CENbCKOXO3ANCTBEHHBLIE HAYKA
Hay4yHas ctaTbs
YOK 631.41
DOI: 10.36508/RSATU.2026.79.19.002
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AnHomauus. lpo6nema u yenb. VoHbl Xenesa 8 60/bWOM Kou4ecmee nocmyrnam 8 rnogepxXHOCmHbIe
800b/ U3 1048, CO CMOYHbIMU 800aMu [POMbIWIIEHHbIX U CEfIbCKOX038UCMEeHHbIX npednpusmul. B
numeesyto 800y Xerie30 rnocmynaem U3 xese3ocodepxawjux KoazysiHmos, npu Koppo3uu 8000Mpo8oOHbIX
mpyb6, ebi3bigaem pa3sumue Xere3obakmepul, omroxeHue ocadka 8 mpybax, a Mpu KOHYyeHmpauuu
Jenesa ceblwe 1 Ma/i 8o0a MymHeem, oKpawugaemcs 8 Xenmo-bypbil ygem, owywaemcs xapakmepHbil
memannuyeckul npuskyc. [ns onepamugHo20 KOHMPOssi Heobxodumo paspabomame 3KCrpecc-memood
aHanu3a uoHoe xenesa (lll) e pacmeopax ¢ MPUMEHEHUEM XUMUYECKUX peazeHmo8, HaHeCEeHHbIX Ha
copbeHm.
Memodonozaus. Memod susyasibHO20 3KCripecc-mecmuposaHusi uoHos xene3sa (Ill) 6bin adanmuposaH 0ns
royKonu4ecmeeHHo20 aHanu3a obpa3uos 8 sude 80OHbIX pacmeopos. B kauecmee Hocumens peazeHmos
0ns aHanumu4yeckol peakyuu eblbpaH copbeHm Ha ocHoge MOOuUUUUPOBaHHOU KOCMPbI MEXHUYeCcKol
KOHornu. PeazeHmbl HaHECEHbl Ha HECKONIbKO ¢bpakyuli KOCmpbl C PasHbIM pasMepoM 4Yacmuuy u
rnepemelwarbi 8 €0UHYI0 MEeCm-POCChifb 8 CMEXUOMEMPUYECKUX COOMHOUWEHUSIX.
Pe3ynbmambl. YcmaHO8/EHO, YIMO XpaHeHUe mecm-poccChinu 8 2epMemuyHoU yrakoske npu KoMHamHou
memMrnepamype He fpueodusio K (hU3UKO-XUMUYECKUM U3MEHEeHUsIM 8 meueHue 4-6 mecsues. OmmeHKu
guoiemoeozo ysema pasfuyHoU UHMEHCUBHOCMU C85i3aHbl C orpedesiieMbIMU KOHUeHmMpayusmu UOHO8
xenesa (lll) mocpedcmeom ckaHUpyOWe20 MPUMIOXKEHUsT Unu Koropucmuyeckod wkarnbl. [locrnedHss
rnoseonsiem onpedenums codepxaHue ariemeHma 8 Ouana3oHe om 5 0o 500 ma/n npu MUHUMaIbHOM
obweme 0,2 M1 ucnbimyemMozo pacmesopa.
3aknroyeHue. [NpednoxeHa mecm-cucmema u pa3pabomaH 3KCrPeccHbIli Memod orpedesieHUsT UOHO8
xenesza (lll) e pacmeopax u xudkux obecusedeHHbIx obpasuyax. PaspabomaHa u anpobupogaHa c
npusnedyeHuem b6onbWO20 Yucra ucrnsimamesel Kofopucmuyeckas wkana. [pogeedeHo cmamucmu4eckoe
uccnedogaHue  pacripedefieHUs]  pe3ynbmamo8  OUEHKU  coOepXaHusi  UOHO8  Xefiesa,  4mo
ceudemernbcmeayem 0 HadexHocmu roflydaembix pesyribmamoe e Ouarna3oHe om 5 do 500 me/n uoHoe
xesnesa.

