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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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IMPROVEMENT OF ENVIRONMENTALLY SAFE RINSING
OF SALTED LANDS TECHNOLOGY

Abstract. The theoretical justification of the environmentally friendly saline leaching technology is based on a
model of the evolutionary hydrogeochemical process of the natural system, which describes mass transfer in
sedimentary formations during geological time, where it occurs via the molecular diffusion mechanism through the
aqueous phase, namely, a portion of the dissolved salts is removed from the soil layer proportional to the amount of
their solid phase enclosed within this layer.

To implement the developed flushing method, saline soil flushing technologies are proposed in practice, where
the water supply to the check with a furrow is regulated by feeding it to the checks in pressure mode until it is
completely moistened, and then the water supply is reduced to work in a non-pressure mode, i.e. water flow rate the
check is reduced until it is equal to the filtration coefficient of the soil.

Moreover, the developed technology for washing saline soils based on the «soft» control of the
hydrogeochemical process, which is based on the concept of the laws of natural evolutionary soil processes in the
interpretation described above: the soil as an open system has stability, self-regulation and is in translational dynamic
equilibrium.

To implement in practice the developed methods and technology for flushing saline lands, the proposed
methodology for determining the parameters of flushing technology with irrigation technique using furrows from two
opposite outlet furrows of row crops, which allow to determine the irrigation time and predict the regime of soil
moisture with high reliability and reliability.

Key words: soil, salinization, rinsing, leaching, management, waste-free, safe, technology, process, soil
formation, intensity, water permeability.

Introduction. Washings of saline lands cause global disturbances in the natural balances of the flows
of substances and energy, significantly redistribute surface and underground drains, involving centuries-
old reserves of readily soluble soil salts in the modern geological cycle. Therefore, at present, there are
different approaches to determining the rinsing standards and the rinsing technology for saline lands,
which leach salts to the toxicity threshold for crops using experimental results and theoretical
developments on the basis of applying the achievement of fundamental sciences to solve the problem of
land reclamation.

The principles for substantiating the conditions for washing saline lands are built on two essentially
different positions: empirical, based on a generalization of a large amount of factual material from
experimental studies, and theoretical, based on the use of the law of physicochemical processes based on
the theory of salt transfer and salt exchange in a natural system. To a large extent, this situation is due to
the fact that salinization and desalinization of irrigated lands are a multifactorial process, the theoretical
description of which is still far from perfect. At the same time, an understanding of these processes,
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precisely because of their multifactorial nature, can be achieved only on the basis of theoretical concepts
based on the principles of exact sciences and taking fully into account environmental conditions.
Therefore, the main attention in the study of salt transfer during leaching is given to substantiating the
theoretical positions of the analysis of the processes occurring in this process, striving to identify the role
of various factors.

As an example, to assess the environmental safety of flushing saline lands on the basis of the law of
nature, in order to reduce the risk of environmentally undesirable consequences and to establish the
direction and intensity of the natural process, a modeling method is used, which is currently important
from both theoretical and practical points of view. Therefore, when developing a “model” of saline soil
leaching, it is necessary to verify the correctness and accuracy of the formulation of the task and determine
their reliability to solve the problems posed by leaching saline soils.

Purpose of the study — based on the laws of nature and natural hydrogeochemical processes, to
develop methods and technologies for ecologically safe rinsing of saline lands and its methodological
supports, ensuring the construction of highly productive hydro-landscape systems.

