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The article describes the study of the humus state of typical light loamy chernozem in the forest
of the Right-Bank Forest-Steppe of Ukraine and the yield of winter wheat under the conditions
of the application of various cultivation technologies. The researchers conducted a comparative
study of the effectiveness of the following technologies: 1. Traditional, based on shelf plowing
at 25-27 cm. 2. Soil protection based on shallow flat-cut tillage at a depth of 10-12 cm. Against
the background of the above cultivation technologies, the effects of fertilization systems with
application per 1 ha of crop rotation area were studied: 1. Control (no fertilizers); 2. Straw
12t/ha+N,+N_ P, K 3 Straw12t/ha+N,+N, P K. 4. Straw 1,2 t/ha+ N+ green
manure + NI P, ié 5 Straw 1,2t/ha + N, + green mantire & N, P K.

It has beén détermined that the use of soil protectlon technology compared to the traditional one
did not significantly change the humus content in the arable layer, but affected its redistribution.

Increasing the saturation of crop rotation with various types of organic fertilizers (straw and
green manure) contributed to the increase in the formation of humus substances. The highest
humus content of 3,77% was recorded in the variant: straw 1,2 t/ha + N, + green manure +

78dPﬁXK68 against the background of soil protection technology in the upper soil layer under
stuay.

It was found that different cultivation technologies affect the content of mobile humic
substances in typical chernozem. The article contains research data on the carbon content of
humic and fulvic acids in the soil. Organic fertilizers increased the content of mobile organic
matter in the 0-30 cm layer against the background of plowing by 0,063 relative %, and against
the background of soil protection technology — by 0,176%. When applying straw with mineral
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fertilizers, the content of humic acids in chernozem typically amounted to 0,042-0,052% on the
background of traditional technology and 0,055-0,088% on soil protection technology. In the
variant with the introduction of straw 1,2 t/ha + N, + green manure + N, P K, the content of
humic acids was 1.5 times higher than in the same variant when plowmg It was noted that the
use of technology based on shallow flat-cut soil cultivation provided an increase in the yield of
winter wheat grain by 3,5 c/ha compared to technology based on shelf plowing.

Key words: humus substances, winter wheat, typical chernozem, tillage, cultivation
technologies, yield.

Kyuep JLL, bozoanoeuu P.IL., llanuyx T.B., Kyuep T.P. 3mina cymycnozo cmany 4opnoszemy
mMunogo20 KpynHONUJIY8AMO-1€2KOCY2IUHKO6020 3Q DI3HUX MEXHON02Il GUPOULYBAHHA
nuteHuyi o3umoi

Y ecmammi euxnadeno oocniodcenus 2yMycHo20 cmany YopHo3emy muno8o20 J1e2KOCyIUHKO-
6020 na aeci Ilpasobepedcrozo Jlicocmeny Ykpainu ma epodicatinicms 03umoi nuieHuyi ¢ ymosax
3aCMOCY8aHHA PI3HUX MEXHON02Il GUPOWYBAHHSA. Y OOCTIOINCEHHAX NPOBOOUNIOCH NOPIGHANIbHE
susueHHs epekmusrocmi HacmynHux mexnonozii: 1. Tpaduyiiina, wo b6aszyemovcs na noauyesit
opanyi na 25-27 cm. 2. Ipynmosaxucna, wo 6a3yemucs na Mitkomy niockopiznomy o6pobimxy
Ha 10-12 cm. Ha ¢hoHi nepepaxosanux mexHono2ii 8UpOWy8aHHs 6U84ANACH NICAOIS cucmem
Y00bpeHHs i3 8HeceHH;zM Ha 1 ea cieosminnoi naowi: 1. Koumpono (b6e3 dobpus); 2. Coroma
1,2 m/ea + N j_K'45, 3. Conoma 1,2 m/ea + N,, + N, P K ;4. Conoma 1,2 m/ea + N, +
cudepamu + }\/ £4 5 J. Conoma 1,2 m/za + N, + cubepam /{lmPﬁ Koo

