1000x60 of
the control volume differ by less than 0.01%.

Results and discussion. The waxy oil flow, which is originally a
Newtonian fluid, is cooled by heat exchange with the environment through
the pipe wall. The profiles of the dimensionless averaged axial velocity U/
U_, (a), turbulence kinetic energy k/k, (b), temperature © =(7-7,,)/(7, - T,,)
(c), and yield stress T/t | (d) are shown in Fig. 2. Here 7 | is the yield point
at T =293 K.
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The inlet profile of the averaged axial velocity is significantly deformed
due to the process of heat exchange between the fluid and the environment
(see Fig. 2a). On the wall, the axial velocity value is equal to zero, and it
increases and reaches its maximum value in the near-axial zone. The average
longitudinal fluid velocity value in the near-axial zone of the pipe increases
by more than 1.6 times in comparison with the inlet velocity value. Fluid
turbulence kinetic energy transverse profiles also undergo significant changes
as the fluid flows along the pipe length (see Fig. 2b). There is an increase
in the level of turbulence kinetic energy (TKE) in the near-axial zone of
the pipe (more than 1.5 times) and its noticeable decrease in the near-wall
region. This is associated with changes in the averaged axial velocity profile
(see Fig. 2a).

A decrease in fluid temperature (see Fig. 2¢) leads to a change in its
physicochemical properties and viscoplastic properties begin to appear
(Evseeva et al., 2002; Barnes, 1999; Abu-Jdayil et al., 2012; Zhapbasbayev
etal., 2021). Ata temperature of T <293 K, yield stress 7 appears in the near-
wall zone, which leads to a deceleration of velocity and a stop of waxy oil
(see Fig. 4d). The height of the near-wall section with low flow temperature
increases towards the pipe axis and corresponds to the height of a decrease
in fluid axial velocity.

It can be noted that the evolution along the pipe length of temperature
and yield stress profiles show that waxy oil has a Newtonian fluid property
in the central part of the pipe. Whereas in the near-wall zone, waxy oil has a
viscoplastic Bingham-Shvedov fluid property.

A decrease in the pipe flow area due to the appearance of yield stress
leads to an increase in axial velocity (see Fig. 2a). This corresponds to the
condition of conservation of fluid mass flow rate along the pipe length.
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Figure 2. Distributions of the dimensionless average component of axial velocity
U/U_, (a), turbulence kinetic energy k/k, (b), average temperature Q (c), yield stress

() / T .1 (d) along the pipe radius: Re = 8200, T =298 K, T =273 K.

The comparison of the DNS data (Blackburn et al., 2006; Blackburn et
al., 2004, Blackburn et al., 2017) and the calculations on axial velocity (a),
TKE (b) for a Newtonian fluid (1 and 3) and a Shvedov-Bingham fluid (2 and
4) is presented in Fig. 3. Here, the dots are the DNS data (Blackburn et al.,
2017), the lines are the authors’ calculations. In viscous (y,< 5) and buffer (5
<y,< 30) zones, calculations for both fluids give practically the same values
and there is good quantitative agreement with the data of (Blackburn et al.,
2017) (see Fig. 3a).

It can be concluded that a change in yield stress is practically not
manifested within the viscous sublayer and the differences between non-
Newtonian and Newtonian fluids are minimal.

According to the axial velocity distribution, it can be noted that the
difference of our calculations in comparison with the DNS data in the
logarithmic layer (30 <y, < 200) does not exceed 10%.

The distributions of TKE calculated using the RANS model also agree
satisfactorily with the DNS calculation in the viscous sublayer and in the
logarithmic zone (see Fig. 3b). In the logarithmic layer at y, = 10-55, an
additional generation of turbulence in a Shvedov-Bingham fluid is shown in
comparison with a Newtonian fluid.

Figure 4 shows the calculation data on the influence of the ambient soil
temperature T on the distributions of axial velocity (a), TKE (b), and the
Reynolds stress (c) along the pipe section. The viscoplastic properties in the
distributions of axial velocity, TKE, and the Reynolds stress are most clearly
manifested for the ambient temperature T ;=273 K (1).
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It can be noted that the distribution of TKE for a Newtonian fluid differs
significantly from the distribution of TKE for a Bingham-Shvedov fluid (see
Fig. 4b).

b)
Figure 3. Distributions of dimensionless axial velocity (a) and turbulence kinetic energy
(b) in universal coordinates for a Newtonian fluid (1 and 3) and for a Shvedov-Bingham

fluid (2 and 4), respectively.1 and 2 are the DNS calculation (Blackburn et al., 2017), 3
and 4 are the authors’ RANS calculation. Re = 1.3x10%, Re_= 323, 7/t = 1.1.
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Figure 4. Effect of the ambient temperature on the distributions of dimensionless averaged
axial velocity (a), turbulence kinetic energy (b), and the Reynolds stress (c):
1 is the T, =273 K, 2 is the T, = 288 K, 3 is the T, = 298 K.

The characteristic distribution of TKE for a Newtonian fluid with a
maximum in the near-wall zone (Pope, 2000) is transformed into the
distribution of TKE with a maximum on the flow axis for a Bingham-
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Shvedov fluid. This shows a qualitative rearrangement in the distribution of
TKE in a non-isothermal waxy oil flow in the pipe with heat transfer on the
wall.

The distribution of the Reynolds stress also shows a shift of a maximum
towards the flow axis with the presence of a braking zone in the near-wall
zone (see Fig. 4c).

Conclusion. 1. The RANS modeling of the transition of waxy oil from
an initial Newtonian fluid to a viscoplastic state due to heat transfer between
a heated fluid in the pipe with the cold environment was performed. The
calculated data on the distribution of turbulence axial velocity and kinetic
energy agree with the DNS data of other works.

2. The hydrodynamics and heat transfer structure of a non-isothermal
turbulent waxy oil flow in the pipe has been studied. A significant increase
in the level of turbulence kinetic energy in the axial zone and a decrease in
the near-wall region of the pipe are shown. This differs from the well-known
nature of the turbulence kinetic energy distribution of a Newtonian fluid
along the pipe cross-section.

3. In the calculations, the boundary of the area of the manifestation of
fluid viscoplastic properties is determined: 1) the shift of the position point
of the maximum level of turbulence kinetic energy towards the pipe axis; 2)
the stagnant zone height of a fluid flow is numerically predicted. In the area
of the appearance of yield stress (in the near-wall area of the pipe), there is
no fluid flow (the medium behaves like a solid body).
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CONSTRUCTION OF SOLITONS FOR INTEGRABLE
NONLINEAR KAWAHARA EQUATION

Abstract. At present time the theory of solitons is widely investigated,
because, concept of soliton is used in real science as nonlinear
differential equations’ systematic constant solution. This paper illustrates
the application of the Hirota’s bilinear method for construction of solitons
for an integrable nonlinear equation. In particular, the evolution of
solitons of Kawahara equation was considered. It is a dispersive partial
differential equation and describes various wave phenomenos. Based on
Hirota’s bilinear method a substitution was applied and the Kawahara
equation was transformed into a bilinear form. Then, by considering the
formal series, one-soliton and two-soliton solutions were presented and
graphs of the obtained soliton solutions were constructed. Furthermore,
we have achieved new results, such as vector field, optimal system,
solutions to reduce symmetry, convergence analysis and the laws of
conservation of equations. In order to create a point symmetry of
Kawahara equation, the Lie group with one parametric group of Lie
transformations were introduced. Using Lee’s symmetry analysis
method, we created optimal systems and system symmetry. Later, with
a new method of conservation introduced by N.H. Ibragimov, we obtained
the law of conservation associated with the symmetry of Kawahara
equation. Using approach that we apply one can obtain conservation law
and the laws of symmetry of both higher order differential and soliton
equations.

Key words: Hirota method, bilinear form, soliton solution, Kawahara
equation, partial differential equation, Lie point symmetries, conservation laws.
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WHTETPAJIJIBIK CBI3BIKTHI EMEC KABAXAPA TEHJIEVI
YIITH COTATOH/ILIK INEMITMIEPII KYPY

AnHotanmsi. Kaszipri yakpITTa COJUTOHAApD TEOPHICHl KEHiHEH
3epITeny/e, OMTKEeHI COJIMTOH YFBIMbI HAKThl FBUIBIMAA CBI3BIKTHI €MecC
middepeHInanIblK TEHACYISPAIH >KyHenl TypakThl MIemimi peTiHzae
KOJIZJaHbUIa bl Byl )KyMbIC HHTErpaJlJaHaThIH ChI3BIKTHI €MeC TeHeY YILUiH
COJIMTOHJAPABI KYPY YIIiH XHUPOTAHBIH €Ki CHI3BIKTBI QJIICIH KOJJAHYIbI
cyperreiini. Aranm aiitkanma, KaBaxapa TeHaeyiHIH COJUTOHIAPBIHBIH
HBOJIONIMACH] KapacThIpbULAbL. Byl opTypii TONKBIHABIK KYOBLIBICTApIIbI
CUMATTaWThIH JUCHEPCHSUIBIK JepOec TYBIHABUIB Ju(QepeHInaIibK
TeH1ey. XUPOTaHBbIH OMCHI3BIKTHI 9JIICI HETI31H/Ie aIMacThIpy KOJIJaHbUIbIII,
KaBaxapa Ttenzaeyl OWCBI3BIKTBI Typre aybICThIppliabl. ComaH KeiH
dbopmanapl KarapiapAsl KapacTblpa OTBIPBIN, Oip COMUTOHMBI JKOHE €Ki
COJIUTOH[IBI IICUIIMJIEP YCHIHBUIBIN, AJbIHFAH COJMTOHABIK MICHIIMIEPIiH
rpadukTepi canbiHabl. COHBIMEH Karap, 013 BEKTOPJBIK ©pic, OHTAMIIbI
KYyiHe, KOHBEPreHIMSJIBIK Taljay >XoHe TEHJEYJIepIiH CaKTaly 3aHaaphbl
CHSIKTBI XKaHa HOTIDKENepre Kol xKeTki3aik. KaBaxapa TeHeyiHiH HYKTEiK
CUMMETPHACHIH Kypy YIuiH JIu TypaeHaipyaepidiy Oip nmapaMeTpiik TOObI
6ap JIu ToOBI eHrizini. JIn CAMMETPUSCHIH TalIay dICiH KOJIaHa OTBIPHII,
013 OHTAMIBI XKyHelnep MeH KyHelmik cUMMeTpusiHbl KypablK. KeifiHipek
H.X. MOparumMoB eHri3reH »aHa cakTally SICiH KOJJaHa OTBIPbIN, 0i3
KaBaxapa TeHzeyiHiH CHMMETpPHUsChIHA OailIaHBICTBI CAKTATy 3aHbIH aJIJIBIK.
KonganbIn oTbIpraH TOCUII MalanaHa OThIPBII, COTUTOHIBIK XKOHE KOFaphl
perTi auddepeHnanIpK TeHaeyaep YUIH CaKTaly 3aHbl MEH CUMMETpUs
3aHapbIH aryFa 0oaibl.

Tyiiin ce3nep: Xupota oaici, OUCHI3BIKTHIK (hOpMa, COTUTOHIBIK HICIIIM,
KaBaxapa Ttenzneyi, aepbec TybiHAbUIBI auddepeHuuanaslk Tenaey, Jin
HYKTECIHIH CUMMETpPHUSIIaphl, CaKTaly 3aHIaphbl.
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ITOCTPOEHHE COJIMTOHOB 1JIsA HHTETPUPYEMOI'O
HEJIMHEMHOI'O YPABHEHU S KABAXAPBI

AnHHoOTanus. BHacTosiee BpeMs TeopHsi COIUTOHOBLIUPOKO UCCIEAYETCA,
IIOCKOJIBKY IIOHSITUE COJIMTOHA MCIIOJIB3YETCS B pPEAJbHOM HAyKe Kak
CUCTEMAaTUYECKOE MOCTOSTHHOE PEIIeHNE HEMUHEHHBIX AU(depeHIInaTbHBIX
ypaBHeHuil. Hactosmmas paboTta WTroCcTpupyeT IpuMeHeHne OUITUHEIHOTO
Merofga XWUpPOThl [JIsi MHOCTPOEHUS COJIMUTOHOB JUISI HHTETPUPYEMOTO
HEJTMHEWHOTO ypaBHEHUs. B yacTHOCTH, OblIa pacCMOTpEHa HBOJIOIUS
conuTOHOB ypaBHeHHs KaBaxapbl. DTo aucniepcronHoe quddepeHranibHoe
YPaBHEHHUE YACTHBIX MPOU3BOIHBIX, ONHUCHIBAIOILIEE PA3IUYHBIE BOJIHOBBIE
spreHusi. Ha ocHoBe OwimHeliHOro metona XWpOTHl Oblla MPHMEHEHa
MOJICTAaHOBKA, M ypaBHeHUe KaBaxapsl ObUIO TpeoOpa3oBaHO B OMIMHEHHYIO
dopmy. 3arem, paccmarpuBasi (opMalbHBIE PSAIbl, ObUIM TPEICTABICHBI
OJTHOCOJIUTOHHBIE M JBYXCOTUTOHHBIC PEIICHUS W TMOCTPOEHBI Tpaduku
MOJIYYEHHBIX COJMTOHHBIX pemieHuid. KpoMme TOro, Mbl JOCTUITIM HOBBIX
pe3yabTaTOB, TAKUX KAaK BEKTOPHOE IOJIE, ONTUMAaJbHAs CUCTEMA, aHAJIU3
CXOIMMOCTHU ¥ 3aKOHBI COXpaHEeHHs ypaBHEHUH. UTOOBI CO3/1aTh TOUCUHYIO
cuMMeTputo ypaBHeHuss KaBaxapel, Obuta BBefeHa rpynma Jlu ¢ omHOM
napaMeTpudeckoil rpynmoit mnpeoOpaszoBanuii JIu. Hcmomw3ys wmeTon
aHaJIn3a CUMMETPUH JIn, MBI CO31aJIM ONITUMAJIbHBIE CUCTEMBI U CHMMETPHUIO
cucremsl. [1o3:xe, UCIONB3ys HOBBIM METOJ COXpaHEHHUs!, BBeIAeHHbIM H.X.
N6parumMoBbIM, MBI IOTYYHIIN 3aKOH COXPAHEHUS, CBI3aHHBIN C CAMMETpUe
ypaBHeHus1 KaBaxapsl. Mcrionb3ys moaxo, KOTOPbIA Mbl IPUMEHSEM, MOXKHO
MOJYYUTh 3aKOH COXPAaHEHUS U 3aKOHBI CHMMETPUU KaK COJTUTOHHBIX, TAK U
nuddepeHInaTbHBIX YpaBHEHUH 00Jiee BBICOKOTO TOPSIKA.

KuroueBnblie cioBa: Meton XupoThl, OUIUHEHAsT (GopMa, COIUTOHHOE
peuienue, ypaBHenue Kapaxapsl, nuddepennmanbHoe ypaBHEHNE YaCTHBIX
MPOU3BOJIHBIX, TOYEUHbIE CUMMETPUH JI1, 3aKOHBI COXPAaHEHMUS.
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Introduction. Nonlinear wave equations continue to attract considerable
attention of researchers as they characterize common and important
phenomena arising in various physical contexts, including optics, plasma and
waves on water, Bose-Einstein condensates, acoustics. Often nonlinear partial
differential equations (PDEs) describe nonlinear waves mathematically. PDEs
admit many classes of exact solutions, including solitons. And also, these
equations are interesting not only from a mathematical, but also important
from a practical point of view, since they are the defining equations for many
specific physical parameters. On the other hand, many important questions
still remain open, and these equations are still the subject of considerable
research. In this scientific paper we mainly focused on Kawahara equation.

The discovery of solitons by Martin Kruskal and Norman Zabuski,
which led to the inverse scattering method (Ablovitz, et all, 1981), revived
the modern theory of integrable systems. It became clear that in physics
there are fully integrable systems having an infinite number of degrees of
freedom, Korteweg-de Vries equation and some integrable lattice models,
such as the Toda lattice. Nonlinear differential equations that describe
various nonstationary processes can have both soliton-type solutions and
nonsoliton-type solutions. Solitons are any localized nonlinear waves that
interact with arbitrary local perturbations and always restore asymptotically
their exact original shape with a possible phase shift (Ablovitz, et all, 1981).
A soliton-type solution means a solitary wave localized in a small region,
which rapidly tends to zero with distance from the localization region. It’s
profile does not change over time (Myrzakul, et all, 2021; Serikbayev et all,
2020).

Kawahara equation is important models in the theory of waves. In the
normal sense, solitary waves are non-linear waves of regular shape that
decompose rapidly in their lower regions. This rate of decomposition
is usually exponential. However, under critical conditions in dispersion
systems (eg, plasma magnetoacoustic waves, surface tension waves, etc.),
weak non-local single waves appear unexpectedly. These waves consist of
a central core similar to the classic single waves, but they are accompanied
by oscillating tails that propagate indefinitely from the core with a constant
amplitude of non-zero. To describe and clarify the properties of these waves,
Kawahara introduced generalized nonlinear variance equations with the
form KdV equation with an additional fifth-order derivative. This equation
has been studied extensively from a variety of perspectives (Faminskii,
et all, 2010). Kawahara equation describes long waves’ propagation in a
shallow liquid under ice, gravitational waves on the surface of heavy liquid,
magnetoacoustic waves in a cold plasma (Iguchi, 2007). Some sources refer
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to this equation as singularly perturbed KdV equation (Kawahara, 1972).
Analytical solution of special forms of the Kawahara equation in the case of
solitary waves were studied by Sirendaoreji (2004), Yamamoto and Takizawa
(1981). Kawahara Equation’s numerical solution was also investigated.
For finding an approximate solution to the Kawahara equation some other
methods based on homotopy analysis have been proposed by Abbasbandy
(2010), Wang (2011), Kashkari (2014).

In addition to the above aspects, the Kawahara equation has been
extensively studied in terms of various other aspects of mathematics,
including the validity, existence and stability of single waves, integration,
long-term behavior, stabilization and control. etc. As for the boundary value
problem, the Kawahara equation with homogeneous boundary conditions
was studied by Doronin and Larkin (Doronin, et all 2008), and also by
Faminsky and Opritova (Faminskii, et all, 2015). Also in connection with
results on well-posedness in a weighted Sobolev space, one can mention in
(Khanal, et all, 2008).

In this article, we investigated the evolution of solitons in the Kawahara
equation. Using Hirota’s method, one-soliton, two-soliton solution of the
Kawahara equation in the following form was constructed:

U; + Uy + Uzy —Uugy = 0 (1)

where u = u(t,x) is a real-valued function of two real variables t and x.

Kawahara (Kawahara, 1972) introduced the dispersion partial differential
equation describing the one-dimensional propagation of long waves of small
amplitude in various problems of fluid dynamics and plasma physics, called
the Kawahara equation. Divergent form of the equation (1) is written as:

ue + %(éuz + uyx — u4x) =0 (2)

Research materials and methods. It is known that the construction
of explicit solutions of continuous or discrete integral systems plays an
important role in the description and interpretation of nonlinear phenomena
such as the effect of nonlinear optics, synthesis reactions in plasma physics,
magnetohydrodynamic phenomena and superconductivity. In addition, the
study of integrable systems and their associated properties has always been
important and has become the focus of recent research. In particular, the
creation of explicit solutions for differential equations is one of the most
importanttopics. Methods, which find exactsolutions are important for solving
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partial differential equations. So, in the theory of solitons, the following
approaches are applicable: the use of the inverse scattering problem, the
Hirota method, the method of Backlund transformations, etc. Most of them
allow finding either a general or frequent solution. In recent decades, several
approximate methods have been proposed or developed and then modified
to find solutions to nonlinear evolutionary equations using motion waves.
Solutions of various evolutionary equations were found by one or another
of these methods. Thus, the Hirota method (Hirota, 1979) allows one to find
soliton or soliton-like solutions of nonlinear partial differential equations.
Its formalism almost always works for equations that have a Lax pair. That
method is based on the following ideas (Hirota, 1976):

1. To change the dependent variable so that the new equation has a bilinear
form, quadratic in the dependent variables.

2. To consider the formal series of perturbation theory for this equation.
In the case of soliton solutions, these series are cut off.