Materials and research methods. The theoretical basis for the environmentally sound saline
leaching technology is based on a model of the evolutionary hydrogeochemical process of the natural
system, which describes mass transfer in sedimentary formations over geological time and occurs by the
mechanism of molecular diffusion through the aqueous phase, i.e. dS=-«a-S-dg, namely, with a certain

portion of infiltrating water (dg), a part of the dissolved salts (dS )proportional to the amount of their
solid phase enclosed within this layer (where is the salinity coefficient): S; =S-exp(-a-g)[1]

In carrying out leaching of saline soils, the technical effect tends to turn into permanent and
increasingly intensifying, up to the complete replacement of the self-regulation of natural systems by

technogenic regulation. These natural processes occur under conditions: inconsistencies in the intensity of
water supply during leaching of saline soils (V{*): VI* = N/t, with the intensity of absorption of water into

the soil (V£): V¢ :(VO—qu)~exp(—K6~t)—qu, ie. 7/'>>Vf, and in the time scale will constantly

increase ( where N — estimated rinsing rate; ¢ - rinsing duration; K- filtration coefficient; V- absorption
rate at the end of the first hour; K, - proportionality coefficient, which depends on soil properties) [2].

Therefore, from an ecological point of view, saline soils must be washed on the basis of “soft”
management of natural systems. Unlike “hard” management, “soft” management is based on improving
the former natural productivity of ecological systems or increasing soil fertility through a focused and
based on the use of objective laws of Nature [3].

Research results. Based on the laws of nature and natural hydrogeochemical processes, a method for
washing saline soils has been developed, including the preparation of temporary irrigation and drainage
networks and checks, deep reclamation loosening of soils across the drains with alternating loosened and
not loosened strips of the same width, followed by the flow of water into the checks in pressure mode to
complete humidification, and then the water supply to work in a non-pressure mode, characterized in that
temporary irrigation networks from the opposite side are cut in checks with zero marks the check and the
furrow with a depression in the direction of the center of the check, while the flushing rate is supplied with
the help of the furrow at the same time with oncoming jets at the same flow rate until they collide with
each other in the center of the check, with the subsequent alignment of the water layer in the furrow along
the water supply front (figure 1) [4].

To implement the developed flushing method, saline soil flushing technologies are proposed in
practice, where the water supply to the check with a furrow is regulated by feeding it to the checks in
pressure mode until it is completely moistened, and then the water supply is reduced to work in a non-
pressure mode, i.e. water flow rate the check is reduced until it is equal to the filtration coefficient of the
soil [5].
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Figure 1 — Technological scheme of washing the soil layer of saline lands (1- distribution channel; 2- temporary irrigation;
3- water outlet in the distribution channel; 4- water outlet in the temporary irrigation; 5- direction of water flow in temporary
irrigators; 6- direction of irrigation along the furrows ; 7- irrigation furrows; 8- output furrows; 9 —washed (watered) check;
10- land surface in watered checks; 11- direction of the slope of the bottom of the furrow)

The length of the washed check ( L) depending on the horizontal slope of the earth's surface, is taken
within 100-200 meters, and the width of the check ( B) is determined taking into account the distances
between rows of crops (bg ), cultivated after washing: B =bg-n5 (whereng— the number of planned
irrigation furrows along the width of the check), then the area of the washed check ( F;) will be equal:
Fy=B-L .

The horizontal slope of the bottom of the furrow is directed to the middle of the washed check and the
depth of the cut furrow at the beginning of the furrow should be 10 cm, in the middle of 20 cm and for
water loss simultaneously by opposing jets with each other along the furrows using the outlet furrows
located opposite to the side inside the check.

The flow rate of water in the outlet furrows is determined based on the specific flow rate of the
irrigated furrow ( gg ) and the number of furrows (74 ), located inside the washed check: O,, =g - 15, here

g6 — specific consumption of irrigated furrow, 1/ s.

The water flow rate in temporary sprinklers (Jp) is determined on the basis of the water flow rate of
the outlet furrow (Q,, ) taking into account the number of simultaneously working outlet furrows (7, ),
i.e.0p =0pq Hoq -

The duration of the output furrows (7, ), that is, the water supply of the washed check is determined
from the following systems of equations:

thp = Nis - F/3.6-0p; typ =Nip-F/3.6:Opq 5 typ =Nip-F/3.6-95 15,

where N, — flushing rate in i — saline leaching stage, m*/ha.