Busnaueno, wo sacmocysanns rpyHmo3aquH01 MEeXHON02T NOPIGHAHO 3 MPAOUYILIHOIO He
CHPUSLIIO ICIMOMHITL 3MIHE BMICIY 2YMYCY 8 OPHOMY WapI, nPome 6NIUHYI0 HA 1020 NepPepO3nooil.
36inbuienns HacuuenHs CIBO3MIHU PISHUMU BUOAMU OPeAHIYHUX 006pue (conomu i cudepamis)
CHPUALO NIOBUWEHHIO 6MICcmY 2yMycosux pevosun. Hatisuwuii emicm eymycy — 3,77% 3agixco-
éano na eapianmi: conoma 1,2 m/ea+N,,+cudepamu+N P K  1a ¢oui ipynmosaxucnoi mexmo-
10211 6 6ePXHBOMY QOCIIOdICEHOMY mapz rpyHmy

3’acosano, wo pizHi mexnHonozii UPOWYBAHHs GNAUBAIOMb HA BMICH DYXOMUX 2YMYCOGUX
peyosur 8 woproszemi munosomy. Cmamms micmums OAHi O0CTIONCEHHST 6MICIY 6 [DYHMI 8ye-
neyro eyminosux i gynveoxucrom. Opeaniuni 006pusa nioguLLy8aIU 6MiC PYXOMUX OPSAHIYHUX
peuosun 6 0-30 cm wiapi na goui opanku na 0,063 éionocuux %, a na gomi rpynmosaxucuoi mex-
Honozii — na 0,176%. 3a 6HecenHs: CONOMU 3 MIHEPATILHUMU O0OPUBAMU EMICH 2YMIHOBUX KUCTIOM
y wopnozemi munosomy cxnag 0,042-0,052% na ¢poni mpaouyiiinoi mexnonocii ma 0,055-0,088%
Ha d)OHl rpyHm03aquH01 Y eapianmi 3 enecennam conomu 1,2 m/ea+N, +cu0epamu+ XPMK s
émicm 2yMiHOSUX Kuciom cmanosus y 1,5 pasu Oineuie, HidiC Ha anaﬂoemnomy eapianmi npu
3acmocysantni mpaouyitinoi mexuonozii. Biomiueno, wo suxopucmanus mexmonocii Ha 0cHogi
MINKO20 NIOCKOPI3HO20 06pOOIMKY TpyHmY 3a0e3neduno nio8uiyeH s 6DOXCAIHOCMI 3epHaA nille-
Huyi o3umoi Ha 3,5 y/ea nopieHsaHo 3 MEXHON02IEI HA 6A3T NOIUYEB0T OPAHKU.

Kniouogi cnoga: 2ymycui peuogunu, nuieHuys 03uma, YopHo3em munosuil, 00pooimox rpyHmy,
MEXHONO2IT BUPOULYBAHHSL, YPOICAUHICTb.

Problem statement. Increasing agricultural productivity and providing the popu-
lation with high-quality food is inextricably linked to the problem of preserving and
restoring soil fertility.

Land reform and the opening of the land market in Ukraine, along with the difficult
economic situation caused by the war, have led to the emergence of new land users who
use soil resources thoughtlessly, leading to irreversible processes. This has become a
major cause of concern for the international soil science community, as chernozem soils
are degrading. Despite the favorable climatic conditions of the Forest-Steppe zone of
Ukraine, the state of agricultural production does not meet modern requirements and
the potential of chernozems, which are the zonal soils of this area, is not fully realized.

Conducting research to assess the state and direction of soil humus change and
developing scientific principles for managing its level, taking into account all factors of
the zone, is relevant and of scientific and practical importance.

Analysis of recent research and publications. Humus substances are generally
important in soil formation, soil fertility and plant nutrition. In these processes, the
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role of individual humus components is not the same, as they have different properties
[1, p. 356]. The content of humic acids in the soil contributes to the dark color of the soil,
even with a small amount of them in the soil. Compared to light soils, such soils have
a better thermal regime due to better absorption of solar radiation, are considered warm
and have better vegetation growth. Humic acids have poor solubility in water and tend
not to be washed out into the lower horizons, thus forming a humus horizon [2, p. 57].

Soils with a high humus content can be somewhat self-regenerating and can produce
high crop yields under different weather conditions. The higher the humus content in the
soil, the higher its buffering and absorption capacity. Highly humic soils that are rich in
three-layer silicates have a water-resistant structure. The structure, moisture capacity,
water, air and thermal regime are directly dependent on the content of organic matter in
the soil [3, p. 773].

