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AHHOMauusi.
lpobnema u uenb. [N1agHLIM AUMUMUPYWUM akmopoMm Onsd opMuposaHuUs ypoxalHocmu cou
sensemcs enazoobecrnedeHHocmb. Kynbmypa yyecmeumernbHa K 0eguyumy enazu u nompebHocmb 8 800e
MeHsiemcs 8 3agucuMocmu om ¢hasbl gecemauuul.
Lenb uccriedogaHuli — 8bISI8UMb U OUEHUMb MUSHUE MO200HO-KIUMamu4YeCcKuUX ycroeull Ha U3MEeHYU80CMb
buornoaudeckux u xo3aLlcmeeHHbIX NMPU3HaKkos y cou copma CrassiHKa.
Memodonozus. [Noneabie onbimbi 8bIMOMHEHbI 8 8e2emauuoHHbIe nepuodsbl 2023—-2025 22. 8 MHcmumyme
cemeHogoOcmea u azpomexHonoaul (c. lNodessse, PasaHckas obnacme). Xapakmepucmuka ydacmka
nposedeHusi  onbima: ro4Yea MEMHO-cepasi  JleCHas, [0  2paHyfloMempuyeckoMy  cocmasy
msikenocyanuHucmas. [ns onpedeneHus ypoeHsi ernazoobecnedeHHocmu 8 repuod eezemauyuu
paccyumsiganu 'TK — eudpomepmudeckuli koaghghuuueHm. Hicrionb3oeanu memooduky [ocydapcmeeHHO20
copmoucrbimaHusi CeflbCKOX035UcmeeHHbIX Kyrnbmyp P®. Cmamucmudyeckas obpabomka daHHbIX Mo b.A.
Hocriexosy. CodepxxaHue macna u befika 8 cemeHax ornpedesnsnu Ha 3KCrpecc-aHanu3amope UesibHO20
3epHa Infratec 1241 Foss. HayyHasi paboma ebirofiHeHa 6 paMKax 2ocy0apcmeeHHo20 3adaHusi
MurobpHayku Poccuu 0nss ®IB6HY ®HAL] BUM FGUN-2025-0012 «Co3damb HO8ble eeHOMUIMbI U copma
CesIbCKOX03[UCMBEHHbIX Kyrbmyp, adarnmuposaHHble K agpOKIuMamu4yeckuMm ycrosusm saHlwagpma u
paspabomamb mexHonozauu criocobecmeyrouue packpbimuro nomeHyuana copman.
Pe3ynbmamel. ViccriedogaHusi nokasasnu, 4Ymo USMEeHYU80CMb M0200HbIX yciosuli 8 200kl uccrnedosaHusi u
8 rnepuod penpodykmueHbix ¢ha3 cou (R2-R6) okasbigarna enusHue Ha ¢hopMuposaHuUe 371eMEHMO8 ypOXasi.
Haubonbwee enusHue Ha 3Ha4YeHUe X035UCMEEHHbIX MpusHakoe y cou copma CrassHKa oKa3blearom
M0200HbIE yCrOBUSI UKOHS U UM, AHanu3 KoppensyuoHHbIX ces3ell MexOy X03dUcmeeHHO-UEeHHbIMU
npusHakamu cou 8 2023-2025 ea. nokasasn, 4ymo 3asucumocme ypoxatiHocmu u 'TK utoHs r=0,884+0,04 —
OuYeHb curnbHas. Haubonbwul eknad e chopMmuposaHue ypoxalHocmu eHocsm credyoujue rnpusHaku —
konuyecmeo 6060e (r=0,935+0,07) u konudecmeo cemsiH (r=0,963+0,04) Ha pacmeHuu.
3aknroyeHue. [lonyyeHHasi uHgopmauyusi 6ydem rpumMeHeHa Orns ycoeepuleHcmeosaHusi copmosou
mexHoo2uu 8030e/1bi8aHUsI COU 8 YCII08USIX JIeCOCMENHOU 30HbI t02a Psa3aHckol obnacmu.
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Annotation.
Problem and purpose. The main limiting factor for soybean yield formation is moisture availability. The crop
is sensitive to moisture deficiency, and its water requirements vary depending on the growing season phase.
The goal of the research is to identify and assess the impact of weather and climatic conditions on the
variability of biological and economic characteristics in the Slavyanka soybean variety.
Methodology. Field experiments were performed during the growing season of 2023-2025 at the Institute of
Seed Production and Agrotechnology (Podvyazye village, Ryazan region). Characteristics of the experiment
site: dark gray forest soil, heavy loamy in terms of granulometric composition. To determine the level of
moisture availability during the growing season, the HTC hydrothermal coefficient was calculated. The
methodology of the State variety testing of agricultural crops of the Russian Federation was used. Statistical
data processing according to B.A. Dospekhov. The oil and protein content in the seeds was determined
using the Infratec 1241 Foss whole grain rapid analyzer. The work was carried out as part of the state
assignment of the Ministry of Science and Higher Education of Russia for the Federal State Budgetary
Scientific Institution Federal Scientific Agroengineering Center VIM FGUN-2025-0012.
Results. Studies have shown that the variability of weather conditions during the study years and during the
reproductive phases of soybeans (R2-R6) influenced the formation of crop elements. The weather conditions
of June and July have the greatest influence on the importance of economic characteristics in soybeans of
the Slavyanka variety. The analysis of correlations between the economically valuable traits of soybeans in
2023-2025 showed that the dependence of yield and GTC on r=0.884+0.04 is very strong. The following
traits make the greatest contribution to yield formation: the number of pods (r = 0.935 + 0.07) and the
number of seeds (r = 0.963 + 0.04) per plant.
Conclusion. The information obtained will be used to improve the varietal technology of soybean cultivation
in the forest steppe zone of the south of the Ryazan Region.

Keywords: soybean, weather and climatic conditions of the area, yield, Ryazan Region
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AHHOMauyus

lMpo6nembl u uenb. MMewouwuecss Ha Ce200HAWHUL OeHb MPO2HO3HO-aHanumuyeckue Mmooenu He
ydumsbigarom crieyuchudeckue ¢pusudeckue ceolicmea 3azspsSHAWUX 6euwecme U He CroCObHbI
obecriequmb Q0CMamMOoYHyt0 MOYHOCMb MPU OMuUCaHUU [POUecco8 2pasumayuoHHo20 ocaxoOeHus. B
yacmHocmu, MemoOUKU He y4dumbleatom wupomy OQuanasoHa pasMepos yacmul, UX [/I0MHOCMb,
aspoduHamu4yeckue ceolicmea. Llenbto pabombl densnack paspabomka ycogepuweHcmeogaHHOU
npogHO3Ho-aHanumuyeckoli mModenu, y4yumsigaroujeli ocobeHHocmu ocaxdeHusi meepdbix Yacmuy,
XapakmepHbIX 0511 6eHMUIAUUOHHbIX 8b16p0OCO8 XUBOMHOB0OYECKUX KOMITIIEKCOS.

Memodonozusi. Ha ocHose ypasHeHul udeasnbHo20 ea3a u CaseprieHOa, 3akoHa Cmokca, ¢ y4emom
rnonpasok KaHHuHzema, pa3pabomaHa HO8as PO2HO3HO-aHanumu4yeckass MoOernb, r1038oMsuas ¢
8bICOKOU MOYHOCMbIO NPO80OUMb Uccriedo8aHus. Pacyemsl ocyuecmensnuchk ¢ MOMOWbK crieyuarnbHbIX
rpoepamMm, HarnucaHHbIX Oris amoul Modesnu Ha s3bike JucieHHo20 modenuposaHusi GNU Octave.
Pe3ynbmamel. BbisierieHbl OCHOBHbIE 3a8UCUMOCMU U3SMEHEHUSI CKOPpOCMU ocaxOeHuUsi meepdbix Yacmuy,
om napamempos 8bI6p0oCc0o8, xapakmepucmuKk Yacmuy, u 8HewHux ycrnosul. Ocoboe sHUMaHue ydereHo
8/IUSIHUIO MJIOMHOCMU U pPasMepo8 Yacmuy Ha CKOPOCMb epasumayuoHHO20 ocaxOdeHus. [JokazaHo, 4mo
CKOpOoCMb Ocax0eHus1 Yacmuy, 8 3agucumMocmu om ux uamempa moxem usmeHumscsi 8 10000 pas, pocm
memnepamypbl OKpyxaroujeao 8030yxa CHUXaem cKopocmb ocax0eHuss Ha 25-30 %, pasnuyHasi
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nIomMHOCMb U3MeHsem cKopocmb ocaxOeHuss 8 2,6 pasa. Yuyem nonpaeku KaHHUH2ema mno3eossiem
cderamb 8bI1800, HMO CKOPOCMb CYBMUKPOHHbIX Yacmuy, Moxem yeenudueamscsi o 8 pa3. MiHmeepauyus
YMOYHEHHbIX (hakmopos 036807sem CHU3UMb OWUBKY MPOoeHO3UpPO8aHUsT KOHUeHmpayul 8 npu3eMHoOM
cnoe Ha 20-35 %.
3aknroqyeHue. [NpedroxeHbl ymoYHeHHbIe napamempsbl, Heobxodumbie Ors pacdema CKopocmu ocaxxOeHuUsi
rno 3akoHy Cmokca u nornpaeka KaHHuHzema Oisi pa3fiuyHbIX K1accoe 3agpsi3Hsrouux Yyacmuu. Ha ocHoee
aHarnu3a pacyemHbix 0aHHbIX paspabomaHa Mampuua yCco8epuIeHCmMeo8aHHOU MPO2HO3HO-aHanuMmMuU4ecKol
MoOersu, eknoqarouel 8 cebsi napamempusayuro 8si3kocmu 8o30yxa U pacyem OiuHbl c80600H020 rnpobeza
monekyn easa. [lpednoxeHHass Mmoldernb opmupyem ocHoey Onsi OarnbHeliuie2o uccrnedoeaHusi U
coeepuieHcmeosaHusi Memoooe MPo2HO3UPOBaHUSI MPOUECCO8 pacceusaHusi, Ymo Mo3eorsiem yiaydywums
KOMIIIEKC MepOonpusimull rno yrnpaeneHuro Ka4ecmeomM ammocgepHo20 8030yxa 8 palloHaxX PAacrofoXeHUs
JKUBOMHOBOOYECKUX KOMII/IEKCOS.

Knroveeble crioga: 8eHMUISIUUOHHbLIE 8bI6POCHI, 3agps3HsouUe eewecmsa, 2pasumayuoHHOe
ocaxdeHue, NI0OMHOCMb, 83KOCMb, duamemp Y4acmuy, nNpo2HO3HO-aHanumu4yeckass Mooesb
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Annotation
Problem and purpose. The current forecast-analytical models do not consider the specific physical
properties of pollutants and are not able to provide sufficient accuracy in describing processes of
gravitational deposition. In particular, the methods do not consider the wide range of particle sizes, their
density and aerodynamic properties. The goal of this work was to develop an improved forecast-analytical
model that considers the specific features of the deposition of solid particles characteristic of ventilation
emissions from livestock complexes.
Methodology. Based on the equations of the ideal gas and Sutherland, Stokes law, considering the
Cunningham corrections, a new predictive-analytical model has been developed, which allows for high-
precision research. The calculations were carried out using special programs written for this model in the
GNU Octave numerical modeling language.
Results. The main dependencies of the change in the deposition rate of solid particles on the parameters of
emissions, particle characteristics and external conditions have been identified. Special attention has been
paid to the influence of particle density and size on the rate of gravitational deposition. It has been proven
that the deposition rate of particles can vary by a factor of 10,000 depending on their diameter, and that an
increase in ambient temperature can reduce the deposition rate by 25-30%. Additionally, the Cunningham
correction suggests that the deposition rate of submicron particles can increase by up to 8 times. The
integration of refined factors reduces the error in predicting concentrations in the surface layer by 20-35%.
Conclusion. The paper proposes refined parameters necessary for calculating the deposition rate according
to the Stokes law and the Cunningham correction for various classes of polluting particles. Based on the
analysis of the calculated data, an improved forecasting and analytical model has been developed, which
includes the parameterization of air viscosity and the calculation of the mean free path of gas molecules.
This model provides a foundation for further research and improvement of methods for predicting dispersion
processes, which can enhance the management of air quality in livestock farming areas.

Key words: ventilation emissions, pollutants, gravitational deposition, density, viscosity, particle
diameter, predictive analytical model
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AHHOMauusi.

lMpo6nema u uens. [ns 3¢hghekmusHo20 passumusi Kapmoghbesiegodcmea 8 ycriosusix r2a HedepHozembsi
Heobxodum KomrieKcHbIU nodxod. Ocobasi pornb npu 3mom GormkHa rpuHadsnexams cucmeMe numaHusi
pacmeHul. Kapmodgbernb npednbsienssem rnosbileHHble mpebosaHusi K numamesibHbIM eeujecmeam, UMEHHO
yposeHb obecriedeHHOCMU Kapmodgbensi arieMeHmamMu MumaHusi, UX COOMHOWeHUe, ¢hopMbl U CPOKU
BHECEHUSI 80 MHO20M Orpedenstom 8efludUHy ypoxas, Ka4ecmeo KiybHel, ycmol4yueocmb pacmeHul K
bonesHsam u HebnazonpusimHbiM ycrioguam cpedbi. TpaduyuoHHas cucmema ydobpeHus kapmogbers 80
MHO2UX Xx03siicmeax OegpaHu4ueaemcsi 8HeCeHUeM OCHOBHOU 003kl ydobpeHuli neped nocadkou. OOHaKo
makol rnodxod He eceeda crnocobeH nonHOcMbIO ydoernemeopums rompebHocmu Kynbmypbl. B
CrIoXUBWUXCS ycrnosusix Heobxodumo ydensams 6onbwe 6HUMAaHUSI UCMOMb308aHUIO allbmepHamueHbIX
neekoyceosieMbix ydobpeHuli, ocobeHHO 8 ycriogusix HeuyepHo3eMHOU 30HbI, 20€ M0200HbIe hakmophbl,
ocobeHHocmu no4e u crabasi KopHeeass cucmema Kapmogberiss 02paHu4u8arom  UCMof1b308aHUe
numameribHbIX 8euw,ecms U3 ro4Ysebi. VIMeHHO oamomy ecé bosnbuwee 3HavyeHue npuobpemarom rnooKOPMKU
8 repuod sezemauuu, 8 MOM 4UC/Ie HEeKOpHesble. Yepe3 nucmosyro noeepxHoCmb pacmeHusi CrioCObHbI
bbicmpo yceausamb HeobxoOumble 3rieMeHmbl, OCOBEHHO 8 Kpumu4yeckue nepuoldbl pocma, Koz0a
mpebyemcs oriepamugHas Koppekmuposka numaxus. [lpobrnema pa3pabomku npoepamMmbl MUHEPaTbHO20
numaHusi Kapmodgberna o hasam eezemayuu SAensemcss akmyasbHOU U Hay4HO 060CHOBaHHOU.
PatioHupogsaHue HOBbIX OmMe4YecmeeHHbIX copmog Oukmyem Heobxo0uUMOCMb U3YYEeHUS UX peakuuu Ha
8HeceHuUe yO0obpeHULli 8 KOHKPEeMHbIX MOY8EHHO-KIUMamu4YecKux ycnosusix. Lenb uccrnedogaHuli — usyyeHue
enusHus agpoxumukamos buocmum Cmapm u lNonudoH buo 'ymam Cyniep Ha ypoxalHoCmb U Ka4ecmeo
Kapmogberisi 8 ycriogusix toea HeyepHo3eMHOU 30HbI.

Memodonozus. 3aknadka noneeo2o onbima (2025-2026 e2.) nposodunacb Ha CepbiX JIECHbIX
MsDKeocyanuHUCmbIX  foyeax toea HewyepHO3eMHOU 30HbI € [PUMEHEeHUeM cucmemMamu4yeckozo
pasmeujeHus densiHok (ydemHas rnowads — 100 M?) npu YembipexkpamHol nogmopHocmu. [ns pacdema
ypoxaliHocmu, OUeHKU Kadyecmea npoldykyuu U peHmabenbHocmu npou3sodcmea aHanu3uposau
geHonozauto OCHOBHbIX ¢ha3 passumusi Kynbmypbl, rnokazamernu ¢bomocuHmemu4eckol OesmernbHoCmu
pacmeHul 8 a2poueHo3e, CMpyKmMypHbIe 3rieMeHmbl ypoxas. Cxema orbima ek/Yana nimb eapuaHmos
obpabomku azpoxumukamamu. [lposodunu obpabomky krybHel neped nocadkol U BHEKOpHesble
obpabomku agpoxumukamamu buocmum Cmapm u lNonudoH buo 'ymam Cyniep.

Pe3ynbmamebil. BHeceHue uccnedyembix ydobpeHull OKa3dbigaem 6/USHUE Ha CKOpOCMb HacmyrifieHUs
eHoroaudeckux a3 passumusi Kynbmypsl. Jambl HacmyrnneHuss ¢ha3 pa3eumusi Ha eapuaHmax orbima
Hacmynanu O6bicmpee, 4YeM Ha KOHmMporne, OuHaMuka HacmyrnieHuss ¢has paseumusi Ha OfNbIMHbIX
sapuaHmax npesbiwasna KoHmMposb Ha 4,9 %. OmmeyveHa nonoxumernbHass OuHamMuKa pocma u passumus
copmos Kapmogberisi om npumMeHeHusi uccriedyembix y0obpeHul Ha ecex sapuaHmax. bonee aghgpbekmuseH
sapuaHm npumeHeHusi ydobpeHul e KomMrisiekce, Komopbilt cocmasun rpubaesky: esicoma cmebnsi — 18,4 %,
copm Konobok u 27,0 %, copm Kpaca Meuwepsbi; konudecmeo cmebrniet — 12,8 %, copm Konobok u 9,8 %,
copm Kpaca Meuwepbi; macca 6omeni — 33,1 %, copm Konobok u 28,6 %, copm Kpaca Meuwepsi.
YeenuueHue nnowadu nucmosol nosepxHocmu: Ha copme Komnobok — 53,8 mbic.m2/2a (npeebiweHue
koHmpons 15,9 %), Ha copme Kpaca Mewepbi — 55,1 mbic.m2/2a (npesbiweHue koHmporns 16,0 %). Macca
knybHeli ¢ 1 pacmeHusi konebanacb om 438,7 do 475,2 2 (Konobok) u om 497,4 do 547,4 2 (Kpaca
Meuwepbi), ymo cocmasuno pasHuyy 36,5 e u 50,0 e. Haubornee oms3bigHUBbIMU OKa3anuCb Makxe K
8apuaHmy ¢ KOMIIIEKCHbIM 8HeCeHUeM ydobpeHuli: Ha copme Komobok +8,3 %, Ha copme Kpaca Mewepbi
+10,0 %. KnybHesas npodykmusHocmb copma Kpaca Mewepbi + 32,5 %, copma Konobok + 23,9 %.
MakcumarnbHasi npolyKmueHOCMb OmMMeYeHa Ha eapuaHmax ¢ KOMIIIEKCHbIM rnpuMeHeHuem ydobpeHul: Ha
copme Konobok 5,2 m/za, Ha copme Kpaca Mewepbi — 3,8 m/za. lNpumeHsiemble ydobpeHUsT enusitom Ha
yeernu4eHue codepxxaHusi Kpaxmana: Ha copme Komnobok (Ha 0,4-1,6 %), Ha copme Kpaca Meuweps! (Ha 0,4-



1,9 %); codepxaHue cyxoeo eewecmea om 0,2 do 1,3 %, noebiweHue codepxaHusi HUMPamos
He3HayumersibHO, 8 rpedenax 45,4-55,4 me/ke; codepxaHue sumamuHa C 8 KyOHSAX CywecmeeHHO He
MeHsinnocb. Bece eapuaHmsi onbima riokasanu yeenudyeHue peHmabenbHocmu rpousgodcmea Kapmogherisi.
Camas ebiCOKasi — Ha 8apuaHme C KOMI/IeKCHbIM 8HeceHuUeMm yOobpeHul, yeenudeHue peHmabenbHocmu
cocmasusio 75,0-80,9 %.
3akmoveHue. [IpedrnocadoyHass obpabomka KrybHel kapmodgpenss azpoxumukamom buocmum Cmapm
(Hopma pacxoda npenapama 0,7 n/m, Hopma pacxoda paboyel xudkocmu 30 n/m) u O8yxKkpamHoe
onpbicKugaHue 8 ¢hasy rosiHbiX 8cxo0008 U 8 hasy bymoHu3ayuu aspoxumukamom [lonudoH buo ymam
Cynep (Hopma pacxoda npenapama 0,3 ni/za, Hopma pacxoda paboueli xudkocmu 200 5i/2a) 3¢bgheKmueHbI
8 mexHonoauu 8030eMbieaHus Kapmoghbernd e ycriosusix rea HeuyepHo3emHOU 30HbI, U obecriedusarom
docmosepHyo npubasKy ypoxasi, Noabiuasi e20 kKa4ecmeo U peHmabernbHoCMb npou3eodcmea.

Knroyeenle criosa: kapmodgbernb, aspoxumukamsi, rnpodykmugHocmsb, rpedrnocesHas obpabomka,
HeKopHeesasi MoOKOpMKa
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Abstract.

Problem and purpose. For the effective development of potato farming in the southern part of the
Non-Black Earth Region, a comprehensive approach is required. A special role in this should beassigned to
the plant nutrition system. Potatoes have high requirements for nutrients; it is the level of potato supply with
essential nutrients, their ratio, forms, and timing of application that largely determine the yield, the quality of
tubers, and the plants’ resistance to diseases and unfavorable environmental conditions. The traditional
potato fertilization system in many farms is limited to applying the main dose of fertilizer before planting.
However, this approach is not always capable of fully meeting the crop’s needs. Under the current
conditions, it is necessary to pay more afttention to the use of alternative, easily digestible fertilizers,
especially in the Non-Black Earth Zone, where weather factors, soil characteristics, and the potato’s weak
root system limit the use of nutrients from the soil. That is why the use of such fertilizers is becoming
increasingly important.

Methodology. The field experiment (2025-2026) was conducted on gray forest heavy loamy soils in the
southern part of the Non-Chernozem zone, using a systematic arrangement of plots (accounting area — 100
m?) with four repetitions. To calculate the yield, assess the quality of the product, and evaluate the
profitability of production, we analysed the phenology of the main phases of crop development, the indicators
of the photosynthetic activity of plants in the agrocenosis, and the structural elements of the crop. The
experimental design included five treatment options with agrochemicals. The tubers wer treated before
planting, and foliar treatments were carried out using the agrochemicals Biostim Start and Polidon Bio
Humate Super.