The leaching rate of saline soils can be determined by the formula Zh. S. Mustafayev, allowing to
establish the sizes of flushing norms, taking into account the dynamics of hydraulic processes in soil [6]:

N=(a/P)lgS/S),

where g - solubility rate of a solid during a chemical reaction between solid and liquid substances:
p= 2.02-exp(— 9.57- Vt) , here ¥, - water absorption rate in the soil (figure 2).

— 171 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

0,08

V, M/4ac
0,07
0,06
0,05
0,04
0,03
0,02
Va
0,01 ' T
qu t
0 | I ] | ]
0 10 20 30 40 50 60

I T T i
Figure 2 — The rate of absorption of water into the soil

Thus, at the initial stage, the absorption rate will be quite large, and after saturation of the soil with
moisture, the absorption rate is equal to the filtration rate, which makes it possible to develop them into
several sub-steps (n) taking into account the soil water absorption rate (V;). For each sub-step, the average
rate of water absorption into the soil (Viep = (Vi + Vii41)/2) is determined and multiplying them by the
duration of the sub-steps (t;) we determine the amount of flushing norms (N;), which are carried out in
pressure mode: (Ng; = Viep - £).

In general, the standards for flushing saline lands (N;y), which are carried out in pressure mode, are

n
determined by the formula: Ny, = > Ny .
i=1
Rinsing standards for saline soils ( N5 ), which are flushed in a non-pressure mode, are determined
by the following formula: Ny55 = N — Ny, .
The duration of leaching of saline soils in pressure-free mode (¢, )is determined by the formula:
too =(N—Nigg)/ Kg , where Ky, - filtration coefficient.

In this case, leaching of saline soils is carried out when the average daily air temperature is more than
+ 5 ° C, that is, in early spring, then, firstly, the soil moisture will be close to the maximum permissible
humidity, and secondly, the salts in the soil layer are in a state more dissolved, which allow using the
leaching rate additionally falling on the soil surface, it is easy to displace salts in the lower layers of the
soil.

When rinsing the soils of saline lands and after cultivating more salt-tolerant crops, it is necessary to
maintain the same irrigation technology for furrows, that is, the regime of oncoming jets with the same
costs.

The advancement of the flow along the furrows is described by the equation [7]:

l=a-tﬂ,

where /- flow path over time ¢; a - proportionality coefficient; g - coefficient characterizing the

attenuation of the speed of the flow along the furrow.
The average rate of seepage of water into the soil varies over time according to the equation of
A.N. Kostyakova [8]:

Vi =V, /t%,
where V,, - absorbed water layer for the first unit of time; & - coefficient characterizing the attenuation of
the absorption rate.
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Denoting the specific intensity of the water supply to the furrow ¢, average depth of water in a
furrow £, total feed time 7T, furrow length /, and the current time and length, ¢ and /; respectively, we
write the differential equation of the water balance in the furrow:

V, a-p a-p
dt =—2 (T—t) dt+h dt,
! (T -1)% =5 =5

Vo Tla

deciding which, we get: g T=2 B- ﬁ W—E—)+h)T,

where, we find /;, g, T and mp .
The value my can be represented by the equation:

1-——),
my = m( 21)

where m - average irrigation rate; /, - flow length after turning off the water supply.

The maximum possible costs with non-washing speed of the jet in the furrow are determined by the
formula:

dmax =W Voon

where gmax - the maximum possible flow rate into the furrow. 1/ s; W - live section area of the furrow,
m2; Vyon- the maximum permissible speed of water in the furrow, depending on the mechanical
composition of the soil, m/s.