3. To prove the assumed n-soliton form of the solution using this method.

In the article, Hirota method (Hirota, 1979) was developed in relation to
the Kawahara equation. Hirota’s bilinear method is especially useful when
constructing multisoliton solutions. The idea behind Hirota’s method is
to bring the equation to the so-called bilinear form using some successful
replacement for an unknown function. In order to make the bilinear form of
the equation (2), it is necessary to introduce the following replacement:

u(x,£) = 20 £ (%, ), 3)
Substituting (3) into (2) we get:

2000 f G, D) axe + 5 [ f G, 0)x)? + 200 f (o, D) =

—2(In f(x,1))gx] = 0- (4)

We express the values in the Kawahara equation by the function f (x, t):

=20 (fur _Sihe
uf_zax(f Iz ) &)
luZ =2 (fux)? _ 4fxx(fx)2 +2 r* (6)
2 f2 f3 4
2 2 4
W = 20— gl g gl ol ol (7)
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2 3
Upy = Zf;—x —12 fs;zfx +60 f4;£x —30 f4;];xx — 240 f3;c4fx + 240 f3x]]:9;xfx _

~20(B2)" 4 7205 — 54025 4 60 (%) 200 (£) 5 (8)

Expressing the values in the Kawahara equation by the function /(1)
, putting these values in equation (1) and assuming that f = 0, following
equation is obtained:

12f4f5xfx + (zfs + 3Of4f2x - 6Of3fx2)f4x + 20f4f32x -

_8f2fx(f2 + 30ff2x - 30fx2)f3x - f6x + 60f3f23352f5 +

(=4f* + 5402 f2) 2 + (203 f2 — T20f ) fo + 2y — ©)
24, f, — 10f2f + 240£8 = 0.

This is a bilinear form of equation (1).

Results. Using the results obtained in the previous section, we can
construct soliton solutions to equation (1). For this, according to Hirota’s
method, we expand the function finto a formal series in the small parameter
€.

fF=1+35efO=14efD 4ef@ ... (10)

At the same levels of € we obtain the following equations for the formula
(9) using the appropriate coefficients:
A A

2 2 2 1 1 1 1) (1
g% x(t) + 4(x) - 6(x) = 5f(1)f6(x) - Sf(l)fx(t) - 5f(1)f4()c) - 6f5(x) x( )

11 1) (1 101 1\? 1))
O st O 15010+ 2 (1) 10 ()

g1, ULy f D c (VD) — (5O, F ) = 0. (11)

xt 4x

According to the structure of the right parts of the system, you can break
the line (10) in any number of N(10) assuming that f&+1 = o, we can equate
the numerical equations N +2, N +3,... to zero , therefore

FO+D = fN43) = ... = 0, (12)

According to Hirota’s method for constructing N-soliton solutions of a
nonlinear equation, the solution is sought in the following form:
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fO =3 e, (13)

where:

0; = a;(x — aft) + &;;

a;, §; = const.

One-soliton solution. To find one-soliton solution of equation (1), we take
the case when N =1 in (8). Then

f=1+fm, (14)
and one-soliton solution of Kawahara equation is equal to:
_a_ 1
“=3 coshz(g)’ (15)

here
91 = al(x - a%t) + 51.

Graphs of one-soliton solution of the Kawahara equation are shown in
Figures 1 a, 1 b, 1 c:

SO
s
STANRE

0

Figure la. Solution of  Figure 1b. Solution of the Figure 1c. Solution of the
the Kawahara equation ~ Kawahara equation with Kawahara equation with the
with the values the values values
a; =1and §; = 0,01. a; =1 and 6, = 3. a; =1land§, =8.

Two-soliton solution. In order to find the two-soliton solution of equation
(1), it is necessary to consider the case where N = 2 from the formula (11):

f=1+fD+ fO, (16)
where

FD = b1 4 gb2 @) = febiths.

The two-soliton solution of the Kawahara equation has the following
form:
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9 a;e%1+a,e%2+4(a +a,)ef1102 (17)

U= —
dx 1+ef1+eP2+4e91%02

here
02 = az(x - a%t) + 627
3 (26a$ — 5a})e?0: + (26a$ — 5a3)e??-
 (at +4aday + 6a2ab + (4ad — 3ay)a; + ad)eb1t02(a; + a,)?
5e01¢0% (a? —1,2afa, — 3ata3 + a3 (—4a3 + 0,6a2))
B (af + 4ada, + 6a2a + (4a3 — 3ay)a, + a3)ef1%%2(a; + a,)>? B
5e%1¢%: ((—3a§ +0,8a3)a? + (—1,2a3 + 0,6a3)a; + ag)

" (a* + 4d3a, + 60242 + (4a3 — 3ay)a, + ad)ef 102 (a; + ay)?

Graphs of the two-soliton solution of the Kawahara equation are shown
in Figures 2a, 2b, 2c:

Figure 2a. Two-soliton Figure 2b. Two-soliton Figure 2c. Two-soliton
solution of the Kawahara solution of the Kawahara solution of the Kawahara
equation with values equation with values equation with values
a,=1,65; a,=1,25; and a,=1,65; a,=1,25; and a,=1,65; a,=1,25; and

8 =1,25; 8, =9. 81 =1,25; 62 =10; 81 =1,25; 6, =1,25;

Lie point symmetries. In the last decade, there has been a revival of
interest in the analysis of differential equations and their solutions from the
point of view of their invariance properties with respect to a type of surface
transformation called the Bécklund transformation (Hirota, et all, 1976).
S. Lie and A. V. Bicklund considered these and general transformations
of surfaces as indirect transformations for differential equations of higher
orders. In this section, the Lie point symmetry for the nonlinear Kawahara
equation (1) will be analyzed.
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First, to create a point symmetry of equation (1), we introduce a Lie group
with one parametric group of Lie transformations,

x - x+&&(x,y,t,u,v) + 0(2),
t—t+et(x,yt,u,v)+ 0(e?), (18)
u-u+en(xytuv)+0(2),

where & means the group parameter {, T and 7] and are infinitesimal
generators. The vector field corresponding to the above transformation
group is represented as follows:

V=f(x,t,u):—x+T(x,t,u)%+n(x,t,u)%= (19)

Thus for the system (1) there is an operator pr?, then the condition for the
invariance of this operator is as follows:

pr2V(4)|s=o = O- (20)

Based on Lie’s theory, the operator *pr? of the equation can be written in
the following form for the real and imaginary parts of the equation

a
Ouzy

t 9
oug

sv_0 21)

217 — 0 x 0 3x
prV_nBu-'—n +n 6ux+r] 0 OUsy

Thus, using condition (21), we obtain the following equivalent condition
nt +nuy +n*u + 3 —n>* = 0. (22)
where the functions of the coefficients are as follows

N = Dy(1 = §uy = TUL) + Sty + Tlye,

nt = D(n — Euy — TU) + EUyy + TU,

N3 = D3y (n — §uye — TUy) + Elgye + Tlreye, (23)
1% = Dy (N = §uy — T;) + Uy + Tlyaxe-

Now, by setting the coefficient functions (23) to (22), we obtain the
following equivalent condition
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Ut + Ny + MU + N3y — N5y — §elhy — Tely — ExUUy — T U — §3x Uy —
—2&exUyx — 3ExUsy T Soxlhy + 38axlyx + 8E3xUsyx + I xsUyy + 585U = 0

So we get the values of the sub-operators as follows

3 Tt

&sx =0, $4x =0, E3x = §€x' Tx = _;'
8 3t,uu, + (Bu — 3)T,us — (Bu — 31,
§e=0, me=-37 me=uf n= 8 :

Lie’s algebra of infinitely small symmetry of equation (1) is covered by
the following four linear independent operators:

V1=£, Vz=i,
at dx (24)
3 a a a 3 a a a
V3—§uXa—ta—uE, V4—(§xu+1)5+(1—t)5+u£.

Based on the commutator operator [Vi.Vj] =ViV;—ViVi, we obtain the
commutator function of system (1) (see Table 1)

Table 1. The commutator function of system (1)

Lie \Z v, \2 v,
v, 0 0 V-V, V-V,
v, 0 0 -V, -V,
v, V-V, V2 0 V-V,
v, V.V, v, V-V, 0

Conservation laws. The general theorem on conservation laws for higher
order differential equations is proved. The theorem is also valid for any
system of differential equations, where the number of equations is equal
to the number of dependent variables. The new theorem does not require
the existence of Lagrangian and is based on the concept of conjugative
equations for nonlinear equations recently proposed by the author. It is
proved that the conjugative equation includes all the symmetries of the
original equation. Accordingly, the law of conservation can be associated
with Lie, Lie- Biacklund or any group of non-local symmetries and find the
laws of conservation for differential equations without classical Lagrangeans
(Barut, et all, 1977).

In this section, if we want to derive the law of conservation of equation
(1), we must first find the law of conservation of the system (22). Therefore,
in order to construct conservation law of the system (22) we use Lie’s point
symmetry (28).
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D(CHY+ D (C¥) =T

here, ¢ = (C*,CY) conservation vectors.

N.H. Ibragimov (Ibragimov, 2007) proposes to create a new conservation
theorem, ie the law of conservation of magnitude without Lagrange in
the differential equation. To write the laws of conservation, we first write
Lagrangean. Now, to write the Lagrangian of this equation, we multiply the
equation by some function ¢(x,y,t)

L=¢(x,y,t) (U + utly + Uy — Usy)- (25)

Inthe above system (25), we replace ¢ with u so we write the conservation
vector formula ¢ = (¢*,¢?¢?..) as follows [28]:

o= 4+ W daL D oL DD daL
- (am) o )+ oo () -+

oL
ou%y
where we=n*-guf (@ = 1,2,...,m) - Lie characteristic function. Using the
above formula, we can write an additional conservation vector

t_ st u 0L
Ct=¢L+WwW o

C"—f"L+W”(a—L—D2 0L _ pa ‘”)+D (W”)( p2- 2t _ ps o )

sy X Qugy X ugy

Now we can use generators of symmetry V, V,, V. and V, as an example
to obtain the vector of conservation of the system (1).

Case 1. Thus, the following characteristics can be obtained for the
generator V; = d/dt. Lie characteristic functions are

== (27)
Now, by 1ntroduc1ng (27) into (26), we obtain the following conservation
vectors

Ct =uu, + 1 —uy,
CF¥ =uuy, + 1 —uuy — utlyy,

After the calculation we can find the following equation

Dt(C )+ Dy (C) = e (U — Uy — 1) — Uplly — Ullgyy .
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Case 2. Thus, the following characteristics can be obtained for the
generator V, = d/dx. Lie characteristic functions are

W= —u,. (28)

Now, by introducing (28) into (26), we obtain the following conservation
vectors

Ci=uu,+1—uy,
CF =1— Ully,.
After the calculation we can find the following equation

Dt(Czt) + Dy (CF) = Uy + UyglUy — Uy — Ullzy — Ullyy.

Case 3. The following characteristics can be obtained for the generator
Vv, = guxai _ _t% _ uai. Lie characteristic functions,
X u

W=u+t—§ux. (29)

Now, by introducing (29) into (26), we obtain the following conservation
vectors,

ct =uux+1—§ux+t+ua

C¥ =3uu, + 1+ u? (1 - Zx) - %u(xux +u).

After the calculation we can find the following equation,
D{(CY) + D4 (C¥) = upuy + uug + (ue + u2) (1 — %x) + 3uuy, + (g - &) uuy, — = u?,

Case 4. Thus, the following characteristics can be obtained for the
3 i) 9 ) . .o .
generator V, = (E xu + 1) STA - +u. Lie characteristic functions

w=t-2-u(1+2x). (30)

Now, by introducing (29) into (26), we obtain the following conservation
vectors

C2=u(ux—§x—1)+t—1,
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Cff=qu+u(1+§x)(ux—u_t_§).

After the calculation we can find the following equation,

D(CY) + Dy (C) = uZ(ug + 2) + uuy + (uuyy — uguy) (%X + 1) + %u (t - g)

Discussion. We constructed solutions of the Kawahara equation. For
completeness, graphical representation of them is shown in Figures 1a, 1b,
Ic and 2a, 2b, 2c, which clearly indicates that solutions are bright solitons
because their waves are under the flat non-vanishing plane. Such wave
processes play an extremely important role in modern physics and are the
subject of study in hydrodynamics, nonlinear optics, plasma physics, field
theory, elementary particle physics, biophysics, etc. This equation, called
the Kawahara equation, occurs in plasma dynamics when a wave propagates
at a certain angle to a magnetic field, in nonlinear electrical circuits, and for
internal waves in a two-layer fluid, taking into account the surface tension
between layers in a stratified fluid. Within the framework of this equation,
solitons have oscillating tails and can be attracted to each other. This situation
is realized for internal waves in a two-layer ocean, when one layer is thin
and the other is thick (compared to the wavelength).

N.H. Ibragimov developed a theorem on the laws of their conservation,
based on the symmetry of Lie-Becklund, ie the symmetry of higher order
differential equations. N.H. Using Ibragimov’s theorem on new conservation
laws, we obtain the conservation laws, ie the conservation laws of the
particle, for Equation (1) without the Lagrange system. This method we
use is effective for finding the laws of symmetry and conservation of both
soliton and higher order differential equations without Lagrange’s character.

Conclusion. In this article the application of Hirota’s bilinear method
for constructing solitons for an integrable lattice model was illustrated. In
particular, the evolution of solitons of the Kawahara equation, an equation
of the Korteweg-de Vries type of the fifth order, is considered. The Hirota
method is developed in relation to the Kawahara equation. Based on Hirota’s
bilinear method, a substitution was applied and the Kawahara equation was
converted to a bilinear form. Then, one-soliton and two-soliton solutions
were presented, by considering the formal series. Furthermore, graphs of the
obtained soliton solutions were constructed.

As mentioned above, we have achieved new results, such as vector field,
optimal system, solutions to reduce symmetry, convergence analysis and the
laws of conservation of equations. Using Lee’s symmetry analysis method,
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we created optimal systems and reduced system symmetry. Later, using a
new method of conservation introduced by N.H. Ibragimov, we obtained
the law of conservation associated with the symmetry of equation (1). The
new results presented in this paper can be used to describe the dynamics
of solitons in nuclear physics and other optical experiments. Therefore, all
the results of this study can be used to improve the dynamic operation of
Kawahara equations in engineering and mathematical physics.
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MODIFIED TEXTILE FABRIC-BASED WEARABLE
TRIBOELECTRIC NANOGENERATOR

Abstract. Triboelectric nanogenerators (TENG) are gaining huge
interest due to their mechanical energy harvesting ability and active
sensing applications. Especially, development of wearable TENG is of
high importance allowing harvesting the energy of human motions to
autonomously power small-scale personal devices. TENG would be useful
for biomechanical energy harvesting if the triboelectric materials used in
the nanogenerator fabrication are non-toxic, comfortable for wearing, and
scalable. Common textile fabrics with improved triboelectric properties
can be applied for fabricating wearable TENG to harvest the energy of
human motions. In this work, we developed unique fabric triboelectric pair
by chemically modifying cotton fabric with 3-aminopropyltriethoxysilane
(APTES) and perfluorodecyltrichlorosilane (FDTS) to obtain tribo-positive
and tribo-negative materials, respectively. The TENG fabricated from
corresponding materials exhibits remarkable triboelectric energy
harvesting during testing with peak-to-peak open-circuit voltage (V) of
about 4 V and short-circuit current (I ) 250 nA and, in addition, we
demonstrated the ability to charge capacitor.

Key words: triboelectric effect, nanogenerator, textile electrode,
chemical functionalization.
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MOIUPUIHUPIEHI'EH TOKBIMA MATA HEI'I3IHAET'T
KHUUIETIH TPUBO2JVIEKTPJIIK HAHOT'EHEPATOP

AnnoTtauus. Tpubosnekrpinik Hanorenepatopiaap (TOHI') mexaHukaibIk
SHEprus *KUHAy KalineTiHe jkoHe OelceHl ce3y KongaHOanapbiHa Oaiina-
HBICTBl YJIKEH KBI3BIFYIIBUIBIK TyABIpaabl. ©Ocipece, IIaFblH KeJeMIl
KEKe KYpBUIFbUIApPJbl aBTOHOMJIBI TYpAE KyaTTaHIbIPY VIIIH ajaaMm
KO3FaJIBICBIHBIH ~OHEPrHsCHIH JKMHAyFa MYMKIHIIK O€peTiH KHIIeTiH
TOHI'-1i mambITyablH MaHbI3bI 30p. Erep HaHoreneparop eHuipicinue
KOJIZTAaHBUIATBIH TPUOORJIEKTPIIIK MaTepraiiap 3UsiH eMeC, KUIOTe bIHFaiIbl
KoHe MaciTadTanarsiH 6osca, TOHIT GnomexaHUKaIbIK SHEPTUSHBI KUHAY
YUIiH nainananeiateiH efi. JKakcapThUlFaH TpUOOINEKTPIIIK KacueTTepl
0ap KapamailblM TOKbIMAa Marajapbl ajaM KO3FaJbICBIHBIH JHEPrUsICHIH
kuHay yuiH kuinetin TOHIennipy yIIiH KOngaHbUIybl MYMKiH. byn
KyMmbIcTa 013 TpuOO-OH >XKoHE TpUOO-Tepic Marepuaiapibl aiy YIIiH
MakKTamarachlH 3-amuHomnponuitTpuerokcucuiaunmen (AIITOC) xone
nepdropoaeunnrpuxiopcuiaanmet (O TC) XUMUATBIK TYPIACHIIPY aPKBLIbI
Oipereit MaTajan TpUOOINEKTPIIIK KyIl xKacaablk. Colikec MaTepuaiapiaH
xacanran TOHIT anieik TyibikTany kepueyi (V) mamamen 4 B-ka xkoHe
KbicKa TyibiKTamy Ttorel (I ) 250 HA-re xepceTkimrepine ue OoiblIm,
ChIHAKTap Ke3iHIe KepeMeT TPUOOIIEKTPIIK SHEPrHsl >KUHAY >KOHE OFaH
KOcCa, KOHJIEHCATOP Il 3apsiATay KaOlJIeTiH KOPCEeTTi.

Tyiiin ce3nep: TpuboIeKTPIiK 3 (eKT, HAHOTeHEePATOP, TOKbIMA JJIEK-
TPOJbI, XUMHUSIIBIK MOAM(PUKALIUS.
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HOCHUMBIA TPUBOJIEKTPUUECKU HAHOTEHEPATOP
HA OCHOBE MOJIN®UIINPOBAHHOM TEKCTUJIBHOM
TKAHUA

AnHoTauusi. Tpubosnekrpuueckue HanoreHeparopsl (TOHI') mpus-
JIeKaroT OOJBIION MHTEpPEC BCIEACTBUE MX CIOCOOHOCTH cOOpa MeXaHH-
YeCKOM SHEpIUu U IPUMEHEHHUS B KaUe€CTBE aKTUBHBIX CEHCOPOB. OcoOEHHO
BBICOKYIO Ba)XHOCTb HUMeeT paszpaborka Hocumoro TOHI, naromas
BO3MOXKHOCTh COOpa SHEPTHH JBWKEHUH YellOBeKa, C 11eJIbI0 aBTOHOMHOTO
MUTAHUS MEJIKUX MepcoHaNbHBIX ycTpoiicTB. TOHI Obu1 OBl monesen
e OMOMEXaHU4ecKoro cOopa 3HEpruH, eciu Obl TpUOOITEKTpUUECKUE
MarepHabl, UCIOIb3yeMble IIPU U3TOTOBJICHUN HaHOTeHeparopa, ObUTu Obl
HETOKCHUYHBIMH, YTOOHBIMH JUIS HOIIEHUS U MaciuTabupyemMbiMu. OObIuHBIE
TEKCTUJIbHBIE TKAaHU C YJIYYIIEHHBIMU TPHUOODIEKTPUUECKUMU CBOMCTBAMU
MOTYT TNPHUMEHATHCS Uil M3roToBieHuss Hocumoro TOHIT mis cOopa
SHEpruu ABMKEHHI yenoBeka. B aToit pabore Mbl pa3paboTaiu yHUKAIbHYIO
TEKCTHIIbHYIO TPUO0IEKTPUUYECKYIO [Tapy Iy TEM XMMU Y€ CKOM MOTU(PUKALINN
XJIOMYaToOyMasKHOW TKaHU 3-amMuHONponuiaTpusTokcucuiaanom (AIITIC)
u nepdropaenmaTpuxigopcunanom (GUATC) s momyuyeHus Tpubo-
MOJIOXKUTEIBHOTO M TPUOO-OTPULIATETILHOIO MaTepHUajoB, COOTBETCTBEHHO.
TOHI, U3roToBIEHHBIN U3 COOTBETCTBYIOIINX MAaTEPUAJIOB, IEMOHCTPUPYET
3HAUUTENbHBIA COOp TPUOOINEKTPUUECKON PHEPTUU BO BPEMsl UCTIBITAaHUN
C JIBOMHBIM AMIUIUTYIHBIM HamlpsyKEHUEM OKoJIo 4 B M TOKOM KOpOTKOro
3aMbikaHus 250 HA u, 6onee TOro, Mbl MPOJAEMOHCTPUPOBAITIU CIIOCOOHOCTh
JUTSL 3apsIKK KOHZIEHCATOopa.

KiarwueBble cioBa: TpuOosiekTpuueckuil 3¢ (hekT, HaHOreHepaTop,
TEKCTHJIbHBIN JEKTPO, XMMUYECKast MOTU(PHUKALIHS.