Knroyesnie criosa: briucmepHasi Koropumempusi, 800HbIe pobbl, UMMObUIU3ayUs, UOHbI Xese3a,
Kocmpa KOHOIM/IU, MO4Y8EHHbIE 8bIMSIKKU, CrieKmpoghomomempusi, mecm-cucmema
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Abstract. Problem and purpose. Iron ions enter surface waters in large quantities from soils and industrial
and agricultural wastewater. Iron enters drinking water from iron-containing coagulants and, when water
pipes corrode, causes the growth of iron bacteria and sedimentation in pipes. At iron concentrations above 1
mg/L, the water becomes turbid, takes on a yellow-brown color, and produces a characteristic metallic taste.
To ensure rapid monitoring, it is necessary to develop a rapid method for analyzing iron (lll) ions in solutions
using chemical reagents applied to a sorbent.
Methodology. A method for rapid visual testing of iron (lll) ions was adapted for the semi-quantitative
analysis of aqueous samples. A sorbent based on modified industrial hemp shives was selected as the
reagent carrier for the analytical reaction. The reagents were applied to several shive fractions of different
particle sizes and mixed into a single test sample in stoichiometric ratios.
Results. Storing the test sample in a sealed container at room temperature did not result in any
physicochemical changes for 4-6 months. Shades of purple of varying intensity are associated with the iron
(Ill) ion concentrations determined using a scanning application or a color scale. The latter allows
determination of the element's content in the range of 5 to 500 mg/L with a minimum volume of 0.2 ml of test
solution.
Conclusion. A test system has been proposed and a rapid method for determining iron (lll) ions in solutions
and liquid discolored samples has been developed. A color scale has been developed and validated using a
large number of test subjects. A statistical analysis of the distribution of iron ion content results was
conducted, demonstrating the reliability of the obtained results in the range of 5 to 500 mg/L of iron ions.

Key words: blister colorimetry, water samples, immobilization, iron ions, cannabis fire, soil
extractors, spectrophotometry, test system
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AHHOmauus. lpobnema u yens. Llenbo uccnedosaHus si8nsiemcsi aHaau3 co8peMeHH020 COCMOSIHUS U
repcrekmue pasgumusi KOMBUKOPMOBOU MpoMblwieHHocmu Poccuu, ebisienieHue Kii4esbiX 8bi30808 U
HanpaeneHul umnopmosameujeHusi do 2030 eoda.

Memodonozusi. OcHogaHa Ha aHanu3e cmamucmu4yeckux OaHHbIX, SKCrepmHbIXx O0KIados, OUEHKe
cmpykmypbl  ripou3eodcmea, YpOBHS UMMIOPMO3asucuMocmu [0 aMUuHOKUC/IomaMm, eumamMuHaMm U
fpeMuKkcamM, a makxe pacCMOMPEHUU Peanu308aHHbIX U IaHUpyeMbiX UHBECMUUUOHHBIX MPOeKmos u
B8HEOPEHHbIX cucmem buobe3onacHocmu.

Pe3ynbmamel. B 2025 200y 06uém npoussodcmea kombukopmos 8 Poccuu cocmasur 37 MiiH MoHH (+1,5
% K npedbidywemy 200y), cmpykmypa npousgodcmsa: nmuua — 17,2 % (6,36 MrH moHH), cauHbu — 16,2 %
(6 mniH moHH), KPC — 3,2 % (1,18 mnH moHH), dpyaue xusomHsl — 0,4 % (0,15 mnH moHH). lNompebHocms
cmpaHbi oueHusaemcsi 8 40 MriH moHH. Npoudsodcmeo npemukcos docmuano 586,5 mbic. MOHH, U3 HUX
ons nmuypkl — 220 mbic. MOHH, cguHel — 19,7 mbic. moHH, KPC — 208,1 mbic. moHH. O6béM npoussodcmea
BEBMK e 2025 200y cocmasun 191 mebic. moHH. [lonsi omedyecmeeHHO20 o0bopydosaHusi rpu