The speed of water in the furrow can be determined by the formula: V =CJR-J , where C - speed

coefficient according to N.N. Pavlovsky: C=(1/n)RY =(1/ n)Rl/ 3 , where n- roughness coefficient; R -
hydraulic radius, m.
The wetted perimeter of the irrigation furrow is determined by the formula of V. F. Nosenko:

213,/ 6, where ¢- flow rate ,m*/hour; i - furrow slope. The live section area of the furrow is

2/3,1/3

a=q
determined by the formula of V.F. Nosenko: @=0,00147(¢q

irrigation furrow is determined by the formula: R=w/a, m.
Estimated Net Irrigation Rate (7,;,;) in m*/ha count on a layer of water 4, in m taking into account

), m”. The hydraulic radius of the

the estimated width of absorption of water (8), i.e. hy, =my,;,, /1000, and if the wetted perimeter is taken
as the estimated absorption width (@), then Ay, =myy,, -6/10000-a , m.
Using a given coefficient of uniformity of moisture (K, )we determine the maximum moisture that is
observed at the beginning of the furrow:
My =hym ! Kp =he /K.

With a straight plot of furrow hydration with a uniformity coefficient (K )the average irrigation
norm along the furrow length is expressed by the equation: hep = (hy + hym) 1 2= (hyyy | DI/ K p) +1].

Losses of water below the root layer for deep discharge caused by uneven moisture along the furrow
length will be equal: Z.g =(hy, —hyyy )/ 2 = (hyyy I2[A/K p)-1].

After applying the irrigation norm during counter irrigation along the furrows, the water layer in the
furrow is aligned along the entire length and its values can be determined taking into account the
absorbing water during irrigation, that is, according to the following formula:

Vo A-a
1-

hcg = hHm

where V,, - absorption rate at the end of the first hour; « - indicator depending on soil properties and initial
moisture; ¢ - watering duration.
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The duration of water absorption after ( ¢, )watering is determined by the formula:

to= 1—(1/—}106(;_ a) .
o

Thus, the proposed methodology for determining the parameters of flushing technology with
irrigation technique for furrows from two opposite outlet furrows of row crops, allows you to determine
the irrigation time and predict the mode of soil moisture with high reliability.

Conclusions. At the same time, the developed technology for rinsing saline soils on the basis of
“soft” control of the hydrogeochemical process, which is based on the concept of the laws of natural
evolutionary soil processes in the interpretation described above: the soil as an open system, has stability,
self-regulation and is in translational dynamic equilibrium. At the same time, the principle of
environmentally friendly technology for washing saline soils is based on reasonable dosing and regulation
of technogenic loads on the natural system. Dosing - regulation of the flushing rate on a temporary scale is
possible with a deep understanding of the laws of natural processes that determine the essence of the
geological cycle of water and chemicals and the environmental restrictions that nature poses to our
activities.

It should be noted that the hydrobiological and ecological development of saline and restoration of
technologically disturbed soils of natural systems with a focus on high-tech, resource-saving, waste-free
technologies in the long term determine the strategy of environmental reconstruction as a human
environment at the stage of a deep ecological crisis. However, with balanced nature management it cannot
be achieved only by reconstructing the natural system, but first of all, reconstructing the thinking and
activities of all mankind is required.
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TY3JAHFAH KEPAI IIAIOJIBIH 3KOJOTI'UAJIBIK TYPFBIJA
KAYIHICI3 TEXHOJIOI'UACBIH XKETLIAIPY

Annotanms. TaburaT 3aHABUTBIKTApHI J)KOHE TAOMFH THAPOTCOXUMIUIBIK YAEPIiCTep KaFUachkl HETI3iHIE XKOFap-
FBI OHIMJI THAPOArpoTaHImadTTHIK )KYHEeHI KYpyAbl KAMTaMackl3 €TETiH JKOHE TOIBIPAKTHIH 1aMy YIEepiciH cakTayra
MYMKIHIIIK OEpETiH TY3IaHFaH JKepi MAr0AbIH SKOJIOTHUIBIK TYPFBIIA Kayilci3 TEXHOJIOTHSICH MEH 9JIiCi 931piaeH .