Decomposition of organic matter in the soil can take place in two ways: miner-
alization — rapid decomposition to final products (very pronounced in tropical areas)
and humification — slow decomposition. The predominance of humification processes
ensures a supply of nutrients for a long period of time [4, p. 2520]. 10-20% of organic
substances contribute to the formation of humus, and 80-90% of their amount is min-
eralized. The rate of decomposition is significantly affected by crops. It is known that
when growing row crops, 1,5-3,0 t/ha of humus is lost annually, and when growing cere-
als — 0,5-1,0 t/ha [5, p. 154]. The loss of soil humus is affected by low supply of organic
residues, insufficient calcium content, acidic reaction of the soil environment and dry
weather conditions [6, p. 30].

When growing crops that were grown without fertilizers, it was found that this ulti-
mately leads to a decrease in soil fertility, deterioration of physical, physicochemical
and agrochemical properties, and conditions for the life of microorganisms [7, p. 14].

The increase in humus content is achieved by applying measures that increase the
content of soil organic matter. These include sowing perennial grasses in crop rotation,
applying organic and mineral fertilizers, leaving stubble on the field, and regulating the
acidity and alkalinity of the soil solution [8, p. 319].

Crop rotation is also important in increasing the humus reserves of the topsoil, as
crop residues serve as a source of replenishment of soil organic matter. For the intro-
duction of 1 ton of straw into the soil, 5-10 kg of nitrogen fertilizers should be added for
better decomposition and intensive bacterial growth [8, p. 320]. Fertilizers, when used
for a long time and systematically, interact with the soil and plants and cause certain
changes in soil properties, which ultimately determine the level of fertility of agrobio-
cenosis and plant productivity [9, p. 204].

The introduction of all types of organic fertilizers against the background of technol-
ogies based on no-till tillage is the main direction of biologization of agriculture. With
no-till tillage, plant residues are concentrated in the surface soil layer, which to some
extent models the course of the sod process, which is typical for virgin steppe soils.
As a result, microbial activity in the surface layer of soils under moldboardless tillage
significantly increases, and soil self-regulation is activated, which is typical for virgin
soils [10, p. 86; 11, p. 216].

Materials and methods of research. The research was conducted in 2021-2023 on a
long-term experiment of the Department of Soil Science and Soil Protection named after
Prof. M.K. Shykula of NUBIP of Ukraine, which was established in 1995 on a typical coarse-
dusty light loamy chernozem on loess. The humus content in the topsoil was 3,54-0,03%,
and in the subsoil — 3,52-0,04%. This soil is characterized by a close to neutral reaction of
the soil solution. In the topsoil, the pH is 6,8, the hydrolytic acidity is 0,7 mg-eq, the amount
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of absorbed cations is 35,17 mg-eq/100g of soil, and the degree of saturation with bases is
93,0%. In the subsoil layer, the pH is 7.4, the hydrolytic acidity (Hg) is 0,54 mg-eq/100g of
soil, the sum of absorbed cations is 30,22 mg-eq/100g of soil, and the degree of saturation
with bases is 94,6%. The research was conducted in the following crop rotation: winter
wheat, corn, barley. The winter wheat crop studied was Poliska 90.

The researchers conducted a comparative study of the effectiveness of the following
technologies:

1. Traditional, based on shelf plowing to a depth of 25-27 cm.

2. Soil-protection technology based on shallow flat-cut soil cultivation of 10-12 cm.

Against the background of the above tillage systems, the effect of four fertilizer
systems with application per 1 ha of crop rotation area was studied against the control

background:
1. Control (no fertilizer); 2. Straw 1,2 t/ha + N +N_P, K ; 3. Straw 1,2 /ha +
N, tN, P K ;4. Straw 1,2 t/ha + N, + green manure +N,P,K, ;5. Straw 1,2 t/ha +

N + green manure + N 8P P (O Varlants are placed by the method of split plots. The
size of the elementary plot is 180 m?, the accounting plot is 100m?>.

Soil cultivation was carried out by tillage machines: shelf plowing — PLP — 6-3,5;
minimum tillage — BDT-7. Mineral fertilizers were used in the experiment: ammonium
nitrate with a nitrogen content of 34,5%, granular superphosphate with a P,O, content
of 19,5% and potassium salt with a K O content of 60%. Mineral fertilizers and straw
were applied superficially, followed by incorporation.