cmpoumesibcmee KOMbUKopMo8bix 3a80008 0ocmuena 74 %. B 2025 200y cebecmoumocmb KOMBUKOPMOS
cHusunace Ha 3,5 % 3a cuém ydewesneHusi 3epHa. 3a 20 nem (2005-2025) npou3godcmeo C8UHUHbI
8bipocrio 8 11 pas (¢ 420 meic. 0o 4603 mbic. MOHH), aKkcriopm c8uHUHbI 8 2025 200y cocmasur noymu 400
mbic. MOHH (+24 %). lNpoussodcmeo nu3uHa u MemuoHuHa 8 Poccuu nokpeigaem 75 % rnompebHocmu 8
JIUBUHE U OKOJIO r10/108UHbLI MOMPEebHOCMU 8 MEeMmUOHUHE;, OCHOBHbIE aMUHOKUCIIOMbI U eUmaMUuHbI
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umnopmupytomes u3 Kumas (0o 80-90 %). B pamkax HauuoHarbHO20 fpoekma «TexHonoaudyeckoe
obecrieyeHue 6uoskoHomuku» K 2030 200y nnaHupyemcs yeenudums OO0  OMEYEeCMBEHHbIX
buomexHomnoauveckux rnpodykmos 8 cmpykmype nompebneHuss 0o 55 % u Hapacmumb npou3eodcmeo
npodykyuu 6uoskoHomuku Ha 96 %. Peanu3dyromcsi KpynHble UHBECMUUUOHHbIE MPOeKMbl Mo
rpoussodcmey aMuHoKucriom u sumamuHos: «JoHbuoTex» (90 meic. moHH nu3duHa), «Aepumek buoy (200
mbIC. MOHH NU3uHa), Krnacmep « TamHegpmpb» (100 mbic. MoHH MemuoHuHa), Bormxckul opacuHmes (100
mbIC. MOHH MemuoHuHa), «HeodxeHuym» (nIpou3eodcmeo mpeoHuUHa, mpunmogaHa u Opyaux
amuHokucriom). K 2030 20dy oxudaemcsi pocm ripou3godcmea KoMbukopmos 01isi pbib o 350 mbic. MOHH.
Bbieodbl. Pocculickuli pbIHOK KOMGUKOpMO8 OeMoHCmpupyem ycmoliqugoe pasgumue rnpu coxpaHeHuu
8bICOKOU UMIMOPMO3a8UCUMOCMU 10 K/IH0HYEe8bIM KOMIMOHEHmMaM; peanu3ayus HayuoHarbHbIX NpoeKmos u
UHBECMUUUOHHBIX rpo2paMm criocobcmeyem pocmy mexHOI0eu4ecKol He3agucumocmu u MoOepHuU3ayuu;
eHedpeHue cucmem buobesonacHocmu roebiaem  KOHKypeHmocrnocobHocms;, k 2030 200y
rpo2HO3Upyemcsi Cyu,eCmeeHHoe ygsenu4yeHue O00/IU 0mMe4YecmeeHHbIX KOMIOHEHMO8 U yKpersieHue
nosuyuti Poccuu Ha Mupo8oM pbiHKe KOpMO8oU npodyKyuu.

Knoueeble cnoea: Kombukopmogasi poOMbILLIEHHOCMb, [IPEMUKCbhI, KOpMoeble 0obasKu,
aMUHOKUC/I0Mb, 8UMaMUHbI, umrnopmo3ameujeHue, mexHoroau4yeckasi moOepHuU3ayus,
npodoesonibcmeeHHas be3onacHocmb
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Abstract. Problem and purpose. The purpose of this study is to analyze the current state and development
prospects of Russian feed industry, identify key challenges and areas for import substitution until 2030.
Methodology. It is based on the analysis of statistical data, expert reports, the assessment of production
structure, the level of import dependence on amino acids, vitamins, and premixes, as well as the review of
implemented and planned investment projects and biosecurity systems.

Results. In 2025 the volume of feed production in Russia amounted to 37 million tons (+1.5 % compared to
the previous year), with the following production structure: poultry — 17.2% (6.36 million tons), pigs — 16.2
% (6 million tons), cattle — 3.2 % (1.18 million tons), and other animals — 0.4 % (0.15 million tons). The
country's demand is estimated at 40 million tons. Premix production reached 586.5 thousand tons, of which
220 thousand tons were for poultry, 19.7 thousand tons for pigs, and 208.1 thousand tons for cattle. In 2025,
the production of compound feed reached 191 thousand tons. The share of domestic equipment in the
construction of feed mills reached 74 %. In 2025, the cost of compound feed decreased by 3.5% due to
lower grain prices. Over the past 20 years (2005—2025), pork production has increased 11-fold (from 420
thousand to 4,603 thousand tons), and pork exports in 2025 amounted to almost 400 thousand tons (+24 %).