Ty3manras xepli LIAIOIBIH SKOJIOTHSUIBIK TYPFBIA KayilCi3 TEXHOIOTHSACHIH TEOPHSUIBIK TYPFBIA HETi3ney,
T€OJIOTUSUTBIK YaKBIT iMIiHAE YTiHAI KaTABIFBIHIAFEI CaJIMaK alMacyabl OUIIipeTiH, SFHU TOIBIPAK epiTiHAI KYpaMbIH-
Jarbl MOJISKYJIIPIIBIK Aehy3HIHbIH MEXaHUKAIBIK YASpici apKbUIBI JKYPETiH, aTall aWTKaH/Aa, TONBIPAK KaOaThIHAaH
CY3UIETIH CyIbIH Oeiriii Oip KejeMi MPOMOPIMOHAT KATThl KAJJBIKTApaH epireH Ty3bl O6JIITiH ajbll KeTel JereH
TaOWFN XYHeneri TiAPOreOXUMHUSIIBIK YIEPICTEPAiH 3BONIIOIMSIBIK YIITiCiHe OelimMIereH.

CoHBIMEH Ty3/aHFaH JKepi 1At JKarJalblH HETi3[ey eKl TYpil KaFujaara Heri3[eireH, sFHU dMIIePUKabIK-
TOKIPOEIK 3epTTeyJiep HOTHKECIHE KO JKETKI3TeH MOJI MaJIIMETTEp/li TajllayFa, ajl TEOPUSUIBIK HEri3ley — TaOuFu
JKYHeleTi Ty3 aiMacy oHe TachIMajllay TEOpHSChIHA HETi3/1eNTeH, (PU3NKAIBIK-XUMHSIIBIK YAePiCTEepAiH 3aH IbUIbIK-
TapblHa OeiimMIeNnTeH.

Ty3nmanraH xepIeri TONBIPAK a0 MOJIIEPiH JKOHE IA0BIH )KOFAPFbl KBICBIMMEH JKOHE KBICBIMCHI3 JKarmaii-
JAFBl CYIBIH TOIBIPAK KabaTblHAa CiHy TOPTIOIH eckepe OTBIPHIN, YaKBITIIAa apbIK, KOpi3 Ti30EKTepiH XKOHE aThI3
JABIHIayMeH KaTap, KOIICHITY KOHIBIPFBICHIHBIH €HIHE COMKEeC KeleTiH eHi OipJeil jKONaKTHIH Oipi KOICHITHUFaH
YKOHE eKIHIIICI KOTICHITBUIMAFaH, Kopi3re KUFaIl TOIBIPAKTH TEPEH METHOPATHBTI KOICHITY )KYMBICTAPHI XKYPri3ijreH
COH, aTBI3TAFbl JKYHEeKTepre Kapama-Kapcel OarpiTTa Oipmeil memmepae cy Oepimeni sxoHe omap Oip-OipimeH
TYHicKeHJe, Kepi Kapail merinic 6omansl ma, atei3ra Oip Typii cy xibepyre 6omansl. Ic *Ky3iHIEe YCHIHBUIFAH IIAI0
Q/IiCIH iCKe achlpy YILIiH INAK0 TEXHOJIOTHSCHI YCHIHBUIFAH, SIFHM aThi3fa OEpiieTiH Cy aFbIHBIH PETTEY apKbLIbl
TOMBIPAK Ka0aThIH CYMEH TOJIBIK KaHIBIPFaHIIA TOMBIPAKKA CYIBIH CIHY1 dOFapFbl KBICBIMJIA JKYPE/i, ajl COIaH COH
aThI3Fa CyZbl Oepy mamacsl OipTiHAeN a3alThUIAbI )KOHE 11al0 KAPKBIHBI 14 TOMEHJIETI, TOIIBIPAKTaFbl CY/IbIH CY311y
JKBUIAMIBIFBIHBIH [IAMachIMEH TEHECei, SFHU A0 TaHANTarbl TONBIPAK KaOaThIHIAFbl CyIBIH CY3UTy JKbUIIaM-
JIBIFBIHA cail ¢y OepuIill OTHIPaIb JKOHE CYJIBIH TOIBIPaKKa CiHiyl KbICBIMCBI3 JKaFaii/ia ’xy3ere achlpblia/bl.
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CoHBIMEH YCBIHBUIBII OTHIPFaH TY3IAHFAH JKEPJi IIAI0 TEXHOJOTHSACH THAPOTCOXUMUSUIBIK YIEPICTI <«OKSHI»
Oackapyfa HeTi3[eNTreH, SsFHN TOMBIPAK, YACPiCiHIH TaOUFH IBOIOIMSIIBIK 3aHIBUIBIFBIH TaHy KaFIalibIHA HEeTi3Jelin,
TOTIBIPAK aIIBIK JKYHe PeTiHAe OPHBIFATHIH KOHE ©31H-031 PeTTey JKaFJaifbl TUHAMUKAIBIK TeMe-TeHMIKTe O0MaThIHBI
€CKEPIIreH.