Soil samples mixed from 5-6 samples were taken 4 times during the growing sea-
son: III decade of April, III decade of June, III decade of August and after harvesting —
III decade of September. The depth of sampling was 0-15 and 15-30 cm. The content of
total humus was determined by the Turin method in the modification of Simakov; the
group composition of humus by Kononova and Belchikova [12]. The gluten content was
determined by the washing method (GOST 13586.1-86), and the protein content by the
Kjeldahl method (GOST 10846-74). Statistical processing was performed by ANOVA.
The yield of winter wheat was determined manually.

Summary of the main research material. Analyzing the data (Fig. 1), there was a
tendency to increase the humus content in the 0-15 cm soil layer under moldboardless
tillage both in the variant without fertilizers and with fertilizer application.
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Fig. 1. Humus content in typical chernozem in the soil layer 0-15 cm depending on tillage
and fertilization systems (2021-2023) NIR , — 0.11
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There is a clear tendency of redistribution of humus across the studied horizons: the
difference in humus content in the 0-15 and 15-30 cm layer on the background of shal-
low flat-cut soil cultivation was 0,06-0,10%, while on the background of plowing it was
much less — 0,01-0,03% (Fig. 2).
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Fig. 2. Humus content in typical chernozem in the soil layer of 15-30 cm depending
on tillage and fertilization systems (2021-2023) NIR ,— 0.11

Against the background of straw application, an increase in the rate of mineral ferti-
lizers did not significantly affect the increase in humus content.

However, the gradual increase in the saturation of crop rotation with different types
of organic fertilizers contributed to the increase in the formation of humus substances.
The highest humus content in soil protection technology is 3,77% and is observed in
the variant with the introduction of straw 1,2 t/ha + green manure + N_ P, K, while in
plowing it is slightly lower — 3,65%.

The dynamics of humus during the growing season in the variants with soil protec-
tion technology was more noticeable than in plowing. Thus, the humus content with this
technology changed from 3,77% at the beginning of the growing season to 3,61% in the
middle, that is, by 0,14%, while with the traditional technology these changes amounted
to only 0,03%. The same patterns were observed in the variant with the introduction of
straw 1,2 t/ha + green manure + N_ P, K . per hectare of crop rotation area.

Thus, it can be concluded that the use of soil protection technology compared to
traditional technology did not significantly change the humus content in the topsoil, but
contributed to the redistribution of its amount in the layers 0-15 and 15-30 cm in the
variants with the application of organic fertilizers against the background of mineral
fertilizers. In the layer of 0-15 cm, a higher humus content was observed in the soil
protection system, and in 15-30 cm — in the traditional system.

Long-term use of organic and mineral fertilizers affects the content of mobile organic
matter. The application of organic fertilizers increased their content in the 0-30 cm layer
against the background of traditional technology by 0,063%, and against the background
of soil protection technology — by 0,176% (Table 1).

At the same time, the scale of the increase in the content of mobile humus substances
increased against the background of green manure, where their highest content in the
0-30 cm layer was 0,346% against the background of soil protection technology.
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Table 1
Influence of cultivation technologies on the content
of mobile humus substances, % (2021-2023)

Soil layer, Traditional technology Soil protection technology
cm C tot. CH.A. CF.A. C tot. | CH‘A. | CF.A.
Control
0-15 0,147 0,030 0,115 0,157 0,046 0,110
15-30 0,123 0,018 0,103 0,125 0,031 0,092
0-30 0,136 0,024 0,110 0,208 0,038 0,168
Straw 1,2 t/ha+ N +N, P, K
0-15 0,196 0,048 0,146 0,306 0,061 0,243
15-30 0,160 0,032 0,124 0,212 0,050 0,160
0-30 0,177 0,041 0,134 0,260 0,055 0,202
Straw 1,2 t/ha+ N +N_ P K
0-15 0,207 0,058 0,147 0,330 0,096 0,232
15-30 0,176 0,045 0,129 0,300 0,081 0,217
0-30 0,191 0,052 0,137 0,315 0,088 0,225
Straw 1,2 t/ha + N, + green manure + NP, K
0-15 0,226 0,053 0,171 0,306 0,080 0,224
15-30 0,161 0,047 0,114 0,211 0,070 0,140
0-30 0,193 0,050 0,141 0,260 0,074 0,182
Straw 1,2 t/ha + N, + green manure + N_ P _K
0-15 0,230 0,061 0,165 0,360 0,071 0,287
15-30 0,172 0,050 0,120 0,333 0,063 0,268
0-30 0,201 0,056 0,143 0,346 0,067 0,277