Introduction. Scientists and engineers have been devoting efforts towards
the development of the new energy sources alternative to fossil fuels (Fan
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et al.,, 2016). In recent years, mechanical energy harvesting has attracted
attention not only to deal with the global energy crises, but also to develop
energy supply for micro-sensors and portable personal electronic devices
(Song et al., 2021, Wang, 2013). Several energy harvesting devices have
been demonstrated to transform mechanical energy into the electrical energy
based on different effects, including electromagnetic (Ahmad et al., 2018),
piezoelectric (Manchi et al., 2021) and triboelectric (Wu et al., 2019) effects.
Among these proposed technologies triboelectric nanogenerators (TENGs)
based on triboelectric effect and electrostatic induction successfully
demonstrate efficiency in transforming ambient mechanical energy into
electrical energy. The TENG has demonstrated a collection of excellent
merits such as a flexible structure, lightweight, environmental friendliness,
relatively low cost, wide-range of materials choices and ability to drive low-
power electronics via converting biomechanical energy into electricity (Lin
etal., 2016).

Materials and methods. The conjunction of contact electrification
and electrostatic induction is the basic principle behind the TENG and the
primary model of TENG, made of two different materials separated by a
gap can be considered as a capacitor with varying capacitance, was based
on Maxwell’s displacement current (Wang, 2017). Based on this principle,
TENG operates in four different modes; generally, sliding motion and
vertical contact-separation motion are two main motions that can be used
in a TENG to convert mechanical energy into electrical energy (Figure 1)
(Dharmasena et al., 2019). When two triboelectric materials with different
electron affinities come into physical contact, tribo-charges are separated and
transferred from one material to the other. The surface of the material with
higher electron affinity becomes negatively charged, while the other surface
becomes positively charged with an equal amount. When the two materials
separate, the tribo-charges in the interfacial regions too are separated,
inducing an electrical potential difference between electrodes, and driving
free electrons to flow back and forth in the external circuit to maintain the
electrostatic equilibrium.
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Figure 1. Four basic operation modes for TENG

The materials used as triboelectric layers are diverse and include natural
and synthetic polymers, metals, and inorganic materials (Zhang et al.,
2020). The material choices are of great importance for TENGs since the
triboelectric effects of the materials are fundamental for TENGs. Higher
output performance and additional functionalities can then be realized by
physical and chemical modifications. Chemical modification of triboelectric
layer surface has attracted interest because the modification can tune
the surface triboelectricity, which can boost the output of the TENGs
(Nurmakanov et al., 2021, Wang et al., 2020). This approach has great
importance in future studies since it offers a way to tune the triboelectric
effect of materials. Moreover, to design a TENG for a particular application,
apart from choosing appropriate pair of materials, several parameters need
to be considered, such as power density, stability, flexibility, wearability and
sustainability.

In particular, a triboelectric textile can be a unique source of energy in
which the energy can be harvested from human motions. Textile provides
intrinsic porous structure and high surface roughness, traditionally used for
protection, warming. Considering the rapid growth in small-scale portable
and wearable electronics, realizing textiles with additional functionalities is
of great significance, such as energy harvesting and energy storage. Several
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approaches, such as nanopatterning and chemical modification, have been
reported to transform various textiles into triboelectric materials (Liu et al.,
2019, Zhang et al., 2016).

So far, many studies have mainly focused on coating fibers and textiles
using PDMS and nanoparticles. However, these require multi-coating
processes, complex procedures and special equipment, which limit their
scalable production. In this work textile triboelectric nanogenerators based
on cotton fabric were developed by using facial chemical functionalization
process utilizing silane-based self-assembled monolayer (SAM) molecules.
The triboelectric properties of the cotton cloth were modulated by introducing
amino- and fluoro- groups on its surface. Moreover, textile conductive
electrode based on Ppy was developed to realize fully textile TENGs.
Chemical modulation was proven to improve the triboelectrification and thus
output electrical signal. The proposed textile fabric TENG fabricated from
modified cotton fabric demonstrated an electrical output while tapping with
a human hand. The output electrical characteristics of TENGs with different
tribo-pairs were examined, further the possibility of charging capacitor was
shown which is vital for application.

Experimental. Design of the textile TENGs. The structure of the typical
developed textile TENG is depicted in Figure 2. First, as triboelectric pair
cotton and polyester fabrics were chosen, these fabrics were attached to a
conductive textile electrode by using special adhesive textile glue. Then
triboelectric fabrics with attached electrodes were stacked to arch-shaped
polyethyleneterephtalate (PET) using double-sided adhesive tape.

Tribo-positive material (cotton
fabric or APTES/cotton fabric)

PET (body)

Electrode
(Ppy/cotton fabric) [[

Tribo-negative material (polyester
fabric or FDTS/cotton fabric)

Figure 2. Schematic of the arch-shaped TENG

Conductive fabric electrode preparation. An experimental part of the
conductive fabric electrode preparation has been carried out by the well-

124



Reports of the Academy of Sciences of the Republic of Kazakhstan

known in situ polymerization process which is an easy, cost-effective, large-
scale, single-step, and low-temperature process technique. The preparation
of the conductive fibers has included fibers pretreatment (removing
impurities) and polymerization. Here pristine cotton fabric was coated with
Ppy by immersing fabrics in a 0.5 M pyrrole solution and then FeCl,,p-
toluene sulfonic acid were added to this solution. Subsequently, the resulting
solution and the impregnated fabric were then left for 20 min at 0-4°C for
polymerization. Subsequently, the cotton fabric was cleaned with deionized
water and dried in an oven at 60°C for 2 h and then Ppy coated conductive
cotton electrode was obtained.

Preparation of triboelectric materials.

Cotton fabric contains a cellulose content of up to 90%,thus, the hydroxyl
groups of the cellulose in cotton can react with silanes that have different
polarities, leading to materials that have different surface energies and tribo-
polarities (positive or negative surfaces).

A facile method to transform cotton into positive and negative tribo-
material was applied where the cleaned cotton fabric was soaked in
3-aminopropyltriethoxysilane (APTES)/isopropyl alcohol (5% v/v) in
perfluorodecyltrichlorosilane (FDTS)/hexane solution (1%v/v), respectively,
followed by rinsing it in isopropyl alcohol and drying in air.

Characterization and Measurements.

The morphology of the fibers was studied with scanning electron
microscopy (Zeiss Crossbeam 540) and the surfaces of the silane grafted
textiles were investigated using Fourier-transform infrared (FTIR) and
X-ray photoelectron (XPS) spectroscopies.

The output short-circuit current and open-circuit voltage of the textile
TENGs were measured by a Stanford low-noise current preamplifier (SR570)
and a digital oscilloscope (Tektronix 2002C), respectively.

Results and Discussion. First, the surface morphology of the cotton fabric
before and after coating with Ppy was investigated by using SEM. Figure 3a
shows the SEM image of bare cotton fabric revealing that it was composed
of the intertwined micro-fibrous framework. In contrary, SEM image of
Ppy coated cotton fabric as shown in Figure 3b clearly demonstrated that
the conducting polymer (i.e., Ppy) was grown on each micro-fiber and also
indicated that the nanoparticles-like Ppy was uniformly distributed on the
surface of micro-fiber. Such nano-architectures of Ppy on the micro-fibrous
framework of cotton fabric can offer high conductivity for an electrode.
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e

Figure 3. SEM images of the a) initial and b) coated with Ppy cotton fabric surfaces

Further, the surface morphologies of pristine cotton, APTES and FDTS
grafted cotton fabrics were investigated by SEM as shown in Figure 4. Figure
4a shows the SEM images of cotton before grafting with silanes showing the
intertwined micro-fibrous framework, but after treatment with APTES there
is no big difference between the morphology of micro-fibrous framework
of pristine and APTES-grafted cotton fabrics. However, after treating the
cotton fabric with FDTS, the presence of fluoroalkylsiloxane film on the
cotton fibers was clearly seen as demonstrated in Figure 4c.

Figure 4. SEM images of a) pristine, b) 3-aminopropyltriethoxysilane (APTES) and c)
perfluorodecyltrichlorosilane (FDTS) coated cotton fabric

Functional group modification of the cotton surface was investigated by
Fourier transform infrared spectroscopy in attenuated total reflectance mode
(ATR-FTIR) with a frequency range of 500-4000 cm™.The ATR FTIR spectra
of the pristine cotton fabric and functionalized with APTES and FDTS
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fabric samples are presented in Figure 5. Pristine cotton and functionalized
cotton spectra display the typical cellulose absorption bands at around
3280-3330 cm™! (OH stretching vibrations) which blurred the characteristic
N-H asymmetric and symmetric vibrations in the primary amine group
from the APTES. Stretching vibrations at around 2890 cm'was attributed
to -CH,vibration, 1250-1470 cm™ (CH), and multiple peaks around 1025-
1160 cm! corresponds to C-O-C vibrations from cellulose absorption bands.
The appearance of amine N-H bending vibration at 1571 cm™! present in the
spectrum of APTES modified cotton fabric confirmed the presence of the
APTES on the cotton fabric surface. On the other hand appearance of -CF
stretching vibrations at 1141 cm™ in the spectrum of FDTS modified cotton
fabric confirmed the presence of the FDTS on the cotton fabric surface.

R

Transmiftance, a.L.

APTES-cotton fabaic
—— pristine cotton fabric
FDTS-cotton fabric

A0 emeachime
T v T v T v

Elelela] BI500 jclalele] 2500 2000 1500 plelele] 500

Wavenumber, crm’’

Figure 5. FTIR spectra of the pristine cotton fabric, APTES and FDTS functionalized
cotton fabrics

Moreover, the surface elemental composition of APTES and FDTS
functionalized cotton fabrics were investigated by XPS. Figure 6 depicts
the wide-scan spectra of the functionalized with APTES and FDTS cotton
fabrics. Bands at around 532.1, 399.8, 285 and 102.7 ¢V of APTES modified
cotton fabric represent Ols, Nls, Cls and Si2p, respectively. The binding
energy peaks for N1s and Si2p has shown the successful grafting of APTES
on the cotton fabric surface. XPS spectrum of FDTS modified cotton revealed
characteristic four bands at around 689, 533.1, 291.4 and 103.2 eV represent
Fls, Ols, Cls and Si2p, respectively. The binding energy peaks for F1s and
Si2p has shown the successful grafting of FDTS on the cotton fabric surface.
Results of FTIR and X-ray photoelectron spectroscopies show that silanes
were successfully introduced on the surface of cotton fabric.
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Figure 6. XPS survey spectra of functionalizedwith APTES and FDTS cotton fabrics

The output voltage and current of developed textile triboelectric
nanogenerators are shown in Figure 7 and Figure 8, respectively. The output
performance of TENGs fabricated from pristine polyester and cotton fabrics
(polyester-cotton), i.e., without any chemical functionalization, APTES-
cotton against polyester fabric (polyester-APTES/cotton) and APTES/
cotton fabric - FDTS/cotton fabric was also measured. Here, the output
peak-to-peak open-circuit (V, ) voltage of the TENG fabricated from pristine
polyester and cotton fabrics was about 1.5 V, while TENG fabricated from
APTES/cotton fabric and polyester fabric demonstrated a slightly higher
output voltage close to 2.5 V. Notably, the combination of FDTS/cotton and
APTES/cotton fabrics triboelectric pair exhibited the highest output voltage
of 4 V.

5
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polyester-APTES/cotton
41 —— APTES/cotton-FDTS/cotton
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>
S 24
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1 4
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Time, s

Figure 7. The output voltage of polyester-cotton, polyester-APTES/cotton fabric and
APTES/cotton fabric-FDTS/cotton fabric-based TENGs
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The peak-to-peak output current follows the same trend as the output
voltage. The triboelectric nanogenerator constructed from the pair of pristine
cotton and polyester fabric demonstrated the output short-circuit current (I )
equal to 50 nA, whereas the TENG made of cotton modified by APTES
and polyester showed higher output current compared to TENG based on
pristine cotton and polyester fabrics and it was equal to 200 nA. The highest
output current demonstrated the TENG where as tribo-surfaces served
chemically functionalized cotton fabric. Particularly, the tribo-negative and
tribo-positive surfaces obtained by FDTS and APTES functionalization of
cotton, respectively. The corresponding TENG demonstrated the maximum
peak-to-peak short-circuit output current of 250 nA. This enhanced electrical
performance of APTES/cotton fabric-FDTS/cotton fabric TENG is due to
chemical functionalization of the material, where the presence of amino- and
fluoro- functional groups on the surface enhanced its triboelectric properties.

250 - polyester-cotton
1 polyester-APTES/cotton
—— APTES/cotton-FDTS/cotton
200

Current, nA
> @
o @)
| |

a
o
1

o
1

-50 -

0 1 2 3 4 5 6 7 8 9
Time, s

Figure 8. The output current of polyester-cotton, polyester-APTES/cotton fabric and
APTES/cotton fabric-FDTS/cotton fabric-based TENGs

The electrical energy from the TENG is usually alternating, while a direct
current is needed to derive most of the electronic devices. Hence, energy
storage devices are required to store energy from the textile fabric TENG.
The capability of the APTES/cotton fabric-FDTS/cotton fabric TENG to
charge the capacitor is shown in Figure 9. Here, a circuit integrating the
TENG with a full-wave bridge rectifier and a capacitor was constructed.
The charge-discharge curve under periodic motion is illustrated in Figure
7a, where a 0.1uF capacitor was charged up to about 0.7 V in 4.5 seconds.
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Figure 9. Charging a 0.1 pF capacitor by APTES/cotton fabric-FDTS/
cotton fabric TENG

The proposed TENG based on cotton fabric modified with APTES and
FDTS proved to be a potential candidate for mechanical energy harvesting
for small scale electronic applications. Furthermore, corresponding fabric
TENG can be further studied to scavenge energy from different human parts.

Conclusion. In conclusion, an inexpensive and easily fabricated wearable
TENG on the base of natural textile fabric functionalized with APTES and
FDTS was demonstrated. Herein, the tribo-positive and tribo-negative
surfaces were obtained by introducing functional groups containing amine
and fluorine, respectively. Corresponding TENG exhibited maximum V_
and I values of 4 V and 250 nA, respectively. The developed TENG can
be applied for upcoming wearable electronic applications because of its
potential to harvest small mechanical energies of human motion.
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FORECAST OF SURFACE WATER QUALITY IN RIVER
BASINS USING PHYSICAL AND CHEMICAL INDICATORS OF
NATURAL SYSTEMS

Abstract. To carry out a quantitative and qualitative assessment of
activities in the catchment areas of river basins using a variety of principles and
methods, long-term systematic objective hydrological, hydrogeochemical
and economic information and analytical materials are needed. At the same
time, the scientific and practical feasibility of this problem is also
determined by the fact that the validity and reliability of forecasts of the
geoecological state of the catchment areas of river basins largely depend
on the correct chosen principle and method, which require the need for a
structural analysis of complex hydrochemical indices for assessing
surface water pollution, based on the laws nature, principles and
properties of natural processes.

Mathematical models have been developed to improve the tools for
assessing the quality of surface waters in catchment areas of river basins,
based on the solution of differential equations of hydrochemical processes
of natural systems, corresponding in physical and mathematical terms to
practical problems of hydrochemistry and the principles of nonlinearity of
natural processes, are a consequence of the use of classical mathematical
methods for constructing models and their analytical analysis.

Key words: water quality, mathematical model, surface water,
non-linearity of  natural processes, differential  equations,
hydrochemical processes.
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O3EH/AEPIIH AJTABBIHIATBI ’KEP YCTI CYJIAPBIHBIH
CATIACBHIH TABUTU )KYHEHIH ®U3UKAJIBIK ’KOHE
XUMMAJIBIK KOPCETKIIITEPIH MMAUJTAJIAHY APKBLIBI
BOJIKAY

AHHOTAIUSI. OPTYpJIl Karuaanap MeH OJIiCTepAl MaiaanaHa OTBIPHII
©3CHHIH Cy>KHMHAy ala0bIHBIH alMaFbIHBIH KbI3METIH CaH/IBIK JKOHE CarmalbiK
Oaranayipl Ky3ere achelpy VIIH Y3aK Mep3iM[Ii KYHeIeHreH MaKCaThIK
THJIPOJIOTUSUTBIK, TUIPOXUMUSIBIK OJKOHE IIAPYalllbUIBIK —CalaChIHBIH
aKMaparThIK-Tangay MoniMerTepi Kaxer. COHbIMEH Kartap, OyJl MoceneHiH
FBUIBIMU KOHE MPAKTUKAIBIK KaKeTTUTIr, ©3€HHIH Cy)KHHAy alaObIHBIH
T€0dKOJIOTUSUIBIK JKal-KYHiH OaraapiiayblH CEHIMILIIT *OHE Heri3Iuiiri
KOTl JKaF/1aiiia IyphIC TaHJaJIFaH KaFU1aFra KoHe d[iICKe TiKeleil OaiTaHbICThI
OoJIFaHIBIKTAH, JKep OeTi CylapbIHBIH JIaCTAaHYbIH Oaranay/blH KEIIeHI1
KOPCTETKIIMTEPIH KYPHUIBIM/BIK TaJay/bl TaTall eTeIl.

Kymbicra  Taburm  KyHeneplHiH THAPOXMMHUSIIBIK  KYPrilepiHiH
muddepeHInanAbIK TeHACYIEepiH IMIENIyre HeTi3elreH, THAPOXUMHUSHBIH
MPAKTUKAJIBIK ecenTepine (PU3MKaJIbIK- MATUMATUKAJIBIK OelNriiepiHe jKoHe
TaOUFU )KYPTUIEPiH CHI3BIKTHIK eMeC KaFUJAachiHa COKeC KEeNeTiH, 03¢HHIH
CYXXHHAy aNaOBIHBIH JKEP YCTI CYIapbIHBIH canachlH Oaraliay KypalgapbiH
KETUIIPYIIH MAaTUMATHKAIIBIK MOJENI J31pJeHIeH JKOHE O  MOJENAepIl
KYpyFa >KOHE OHBI AaHAJIMTHUKAIBIK TalfayFa KaFUJalbIK MaTeMaTHKAIIbIK
omicTepi KOMIaHyAbIH calgapbl OOJBIN TaObLIAIbI.

Tyiiin ce3/1ep: CyabIH canackl, MAaTeMaTUKAJIBIK MOJIENb, Kep YCTI CyJIapsbl,
TaOUFU KYPTUIEpAIH CBI3BIKTHI eMecTiri, AudQepeHuanibK TeHaeyaep,
THJIPOXUMHUSIIBIK JKYPTijep.
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K.C. Mycradaes

AO «MHCTUTYT reorpaduu 1 BOIHON 0€30MaCHOCTIY,
Anmarel, Kazaxcran.
E-mail: z-mustafa@rambler.ru

ITPOTI'HO3 KAYECTBA ITOBEPXHOCTHBIX BOJl PEYHBIX
BACCEMHOB C UCITIOJIb30BAHUEM ®U3NYECKHUX U
XUMHMYECKHUX MMOKA3ATEJIEH TPUPOJIHBIX CUCTEM

AHHOTanus. [ OCyIIeCTBIEHUS KOJIMYECTBEHHOW M KAa4eCTBEHHOMN
OLIEHKH JIeATEIbHOCTH Ha BOJOCOOPHBIX TEPPUTOPUSAX PEUHBIX OacceiHOB
C HCIOJb30BAaHUEM Pa3HOOOPA3HBIX MPUHIUIIOB M METOAOB HEOOXOIMMBbI
MHOTOJIETHHE CHUCTEMAaTU3UpPOBAaHHbIE OOBEKTUBHBIC THUIPOJIOTHYECKHUE,
THJIPOT€OXUMUYECKUE U XO3AHCTBEHHbIE HHPOPMAIIMOHHO-aHAIUTHYECKIE
Mmarepuainsl. [Ipu 3ToM HaydHas W IpakTHYECKas LEeIeco00pa3sHOCTh ITOU
npo0ieMbl onpeAesseTcs ele U TeM, YTO OT MPaBHJIBHOIO BBIOPAHHOTO
MPUHIUIA U METO/]a BO MHOTOM 3aBHCUT 000CHOBAaHHOCTH U JOCTOBEPHOCTh
IIPOTHO30B T'€0IKOJIOTHYECKOTO COCTOSHUSI BOJOCOOPHBIX TEPPUTOPUI
peuHbIX OacceilHOB, KOTOpbIE TPEeOYyIOT HEOOXOTUMOCTH CTPYKTYPHOTO
aHaJIM3a KOMIUIEKCHBIX THAPOXUMUYECKUX MHIEKCOB OLEHKU 3arps3HEHUS
IIOBEPXHOCTHBIX BOJ, HA OCHOBE 3aKOHOB IPUPOABI, IPUHILIUIIOB U CBOMCTB
IIPUPOJIHBIX TPOLIECCOB.