Results. The application of the studied fertilizers affects the speed at which phenological phases of crop
development occur. The dates of phase onset in the experimental variants were earlier than in the control;
the dynamics of phase onset in the tested variants exceeded the control by 4.9%. A positive trend in the
growth and development of potato varieties was observed as aresult of applying the studied fertilizers across
all variants. The combined use of fertilizers is more effective, resulting in the following increases: stem height
— 18.4 % for the Kolobok variety and 27.0 % for the Krasa Meshcherya variety; number of stems — 12.8 % for
the Kolobok variety and 9.8 % for the Krasa Meshcherya variety; foliage mass — 33.1 % for the Kolobok
variety and 28.6 % for the Krasa Meshcherya variety. Increase in leaf surface area: for the Kolobok variety —
53.8 thousand m#%ha (exceeding the control by 15.9 %), for the Krasa Meshchery variety — 55.1 thousand
m#%ha (exceeding the control by 16.0 %). The weight of tubers from one plant ranged from 438.7 to 475.2 g
(Kolobok) and from 497.4 to 547.4 g (Krasa Meshchery), with a difference of 16.5 g and 50.0 g, respectively.
Conclusion. Preplanting treatment of potato tubers with the agrochemical Biostim Start (application rate:
0.7l/t; working liquid rate: 30 I/t) and two-time spraying during the full emergence phase and the budding
phase with the agrochemical Polidon Bio Humate Super (application rate: 0.2 I/ha; working liquid rate: 200



I/ha) are effective in potato cultivation technology in the southern part of the Non-Chernozem Zone; they
provide a significant yield increase, improving the quality of the crop and the profitability of production.
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AHHOMauyus.

lpobnema u uenb. B ycnosusix rea HevyepHo3embsi nuMumupyrowum akmopomMm peanusayuu
buonozau4yecko2o rnomeHyuana eapequxu rnocesHol (Fagopyrum esculentum) ebicmynaem 6biCOKasi
YyyecmeumesibHoCmb UHOemepMUHaHMHO20 mura pocma K cmpeccopaM ee2emauyloOHHO20 repuoda, 4mo
yacmo Husenupyem 3ghgpekm om 6a308020 MUHepanbHo20 numaHus. Cyuwecmsyoujue agpomexHu4eckue
wabrnoHbl He 8 MOMHOU Mepe y4Yumbiearom CcOPMOCIeYUGUYHYIO peakyuto Ha buocmumynsayuto, 4mo
pusodum K paspbigy Mex0y nomeHyuanbHoU U c¢hakmuyeckol ceMeHHOU npoldyKkmueHocmbio. Llenb
pabombl — cpasHuUmesibHasi OUueHKa MPOOYKUUOHHO20 aghchekma U 3KOHOMUYEeCcKoU ueriecoobpasHocmu
rpuUMeHeHuUs1 op2aHoMuHeparibHo20 ydobpeHus ApPKCoU u peaynsmopa pocma Ha OCHOBE 2YyMUHOBbIX
Kucrom JOkopocm 8 mexHoso2uu 8030enbi8aHusi wecmu paloHUPOBaHHbIX COpmo8 O 8bIsierIeHUs
Hauboriee oma3bi84UBbIX 2eHOMUIIOS.

Memodonozus. 3aknadka rnonegoeo akcriepumeHma (2025-2026 ee.) npoeodunacb Ha cepblX NEeCHbIX
rnoyeax PssaHckol obnacmu ¢ npuMeHeHUeM CcucmeMamu4yeckoeo pasmMeweHuss OensiHOK (ydemHas
nowadb — 280 mM?) npu yembipexkpamHoU noemopHocmu. [ns pacdema buonozuyeckol ypoxalHocmu,
OKynaemocmu 3ampam U rpubbiiu 0m peanu3ayuu aHanu3uposasu CMpPyKMypHbIEe 371eMeHMbl ypoxasi
(maccy 1000 cemsiH, ebicomy cmebrisi, Yucno u maccy rnrnodoe ¢ pacmeHusi). Cxema orbima ekrnoyana mpu
sapuaHma obpabomku azpoxumukamamu. [Nposodusnu geHekopHesble nodkopmku Apkcolin KKP u Qkopocm.
Pesynbmamsbi.  Peaynamopbl  pocma  ycunueanu  paspacmaHue  ee2emamuBHbiX  OpeaHos,
nepepacnpedenss naacmu4yeckue COEOUHEHUSI 8 2eHepamueHyr cqhepy U akmueu3upys Hanug 3epHa.
Cmebnu copma Kytibbiwesckas 85 3agpukcuposaHbl ebilie Ha 16,4 cM o cpasHeHuto ¢ HeobpabomaHHbIMU
OensiHkamu. lNpumeHeHue 0boux aspoxumuxkamos ocnabrnano HezamueHoe 6/UsiHUE M0200HbIX ycro8ud,
fpuyeM xapakmep OMK/AUKa OMuYarsncs 8bipaxxeHHoU copmocneyuguyHoCcmbio. HaumeHbwyro peakyuro Ha
cmumynsayuro 3aghukcuposanu y copma Temn, moeda Kak MakcuMasrbHOU 80CPUUMYUBOCMbIO 8bIOeNISAIUCH
XKdarka u [Hawa. B eapuaHme c npenapamom Apkcoln ypoxaltHocme XOaHku Oocmuena 20,4 u/ea
(npubaska k koHmposo — 1,9 u/ea), Jawu — 19,0 y/za (npubaska — 1,3 u/za). lNpupocm ypoxasi 8 obeux
epynnax okasa’sicsi caMbIM CyU,€CMBEeHHbIM. OKOHOMUYECKUU aHanu3 rnpuHec 0OHO3Ha4HbIl 8b1800: eapuaHm
¢ Apkcoln demoHcmpupyem Heocriopumyro ebi2ody. OKynaemocmb 3ampam Ha copme [eesmka
cocmasuna 56,19 npoueHma. [llpubbinb om peanu3zayuu 3epHa eospocrna 0o 13,1 mebic. pyb./ea, Ymo
ornpasdbisaem go3d0erbigaHue Kyrbmypbl axe rpu UCXOOHO HU3KOU MpodyKmueHOCmMuU 2eHOMmurios.
3aknroyeHue. buocmumynsmopbl Ha OCHO8E 2YMUHOBbIX KUC/I0OM 8 MEXHO/Io2UU epeduxu nocesHou
rpueniekameribHbl  CrIOCOOHOCMbBIO  cmabunu3duposame  MPOOYKUUOHHLIU POYECC, HO 3IKOHOMUYECKasl
8bizcoda Oom Ux MPUMEHeHUsT peanusyemcs fulub fpu Yyc/108uu, 4mo rpernapambsi COpMOcneyuuyHo
nodobpaHbl U BHECEHbI Yepe3 npedrnocesHyrw o0bpabomKy U 8HEKOPHES8bIe MMOOKOPMKU, YmMO 8 KOHEYHOM
cyeme u onpedenssem peHmabenbHocmb. Ha 8bICOKONMPOOYKMUBHBIX 2eHOMuUNax MakcumasbHyo rnpubbiib
obecrieyusaem ApkcoUlsl. JKopocm e ucronb3ylm Kak aHmucmpeccosbil bygep, socmpebosaHHbIl
UMEHHO 8 me s8ezemauyUOHHbIE CE30HbI, KOMOPbIe omuYaomecsi HebnazonpusimHbIMU ycraosusiMu, U 20e
CrocobHOCMb 2peduxu fnpomuB8oCmMosimb CMpPeccy 8bIXxoOUM Ha repebil rnaH, ornpedessisi CoXpaHHOCMb
ypoxas.
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Abstract.
Problem and purpose. In the conditions of the southern Non-Chernozem region, the limiting factor in
realizing the biological potential of buckwheat (Fagopyrum esculentum) is the high sensitivity of the
indeterminate type of growth to the stressors of the growing season, which often negates the effect of basic
mineral nutrition. Existing agrotechnical templates do not fully take into account the variety-specific response
to biostimulation, which leads to a gap between potential and actual seed productivity. The aim of the work is
a comparative assessment of the productive effect and economic feasibility of using the organomineral
fertilizer Arksoil and the growth regulator based on Ecorost humic acids in the cultivation technology of six
zoned varieties to identify the most responsive genotypes.
Methodology. The foundation stone of the field experiment (2025-2026) was carried out on gray forest soils
of the Ryazan region using the systematic placement of plots (the registered area is 280 m2) with a fourfold
repetition. To calculate biological yield, cost recovery and income from sales, the structural elements of the
crop (the mass of 1000 seeds, the height of the stem, the number and weight of fruits from the plant) were
analyzed. The scheme of the experiment included three processing options. The seeds were pickled before
sowing and then foliar top dressing with Arksoil was carried out; the control option excluded any chemical
treatments; In the Ecorost variant, the same sequence of operations was completely repeated.
Results. Growth regulators increased the growth of vegetative organs, redistributing plastic compounds into
the generative sphere and activating grain filling. The stems of the Kuibyshevskaya 85 variety, for example,
have become 16.4 cm taller than the untreated plots. The use of both agrochemicals weakened the negative
effects of weather conditions, and the response pattern was characterized by pronounced variety specificity.
The lowest response to stimulation was recorded in the Temp variety, while Zhdanka and Dasha were the
most susceptible. In the variant with the drug Arksoil, the yield of Zhdanka reached 20.4 c/ha (an increase to
the control — 1.9 c¢/ha), Dasha — 19.0 c/ha (an increase of 1.3 c/ha). The increase in yield in both groups was
the most significant. The economic analysis has brought an unequivocal conclusion: the option with Arctic Oil
demonstrates undeniable benefits. The cost recovery on the Nine grade was 56.19 percent. The profit from
grain sales increased to 13.1 thousand rubles/ha, which justifies the cultivation of crops even with initially low
productivity of genotypes.
Conclusion. Biostimulants based on humic acids in buckwheat technology are attractive for their ability to
stabilize the production process, but the economic benefits of their use are realized only if the preparations
are varietally selected and applied through pre-sowing and foliar fertilization, which ultimately determines
profitability. On highly productive genotypes, Arksoil ensures maximum profit. Ecorust is used as an anti-
stress buffer, which is in demand precisely during those growing seasons that are characterized by
unfavorable conditions and where buckwheat's ability to withstand stress comes to the fore, determining the
safety of the crop.
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AHHOMauusi.
lpobnema u uenb. [losbilieHue MSCHOU MPOOYKMUBHOCMU U Kadecmea 208510UHbI 1pu MeXMopOOHOM
CKpewusaHuu 518/15emcsi  OCHOBHbLIM  HarpaesieHueM pas3eumusi  crieyuasnu3upo8aHHO20  MSICHOZ0
ckomosodcmea. M3ydeHue erusiHUsI CKpewjueaHusi ome4yecmeeHHOU MSICHOU nopoldkl ¢ nNpou3sodumensmu
bpumaHckux MsICHbIX MOpod Ha MopghboroaudecKkuli cocmas mywu U COOMHOWEHUe mkaHel S6715/10Ch
OCHOBHOU Uefibro Hacmosuwjux uccriedosaHudl.
Memodonozus. [locmasneHHass uenb Oocmueanacb ymeM posedeHuUsi KOHMPOsIbHo20 yb6osi
4uCmMOoropoOHbIX U MOMECHbIX bbI4KO8, rposedeHuUsi obeanku mywu, Xumoeku cbedobHol ee yacmu u
pacyéma COOMHOWEHUSI CMPYKMypPHbIX anemeHmos. Memodonozuyeckoli 0cHogol uccriedosaHuli
AensaauCk aHanumudeckul nodxod u cmamucmu4yeckass obpabomka chakmu4eckoao Mamepuara.
Pesynbmambli. [lpu aHanu3e nony4yeHHbiXx OaHHbIX OMMEYEHO rposierieHUe 3aghghekma CKpeuwusaHusi y
MMOMeCHbIX bbIHKO8 10 8CeM roKa3amersaM, Xapakmepuayowum Mopghosioaudeckuli cocmas rnonymyuwu.
Omo ceudemenscmeyem 06 yryHWeHUU Ka4eCcmeeHHbIX XapakmepucmuK MSCHOU rpodykuyuu romeced.
YcmaHoeneHo, 4mo y nomecel abconomHas mMacca MsaKkomu rnoebicunace Ha 12,51-14,46 ke (12,38-14,13
%), omHocumernbHas — Ha 0,90-2,00 %, abconomHas macca MbIWEYHOU mMKaHU yeenuyuniach
coomeemcmeeHHo Ha 10,51-12,33 ke (12,29-14,42 %, omHocumensHas — Ha 1,71 % u 0,92 %, a uHOekc
MsiCHoCcmu mywu (8bixo0 Mskomu Ha 1 ke kocmel) noebicusicsi 6,51-10,08 %. Npu amom 2epeghopdckue
rnomecu umenu Haubonbwyto abconomHyro maccy mskomu (+1,70 %) no cpasHeHur ¢ rnomecsMu ¢
abepduH-aHaycckol nopodoli, HO ycmynanu UM ro omHocumersbHol macce cbedobHou Yyacmu mywu (+1,10
%) u uHdekcy msicHocmu (+3,35 %). AbepduH-aHaycckue NMoMecu omau4yanucb MUHUMasbHbIM 8biX000M
CcoeOuHUMENbHO-MKaHHbIX 06pasogaHuli U OmHocumeribHoU maccol kocmed.
3aknroyeHue. [lonydeHHble 3KCriepuMeHmarbHble Mamepuarbl Mo2ym UCMOo/b308ambCsl Mpu co30aHuu
moeapHbIX MSICHbIX cmad & crieyuanu3upo8aHHOM MSCHOM CKomosoOcmee Orid Mnony4YeHuss aghghekma
CKpeujusaHus (2zemeposuca).

Knroyeenble cnoga: MscHoe ckomogodcmeo, Karnmbiukasi ropoda, rnomecu ¢ abepOuH-aH2yccKol U
eepegpopdckoli nopodod, bbiuku, ybol, mywa, Mopghoroaudeckuli cocmae myuwu, cCOom+HoweHue mgaHel
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Abstract.
Problem and purpose. Of increasing meat productivity and beef quality during interbreeding is the main
direction of the development of specialized beef cattle breeding. The study of the effect of crossing domestic
meat breeds with producers of British meat breeds on the morphological composition of carcasses and the
ratio of tissues was the main purpose of these studies.
Methodology. The achievement of this goal was achieved by conducting a control slaughter of purebred
and crossbred steers, deboning the carcass, veining its edible part and calculating the ratio of structural
elements. The methodological basis of the research was an analytical approach and statistical processing of
factual material.
Results. Analysis of the obtained data revealed a crossbreeding effect in the crossbred bulls across all
parameters characterizing the morphological composition of the carcass half. This indicates improved quality
characteristics of the crossbred meat products. It was found that the absolute mass of pulp in crossbreeds
increased by 12.51-14.46 kg (12.38-14.13%), the relative mass by 0.90-2.00%, the absolute mass of muscle
tissue increased by 10.51-12.33 kg (12.29-14.42%), respectively, the relative mass by 1.71% and 0.92%,
and the carcass meat index (the yield of pulp per 1 kg of bones) increased by 6.51-10.08%. Hereford
crossbreeds had the highest absolute mass of pulp (+1.70%), compared to crossbreeds with the Aberdeen
Angus breed, but were inferior to them in the relative mass of the edible part of the carcass (+1.10%) and the
meat index (+3.35%). Aberdeen-Angus crossbreeds were distinguished by a minimal yield of connective
tissue formations and relative bone mass.
Conclusion. The experimental materials obtained can be used in the creation of commercial meat herds in
specialized beef cattle breeding to obtain the effect of crossing (heterosis).

Key words: beef cattle breeding, Kalmyk breed, crossbreeds with Aberdeen Angus and Hereford
breeds, steers, slaughter, carcass, morphological composition of carcass, tissue ratio
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AHHOMauyusl.

lMpo6nema u yenb. JlannemaHyus — nepcriekmueHasi HempaouyuUuoHHasi MacriuyHasi Kyrbmypa C 8bICOKUM
codepxaHUEeM XXUPHO20 Macsia 8 CeMeHax, Komopasi Moxem cmamb A0CmMOUHOU anbmepHamueoU JfibHy U
Opyaum Macrnu4HbIM Kynbmypam. [aHHas Kynbmypa omHocumcsi K epynne pacmeHul, obrnadaruwjux
8bICOKOU  3KOMoau4yecKkol  naacmuyHocmbto, adanmueHOCmbio U 3acyxoycmouyusocmero.  Llenb
uccnedogaHuUsi — OUEHKa npodykmueHocmu JisineMaHyuu npu uHmpoOykyuu ee 8 ycrnosusx CpedHezo
losomkbs1 Onsi pacwupeHusi 8UOOBO20 PasHOObPa3UsT Mac/IUYHbIX Kybmyp.

Memodosnozusi. B cmambe npedcmasrneHbl pe3ynnbmamabl Mo/1e8020 Oribima, 3aroxeHHo20 8 2024-2025
eodax Ha onbimHoMm none [leH3eHckoeo HUUCX e coomeemcmeuu ¢ obuwernpuHsmol mMemoOuKkol
rposedeHUs MornesbiX U agpomexHUYECKUX OfbImMo8 C Macilu4HbIMU Kyrbmypamu. B kauecmee obbekma
uccnedosaHuli ucrionb3oeanu 4Yemsipe obpasua nsannemaHuyuu (KpacHodapckul kpad) u copm Mupa
(Cmasponornbckuli kpad). lNoces npoeodunu e 1 dekade masi, psido8bIM criocobom.

Pe3ynbmamsbil. YcmaHo8rneHo, 4mo ypoxalHoCcmb CeMsiH nsnneMaHyuu e cpedHem 3a 2 eoda bbina
docmamoyHo 8bicoKoU u cocmasuna 1,49-1,67 m/ea. Obpa3susi K-20 u K-21 cghopmuposanu makcumarnbHyHo
ypoxatiHocms (1,64 u 1,67 m/2a), ymo Ha 0,04 u 0,07 m/2a npesbiwarna cpedHecopmoeol rnokazamerib U Ha
1,8-10,8 % OJpyaue copmoobpa3sybl. 3mo nodmeepx0aemcs 6bICOKUMU [oKa3amesiaMu CcmpyKmypbl
ypoxasi, Komopble USMEHSIUCh Mo 0bpa3yam He3Ha4YumeribHoO, KoaghguyueHm sapuayuu cocmasun 2,9-8,9
%. ColepxxaHuUe >XUPHO20 Macra 8 ceMmeHax eapbuposario om 354 do 37,8 % e 3asucumocmu om
copmoobpasya. Haubonbwasi macnudHocmb 3agpukcuposaHa y copma Mupa - 37,8 %. AHanu3s
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JKUPHOKUCITIOMHO20 cocmasa riokasarsn Hanudue 17 XupHbix kucnom. CodepxaHue JIUHONEHO80U KUCIOMbI
661110 MakcuMarbHbIM U 8apbuposgano om 64,10 % y obpa3sya K-17 0o 66,43 % y copma Mupa. CodepxxaHue
niuHonesol kucriomsl cocmasurnio 13,11-13,83 %. KoHueHmpauyusi orneuHogol Kucriomel eapbuposarna 8
npedenax 10,96-11,84 %.
3aknrodeHue. JlannemaHyus sienssemcsi nepcriekKmueHOU MaciudyHouU Kyrbmypol 05 UHmpoOykuuu u
go3dernbigaHuss 8 ycriogusx Jnecocmernu CpedHeeo [logormkbs Onsi paclWupeHUss accopmumeHma
8030erblBaeMbiX MaciuYHbIX Kynbmyp 6 pesuoHe. M3-3a 8bICOKO20 8bixo0a macrna u cbanaHcupog8aHHO20
col0epxaHusi 8 HEM JXKUPHbIX Kuciom [s/feMaHuyus Moxem cyumambcsi 6o2ambiM  UCMOYHUKOM
He3aMeHUMbIX XUPHbIX KUcom 051 pa3fiuyHbIX yesel Ucrofb308aHUs.

Knroyeeble cnosa: nsnnemaHyusi, UHMPOOYKUUs, COpmoobpa3ubl, ypoxaluHoCmb, Maciu4HOCMb,
cmpyKkmypa ypoxasi, XUpPHOKUCIIOMHbIU cocmas

Ana yumupoeaHus: [lpaxosa T. 4., YepHbiwoea H. T OueHka npodykmueHocmu MaciaudyHol
Kynbmypbi nsannemardyuu (Lallemantia) npu uHmpodykuyuu 8 cpedHee [losormkbe // BecmHuk PssaHcko2o
2ocydapcmeeHH020 agpomexHoroaudeckoz2o yHugepcumema umeHu N.A. Kocmeiuega. 2026, T. 18, Ne 3, C.
52-59 https://doi.org/.10.36508/RSATU.2026.95.22.007
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Abstract.
Problem and purpose. Lallemantia is a promising alternative oilseed crop with a high fatty oil content in its
seeds, which could become a worthy alternative to flax and other oilseeds. This crop belongs to a group of
plants characterized by high ecological plasticity, adaptability, and drought tolerance. The objective of this
study was to evaluate the productivity of Lallemantia when introduced to the Middle Volga region to expand
the diversity of oilseed crops.
Methodology. The article presents the results of a field experiment conducted in 2024-2025 on the
experimental field of the Penza Research Institute of Agriculture in accordance with the generally accepted
methodology for conducting field and agrotechnical experiments with oilseed crops. Four samples of
Lallemantia (Krasnodar Krai) and the Mira variety (Stavropol Krai) were used as the object of research.
Sowing was carried out in the first ten days of May, using the row method.
Results. It was established that the average yield of Lallemantia seeds over 2 years was quite high and
amounted to 1.49-1.67 t/ha. Samples K-20 and K-21 produced the maximum yield (1.64 and 1.67 t/ha),
which was 0.04 and 0.07 t/ha higher than the average variety indicator and 1.8-10.8% higher than other
variety samples. This is confirmed by high indicators of the crop structure, which varied slightly across
samples, the variation coefficient was 2.9-8.9%. The fatty oil content of the seeds varied from 35.4 to 37.8%
depending on the variety. The Mira variety had the highest oil content at 37.8%. Fatty acid analysis revealed
the presence of 17 fatty acids. The content of linolenic acid was maximum and varied from 64.10% in the K-
17 sample to 66.43% in the Mira variety. The linoleic acid content was 13.11-13.83%. The oleic acid
concentration varied within the range of 10.96-11.84%.
Conclusion. Lallemantia is a promising oilseed crop for introduction and cultivation in the forest-steppe
conditions of the Middle Volga region to expand the range of cultivated oilseed crops in the region. Due to
the high oil yield and balanced fatty acid content, Lallemantia can be considered a rich source of essential
fatty acids for various uses.