Ty3nanraH TONBIPAKTHI IIAK, ayaHbIH OpPTAIIa TIYJIKTIK XKbUIyjbiFbl +5°C OosFaHna Kyprisiayi Kepek, sSFHu
KOKTEM ME3TLTiHIH 0ac Ke3iHe, ajl 01 Ke3/e OipiHIIiAeH TONbIpaK KaOaThIHBIH bUFAIABIFbI, OHBIH BUIFAJ ChIHBIM/IbI-
JIBIFBIHBIH [ICKTEeITeH-MYMKIHINUTIK [IaMachlHA JKAaKbIH OOJIaJbl, CKIHIIIIEH TOIbIpaK KaOaThIHAAFbl TY3 €PTiHII
TYpiH/e OONFaHIBIKTaH, TOMBIPAK OeTiHe OEpiIeTiH KOChIMIIIA CY apKbLIbI TOMBIPAK KaOaThIHAH KbUIAM BIFBICTBIPHII
HIbIFapyFa 0oJIaibl.

Ty3nanraH >xepi MI1al0 TEXHOJIOTHSCHIH JKOHE 9JIICIH OHJIIpicTe iCKe achlpy YIIIH aybUIapyallblIbK JaKbIIbIH,
aTBI3JIBIH €Ki JKaFbIHA OPHATIACKAH OK aphIKTap apKbLIbI Cyapy TEXHUKACBIHBIH OJIIEMIIIK KOPCETKIMTEePiH aHBIKTAY-
JIBIH O/IiCTEMEeCi YCHIHBUTFaH, all OJ1 )KOFAPFBI JOPEKEIeT] HAKTHUTBIKIICH TONBIPAKTHIH BUTFAIIaHy JOpEeKeciH Oarmap-
JayFa ’KOHE Cyapy YaKbITHIH aHBIKTayFa MYMKIHIIK Oepeti.

Tyiiin ce3nep: TonpIpak, TY3IaHy, a0, 0acKapy, KaIIBIKCHI3, KAYIICi3, TEXHOIOTHS, YAEPIC, TOMBIpaK AaMyFHI,
KapKbIH, CYABIH CY31Iyi.
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COBEPHIEHCTBOBAHHUE TEXHOJIOI'MHU KOJIOI'MYECKHA
BE3OIIACHOM MPOMBIBKH 3ACOJIEHHBIX 3EMEJIb

AnHoTanus. Ha ocHOBe 3aKOHOB IPHUPOABI M MPHUPOTHBIX THIPOT€OXUMHUUECKUX MPOIECCOB pa3paboTaHbI CIO-
COOBI ¥ TEXHOJIOTHH IKOJIOTHYECKU 0€30IIacHON MIPOMBIBKH 3aCOJICHHBIX 3€MEIlb M €T0 METOI0IOTHYecKoe obecrede-
HUCE, 06€CHelIl/IBa}OIIll/IX KOHCTPYUPOBAHUA BBICOKONIPOAYKTUBHBIX rnapoarponaﬂﬂmachme CHUCTEMBI U II03BO-
JISIFOILIEE COXPAHUTh E€CTECTBEHHBIE II0YBO0OPA30BaTENIbHBIE TPOLIECCHI.