BpaborepazpaboranpiMaTeMaTH4yeCKUE MOJIEIIHN JIs1 COBEPILICHCTBOBAHUS
MHCTPYMEHTApHUsl OLEHKM KauecTBa IOBEPXHOCTHBIX BOJA BOIOCOOPOB
peuyHbIX OacceifHOB, HA OCHOBE peleHus TudQepeHInaIbHbIX ypaBHEHUN
THUIPOXUMHUYECKUX TIPOLECCOB MPHUPOIHBIX CHCTEM, COOTBETCTBYIOIIMX
no (U3NYECKOMY M MaTeMaTH4ecKOMY IpPH3HAKy NPAaKTHUYECKUX 3ajad
TUAPOXMMHMM W IPUHLMIIOB HEIMHEWHOCTH NPUPOAHBIX IPOLIECCOB,
ABIIIIOTCSA CJIEICTBUEM HCIIOJIb30BaHUS KJIACCHUECKMX MaTeMaTHYECKUX
METOZ0B ITOCTPOEHUS MOJENIEN U UX aHAJIMTUYECKOTO aHAIN3a.

KuroueBble cjioBa: kauecTBO BOZABI, MaTEMaTHUECKasi MOJIENb, IOBEPX-
HOCTHBIE BOJIbI, HETMHEHHOCTh IPUPOHBIX TPOLIECCOB, UG P epeHIIaTbHbIC
YPaBHEHHUSI, THIPOXUMHUYECKHUE NTPOLIECCHI.

Relevance. The catchment area of river basins is a multi-component
geosystem with the unity of hydrogeochemical flows that perform important
environment-forming and ecological functions and are spatial bases for
nature management and environmental management with various purposes
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of use, within which the possibility of a comprehensive assessment of the
state of water bodies opens up. To carry out a quantitative and qualitative
assessment of activities in the catchment areas of river basins using a variety
of principles and methods, long-term systematic objective hydrological,
hydrogeochemical and economic information and analytical materials are
needed. At the same time, the scientific and practical feasibility of this
problem is also determined by the fact that the validity and reliability of
forecasts of the geoecological state of the catchment areas of river basins
largely depend on the correct chosen principle and method, which require the
need for a structural analysis of complex hydrochemical indices for assessing
surface water pollution, based on the laws nature, principles and properties
of natural processes. The solution of this problem of the catchment areas of
river basins is facilitated by the monitoring system, the data of which serve
as an information and analytical basis for making managerial decisions in
water management, managing the quality of water resources, predicting
the ecological state and assessing the impact of anthropogenic activities on
them.

Purpose of the study — on the basis of the genetic theory of hydrochemical
processes of the natural system, the development of mathematical models to
improve the tools for assessing the quality of surface waters in catchment
areas of river basins.

Materials and methods of research. The study is based on the use of
the apparatus of mathematical modeling of surface water quality, which
involves the use of classical approaches based on differential equations
of hydrochemical processes in natural systems and modern experience in
creating and studying models for assessing the quality of surface water in the
watersheds of river basins.

Water quality monitoring programs have become the most important for
developing a clear understanding of water quality processes for decision
makers to understand, interpret and use this information in the development
of strategies for the conservation of water resources in the world, which has
become a prerequisite for improving the methodology for determining the
pollution index (Nicb et all.,2004; Tirupathi et all., 2019), using the Shannon
entropy (Shannon, 1963; Shannon et all.,1963) as a tool for the development
of an entropy-weighted water quality index (EWQI) (Kunwar et all, 2019),
as well as the possibilities of wide use of the water quality index (WQI)
(Sipra et.all, 2017; Godwin et all, 2019), as a method for assessing water
quality in various river basins around the world.

There are a large number of works, among which one of the most common
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complex indicators of water quality is the hydrochemical water pollution
index (WPI) (Temporary guidelines for a comprehensive assessment of the
quality of surface and sea waters by hydrochemical indicators, 1986), as
an integral characteristic of surface water pollution, water quality classes
are used, which for surface waters are carried out only for a strictly limited
number of ingredients according to the formula

WPI = (1/6) - ¥(Ci—s/MAC;_g) Or WPI = (1/N) ZN(C;/MAC)), (1)

where 1 - a strictly limited number of indicators (ingredients) taken for
calculation that have the highest value, regardless of whether they exceed
MAC,; ornot, including the dissolved oxygen index BOD,, which for land
surface waters m = 6; C, — concentration ofipollutant in water; MAC, —
maximum allowable concentration of the i pollutant; N — is the number of
ingredients for which the calculation was carried out.

However, anthropogenic pollution of watersheds in river basins and their
depletion as a result of economic activity leads to independent changes in the
qualitative composition and volume of water, which reshape the habitat of
aquatic organisms. In such conditions of the life of river basins, it is desirable
to have an integral indicator that takes into account water pollution.

V.V. Shabanov proposes to assess the pollution of waste and natural waters
using the limiting water pollution coefficient (K ), which is a modification
of the water pollution index (WPI) widely used in practice. Its essence boils
down to the following, that is, the water quality indicator is introduced into
the water balance equation (WMB) expressed in units of water volume
(WK ) (Shabanov et all., 2009):

Wy, = Wp ’ Kns, (2)

where W _ - the actual volume of river runoff, taking into account the
volume of irretrievable water consumption.

In this case, the equation of the water management balance, taking into
account the indicator of water quality in river basins, will take the following
form:

W, - Cy + W, - €, = (W, + W) - MAC (3)
or
W, =W, - (C, — MAC)/(MAC - C,), 4)
whence we obtain an expression for determining the virtual volume of
water (W ):
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W, = (W,/W,) = (C, — MAC)/(MAC - C,), (5)

where C — background concentration of a substance in the river; C -
concentration of pollutant in the river after wastewater discharge.

The ratio on the right side of the equation for determining the virtual
volume of water (W), is a coefficient (limiting pollution coefficient), which
shows the multiplicity of excess pollution of the river (Shabanov et all.,
2009):

Ky = (C, — MAC)/(MAC — C,). (6)

If the catchment area of the river basin is polluted by a substance that
does not occur in water under natural conditions, then the limiting pollution
coefficient has the following form:

K, = (C;, — MAC)/MAC (7)

or, in some cases, they can be represented by the even simpler formula:

K,; = C;/MAC (8)

The physical meaning (K ) is the averaged multiplicity in excess of
the normative excess of the concentration of a pollutant (C, — MAC) over the
permissible pollution of the natural river background (MAC - C,), or, in fact,
the multiplicity of exceeding the MAC.

Thus, V.V. Shabanov and V.N. Markin (Shabanov et all., 2009), for
practical water management calculations, it is recommended to use a
simplified equation for the limiting pollution coefficient (K ):

Kus = (1/N) ZN[(Ci — MAG)/MAG;] or
Kug = (1/N) - B)'(Ci/MAG;) — 1 = WPI — 1. )

Thus, the ever-increasing number of methods for assessing the quality of
surface waters in river basins, the growing variety of principles and methods
for their construction require a comprehensive structural and system analysis
and their compliance with the laws of nature and natural processes.

Research results and discussion. The law of the limiting (limiting)
factor or Liebig's law of the minimum is one of the fundamental laws in
ecology, stating that the most significant factor for the body is the one that
most deviates from its optimal value and allows you to determine the limiting
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sign of the harmful effect on the human body of water quality in watersheds
river basin (Popov, 1997).

Rationing of substances according to the limiting sign of harmful effects
on the human body under conditions of anthropogenic pollution of water
bodies can be determined by two criteria, that is, by the totality of the water
content coefficient (K,), as the ratio of the actual water consumption (Q,,
m?/c) to the average annual water consumption (Qcp, m®/c) and the limiting
pollution factor (K ) or the water pollution index (WPI), which is calculated
as the sum of the actual values of the main indicators of water quality (C,)
reduced to MAC..

At the same time, to characterize the physical meaning of the coefficient
of limiting water pollution (K ) by several substances (N) through the
index of the multiplicity of excess pollution (C; — MAC;), defined as the water
pollution index (MPI) minus 1, is the multiplicity of excess MAC.

According to the law of the limiting factor, the coefficient of maximum
permissible water pollution (Knmi) can be expressed by the following
mathematical relationship (Popov, 1997):

Knasiszi'Knsi,l ZKb 20: 1 2Kr[siZO' (10)

At the same time, the concentration of substances (C) in the water of a
reservoir or river basins directly depends on the mass of substances (MM),
entering the river basins annually and back from the actual water discharge
(Q,, m¥/c), which shows that between the water content coefficient (K,) and
the coefficient of maximum permissible pollution (K, ..) there is a direct
linear relationship (Alimov, 1990).

The construction of any model is to some extent connected with the
simplification of reality, which causes the presence of limitations in the scope
of its application and, at the same time, makes it possible to obtain reliable
results, which is the main goal of mathematical modeling of hydrochemical
processes in the watersheds of river basins, that is, the development of
reliable methods forecasting the quality of river waters, applicable to solve
both scientific and practical problems (Mustafayev et all., 2009).

The main assumptions made in achieving the above goal is as follows,
the change in the concentration of a substance in the water of rivers is
approximately described by a differential equation that has the following
form (Mustafayev et all., 2009):

dG;/dt = I(Cy), (11)
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where I(C,) — function of the concentration value C..

At the same time, the concentration of a substance is a function of time
and water flow in river basins, thatis C; = C(t,Q H), where H — a characteristic
of the influence of other factors on the concentration. Then the differential
equation describing multifactorial hydrochemical processes, i.e. C(t Q H),
can be written in the following form:

dC;/dt = (dC;/db) + (dQ/db) - (dC;/dQ). (12)

The change in water discharge in the watersheds of river basins can be
described by the following expression:

(dQ/dt) =1-Q, (13)

where A - the specific rate of change in water consumption in river
basins, in the general case, has the following form: A = A(t, Q).

Based on the dependence on the ratio of the values dc;/d and (dQ/dv) -
- (dC;/dQ) one of the variants of schematization of the processes of change
in hydrochemical parameters characterizing the change in the concentration
of a substance, associated mainly with the fluctuation water content of the
catchment area of river basins (Savichev, 1999):

d¢;/dt = (dQ/dt) - (dC;/dQ). (14)

Taking into account the dependence (dQ/dt), we transform the equation
dCi/dt =1(C;) to the form:

dC;/dQ = 1(C)/ (- Q. (15)

In the field of mathematics and mathematical modeling, the solution to
this equation is determined by the choice of an analytical expression for
I(C)) and .

At the first stage, to solve the equation dCi/dQ=1(C)/(A-Q linear
dependences on the concentration value were used, which make it possible
to obtain a number of calculation formulas under the condition k/A = const:

- analytical solution of the equation dc;/dQ = 1(C;)/(A- Q) for I(C;) =k-¢; has
the following form: ¢; = ¢, - (Q/Q,)~%/;

- analytical solution of the equation dc;/dQ=1(C;)/(-Q for 1(C) =k (S—C;)
has the following form: ¢, =s—(s—¢y)-(Q/Q,)"%», where S - concentration
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of a substance in the medium in contact with water masses in the watersheds
of river basins; C - initial concentration of a substance in the water of river
basins.

It should be noted that the equation Ci=C,*(Q/Q)"®%; correspond
in physical and mathematical terms to the empirical dependences of the
Y =a-XP type, widely used in the practice of hydrological, hydrochemical
and water management calculations, and the equation C;=S —(S—Cp)-
(Q/Qo)~%M_ in its structure is a modification of the empirical dependence of
the type ¥ =C+a-X" (Savichev , 1999).

It should be noted that the equation  dCi/dQ=1(C;)/(A-Q),

Ci =Co" (Q/Qo)™ ™™ and ¢, =S —(S—Co) (Q/Q0)"® ™ is consistent with the
ideas of A.l. Perelman, according to which the change in the amount of a
substance in nature is proportional to its content and intensity of migration
(Perelman A.L., 1975), that is, the change in concentration is determined by
the intensity of biochemical transformations, the interaction of water with
underlying rocks, organic and suspended matter, and the influence of the
water content of river basins affects the flow rate chemical reaction:

dC;/dt » (dQ/dt) - (dC;/dQ). (16)

Based on these regularities of geochemical, biochemical and
hydrochemical processes in river basins, to solve the equation dC;/dt = I(C;)
exponential dependences on the concentration value are used, which make
it possible to obtain a number of calculation formulas under the condition
k = const:

- analytical solution of the equation dC;/dt = I(C;) for 1(C;) = k- C; has
the following form: C; = C, - exp(—k- t);

- analytical solution of the equation C;/dt = I1(C;) for I(C;) = k- (S—C))
has the following form: C; =S — (S —C,) - exp(—=k - t).

At the same time, the influence of water exchange on the rate of chemical
and biochemical reactions of the exponential function exp(=k-t) occurring
in the watersheds of the river basin can be reduced to the expression:

exp[—k- f(Q)], (17)
where f (Q) - some function of the water discharge of the watersheds of

river basins, corresponding to the time of arrival of water masses along the
length of the river or its section.
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Based on this circumstance, the equations Ci=C,-exp(=k-t)
and C;=S—-(S—Cp) exp(=k-t), can be transformed to the form
Y =a-exp(—b-Q¥).

Thus, the system of differential equations dC;/dt = I(C;), which describes
the hydrochemical process in the watersheds of river basins, can also be
used to predict their hydrochemical characteristics and water quality.

Watersheds of river basins, as a variety or elements of a geosystem, have
system-wide properties, that is, the nonlinearity of natural processes, where
the transformation and exchange of energy and matter always proceeds at
a decelerating rate, which show that the intensity of the harmful effect on
a living organism in the face of an increase in anthropogenic pollution of
water bodies slows down due to adaptation, that is, the degree of harmful
effects is proportional to the product of the concentration of the substance in
the water of the river basins.

Mathematical modeling of hydrochemical processes, to a certain extent, is
associated, on the one hand, with a simplification of reality, which causes the
presence of limitations in the scope of its application and, on the other hand,
makes it possible to obtain reliable results, that is, based on this assumption,
the change in the limiting water pollution coefficient (K, ) from the reduced
water pollution index (WPI) is approximately described by the equation
(Mustafayev Zh.S. et. al., 2021):

dKnsi/dWPI =k- (Knai)' (18)

The solution of this equation is determined by the choice of the analytical
expression k - (K,;), which is widely used in the practice of hydrochemical
estimations, taking into account the principles of nonlinearity of natural
processes in assessing the harmful effects of water quality on a living
organism, which is described by an exponential function, having the
following form:

Kpi = (1/N) - ZN4[1 — exp(-WPL)] = (1/N) -
+ 2L {1 — exp[—(Ci/MAC)]}- (19)
Thus, the coefficient of maximum permissible water pollution (Knmi) can
be represented as the product of the coefficient of water content (K,) and

the coefficient of maximum water pollution (K ), which has the following
form:
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Kusi = Kb * Kasi = (Qep/Qi) - 3 24 [1 — exp(~WPI)], (20)

where KHH3i — concentration limit factor; K, - water content ratio; K . -
coefficient of limiting water pollution; Q, - actual water consumption (m’/s);
QCp - average annual water consumption (m?/s); WPI - water pollution
index: WPI = C;/MAC; C, — actual concentration of the i ingredient; MAC,
— maximum allowable concentration of the ingredient corresponding to the
purpose of the water body.

Based on the current classification developed for the water quality index
(WPI), he coefficient of maximum water pollution (K ) and the Shannon
trophic index (H), paspaborana a classification was developed according
to the coefficient of maximum permissible water pollution (KHM) (Table 1).

Tablel - Classification of water quality and the state of water resources according to
hydrochemical and hydrobiological indicators

Indicator Water quality class
1 II I v \% VI
WPI <0,2 0,20-1,0 | 1,00-2,00 |2,00-4,00 | 4,00-6,00 | >6,00
K113 <-0,80 -0,8-0,0 0,0-1,0 1,0-3,0 | 3,0-5,0 >6.0

KHL[3i <0,20 0,20-0,60 | 0,60-1,60 |1.60-3,60| 3,60-5,60 | >5,60

H 3,06-2,30 |2,30-1,89| 1,89-1,52 1,52-1,25 1,25-1,11

Water quality | Very clean clean | Moderately | polluted dirty Very dirty

polluted

Trophicity oligotrophic mesotrophic eutrophic hypert-

rophic

At the same time, the mathematical model for determining the coefficient
of maximum permissible water pollution (K , ) has a number of advantages,
that is, firstly, it takes into account one of the main properties of the geosystem
- the nonlinearity of natural processes, and secondly, with the possibility of
assessing the quality through the WPI indicator, thirdly, genetic similarity
with the Shannon index (H =—)}(n; /N) - In(n;/N) where H — isthe species
diversity; n. - is the number of individuals of each species in all samples; N-
is the total number of individuals of all species in all samples) is borrowed
from information theory and is a parameter for assessing the complexity
and content of information for any type of system, fourthly, it allows you
to clarify the pollution limit of the maximum permissible concentration of
pollutants, and fifthly, the water content of the catchment area of river basins.

Conclusions. The reliability of the developed mathematical models for
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assessing the quality of surface waters in catchment areas of river basins
based on the solution of differential equations of hydrochemical processes of
natural systems and practical problems of hydrochemistry and the principles
of nonlinearity of natural processes that correspond in physical and
mathematical terms, is a consequence of the use of classical mathematical
methods for constructing models and their analytical analysis.

The proposed approach to assessing the quality of surface waters in
catchment areas of river basins, in conjunction with geographic analysis,
can be used for complex geoecological studies that allow developing
recommendations for the rational management of water resources under the
conditions of anthropogenic activity.
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THE GENERAL PICTURE OF CHANGES IN THE
GEOMAGNETIC FIELD PARAMETERS ACCORDING
TO THE ALMATY GEOMAGNETIC OBSERVATORY
FOR THE PERIOD 1963-2021

Abstract. The secular variation of the geomagnetic field parameters
is presented and an estimate of the state of the geomagnetic field is given
according to the experimental data of the Almaty geomagnetic observatory
[43.25°N; 76.92°E] Institute of the lonosphere, Almaty, RK, for period
1963-2021. The characteristics are given of the temporal course and
spatial distribution of the values of the parameters of the geomagnetic field
for geomagnetic declination D, horizontal component H, full vector of
geomagnetic field strength F, northern component X, eastern component Y,
and vertical component Z. The conducted studies of the secular variation of
the geomagnetic field parameters according showed inconstancy and
change over time in their magnitude and direction. Over 58 years, D
increased by about 28 min, H decreased by 980 nT, F increased by 1081
nT, X decreased by about 1000 nT, Y increased by about 135 nT, Z
increased by about 1700 nT. On average, H decreases by (-28.5) nT/year,
the average change in F is 88.6 nT/year. Y changed unevenly over time,
during the period of time 1963-1966 there was an increase in Y, from
1966-1988 the Y has decreased, since 1988-2021 there has been an
increase in the Y. The average value of the change in Z is 112.6 nT/year.

Key words: geomagnetic field parameters, experimental data,
secular course.
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AJIMATBI TEOMAT'HUTTI OBCEPBATOPUACBIHBIH 1963-
2021 KBLIJIAP APAJIBIFBIHJIAFBI JEPEKTEPI BOMBIHIIIA
I'EOMAT'HUTTI OPIC ITAPAMETPJIIEPIHIH YAKBIT
O3I'EPICTEPIHJEI'T ’KAJIIIbI KOPIHICI

AHHOTaUUsl. ['€OMarHuTTIK Opic MmapaMeTpiepiHiH FACBIPIBIK OapbIChI
YCBHIHBUIFAH. AJIMarbl TE€OMAarHuTTIK 00cepBaTOPHUSCHIHIA — aJbIHFaH
[43.25°N; 76.92°E] Nonocdepa MHCTUTYTHIHBIH, AnMathl K., Kazakctan
PecnyOnmukaceiabiy,  1963-2021 xpuigap Ke3eHIHIErT AKCIEPUMEHTTIK
JiepeKTepi OOMbIHIIIA TeOMarHUTTIK ©pic MapaMeTpIIepiHiH FACHIPIIBIK OapbICHI
YCBIHBULJIBI JKOHE T€OMArHuTTIK epic mapaMeTpriepi MOHAEPiHIH yaKbITIIa
KYPICIHIH JKOHE KEHICTIKTE TapalybIHbIH cunarramachl oepinzi. XKymeicta
T€OMarHUTTI ©pICTIH MBIHAAAW mapameTpriepi 3epTTeNjal: TI'€OMarHUTTI
aybITKy D, kenaeHneH Kypayisl H, reoMarHuTTi ©picTiH KepHEYIIT1HIH TOJIBIK
BekTopsl F, ContycTtik Kypayuis! X, LIIbFbic Kypaymbichl Y, TiK Kypayusl Z.
1963-2021 xbu11ap Ke3eHiHAeTi AJIMaThl FeOMarHUTTI 00CepBaTOPHSICHIHBIH
nepexTepi OOMBIHIIA TeOMAarHUTTI ©pic MapaMeTpiepiHiH FaChIPIIBIK
AKYPICIHIH XKYPTi3ireH 3epTTeysepl YakbIT oTe Kejle oJapAblH aMachl MEH
OarbITBIHBIH ©3TepPMEHTIHINH koHe e3repreHiriH. CoHbIMEH, 58 Kb
imiHge oOcepBaTOpUsAAaFbl FTEOMArHUTTIK aybITKy D mamamen 28 MUHyTKa
apTThl, KeiJeHeH Kypayiibl H komnoneHTiHiH MoHi 980 HTn-ra a3aiifsl,
reoMarHuTTiK epictiH kepHey BekTopbl F 1081 uTn-ra ecti, Conryctik
xomnoHent X mamaMed 1000 vTn-ra asaiigel, Y IBIFBIC KOMIIOHEHTI
mamMmameH 135 aTn-ra ecti, Tik komnoHeHT Z mamameHn 1700 aTn ecTi.
Oprama anranga, keijaeHeH Kypaymbsl H kommonenTiHiH (-28.5) HTn/
KBUIbIHA a3asi/Ibl, F KOMITIOHEHTIHIH ©3repiCiHiH opTalla MoH1 KbUIbIHA 88.6
HTn Kypaiiel. Y KOMIIOHEHT] yakbIT OoiibIHINA OipKenKi emec e3repai, 1963-
1966 xpuiaap apanbiFblHIa Y KOMIIOHEHTIHIH yJiFarobl 6omsl, 1966-1988
Kbiaap. Y koMmmoHeHTi azaiapl, 1988-2021 >kpuimap. Y KOMIOHEHTIHIH
WIFarobl Oaiikanaapl. Z KOMIOHEHTIHIH ©3TepiCiHIH opTalla MOHI KbIIbIHA
112.6 HTn Kypaiel.