Key words: Lallemantia, introduction, varieties, yield, oil content, yield structure, fatty acid
composition

For citation: Prakhova T. Ya., Chernyshova N. G. Evaluation of the productivity of the oilseed crops
lallemantia (Lallemantia) when introduction into the Middle Volga region // Ryazan Agrotech Universit
Bulletin. 2026, T.18, No.3, P .52-59 https.//doi.org/. 10.36508/RSATU.2026.95.22.007



CENbCKOXO3ANCTBEHHbLIE HAYKU

HayuyHas ctatbs
YOK 635.657:631.43:631.559
DOI 10.36508/RSATU.2026.97.90.008
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AHHOMauusi.
lMpobnema u uenb — HaxoOXO0eHUE KPUMUYECKUX U3MEHEeHUU makux rokasamerel, Kak rniomHocms U
8/1aXKHOCMb [1048bI 110 OCHOBHbLIM amaram pa3eumus Hyma Ha ¢oHe MuHUMU3auyuu obpabomku ro4yesl c
uernbio 060CHOBaHUS KOPPErSUUOHHbIX cesidell u3yHaeMbix (hakmopos.
Memodosnozusi. Onbimbl Onsi nposedeHus uccriedosaHull ocywecmernsnuce 8 UM K(®)X AHOpyceHkos A.H.
8 3asomkbe Capamosckol obnacmu. Cegoobopom — nsamunonbHbil, copm — [Npuso. NpedwecmeeHHUK —
o3umas nweHuya no yepHomy napy. Obwas nnowadb OesisiHOK o criocobam obpabomku noysesi — 0,5 2a,
yyemHas nnow,ade — 0,3 ea; obwas nnowads no pasnudHbiM mepam 60pbbbl ¢ COPHbIM KOMMIOHEHMOM —
0,12 ea, yyemHas nnowadr — 0,1 2a. Onbim 08yx¢hakKmopHbIl, MOBMOPHOCMb 4YemblpexXKpamHas.
Konuyecmeo densiHok — 32. PacrionoxeHue 0efissHOK no ¢hakmopy A — cucmemamudeckoe, rno hakmopy B —
paHOoOMU3UpPOBaHHOE.
Pesynbmambi. YcmaHoerieHo, 4mo 8 3asomkbe 6e3omearsibHbili (MUHUMAasbHbIL) criocob obpabomku
rnodHumMaem [I0MHOCMb MEeMHO-KawmaHoeol mno4ebl: neped roceseom Ha 0,042/cm® (3,8 %); e ¢hasbi
eemerneHusi u bymoHusauyuu — 0,05 u 0,02 2/cm® coomeemcmeeHHO, 8 rnepuod ybopku — 0,02 a2/cm?>
KoppenayuoHHas 3agucumMocmb ypoxalHocmu 3epHa Hyma om efiaHoCmu ro4esl 8 ¢hasy bymoHu3auyuu
rokasana, 4mo OonmuMyM e/laXHOCmu no4Yyebl Haxooumcsi 8 npedenax 15-17 % om wmaccel. B 100-
caHmuMempoeoM crioe criocobbl OCHOBHOU 06pabomKu Mo4Yebl OKa3bl8alom He3HadumesibHOe 6/USHUe Ha
OUHaMUKy 6/1aXHOCMU [1046bl, 8 MO B8peMsi Kak pasfiuyHble Mepbl 60pbbbl C COPHbLIM KOMMIOHEHMOM
obecrnieyusarom nosbILEHUE aHanu3upyemMozo rnokaszamerssi 8 nepuod eemeneHusi Hyma Ha 0,54-0,63 % (73-
134 m¥za).
3aknrodeHue. Ha ¢poHe MuHUMU3ayuu OCHOBHOU 0bpabomKu rMo4Y8bl 8HECEHUE ro4Y8eHHo20 2epbuyuda u
eepbuyuda no eezemauyuu Hyma (1-3 nucma), a makxe b6OpoHog8aHuUe nocegos criocobcmeyrom pocmy
ypoxatiHocmu ¢ 0,89 m/za do 1,03-1,11 m/2a, ymo cpagHUMO C Kraccu4yeckol ecrnawkol 6e3 npumeHeHuUs
mep 6opbbbl ¢ copHbIM KoMoHeHmom (1,06 m/za).

Knroyeenble cnioea: ypoxalHocmb, Hym, OcHOgHas obpabomka, M/I0mMHOCMb [1048bl, 6/1aXHOCMb
rno4ebl
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Abstract.



Problem and purpose. Determination of critical changes in such indicators as soil density and moisture
content at the main stages of chickpea development after soil cultivation minimization in order to substantiate
the correlations between the factors studied.
Methodology. Crop rotation: five-field, variety: Privo. Predecessor: winter wheat on bare fallow. The total
area of plots by tillage methods is 0.5 hectares, the accounting area is 0.3 hectares; the total area by various
weed control measures is 0.12 hectares, the accounting area is 0.1 hectares. The experiment is two-
factorial, replicated four times. The number of plots is 32. The arrangement of plots for factor A is systematic,
for factor B - randomized.
Results. It was established that in the Trans-Volga region the no-till (minimum) tillage method increases the
density of dark chestnut soil: before sowing by 0.04 g/cm? (3.8%); in the branching phase - 0.05 g/cm?; in the
budding phase and during the harvesting period 0.02 g/cm?® The curvilinear polynomial dependence of
chickpea yield on soil moisture (% of mass) in the phenological phase of "budding" presented that the
optimum soil moisture is within 15-17 % of the mass. In the 100-cm layer, the methods of primary tillage have
an insignificant effect on the dynamics of soil moisture, while various measures to combat the weed
component provide an increase in the analyzed indicator during the branching period of chickpea by 0.54 -
0.63% (73 - 134 m%ha).
Conclusion. During theprimary tillageminimization, the application of soil herbicide and herbicide during the
growing season of chickpeas (1-3 leaves), as well as cropsharrowing, contributes to an increase in yield from
0.89 to 1.03-1.11 t/ha, which is comparable to plowing without the application of weed control measures
(1.06 t/ha).

Key words: yield, chickpea, primary tillage, density, soil moisture

For citation: Solodovnikov A.P, Vanin, D.A., Geraskin A.A. Agrophysical and water regime in
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AHHOMauusl.

lMpo6nema u uyenb. B pabome u3yyeHbi husuonoudeckue ocobeHHocmu 800H020 pexxuma dukopacmyuiel
yépHol cmopoduHbl (Ribes nigrum L.) e ycnosusix Skymuu u 060CHO8aHbl a2pomexHuU4Yyeckue rnpuémesl,
roseonsowue y4umsieams 3mu ocobeHHocmu rnpu 8eedeHuUU OUKUX ¢popm 8 Kyrbmypy. AKmyarnbHOCMb
obycrioernieHa CHUXEHUEM ypoxalHocmu U 08bILUEHUEM yS38UMOCMU CMOPOOUHbLI MpU fMepeHoce U3
€ecmecmeeHHbIX MecmoobumaHuli Ha OMKPbIMbIE  OKY/IbMYPEHHbIE  y4acmKu, 4Ymo Ces3aHo C
uzHopuposaHueM eé ernazonobus u crneyugbuku ycmbU4YHOZ0 annapama.

Memodonozusi. Obbekmamu uccnedosaHus cnyxunu 19 eudos, ¢hopm U copmog YEPHOU CMOPOOUHHI,
eKIoHasi MecmHble dukopacmyujue (oxma, manoygsemkosasl) U HepalioHUpo8aHHble ¢hopMbl, rpoxodsuue
npedeapumernsHoe ucrnbimaHue 6 [Tokposckom orbimHOM xossticmee Skymckoti HUWCX. B kauyecmee
KOHMPOJIS UCronb308asu corymcmeyrujue OpesecHO KycmapHUKoabie 8ulbl: 1610HK CubupKy, Yepémyxy
a3uamckyr, WUMNOBHUK uanucmbil, 6ospbiwHUK Makcumosuda, 6epE€3y MIOCKOMUCMHY, MarnuHy
caxarnuHckyto. M3 OCHOBHbIX rokasamerel enazoobecriedeHHOCMU 0onpedensanu: 8raxHocmp JUCMbes
(mepmocmamHo eecosbiM Memodom); Oechuuyum HachklWeHUsT ucmbes8 8000l (8 %); UHMEHCUBHOCMb
mpaHcnupayuu (mMemodom 6bicmpo20 e3sewusaHusi no MeaHosy JI1.A. u dp.), eodoydepxusarouiyto
crniocobHocme nucmeeg u nobezos (no Epemeesy H.), n08epxHOCMHYK Maccy C8eXUX U CyXUx /IUCmbes
(ma/cm? no Huuunoposuyy A.A.



Pe3ynbmambi. [Jukopacmyuwasi 4épHasi cMopoduHa 8 yCrosusix SKymuu Xapakmepusyemcsi 8bICOKOU
0800HEHHOCMbIO nucmbes (71-79 %), omHocumernbHO HU3KOU M08epXHOCMHOU Maccol nucmebes U
ymMepeHHoU niaomHocmblo yembuy. 10 co8oKynHocmu rokasamerel eé MOXHO omHecmu K me3oghumam ¢
rosbiweHHolU mpebosamenbHOCMbO K 8razoobecniedeHuro. Mexdy 19 uccnedogaHHbIMU chopmamu
CMOPOOUHbI 8bII8MIEHbI CMAaMUCMUYEeCKU 3Ha4duMble pasfnuyusi 1o rokasamessiM 800HO20 pexuma, 4mo
obocHosebisaem Heobxodumocmb AughghepeHUUpPOo8aHHO20 rnodxoda K UX UCIMOb308aHUK 8 Kyrbmype.
MecmHbie Aukopacmywue ¢opmbi (Oxma, Masiousemkosasi) MeHee MpucrnocobrieHbl K ebipaujugaHulo Ha
OMKPbIMbIX y4acmkax Cc Oecbuyumom eriazu [0 CPaBHEeHUD C UHOPAUOHHbIMU hopMamu, O 4YEM
ceudemernbcmeytom bosiee  8bICOKUlI  Oehuuyum  HacbiWeHUss U MeHbwass 8o0oydepxxusarowasi
criocobHocmb. Ha ocHoge ¢pusuonoeudeckux ocobeHHocmel npedrioxeHbl 3MeMEeHMbl azpomexHUKU
(8bibop y4Yacmka, MyrbHUpO8aHUe, CPOKU rnocadku, nodbop ¢opm, 3awuma om eempa), Mo3sossoujue
MUHUMU3UpPOB8amb 800HbIU CMPECC U MO8bICUMb MPUXUBAEMOCMb U MPOOYKMUBHOCMb CMOPOOUHbLI MpU
88edeHUU €€ 8 Kyribmypy.
3aknroveHue. Ha ocHosaHuu ¢hu3uonoaudecKkux rnokasamersel rnpedrioxeHbl 3ieMeHmbl agpomexHuUKU Ons
Oukopacmyweli CMOPOOUHbI 8 yCrI08USIX SKymuu: pasMeweHue Ha ydyacmkax C [O8bILWEHHOU
ernazoobecrneyeHHOCMbI0, MynbdupogaHue Orsi CHUXEHUS UcCrapeHusi, 8bibop cpoKo8 rnocadku c¢ y4émom
memnepamypHo20 pexuma rnodys, a makxe nodbop opm ¢ bonee ebicokol eodoydepxxusarouiel
criocobHocmbto 05151 OanbHelwel cenekyuu.

Knroyeenle cnoea: 4yépHasi CMOPOOUHa, B00HbIU pexum, ¢husuosoauss pacmeHul, yCcmbUYHbIU
annapam, azpomexHuka, SKymus
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Abstract.

Problem and purpose. The paper examines the physiological features of the water regime of wild-growing
black currant (Ribes nigrum L.) in Yakutia and substantiates agrotechnical techniques that allow these
features to be taken into account when introducing wild forms into culture. The relevance is due to a
decrease in yield and an increase in the vulnerability of currants when transferred from natural habitats to
open cultivated areas, which is associated with ignoring its moisture content and the specifics of the stomatal
apparatus.

Methodology. The research was conducted in the Pokrovsky experimental farm of the Yakut Research
Institute of Agricultural Sciences. Leaf moisture, saturation deficiency, transpiration intensity, water retention
capacity of leaves and shoots, as well as morphological parameters of the stomatal apparatus (number of
stomata per m2 of leaf surface, stomatal index) were determined. The transpiration rate was normalized by
the area and weight of fresh/dry leaves. To estimate the rate of water consumption, the percentage of the
amount of water poured to the amount consumed per unit of time was calculated. Consideration of external
factors included temperature, air and soil humidity, total, direct and scattered solar radiation, and albedo.
Statistical data processing was performed using the Student's t-test (p < 0.05) and univariate analysis of
variance (ANOVA) to compare 19 species, forms and varieties of currants with each other and with related
tree and shrub species.

Results. According to statistical analysis, black currant is characterized by a high level of leaf water content
(71-79%), a low surface mass of fresh leaves (22.72 mg/cm2) and a relatively low stomatal density (on
average, ~378-600 stomata/m2) with a moderate stomatal index. In comparison with Siberian apple, Asian
cherry and Maximovich's hawthorn, currant demonstrates a lower water retention capacity and a lower
saturation deficit (19.8% versus 29.1% for apple trees), which confirms its increased demand for moisture
supply. Significant differences have been revealed between wild-growing species (ochta, malotsvetkovaya)
and non-district forms: the former have a higher saturation deficit and a lower water retention capacity, which
indicates a lower adaptability to open areas with a lack of moisture.



Conclusion. Based on physiological parameters, elements of agricultural technology for wild currants in
Yakutia are proposed: placement in areas with increased moisture availability, mulching to reduce
evaporation, selection of planting dates taking into account the temperature regime of the soil, as well as the
selection of forms with a higher water retention capacity for further breeding.

Key words: black currant, water regime, plant physiology, stomatal apparatus, agrotechnics, Yakutia
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AHHOMauyus.

lMpo6nema u yenb. B npupodHbix apme3suaHcKux 8o0ax MapaaHey 3a4acmyo npucymemeyem Kak CrlymHuK
08yx- U mpexsanieHMHOo20 Xerne3a. YpogeHb €20 codepxaHusl, KaK rpasursio, HUXe, YeM y xesie3a, 0OHaKo
Moxem 3HadumernbHo npesbiwams 1K — 6 namb, O0ecamb pa3 u bonee. [lgyxeaneHmMHbIl MapaaHey
omnu4yaemcsi ycmou4ueocmbi0 K OKUC/IEHUIO KUCIOPOOOM 8 XUMUYECKOM rpouecce 8 ycriosusx, kKoeda
yposeHb pH meHee 8,5. Tem He MmeHee, b6onbwuUHCMEO Xxene3obakmepuli obnadaem criocobHOCMbIO
okucsismb U amom anemeHm [1-5]. Omu npoueccbl OCHOBaHbI Ha MEPEKUCHOM MexaHu3me, Komopbil
obbsACHsIem, no4emy 803MOXHO OUOSI02UYECKOE OKUCIIeHUE MapeaHua rnpu pH, 6nuskom K HelmpasbHOMY,
XapakmepHoM Orid MHOXecmea [PUPOOHbIX apme3uaHckux 800. W3-3a creyuguku MexaHU3Mos8
buorioeu4ecKko20o oKUCIeHUs1 08yX8alleHMHOZ0 Xese3a U MapaaHuya, koeda OHU Npucymcmeyrm emecme, ux
yOaneHue npoucxodum rioamanHo. OkucrieHue 08yxeasleHmMHO20 MapeaHua HavyuHaemcsi mMosibKo nocrie
rnepexoda 08yxeasleHMHOZ20 Xesie3a 8 mpexesasrieHmHoe. B ceda3u ¢ amumM 8 OCHOBHOM rpedrnodymeHue
omdaemcsi 08yxcmyrneH4YambiM cxemam Ornsi yOasieHusl ebluleykalaHHbix coeduHeHuli [2,4]. OOHako,
uccriedogaHUsIMU U MHO20/1EMHUM OfbIMOM 3KCrlyamayuu cmaHyul 04UCMKU NpupOoOHbIX epyHMO8bIX 800
npoeKmMHbIM  uHcmumymom  «Bonezoepadaeponpomnpoekm»  (Qanee [N «Bonzozpadnpoekmy)
npednazaemcsi ydaneHue 08yx8anleHMHO20 MapaaHua U Xere3a 8 OOHOM COOPYXEHUU, UCMOb3ys
YHUKarbHbIU 8aKyyMHO-3XXeKUUOHHbILU arnnapam B3A, komopsbll no3eonsem 3a 0onu cekyHd dobumbcs
CHUXeEHUsT ocmamo4YHo20 colepxaHusi Xenesa, MapaaHya, cepogodopoda, dsyokucu yernepoda u dp. 8
obpabamebieaemoli 8o0e Ao 3adaHHbIX 8€/UYUH, YMeHbWUmb obwue KanumarbHble 6/10XKeHUs 3a cyem
CHUXeHUs1 pacxo0o8 Memarsinia, 9KOHOMUU Mpou3Bo0CmeeHHbIX rowadel, 3neKkmpoaHepauu U
mpydoszampam, yeenu4ums 00N1208€4HOCMb 3KCTyamupyeMbix mpy6orpoeodos u o6opydoeaHusi.
Memodosnozusi. Aemopom cosmecmHo co crieyuanucmamu NN «Bonzoepadnpoekm» & 2000 200y 6bin
paspabomaH MpPOeKmM ycmaHO8KU obe3xenesusaHus U OemMaHzaHauuu MoO3eMHbIx 600 ¢ rodadyel
030H08030yWHOU cmecu Ha ocHose YHUKalbHO20 8aKyyMHO-IKEKUUOHHO20 memoda
npouszsodumernbHocmeto 16000 m¥cym 6 e. XaHmbi-MaHculicke. OcHO8aHUEM MOC/YXUM 3aka3 Ha
paspabomky daHHO20 npoekma 80003abopa «CeesepHbiliy (obcnyxusarowuli bonbwy 4Yacme 20poda
qyucmolt eodoli) om YKC admuHucmpayuu 2. XaHmsbi-MaHculicka.

Pesynbmamei. ColepixaHue xernesa rocrne ¢unbmpa rnepsol cmyneHu cHuxaemcs ¢ 4,2-3,4 ma/om?* do 0,5-
0,4 me/dm3 Ha cunbmpax emopol cmyrneHu codepxaHue xenesa cHuxaemcsi 00 3HayeHul 0,23 -0,17
(N4K 0,3 ma/0m3 u mapeaHuya 0,10-0,08me/0m? (MOK 0,1me/0M3), ymo coomeemcmeayem HOpMamueHbIM
mpebosaHusim CaHlMuH 2.1.3684-21".

3aknroyeHue. Ha npomsikeHuu 25 nem (c MomeHma rnpoekmuposaHusi 8 2000 2. o Hacmosiujee spemsi)
Kadecmeo numbeeeol 800bl 80003abopa «CegepHbili» (0bcnyxusarowuli 6onbwyro 4acme 2opoda Yyucmol
8o0oli) 2. XaHmbIl-MaHcutlicka coomeemcmeyem HopMamueHbIM mpebosaHusiM, noddepxugasi cmabusibHyo
u HadexHyro pabomy 600004UCMHbIX CcoOopyxeHul. [Tpou3eodumesibHOCMb OYUCMHbIX COOPYXeHUU
Koppekmupyemcsi Koriudecmeom pabomarowjux CKeaxuH; Konudecmeom pabomarowux BOA e aspamope-
Oezazamope.



" CanlluH 2.1.3684-21 21 "CaHumapHo-anudemuornoasudeckue mpebosaHus Kk codepxxaHuto meppumopud
20pOACKUX U CernbCKUX riocerneHul, K 800HbIM 06bekmam, numsesol 8ode u numMbesomMy 8000CHabXEHU!I,
ammocghepHoMy  8030yXy, rioyeaMm, KUMbIM  MOMEWEeHUsIM,  3KCrisyamauyuu  rnpou3eodCmeEeHHbIX,
obuwiecmeeHHbIX nomMeuweHuUl, opaaHu3auuu U posedeHuo  caHuUmMapHO-NPOMUBO3NUAEeMUYEeCKUX
(npocpunakmudeckux) meponpusmud” CIT 31.13330.2021 «BodocHabxeHue. HapyxHbie cemu u
COOPYXKEHUSI».