Russia's production of lysine and methionine covers 75 % of the country's lysine needs and about half of its
methionine needs, while essential amino acids and vitamins are imported from China (up to 80-90%). As part
of the national project "Technological Support for the Bioeconomy," it is planned to increase the share of
domestic biotechnological products in the consumption structure to 55 % by 2030 and to increase the
production of bioeconomy products by 96 %. Major investment projects are being implemented in the
production of amino acids and vitamins: DonBiotech (90,000 tons of lysine), Agritek Bio (200,000 tons of
lysine), Tatneft Cluster (100,000 tons of methionine), Volzhsky Orgsynthesis (100,000 tons of methionine),
Neogenium (production of threonine, tryptophan, and other amino acids). By 2030, the production of fish
feed is expected to increase to 350,000 tons.

Conclusions. The Russian feed market demonstrates sustainable development while maintaining high
import dependence on key components; the implementation of national projects and investment programs
contributes to increased technological independence and modernization; the introduction of biosecurity
systems enhances competitiveness; by 2030, there is a significant increase in the share of domestic
components and a strengthening of Russia’s position in the global feed market.
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MHOKYNALUUA CEMAH KAK ®AKTOP YBEJIMYEHUA YPOXXAUHOCTU COU
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AHHOomauus. lNMpo6nema u yenb. MNpobnema decpuyuma berika, akmyarnbHasi Kak Ha ar1obanibHOM ypOoeHe,
mak u e Poccuu, mpebyem 6e3ommnazamenbHO20 peweHus. KnwodyesebiM ¢hakmopoM 8 peweHuUU
0bo3HavyeHHoU npobriembl sierisiemcs ysenudeHue obuwezo obbema cbopa Kynbmyp, Xxapakmepusyuwuxcs
8bIcokUuM codepxaHuem bersika, Npu 3mMOoM COSl 3aHUMaem npuopumemHoe mecmo. B Hacmosiuwee epems 8
as2pomexHUKe cOoU M08CEMECMHO MPUMEHSIOMCS MUKpobuonoaudeckue UHOKYnsiHmbl. Obpabomka cemsiH
cou makumu npernapamamu criocobcmsyem onmumu3sayuu asomukcayuu, CHUXeHUto rnompebHocmu 8
gocchopHbIXx yOobpeHUsiX, MOBbILEHUI cOOepxaHUs NMpomeuHa, rnosbIlWeHU ycmoU4yugocmu K rnamoaeHam
u necmuyudam, a makxe yeenudeHur ypoxaliHocmu. B KOHmMeKcme ycmoul4ugoz0o cesibCKo20 xo3sticmea
Ce/IbCKOX03AUCMBEeHHbIE UHOKYSIHMbI cmaHossimcs 8cé bornee socmpebosaHHbiMu 6r1azo0apsi WUpoKoMy
criekmpy nosiesHbIx ceolicms, Komopbie oHU obecrieqyusarom Orn pacmeHul. Llenbto Hacmoswel pabomsi
ObI710  U3yHeHUEe BMIUSHUSI Pa3fiuYdHbIX HOPM MUKpobuosnozudeckoeo ydobpeHuss OpezaHumPu3o rpu
rnpednocesHol obpabomke ceMsiH Ha ¢hopmuposaHue ypoxaliHocmu cou.