Tyiiin ce3aep: reoMarHUTTI TOMEHJEY, SKCIEPUMEHTTIK JepeKTep,
FACBIPJIBIK OApBICHI.
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OBIIAA KAPTUHA U3BMEHEHUI TIAPAMETPOB
TEOMATHHUTHOTI'O MOJIA IO JAHHBIM ATIMATUHCKOHN
TEOMATHUTHOM OBCEPBATOPUH 3A IIEPUO/I 19632021 I'T.

AnHoTranus. IIpencraBieH BEKOBOM X0J NapaMeTpOB I'€OMAarHUTHOTO
I10J151 M 1aHa OLIEHKA COCTOSIHUSI TEOMAarHUTHOTO ITOJISI 10 DKCIIEPUMEHTAIbHBIM
JaHHBIM, TIOJIyY€HHBIM Ha AJIMATUHCKOM TI'€OMarHUTHOW oOcepBaTopun
[43.25°N; 76.92°E] Hucturyra noHocepsl, I. Anmarbl, PecrmyOnuku
Kazaxcran, 3a nepuon 1963-2021 rr. /laHbl XapaKTepUCTHUKU BPEMEHHOIO
X0la W MPOCTPAHCTBEHHOIO pAaclpeAeiieHUs] 3HAY€HUH IapamMeTpoB
re€OMarHUTHOrO Tmosd. B pabore wuccnenoBaHbl Takue IMapameTphbl
Te€OMarHUTHOTO IOJIS, KaK T€OMAarHUTHOE CKJIOHEeHue D, ropusoHTanbpHas
cocrapisiomias H, MoyiHbli BEKTOp HaNpsyKEHHOCTH F€OMarHUTHOTO OIS
F, ceBepHas cocTasistomias X, BOCTOUYHAsl COCTABIISIOMIAsA Y, BEPTUKAIbHAS
cocrasisomas Z. [IpoBeneHHbIe necae10BaHNsI BEKOBOTO X0/1a [TapaMeTPOB
FE€OMarHUTHOIO  TOJS MO  JaHHBIM  AJIMATUHCKOW  T€OMarHUTHON
oOcepBaropun 3a mepuon 1963-2021 r1r. mokazanw HEMOCTOSHCTBO U
WU3MEHEHUE CO BPEMEHEM MX BEJIMUYMHBI U HampasieHus. Tak, 3a 58 iser
r€OMarHUTHOE CKJIIOHeHHEe D 1o gaHHBIM 0OcepBaTOpUM YBEIHMUYMIIOCH HA
BEJIMYMHY NOpsAJIKa 28 MUH, BEJIMYMHA TOPU30HTAIBHOM cocTaBisatonieit H
ymesblmnack Ha 980 HTII, BEKTOp HaNPSHKEHHOCTH T'€OMAarHUTHOTO IOJIS
F yBennunncs Ha 1081 uvTn, ceBepHas cocrapistomas X yMEHbIIMIACH HA
BennuuHy nopsiaka 1000 vTi, Boctounas cocrasisoomas Y yBeIndmiIach Ha
BennuuHy nopsiika 135 T, BepTukanbHas cocTapistonas Z yBeaIuuuiach
Ha BenuuuHy nopsanaka 1700 uTn. B cpeanem H ymeHbaeTcs Ha BETUYMHY
-28.5 #Tn/ron, cpenusis BenmumHa w3meHenuss F coctaBnser 88.6 uTn/
rozi. Y U3MEHsUIach HEPaBHOMEPHO 110 BPEMEHH, 3a NIEpUOX BpeMeHu 1963-
1966 rr. mpouzonuio yBenuueHue Y, ¢ 1966-1988 rr. Y cocrasistomas
yMeHbImnach, ¢ 1988-2021 rr. mponcxoaut yenuueHue Y COCTaBIISIIOIIEH.
Cpennsas BenmuunHa u3MeHenus Z cocrasiset 112.6 aTn/rox.

KuroueBbie ciioBa: mapamMeTpbl I€OMarHUTHOIO MOJSI, SKCIEPUMEH-
TaJbHBIE JAHHbIE, BEKOBOH XOJ.
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BBenenue. 3anocnennue 100 €T reOMarHuTHOE IOJIE 0CJIA0I0 TIPUMEPHO
Ha 5%. Kak npaBuio, ocinalieHne reOMarHiTHOTO TOJISI BEIeT K MHBEPCUU
CEBEPHOTO M KKHOTO MArHUTHBIX IONIOCOB 3emMiid (MEPEeroitoCOBKeE).
[TonTBepkaatoT OOIIYI0 TEHACHILHMIO OCIA0NeHUs BETUYUHBI MarHUTHOTO
moJisi  JaHHble, TepefaBacMble CIOYTHUKOM Swarm, 3amylleHHbIM
EBporneiickum xocmuueckum areHTcTBOM (European Space Agency, ESA).
[To nanupiM ciyTHHKa Swarm, B 2014r. HauOoIbIIUNA YPOBEHb CHIKEHUS
TE€OMarHuTHOrO Moy mnpouszomen B 3amagHoMm mnonymapuu (Finlay,
2010: 1216) HaGmromaeMoe Ha TMOBEPXHOCTH 3€MJIM T'€OMArHUTHOE II0JIC
SIBIISIETCS BaKHBIM HCTOYHUKOM MH(OPMALMU O AMHAMUKE MarHUTOC(EpHI.
Marnurtocdepa U Bce MPOCTPAHCTBO BOKPYT HEE 3alOJHEHBI IJIa3MOM, B
KOTOPOI1 JIerko Bo30y KaaeTcs dNeKTpuueckuii Tok. [loaToMy mpoucxoasiiue
B Maruurocgepe mnpoiecchl 00yCIaBIMBAIOT MPOSBICHUE BO3MYILEHUN B
reomMarHuTHOM mosne. CrienoBareinbHO, TEOMAarHUTHBIE JAaHHBIE SIBISIOTCS
HCTOYHHUKOM I[EHHBIX CBEJICHUI, HEOOXOAMMBIX 11 TOHUMAaHUS MPOIIECCOB,
MIPOTEKAIOLINX B OTAAJICHHBIX 00aCTAX KOCMUYECKOTO POCTpaHCTBa. Takue
OCHOBHBIE MOHATHS, KaKk MarHurocdepa, COITHEUHBIM BeTep, 3axXxBauycHHAas
paauanys ObUTH BBEJCHBI B HAYYHBIA OOMXO[] MPU aHAJIN3€ T€OMarHUTHBIX
JAHHBIX €Ile JI0 TOSBICHUS CIYTHUKOB. l3MepeHHs TeOMarHUTHOTO
T0JIsI, KOTOPBIE MPOBOMAAT HA CIYTHUKAX M B 00CEPBATOPHUSAX MOKA3bIBAIOT,
YTO MarHUTHOE ToJ€ 3eMJIM TOCTOSIHHO MEHSETCS. OTH HW3MEHEHUs
MOKHO TOAENUTh Ha JJIMHHONEPUOAHBIE (BEKOBBIE) M KOPOTKONEPHUOIHbBIC
BapHalu. BexoBble Bapralnuy NposIBISIOTCS 32 JUIUTEIbHBIA POMEKYTOK
BpEMCHH (JCCATUIICTHS, CTOJICTHsI), a KOPOTKONEPHOAHBIC (OBICTPHIC)
BapHallMi CKa3bIBAIOTCS B TEUYCHHE JHs, Yaca, MUHYT U cekyHa. llpu
UCCJIEIOBAHUM TE€OMArHUTHBIX BapHUalUi MPUHATO KBATH(PHUIMPOBATH HX
[0 OMPEJEICHHBIM MPU3HAKAM: 110 HHTEHCUBHOCTH, MPOJOKUTEIBHOCTH,
MIPOCTPAHCTBEHHOMY paCIpe/leIeHHI0, 0 (PU3NUeCKUM MeXaHu3MaM. Tak
HA3bIBAEMbIA BEKOBOM XOJ T'€OMAarHUTHOTO TOJs (MEAJIeHHbIe BapuUalluu
MapamMeTpoB TEOMAarHUTHOTO TOJiI C MEPHUOAAMH HECKOIBKO JIET) Mbl
MOKEM HCCJIEIOBATh MPHU MOMOIIM MHOTOJIETHUX H3MEPEHUI MapamMeTpoB
r€OMarHUTHOTO TOJISl B TEOMAarHUTHBIX 00CEPBATOPHUSX, KOTOPHIE HAXOIATCS
B pa3HbIx Toukax 3emun (Fournier, 2010:247, Friis-Christensen, 2006: 351,
Love, 2008 a: 31, 2011 b: S07001, Matzka, 2010: 29, Mayaud, 1980, Nosé,
2012: S08002, Peltier, 2010: e5, Reay, 2005: 3081, Yumoto, 2012).

Marepuaibl M OCHOBHbIe MeTOAbl. Bce u3MepeHus mnapameTpoB
T€OMarHuTHOTO TOJISl B TeOMarHuTHOM obcepBaropun «Anma-Ata» (IAGA
koq AAA) [43.25°N; 76.92°E] ATOO «UuctutyT unoHocheps» AO
«HOKHWT», r. Anmatel, PK nipoBoasSiT B peaibHOM BPEMEHH C IMOMOIIBIO
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CHEIMAIM3UPOBAHHOTO HM3MEPUTEIBHOTO KOMIUIEKCA [0 CTaHJIAPTHBIM
metoaukam (Kryakunova, 2015: 177, Topmun, 2004: 9). Kommuekc
COCTOMT M3 ABYX HH(PPOBHIX MAarHMUTOBApUALMOHHBIX CTAHLIUNA Ha Oasze
beppozonnoBeix MarauToMeTpoB (LEMI-008 u LEMI-018) n BapranronHoi
CTaHIIMH C MPOTOHHBIM MarHUTOMeTpoM (POS-1), a Takxke heppo30HI0BEIM
nexnuaomeTpoM Lemi-203 Ha 6a3e Teomonura 3T2KII (Sokolova, 2016: 76,
Heuaes, 2006: 35). Pabora POS-1 ocHOBaHa Ha MPUHIUIIE TUHAMHYECKOU
nonsipu3atuu anep (ddpdexr Opepxayzepa). OCHOBON [aTuMKa CITYKUT
OBepxay3epOBCKUIl  AIEPHO-TIPELIECCUOHHBI  MpeoOpa3oBaresib  Ha
ctabunpHOM paboueM BemiecTBe. [lo CpaBHEHHIO € TMPOTOHHBIMHU
npeoOpaszoBaTes MU OH 00J1a/1aeT MEHBIIIUM SHEPTomnoTpeOieHneM, O0IbILeH
4yBCTBUTEIHLHOCTBIO UTPATUECHTOYCTOMYUBOCTHIO. MICTIONb3yeMBbIii BCOCTaBe
JaT4yuKka MHUKPOIPOIIECCOpP MO3BOJSET: 00pabaThiBaTh M IMEPECUUTHIBATH
4acTOTy CBOOOJHON SEPHOM MpElecCHd HEMOCPEACTBEHHO B BEIUYHHY
MOJyJIsl U3MEPSIEMOro MOJIsl; afanTUpPoBaTh 00pabOTKy cuUTrHana sIepHON
Mpeleccu B 3aBUCUMOCTH OT YCIOBHI H3MEpPEHHs; KOHTPOJIHUPOBATH
Ka4eCTBO U yCIIOBUS U3MEPEHHUS; YIIPABIIATH JATYUKOM IO MIOPTY C BHEIIIHETO
0710Ka yrnpaBJeHHs], HAPUMEpP ¢ KOMIBIOTEPA; IPOBOAUTH ABTOMATUYECKYIO
BHYTPEHHIOIO HACTPOMKY IaTUMKa, a TAKXKE «PYUHYI0» HACTPONKY C BHEIIIHETO
OJI0Ka YIIpaBIICHUS; BBIBOIUTE PE3YNIbTAThl U3MEPEHUH U TOMOTHUTEIbHYIO
uHpopManuioo B IUGPOBOM BHJE uYepe3 MOPT aBTOMATHUECKH WU TI0
3arpocy. LEMI-008(LEMI-018) u3roroBieHbsl Ha 0CHOBE (heppO30HI0BBIX
JATYUKOB, AIIEKTPOHHBIE OJIOKH KOTOPHIX 00eCIeYnBarOT nmpeoOpa3oBaHue,
00paboTKy M HakoruieHHe WHGOPMAIUU O BapHAlUSAX MArHUTHOTO MOJI,
nepenady stoil nHdopmanuu B KoMIbloTep uepe3 uHTepdeiic RS 232.
Berpoennsiit GPS-npueMHUK KOppPEeKTHpPYeT BpeMsi BHYTPEHHHX YacoB
U OmpeenseT KOOPIWHATBHl PACIONOKEHUsT MarHutomerpa. Jluama3on
u3MepeHus: MarautHoro noist 65000 uTun, paspemiaroniyio cnocoOHOCTh
o i posomy Bxoxay 0.1 HTn, nnanazon uaMepeHus Bapualuii MArHUTHOTO
nonist £2600 uTn, pa3pemaroiryo ciocOOHOCTh IPU U3MEPEHUH BapUalui
0.01uTn. ITpu momoru 6;10KOB MPOrPaMMHOI0 0OeCTrieueHUs CUCTEMBI cOopa
Y HaKOIUICHUS JaHHBIX MOXXHO YIPAaBISATH MarHUTOMETPaMHU, COOMpaTh U
XpaHUTh CEKYHIHbIC JTAaHHBIC, MPUBSA3BIBATH JAHHBIE K TOYHOMY E€IUHOMY
BPEMEHH; CO3/1aBaTh CYTOYHbIC (Dailfibl MUHYTHBIX ITaHHBIX; TpaduyecKu
BBIBOJIUTH HA MOHUTOP B PEaTbHOM BPEMEHH BapUaIlii FT€OMAarHUTHOTO MOJIS;
MIPOU3BOANTH ABTOMATUYECKYIO M PYYHYIO KOPPEKIUIO CUCTEMHBIX YacOB.
®eppo3onaoBeiit MaruutoMeTp LEMI-203 cocTouT 13 0MHOKOMIIOHEHTHOTO
deppo3oHa U O0Ka dIEKTPOHUKH, COSTUHEHHOTO CUTHAJIBHBIM KaOeneMm.
Jlanublit GeppO30HI0BBIN MArHUTOMETP UCIOIB3YETCS KaK ACKIMHOMETP U
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UHKIUHOMETP. Deppo30H/] 3aKpEeTieH Ha 3pPUTEIbHOM TpyOe HEMarHUTHOTO
aCTPOHOMHUYECKOTO TeononuTa. Oeppo30HI0BbI MATHUTOMETP HY)KEH IS
HAXOXKICHHsI MarHUTHOTO MepUJUaHa Ha Kpyre TEOJOJHTa, a 3pUTeNbHas
TpyOa CITyKHT JIsl ONPEIEIICHUS Ha 3TOM KpyTe reorpaduyeckoro Mepuanana
Onmarogapsi HaBEJCHHIO Ha MHUPY C M3BECTHBIM a3UMYTOM. YTOI MEXIY
IJIOCKOCTHIO MAarHUTHOTO MEpHJMaHa W IUIOCKOCTBIO Teorpaduaeckoro
(actpoHomuueckoro) mepuanana u ectb ckionenue D (Sokolova, 2020:
142). B ¢beppo3oHA0BOM JIEKITMHOMETPE MarHUTHAsI OCh YCTaHABIMUBACTCS
NEePHeHIuKYAIpHO Mepuauany. [Ipu wucmonb30BaHMM MarHeroMerpa B
KaueCcTBE HHKIIMHOMETPA 3pUTEIbHYI0 TPYOy ¢ peppOo30HA0M yCTaHABIHUBAIOT
B IUIOCKOCTH MAarHMTHOTO MEpHAMAaHAa W TIOBOPAYMBAIOT €€ BOKPYT
TOPU30HTAJIBLHON OCH JI0 COBMEIICHHSI HOPMaJIM JIaTYMKa C HarpaBlIeHUEM
oJTHOTO BekTopa F. D10 monoxeHue onpeaenseTcs o HyJIeBbIM TOKa3aHUSM
MarHuToMerpa. BemnumHa TOTrperIHOCTH KOMITIOHEHTHBIX H3MEPEHHUH ¢
MTOMOIIBIO (hePPO30HIOBOTO MHKIIMHOMETPA 3aBUCUT OT MECTOMOJIOKEHUS
obcepBaropuu. [Ipu morpemnocty nporeccopraoro maruuromerpa 0.1 uTn
U MHKIMHOMETpPAa HMEIOIIETo IeHY AeNIeHUs BepTUKajIbHOro Jmmba 177,
ommbOka cocraBut 0.2-0.5 uTu.