Knroyeenle cnoea: obesxenesugaHue u 0emaHaaHayusi nod3eMHbIX 800, necyaHasi hurbmpyrouast
3aespy3Ka, 8aKyyMHO-IKXEKUUOHHbIU arnrnapam

Ana yumupoeaHrusi: Bonbckas O. H. ObesxenesusaHue u demMaHzaHayusi NoG3eMHbIX 800 O30HO-
8030yWHOU CMECbIO C UCIMO/Ib308aHUEM B8aKyyMHO-3XKEKUUOHHbIX arnmnapamos // BecmHuk Ps3aHcKo20
eocydapcmeeHHO20 agpomexHo/Io02u4eckoao yHuUeepcumema umeHu .A. Kocmbiyesa. 2026, T.18, Ne 3, C.
75-81 https://doi.org/. 10.36508/RSATU.2026.30.74.010

Original article

IRON REMOVAL AND DEMANGANATION OF GROUNDWATER WITH AN OZONE-AIR MIXTURE
USING VACUUM-EJECTION DEVICES

Olga N. Voiskaya
Volgograd State Technical University, Volgograd, Russia
% volskayao_8@mail.ru

Abstract.
Problem and purpose. In natural artesian waters manganese is often present as a companion of bivalent
and trivalent iron. Its content is usually lower than that of iron, but it can significantly exceed the maximum
permissible concentration (MPC) by 5-10 times or more. Divalent manganese is resistant to oxidation by
oxygen in a chemical process in conditions where the pH level is less than 8.5. Nevertheless, most iron
bacteria have the ability to oxidize this element as well [1-5]. These processes are based on the peroxide
mechanism which explains why biological oxidation of manganese is possible at a pH close to neutral,
typical of many natural artesian waters. Due to the specific mechanisms of biological oxidation of divalent
iron and manganese, when they are present together, their removal occurs in stages. The oxidation of
divalent manganese begins only after the transition of divalent iron to trivalent iron. In this regard, two-stage
schemes for removing the above compounds are generally preferred [2,4]. However, research and long-term
experience in operating natural groundwater treatment plants by the Volgogradagropromproekt Design
Institute (hereinafter referred to as Volgogradproekt) suggests removing divalent manganese and iron in one
facility using a unique vacuum ejection device. It allows reducing the residual content of iron, manganese,
hydrogen sulfide, carbon dioxide, etc. in fractions of seconds. to reduce total capital investments in treated
water to specified values by reducing metal costs, saving production space, electricity and labor costs, and
increasing the durability of operated pipelines and equipment.
Methodology. In 2000 the author and specialists from Volgogradproekt developed a project for an
installation for de-icing and demanganing groundwater with an ozone-air mixture based on a unique
vacuumejection method with a capacity of 16,000 m%day in Khanty-Mansiysk. Khanty-Mansiysk city
administration ordered development of this project of the Severny water intake serving most of the city with
clean water.
Results. The iron content after the first stage filter decreases from 4.2-3.4 mg/dm? to 0.5-0.4 mg/dm?. In the
second stage filters the iron content decreases to values of 0.23 -0.17 (MPC 0.3 mg/dm?®) and manganese
0.10-0.08mg/dm3 (MPC 0.1mg/dm?3) which meets regulatory requirements SanPiN (Sanitary Regulations and
Norms) 2.1.3684-21.
Conclusion. For 25 years (2000-2026, from the moment of design to the present), the drinking water quality
of the Severny intake (which serves most of the city with clean water) in Khanty-Mansiysk has been in
compliance with regulatory requirements, maintaining stable and reliable operation of water treatment plants.
The productivity of sewage treatment plants is being adjusted the number of working wells and the number
of working VEA in the aerator-degasser.

Key words: de-icing and demanganation of groundwater, sand filtration loading, vacuum-ejection
apparatus

For citation: Volskaya O. N. Iron removal and demanganation of groundwater with an ozone-air
mixture using vacuum-egjection devices // Ryazan Agrotech University Bulletin. 2026, T.18, No. 3, P.75-81
https://doi.org/ 10.36508/RSATU.2026.30.74.010
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AHHOmauus
lMpobnema u uenb. B cmambe paccmompeHbl OCHO8HbIE MemoObl OMMuUMU3ayuu cocmasa MauwUuHHO-
MmpakmopHO20 rnapka, rpedrioKeHHbIe POCCUlCKUMU U 3apybexHbiMu y4éHbiMu. OmderibHOe 6HUMaHUe
yOerieHo 80rpocy O MOM, HAacKo/IbKO 3mu mMemoldbl no0xodsm O MarnbiX GhepMepcKux Xxo3salicme
BanadHou Agpuku. NokazaHo, 4mo Knaccudeckue Moderu, co30aHHble 011 KPYMHbIX creyuanu3upo8aHHbiX
Xxo3slcms, MI0X0 y4Yumbliealom peasibHble ycri08usi 3anadHoagpuKaHCKO20 CeflbCKoeo xo3sticmea. bonee
repcreKkmueHbIMU 8bl2risiosim Mo0xo0bl, C8si3aHHble C apeHOOU MEXHUKU U OKa3aHUeM MexaHU3UpO8aHHbIX
ycnye no 0oeosopy. Llenb pabombi — onpedenumbs, Kakux uccrnedoeaHuli He xeamaem Orisi ycrosul
beHuHa, u npednoxumb Memoduyeckue nodxo0bl K €030aHut0 UHCMpyMeHma nod0ep KU MpuHaMmMus
peweHul. Takol uHcmpymMeHm OQO/mKeH y4yumbigamb pasnuyusi mMexoOy xos3slucmeamu, ronpasku Ha
KOHKpemHbIe ycrioeusi nonel u noamariHbil xapakmep MmexaHusayuu.
Memodornozusi. UccnedosaHue onupaemcsi Ha Ooknaldbl, npakmuyeckue pykogodcmea, mamepuaribl
nepenuceli HacerneHusi, pabodue 0okymeHmbl ®PAO u nybnukauuu XypHarna «OKOHOMUKA CerlbCKO20
xossiticmea Poccuu». CpasHeHue modesiell nposoousiocb C y4émoM pearibHbIX ag2pOoKIUMamu4yeckux
ycnosul roneli beHuHa. Omu ycriogusa ebicmynunu ceoe2o poda fposepKoli Moo, HacKo/IbKO UCXOOHbIe
meopemuyYecKue MonoXeHus MPUMEHUMbI Ha rpaxkmuke.
Pesynsmamel. Ha ocHoge rnposedéHHO20 aHanu3a npedrioxeHa Mooesnb, adanmuposaHHas K yCroeusim
beHuHa. OHa npedcmaensiem coboli 2ubpudHyto MoOerb U 8K/TKOHAEM HECKOJ/IbKO arieMeHmos. Bo-nepabix,
amo Knaccugbukayusi ghepmMepckux xo3slicme ro pasmepy (Maribie, CpedHUe, KPyrHbIe) U M0 pacrionoXeHUr
(foxHble, UeHmparbHble, cesepHble). Bo-emopsbix, Orns xo3slicme nepeoeo muna (Hebonbwue nnouw,adu)
npuopumem omoaémcsi apeH0e MeXHUKU; rpu 3MmMoM paccyumbieaemcsi onmumMalsibHbIl pasmep napka ons
OKasaHus ycrnye. B-mpembux, dns xo3sticme emopoao murna (cpedHue nnowiadu) npednazaemcs Mooesb
JIUHEUHO20 Mpo2paMMupPOBaHUsi C KOppekmupyruwumu KoagguyueHmamu. B-yemeépmbix, 8 Mooesb
BKIMIOYEH Kpumepul, y4umsbigarowjuli momepu u3-3a HapyuweHusi azpomexHU4eCcKUX CPOK0o8. 3mo 0CobeHHO
8a)XKHO Onsi xsiorka — OCHOBHOU moeapHoU Kynbmypbi beHuHa, nockonbKy nomepu ypoxas 30ecb moeym
6bimb o4eHb owymumbiMu Orisi doxo0o8 xo3sticma.
BaknwyeHue. B cmambe cucmeMHO OUeHeHbl mpu Memodorio2UYeCKUX HarpasieHus: JUHelHoe
rpospamMmMmuposaHue, UMUMayUuoHHoe ModernuposaHue U aKcriepmHbie cucmembl. Cpedu ghakmopos,
onpedensaruux peanbHylo 3HEKMUBHOCMb MPaKMOPHOU MEXHUKU, ocoboe Mecmo 3aHuMaem
pa3dpobrieHHOCMb 3eMesibHbIX y4acmkos. VIMeHHO OHa Haubornee ompuyamesibHO CKa3bleaemcsi Ha
rpoussodumenibHOCMU  MauwUHHOMPaKMOPHbLIX aspesamos 8 roneebix ycnosusix. [lpakmudeckas
3Ha4YuMocme rpedrnoxeHHOU moodenu nodmeepxdaemcs pesynbmamamu uccredosaHusi AQyaHbl U Koririee 8
Oapuonuu: no ux GaHHbIM, 90% menkux ¢pepmepos 0006punu NodobHbie ycriyau. Amo fnokasbieaem, 4mo
apeHOHble cxeMbl OelicmeumeribHO 8ocmpebosaHbl U MO2ym rMoMoYb /1005IM, pabomarouwum Ha 3emrie.

Knrodesbie crioga: cenbCKoXo3slcmeeHHass mexHuUKa, napk MawuH, onmumu3ayusi, Modesu, pacdem,
ModenuposaHue, rnpoepaMmmuposaHue, aHanus, pecrnybnuxka beHuH

Lna yumuposaHus: JudmaHudze O.H., MNapnwok E.M., Kocoe N.H. AHanu3 modeneli onmumu3sauyuu
rnapka CerbCKOX0351LiCMBEHHOU MexHUKU V4 BecmHuk PsizaHckoz20 2ocydapcmeeHHo20
aspomexHorioaudeckoeo yHueepcumema umeHu N.A. Kocmsiyesa. 2026, T.18, Ne 3, C.82-89 https://doi.org/.
10.36508/RSATU.2026.41.45.011
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ANALYSIS OF MODELS FOR OPTIMIZING THE FLEET OF AGRICULTURAL MACHINERY
Otari N. Didmanidze1, Ekaterina P. Parlyuk’™, Pavel N. Kosov’
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Abstract.
Problem and purpose. This article reviews the main methods for optimizing the composition of machinery
fleets proposed by Russian and international researchers. Particular attention is paid to the suitability of
these methods for small-scale farms in West Africa. Classical models designed for large, specialized farms
fail to adequately account for the realities of West African agriculture. Approaches based on equipment rental
and contract-based mechanization services appear more promising. The study aims to identify research
gaps relevant to the context of Benin and to propose methodological approaches for developing a decision-
support tool. Such a tool must account for farm-level differences, adjustments for specific field conditions,
and the phased nature of mechanization.
Methodology. The study draws on reports, practical guidelines, census data, FAO working papers, and
publications from the journal Agricultural Economics of Russia. The models were compared against the
actual agro-climatic conditions of fields in Benin; these conditions served as a test of the practical
applicability of the initial theoretical premises.
Results. Based on the analysis conducted, a model adapted to conditions in Benin has been proposed. This
is a hybrid model comprising several elements. First, it classifies farms by size (small, medium, large) and
location (southern, central, northern). Second, for small farms priority is given to machinery rental, with
calculations determining the optimal fleet size for service provision. Third, for medium-scale farms a linear
programming model incorporating adjustment coefficients is proposed. The model includes a criterion that
accounts for losses resulting from missed agrotechnical deadlines. This is particularly important for cotton—
Benin’s primary cash crop—as yield losses in this context can significantly impact farm income.
Conclusion. The article provides a systematic assessment of three methodological approaches: linear
programming, simulation modeling, and expert systems. Among the factors determining the actual efficiency
of tractor machinery, land fragmentation plays a particularly significant role. It affects the productivity of
tractorimplement units in the field. The practical value of the proposed model is corroborated by research
conducted by Adugna and his colleagues in Ethiopia, which found that 90% of smallholder farmers approved
of such services. This demonstrates that rental schemes are in demand and can assist those working the
land.

Key words: agricultural machinery, fleet of machines, optimization, models, calculation, modeling,
programming, analysis, Republic of Benin
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AHHOMauyus

lpobnema u uenb. Bbibop cocmasa MawuUHHO-MPAKMOPHbIX azpezamos O 0bpabomku Mno4yebl —
KoMriiekcHast 3adadya, mpebyem y4éma rpupoOHO-KITUMaMmUYECKUX, MPOU3800CMBEHHbIX U IKOHOMUYECKUX
ycnosul. B beHuHe, 20e MmexaHU3ayusi Haxo0umcsi Ha HadyarbHOM amarie, a OCHO8Hasi Yacmbe MexaHu4yecKol
9Hepeuu ucronb3yemcsi Ons ecnawiku, owubku e eblbope mexHUKU 0cobeHHO dopozo o0b6xodsimces
xossticmeam. Llenb pabombl — paspabomamb hopmarnuiosaHHbili aneopumm nodbopa payuoHaIbHO20
cocmasa ro4yeoobpabambigaroliux MallUHHO-MPaKMOpPHbIX agpe2amos 07151 MPEX a2p0o3K0o/I02UYECKUX 30H
beHuHa u pa3Hbix kameeaopul xo3sUcme.

Memodonozusi. B ocHoge paccmampusaemMo20 ansopumma nexum 6annbHasi oueHKa o e0CbMU
napamempam: azpoakosio2uyeckasl 3o0Ha, nowjadb xo3slicmea, CMpPyKmypa [10cegos, murl 1048kl



ernazoobecredyeHHOCMb, MPOOO/KUMENLHOCMbL ag2pPOMeXHUYECKO20 CPOKa, (hUHAHCOBbIe O2PaHUYeHUs] U
opma enadeHusi mexHukol. MHmeaparnbHbIl 6arnn paccyumbi8aemcsi KaKk CyMMa 838eLEHHbIX YaCmHbIX
rnnokaszameretl; geca orpedeneHbl 3KCNepmHO U HopmuposaHbl. OcHO8HOU Kpumepuli ebibopa —
MakcumarnbHbIl umoeaossil 6ann. Ecnu pasHuuya mexdy eapuaHmamu He ripesbiwuaem 5%, npedrnoymeHue
omdaémcs eapuaHmy ¢ MmeHbwel ydenbHOU cmoumocmbeto obpabomku 1 2a.

Pe3ynbmamebl. [Jsi HXHOU 6r1aHOU 30HbI C MESIKUMU U pa3dpobrieHHbIMU ydacmKamMu PeKoMeHAyrmcs
MOMOBIIOKU 8 codYemaHuu C MaroMOWHbIMU mpakmopamu 45-50 n.c. u 065e24éHHbIMU Ha8eCHbIMU
opydusmu. [nsi ueHmparnbHoU nepexoOHOU 30Hbl — yHUBepcallbHble mpakmopbl 55—-65 n.c. ¢ nyaom,
6opoHOU U KynbmueamopoMm. [risi ceBepHOU 30HbI C XECMKUMU az2pomexHUYEeCKUMU CpoKamu U
npeobnadaHuem Xson4amHuUKa — 3HepaoHacblWeHHble mpakmopbl 80-110 n.c., npeumMyu,ecmeeHHo npu
KoorepamueHOM UJSIU Cep8UCHOM UCMOb308aHUU.

3aknrodeHue. [NpednoxXeHHbIl an2opumm 3aMeHsiem UHMyumueHbll ebl60p MexHUKU ¢hopmManu3o8aHHOU
MHO20KpumepuanbHoU oueHKoU u riosbituaem obocHosaHHocmb peweHul. OH peanudyemcs 6 Excel unu
npocmom 8eb-rpunoxXeHuu U Moxem 6bimb HacmpoeH Ors Opyaux peauoHos. Anpobayus 8 mpéx 30Hax
beHuHa nokasana cHuxeHue ydenbHbix 3ampam Ha 15-25% no cpasHeHur C yHUGUUUPOBAHHBLIMU
peweHuUsaMU U yryduieHue cobrnrodeHuUsT agpomexHUYECKUX CPOKO8.

Knroveeble cnoea: cernbckoxossilicmeeHHasi MexaHu3auusi, no4eoobpabamsisarowuli aspeaam,
nodbop mpakmopos, Memoouka 8bibopa, aspo3Kosioau4YecKoe patioHuposaHue, Pecrniybriuka beHUH,
uughposasi nodoepxka peuwieHull

Ana yumupoeaHusi: [Juomarnudse O.H., [Mapnwok E.[1., Kocos [1.H. Paspabomka u anpobauusi
aneopumma KOMITIIEKMO8aHUsI MawUHHO-MPaKMOoPHbIX aspez2amos 051 obpabomku rnoysbl // BecmHuk
PsizaHcko20 2ocydapcmeeHH020 az2pomexHornoaudeckoz2o yHueepcumema umeHu [1.A. Kocmbiyesa. 2026,
T.18, Ne 3, C. 90-95 https://doi.org/. 10.36508/RSATU.2026.10.91.012
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DEVELOPMENT AND TESTING OF AN ALGORITHM FOR THE SELECTION OF MACHINE-TRACTOR
UNITS FOR SOIL TILLAGE

Otari N. Didmanidze’, Ekaterina P. Parlyuk'>, Pavel N. Kosov’
'Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russia
% kparlyuk@yandex.ru

Abstract
Problem and purpose. Selecting the composition of tractor-implement units for tillage is a complex task that
requires consideration of natural-climatic, operational, and economic conditions. In Benin, where
mechanization is in its early stages and the bulk of mechanical energy is used for plowing, errors in
machinery selection are particularly costly for farms. The objective of this study is to develop a formalized
algorithm for selecting an optimal set of tillage tractor-implement units tailored to Benin’s three agro-
ecological zones and various farm categories.
Methodology. The proposed algorithm is based on a scoring system using eight parameters: agro-
ecological zone, farm size, crop structure, soil type, moisture availability, duration of the agrotechnical
window, financial constraints, and machinery ownership model. An aggregate score is calculated as the sum
of weighted individual indicators; the weights were determined by experts and normalized. The primary
selection criterion is the highest total score. If the difference between options does not exceed 5%,
preference is given to the option with the lower specific cost of tillage per hectare.
Results. For the humid southern zone, characterized by small and fragmented plots, the study recommends
walk-behind tractors combined with low-power tractors (45-50 hp) and lightweight mounted implements. For
the central transitional zone, general-purpose tractors (55-65 hp) equipped with a plow, harrow, and
cultivator are recommended. For the northern zone—characterized by tight agrotechnical windows and a
predominance of cotton—high-power tractors (80—110 hp) are recommended, primarily for use within
cooperative or servicebased models.
Conclusion. The proposed algorithm replaces the intuitive selection of techniques with a formalized
multicriteria assessment, thereby enhancing the soundness of decisions. It can be implemented in Excel or a
simple web application and adapted for other regions. Pilot testing in three zones of Benin demonstrated a
15-25% reduction in unit costs compared to standardized solutions, as well as improved adherence to
agrotechnical schedules.

Key words: Agricultural mechanization, tillage unit, tractor selection, selection methodology,
agroecological zoning, the Republic of Benin, digital decision support.
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AHHOMauusl.
lMpo6nema u uenb. [lpu npPakKMuU4YecKoOM UCMOMb308aHUU COpPbeHmMOo8 Orid O4YUCMKU 6800bl 8aXKHbIMU
napamempamu sensromcsi  ad0copbUuOHHasi €eMKOCMb, PUMEHSeMbIU pe2eHepayuoHHbIl  pacmeop,
cmoumocmsb. M3eecmHo, 4moO pu  UCMOMb308aHUU  MPUPOOHbIX adcopbeHmos8 ux emMKocmb U
MexpeaeHepayUOHHbIU CPOK CriyXbbl 8 OCHOBHOM orpedesnsm 3KcrepuMeHmarnsHo, Ors peaeHepauyuu
uCrnonb3yrom pacmeopbl KUC/iom, wienoded, conel, 4ymo yeenudueaem 3KCrslyamalyuoHHbIe 3ampambl Ha
ux npumeHeHue. Llenb uccnedoeaHuli — onpedeneHue OuHamu4eckol adcopbyuoHHOU emKocmu U
OuHamu4yeckol adcopbuuu Ucrob3yemMoa0o KnuHonmursionuma Orisl ycmaHO8/IeHUSs] cpoKa CrlyX6bl 3a2py3Ku
8 rnepecyeme Ha pasMmepbl peasibHO20 COOPYXeHUS U 0O6bEeM KOJIIIEKMOPHO-0PEHaXHbIX 800, MPOX00sujUX
yepe3s Heao.
Memodornoeus. [na pacdema duHamuydeckol adcopbyuu KnuHonmusonuma rnpumeHsiiace moderbs BDST
(bed depth/service time (monwuHa cros/cpok cnyxb6el)). ViccnedyembiMu Memannamu 516/suUCh Xese3o,
MapeaHelu, MeOb, C8UHEU, UUHK, HUKenb, Kaomul. JlabopamopHbie uccriedogaHusi OuHamMu4yecKol
aldcopbuyuu KnuHonmMuUIoauUmMa rnpo8ooOUsIUCh 8 UCKYCCMBEHHbIX yC/108USIX, COOMBEMCMBYIOUWUX HamypHbIM,
M10380/TOWUM YNPasIsimbe 3KCIepUMEHMOM.
Pesynbmambi. OKcriepumeHmarbHbie uccriefogaHust nymem KpamHo20o huibmpoeaHusi KOJSIEKMOPHO-
OpeHaxHbIx 800 Yepe3 crol KnuHonmuaonauma monwuHol 17 cM no3eonusiu rofayyYums ypasHeHUs
OuHamu4veckol adcopbuyuu Kax0o20 UOHa Memarnna uccredyembiM KIUHOMNMUIIONUMOM, 0 KOMOpPbIM
paccyumaru KoHcmaHmy ckopocmu adcopbyuu u duHamu4yeckyto adcopbyuro st Kaxdoz20 UuoHa Memarina.
Obwas OuHamuyeckasi adcopbuyusi cocmaeuna 0,416 e/ke. B peanbHbix ycrnosusix criol 3azgpy3ku
cocmaernsiem 102 cm maccou 6000 ke, coomeemcmeeHHo, KiuHonmunonum 6ydem roenouwjams U3 MOMoKa
800bI 2,496 k2 UOHO8 Memarisios, moada Kak npederibHoe KOUu4ecmeo UOHO8, Komopoe Moxem 6bimb
roenouwjeHo daHHoU maccol KnuHornmusionuma, cocmasum 3,306 k2 uoHO8 Memarisos.
BakntodeHue. [lonydyeHHble pe3ynbmambl  OuHamudeckol adcopbuyuu KnuHonmusonuma rno3eonusnu
ycmaHo8UMb MakcuMasibHOe KO/UYecmeo ro2/10UWeHHbIX UOHO8 Memarssio8 OaHHbIM  PUPOOHbIM
copbeHmMoM, COOmMeemMCMmMeeHHO, peaynuposame MPOOOKUMENbHOCMb €20 pabombl npu U3MEHeHUU
KOHUeHmpauyuu UoHo8 8 oduwaemol eode, nubo yeenudeHuU pacxoda 800bl 8 COOPYIKEHUU.