TeopeTrnyeckoe 000CHOBaHHE HKOJIOTHUECKH O€30MaCHON TEXHOJIOIMU NPOMBIBKH 3aCOJIEHHBIX MOYB Oa3upyeT-
Csl Ha MOJIENIM 3BOJIOLMOHHOTO T'HIPOT€OXMMHUYECKOTO IIpoliecca MPUPOIHON CHCTEMBI, OIMCHIBAIONIAs Maccole-
PeHOC B 0CaI0YHBIX (POPMALMIX B TEUCHHE I'€0JIOTMYECKOT0 BPEMEHH, I/Ie IPOUCXOAUT 110 MEXaHU3MY MOJIEKYJISp-
HOU 1 dy3un yepe3 BoAHYIO a3y, a UMEHHO OINpE/eNIeHHON NMopuuei HHOMIBTPUPYIOMNXCS BOJ U3 TOYBEHHOTO
CJIOSl BEIHOCHUTCSI 9aCTh PACTBOPEHHBIX COJIEH MPONOPIHOHANbHAS KOJIMYECTBY MX TBEPHOH (ha3bl, 3aKIFOYCHHBIX B
mpeenax 3Toro CJosl.

[Ipu >TOM TIPUHIUIIEI 00OCHOBAHUS yCIOBUH MPOMBIBOK 3aCOJCHHBIX 36MEJb CTPOSITCSA Ha IBYX CYIIECTBEHHO
Pa3IUYHBIX MO3UIUAX: SMITUPUIECKOH, OCHOBAaHHON Ha 00001meHnu 00IbIIoro (PakTHIECKOro MaTepuaia dKCIepH-
MEHTAJBHBIX HCCIEIOBAaHUNA, M TEOPETHYECKOH, OCHOBAHHOM HAa HCIOIB30BAHHUHM 3aKOHA (H3UKO-XMMHUYECKUX
MPOLIECCOB, 0A3MPYIOIIMXCSI HA TEOPUH COJIeTIepeHOCca U coje00MeHa B IPUPOTHOI cUCTEME.

Crnoco0 MPOMBIBKM 3aCOJIEHHBIX IOYB, BKJIFOYAIOLIMK MOJrOTOBKY BPEMEHHBIX OPOCHUTEIBHBIX M JIPEHAXKHBIX
ceTell U 4eKOB, NIyOOKOE MENHOPAaTHBHOE PHIXJIEHHE IOYB IONEPEK JPeH C YePeAOBAaHUEM PBIXJICHHBIX M He-
PBIXJICHHBIX 0J0C OAWHAKOBOW MIMPHHBI, C MTOCIEAYIOMIEH mo1aueii BOAbI B YEKH B HAIIOPHOM PEXUME JI0 MOJHOTO
YBIIQKHEHHUS, a 3aTe€M I10/1a4y BOZBI 10 paboThl B OE3HANOPHOM pEXUME, OTIMYAIOMIMIiCS TeM, YTO B YeKax ¢
HYJIEBBIMU OTMETKaMH Hape3aroT BPEMEHHBIE OPOCUTEIIBHBIE CETH C IPOTHUBOIIOJI0KEHHOH CTOPOHBI YeKa U O0pO3.Ibl
¢ yrayOlleHHeM B CTOPOHY LIEHTpa 4eKa, IPH 3TOM MOAady IPOMBIBHOH HOPMBI C MOMOIIBI0 OOpPO3ABI MPOBOISAT
OJTHOBPEMEHHO BCTPEYHBIMHU CTPYSIMHU C OAMHAKOBBIMHU PACXOJaMH, IO CTOJKHOBEHUS JAPYT C JPYTOM B LIEHTPE YeKa,
C TIOCIIEAYIOIINM BBIPAaBHUBAHUEM CJIOSI BOJBI B 00p03/1€e 10 (POHTY IMOAaYH BOJBL.