PesyabTarel U o0cyxnenue B oOcepBaropuu (AAA) mnpoBOIAT
HaOJIFOJIEHUsT T€OMarHuTHOTO Tojsi ¢ 1963 1. Takux mapamMeTpoB, Kak
reOMarHuTHOE CKJIOHEeHHe D, ropuzoHTanbHas cocrapisromnias H, moiaHbi
BEKTOP HaNpsOKEHHOCTH T€OMarHUTHOTO 1o F, ceBepHas cocTapistomas
X, BOCTOYHAsi COCTaBISIONIAs Y, BEpTHKalIbHas cocramisitomas Z. U3
HaOomaeMbIX 3HaueHu D u BapuanoHHbIX 3HadeHud X, Y, Z, F Obumn
BBIYUCIICHBI CPEHEMECSIYHBIC M CPETHETO0BbIC a0COFOTHBIC 3HaUeHUs D,
X, Y, Z, F 3a nepuon 1963-2021 rr. H-cocrapistomniasi Obljia BEIYUCICHA
M3 CEBEPHOM cocTaBisitomie X M BOCTOYHOW cocTapiswomeid Y. bbuin
MMOCTPOCHBI I'PaUKKU BEKOBBIX BapHUAIIMi IMapaMeTPOB T€OMAarHUTHOTO TOJIS
1o nanHbIM oOcepBaropuu (AAA) 3a nepuon 1963-2021 rr. pucynok 1. Ha
puCyHKe la moka3aH BEKOBOMW XOJ T€OMarHUTHOTO CKJIoHeHus D 3a mepuon
1963-2021 rr. B o0cepBaropuu (AAA). I3 pucyHka BUHO, YTO B UHTEpBAJe
Bpemenu 1988-2021 rr. xopomo BujeH pocT D u umeercs TeHICHIMS
YBEJIMYCHHUS BEJIMYMHBI TE€OMArHUTHOTO CKIOHeHHs D B BOCTOYHOM
HampaBieHud. HawuOonbmiee u3MeHeHne D mpuxoauTcss Ha TEPHOIBI
1986-1989 rr. 1 1996-2000 rr., uTOo cOoOTBETCTBYET 22 U 23 COJHEYHBIM
uukiaMm. beiio momyudeno, 4to 3a 58 yieT reoMarHuTHOE CKJoHeHue D B
oOcepBaropun (AAA) yBenmuuuiIOCh Ha BelIMUMHy mopsaka 28 muH. Ha
pucyHke 1 6 mpuBeneH BEKOBOI X0/ TOpU30HTAJIbHOU cocTaBisitomeii H B
obcepBaropuu (AAA) 3a nepuon 1963-2021 rr. U3 rpaduka Buano, uto H
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yMeHbIIaeTcsi co BpemeHeM. 3a 58 ser B oOcepBaropuu (AAA) BennunHa
H cocraBnstomeli ymensimninack Ha 980 uTn. B cpennem H ymenbinaercs
Ha BenuuuHy (-28.5) HTn/ron. Ha pucynke 1 B mpuBeieH BEKOBOH XOI
MIOJTHOTO BEKTOPa HAIMPSHKEHHOCTH reoMarHuTHoro nois F B oOcepBaropun
(AAA) 3a nepuon 1963-2021 rr. U3 rpaduka BuaHo, uto F yBenuuuBaetcs
co BpemeHeM. 3a 58 ser B obcepBaropun (AAA) BEeKTOp HANPSHKEHHOCTH
F yBenuuuncs na 1081 uTn. Cpennsist BenuunHa usmenenus F cocrasiser
88.6 HTn/ron. Ha pucynke 1 r mnpuBeneH BEKOBOM XOI  CEBEpHOIl
cocTapystomel X B reoMarHuTHOM oocepBatopun (AAA) 3a nepuog 1963-
2021 rr. M3 rpaduxa BugHO, yTOo X YMEHBIIAETCs CO BpeMeHeM. 3a 58 et
B oOcepBaropun (AAA) X cocraBisomias yMEHBUIMIACh HA BEIUYHHY
nopsiaka 1000 vTn. Ha pucynke | 1 mpuBeneH BEKOBOM X0 BOCTOYHOU
cocraBistomed Y B oocepBaropun (AAA) 3a mepuon 1963-2021 rr. U3
rpaduka BUAHO, YTO BeIUYMHA Y W3MEHSIACh HEPABHOMEPHO MO BPEMEHHU.
Tax 3a nepuog Bpemenu 1963-1966 rr. npousonuio ysennyeHue Y, ¢ 1966-
1988 rr. Y cocrasnsronias ymenblumiacek, ¢ 1988-2021 rr. mpoucxoaur
yBenuueHue Y cocrapistonieil. 3a 58 jer B obGcepBatopun (AAA) Y
COCTABIIAIONIAs YBEIMUMUIIACh HA BenuuuHy nopsiika 135 uTn. Ha pucynke 1
€ IpUBEJICH BEKOBOM XO/1 BEpTUKAIBHON COCTABIISIIONICH Z Ha TEOMAarHUTHOM
obcepBaropun (AAA) 3a nepuon 1963-2021 rr. 13 rpaduka BugHO, YTO
CO BpeMeHeM Z COCTaBIAIONIAs yBeIUYMiIach. 3a 58 et B oOcepBaTopuu
(AAA) Z ysennuunach Ha Benuuuny nopsaaka 1700 aTn. Cpeansis BenuunHa
n3Mmenenus Z cocrasiser 112.6 aTn/roz.
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Pucynok 1. BexoBble Bapuaiuu napaMmeTpoB reOMarHuTHOTO OISl TIO JJAHHBIM
reoMarHuTHOU oOcepBaropuu AAA 3a nepuos 1963-2021 rojsl: a - Fre€OMarHUTHOE
ckioneHue D, 6 - ropu3oHTaNbHas cocTaBiisitoiiast H, B - MOJIHBINA BEKTOP HANPSHKEHHOCTH
F, r - ceBepHast cocrapmstomnias X, 7 - BOCTOYHASI COCTABIISIIONIAs Y, € - BEpTUKAIbHAS
cocTasistoIas Z

3akiouenue. Takum 00pa3oM, MPOBEICHHBIE UCCIEIOBAHUS BEKOBOTO
X0J1a MapaMeTpoOB T€OMarHUTHOTO TTOJIs, TTO JaHHBIM oOcepBaTopun AAA 3a
nepuoa 1963-2021 rr., mokaszaau HEMOCTOSHCTBO U U3MEHEHHUE CO BpEMEHEM
UX BEJIMYMHBI W HampaBieHus. Tak, 3a 58 JeT reoMarHuTHOE CKJIOHEHUE
D B obcepBaropun (AAA) yBeIUYUIIOCH Ha BEIUYUHY TOpsiaKa 28 MHH,
BEJIMYMHA TOPU30HTaIbHON cocTapistonie H ymenpmmnace Ha 980 uTm,
BEKTOp HAIpPSKEHHOCTU reomMarHutHoro noist F yBenuunics va 1081 uTm,
CEBEpHasl COCTaBIIsIOMIAs X YMEHBIIMJIACh HAa BeauuuHy mnopsaaka 1000
HTn, BocToyHas cocrapisionias Y yBeIMUWIach Ha BEIMYMHY MOPSAJIKa
135 #Tn, BepTuKambHas COCTaBIAMONIAS 7 YBEIMYWIACh HA BEIUYHUHY
nopsaka 1700 uTn. Haubonbuiee uamMenenue D mpuxoautcs Ha nepuoabl
1986-1989 rr. u 1996-2000 rr., 9TOo COOTBETCTBYET 22 U 23 CONHEYHBIM
ukiam. B cpenaem H ymenbpmaetcs Ha Benmuunny (-28.5) aTn/ron, cpemass
BennunHa n3MeHenus F cocrasiister 88.6 uTn/ron. Bennmunnaa Y nusMeHsiach
HEpaBHOMEPHO 1O BpEeMEHH, 3a nepuo Bpemenu 1963-1966 rr. npousomuio
yBenuueHue Y, ¢ 1966-1988 rr. Y cocrapnsromas ymeHblniach, ¢ 1988-
2021 rr. mpoucxoaut ysennyeHue Y cocrtasisitomiedl. CpeaHsisi BeIu4uHa
nsMeHenus Z cocrapiusiet 112.6 aTn/rop.

Pabora BbimonHena mo mporpamme BR11265408 B pamkax Hay4yHO-
TEXHUYECKOTO MPOEKTA 1Mo OromKeTHOM mporpamme 008.
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SPECTROPHOTOMETRIC STANDARDS 8™- 10™. V. ZONES +61°,
+20° and -16°

Abstract. The article is the result of the following stage of the creation
of net of intermediate brightness spectrophotometric standards. In paper
the absolute energy distribution in visual region of spectra for 16 B9-A2-
stars 8™-10™ was presented. The five investigated stars are located in zone
with declination 6 =+20° and five in zone with 6 =-15°. The reduced
data for 6 stars from the previous work of this cycle are also given, for
which an error was found when taking into account the attenuation of
radiation in the Earth’s atmosphere. The distribution of energy is studied
in the range of 340 - 660 nm, spectral resolution is 5 nm, the relative root-
mean-square error of the received data is from 3 to 6%. By prime
standards served 8 stars, for which the energy distribution in their spectra
given in first paper of this cycle. The energy scale of the primary standards
is based on energy distribution in spectra of the main prime
spectrophotometric standard o Lyr, which D. Hayess brought out.
Observations were made on the telescopes of AZT-8 and Zeiss-600 using a
diffraction spectrograph equipped with a CCD-cameras ATIC-490. The
reliability of the results is estimated by comparing the calculated and
directly observed magnitudes of the stars in UBV-system. One can
used the investigated stars as spectrophometric standards at observations
on medium-sized telescopes, including space ones.

Key words: stars, energy distribution, spectrophotometric standards,
comparison with photometry.
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8"-10" CIIEKTPO®OTOMETPIIK CTAHJAAPTTAP. V. +61°,+20°
7KOHE -16° AYMAKTAPBI

AHHoTauus. Makana, apaibIK KapKblpay O0MbIHIIIA CTIEKTPO(HOTOMETPIIIK
CTaHIAPTTap JKENICIH KYPYIbIH KE€3€KTlI CaThICBIHBIH KOPBITHIHIBICHI
KepceTuireH. MyHza, CHEKTpAiH KOpiHepiik aiMarblHAarsl  8™-9™
mamanarel BOV-A2V knacctapbiHblH 16 KYIABI3OAPHIHBIH  a0COMIOTTI
sHeprus Tapaiysl OepuireH. bec ayeicy +20°-a sxone Oec & = -16°
aybICYbIHJ]a OpHAJIaCKaH >KyJasi3aap 3eprrenareH. CoHBIMEH KaTap, OChl
LUK OOMBIHINA aJIJIBIHFBI KYMBICTAFbl O KYJIIBI3 VIIIH KYJIIBI3IapIbIH
COyJNeJIeHYIHIH >Kep aTMoc(depachblHaH OTyiH €CEelKe ajbll aHBIKTaJIFaH
penyKIMsIIaHFAaH MAJIIMETTep KeTIpuIreH. DHeprusiHbIH Tapanysl 340 - 660
HM apabIFbIH/IA 3€PTTENAl, CHEKTPIIK pyKcaT €Ty 5 HM Kypaibl, aJblHFaH
MOJIIMETTEP/IIH CaJIbICThIpMalIbl OpTallia ecellik KaTemiri -3 TeH 6% neiiH.
Ocpl MKl OipiHII )KYMBICTa OepiireH SHeprus Tapaaybl YIIiH 8 KyJIbI3
CTaHJApPT PETIHAE KOJAAHBUIAbL. AJFalIKbl CTaHIAPTTAPIBIH SHEPTHUSIIBIK
HIKananapsl, Xelc mblraprad, Bera — criekTpiHaeri SHEpPrust TapalyblHbIH
aJIFallKbl CHEKTPO(POTOMETPIIIK CTaHJapThlHA Heri3nenreH. baxpiiaymap
A3T-8 xone lLleiicc-600 TeneckonTtapbinaa ATIK-490 3BA-kamepacbiMeH
KaOpIKTaNFaH AUQPAaKIMIIBIK CIHEKTporpad KeMeriMeH OpbIHIAJIBL.
3epTTenreH OKYIAbI3apFa alblHFAaH OJHEPTUSHBIH Tapaiybl Typajbl
MOJIIMETTEp aJFallKbl OOJFAH/ABIKTaH, OJNApJbIH HOTHXKEJIepiH Oaranay
xoHe nanenaey UBV xyiieciHiH (oTOMETpIiK MOIIMETTEPIMEH CANTBICTBIPY
apKbUIbl JKYPri3uiai. 3epTTeNreH JKYJAbI3IapFa opTalia eJIeMal KoHe
COHBIMEH Karap FapbIIITHIK TEJIECKONTapMeH OaKbuIaylap Kypri3reHje
CHEKTPO(OTOMETPIIIK CTAaHIAPTTap PETiHAE KOJIAaHyFa O0oaibl.

Tyiiin ce3nep: xyiab3aap, SHEPTUSHBIH TapaTybICIIEKTPOPOTOMETPIIK
CTaHJapTTap, (HOTOMETPIIK MAIIMETTEPMEH CAJIBICTHIPY.
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CHHEKTPO®OTOMETPUYECKUE CTAHIAPTBI 8™-10™. V.
30HbI +61°,+20° u -16°

AnHoTanus. Ctarbs SBISETCS UTOTOM OYEPEHOTO ATara CO3AaHus CETU
CHEKTPO(OTOMETPUUYECKUX CTaHAApPTOB MPOMEXYTOUHOro Onecka. B Heit
MIPECTaBICHO aOCONIOTHOE pacIpeesieHie SHEPrul B BUAUMON 00iIacTu
cnektpa ansa 16 BI9V-A2V-3ge3n 8™-9™. IIATh uCCHENOBaHHBIX 3BE3[
pacIMooKeHbl B 30HE CO CKJIOHEHHsIMU +20° M MATh — CO CKIOHEHUSIMU
0 = -16°. Taxke mpuBEIEHBI pPeAylMPOBaHHBIC JaHHBIC I 6 3BE31 U3
MpeabIIyIeld padboThl TaHHOTO IUKJIIA, ISl KOTOPBIX OOHApYXeHa OIMOKa
npu ydyere ocialieHus U3NydeHus B 3eMHON atmocdepe. Pacnipenenenue
sHepruu uccienoBano B uaTepBatie 340 - 660 HM, CIEKTpabHOE pa3pelIeHUE
COCTABJISIET 5 HM, OTHOCUTEBHAS C.K.0. TTOJIYYCHHBIX TaHHBIX - 0T 3 110 6%.
CranmapramMu CIy>KWJIA 8 3Be37, UIsl KOTOPBIX pacIpe/iesieHne >HEepruu
MPUBEIEHO B TMEPBOM padOTe MaHHOTO IMKJIA. JHEpreTHYecKas IIKala
MEePBUYHBIX CTaHAAPTOB OCHOBAHA Ha PacCIpeleICHUU SHEPTUU B CIEKTPE
OCHOBHOTO TIEPBUYHOTO CHEKTPOPOTOMETPHUECKOTO CTaHmapta — Beru,
BbIBeieHHOTO Xeiieccom. HabOmronenus BeInojHeHbI HA Teneckomax A3T-8
u Lleiicc-600 ¢ momomipio AUPPAKIIMOHHOTO CHEKTporpada, OCHAIEHHOTO
I13C-xamepoii ATIK-490. BBuay TOro, 4to JaHHBIE O pacHpeacsiCHUU
SHEPTUM JUIsl WMCCIIEJOBAHHBIX 3BE37] IOJTY4YEHBI BIIEPBBIC, OICHKA HX
JIOCTOBEPHOCTH CJIeJIaHa ITyTeM CPABHEHHUS ¢ (POTOMETPUICCKUMU JTaHHBIMU
B cucreme UBV. UcciienoBannbie 3B€3/1b1 MOT'YT UCIIOIB30BAThCS B KAYECTBE
CHeKTpOOTOMETPHUIECKUX CTAHIAPTOB MPU HAOIIOACHUSAX Ha TEJIECKOIax
CpeIHero pa3Mepa, B TOM YHCJI€ U KOCMUYECKHUX.

KiaroueBbie cjioBa: 3Be3/bl, paclpeesieHHe HHEPruH, CIEeKTpodo-
TOMETPUYECKUE CTAHIAPThI, CpaBHEHHE ¢ (DOTOMETpUEH.

BBenenne. B paGore (Tereschenko, 2018) Obuta aHOHCHMpOBaHa
mporpaMMa CO3JaHHST CETH CIEKTPOPOTOMETPUYECKUX CTAHIIAPTOB
npoMexxyTodHoro Onecka. Ilporpamma mpemgycMaTpuBaeT MOATAIMHOE
UCCIIeIOBaHNE BHEATMOC(EPHOr0 pacIpe/ielieHuss SHEpPruu B CHEKTpax
Oonee matuaecsatu A-B-3Be3n 8™ - 9™ B unTepBane niauH BoiaH 340-660 HM
U CHEKTpaJbHBIM pa3perieHrneM 5 HM. B HacTosmeir pabote mpuBOIUTCS
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pacripeiesieHde dHepruu il At A-B-3Be3n, pacIioIOKEHHBIX BJIOJb
napaenu +20° U nsaTy 3Be3/], UMEIoIUX ckiIoHeHue -16°+1°. Tlocnennue
HaxomATcs BOmuM3u Mineunoro IlyTH M MOTyT HCHONB30BaThCs s
CTaHJAPTHU3AIUH  CHEKTPOPOTOMETPUUCCKUX  HAOIIONCHHH OOBEKTOB,
pacrnojOKEeHHbIX B HampaBieHUH sanapa Hamed [amaktuku. Kpome aByx
YIOMSIHYTBIX 30H, MbI TAK)K€ IPUBOJIUM PEAYLIUPOBAHHBIE TaHHBIE AJI5 IECTH
3Be3/, onmyOIuMKoBaHHbIE HamH B pabore [2] (3ona +61°). IlpuBeneHubie
B (Tereschenko, 2021) nmaHHBIE O pacHpeeICHUH SHEPTUU OKa3alMCh
YaCTUYHO HMCKAXEHHBIMHM HU3-32 JIOMYLICHHOW OMIMOKH TpU BBIYUCICHUU
ocabieHus CBeTa B 36MHOM arMocdepe.

Kak wu3BectHo (Mironov, 2008, Burnashev et al., 2016), 3Be3asl ¢
XOpOIIO HW3YyYEHHBIM pACHpPEICICHHEM HHEPrud B HMX CIEKTpax 4YacTo
UCIIONB3YIOTCS ISl KaTMOPOBKU MPUEMHO-PETUCTPUPYIONICH anmapaTypbl
Y CTaHJapTHU3AIUHU CIIEKTPO(POTOMETPUUECKUX HAOIIOIEHN CaMbIX Pa3HbIX
HEOECHBIX Tel. AKTyalbHOCTh CO3MaHHUS CTAaHAAPTOB MPOMEKYTOYHOTO
Onecka 00ycloBlieHa, PEXKAEe BCEr0, MaCCOBBIM BBOJOM B JKCILTyaTaI[HIO
TEJIECKOIIOB CPEeIHEro pa3mepa, MpHu HaOIIOAEHUSIX Ha KOTOPBIX TpeOytoTcs
CTaHJapThl MUMEHHO MPOMEKYTO4YHOro Onecka. Ha ceromns cranmaptoB
MPOMEXKYTOYHOro Onecka (8™ - 9™) HACUMTHIBAETCS BCEr0 HECKOJIBKO
necstkoB (Hamuy at al., 1992, Hamuy at al., 1994, Biryukov et al., 1998,
Borisovetal., 1998), mo3Tomy nomnosHeHUE UX CIUCKA JaKe OAHUM JECATKOM
3Be3 ISl HaOmoparenei-norpedureneii sBiusercs CyumecTBeHHbIM. Jlis
KPYTHBIX TEJIECKONOB TuaMeTpoM Oosee 3M TpeOyroTcs cTaHaAapThl ciabee
12 BenuumHbL. 3ajady MX CO3JaHUS PEUIWIIM B CHELHUAIBHO CO3JaHHOU
g atoro naboparopun B Mucruryre Kocmuueckoro teneckoma (STSI,
Baltimore). [Ipu 3ToM criekTpanbHas 00JacTh KAJIMOPOBOK ObLIIa pacIIMpeHa
u oxBaTwia uaTepBai ot 1150 A 1o 2,5 MK, a AMana3oH 3BE€3HbIX BEIUYUH
— ot 7™ nol6™. Ilpouecc ux coszmanus 3aHs1 Oonee necsaTu Jier. OOparum
BHMMAaHHUE, YTO YHCIICHHBIE 3HAUYCHMsI MOTOKOB I CJIAOBIX CTaHIapTOB
MOJTyYeHBI MOJIYIMIUPUUYECKUM criocoboM. Hapsny c¢ HabmiopeHusmMu Ha
KOCMHUYECKOM TeJlecKone «XaO0m» ObUIM MPHUBJICUCHBI TEOPETHYCCKUE
Mmonenu atmocdep 6enbix kapnukoB (Oke et al., 1983, Oke, 1990, Bohlin et
al, 2001, Bohlin et al., 2004).

CnucoK10CHOBHBIE XaPAKTEPUCTUKU MCCIIEA0OBAHHBIX M PETYITUPOBAHHBIX
3BE3/I—CTaHAAPTOB MpuBeAcHBI B Tabmuiie 1. Bo BTopoii u TpeTbeii KoJOHKaxX
npuBoaaTcs HoMmepa 3e3q o karasnoram « HIPPARCOS» u HD, B uetBeproii
Y NIATOU — dKBaTopuajibHble kKoopauHatsl Ha 2000 ro, B IECTON U ceabMOM
— 3Be37HBbIC BeNMUMHBI V ¥ moka3arenu neeta (B - V) B cucteme UBV, B
BOCBMOM — CIIEKTpajIbHBIN Ki1acc, npuBoaumMslii B SIMBAD.
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Tabmuna 1
CIHCOK U OCHOBHBIC XapaKTEPUCTUKU UCCIICIOBAHHBIX 3BE3/T
Ne Hip HD RA, DE,, Vv, (B-V), Sp
d=(61"£1%)
1 4437 5409 00"56™46° 60° 01' 59 7m.84 | 0m™.018 A0
2 19122 25427 04 05 58 61 37 58 7.91 |0.096 A0
3 41180 |70177 08 24 12 62 18 01 7.68 |-0.034 B9
4 60796 108518 |12 27 37 61 09 10 8.00 [0.203 A2
5 81940 151554 |16 44 18 60 58 14 7.88 10.145 A0
6 100944 195391 |20 28 00 59 44 04 7.98 |-0.021 A0
5d=(20°+2%
7 48521 85660 09 53 44 18 56 40 8.21 [0.078 A0
8 59911 106858 |12 17 20 22 12 31 8.13 [0.124 A2
9 76060 138526 |15 32 00 20 56 28 8.33 10.294 A2
10 190925 171233 |18 32 51 2024 19 8.40 [0.095 A0
11 104638 |201861 |21 11 45 19 22 22 8.41 [0.033 A0
d=(-16"£2")
12 129966 |43954 06 18 30 -14 35 54 8.37 (0.002 A0
13 40661 69772 08 1801 -14 58 30 7.58 [-0.03 B9.5
14 42822 | 74409 08 43 33 -14 02 31 7.65 [-0.05 B9
15 [84190 155503 |17 32 35 -1509 49 7.94 10.135 B9
16 95884 183430 |19 30 02 -1558 32 7.70 10.109 B9

Metoabl HaOoneHuii U o0padoTku. Pe3yabrarhl H3MepeHHid.
MeTtonuka mnonydeHus: aOCOMIOTHOTO paclpeesieHusl YHEPTrUM B CIEKTpax
3BE3/I-CTaHAPTOB MPOMEKYTOYHOTO OJiecka MOAPOOHO ONMKCaHa B MEPBOH
pabote mannoro mukia (Tereschenko, 2018). HamoMHEM TOJEKO OCHOBHBIC
MOMEHTHI.