Knoyesbie  cnoea: OQuHamudeckass adcopbuusi, OuHamu4yeckass adcopbuyuoHHasi EeMKOCMb,
KAUHOMMUJII0MIUM, UOHbI Memarsiios, o4ucmka 800bi, KOIIEKMOPHO-OpeHaxHbie 800bI

Ans yumuposaHus: [poeoeososa T. Y., MuneyeHkosa []. B. MiccriedosaHusi aOcopbUyuoHHbIX ceolicme
KnuHonmunonuma 8 [ripoyecce O4YUCMKU KOMIeKMOpHO-0peHaxHbix 800 // BecmHuk PssaHckoz20
e2ocydapcmeeHHO20 aepomexHooa2udeckoao yHueepcumema umeHu .A. Kocmsiyesa. 2026, T.18, Ne 3, C.
96-104 https://doi.org/. 10.36508/RSATU.2026.26.46.013

Original article

RESEARCH ON THE ADSORPTION PROPERTIES OF CLINOPTILOLITE
IN THE PROCESS OF COLLECTOR-DRAINAGE WATER PURIFICATION

Tatyana I. Drovovozova'®, Darya V. Milchenkova’

'Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, Russia
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Abstract.
Problem and purpose. In the practical use of sorbents for water purification the important parameters are
the adsorption capacity, the regeneration solution used and the cost. It is known that using natural
adsorbents their capacity and inter-regeneration service life are mainly determined experimentally. For
regeneration used solutions of acids, alkalis and salts, which increases the operating costs of their
application. The research aims to determine the dynamic adsorption capacity and dynamic adsorption
characteristics of the clinoptilolite used in order to establish the service life of the filter media. This calculation
is based on the scale of the actual facility and the volume of collector-drainage water passing through it.
Methodology. The dynamic adsorption of clinoptilolite was modeled using the BDST model (Bed Depth/
Service Time). The metals under study were iron, manganese, copper, lead, zinc, nickel and cadmium.
Laboratory investigations of dynamic adsorption were conducted under controlled artificial conditions that
allowed to control the experiment.
Results. Experimental studies, involving the repeated filtration of collector-drainage water through a 17 cm
layer of clinoptilolite, enabled the derivation of dynamic adsorption equations for each metal ion on the
clinoptilolite. These equations were used to calculate the adsorption rate constant and the dynamic
adsorption for each metal ion. The total dynamic adsorption was 0,416 g/kg. In real conditions the filter bed
is 102 cm deep and has a mass of 6,000 kg. The clinoptilolite will adsorb 2,496 kg of metal ions from the
water flow, whereas the maximum amount of ions that can be adsorbed by this mass of clinoptilolite will be
3,306 kg of metal ions.
Conclusion. The obtained results on the dynamic adsorption of clinoptilolite enabled the determination of
the maximum amount of metal ions that can be absorbed by this natural sorbent. This, in turn, allows for the
regulation of its operational lifespan in response to changes in the concentration of ions in the water being
treated or to an increase in the water flow rate through the facility.

Key words: dynamic adsorption, dynamic adsorption capacity, clinoptilolite, metal ions, water
purification, collector-drainage waters
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AHAINN3 KOHCTPYKLUUKX NOALUMIMHUKOBOIO Y3A And BOAAHOIO NOrPy>XHoOro HACOCA
TUNA 3LB-8 C O6OCHOBAHUEM USMEHEHUA MATEPUATIA
N KOHCTPYKUWU BTYINKU NOALWUNHUKA CKOJTbXEHUA

Hukuma Cepzeeeuy MX6aHoe'™, Anekceili [mumpuesuy UYepHbiwes’, Anekceli Muxatinosuy
KpbicaHog'

" PasaHckul uHcmumym (¢unuarn) Mockoeckozo lNonumexHudeckoeo yHugepcumema, 2. Pa3aHb, Poccus
% zbanovnikita25@gmail.com

AHHOMauusl.

lpobnema u uenb. B Hacmoswee epemsi acponpoMbIWIEHHbIU KOMIIIEKC cmabusibHO pa3susaemcs.
O0HUM U3 OCHOBHbIX U Hauboriee MepcreKmusHbIX Cpedcma CO8EpPLUIEHCMB08aHUS MEXHUKU Se/1saemcs
MPUMEHEHUE 8 KOHCMPYKUUSIX COBPEMEHHbLIX Mamepuasios, omauYyaruuxcsi ocobbiMu ceolicmeamu.
Obnacmb npumeHeHUs1 MOOWUMNHUKO8 CKOMbXEHUS 8ecbMa pasHoobpasHa: asmomoburecmpoeHue,
cydocmpoeHue, KocMu4veckasi MpoMbIWIIEHHOCMb, CEbCKOe X03AUcmeo, HegbmsiHast MPOMbILUIEHHOCTb,
BrIK. Haubornbwee pacnpocmpaHeHue OHU osyHusiu 8 ompacsiu CeflbCKo20 x03sticmaea U rnpuUMeHsIiomcs 8
nozpyxHbix Hacocax [loepyxHble unu ernybuHHble Hacocbl Orid CK8axuH U koroduyes obecriedusarom
nepekaqusaHue 800bl U3 25ybokux pe3depsyapos. OCOBEHHOCMbIO MO2PYXHbIX Hacocos Orsi yucmou u
2psI3HOU 800k 518/11€MCS MO, YMO Koprlyc daHHbIX ycmpolcme pacriosnioxeH 8 8ode. Paccmampueasi 80rpoc
Ha0éxHOCmu  MO2PYyXHbIX Hacocos, credyem OmMMemumb B8bICOKYIO CMeneHb HagpyXXeHHocmu
nodWUNHUKOBO20 y3na. OJKcriyamupyemble 8 Hacmosiwee 8peMss cmaHOapmHbie MOOWUMHUKU He
cripaesislomest ¢ NMpuxo0saWUMUCS Ha HUX 8030elicmeusiMu U, Kak umoe, He obecrieqyusarom OO/IKHO20
yposHsi HadéxHocmu. [ns onpederneHusi HanpaesneHuss MoOepHU3auuu noOwWUnHUKa ¢ Uenbi MosbiueHUs]



e20 HadéxHocmu u pabomocrocobHocmu HeobxodumbiM  serisemcsi  uccriedoeaHue  rpouecca
QYHKYUOHUPOBaHUsI y3na Orns onpedesieHUs nepeornpuYyuHbl 803HUKHOBEHUSI OmKa3o8. [ moebiueHust
ycmoudueocmu K abpasusHbiM eo3delcmeusm rnipednazaemcs MOOepHU3Upo8amb  KOHCMPYKUU
nodwunHuKka, a makxe U3MEeHUMb OCHOBHOU Mamepuarn, rnpuMeHsiemMbili 8 cbopoyHol eduHuue.
PekomeHOyembie peweHusi QOmKHbI obecrnedyumes Hauryduwee oxnaxdoeHue, a makxe CHU3UMb CmerneHb
ompuyameribHbIx 8030elicmaud, NPUXo0sWUXCS Ha MOOWUMHUK CO CMOpPOHb! abpa3usHbix Yacmuy,. Llenbto
pabomebi senssemcsi uccrnedogaHue cmaHOapmHo20 rnoOwuUnNHUKa u paspabomka mepornpusmul o ezo
moldepHu3ayuu. Kpome moeo, e mpozpammy uccriedosaHull exo0um meopemuyeckull pac4yém Ons
YMOYHEHUS onmumMasibHOU 2eoMempuu KaHaeoK, a makxe ModesiuposaHue rpouyecca U3Hoca emyriku
rnonumepHo2o noowurnHuka O nodmeepx0eHusi 3¢chgheKmu8HOCMU UCMOMb308aHUST MOOEPHU3UPOBAHHO20
yana.
Memodonozus. [nis npoekmuposaHuUsi HO8020 MOOWUNHUKOB020 y3ra bbinu rposedeHb! ucciedo8aHusi o
8blbopy mamepuarna 0rnsi 8mysKu NoOWUMHUKOBO20 y3/1a, a makxe eeoMempuu KaHagok emyrku. He meHee
3HayuMbIiM criedyem cHumame MPOBEOEHHBLIU pacyém rapamMempo8 2eoMempuu KaHagBoK 6myriKu.
YcmaHoeneHo, 4mo rpuMeHeHuUe KaHagoK rpeldrioXeHHOU eeomempuu obecriedusaem pPasHOMEPHOE
nepemewieHue xudkocmu. Ommevyaemcsi c80000HOe repemeweHUe XUOKoCcmu [0 mesy KaHaeoK.
ConpomuerneHue 6 OaHHOM cilyd4ae MUHUManbHO U cmpemumcsi K Hymo. Kpome mozo, nposedéHHoe
UHmMeezpuposaHue 0aém 803MOXHOCMb OrfpedesieHUss ONMuUMasibHOU 2eo0Mempuu apo4YHO20 Mpoguss rnpu
pasnuy4HbIX okasamersisix essskocmu xuodkocmu. Beudy amoeo, npumeHeHue npedcmaesneHHoU mexHoIo0auu,
C UCrob308aHUEM MOUMEPHOU 8MYyJIKU, BO3MOXHO 8 pasfuyHbix cpedax ¢ adanmauyuel rno0 KOHKPEMHYHo
8513KOCMb XUOKOCMU.
Pesynbmambi. Pa3pabambigaembill noOWUNHUKO8bIU y3en 6ydem umemb cmaHOapmHy KOMIIOHOBKY,
COCMOAWY0 U3 Kopriyca nodwWurHuUKa ¢ rnosiuMepHbIM eknadbiwuem. merwuecs 8 nonuMepHoM eKknadbilie
KaHaeKu 8bIrofiHeHbl o apodyHomy muny. [abapumHbie pa3mepbl mena nodwurnHuKka cocmaesrnsiom
55x35x40 mm. ModenuposaHue rnpoyecca u3Hoca U Hagpy3Ku CripoeKkmupo8aHHo20 8Kadbiuwa nodwurnHuKa
U3 ronuMepHoeo Mamepuana obecreyusio opmMuposaHUe OCHOBHbLIX roKkazamernel U  8bIsi8Usio
docmouHcmea rnpuMeHeHUsT MoUMepPHo20 Mamepuana 6 CcpasHeHuu ¢ pesuHol. B pesynbmame
npoBedGEHHbIX uccnedo8aHuUli yCMaHO8/1eHO, 4Ymo MpedrIOXKeHHbIU eapuaHm MOOEPHU3UPO8aHHO20
nodwunHuka ¢ eknadblweM U3 ronuypemaHa criocobeH obecriedums Hausyqwee oxnaxoeHue ya3na,
CHU3UMb abpasusHbie 8030elicmeusi U, Kak criedcmeue, o8bICUMmb HadéXHOCMb (hYHKUUOHUPOB8aHUS y3na
8 uesiom.

Knroyeeble cnoea: MOOWUNMHUK CKOMbXEHUS, MOOWUNHUKOBLIU y3esl, 2eoMempusi KaHaeok,
KOHCMPYKUUSI, MO/IUMep, MeXHOMo2usl, Ce/IbCKOX035UCM8eHHOe MalluHOCMPOeHUEe

Ansa uyumupoeaHus: )Xb6aHos H.C., YepHbiwee A.L., KpbicaHos A.M. AHanui KoHCcmpyKuuu
noOWUNHUKOB8020 y3rna Orsi 8005IHO20 M0oe2py»Ho20 Hacoca muna 3LIB-8 ¢ obocHosaHuem U3MEHEeHUs
Mamepuana u KOHCMpYKUUU emyriku noOwurnHUKa cKosnbxeHusi // BecmHuk Psa3aHckogo eocydapcmeeHH020
aspomexHoriocudeckoeo yHueepcumema umeHu [1.A. Kocmbivesa. 2026, T.18, Ne 3, C.105-113.
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Annotation.

Problem and purpose. Currently the agro-industrial complex is steadily developing. One of the main and
most promising means of improving technology is the use of modern materials with special properties in
structures. The field of application of sliding bearings is very diverse: automotive industry, shipbuilding, space
industry, agriculture, oil industry, military-industrial complex, etc. They are most widely used in the
agricultural sector and are used in submersible pumps. Submersible or deepwater pumps for wells and wells
ensure the pumping of water from deep reservoirs. A special feature of submersible pumps for clean and
dirty water is that the housing of these devices is located in the water. Considering the reliability of
submersible pumps, it should be noted the high degree of loading of the bearing assembly. The standard
bearings currently in use cannot cope with the impacts on them and, as a result, do not provide an adequate
level of reliability. To determine the vector for upgrading the bearing in order to increase its reliability and
operability, it is necessary to study the functioning of the assembly to determine the root cause of failures. To



increase the resistance to abrasive influences, it is proposed to modernize the bearing design, as well as to
change the basic material used in the assembly unit. The recommended solutions should ensure the best
possible cooling, as well as reduce the degree of negative effects on the bearing from abrasive particles. The
purpose of the work is to study a standard bearing and develop measures for its modernization. In addition,
the research program includes theoretical calculations to clarify the optimal geometry of the grooves, as well
as modeling the wear process of the polymer bearing sleeve to confirm the effectiveness of the upgraded
assembly.
Methodology. To design the new bearing assembly, studies were conducted on the choice of material for
the bearing assembly sleeve, as well as the geometry of the sleeve grooves. The calculation of the geometry
parameters of the sleeve grooves should be considered equally significant. It is established that the use of
grooves of the proposed geometry ensures uniform fluid movement. The free movement of fluid through the
body of the grooves is noted. The resistance in this case is minimal and tends to zero. In addition, the
integration makes it possible to determine the optimal geometry of the arched profile, with different viscosity
indices of the liquid. In view of this, the application of the presented technology using a polymer sleeve is
possible in various media, with adaptation to the specific viscosity of the liquid.
Results. The bearing assembly under development will have a standard layout consisting of a bearing
housing with a polymer insert. The grooves available in the polymer insert are made according to the arched
type. The overall dimensions of the bearing body are 55x35x40 mm. Modeling of the wear and load process
of the designed bearing insert made of polymer material ensured the formation of the main indicators and
revealed the advantages of using polymer material relative to rubber. As a result of the conducted research,
it was found that the proposed version of the upgraded bearing with a polyurethane insert is capable of
providing the best cooling of the unit, reducing abrasive effects and, as a result, increasing the reliability of
the unit in general.

Key words: sliding bearing, bearing assembly, groove geometry, construction, polymer, technology,
agricultural machinery
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COCTAB U CTPYKTYPA LlLU®POBOIO IBOUHUKA OPOLUAEMOIO Nnons
ANSA YCNOBUA CAPATOBCKOIO 3ABOITXKbA
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AHHOMauusl.

lMpo6nema u uenb. Ha MmenuopuposaHHbix 3emrsix Capamosckoeo 3asosxbsi pacdem yCpPeOHEeHHbIX
MOSIUBHbIX HOpM 6€3 ydema 8bICOKOU Mo4Y8eHHOU MPOCMpaHCmMeeHHOU HeOOHOPOAHOCMU 80OHO-(hU3UHECKUX
ceolicme roys eedem K yxyOWeHUO MenuopamueHo20 cocmosiHus (nodvem YIB, puck emopuyHo2o
3acorneHus]), K HepayuoHaslbHOMY rompebrieHU 800HbLIX pecypcos8 U rnomepsMm ypoxatHocmu. Lens
uccnedosaHuli — paspabomampe cocmag U cmpykmypy uugposoao deoliHuka (LI[]) opowaemoeao mnorns,
adarnmupoeaHHO20 K NMPUPOOHO-KIUMamu4yeckum ycriosusim Capamo8CcKo20 3a80mKbS.

Memodonozusi. Paboma 6a3upyemcsi Ha Memodosioauu CUCMEeMHO20 aHarnu3a, fnpuHyunax obbekmHo-
OPUEHMUPOBAHHO20 POEKMUPOB8aHUST UHGOPMaUUOHHbLIX cucmeM U mMemodax 2e0UHEOPMaUyUOHHO20
moOdenupoesaHusi. PaspabomarHasi cucmema, ob6beduHsirowass mexHudeckul 610K (HaszeMHble dam4uku,
MemeocmaHuyuu u m.0.) u 6510k modeniuposaHusi MPOoOUEccos8 (npoepaMmbl OUEHKU U pacdema), co3daem
Kapmbl MPOCMpPaHCMeeHH020 pacripedesieHusi nofueHbIX HOPM o raowadu opowaemMoeo Moss, Kapmbl
OUEHKU COCMOSIHUSI MomMeHyuasnbHo20 U aghghekmueHo20 nnodopodus. [NposedeHue rnonesbix ucrbimaHul
poeoduriocb Ha OCHOBe ObwenpuHAMbIX MemoOuKk noneeoz2o onbima (no b.A. [ocnexosy). Pacdem u
pacnipedesieHue MoOAUBHbIX HOPM [pou38OOUNUC, Ha OCHo8e MOOUUUUPOBaHHO20 ypasHeHus A.H.


https://doi.org/.10.36508/RSATU.2026.36.19.014

Kocmsikoea. Bu3syanusayusi pesynibmamog MOOesiupo8aHusi 8bInosHsnacs 8 eude hopMuposaHusi
UHMepakmueHbIX Kapm pacrpedeneHus rnofusHbIX HOPM Mo raowadu opowaemMozo rosl.
Pesynbmambli. SkcriepuMeHmarbHble ucciedo8aHus, rnposedeHHble Ha opowaemom rione (90 ea) 8 YHITO
«llosomxkbe» OHeenbcckoeo patioHa Capamosckol obnacmu Ha meMHo-kawmaHosou rodyge 8 2023-2025
e2odax, nodmeepounu sghghekmusHocmb 6HedpeHuUss mexHonoaul L. [lMpumeHeHue mexHonoeul L
M1038071UI0 COKpamumpb MonAusHyto Hopmy Ha 18 %, ¢ 400 0o 328 m¥ea. KoaghgpuyueHm eapuayuu
eraxkHocmu no4ebl rocsie nonuea ymeHbwusicsi ¢ 30 0o 8 %.
3aknroyeHue. [pakmuyeckas 3Hadumocmb padpabomaHHoU apxumekmypsbl L[] 3aknoyaemcs e nepexode
K mMemodaM npeyu3uoHHO20 3emsederius, Mo360MSIOWUM yHumbieampe MOYEEHHYI MPOCMPaHCMBEHHYO
HEOOHOPOOHOCMb  ycrioguli  fpou3dpacmaHusi MoAuBHbIX Kynbmyp. Pa3spabomaHHbil  rpo2paMMHbil
KoMriekc, adanmupoeaHHbIl Ot PUPOOHO-KITUMamu4ecKux ycosuli Capamo8cKoeo 3a80smKbs, M0380Murl
8ecmu payuoHaribHoe yrpasneHue 800HbIMU pecypcamul.

Knroveeble cnoea: uugpoeoli 0O80UHUK, opowiaemMoe rione, MNpeuu3uoHHoe 3emnedenue,
Mamemamu4eckoe ModesiuposaHue, rosueHasi Hopma, an2opummsl pacdema, npocmpaHcmeeHHas
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COMPOSITION AND STRUCTURE OF A DIGITAL TWIN OF AN IRRIGATED FIELD
FOR THE CONDITIONS OF THE SARATOV TRANS-VOLGA REGION

Nikolay V. Medvedev'™, Viktor V. Korsak’, Anatoly P. Solodovnikov’, Nina A. Pronko’, Tatyana A.
Pankova’

' Saratov State University of Genetics, Biotechnology and Engineering named after N. I. Vavilov, Saratoy,
Russia

% kalek15864@gmail.com

Abstract.
Problem and purpose. On the reclaimed lands of the Saratov Trans-Volga region, calculation of averaged
irrigation rates without considering the high soil spatial heterogeneity of water-physical properties leads to
deterioration of the reclamation state (groundwater level rise, risk of secondary salinization), irrational
consumption of water resources, and yield losses. The purpose of the research is to develop the composition
and structure of a digital twin (DT) of an irrigated field adapted to the natural and climatic conditions of the
Saratov Trans-Volga region.
Methodology. The work is based on the methodology of system analysis, principles of object-oriented
information system design, and methods of geoinformation modeling. The developed system, combining a
ground-based segment (irrigated field, ground sensors, weather stations, etc.) and a process modeling block
(evaluation and calculation programs), creates maps of the spatial distribution of irrigation rates across the
irrigated field area and maps for assessing the state of potential and effective soil fertility. Field testing was
carried out based on generally accepted field experiment methodology (according to Dospekhov).
Calculation and distribution of irrigation rates were performed using a modified equation of A.N. Kostyakov.
Visualization of modeling results was implemented as interactive maps of irrigation rate distribution across
the irrigated field.
Results. Experimental studies conducted on an irrigated field (90 ha) in the UNPO “Povolzhye” (Engelssky
district, Saratov Oblast) on dark chestnut soil in 2023-2025 confirmed the effectiveness of DT technology.
The application of DT technologies made it possible to reduce the irrigation rate by 18% — from 400 to 328
m¥ha. The coefficient of variation of soil moisture after irrigation decreased from 30 % to 8 %.
Conclusion. The practical significance of the developed DT architecture consists in the transition to
precision farming methods that allow taking into account the soil spatial heterogeneity of crop growing
conditions. The developed software package, adapted to the natural and climatic conditions of the Saratov
Trans-Volga region, enabled rational management of water resources.

Key words: digital twin, irrigated field, precision farming, mathematical modeling, irrigation rate,
software, calculation algorithms, spatial heterogeneity
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AHHOMauyusl.
lpo6nema u uenb. HecmMompsi Ha nosbilWeHUEe MEXHUYECKO20 YPOBHSI CESlbCKOXO35IUCMBEHHbLIX MalluH,
npobnema nonHou peanusayuu buorosu4ecko2o rnomeHyuana pacmeHull ocmaemcsi HepeuweHHou. [ns
ompacsiu ceekrioeodcmea 8axHo ornpedenume MpPou3eo0cmeeHHbIlU buomoaudeckull momeHyuasn pacmeHud,
4mobbl MOXHO ObII0 KOHMPOIUPOBamb €20 peasu3ayuio 8 YyCrioeussx xo3dlcme [pu 6HedpeHuUU
COBPEeMEHHOU MEeXHUKU U mexHomoaul. 3a ypoeeHb nomeHyuana uenecoobpa3Ho 83smb, Harpumep,
ypoxaltiHocmb Kyfibmypbl, C KOMOPOU OHa 8blpaujueaemcs Ha 8bICOKOM azpoghoHe rnpu cobnodeHuu ecex
npasusi aspomexHuUKU. PasHuuya mexdy ¢hakmuyecku OOCMUeHYyMbIM U [MOMEHUUarbHO B03MOXHbIM
ypoxasmu cocmaensem nomepu. CokpawieHue 3amou pasHuubl — enaeHasi 3adada Mo8bIEHUSs
ypoxatiHocmu. Pesepgbi 05151 No8bILEeHUS ypoxaliHoCmu caxapHoU C8EKIIbI OCMaromMcsi 04eHb 8bICOKUMU.
Memodonozus. OcHogol Memodornozauu uccriedo8aHus S8siemcsi aHanu3 Hay4yHbix pabom u mexHU4YecKux
peweHud.
Pe3ynbmamsbi. CpasHeHue U aHanu3 ypoxalHOoCmu caxapHOU CEEeK/bl nokasasnu, 4mo 3a mnocredHue
Oecsimb siem roflHoma UcCronb308aHusi bUoo2uYecKko20 nomeHyuana npu ebipawjusaHuu cocmaessem
okKor10 65-70 %. PatioHupogaHHble 2aubpulbl caxapHOU C8EKIbI UMEeom nomeHyuasnbHy ypoxalHocms 74-
79 m/za, ypoxaliHocmb 8 Mpou3eo0CmeeHHbIX ycrnosusix rno OaHHbiM Coro3poccaxapa cocmaensem 8
cpedHem 40,9 m/za.
3aknroyeHue. [puMmeHeHUe CEANIOK MOYHO20 B8bIiCe8a, OCHAUWEHHbIX 371EKMPOrpueodoM U MexaHu3Mamu
01 peaynuposku duamMmempos 8bicesarouux OUCKO8, CyU,eCMBEHHO M08bICUM MOYHOCMb 3aKIadKu CeMsIH —
00 95 %. Kpome moeo, makue annapamsl ro380/15H0M COKpamume 8peMsi Ha no02omosumersibHble pabomsi
U ymeHbwumb Heobxodumocmb 4acmoul 3aMeHbl ebicesaroujux Ouckos. OBbOCHOBaHUE OCHOBHbIX
mexHuU4YecKkux rnapamempos u paspabomka cxembl MOOenuUposaHUsi rpoyecca ebicesa co3darom
npednockinku Ors  COBEPWEHCMBO8aHUST KOHCMPYKyUU adanmueHO20 8bicegsarwezo arnnapama u
nocnedyroweli pazpabomku €20 0nbIMHO-3KCNepuUMeHmanbHo20 obpasya.