Memodonozus. 3aknadka ornbimog ocyujecmensisiacb 8 COOM8eMcmeuU ¢ MemMoOUYECKUMU yKa3aHUsIMU
6. A. [ocnexoea (1985), 8 uembipéxkpamHol Mno08MOPHOCMU MPU CUCMEMamMUYeCKOM pasMeu,eHuU
sapuaHmos u rnnouwjadu 0esnsiHok 50 M2 Yyem ypoxasi Mpo8oousICS Cri/IoWHbIM MemMoOoM. A2poxumMudecKul
aHasu3 rno4Ysbl U 3epHa cou npogodurnucb 8 nabopamopuu OMBY «CmaHyusi agpoxXuMu4eckol Cryxbbl
«Ps3aHckas». YpoxalHbie 0aHHble MamemMamu4ecku obpabameigasiu memodom AUCNepCUOHHO20 aHasu3a
no b.A. [ocniexosy, npu rnomowu KomrblomepHol rnpoepammbl Statistica 6.0. AzpomexHuka —
obuwenpuHsimas 055 eo30eribieaHUs cou 8 LleHmparnbHom pezauoHe P®.,
Pe3ynbmamsbl. B pesynbmame npogedeHHbIx uccrnedogaHulli € UCMOMb308aHUEM pasfuyHbIiX 003
Mukpobuonoauyecko2o yoobpeHus OpzaaHumPu30 omMeyasnock rpesbileHuUe rnoka3amesisi CoxXpaHHOCmu
pacmerul K ybopke Ha 1,4-2,7 % omHocumeribHO sapuaHma 6e3 obpabomku, a makxe ygsesrudeHue
8bicombl pacmeHul. B ¢ha3y obpasosaHue ceMsiH ysenuyeHue 4qucna KriybeHbKOo8 Xxapakmepu308asioch
npesbiweHuem 8 1,8-2,6 paza omHocumersibHO KoHmposss. Obpabomka Mukpobuonoaudeckum yoobpeHuem
OpzaHumPu3o criocobcmeogarna ygesu4deHur0 2ycmomal CmosiHusi pacmeHuld Ha 1,2-1,9 wm./mM?, Jucna
60608 Ha pacmeHuu — 2-3 wm., Koru4yecmea ceMsiH Ha pacmeHuu — 2-3 wm., maccbl 1000 cemsiH — 0,3-0,6
2. OmHOCUMesIbHO KOHMPOMIbHO20 eapuaHma. B pesynbmame rpuMeHeHUs MUKpObuoioau4eckoeo
y0obpeHusi OpzaHumPu3o 0na obpabomku ceMsH cou rnonyvyeHa OoronHumersnbHas rnpubaska
ypoxatiHocmu om 0,12 do 0,23 m/2a. IHoKynauusi ceMsiH cou criocobecmeosarna nosbilueHUt0 codepxxaHusi
6enka Ha 0,9-1,3 %. Ha wmacnuyHocmb ceMsiH rnpuMeHeHue Mukpobuoroaudeckozo ydobpeHusi
Cyuw,ecmeeHHO020 8JIUSIHUSI HE OKa3arlo.
3aknroyeHue. [IposedeHHble pacdyembl nodmeepdunu, 4YmMo ypoeeHb peHmabenbHocmu  fpu
ucrnonb308aHuUU  MUKpobuonoaudyeckoeo ydobpeHuss OpeaHumPu3o 6 3asucumocmu om eapuaHma
Haxoduscs e npedenax 140,1 — 148,1%, ymo Ha 28,9-36,9 % 6osibwe 3Ha4eHuUl KOHMPO/IbHO20 8apuaHma.
MakcumanbHoe 3HadeHue yposHsi peHmabenbHocmu (148,1%) ommeyeHo e eapuaHme ¢ Hopmol pacxoda
npenapama OpeaHumPu3o 2,0 n/m 0ns UHOKynsyuu ceMsiH cou. [nsi noebiweHusi npoldykmueHocmu
r1oceso8 cou pekomeHAyemcs npo8odumb UHOKYIAUUK MUKpobuonoaudyeckum ydobpeHuem OpaaHumPuso
(2,0 /m).

Knroyeebie csioea: Cosi, UHOKYrnsyusi, Mukpobuornoaudeckoe ydobpeHue, asomaukcupyrowue
b6akmepuu, ypoxaliHocmb, 6es10K, Macinu4Hocmb
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Abstract. Problem and purpose. Protein deficiency, a pressing issue both globally and in Russia, requires
an urgent solution. A key factor in addressing this issue is increasing the total harvest of high-protein crops,
with soybeans occupying a priority position. Microbiological inoculants are currently widely used in soybean
cultivation. Treating soybean seeds with such agents optimizes nitrogen fixation, reduces the need for
phosphorus fertilizers, increases protein content, enhances resistance to pathogens and pesticides, and
increases yield. In the context of sustainable agriculture, agricultural inoculants are becoming increasingly
popular due to the wide range of beneficial properties they provide to plants. The aim of this study was to
study the effect of different rates of OrganitRizo microbiological fertilizer applied to pre-sowing seeds on
soybean yield.
Methodology. The experiments were conducted according to the guidelines of B.A. Dospekhov (1985) with
four replicates, systematically placing the treatments and plot sizes of 50 m2 Yield was recorded using the
continuous method. Agrochemical analysis of the soil and soybean grains was conducted in the laboratory of
the Ryazan Agrochemical Service Station. Yield data were processed mathematically using the ANOVA
method described by B.A. Dospekhov, using the Statistica 6.0 computer program. Agricultural practices were
generally accepted for soybean cultivation in the Central Region of the Russian Federation.