HaGmronenus BbINONHAIOTCA JU(QPepeHINaIbHBIM METOI0M (METOI0M
PaBHBIX BBICOT), YTO TIO3BOJIIET HCIOJNB30BaTh B PEAYKIHUSAX CpeaHEe
3HaueHue Kod(dduireHta MNpo3pavyHOCTH M MecTa HaOIIONCHUS.
[lepBUYHBIMHU CTaHAAPTAMHU CIyXaT 8 3Be3]], CIHCOK, XapaKTEPUCTHKH U
pacrpernienieHue YHEPTUN B CIIEKTPaxX KOTOPBIX MPUBEACHBI, B YACTHOCTH, B
ctarbe (Tereschenko, 2018). DHepreTuueckas mKaia nepBUYHBIX CTAHIAPTOB
1, COOTBETCTBEHHO, HAIIIMX JAHHBIX OCHOBaHA HA paclpeielIeHUH YHEPTUn
B cnektpe Beru. Jlnsg Hee B3sATO pacmnpenesieHwe, KOoTopoe mnoayuwi /.
Xeliecc myTeM KOMOWISIIMM IIECTH JyYIIUX KanuOpoBok. Habmiomenus
BBINIOJIHEHB B oOcepBaropun Ha Kamenckom mumato (h = 1400m Hag y.
M.) Ha naByx Teneckomax: A3T-8 (D = 70cm) u Ileiicc-600 (D = 60cm).
Ucnonp3oBancs Oe3mieneBoil  audpakMOHHBIA  CIIEKTpOrpad HUZKOTO
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paspelleHus, H3TOTOBICHHBII HaMU CHENHUaNbHO UIS aOCONIOTHBIX
nabmonenuit (Tereschenko at al., 2017). Jlucneprupyronym 31eMeHTOM
B HEM CIYXHUT TOPOHAaNbHAS AU(PPAKIMOHHAS PEIIeTKa, a MPUEMHUKOM
n3nydenus - [[3C-kamepa ATIK-490.

[Tomyuennsle Kaapbl CIEKTpoB oOpalarbiBaiuch B makeTe «MaxIm
DL-6». Ilponenypa o0paOoTku KaApoB MOAPOOHO omucaHa B pabore
(Tereschenko, 2018). YucneHnHsle peayKIMu 3a MOMIOIIEHUE B aTMOchepe
Y pa3Hble IKCTIO3UIIMU BHITIOJIHEHBI IO (hopMyIIe:

E*) =E,M) -[I*) / LW [z,/ T ]xp, ()™, (1)

e E*(A) u E (M) — BHearMochepHble 3HAYEHUs CHEKTPAIbHBIX
IUIOTHOCTEW SHEPreTHUeCKUX OCBEHICHHOCTEH, CO3/1aBaeMbIX 3BE3I0N U
CTaH/IapTOM;

I*(A) u I (M) - ycpenHeHHbIE B MHTEpBAE SHM OTCYETHI Ha 3BE3NY M
CTaHAapT;

T, U T* - UIMTEIBLHOCT OKCIIO3UILMI HA CTAHAAPT U 3BE3]1Y;

p,,(A) — cpennee 3HaUeHHE KOIPDUIMEHTA TPO3PAYHOCTH;

AM = M* - Mst - Pa3HOCTb BO3AYLIHBIX Macc MEXAy 3BE30M U
CTaH/IapTOM.

JlJis BTOPUYHBIX CTaHJAPTOB MbI Opajy 3HAYEHHs] OCBEIICHHOCTEH U
OTCYETOB I KBa3WHEMPEPHIBHOIO CIHEKTpa. 3HAUEHUS OCBEIICHHOCTEH
B OOJIaCTM CHEKTpaJbHBIX JMHUA IJii HUX OBUIO MOJYy4EHO 3apaHee
nyTeM rpauueckoil MHTEPHOJSIUN KPHUBBIX pACIpENeTICHHs] YHEPTUU.
AHAJOTMYHO HMHTEPHOJIMPOBAINCH OTCYETHl HA  pPErucTporpammax
ctanaaptoB. KanuOpoBaHHbIE U C BBIYTEHHBIM (DOHOM PETUCTPOrPaMMBbI
pacmeyarbiBalNCh M 10 pacledaTkaM BBINOJTHSIACH HMHTEPIOJISIIHSL.
[TomydeHHbIE OTCUYETHI BHOBb 3aHOCHIIUCH B KOMIIBIOTEP. DTy MPOLEAYPY
MO>KHO OBLJIO BBIMOJHSITH YUCIEHHO C MOMOIIBI0 KOMITBIOTEPA, OJHAKO MBI
UCIIONIB30BAIM «PYUYHOI» MeTon. TakoW «THMOpHIHBIN» METOI H3MEpeHUi
Oonee AJIUTENEH U CyObEKTUBEH, OHAKO, YYUTHIBAS MHOTOJIETHHUI OIBIT
HAIINX U3MEPEHUH, OKa3bIBaeTCs OoJiee HaJeKHbIM. 11 ucciieyeMbIX 3Be3/T
U CTaHJapTOB OepyTCst UHTErpajbHble OTCYETHl BHYTPU UHTEPBAJIOB C TEMU
Ke HoMepamu nukcesnel (amuH BosH neHtpo SOA uHTepBaios). Penepom
pu pa3OuBKe crieKTporpamm Ha 50-aHrCTpeMHbIE HHTEPBAJIbI YCPEIHEHUS
ciayxuna auHus Bogopona H . Pesynbrarsl Habmonenuii — pacrpeneneHue
SHEPTUH B CIIEKTpax HAOIIOAABIIUXCS 3BE3/], IPEACTABICHBI B TaOIUIE 2.
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Ta6nuna 2

Pacnipenienenue SHEPIUU B CIEKTPaX MCCIIEOBAHHBIX 3Be31 (enunuiipl: 107 BarT M2 M)
Ne 1 2 3 4 5 6 7 8

A

HD | 5409 | 25427 | 43954 69772 70177 74409 855660 106858
3425 293 199 163 337 324 311 119 151
3475 281 211 212 374 307 388 94 144
3525 310 190 180 379 293 346 101 165
3575 316 194 170 364 293 367 109 155
3625 286 196 161 374 315 360 98 161
3675 283 195 170 366 338 365 106 150
3725 297 231 199 395 360 375 122 166
3775 350 257 215 449 420 446 159 196
3825 418 333 279 548 535 545 218 250
3875 494 405 320 672 652 679 271 301
3925 490 403 330 690 662 680 290 313
3975 533 453 362 723 724 717 323 345
4025 592 528 398 827 777 809 380 412
4075 534 453 371 732 697 751 354 373
4125 503 435 346 696 656 710 324 343
4175 529 480 350 745 694 713 358 384
4225 512 468 339 709 671 682 350 382
4275 489 440 327 680 634 664 339 367
4325 431 372 294 581 564 598 285 308
4375 434 395 293 585 565 595 286 313
4425 457 431 299 619 605 598 312 350
4475 439 416 291 588 581 570 302 352
4525 431 404 280 577 566 555 294 342
4575 418 397 273 558 547 536 287 333
4625 407 385 263 549 527 522 281 322
4675 397 373 257 532 525 506 277 315
4725 387 358 244 516 496 494 271 303
4775 368 339 235 489 472 467 258 288
4825 328 294 217 432 412 431 228 249
4875 304 271 202 398 389 411 209 225
4925 332 311 213 441 423 428 229 258
4975 335 315 215 438 421 419 233 269
5025 325 306 207 424 407 405 224 262
5075 319 307 206 418 391 391 223 262
5125 312 293 200 407 376 380 218 252
5175 300 286 192 395 357 370 208 243
5225 299 287 191 387 351 364 208 239
5275 289 269 181 375 343 351 204 232
5325 280 267 178 361 331 337 196 227
5375 278 258 173 356 324 333 192 222
5425 270 258 169 351 323 330 187 222
5475 264 256 165 339 318 313 176 220
5525 260 253 170 336 302 322 184 221
5575 259 238 163 331 295 308 177 203
5625 254 233 157 319 291 301 173 195
5675 243 226 149 307 282 290 166 196
5725 236 225 148 300 278 280 163 196
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5775 | 228 | 218 142 289 266 271 160 187
5825 | 226 | 211 142 279 257 259 156 187
5875 | 219 206 137 272 253 252 153 181
5925 | 215 202 135 271 244 252 147 177
5975 | 214 | 201 133 268 241 249 146 176
6025 | 210 197 129 262 236 242 145 173
6075 | 206 194 126 257 228 237 142 167
6125 | 206 188 124 250 225 231 141 167
6175 | 199 184 122 245 215 224 136 161
6225 | 193 182 118 238 209 218 133 161
6275 | 183 177 116 226 206 207 127 158
6325 | 179 172 114 220 196 203 126 150
6375 | 177 168 111 219 190 205 124 144
6425 | 174 160 106 212 184 197 121 139
6475 | 172 159 107 207 181 190 117 138
6525 | 163 147 95 189 167 175 105 125
6575 | 145 130 89 142 145 158 110* 114
6625 | 162 146 103 190 149 170 112 125
3425 176 9] 210 234 139 166 316 132
3475| 151 90 197 239 130 187 295 123
3525|166 100 196 243 123 191 279 117
3575 169 105 189 250 124 181 296 124
3625| 153 106 196 263 112 187 291 151
3675 197 103 191 280 123 194 275 124
3725 201 108 199 300 123 213 296 162
3775| 218 133 233 321 145 251 349 199
3825 271 159 302 341 184 313 448 252
3875 317 197|380 386 233 391 464 302
3925 308 208 400 416 265 434 482 328
3975| 344 230|442 427 290 481 532 355
4025| 414 272|507 459 316 527 598 383
4075] 363 250 465 412 291 468 522 349
4125| 345 237|445 408 272 460 499 323
4175| 383 259| 478 443 296 480 540 345
4225] 374 261 473 438 296 465 534 327
4275| 353 252 458 394 277 430 492 321
4325] 305 218 402 337 239 378 428 272
4375 322 226| 408 348 242 388 427 277
4425|356 252|438 364 263 409 457 302
4475|345 248 429 353 253 397 439 286
4525] 336 247 424 356 243 386 424 274
4575] 331 238|409 334 236 374 410 265
4625| 328 236| 401 344 229 363 405 265
4675] 320 228 393 336 227 359 391 258
4725|310 218 367 315 216 339 376 244
4775 297 211 357 299 202 315 354 231
4825| 259 186 315 264 178 281 315 205
4875| 240 173 293 250 168 265 290 191
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4925| 272 195 315 282 186 292 322 211
4975| 280 198 320 291 194 301 324 216
5025 269 191 314 286 185 292 314 208
5075| 270 191 311 289 185 288 307 205
5125| 260 189 304 280 187 279 299 202
5175| 250 185 299 275 178 270 290 196
5225| 254 183 292 275 173 259 282 190
5275| 241 177 284 266 168 254 271 184
5325| 242 173 275 263 165 247 265 176
5375| 231 172 266 259 162 238 260 172
5425 232 169 267 258 160 236 253 173
5475| 225 164 262 256 144 230 248 159
5525| 225 161 260 252 150 220 236 160
5575| 217 160 252 257 152 220 236 161
5625| 214 157 243 251 142 215 230 158
5675| 210 155 232 254 144 207 224 146
5725| 207 152 235 247 141 207 214 146
5775| 201 149 225 239 131 199 210 141
5825 196 146 221 232 133 196 209 140
5875 193 141 213 234 130 193 203 138
5925 192 139 208 234 128 190 199 133
5975 189 134 204 228 125 180 194 131
6025 188 135 201 227 125 180 187 127
6075 183 130 195 225 123 174 180 129
6125 179 128 189 216 115 169 176 122
6175 172 124 183 208 113 164 173 117
6225 172 125 180 212 110 164 167 113
6275 169 122 176 209 109 161 163 113
6325 165 116 168 201 109 151 155 105
6375 160 117 167 198 110 147 152 107
6425 158 112 161 194 107 145 150 103
6475 155 107 158 189 107 142 145 99
6525 141 101 146 167 94 131 133 91
6575 130 90 137 156 83 119 116 71
6625 150 100 142 180 100 135 139 84

Kak oTmeuanoch BbIllie, JaHHBIE O BHEATMOC(HEPHOM paclpeaeacHUN
SHEpPruM B criekTpax B-A-3Be3/ MHUPOKO UCTIOIB3YIOTCS IPU HAOIIOACHUSX
CaMbIX Pa3HbIX HEOECHBIX OOBEKTOB: OT ACTEPOUIOB JI0 FAMMAa-BCILICCKOB,
cm., Hanpumep, (Kondratyeva at al.,2015, Gaysina et al., 2015, Kondratyeva
at al., 2019).

CpaBHenue ¢ ¢oromerpueil. J[aHHbIE O paclpeneleHUN SHEPTruu B
CHCKTan Hpe)ICTaBJ'IeHHI)IX B Ta6J'II/IIIe 3BE€3/[ HOJ'Iy‘-ICHI)I BHCpBI)Ie 158 HO3TOMy
HET BOBMOXHOCTHU CpaBHI/ITI) nX C aHAJIOTUYHBIMHU JaHHBIMU )lpyrnx aBTOpOB.
Kak u B npenpiaymux padorax, st IPOBEPKH UX JOCTOBEPHOCTH, IIYCTh U
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rpy0oii, MBI UCHOJB30BAIM METOJ CHUHTETHUYECKO (oTomeTpuu (Straijys,
1977) u dhoromerpuyeckue aanueie B cucteme UBV. CooTBeTcTByrOIINE
BBIYHCIICHHS ObLIN BBHIMOIHEHBI IO hopMmyiam (2) - (4):

V = -2.510gZ[EQL)*S (M)]AL + C,, 2);
B-V =-2.5log[Z(E(V)*S,(M)] / E[EQ)*S, (W] +C, 3);
8V = Vca] o Vobs (4)’

rae E(A) — cpeanee BHeaTMocdepHOE 3HAYEHHUE SHEPTUU U3IIYUYECHUS B
JUIMHE BOJHBI A, S (M) 1 S, (A) — kpubie peakuuu cucrembl UBV, C u C,—
KOHCTaHTBI.

Kpusbie peakiun cucrembl UBV B3datel cormacHo (Straijys, 1977), a
KOHCTaHTBI orpezesiensl 1o 3se3ne HD221525. Pe3ynbrarel BelUUCIEHUN U
CpaBHEHUI MPEICTaBICHbI B Tabnuiie 3.

Tabmuma 3.
CpaBHeHHE BEIYUCIICHHBIX 3Be3/IHBIX Ben4rH V U B ¢ Habmonaempimu B cucteme UBV

1 HD Vobs oV Bobs 0B n
d=+61°

1 5409 7.843 0.027 7.862 0.080* 5

2 25427 7.910 0.023 8.006 0.051 5

3 70177 7.685 0.007 7.643 0.010 6

4 108518 8.022 0.022 8.235 0.037 3

5 151554 7.905 -0.006 8.056 -0.020 5

6 195391 7.977 -0.032 7.749 0.002 4
5 =+20°

7 85660 8.215 0.053 8.294 0.093* 3

8 106858 8.140 -0.038 8.313 -0.035 4

138526 8.330 0.061 8.624 0.039 4

10 171233 8.400 0.003 8.495 0.055 5

11 201861 8.410 -0.035 8.443 -0.024 4
6=-15°

12 |43954 8.373 0.001 8.374 0.013 3

13 69772 7.556 0.043 7.544 0.065 5

14 74409 7.645 0.025 7.573 0.056 3

15 155503 7.960 -0.048 80.109 0.052 2

16 183430 7.998 0.022 8.069 0.003 4

N — YUCJIO HAOMIOAEHUH, BOLIEAIIMX B BBIYMCIIEHHE KPUBBIX pacmpe-
nenenus sHeprun E(L).
N3 Ttabmuisl ciemyer, 4To A aOCONIOTHOTO OOJBIIMHCTBA 3BE3
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CXOIUMOCTh BBIYHMCIICHHBIX W HEMOCPEICTBCHHO HAOIIOIAEMBbIX 3BE3JIHBIX
BEJIMYMH YJOBJICTBOPUTEIILHAS, HO JUIS TPEX 3BE3/1 ITAHHBIC O paCIpe/ICTICHUN
SHEPIMM HECKOJIbKO 3aBBIIICHBI, 0COOeHHO B monoce B. Ilpuuunb
3aBBIIICHHS BBISICHUTH HE ynanoch. ONHON M3 OCHOBHBIX MPUYUH MOXKET
OBITh HEYCTOMYMBOCTh 3€MHOM atMocdepsl, B YACTHOCTH, a3UMYTaIbHbBII
apdext. Hebo Ha KamMeHCKOM IJ1aTo ¢ KaKJbIM TOJIOM SIBHO YXYAIIAeTCs
U TpoBelIeHHE 31eCh (HOTOMETPUUYCCKUX HAOIIONEHHH CTAHOBHTCS
npooOiemMaTnyHbiM. [lo 3TOM mpuumMHe OoJiee TPETH BBIMOJHEHHBIX
HaMH HaOJIONCHHUN TPUILIOCh «BBIOPOCHTH B KOp3uHY». Tem He MeHee,
NporpamMMy CO3/IaHUSI CETH 3BE3J]I-CTaHIapTOB MPOMEXKYTOUHOTO OJiecka,
BBHJIY €€ aKTyaJbHOCTH, HEOOXOIUMO 3aBEPILIUTh.

B 3akiroueHue BbIpaxar HCKPEHHIOK OllaroqapHocTh boOpsimoBoi
T.A. 32 OrpOMHYI0 ITOMOIIb B 00PAOOTKE CIICKTPOTPAMM.

Hccneoosanue ¢punancupyemcess Komumemom Hayku Munucmepcmea
obpazosanus u Hayku Pecnyonuxu Kasaxcman (npoepamma Ne AP08855631).
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K 110-1eTHI0 y4eHoro

YM. AXMEJACA®HUH - OCHOBATEJIb
T'UJIPOTEOJIOTMYECKOM HAYKH B KABAXCTAHE

B.!. Janunos-Janunbsan
WuctutyT Boaubix npobnem PAH, unen-koppecnonnent PAH
E-mail: ellina.shamfarova@gmail.com

YM. AxmeacapuH —  KpyHNHEHIIMHA  yUYCHBIH-IHIMKIIONEIUCT,
ruaporeosor, reorpad, skouor, I'epoit Conmanuctuyeckoro Tpyna, nuoHep
ruznporeonoru B KazaxcraHe, oquH M3 caMblX SIPKMX IpEICTaBUTENIEH
OrecTsIIel KOropThl YYEHBIX, C €r0 IMEHEM CBS3aH PACLBET Ka3aXCTAHCKOM
Haykd. OH SBJISETCS aBTOPOM YHUKAJIBHOM METOIMKH IOMCKA MOA3EMHBIX
BOJI B 30HE 3aCYLIUINBBIX ITyCTHIHb.

Ero Tpynel, HayuHble OTKpBITMSI HAaMHOIO MEPEXWIN YYEHOro, U
aKTyaJIbHOCTb WX B YCJIOBUSX Je(UIMTAa MPECHOM BOABI HA IUIAHETE
Yype3BbIYaifHO Bo3pacTaeT. PaboTas B CIIOKHBIX KIMMAaTUYECKUX YCIIOBUSIX,
OH 00cJieIoBaJl OTPOMHBIE MPOCTPAHCTBA 3HOMHBIX IE€CUYAHBIX ITYCTHIHb
Kazaxcrana u Cpenneil A3uM, CUMTaBIIMECS COBEPLICHHO O€3BOIHBIMHU,
UCXOJS M3 HayYHBIX IIPEINOCBIIOK, OTKPbUI MHOTOYUCIIEHHBIE 110136 MHbIE
MOpsi, 03epa, pPeKH, pacmudpoBad U OOBIACHWI HUX MPOUCXOKICHHUE,
OIIPENEIWII PECYPCHl U HAMETHII IIIMPOKUE NEPCIIEKTUBBI UX UCIIOIb30BaHU
Ha OJ1aro yesoBe4YecTBa.

Ilocne ycnemHon 3auThl KaHIUAATCKON auccepranud B MOCKOBCKOM
reosioropasseiouHoM uHctuTyTe MM. C. Opmxonukunaze B 1940 ronmy,
no comnacosanuto ¢ Buue-npesugeHTom AH CCCP, axkanemuxom O.1O.
[IImuaroM, ObLT HampaBiieH B Ka3aXCTaHCKUH ¢winan AKaJeMHHd Hayk
CCCP B 1. Anima-Arte, /1€ UM BIiepBble OblI co3aaH CeKTop rUApOreosoruu
U MH)KEHEPHOU T'€0JIOTHH.