Knroyeenle crioea: cemeHa caxapHoU C8EKIbI, 8bicegarowjuli annapam, buonoaudeckuli nomeHyuarn,
a71eKmponpueod, noebiLeHUe Kadecmea ebicesa
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Abstract.

Problem and purpose. Despite technological advances in agricultural machinery, the problem of full
realizing the biological potential of plants remains unresolved. For the sugar beet industry, it is important to
determine the productive biological potential of plants so that its implementation can be monitored on-farm
when modern equipment and technologies are introduced. For example, potential can be measured by the
yield of a crop grown under high agricultural conditions, while adhering to all agricultural practices. The
difference between actual and potential yields represents losses. Reducing this difference is the primary goal
of increasing yields. Potential for increasing sugar beet yields remains very high.



Methodology. The basis of the research methodology is the analysis of scientific works and technical
solutions.
Results. Comparison and analysis of sugar beet yields have shown that over the past ten years, the full
utilization of biological potential during cultivation has been approximately 65—70%. Zoned sugar beet
hybrids have a potential yield of 74-79 t/ha, while yields under production conditions, according to the
Soyuzrossakhar (Russian Sugar Union), average 40.9 t/ha.
Conclusion. The use of precision seeders equipped with electric drives and mechanisms for adjusting the
diameters of the seeding discs will significantly increase the accuracy of seed placement — up to 95%. In
addition, such devices make it possible to reduce the time required for preparatory work and decrease the
need for frequent replacement of seeding discs. The justification of the main technical parameters and the
development of a scheme for modeling the seeding process create the prerequisites for improving the design
of an adaptive seeding device and the subsequent development of its experimental prototype.

Key words: sugar beet seeds, seeding unit, biological potential, electric drive, improving seeding
quality
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AHHOMauusl.

Mpo6nema u yenb. KanMbikusi 0mHOCUMCS K apUOHbIM peauoHaMm ¢ ycmolqusbiM 0euuyumom MpecHbIX
B800HbLIX pecypcos, a eé cefbCKoXo3slcmeeHHble npednpusmus paccpedomoyeHbl Ha obwupHoUl
meppumopuu co cnabopazsumol OQOpOXHOU UHppacmpykmypold. 3akyrka U mpaHCcrnopmuposka
MPOMBILUNIEHHO20 8bICOKOKOHUEHMpUpPoB8aHHo20 aunoxnopuma Hampusi (BIXH) om ydanéHHbix 3a800CKUX
rnocmasujukog ened4ém 3a coboll cywecmeeHHble Jjio2ucmuyYeckue 3ampambi U pucku nepeboes 8
obecrnieyeHuu Oe3uHgekmaHmamu. B npomusosec amomy paccmampueaemcsi mexHOo2usi rosy4YeHus
HU3KOKOHUeHmMpuposaHHO20 auroxnopuma Hampus (HIXH) HernocpedcmeeHHO & moyke nompebneHus
nymeém ar1ekmposu3a corioHo8ambix MOO3EMHbIX 800 C 8bICOKUM MPUPOOHbIM codepxXaHUeM X/10pud-UuoHOS.
Lenb — KomuyecmeeHHoe coriocmaeneHue rnpusedéHHbIXx 20008biX u30epxeKk 08yX alrbmepHamueHbIX
Mmoldesnel cHabxeHust e3uHUUUPYWUM peazeHmom — pacripedenéHHol («comoeoli») u mpaduyuoHHOU
ueHmparnu3sogaHHoU — 0115 ycroeuli rucmuHCKo20 palioHa Pecrnybnuku Kanmbikus.

Memodonozusi. CpasHumerbHbIl MEXHUKO-3KOHOMUYECKUl aHanu3 08yX eapuaHmoe opaaHusauuu
rnpousgodcmea U rocmasku Oe3uHeKkmaHma 8bIfOfIHEH Ha OCHOBE Kpumepus MUHUMarbHbIX
HOpMUPOB8aHHbIX (OUCKOHMUPOBaHHbIX) 20008biX pacxodos.

Pe3ynbmamebi. [lpusedéHHble 20008ble 3ampambl oKa3sbigarom, 4mo eHedpeHuUe «comoegol» Ccxembl
obecrieyugaem CHUXEHUE CYMMapHbIX HOPMUPOBaHHbIX 3ampam 6 2,40 paza OmHOCUMESbHO
ueHmparnusogaHHo20 3agosa BI'XH. lNony4yeHHas sKOHOMUSI cKnadbligaemcsi U3 mpéx 83aumMoOOMnONHAUWUX
cocmaeniflwux: omka3 om rpuobpemeHusi MPOMbIWIEHHO20 Oe3UuHekmaHma U rnepexod K
cobcmeeHHoMy ripouseodcmey HIXH; cokpawieHue mpaHCrnopmHbIx U30epXeK 3a CYEM CyuecmeeHHO20
YMEeHbWeHUS paccmosiHusi 0ocmasku Mnpu Haauduu J10KaibHOo20 Mpou3sodCmMEeEHHO20 y3na; a makxe
ycmpaHeHue HeobxoOumocmu 8 KanumarsbHbIX U 3KCrJlyamayUuOHHbIX BJI0XKEHUSIX 8 UHgbpacmpykmypy
XpaHeHUsT XUMUYeCKU oracHbIx eeujecms. llonyvyeHHbie pacdyémHbie OaHHble nodmeepxxdarom bornee Yyem
08yKpamHoOe 3KOHOMUYECKOe rpesocxodcmeo deueHmpasiu308aHHO20 8apuaHma rpoussodcmea.



3aknroyeHue. PaspabomaHHass MemoOuka pacyéma U [10fly4YeHHbIe KOMUYEeCMBEHHbIe pesyribmamal
sensomcesi 0CHo8oU Onsi mupaxuposaHusi «comoegol» modernu 8 Opyaux palioHax agpornpoMbIUIeHHO20
Komrinekca Pecnybnuku Kanmbikusi.

Knroyeenle croga: HU3KOKOHUEHMPUPOBAHHbIU 2Uroxs0pum Hampusi, 8bICOKOKOHUEHMPUPOBaHHbIU
aunoxsopum  Hampusi, Memod  «3ampambl-3¢hcheKmusHOCMb»,  OUCKOHMUPOBAHHbIE  3ampamel,
OeueHmMparnusoeaHHoe rnpoussodcmeo, eodornodzomoska, AlK Kanmbikuu
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Abstract.

Problem and purpose. Kalmykia belongs to arid regions with a steady deficit of fresh water resources, and
its agricultural enterprises are spread over a vast territory with poorly developed road infrastructure. The
purchase and transportation of industrial highly concentrated sodium hypochlorite (HCHN) from remote
factory suppliers entails significant logistical costs and risks of interruptions in the supply of disinfectants. In
contrast to this, the technology of producing low-concentrated sodium hypochlorite (NHCHN) directly at the
point of consumption by electrolysis of brackish groundwater with a high natural content of chloride ions is
considered. The goal is a quantitative comparison of the annual costs of two alternative models of
disinfectant reagent supply — distributed ("cellular") and traditional centralized — for the conditions of
Elistinsky district of the Republic of Kalmykia.

Methodology. A comparative technical and economic analysis of two variants of the organization of
production and supply of disinfectant is performed on the basis of the criterion of minimum normalized
(discounted) annual expenses.

Results. The given annual costs show that the introduction of the "cellular" scheme provides a reduction in
the total normalized costs by 2.40 times compared to the centralized supply of VCHN. The resulting
economy consists of three complementary components: refusal to purchase an industrial disinfectant and
transition to own production of NGHN; reduction of transport costs due to a significant reduction in the
delivery distance in the presence of a local production hub; as well as eliminating the need for capital and
operational investments in the infrastructure for storing chemically hazardous substances. The obtained
calculation data confirm the more than two-fold economic superiority of the decentralized version of
production.

Conclusion. The developed calculation method and obtained quantitative results are the basis for
replicating the "cellular" model in other regions of the agro-industrial complex of the Republic of Kalmykia.

Key words: diluted sodium hypochlorite, concentrated sodium hypochlorite, cost-efficiency analysis,
levelized expenses, on-site generation, water purification, Kalmyk agricultural sector.
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AHHOMauusi.

lpobnema u uenb. BoObl M003eMHbIX UCMOYHUKOB S6Msmcsi Hauboree WUPOKO UCMOoNb3yeMbiM
UCMOYHUKOM numbegoli 800kl Orisi Ce/lbCKUX HaceseHHbIX nyHkmos u npednpusmul AlK. OHu cryxam
HadeXHbIM U ycmou4uebiM UCMOYHUKOM 6e3onacHol 800bI 07l OpoweHUs U XO035UCmeeHHO-6bImo8abiX
HyxX0, 0CObeHHO 8 3acywiusbili Ce30H, a makxe 0nsi xusomHogoocmea u nmuuyegsodcmea. OOHako ¢
Kax0ObIM 2000M Ka4ecmeo nod3eMHbIx 800 yxydwaemcs u3-3a rnpupOOHbIX U aHMPONO2eHHbIX 3a2psA3HEHUU.
Cambimu pacripocmpaHeHHbIMU fPUPOOHbIMU 3a2psi3HUmensamMu sensomces xeneso (Fe) u mapaaHey, (Mn).
lpucymcmeue smux 3snemMeHmMo8 8 Mod3eMHbIX 800ax MOCMOSHHO cmasum reped uHXeHepamu 1o
ouucmKe CrIoXHyH 3adaqy — Halmu ny4dwue u bonee HadexHble MemoOdbl ux ydaneHus. YoaneHue Fe u Mn
skmodaem 8 cebs dse cmaduu: (a) — MPoyecc OKUCMEHUs], 8 xo0e Komopoao pacmeopumbie ¢popmbi Fe u
Mn okucnsromcsi ¢ obpaszosaHuem HepacmeopuMbix ocadkos u (6) — npouecc pa3deneHus meepobix
yacmuuy, fnpu KOmopom ocax0eHHbIl Mamepuarn ydansemcsi u3 rnomoka eoosbl. [1pouecc okucrneHusi Moxem
6bimb nipsMoU xumudYeckol peakuyuel, 8 KOmopol akuermopoM 371eKIMPOHO8 S8/19emcs KUcropoo, Kak
bonee docmynHbIl U 3KOIO2UYeCKU Yucmbil okucriumens. pouyecc ocax0eHusi OKucreHHbIXx Fe u Mn, 8
camoM yrnpouwjeHHOM 8ude, MOXem [poucxoOums C MOMOWbI0 hunnbmpayuu 8 C/ioe recyaHol 3azpy3Ku.
Ans koHmponsa u MuHumusayuu codepxaHus Fe u Mn e nodsemHbix 6odax OoCmyrHbl PasfuYHbIe
MEeXHOMo2UU OYUCMKU, KOMOpble C pa3HOlU CmerneHbio ycrnewHocmu o3eonsom 3mo2o 0obusambCs.
Aemopbl  npednazarom uccnedosamb MEXHOAO02UK Ha OCHOBE BaKyyMHO-3XKEKUUOHHOU O4UCMKU
nod3emHbIx 800 om Fe u Mn, komopasi nonHocmbe0 coomeemcmayem mpebosaHusiM 10 3Konoau4eckol
b6e3onacHocmu 800blI, SKCr/IyamayUoHHbIM 3ampamam U 3ampamam Ha mexHudeckoe obcnyxusaHue. Ewe
O00HUM ycrioguem eHeOpeHus daHHOU mexHoIo2uu o oqucmke nod3eMHbix 800 O npednpusmud AlK u
CEeIbCKUX HacesNleHHbIX [MyHKMOo8 siefisiemcsi KOMIakmHocms U rpocmoma akcryamayuu. OCHoeHoe
obopydosaHue mMexHO/o2UU — YyCcmaHOoBKa, Ha3gaHUe KOmopoU — OKUC/IUMEbaspamop MOHUXEeHHO20
OasrneHuss ¢ nocnedyrowel cunbmpayuel (OAML®), omeeyawwas ecem mpebosaHUSIM Myqwux U
HadeXHbIX yCMaHOBOK 8 MEeXHO02UsIX O4YUCMKU M003eMHbIX 800. Mcxo0si u3 8blliernepeyucsieHHbIX
npeumyujecms cyuecmesyrowel mexHorozauu, cgopMynuposaHa Uyernb uccredosaHuss — co30aHue
MOQyrbHOU ycmaHo8KU O oducmku nod3eMHeix eod om Fe u Mn ¢ onmumusupogaHHbIMU
mexHono2u4YecKuUMU napamempamu 0151 BHeOpeHuUs1 8 cucmemy 800H020 xossticmea AlK.

Memodonozus. [lNpedmemom uccnedosaHusi sensnacb ycmaHoeka OAlMO® Ha ocHose 8aKyyMHO-
AKEKUUOoHHo20 mMemoda obesxenesusaHusi nod3emMHbix 800. Obbekmom uccriedoeaHusi OblIU MPUHSIMBI
rnodsemHble 800bI CpedHeaxmybuHCKo20 patioHa Bonzoegpadckol obnacmu. YemarHoska OAlA® exkntovana
8 cebsi 2 OCHOBHbIX 3neMeHma: OKucrumesb-a3pamop MoHuUXxeHHo20 OaeneHusi (OAl) u cbunbmp ¢
3aegpy3koli U3 Cbiflydeeo0 Mamepuarna — [ecka epaeenucmoeo, pabomarwezo Mo memody «cyxou
unsmpayuu» (OC®). Kaxodbiti anemeHm npoxodus npakmuyeckue ucribimaHusi cHadana omaoernbHO, a
3amem, rocrie 8bIsI8NIeHUS ONMUMarbHbIX napamempos 0b60oux 351IeMeHMOo8, 8Mecme, Kak 00Ha op2aHuU4YHas
cucmema. OcHosHbimu napamempamu OAlL bbiniu onpederieHbl €20 2e0MemMpUYECKUE XapaKkmepucmuku:
coomHoweHue Ouamempos coria BeHmypu u eaKyyMHOU Kamepbl, KOJUYecmeo cmyrieHel Kamepbl
CMeweHusi U coomHoweHue obbemos 800kl U 8030yxa, Heobxodumozo 0rsi okucneHus Fe u Mn (puc 6).
@C® uccnedosaricsi Ha npedmMem 2paHy/IOMempuU4YecKo2o cocmasa rnecka U 8bICOMbI Cri0sl 3a2Py3Ku, 8
3agucumocmu om ebicombl camo2o @®C® u eeo Ouamempa. [lpakmudeckue uccredosaHust
cornpoeoxodanucb meopemu4yecku 0b60CHOBaHHbIMU MemodaMu MameMamu4ecKkoeo aHanusa, ¢
uCrosib308aHUeM 3arnameHmoeaHHOU KOMIbMepPHOU npozpamMmbl Boneoepadckozo zocydapcmeeHHO020
aspapHoe0 yHusepcumema, komopas ybedumernbHo 0oka3dana docmo8epHOCMb Pe3ysibmamos CPagHEeHUs
C HamypHbIMU uccriedo8aHUsIMU.



Pe3ynbmamesi. ViccrnedosaHusi, nposodumble Ha ycmaHosekax OAlA® delicmeyrowjux cmaHyuli o4UCMKU
no03eMHbIX 800 U YCUNIEHHbIE MamemMamu4yecKuM MoOesiupo8aHUEM, Po8epsieMbiM o Kpumepuro duwepa,
dasnu 803MOXHOCMb Orpedesiums OonmuMarbHble mexHoIoauYyeckue napamempsl MoOyribHOU ycmaHo8KU
OArNA® 0na ovucmku nold3eMHbIx 800 8 cucmemax 600H020 xosstcmea AllK, a umenHo: OAl —
coomHoweHus: duamempos corna BeHmypu u eakyymHol kamepsi 1:6, 60dbl u 8030yxa Ona okucneHusi Fe
u Mn 1:5, yucno cmyneHeli kamepbl cmeweHus 1:6; @CPO: duamemp recka — 5 Mm, npu enybuHe crosi
3aepy3ku — 1800 mm u ckopocmu ¢hunbmpayuu — 7 M/d.
3aknroyeHue. Mamemamuydeckoe modenupogaHue 8 uccrnedosaHuu ycmaHosku OAlMA®, ucrnonb3youwee
pearnbHble HamypHbie OaHHbIe, M0380JIUIIO0 pespamums 8 00CMO8EPHbIE 3aKOHOMEPHOCMU OfMmuMasibHbIe
mexHoroau4yeckue napamempbi MOOYSIbHOU ycmaHo8KU O 04UCMKU N003eMHbIX 800 8 cucmemax 800HO20
xossticmea AlK.

Knroyeenle cnoega: obesxenesugaHue u 0emaHaaHayusi nod3emMHbIX 800, necyaHas ¢hunbmpyrou,as
3aepy3Ka, 8aKyyMHO-IKEKUUOHHbIU Memod, 3KcrepuMeHm, onmumusayust
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Abstract.

The problem and purpose. Waters from underground sources are the most widely used source of drinking
water for rural settlements and agricultural enterprises. They serve as a reliable and sustainable source of
safe water for irrigation and household needs, especially during the dry season, as well as for livestock and
poultry farming. However, the quality of groundwater is deteriorating every year due to natural and
anthropogenic pollution. The most common natural pollutants are iron (Fe) and manganese (Mn). The
presence of these elements in groundwater constantly poses a difficult task for cleaning engineers — to find
better and more reliable methods of their removal. The removal of Fe and Mn involves two stages: (a) the
oxidation process, during which soluble forms of Fe and Mn are oxidized to form insoluble precipitates, and
(b) the separation of solid particles, in which the deposited material is removed from the water stream. The
oxidation process can be a direct chemical reaction in which oxygen is the electron acceptor, as a more
affordable and environmentally friendly oxidizer. The process of precipitation of oxidized Fe and Mn, in the
most simplified form, can occur by filtration in the sand loading layer. Various purification technologies are
available to control and minimize the content of Fe and Mn in groundwater, which, with varying degrees of
success, allow this to be achieved. The authors propose to investigate a technology based on the vacuum-
ejection method of groundwater purification from Fe and Mn, which fully meets the requirements for
environmental safety of water, operating costs and maintenance costs. Another condition for the introduction
of this technology for groundwater purification for agricultural enterprises and rural settlements is
compactness and ease of operation. The main equipment of the technology is a plant, the name of which is
a low-pressure oxidizer-aerator with subsequent filtration (OASF), which meets all the requirements of the
best and most reliable installations in groundwater treatment technologies. Based on the above advantages
of the existing technology, the purpose of the study is to create a modular installation for groundwater
purification from Fe and Mn with optimized technological parameters for implementation into the agro-
industrial complex water management system.

Methodology. The subject of the study was an OASF installation based on the vacuum-ejection method of
de-icing of groundwater. The object of the study was the groundwater of the Sredneakhtubinsky district of the
Volgograd region. The OASF installation included 2 main elements: an oxidizer-a low-pressure aerator
(OLPA) and a filter loaded with bulk material - gravelly sand, operating using the "dry filtration” (DF) method.
Each element underwent practical tests, first separately, and then, after identifying the optimal parameters of
both elements, together as one organic system. The main parameters of the OLPA were determined by its
geometric characteristics: the ratio of the diameters of the Venturi nozzle and the vacuum chamber, the



number of stages of the mixing chamber and the ratio of the volumes of water and air required for the
oxidation of Fe and Mn (Fig.6). The DF was studied for the granulometric composition of the sand and the
height of the loading layer, depending on the height of the DF itself and its diameter. Practical research was
accompanied by theoretically sound mathematical analysis methods using a patented computer program
from Volgograd Agrarian University, which convincingly proved the reliability of the results of comparison with
field studies.
Results. The studies carried out at the OASF installations of existing groundwater treatment plants and
enhanced by mathematical modeling, verified by the Fisher criterion, made it possible to determine the
optimal technological parameters of a modular OASF installation for groundwater treatment in agricultural
water management systems, namely: OLPA — the ratio of the diameters of the Venturi nozzle and the
vacuum chamber 1:6, water and air for oxidation of Fe and Mn 1:5, the number of stages of the mixing
chamber is 1:6 ; DF is the diameter of the sand — 5 mm, with a depth of the loading layer — 1800 mm and a
filtration rate of 7 m/h.
Conclusion. Mathematical modeling in the study of the OASF installation, using real field data, made it
possible to turn into reliable patterns the optimal technological parameters of a modular installation for
groundwater treatment in agricultural water management systems.