Jis peanuzanum pa3pabOTaHHBIX CIIOCOOOB NPOMBIBKH Ha MPAKTHKE MPEUIOKEHBI TEXHOJOTHH HPOMBIBKU
3aCOJIEHHBIX TIOYBEI, I/I€ MOJIa4y BOIBI B YEK C IIOMOIIBIO OOpPO3/BI PerylupyloT, MOaBasi €¢ B YeKH B HAIIOPHOM
peXrMe 0 TOJHOTO yBIAKHEHHSI, a 3aTeM M0Jady BOJBI YMEHBINAIOT O paboTH B OE3HAIIOPHOM PEXUME, TO €CTh
1oJlayy pacxoja BOAbI B YEK yMEHbBIIAIOT JI0 TE€X MOp, IMOKa OHA He OyaeT paBHOW KoddduuueHTy (QuiibTpauuu
JIaHHOU MOYBBI.

IIpu sToM pa3paboTaHHAs TEXHOJNOTUS MPOMBIBKM 3aCOJIEHHBIX TOYB HA OCHOBE «MSTKOT0» YIPaBICHUS
THIPOTreOXUMHYECKOTO MpoLecca, I7le B OCHOBY IMOJIOXKEHO MOHSATHE 3aKOHOMEPHOCTH MPHPOAHBIX IBOJIOLHUOHHBIX
MOYBEHHBIX MPOLIECCOB B TOM HMHTEpIpETalny, Kakas ObUla HM3JI0KEHA BBIIE: NOYBAa KaK OTKPHITas CHCTEMA,
o0aaeT ycTOHYNBOCTHIO, CAMOPETYJIMPOBAHUEM M HAXOUTCS B IOCTYIIaTEIbHOM ANHAMUYECKOM PaBHOBECHH.
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TTpOMBIBKH 3aCOJIEHHBIX TIOYB TIPOBOASATCS, KOT/A CPEIHECYTOUHAs TeMIleparypa Bo3ayxa Oymer Gonbire +5°C,
TO €CTh B Ha4alle BECHBI, TOT/IA, BO-TICPBBIX, BIAKHOCTh TIOYBHI OyIeT OM3Ka K MPEeAeTbHO-I0ITyCTUMOHN BIaXXHOCTH,
BO-BTOPBIX, COJIM B TIOYBEHHOM CJIO€ HAXOISITCA B COCTOSHHM OoJiee pacTBOPEHHBIMH, KOTOPBIE TO3BOJIAIOT C
MOMOIIBI0 TIPOMBIBHOM HOPMBI JOTIONHUTENBHO MAAaBaeMOW Ha MOBEPXHOCTH MOYBHI, JIETKO BBITECHHUTH COJH B
HIDKHHUE CJIOW TTOYBEHI.

Jisg peanu3anyy B IpakTHKE pa3paboTaHHBIX CIIOCOOOB M TEXHOJIOTHH ITPOMBIBOK 3aCOJICHHBIX 3€MEIb IPEATIO-
KEHHass METOJIMKa ONpe/eNICHHs] TapaMeTPOB TEXHOJIOTMH NMPOMBIBKH C TEXHHWKOW IIOJIMBAa MO OOpO3aaM M3 JIBYX
MIPOTHUBOIIOJIOKEHHBIX BHIBOJAHBIX OOPO3]] MPONALIHBIX CEIbCKOXO3IHCTBEHHBIX KYJIbTYpP, KOTOPbIE MO3BOJISIOT OIpe-
JICIUTH BpeMs NTOJINBA U IPOTHO3UPOBATH PEXKUM YBIIQXKHEHUS ITOUBBI C BEICOKOW JOCTOBEPHOCTHIO U HAIEKHOCTBIO.

KoueBsbie ci1oBa: 1oyBa, 3acojieHHe, IIPOMBIBKA, yIIpaBieHUe, 0e30TX0/1Has1, Oe3omacHasi, TEXHOJIOTHs, ITPo-
1ecc, MoYBooOpa3oBaHNe, HHTEHCHBHOCTD, BOJIOIIPOHUIAEMOCTb.
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