BropaBenukoiiOteuectBeHHOMBOIHBI(1941-19451T) V.M. Axmencadun
OpraHHU30BaJl ¥ BO3IVIaBUJI KOMIUIEKCHYO DKCIIEIULIMIO B IIy CTBIHHBIE pAallOHBI
pecryOiauKH Ui BBIABICHHUS BO3MOKHOCTEH HAXOXKICHUS M COJCpIKAHUSA
9BAaKyMpPOBaHHBIX Ha BOCTOK 3aBOZOB, NPEANPHUATUI U CKOTA: IPEICTOSIIO
BBISICHUTb, UMEETCS JIM B IYCTBIHAX JOCTAaTOYHOE KOJUYECTBO MOA3EMHBIX
BoJ. Okazanoch, 4To B oOcienoBaHHBIX pailonax FOxnoro Kaszaxcrana
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MecYaHble IMyCTHIHU He OE3BOJAHBI MU B HHUX HIMPOKO PACHpPOCTPaHEHBI
T00pOKaUYeCTBEHHBIC ITOA3EMHBIE BOJIBI, IIPUTOHBIC IS UCIIOJIb30BAHMS.

B 1947 . YM. Axmencadun 3amuTuil AOKTOPCKYIO JUCCEPTALUIO B
Mockse. B 1951 roay Beimyctun Oombiryto mMoHorpaduto «Ilomzemubie
BOJIBI TECUAHBIX MACCUBOB IKHOW yactu Kaszaxcrana». B atoit pabore u
B pslie CTaTeil BIEpBbIE B OTEUECTBEHHON U 3apyOexHOU TUApOTeooTur
BCECTOPOHHE OCBEIIAETCS MH(UIBTPAIMOHHOE MIPOUCXOXKICHHE,
HAKOILJICHHE, PAcHpOCTPAaHEHHE PETHOHANBHBIX PECYpCOB TMOA3EMHBIX
BOJI, METOJOB HUX ONpeJesieHus. BbIgBIEHHbIE TpPU D3TOM PECYpChI
N0OPOKaYeCTBEHHBIX MMOI3EMHBIX BOJ AAJIM MOIIHBIN UMITYJIBC K Pa3BUTHIO
apUIHON THIPOTCOIOTHH.

B roael ocBoeHus IIeHHBIX 3eMmenb Y. AxmencaduH BO3IIABHII
ruaporeonorndeckue uccienaopanus B CeepHom Kazaxcrane. 3mech
OBLITH ONpeIeTIeHbI TIEPCTICKTUBHBIE BOJOHOCHBIE TOPHU30HTHI, COJIEPIKAIIINE
3HAYUTEIIBHBIC 3aI1achl MOA3EMHBIX BOJI, 3 CUET KOTOPBIX PeIlIeHa mpodiiemMa
BooobecneueHust 400 IEIMHHBIX COBX030B, KOJIX030B, MHOTHX PallOHHBIX
LIEHTPOB, JKEJIE3HOJOPOKHBIX CTAHIUH | T.I.

BboneeuerBeptu Beka Y. Axmencadun u3yda riyOMHHYO THIPOTEOI0T IO
apuIHBIX pailoHoB. [Ipu 3TOM UM ObUIH YCTaHOBIICHBI HAYYHbBIE TTOJIOKEHUS,
HMEIOIIME TEPBOCTEIICHHOE 3HAu€HHWE HE ToJIbKo i Kazaxcrana, HO
U N1 MHOTHUX 3acCylUIMBBIX pa3BUBAIOMIMXCS cTpaH. OHM MO3BOIHIN
€My BIEpPBbIE B HUCTOPUU THIPOTEOIOTMUYECKUX HMCCIENIOBAaHUI y HAaC U 3a
pyOexoM co3naTh U OmyOnuKoBaTh (yHIAMEHTAIbHbBIE IPOTHO3HBIE KAPThI
apTre3uaHcKkux OacceitHoB (¢ MoHorpadwusimu), BbIIBUTh 70 apTe3MaHCKHUX
0acceiHOB, OIIEHUTH COJEP)KAIIMECS B HUX OTPOMHBIC BEKOBBIC 3aItachl
NO0OpOKAUYeCTBEHHBIX  TOJ3EMHBIX BOJ, paBHbIE 7,5 TPUUIMOHAM
KybomeTpoB (comsmepumbie ¢ oobemMom 70-u o3ep banxarr), exeromHo
BO300HOBIISIFOIIMECS B pazMepe 48 MIpI.Ky0. METPOB.

B 1951 rony VY. Axmencadun u3dbupaercsi 4iIeHOM-KOPPECIOHIEHTOM, a
B 1954 — akanemukom Akanemuu Hayk Kazaxckoit CCP. B 1965 1. Bnepsbie
OpraHu3oBajl eIMHCTBEHHBIN B cucteme Akaaemuil Hayk CCCP Uucturyr
THAPOTCOIOTHU U THIPOPUZUKH.

Ero kpynHble Hay4HbIE JOCTHKEHHS MO3BOJIUIN 00€CTIEYUTh MOI36MHON
Boziol okosio 69 roponoB Ka3zaxcraHna, 4 ThICSYM HACENEHHBIX IYHKTOB,
00BoAHUTH 115 MiTH.Ta macTOuI, opocuTh 10 60 THICAY Ta 3eMEb.

OO6nanas napoM Hay4yHOTO MPEABHACHUS W OOJNBIIUM IMPAKTHUYECKUM
ombIToM, Y. AxmencaduH BbICTyHal MPOTHUB CO3JIAHUS HEKOTOPBIX
THIPOTEXHUYECKUX COOPYKEHMM, MOTYIIMX BbI3BATh OSKOJIOTUYECKUE
karacTpodsl. Bo MHOrOM ero mporHo3sl MOATBEPAUINCE. OH €TMHCTBCHHBIN
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HE TIOJINTKCAJT 3aKJIFOUCHHUE MTPABUTEILCTBEHHONW KOMUCCHH O CTPOUTEILCTBE
KbI3bUIKYMCKOTO KaHama, T.K. 3TO MPUBENO Obl K YMEHBIICHUIO IPUTOKA PEKU
Cripnapbu B ApalibCKoe MOpE U TEM CaMbIM CITIOCOOCTBOBAIIO OBl YChIXaHHUIO
ApaiabCKoro Mopsi.

BasxubIM BopocoM npo0ieMbl 0XpaHbl OKPY>KaroIiel cpeibl Oblia 0OXpaHa
o3epa banxanr B ¢Bsi3u co cTpouTenbcTBOM Karmuaraickoro BOJoXpaHIIHINA
Ha peke Mmu. CTpoHuTenbCcTBO M 3a00p 3HAYUTEIBLHOTO KOJIMYECTBA BOIBI
n3 pekun My Ha ero 3amojiHEHHE MOINIM IPUBECTH 03epo banxam k
ydacTu ApalbCKOro MOpsi, T.e. K YCBIXaHHIO €ro KPYIHOH aensThl. Emy
noTpeboBaIuCh OONBIINE YCUIIHS, HAyYHbIE J0Ka3aTeIbCTBA, B TOM YHCIIE
U Ha MPaBUTEIHCTBEHHOM YpPOBHE, YTOOBI MMOKA3aTh HELEIeCO00pa3HOCTh
CTPOUTENILCTBA BOJIOXPAHUIIUINA U, YK BO BCSIKOM ClIydae HEe J0 MPOEKTHOM
oTMeTKU. B pesynbrare ynmajioch OTCTOATh MHUHHUMAJbHYIO OTMETKY
3aMOTHEHUST BOJOXPAHWIMINA W HEPaCIIMPEHHUS PHUCOBBIX IUIAHTAIMA B
HU30BbAX peku Mnu. Takum 06pa3zom yaanock crnacta o3epo bamxam xors
OBl Ha TIEPHO/T 3aITOJIHCHHSI BOJOXPAHMIIHIIA.

OH TaKxxe 000CHOBAJ ITOJIOKEHHE, UTO CTPOUTEIILCTBO THAPOTEXHHUECKUX
COOPY)KEHHUH Ha peKax, MPOTEKAIOIIMX B IYCTBIHHBIX palOHAX, MOXET
MoBJIeYb 32 cO00H yChIXaHHE BOJIHBIX OaccelHOB (03ep), B KOTOPbIE OHU
BIaJAI0T. B 30HaX C MOBBIIIEHHO celicCMUYECKOM aKTUBHOCTHIO — YCHIIUBATh
O0aJTLHOCTB 3eMJIeTpsiICeHUH. B TO ke BpeMsl MpaBHIIBHOE HMCIIOIb30BaHUE
MOJI3€MHBIX BOJ B 3TUX PaOHAX CHUXKAET OAJITIbHOCThH 3€MJICTPSICCHHIA.

YM. AxmencaduH SBISUICS PBAHBIM TMPOTUBHUKOM IEPEOPOCKH
Cubupckux pek B Kazaxcran u Cpennioro A3uto. COBMECTHBIMU YCUITHSIMU
¢ yuenbiMu apyrux Pecnyomuk CCCP npunsiTHE 3TOro pelieHus Obuio
MIPUOCTAHOBJICHO.

YM. AxwmencaduH SBISICTCS OCHOBATEIEM THIPOTCOJIOTHUECKON
HayKHd M cO3JaresieM IIKOJIbI apuaHoi reojoruu B Kazaxcrane. MM Obuio
MOATrOTOBJIEHO Oonee 60 KaHIUAATOB M JOKTOPOB Hayk. Kpome HaydHOM
paboThl, 3aHUMAJICS IMPEINOJAaBATEIbCKON JEATEIBLHOCTBIO, 3aBEIOBaJ
Kadenapoil TUAPOreoIOrud U WHKEHEPHOU reosioruu B KazaxckoMm ropHo-
MeTauryprudaeckom uHeturyte. B 1949 rony emy ObU10 IpHCBOEHO 3BaHUE
npodeccopa.

YM. Axwmencadun OblT rocymapcTBeHHbIM festeneM. B 1955-59
roznax u3dupascs aemnyraroMm u wieHoMm [Ipesunuyma BepxoBHoro Cosera
Kazaxckoit CCP IV co3biBa.

B 1955-60 rr. YM. Axmencadun Obutl wieHoMm [maporeosoruyeckoi
cekuuu HanmmonansHoro komuteta reojoroB KOHECKO. On HeogHOKpaTHO
oka3zpiBaj momoIb uepe3 KOHECKO B ruporeonornyeckux uccie10BaHusIxX
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BO MHOTHUX CTpaHax Mupa, B aBrycre 1960 r. oH cuenan JIokjaj Ha
TUAPOT€0I0OrHYeCKOM CeKIMU MexTyHapOAHOTO T€0JIOrMYEeCKOro KOHrpecca
B Konenrarene. B 1979 1. nmpoBoausi MeXayHapoAHbIE KypChbl MO JIMHUU
FOHEII B Mockse, Anma-Ate u YnMKEHTE 110 SKOJIOTHH IMacTOUII MUpa, Ha
KOTOPBIX MPUCYTCTBOBAIU MpPEACTaBUTENN adpUKAHCKUX, apaOCKUX CTpaH
U ApreHTUHBI, HEOJHOKPATHO KOHCYJIBTHPOBAJ IO BOIIPOCAaM OpPOILIEHUS
3aCyLUIMBBIX 3€Mellb IpeacraBuTeneil ApcTpanuu, W3pawns, Benrpuw,
®panuun u Kyseiita.

YM. AxwmencapuH HarpaxJIeH MHOTHMH IIPaBUTEIbCTBEHHBIMHU
narpagamu CCCP. B 1969 rogy oH Obul HarpakJeH BbICIIEH Harpaaon
CCCP, emy 6110 npucBoeHo 3Banue ['epos Counanuctuueckoro Tpyna.

Y.M. Axmencadun onyonukosain okoso 500 neyaTHbix padboT: u3 Hux 18
MoHoTpaduii 1 18 ruAPOreoIOrnIeCcKuX Kapr.

Y4uuThIBas 3aCIYTH YUYEHOTO, TOCJIE €0 CMEPTHU €ro UMs ObLJIO IPUCBOCHO
co31aHHOMY UM HCTUTYTY THAPOTEOI0OTHH U TUAPO(DU3UKH, OTHON U3 YIUIL
Anma-ATsl, yaeOHOMY 3aBeicHHIO Ha ero poauHe B CeBepo-KazaxcTanckoit
00J1acTH.

100-ntetue yuenoro nmpooguioch nog srugoit KOHECKO.
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CAJIBIKOBOW AJLJIBI
BANCBIMAKOBHBI

1 mrons 2022 roga Ha 76-M TOY KU3HU MOCIE HEMPOJODKUTEIBHON 00Ie3HI
ckonuanacs CagpikoBa AJiiia balicbiMakoBHA — TOKTOP PU3NKO-MaTEeMaTHIECKUX
HayK, akajeMuk MexayHapoanoit Epasuiickoit akamemun Hayk (IEAS),
3aBeaylomas jaboparopueid pernoHaibHoi ceiicMmunoctn TOO MHWucTtHTyTa
ceiicmonornn MYC Pecnybnuku Kazaxcran.

Anna baiicbiIMakoBHAa — W3BECTHBIM YYEHBI, HAy4HbBI pPyKOBOJUTEID
[IporpamMmer  «OneHKa CEHCMHUYECKOH OIACHOCTH TEPPUTOPHMA obmacTedl u
roponoB Ka3zaxcraHa Ha COBpEMEHHON Hay4YHO-METOJUYECKOM OCHOBE», OIMH
U3 aBTOPOB KapT celicMHYecKoro paiioHupoBaHust Teppuropun Kaszaxcrana
pa3HOM NeTalbHOCTH U CEHCMHUYECKOTO MUKpPOPAHOHMPOBAHUS TEPPUTOPUHU T.
ATnMarsl, BXOAALINX B IEPEUEHb HOPMATUBHBIX JOKYMEHTOB, PENIAMEHTHPYIOIINX
MIPOEKTUPOBAHUE U CTPOUTEILCTBO B CEIICMOAKTUBHBIX pernoHax KazaxcraHa.

Anna balicbiIMakoBHa pojuiIack B ceMbe ciyskamiero B ropozae llIbivkeHTe
HOxno-Kazaxcranckoit obnmactu 14 mas 1946 ropma, cpa3dy mociie OKOHYaHHS
JlennHrpaackoro By3a Hayasa paboTaTh B ceKTOpe ceiicMoioruu npu MHcTuTyTe
reonorun Axanemun Hayk KazCCP, na 6a3ze kotoporo B 1976 r. 6611 chopmupoBan
WncTtutyT ceiicMonornu. 37ech OHAa 3alUTHIIA KaHAWJATCKYIO JUCCEPTAIMIO B
1992 1., a 3atem B 2010 I. — TOKTOPCKYIO Ha TeMy «CelcMOIOTHYECKUE U T€0JIOr0-
reoU3MYECKUe OCHOBBI BEPOSTHOCTHOW OIIGHKH CEHCMHYECKOM OMacHOCTH
Kazaxcrana».

Anna baliceimakoBHa — aBTop Oosiee 160 Hay4HBIX M HAyYHO-METOIUYECKUX
pabor, B T.4. 7 MoHOTpaduii (B cOaBTOpPCTBE) B 00JIACTH M3yUEHHsI 0COOCHHOCTEH
MPOSIBIICHUST 3EMJICTPACEHHH, pa3pabOTKU METOOUKH JIOIr0- M CPEJHECPOUHOTO
MIPOTHO3a 3eMJIETPSICEHUH 1 OLEHKH ceiicMuyeckoi omacHocTH. Ee Monorpadus
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«Celicmuueckasi onacHOCTh Tepputopun Kazaxcrana» (Anmarel, 2012, 267 c.)
SIBISIETCS. (PyHIaMEHTAIBHBIM TPYIOM, TJ€ W3JI0KEHBI Pe3yJIbTaThl MHOTOJIETHUX
WCCIIEZIOBAaHUN OCOOCHHOCTEH CEHCMHYHOCTH ¥ CEHCMHYECKOTO peXuMa
tepputopun Kazaxcrana. Kuwura «3emnerpsicenus Kazaxcrana: mNpUYMHBI,
MOCIICAICTBHS U celicMuvecKasi Oe3ormacHOCTh» (B coaBTopcTBe, Acrana, 2019,
290 c.) siBisieTCS HAYYHO-TIOMYJISPHBIM H3JaHHEM O COBPEMEHHOM COCTOSTHUU
po0OIeMBbl U3ydeHHs 3eMieTpsiceHuil B Kasaxcrane, riie OTMEYeHBI BCe TPYIHOCTH
MIPOTHO3a 3EMJICTPSICEHUI W OTBEICHO MECTO HAyYHBIM W OOIIECTBEHHBIM MepaM
MIPOTHUBOCTOSIHUS CTHXUH — CEHCMO3aIIuTe.

Ha mpotskennn MHorux net Ama balickiMakoBHa ObLTa YYEHBIM CEKpeTapeM
MEXBEIOMCTBEHHOW KOMUCCHH IO ITPOTHO3Y 3eMJICTPSCEHUH U ITPE/ICTaBIISIIA HAIITY
CTpaHy B MEXAYHApPOIHBIX opraHuzanusx. OHa aKTUBHO COTPYAHHYAJA CO BCEMHU
CEHCMOIOTHYECKUMU YIPEKICHUSIMU, ObLITa YISHOM Pa3IIUIHBIX PECITyOIIMKaHCKAX
KOMUCCHH, YhTana Kypc JIEKIHA M0 CHEeIHaTbHOCTH «CeHCMOTIOoT s Ha Kadeape
reopusuku KasHTY um. CarnaeBa. Ee HeoqHOKpaTHBIE BBICTYIIIICHHUS 110 PAANO U
TEJICBHUJICHUIO, MHOTOYHCIICHHBIE NHTEPBBIO B CPEACTBAX MACCOBOH MH(DOpMAaIiH
ObUTH HaIlpaBlIeHbl HAa HM3JIOKEHHE 3HAHWM O 3eMIICTPSCEHHSX — MPUYMHAX WX
BO3HUKHOBEHHSI, CBSI3aHHBIX C HUMH OITACHOCTSAMH, METOJaX WX HW3yYeHUs W
BO3MOXXHOCTSIMH TIPOTHO3A.

JIto60Bb K ceficmonorun Aina balickiMakoBHa COXpaHWIIa 10 KOHIA xu3HH. J[o
MTOCJICZIHETO JTHS OHA OCTaBajach Ha paboTe, BKIAJbIBas B Hee BCe (hHU3MUECKUE
W JyUIeBHBIE CHIIBI, SBISIE COOOM MpUMep MPEJaHHOTO M CaMOOTBEPIKEHHOTO
CIIy’)KEHUS HayKe, BbICOYAMIIell pabOTOCIOCOOHOCTH ¥ OTBETCTBEHHOCTH,
1[eJIeyCTPEMIIEHHOCTH, YYTKOCTH U OECKOPBICTHSI, HEPABHO/YIITHOTO OTHOIIEHUS K
MO00H XU3HEHHOH cutyaruu. 3acmyru CaapikoBoit A.b. oTMedeHBl Memanbio 3a
BKJIaJ B HayKy B yecTh 30-nerusa HezaBucumoctu PK, rpamoramu, numnmomamu.

bnaromapss BBICOKMM TpO(ECCHOHANBHBIM M JIMYHBIM KauecTBaM Aumia
BaiickiMakoBHa T0Ih30Banach OE3yCIOBHBIM aBTOPUTETOM CPEIU Ka3aXCTaHCKHX
1 3apyOeXHBIX crenuaincToB. OHa MPOXHUIA TOCTOMHYIO JKH3HBb YBa)KaeMOTO
YeloBeKa, TITyOOKOT0 MBICTUTENS U MPEIaHHOTO CBOEMY JIely y4eHoro. bomee 45
neT oHa Obua BMecTe ¢ MmyxeM E.T. CafbIkoBbIM, WMes ChIHA M YETBEPHIX BHYKOB.

1 uronst 2022 mepecTano OUTHCS ceplille dTOW YIWBUTEIBHOMN KEHITUHBI, HO B
HaIIUX Cep/Iax Bcerna Oy/IeT )KUTh CBeTIIast TaMsITh 0 Hell. MbI OyieM TOMHHTB ATLTY
BaiichiMakoBHY Kak TITyOOKO MHTEITUTEHTHOTO, OT3BIBUMBOTO, KH3HEPATOCTHOTO,
HEOOBIYAIHO JIEATEIILHOTO YeJI0BEKa M TAIAHTIUBOTO YYeHOTO. Ee yxom — Oosbinas
notepst st Haykn Kazaxcrana. Ammbl baiiceimakoBHBI CaIbIKOBO# OOJBIIE HET C
Hamu. Ho ocranock ee Oorareiimee HaydHOE HACTeNUe, YYSHUKHU, KOTOPbIE OyIyT
MIPOJIOIDKATH JIEJI0 CBOETO HacTaBHUKA. OcTanachk 100pasi maMsITh 00 TOM CBETIIOM,

AYHICBHO ICAPOM YCIIOBCKE.

OT UMeHH COPATHUKOB U KOJLJIeT Mo padore
npodeccop A. HypmaramoeToB
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