Key words: de-icing and demanganation of groundwater, sand filtration loading, vacuum-ejection
method, experiment, optimization
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AHHOMauusl.

lpobnema u uenb. Yb6opka MOOCOMHEYHUKa Ha MacsioceMeHa cmarnkueaemcs C [pomueopequem,
Komopoz2o Hem npu obmoriome 3epHo8bIX. Ymobbi MOMHOCMbIO 8bIMOIOMUMb  KOP3UHKY, HYXXHO
MexaHUYeCKU pa3pywumb Ugemorsioxe, HO 3mo xe eo30elicmeue rospexdaem 0OO0IO4KY CeMSHKU, 8
pesynbmame Macjlo HaduHaem mepsmbCs yxe 8 rorne (ebidasnueaemcs 8 rosiosy) u npodormkaem
OKUCIIAMbCS PU  XPaHeHUU 4Yepe3 MUKpompeuwuHbl. Ecnu nepeHecmu Ha 10O0CO/THEYHUK ObObIYHbIE
3epHO8bIe HacmMpoOUKU MOIOMUIIKU, roslydaemcsi 0OHO u3 08yx: nubo Hedomosiom, f1ubo OpobrieHue Ha
yposHe 15-20 %. [Npu amom cmaHOapmHbIU KOHMPOIb MUKPOMPEeUWUHb! He ebisiensiem. 3adavya pabomebl —
nodobpame makue napamMempbl HacmpoUku MOJSIOMU/IbHO20 arnnapama U  O4YUCMKU, 4mobbi
mpasmupogaHue ceMsH U nomepu macna 6blu MUHUMAaIbHbI.

Memodonozus. B pabome pa3obpaHo, kak enusitom Ha OpobrieHue ceMsiH 8naxHoCmb, ¢huduonoaudeckas
3peniocmb U KOHCMpyKUuus mosomurku. Takxe oueHeHo, 4ymo Oaém pagHoMmepHasi rnodaya KOP3UHOK 8
b6apabaH, kakol mun deku ny4dwie (npymkosasi unu wmamrnogaHHasi), U KaK pexumbsl 030ywiHoU cenapayuu
CKasblgaromcsi Ha coxpaHHocmu ceMsiH. [lpednoxeHa nocnedosamernibHOCMb KOMIMIIEKCHOU peayriuposKu
KombaliHa ¢ obs13ameribHOU rpPo8ePKOU Ha MUKPOMPEUWUHbI.

Pe3ynbmamel. [lokasaHo, Ymo Hauny4dwue pesyrbmambi darom: 8bix0OHoU 3a3op 12-16 mmMm, yacmoma
gpaujeHusi bapabaHa 300-500 o6/MuH (nuHetiHass ckopocmb 6udya 8-12 m/c), exodHol 3a3op 25-35 mm. Ecnu
cHU3umb obopomsi 8o 400 06/MuH, riporyckHasi crnocobHocms nadaem Ha 15-20 %, 3amo ydap cMmeHsiemcsi
mpeHueM U ucmupaHueMm, a mpasmuposaHue CcHuxaemcs. [Ipu ebixoOHOM 3a3ope MeHbwe 10 mMm
Hedomosniom He ripesbiwaem 0,5 %, Ho dorisi nogpexx0EHHbIX cemsiH doxodum 0o 15-20 %. Ecnu ysenu4yume
3a3op 0o 14-18 mm, mpasemuposaHue rnadaem 00 3-5 %, odHako Hedomoriom pacmém 0o 2-3 %. [ns
ModcorHeYHUKa Ha MacrioceMeHa ryduwe bpamb rpymkosyto 0eKy C y8eru4eHHbIM Waz2oM rpymKo8 — OHa
MeHbwe mpasmupyem. [NpumeHeHue ecex pekomeHOauyul emecme CHUWxaem romepu macrna Ha 15-25 % e
CpasHeHUU C 0bbIYHbIMU 3€PHO8bIMU HacmpoUKamu.


https://doi.org/

3aknrodeHue. Ymobbl ybupamb NOOCOMNHEYHUK 3PPHEKMUBHO, OmM 3EPHOBbIX HACMPOeK HYXHO
omkasambcs: mpebyromcsi yeenuyeHHble 3a30pbl, MOHUXEeHHbIe 0bopombi 6apabaHa, rnpymkosas Oeka,
pasHomMepHasi nodaya KOP3UHOK U MOYHas peaynupoeka eeHmunsmopa (eé denarom 8 rocredHHn
ouepedsb). KoHmporb xenamenbHO npoeodums Kaxobie 2 eekmapa — 8u3syarnbHO U C MOMOWbI0O mecma Ha
MUKpOMpPeWUHbl, nomoMy 4mo omcymcmeue eudumol OpobnéHku eweé He O03HaYaem, 4mo Macrsio
coxpaHumcsi.

Knroyeenble crniosa: nodconHe4yHUK, obmonom, OpobrieHue ceMsiH, MUKPOMPewUHbl, momepu macna,
aghghekm macrsiHo2o npecca, 0eka, 8030ywHas cenapayusi
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Abstract.
Problem and purpose. Harvesting sunflower for oilseeds faces a contradiction that is not present in the
threshing of cereals. To completely thresh the basket you need to destroy the receptacle mechanically, but
this also damages the seed coat. As a result, the oil is lost in the field (squeezed out into the chaff) and
continues to oxidize during storage through microcracks. If you use the standard grain settings for the
threshing machine on sunflower, you will either get an incomplete threshing or a crushing rate of 15-20%.
However, the standard control does not detect microcracks. The task of the work is to select such settings for
the threshing machine and cleaning so that the damage to the seeds and the loss of oil are minimal.
Methodology. The work examines how moisture, physiological maturity and the design of the threshing
machine affect the crushing of seeds. It was also evaluated what gives uniform feeding of baskets into the
drum, which type of deck is better (rod or stamped) and how the air separation modes affect the safety of
seeds. The sequence of complex adjustment of the combine with mandatory check for microcracks is
proposed.
Results. It has been shown that the best results are achieved with an output gap of 12-16 mm, a drum
rotation speed of 300-500 rpm (linear whip speed of 8-12 m/s), and an input gap of 25-35 mm. If the rotation
speed is reduced to 400 rpm, the throughput decreases by 15-20%, but the impact is replaced by friction and
abrasion, and the risk of injury is reduced. If the output gap is less than 10 mm, the under-grain does not
exceed 0.5%, but the proportion of damaged seeds reaches 15-20%. If the gap is increased to 14-18 mm,
the injury rate drops to 3-5%, but the under-grain increases to 2-3%. For sunflower seeds, it is better to use a
bar deck withincreased rod spacing — it is less traumatic. Applying all the recommendations together
reduces oil losses by 15-25% compared to conventional grain settings.
Conclusion. To harvest sunflower effectively, grain settings should be abandoned: increased gaps, reduced
drum speed, rod deck, uniform basket feed and precise fan adjustment (it is done last). It is advisable to
carry out control every 2 hectares - visually and with the help of the microcracks test, because the absence
of visible crushed does not mean that the oil will be preserved.

Key words: sunflower, threshing, crushing of seeds, microcracks, oil losses, oil press effect, deck, air
separation
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AHHOMauusi.
lpob6nema u uenb. Llenns — 10 3KcrislyamupyemoU ecacbhligatoujeli JIUHUU HacocHo20 0bopydosaHus
MesiuopamueHbIX HacoCHbIX CmaHuul meopemu4yecku obocHO8amb Hanu4yue ompuuamerbHol 3Hepauu
(scacbigarowjeli cnocobHocmu) 8 moyke egoda ydobpeHuli Onsi Ha3HaYeHHbIX JIUHUU U 2ulpasniuqdecKkux
napamempoe ecacbigarouie2o mpybonposoda: duamempa, OnuHbl, ckopocmu rnomoka 8 mpybonposode (Ds,
Le, V8) u pasHuubl ommemok 8000UCMOYHUKa U OcuU Hacoca He.
Memodonozus. o ebiyucieHHOU 8enuduHe ompuyamerbHoU 3Hepauu onpedensitomces napamempsb! JUHUU
nodayu ydobpeHudl: Hanopa HO, OnuHbl Ly u duamempa Dy no HasHa4eHHOU ckopocmu rnomoka Vy. [ns
rnpumepa HacocHo2o obopydoeaHus npuHam azpezam [] 1250-125, npusedeHa e2o0 mabrnuy4Has HaropHo-
pacxodHasi xapakmepucmuka u cxema 88o0a /IUHUL ecacbkleatouje2o mpybornposoda u ydobpeHud.
Pesynbmambi. 10 Ha3Ha4yeHHbIM, 8 ripedesiax 803MOXHbIX, MaKcuMarsbHbIM rapamMmempam ecacbiearoujeli
JIUHUU Ha MPOoeKmuUpyeMbIX HaCOCHbIX crmaHyusix P® paccyumaHbl o Mampuuye rniaHuposaHusi CyMMapHbIe
rnomepu Hariopa U 6e/lUYUHbI ompuyamernbHol 3Hepauu 38 8 moyke 8s00a yOobpeHull mneped
gcacbigarowum ¢hriaHuem HacocHo20 azpezama 0nsi De=0,2-0,3 m, Le=50-150 m, Ve=0,5-1,5 m/c, Ha=2-6 m.
lMpu obpabomke nosy4eHHbIX Pe3y/ibmamos 8biquciieHbl KoaghguuueHms! B1, B2, B3, B4 u eenu4uHa
c80600H020 YneHa B0 dns sasucumocmu 38= f (Ds, Le, V8, He). CpasHeHue meopemuyecku pacqy€émHbix
OaHHbIX U MOMYYEHHbIX M0 8bi8edeHHOU 3asucuMocmu [10Kasaso MakcumaribHoe pacxoxoeHue 5 % u
B803MOXHOCMb UCMOMb308aHUsl O/ pacdema pOMEXYMOYHbIX 3HaqYeHul mnapamempos 6 rpedenax
MaKcUMarbHbIX.
3aknrodeHue. BbigeOeHHasi 3asucumocmb O 8bI4UCIEHUST napamMempos ecachkigarouie2o mpybornposoda
Ouamempa De u OnuHbl mpybonpoeoda Ls, ckopocmu Ve u pasHocmu ommemok He ocu Hacoca u
8000UCMOYHUKa [10380715em  8bI4UC/ISIMb  86/IUYUHY MakcuMasibHoU ompuyamesnbHoU 3Hepauu 38
(ecacbigaroujeti crrocobHocmu) 8 moyke egoda ydobpeHud.

Knroyeenle croea: mMuHeparnbHble yOobpeHusi, opocumernbHas cemb, gcackigarowjulti mpy6ornpoeod,
HacocHasi cmaHyusi, 2udpomexaHu4Yeckoe obopydosaHue
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Abstract.
Problem and purpose. The purpose of the paper is to develop a theoretical justification for the presence of
negative energy (suction capacity) at the fertilizer injection point for the designated lines and hydraulic
parameters of the suction pipeline diameter, length, flow velocity in the pipeline (Ds, Ls, V8) and the
difference between the markings of the water source and the axis of the pump He according to the operated
suction line of pumping equipment of reclamation pumping stations.
Methodology. According to the calculated value of the negative energy, the parameters of the fertilizer
supply line are determined: the head HO, the length Ly, and the diameter, Dy based on the assigned flow rate
Vy. As an example of pump equipment, the D 1250-125 unit is used, and its table-based pressure-flow
characteristic and the diagram of the suction pipeline and fertilizer lines are provided.
Results. According to the assigned maximum parameters of the suction line at the projected pumping
stations of the Russian Federation, the total pressure loss and the negative energy value 3_s at the point of
fertilizer injection before the suction flange of the pumping unit for De=0,2-0,3 m, Le=50-150 m, V&=0,5-1,5
m/s, and He=2-6 m were calculated using the planning matrix. When processing the obtained results, the
coefficients B1, B2, B3, B4 and the value of the free term BO for the dependence 3e= f (Ds, Ls, V8, He) were
calculated. A comparison of the theoretically calculated data and those obtained from the derived
dependence showed a maximum discrepancy of 5% and the possibility of using the intermediate values of
the factors within the maximum values for calculating.
Conclusion. The derived dependence for calculating the parameters of the suction pipeline diameter
D eand the length of the pipeline Ls, the velocity Ve, and the difference in elevation He between the pump
axis and the water source, allows for calculating the maximum negative energy 38 (suction capacity) at the
point of fertilizer injection.

Key words: mineral fertilizers, irrigation network, suction pipeline, pumping station, hydromechanical
equipment
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AHHOMauus.

lpo6nema u uenb. 3phpekmusHocmb pabombl MHO200MOPHbLIX Oox0eearnbHbIX MallUuH Kpyeo8oeo
Oelicmeusi (AMK/L) Ha npumepe muna «Ky6aHb-/IK1» e Hemanol cmeneHu 3asucum om mura Momop-
pedykmopHoz0 npusoda xo0008bix menexek. B Hacmosiwee epemsi Onsi O8UXEHUST MEeXeK 8 OCHOBHOM
npumeHsiemcsi nosHbil npueod ¢ nepedaqel Kpymsuweao MOMeHma om momop-pedykmopa Ha Koseca
yepe3 KkapOaHHble earnbl. OOHaKo ¢ yeenuyeHuem OruHbl ocHoeaHusi pambl (om 3,0 do 6,0 m) Krid (n)
makozo npusoda cHuxaemcs ¢ 0,80 do 0,63, mozda Kkak Ha cmaduu eHedpeHUs Haxodumcs pa30eribHbIl
npusod, komopsilt coxpaHsem Kl Ha yposHe 0,80. Lenbto Hacmosiwel pabombsi sienssemcsi HayyHoe
0b60CHOBaHUE  KOHCMPYKMUBHOU  KOMIOHOBKU  MOMOP-pedyKMOPHbLIX  Mpueodo8 Ha  mesnexkax
MHO200rM0PHbIX 00XK0e8arbHbIX MalluH.

Memodonozusi. ViccriedosaHusi 8K/O4am meopemuyeckuli aHanu3 U 3SKCIepUMEeHMarsnbHyl0 OUEHKY
OoxdoesanbHbix MawuH «KybaHb-JIK1». [lonyyeHa aHamumuyeckas 3asucumMocmb 10 OrpedesieHuUo
KOHCMPYKMUBHOU KOMIMTOHOBKU MO20 UJIU UHO20 ripueoda o O5lUHe OCHOBaHUS paMbl MeENeXKU. BbinosHeHo
MEXHUKO-3KOHOMUYECKOE cpasHeHuUe 08yx murios rpugoda ¢ NnpuMeHeHUeM Memodo8 MamemMamu4eCcKoao
modernupoeaHusi U cmamucmu4deckol obpabomku pe3yibmamos.

Pe3ynbmamebl. OkcriepumeHmarbHO nodmeepxdeHo, 4mo rpu AruHe OCHo8aHUsI pambl merexku 0o 3,0 m
Krig nonHoeo u pasdensbHozo npusodos coriocmasun 0,80. lNpu ysenuyeHuu AnuHbl o 6,0 M KI4 nonHozao
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npueolda cHuxaemcs 0o 0,63, moeda kak pasdernbHbIli rpueod coxpaHsem 3HadeHue pasHoe 0,80, ymo
OMpaxeHo 8 aHanumu4yeckol 3asucumMocmu. TeXHUKO-3KOHOMU4Yeckoe 0bocHO8aHUe rokasarno, 4mo 0rs
menexek ¢ OnuHol ocHosaHusi 6onee 3,0 M pa3denbHbil npueod cmaHosumcsi bonee onpasdaHHbIM 3a
CYEM CHUXKEHUS 3Hepeao3ampam U roebileHUs HaléXHocmu.
BaknwodyeHue. PaspabomaH Kpumepuli ebibopa muna MOmMoOp-pedykmopHo20 npueoda mnpu ez2o
KOHCMPYKMUBHOU KOMITOHOBKE 8 3asucumMocmu om O/UHbl OCHOBaAHUS paMbl Mesiexku. [ns MawuH ¢
OnuHoU ocHoeaHus cebiwe 3,0 M pekomeHOyemcs ycmaHoeka pasfesibHo20 rpusoda, obecriequsaou,e20
cmaburnbHo 8bicokuli KM u cHuXXeHue 3KcrislyamauUuoHHbIX 3ampam.

Knowesbie cnosa: MK/ «Kybarb-JIK1», menexka, Momop-pedyKmopHbIl npueod, rnosHbIl npusood,
pasdernbHbIl npueod, kapdaHHbIU 8an, KIL, sHepaocbepexeHue, s3Hep203¢hhekmMuUBHOCMb
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Abstract.
Problem and purpose. The efficiency of multi-support circular sprinklers using the example of the Kuban-
LK1 type depends to a large extent on the type of gear motor drive of the running trolleys. Currently, all-
wheel drive is mainly used to move trolleys with the transmission of torque from a geared motor to the
wheels via cardan shafts. However, as the length of the frame base increases (from 3.0 to 6.0 m), the
efficiency of such a drive decrease from 0.80 to 0.63, while at the implementation stage there is a separate
drive that keeps the efficiency at 0.80. The purpose of this work is to scientifically substantiate the design
layout of gear motor drives on trolleys of multi-support sprinklers.
Methodology. The research includes theoretical analysis and experimental evaluation of the Kuban-LK1
sprinkler machines. The researchers conducting the experiment have obtained analytical relationship for
determining the structural layout of a particular drive along the length of the base of the trolley frame.
Technical and economic comparison of the two types of drive has been performed using mathematical
modeling methods and statistical processing of the results.
Results. It has been experimentally confirmed that with the length of the base of the trolley frame up to 3.0
m, the efficiency of full and separate drives was compared to 0.80. As the length increases to 6.0 m, the
efficiency of the all-wheel drive decreases to 0.63, while the split drive retains a value of 0.80, which is
reflected in the analytical dependence. The feasibility study showed that for trolleys with a base length of
more than 3.0 m, a separate drive becomes more justified by reducing energy consumption and increasing
reliability.
Conclusion. The criterion for choosing the type of gear motor drive in its structural layout depending on the
length of the base of the trolley frame has been developed. It is recommended to install a separate drive that
ensures consistently high efficiency and reduced operating costs for machines with a base length of more
than 3.0 m.

Key words: circular sprinkler machine "Kuban-LK1", trolley, gear motor, four-wheel drive, split drive,
efficiency, driveshaft, energy saving, energy efficiency

For citation: Ryazantsev A. |., Evseev E. Yu., Rembalovich G. K. Substantiation of the structural
layout of gear motor drives for trolleys of multi-support sprinklers // Ryazan Agrotech University Bulletin.
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AHHOmauus
lpobnema u uenb. Cywecmsyrouwue crnocobbl rocesa umerom orpedesieHHble AoCmouHcmea, HO U He
nuweHel Hedocmamkos. OCHOBHOU Uenbilo Hawux uccnedosaHuli bbino  u3y4Yumbs JumepamypHbie
UCMOYHUKU U MPOaHanu3uposamb HO8bIe 8bICOKOMEXHOMO2UYHbIE peuweHuUsi o criocobam rnocesa 3epHO8bIX
Kyribmyp U PpUMEeHSIEMbIM CesifikaM ¢ ydemom crieyugpuku HewepHosemHoU nonocs! Poccuu.
Memodornozausi. AHanu3 npuMeHsieMbix Ccrocobos8 roceea 3epHOBbLIX Ky/iabmyp U UCMOnb3yemol
CefibCKOX03ALUCMEEHHOU MEXHUKU poeodusicss Ha OCHOo8e OrlybriuKo8aHHbIX pe3ysibmamos Hay4YHbIX
uccriedogaHul, Haxo0awWUXcsa 6 Oomkpbimou rnedyamu, cemu VIHmMepHem, SMeKMPOHHbIX Hay4YHbIX
bubniuomekax.
Pesynsmambl. B cmambe nposedeH aHanu3 numepamypHbiX UCMOYHUKO8 O npeumywecmeax u
Hedocmamkax cyuwecmesyouwux crnocobos noceea U UCMOMNb3yEeMbIX 8bICE8aOWUX MawuH. W3ydyeHbi
UHHOBaUUOHHble Modenu 2pebHucmol mexHormoauu roceea Kak Hauboree nepcriekmusHol 0Ons
agpoknumamuyeckux ycrosuli HeyepHozemHou ronockl Poccuu. Ocoboe eHumaHue yderneHo Hapabomkam
YrbsHOBCKO20 20CcydapCmeeHHO20 agpapHo20 yHueepcumema umeHu [1.A. CmonbeinuHa (YnlAY) u
Bcepoccutickozo Hay4YHo-uccriedogameribCKo20 UHcmumyma MenuopuposaHHbix 3emens (BHUWMS3).
PaccmompeHHble 8 cmambe 2pebHesbie Cesniku, paspabomaHHble POCCUUCKUMU Hay4YHbIMU UeHmpamu,
MUHUMU3UpPytOm  3ampambi,  ¢opmupytom  epebeHb  onmumasibHoOU  8biCOmMbl U MAOMHOCMU.
KoHcmpykmueHble 0CObeHHOCMU Ccesi/ioK 10380J1t0m co30asamb  OMMUMaribHbIe  a2pomexHUYecKue
ycnosusi, ynydwamb 800HO-8030yWHbIU  pexum ro4ysbl. [pebHucmasi mexHonoausi rnoebiuaem
ycmou4ueocmb 0ces8o8 K Hebrna2onpusmHbiM yCcrioeusiM 8 3UMHUU rnepuod, a makxe yeenudueaem
Konu4ecmeo CeMsiH 8 Koroce U rpodyKmugHOCmb 8030erbieaeMbiX Kynbmyp. AHanu3 numepamypHbIX
UCMOYHUKO8 8bIi8uUsT rpobrieMy omcymcmeusi CO8PEeMEHHbIX Cesifiok Orisl rnocega 2pebHucmbeIM criocobom
poccutickoeo rnpoudsodcmea. OmevyecmeeHHble npedrnpusmusi CHAMU C rpou3godcmea ycmapesuue
moderiu, HO He riepesanycmusiu 8 mupax Co8PEeMEHHbIe aHanoau.
Bakntoderue. [ns epebHUCmMo20 1eHMOoYHO-pa3bpocHo20 criocoba rnocega 3epHOBbIX Kyribmyp 8 2yMUOHOoU
30He pekoMeHAyemcsi epebHe-kamkoeas cesinika C3IK-3,6.