Notes: C tot. — total humus concentration;, CH.A — humic acid concentration; CF.A —
fulvic acid concentration

This phenomenon can be recognized as positive, since in chernozems of typical
low-humus coarse-dusty-light loam granulometric composition with reduced buffering
capacity, the probability of increasing the intensity of mineralization and migration to
the lower layers increases and thus depleting the treated layer of this fraction of humus
substances. The processes of excessive humus mobilization are accompanied by signif-
icant acidification of chernozems not saturated with bases, which should not contrib-
ute to an increase in humus. When applying straw with mineral fertilizers, the content
of humic acids in chernozem typically amounted to 0,042-0,052% under conventional
technology and 0,055-0,088% under soil protection technology. The highest content of
humic acids — 0,088% was in the variant with the introduction of straw 1,2 t/ha + N , +
green manure + N_ P K ., which is 1,5 times higher than in the same variant when using
traditional technology.

Table 2 shows the yield and quality of winter wheat.

The highest yield was observed in the variant with soil protection technology and
the introduction of straw, mineral fertilizers and green manure — 43,4 c/ha. The yield
of winter wheat was significantly affected by the use of mineral fertilizers and organic
residues. Thus, in the variants with traditional technology, the yield increase compared
to the control was 9,4-12,6 c/ha, and with soil protection technology — 11,2-16,1 c/ha.
The application of mineral fertilizers, straw and green manure significantly affected
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the protein content of wheat grain compared to the control. The highest protein content
was observed in the variants with the application of mineral fertilizers and straw on the
background of soil protection technology — 15,1%.

Table 2
Yield of winter wheat depending on tillage and fertilization, (2021-2023)

Cultivation Yield Protein | Gluten
¢ uh: | Fertilizer options Yield, c/ha | increase, | content, | content,
echnology c/ha % %
Control 27,1 - 14,0 29,0
Straw 1,2 t/ha
’ 39,9 12,6 14,2 30,9
+ N12+N55P45K45
Straw 1,2 t/ha
Traditional |+N +N_P K. 36,7 %4 14,7 317
technolo
8Y | Straw 1,2 t/ha+N,, + green 37.8 105 143 28.7
manure+ NP K
Straw 1,2 t/ha
+N, + green manure + 39,7 12,4 14,6 30,1
N78P68K68
Control 28,6 1,3 13,6 28,0
Straw 1,2 t/ha
’ 38,5 11,2 15,1 30,9
+ N12+N55P45K45
Soil Straw 1.2 t/ha
protection |+ N +N_ P K 41,1 138 15,1 30,6
technology [Straw 1,2 t/ha
° 41,6 14,3 14,6 29,7
+N, + green manure + NP K
Straw 1,2 t/ha
’ 43,4 16,1 14,7 30,9
+N, + green manure + N, P K
NIR 0,53 2,1 0,1 0,35

Conclusions. The use of soil protection technology in comparison with the tradi-
tional one did not significantly affect the humus content in the tilth layer, but it did
affect its redistribution. The highest humus content (3,77%) was in the variant: straw
1,2 t/ha + N, + green manure + N_ P K on the background of shallow flat-cut tillage
(0-15 cm layer). Organic fertilizers increased the content of mobile organic matter in the
0-30 cm layer on the background of plowing by 0,063 relative %, and on the background
of shallow flat-cutting — by 0,176%. At the same time, the scale of the increase in the
content of mobile humus substances increased against the background of green manure,
where their highest content in the 0-30 cm layer was 0,346% against the background of
shallow flat-cutting. When applying straw with mineral fertilizers, the content of humic
acids in chernozem was typically 0,042-0,052% on the background of plowing and
0,055-0,088% on shallow flat-cutting. The highest content of humic acids — 0,088% was
in the variant with the introduction of straw 1.2 t/ha + N, + green manure + N_P K .,
which is 1,5 times more than in the same variant for plowing.

Shallow flat-cut tillage increased the yield of winter wheat grain by 3,5 c¢/ha com-
pared to shelf plowing, but its use did not significantly affect the crude gluten content
in winter wheat grains.




Memioparist i pOAIOYICT IPYHTIB |

| 289

REFERENCES:

1. Preston C. M. Humus Chemistry, Genesis, Composition and Reactions. Soil
Science. 1995, Vol. 159, Ne 5. P. 356. doi.org/10.1097/00010694-199505000-00012

2. Tpoxumenko I, & Kibapor O. Ponb (hy1bBOBUX Ta TyMIHOBHX KHCJIOT y TIPO-
necax Ologerpajaiii 3amuIIKiB repOoinuaiB y TpyHTi. Exonoeis. Jlioouna. Cycninbcmeo:
30. Marepianie MixxHaponHOi HayKOBO-IPakTUYHOT KoH(epeHuii, 2024. C. 57-59. doi.
org/10.20535/ehs2710-3315.2023.290912

3. Yopna JI.B., Tocnonapenko I.M. Arpodi3uuHi BIacTHBOCTI IPYHTY, K (BakTop
(hopmyBaHHS ypoxaro. bionociuni Hayku i npobnemu pociunHuymea: 30ipH. HayK. TIp.
cren. surryck Y/IAY. Ymans, 2003. C. 772-776.

4. Dijkstra F., Cheng W., & Johnson D. Plant biomass influences rhizosphere
priming effects on soil organic matter decomposition in two differently managed soils.
Soil Biology and Biochemistry. 2006. Vol. 38, Ne 9. P. 2519-2526. doi.org/10.1016/
j-s0i1bi0.2006.02.020

5. Heromok C.E., JliteinoBa O.A., bonnap H0./l. Briue TpuBaioro 3acTocyBaHHs
JIOOPHB y CiBO3MIiHI Ha 3MiHM MOTEHIIHHOT 1 e(EeKTUBHOI POAFOYOCTI CIPOro JIICOBOTO
IpyHTY. Midceioomuuti memamuunuili Haykosuti 30ipuux «3emnepobocmeoy. Kuis: BII
«EnensBeticy. 2016. Bum. 1. C. 43-48.

6. Heromok E.I., bognap FO.J1., Irnarenko 10.0., TTorpiouuii 1.B. Ontumizaris
MIHEpaIBHOTO JKHUBJICHHS POCIUH y OpTaHIYHOMY 3eMIIepoOCTBi. [loconanns nayku,
0C8IMmu NPAKMUYHO20 8UPOOHUYMEBA | CNPABEONUBO20 NPOOAICY AKICHOT OpeaniyHOi npo-
Oykyii: 30. MarepianiB MiKHApOAHOI HAyKOBO-IIPAKTHYHOI KOH(pepeH il 26-27 yepBHS
2018. Kuis: “Enensseiic”, 2018. C. 29-35.

7. Heromok E.I"., [Iporenko M.M., bonnap 1O./]. BruuB TpuBanoro 3acrocyBaHHs
JIOOPHB Ha arpoXiMivHi MOKa3HUKHU POMFOYOCTI CipOTO JIICOBOTO IPYHTY. 30. HAYK. npayb
HHI] «Incmumym semnepoocmea HAAH». Kuis: BIl «Enensseiic». 2014. Bum. 4.
C. 12-17.

8. OIiHKa 1 ynpaBIiHHA SAKICTIO IPYyHTIB: HaBuanpHui mocionuk / C.1O. Bymu-
rin, O.JI. Tonxa, C.B. Bitsinekuii, JI.I. Kyuep, O.B. bymanwuii. K.: BugaBauirso. 2020.
489 c.

9. TexHomnorisi BIITBOPEHHS POMIOYOCTI IPYHTIB y Cyd4acHHUX yMoBax / 3a pei.
C.M. Puxyxka i B.B. Mensenesa. Xapkis: HHII ,,ITA im. O.H. Coxkonoscbkoro, 2003.
214 c.

10. [JertsaproB B.B. XapaxrepucTtruka ryMycy OiJIMHHUX i OPHHX YOPHO3EMIB JIiBO-
OepesxHoro Jicocreny i creny Ykpaiuu. Bicnux XHAY. 2008. Ne 1. C. 85-102.

11. BergB., & McClaugherty C. Does Humus Accumulate and Where? What Factors
May Influence? Plant Litter. 2013. P. 215-234. doi.org/10.1007/978-3-642-38821-7 11

12. TIpakTuKyM 3 IpYHTO3HABCTBA: HaBYAJbHMI MOCIOHUK / 3a pen. Tuxonenxo /1.I.
6-¢ BUJI., iepepo0. 1 gom. X.: Maiinan, 2009. 447 c.