Knrouesbie criosa: epebHucmbIl roces, cessika, COWHUK, Kamok, 81aXHOCMb Mo4Yebl, memriepamypa
r1o4ebl, 3epHO8bIE KyIbmypbl, ypoxalHOCMb

Ansa uyumuposarus: TpewkuH U. A., lonybese B. B., ®upcos A. C. WIHHo8ayuUOHHbIE MexHOono2uu
flocesa 3epHOBbIX Kynmbmyp U  ucrionb3yemasi MoceeHasi mexHuka // BecmHuk PssaHckogo
2ocydapcmeeHH020 azpomexHoio2udeckoeo yHueepcumema umeHu .A. Kocmbiyesa. 2026, T. 18, Ne3, C.
171-178 https://doi.org/.10.36508/RSATU.2026.42.54.021
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Abstract.
Problem and purpose. Existing seeding methods have certain advantages, but they are also not without
their drawbacks. The main goal of our research was to examine the literature and analyze new high-tech
solutions for grain seeding methods and seeders, taking into account the specific characteristics of Russia's
Non-Black Earth Region.
Methodology. The analysis of the methods used for sowing grain crops and the agricultural machinery used
was carried out on the basis of published results of scientific research available in the open press, the
Internet, and electronic scientific libraries.
Results. This article analyzes literature on the advantages and disadvantages of existing seeding methods
and seeding machines. Innovative ridge seeding models are examined as the most promising for the
agroclimatic conditions of Russia's Non-Black Earth Belt. Particular attention is paid to the developments of
the Ulyanovsk State Agrarian University named after PA. Stolypin (UISAU) and the All-Russian Research
Institute of Reclaimed Lands (VNIIMZ). The ridge seeders discussed in the article, developed by Russian
research centers, minimize costs and form ridges of optimal height and density. Their design features create
optimal agronomic conditions and improve soil moisture and air balance. Ridge seeding increases crop
resilience to adverse winter conditions, as well as increases the number of seeds per ear and the
productivity of cultivated crops. A review of literary sources revealed a lack of modern Russian-made
seeders for ridge seeding. Domestic companies have discontinued outdated models but have not
reintroduced modern equivalents.
Conclusion. The SZGK-3.6 raised-bed seeder is recommended for ridge-based, band-broadcast seeding of
grain crops in humid zones.

Key words: ridge sowing, seeder, coulter, roller, soil moisture, soil temperature, grain crops, yield
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AHHOMauyusl.

lMpo6nema u uenb. PyyHas gpumonpoyucmka nocadok CEeMeHHO20 Kapmodghbessi Ha paHHUX cmadusix
sezemauuu (ebicoma kycmoe 10-20 cm) mpebyem 8bICOKUX mpydo3ampam, a Cri/IoWHOE XUMUYECKOE
onpbickugaHue He obecrieyugaem alpPEeCcCHO20 YHUYMOXEHUSI omaOesibHbIX 607bHbIX UAU PUMECHbIX
pacmeruli u nospexdaem cocedHue 300posbie Kycmbl. Llenbo pabombi siensemcs o060CcHo8aHuUe
mexHonoauu OuhgepeHyUpPo8aHHOU XumMu4eckol ¢humonpoducmku nocadok CEeMEeHHO020 Kapmodberns
nymém J1oKanbHO20 6HYMPUNOY8EHHO20 BHECEHUsI rpernapama 8 KOPHE8YH 30HYy OmOeribHbIX 3apaHee
OMMEeY€eHHbIX pacmeHud.

Memodonozus. [posedéH cpasHUMENbHbIU aHanu3 mpéx MexHUYEeCKUX peuweHull — cucmembl 60KO8020
8HympuepebHegoz2o eHeceHUss SRI™, MynbmMUUHXEKMOPHbLIX cucmeM 8HympuUrnoY8eHHO20 BHEeCeHUs
XKUOKUX ydobpeHuli u py4yHO20 Mo4YeeHHo20 UHXekmopa AccuFlo Soil Injector ISD — no kpumepusm
Xapakmepa 8HeceHuUsl, Yucria pabo4ux opaaHos, sloKalbHocmu u adpecHocmu eo3delicmsusi. Ha ocHose
aHanu3a npeodrioxeHa MexHoI02u4yecKkas cxema C UCIOob308aHUEM 00HO20 8EPMUKaIbHO20 UHXeKmopa,
yrnpaernsieMoe0o orepamopoM ¢ HU3KOU rniamgopMbl MmpakmopHo20 fpuyerna.

Pesynbmambi. YcmaHOB/I€HO, 4MO MYJ/bMUUHXEKIMOPHbIE CUCMEMbI Peasiu3yrom MHOZ0MOYeYHoe
Cri/IoWHoe 8HeceHuUe no psiOKy U HerpuaodHbl O yOaneHuss 0OHO20 Kycma, moada Kak py4yHOU UHXEKmOop
AccuFlo obecnieyusaem 8bICOKy0O alpecHoCmb, HO [PUMEHUM MOSIbKO B8PYyYHYHo;, MpedrioXeHHas
MexHonoausi codemaem J10KaribHOCMb PyYHOU UHBEKUUU C MEeXaHU3UpO8aHHbIM MPU8OOOM.


https://doi.org/10.36508/RSATU.2026.42.54.021

3aknroqyeHue. [IpednoxeHHas mexHoroausi obecrieyugaem adpecHoe egos0elicmgue Ha omoderibHble
3apaHee omMmedYeHHble pacmeHus npu ebicome Kycmoes 10-20 cM, cHuxas pacxod paboyeeo pacmeopa u
puck rnogpexoeHusi CoOCeOHUX Kycmoe8 o CPasHEHUI0 CO CrIOWHbIM OfpbIiCKUBaHUEM U MHO20MOYEeYHbIMU
cucmemamu 8HECEHUS.

Knroveeble crnioea: cemeHHoU Kapmodgbernb, OughghepeHyuposaHHas humonpoyucmea, JioKanbHoe
B8HYMPUIOYBEHHOE BHECEHUE, [1OYBEHHAasi UHBEKUUS, 8epmuKaslbHbIU UHXEKIMOop, MOYEYHOe 6HeceHue
npenapama, ¢humocaHumapHasi obpabomka

Ana yumupoeaHrusi: TpyHoe M.C., lNemyxoe C.H., lNexHoe C.A., OgsuuHHuUkoe A.FO. TexHomozausi
oughhepeHyuposaHHOU XUMUYECKOU bumornpoYUCmMKU CEeMEHHO20 Kapmodgherii MemodoM J10KarbHO20
B8HYMPUIIOYBEHHO20  BHeceHuUsi  npenapama  //  BecmHuk  Pd3aHckoeo  2ocydapCmeeHHO20
aspomexHorioeudeckoeo yHueepcumema umeHu [1.A. Kocmbiuesa. 2026, T.18, Ne 3, C.179-185
https://doi.org/. 10.36508/RSATU.2026.31.99.025
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TECHNOLOGY OF DIFFERENTIATED CHEMICAL ROGUING OF SEED POTATOES
BY LOCAL SUBSURFACE APPLICATION OF THE PREPARATION

Maksim S. Trunov™™, Sergey N. Petukhov’, Sergey A. Pekhnov’, Aleksey Yu. Ovchinnikov’
" Federal Scientific Agroengineering Center VIM, Moscow, Russia
% makstrunov1998@mail.ru

Abstract.
Problem and purpose. Manual roguing of seed potato plantings at early growth stages (bush height 10-20
cm) requires high labor costs, while broadcast chemical spraying does not provide targeted destruction of
individual diseased or off-type plants and damages neighboring healthy bushes. The aim of the study is to
justify a technology of differentiated chemical roguing of seed potato plantings by local subsurface
application of a preparation into the root zone of individual pre-marked plants.
Methodology. A comparative analysis of three technical solutions was carried out — the SRi™ side ridge
injection system, multi-injector systems for subsurface liquid fertilizer application, and the AccuFlo Soil
Injector ISD manual soil injector. The analysis was based on the criteria of application pattern, number of
working elements, and locality and precision of treatment. On the basis of this analysis a technological
scheme using a single vertical injector operated by an operator from a low platform of a tractor trailer was
proposed.
Results. It was established that multi-injector systems perform multi-point continuous application along the
row and are unsuitable for removing a single plant, whereas the AccuFlo manual injector provides high
precision but is applicable only manually. The proposed technology combines the locality of manual injection
with mechanized operation.
Conclusion. The proposed technology provides targeted treatment of individual pre-marked plants at a bush
height of 10-20 cm, reducing working solution consumption and the risk of damage to neighboring bushes
compared to broadcast spraying and multi-point application systems.

Key words: seed potato, differentiated roguing, local subsurface application, soil injection, vertical
injector, seed potato production, targeted preparation application, phytosanitary treatment
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AHHOMauusi.
lMpo6nema u uenb. ObecreyeHue ycmol4yueocmu OBUXEHUST MPaHCMIOPMHO-MEXHOI02UYECKUX MalUH 8
CIIOXHbIX OOPOXHbIX yCrI08USIX OcCmaemcsi 8axHol 3adadqel, 0cObeHHO Onsi mexHUKU 6e3 31eKMpPOHHbIX
cucmem cmabunusayuu, omcymcmeue Komopbix dOeflaem MoeedeHUe makux MawuH Kpumu4yecku
3a8UCUMbIM OM COCMOSIHUSI OMOPHOU M0BEPXHOCMU, a PEe3Koe U3MEHEHUEe CUErHbIX ceolicme Moxem
npusecmu K HEKOHMPOUpyeMoMy 3aHOCy unu orpokudbieaHuto. Llenbto uccnedosaHus sensemcs
aKcrepumeHmarnbHas ouyeHka ycmoudusocmu asmomoburns YA3-3741 npu aKcmpeHHOM MOPMOXEHUU Ha
acghanbmoeoM, epyHMOBOM U CHEXHOM OKPLIMUSIX C UCMOofb308aHueM O00CmYyrnHO20 U3MeEPUMETbHO20
obopydoeaHusi, Ymo rnossornssem paspabomame npakmuyeckue pekomeHOayuu 0 godumeriel 8 ycroeusix
omcymcmeusi 6opmoeol 35IeKMPOHUKU.
Memodornoaus. lNposedeHbl HamypHbie 3KCrepuMeHmbl Ha MPEX murnax MoKpbimul: acchanbm, epyHm,
cHea. Msmepsinu mopmosHol nymse (pynemka 50 M), oueHusanu 3aHoc rno eudeosanucsim (cmapmagoH, 60
kadp/c, ¢ nocnedyrouweli nokadpoeol obpabomkol A5si orpedeneHus y2r080l CKOpocmu € Mo2peuwHoCmbio
okorio 10 %) npu ckopocmsix om 20 0o 60 km/4 ¢ uHmepsariom 10 Km/4. HadyanbHasi CKopocmb
KOHmponuposanack wmamHbimM criudomempom. Kaxdoe ucrbimaHue nosmopsinu 5 pas.
Pesynsmamebi. OnpederneHsbl criedyoujue cpedHUe 3Ha4eHUs MOPMO3HO20 Mymu Mpu HavyanibHOU CKopocmu
40 km/4: Ha acgbanibme — 14,0 m (koagppuyueHm cuenneHusi ~0,7), Ha epyHmMosom rokpbimuu — 20,5 M, Ha
cHeay — 37,0 M, a maKxXe Kpumu4yeckue CKopocmu, fpu rpesbieHUU Komopbix Habnwdaemcsi nomeps
ycmouyvusocmu: Ha acghanbme — 60 kMm/4 (ymepeHHbIl 3aHOC 3adHeli ocu), Ha epyHme — 50 km/4 (8HbIU
6okosoli 3aHoc), Ha cHeay — 40 Km/4 (NonHbIt pa3zeopom asmomoburis ¢ nomeped ynpaesneHusi). BoiseneHo,
ymo nipu ysenu4veHuu ckopocmu Ha 10 KM/4 Ha CKOMb3Kux Oopoz2ax fpoucxolum HenuHelHbIU pocm
MOpPMO3HO20 Mymu u yxydweHue cmabunu3ayuu.
BaknodeHue. OcHo8bI8asiCb Ha Mosy4eHHbIX QaHHbIX, paspabomaHbl pekomeHOauuu no 6e3onacHomy
9KCMPEHHOMY MOPMOXEHUI0 Ha PacCMOMPEHHbIX murnax OOPOXHO20 MOKPbIMUS, C y4emom rpedesibHO-
donycmumbix  ckopocmel U criocobos  KOpPeKkmuposku —mpaekmopuu. Pedynbmambi  mMo2ym
ucrnosib3o8amecs rnpu obydeHuu sodumeriel, pabomarouwiux 8 ycrioausix 6€300p0Xxbs Unu 8 3UMHUU repuod.

Knouesble  crioga:  mpaHCOpPMHO-MeXHo/I0g2u4Yeckass MawuHa;,  ycmol4ueocmb  O8UXKEHUS;
9KCMPEHHOE MOPMOXXeHUE, OOPOXHOE MOKPbIMUE; MOPMO3HOU Mymb, 3kcriepumeHm; YA3-3741

Ansa yumuposaHus ®adeee U.B., YcneHckul U.A., FOxuH WN.A., Acmaxos [1.A. OkcriepumeHmarnbHas
OoueHKa ycmou4yugocmu O8UXEHUSI KO/IeCHOU MpPaHCrnopMmMHO-mMexXHOM02u4ecKol MaliuHbI rpu MOPMOXeHUU
Ha pasnuyHbiX MOoKpbimusix // BecmHuk Ps3aHcko2o 20cy0apcmeeHHO020 az2pomexHOI02u4ecKo20
yHueepcumema  umeHu [l.A. Kocmbiyesa. 2026, T.18, Ne3, P186-192  https://doi.org/
10.36508/RSATU.2026.64.35.022
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Abstract.

Problem and purpose. Ensuring the stability of transport and utility vehicles in challenging road conditions
remains a critical challenge, especially for vehicles without electronic stability control systems. Their absence
makes the performance of such vehicles critically dependent on the condition of the supporting surface, and
a sudden change in traction can lead to uncontrolled skidding or rollover. The aim of this study is to
experimentally evaluate the stability of the UAZ-3741 vehicle during emergency braking on asphalt, dirt, and
snow surfaces using readily available measuring equipment. This will enable the development of practical
recommendations for drivers without onboard electronics.

Methodology. Field experiments were conducted on three types of surfaces: asphalt, dirt, and snow. The
braking distance was measured (50 m tape measure), and the skid was assessed using video recordings



(smartphone, 60 fps, with subsequent frame-by-frame processing to determine the angular velocity with an
error of approximately 10%) at speeds from 20 to 60 km/h with an interval of 10 km/h. Initial speed was
monitored using the standard speedometer. Each test was repeated five times.
Results. The following average braking distances were determined at an initial speed of 40 km/h: 14.0 m on
asphalt (grip coefficient of ~0.7), 20.56 m on unpaved surfaces, and 37.0 m on snow. Critical speeds,
exceeding which a loss of stability occurs, were also determined: 60 km/h on asphalt (moderate rear axle
skid), 50 km/h on unpaved surfaces (obvious lateral skid), and 40 km/h on snow (complete vehicle rotation
with loss of control). It was found that with an increase in speed of 10 km/h on slippery roads, a nonlinear
increase in braking distance and a deterioration in stabilization occur.
Conclusion. Based on the obtained data, recommendations were developed for safe emergency braking on
the types of road surfaces examined, taking into account maximum permissible speeds and trajectory
correction methods. The results can be used in training drivers working off-road or in winter conditions.

Key words: transport and technological vehicle; motion stability; emergency braking; road surface;
braking distance; experiment; UAZ-3741
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AHHOMauus.

lMpo6nema u uyenb. B cmambe 060cHO8bIBaemMcsi HE06X00UMOCMb co30aHUsi adarnmuHbIX U 9KOHOMUYECKU
docmyriHbIx Memodo8 MOJepHU3auUU CyU,ecmeyroweao napka ome4ecmeeHHoU CelbX03mexHUKU. A8mopabl
ommedarom, ymo daxe 8 epaHulax 00HO20 OfbIMHO20 y4Yacmka ro4YeeHHoe niodopodue Cyu,ecmeeHHO
sapbupyemcsi 1o colepxxaHuro aymyca, nodeuxHbix ¢hopm asoma, ¢pocgpopa u kKanus. [Npu smom
mpaduyuoHHble MoOXo0bl K BHECEHUID MUHeparibHbIX y0obpeHul He npedycmampuesarom agmomamu4deckol
KOPPEKMUPOBKU HOPM 8HECEHUS C y4EmoM rnecmpomsi r100opodust 8 npedenax ross. Paboma nocssueHa
nosbIlWeHu 3hgekmusHocmu cenekyuoHHol cesnku «CC-11» nymem onmumu3dayuu 0o3uposaHusi
MuHeparbHbix ydobpeHul. B pamkax uccnedoeaHusi npednazaemcs modepHusayus rnpuesoda WmamHoeo
gapuamopa Ha 6a3e wazoe020 O0suzamersis, npedycMampusarowasi coxpaHeHue py4YHozo Oybnupyouiezo
ynpaeneHuss U UCXO0HOU KuHemMamuku aepezama. Paspabambigaemcs annapamHo-rpoepaMmHbIU
KOMIIIeKC, UHMmMezpupyrowuli O0aHHble CrymHUKOB020 MO3ULUUOHUPOBaHUSI C UUPOBbIMU Kapmamu
nnodopodusi Onsi peanu3ayuu  pexuma OuppepeHUUpPo8aHHO20 BHECEHUSI yO0bpeHUl 8 peasibHOM
8peMeHU.

Memodonozus. Npu nposedeHuu npPou38o0CMEeHHbIX UCMbImaHull 3@ 0CHO8Y bbliu 835iMbi peKkoMmeHdauuu
FOCT 24432-83 «YdobpeHus. TepmuHbl u onpedeneHusi», [OCT 7057-2001 «Tpakmopsbi
cernbckoxoasiticmeeHHble. Memodk! ucnbimaruli», FTOCT 58658-2019 «YdobpeHus muHeparbHble. Obuwue
mexHudeckue mpebosaHus», [OCT 24059-80-2017 «TexHuka cenbcKkoxossticmeeHHas. Memodbi
9KCr/lyamayUuoHHO-MEXHOM02UYECKOU OoueHKU». [ns onmumu3sayuu HOPMbl BHECEHUSI MUHeparbHO20
y0obpeHusi ¢ ydemom cocmosiHUus nr1odopodusi omoeribHbIX ydacmkoe rossi paspabomaHo ycmpolcmeo
«AsmomamuyecKkull KOppeKmMoppezynsmop ebicesarouie2o annapama.

Pesynbmamsbi. PaspabomaH arnapamHo-rnpo2paMMHbIl KOMIIIEKC asmomMamu3upoB8aHHO20 yrpasrieHusi
MexaHU4YeCKUM eapuamopom cenekuuoHHol cesinku « CC-11», cocmosiwull u3 oGHOMIamHo20 KoMbomepa
Raspberry Pi 5, HaguzayuoHHo20 MoQyrnisi L76K, npombiwneHHo20 dpatisepa waz208020 dgueamerisi DM556,
CXeMbl coaiaco8aHUst JI02u4YeCcKUX yposHel Ha mpaH3ucmopax 2N2222 u aneopummu4ecko20 obecrieyeHust
Ha ssbike Python. [lpednoxeHO mexHUYeCcKoe peweHue [0 asmomMamu3ayuu rpugoda wWmamHO20
MexaHU4YeCcKoeo eapuamopa Cesi/iku C UCMOob308aHUEM Waz208020 0Oguzamerii C COXpaHeHueMm rnpu



HeobxodumMocmu 803MOXHOCMU py4HO20 Oybriupyrousezo ynpasneHus U 6a3oeol KUHeMamu4yecKkol cxembl
MalwUHbI.
3aknrodeHue. 1o pesynbsmamam nposepku o0bocHoBaHa uernecoobpasHocmb asmomamusayuu rpueoda
MexaHUYecKoeo eapuamopa Cesifiku C [MOMOWbI0 Waz2o08020 deuzamesisi Mpu COXPaHeHUU pPy4yHO2o
ynpaeneHus. [na modenu «CC-11» paspabomaH komrnekc Ha 6ase Raspberry Pi 5 u HasuzayuoHHO20
modyns L76K, obecrniequsarowjuli dughghepeHUUPOBaHHbIU 8biCe8 COa/laCHO Yughpo8bIM Kapmam rno4ebi, Ymo
roseosisem obecrieyumb BbICOKYH IMOYHOCMb pe2yriupoeaHusi HOPMbl 8bICe8a 8 3asucumMocmu om
M04Y8EeHHO20 171000p00Us.

Knroyeeble cnoea: annapamHo-rpo2pamMMHbIl KOMIIEKC, Cesi/ika, HOpMa 8HECEHUS, MUHEeparibHbIe
y0obpeHus, nosne, ninodopodue rnoysbl
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Abstract.
Problem and purpose. This article substantiates the need to develop adaptive and affordable methods for
modernizing the existing fleet of domestic agricultural machinery. The authors note that even within a single
experimental plot soil fertility varies significantly in terms of humus content, mobile nitrogen, phosphorus and
potassium. Furthermore, traditional approaches to mineral fertilizer application do not provide for automatic
adjustment of application rates to account for fertility variability within a field. This study focuses on
increasing the efficiency of the «SS-11» seed drill by optimizing the dosing of mineral fertilizers. The study
proposes upgrading the standard variator drive using a stepper motor, preserving manual backup control and
the original kinematics of the unit. A hardware and software system that integrates satellite positioning data
with digital fertility maps to implement a differentiated fertilizer application mode in real time is being
developed.
Methodology. The conducted production tests were based on the recommendations of GOST 24432-83
“Fertilizers. Terms and Definitions," GOST 7057-2001 "Agricultural Tractors. Test Methods,” GOST 58658-
2019 "Mineral Fertilizers. General Technical Requirements," and GOST 24059-80-2017 "Agricultural
Machinery. Methods of Operational and Technological Evaluation." To optimize the application rate of mineral
fertilizers, taking into account the fertility status of individual field sections, the "Automatic Seeding Unit
CorrectorRegulator” device was developed.
Results. A hardware and software system for automated control of the mechanical variator of the «SS-11»
seedsb drill has been developed. It consists of a Raspberry Pi 5 single-board computer, an L76K navigation
module, a DM556 industrial stepper motor driver, a 2N2222 logic level matching circuit, and Python-based
algorithms. A technical solution is proposed for automating the seeder's standard mechanical variator drive
using a stepper motor while maintaining manual backup control and the basic kinematic diagram of the
machine.
Conclusion. Based on the testing results, the feasibility of automating the seeder's mechanical variator drive
using a stepper motor while maintaining manual control was substantiated. A system based on the
Raspberry Pi 5 and L76K navigation module was developed for the «SS-11» model. It provides differentiated
seeding based on digital soil maps, enabling highly accurate seeding rate control depending on soil fertility.

Key words: hardware and software complex, seeder, application rate, mineral fertilizers, field, soil
fertility
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