Results. Studies using various doses of OrganitRizo microbiological fertilizer resulted in a 1.4-2.7 %
increase in plant survival rates compared to untreated conditions, as well as an increase in plant height.
During the seed formation phase, the number of nodules increased by 1.8-2.6 times compared to the control.
Treatment with the OrganitRizo microbiological fertilizer increased plant density by 1.2-1.9 pods/m? the
number of pods per plant by 2-3 pods, the number of seeds per plant by 2-3 pods, and the thousand-seed
weight by 0.3-0.6 g compared to the control. Applying OrganitRizo microbiological fertilizer to soybean seeds
resulted in an additional yield increase of 0.12 to 0.23 t/ha. Inoculation of soybean seeds increased protein
content by 0.9- 1.3 %. The use of the microbiological fertilizer did not significantly affect seed oil content.
Conclusion. Calculations confirmed that the profitability of OrganitRizo microbiological fertilizer, depending
on the treatment, ranged from 140.1 to 148.1%, which is 28.9 to 36.9% higher than the control. The highest
profitability (148.1%) was observed with a 2.0 L/t application rate of OrganitRizo for soybean seed
inoculation. To increase soybean productivity, inoculation with OrganitRizo microbiological fertilizer (2.0 L/t)
is recommended.

Key words: soybean, inoculation, microbiological fertilizer, nitrogen-fixing bacteria, yield, protein, oil
content
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AHHOmauus. lfpobnema u yenb. CmaHOapmu3ayusi MOHOGhIIOpHO20 MEDa ekrroyaem 8 cebsi pazpabomky
u ymeepxdoeHue cmaH0apmos, MexHUYeCcKUX ycrnosull u Opyaux HOpMamueHbix OOKYMEHMO8, KOmopbie
onpedenswom kadecmeo u be3ornacHocmb HOebix 8udos MEDa, a makxe mMemoObl UX KOHmporns. Llenb
cmaHOapmusayuu — udeHmuguKkauyuss MOHOGIOPHbIX Medo8 8 3asucumocmu om ux 6omaHu4ecKoeo
fpoucxox0eHusi, 4mo Heobxo0umo Ofi1 M08bIWEHUS KadYecmea, 3awjumbl rpoudgodumerned U
nompebumenel, a makxe npedocmasneHuss 00beKkmueHOU UHGopmayuu O bomaHU4YecKoM
npoucxoxdeHuu medos. Omu mpebosaHUs MO2ym KacambCsi Op2aHOenmuYyecKkux (8Kyc, 3amnax, usem),
pU3UKO-XUMUYECKUX (8r1aXXHOCMb, codepxaHue caxapos, Kucrom u Opyaux eeuwjecms) u Opyaux
xapakmepucmuk méda. B Hacmosuwee spems TOCT 31766-2022, kacarowulics MOHOGIIOPHLIX MeA08, He
onpedensiem cmaHdapmbl Kayecmea Orns Mosiodaego2o mMmeda. CnedosamesnibHO, U3y4YeHuUe €20
opaaHoIenMmuyeckux U U3UKO-XUMUYECKUX ceolcme sensemcsi KpalHe e6axHbiM Ons paspabomku
06BEKMUBHbIX Kpumepues U ycmaHossieHust eOuHo20 cmaHOlapma e20 udeHmughukayuu.
Memodonoauss. B  pamkax  HayyHo2o  compyOHudecmsea  AllU-nabopamopuu  KybaHckoeo
eocydapcmeeHHO20 yHueepcumema, ®IBHY «®HL] [Myenosodcmea» € npusrnedeHuem 3KCrnepmHou
epynnbl  Accoyuauuu  Medosbix  [ezycmamopoge  bbinu  ripogedeHbl  Opa2aHorenmu4yeckue,
MesiucconasnuHosiosudekue U ¢busuko-xumudeckue uccredosaHusi 30 obpa3uyoe moso4aego2o Méda c
Cesepo-Kaskasckoeo ®edeparnbHo20 okpyaa, ¢ YeyeHckol u [JazecmaHckol pecrybriuk.
Pe3ynbmamsbl. B pesynbmame npodenaHHoU pabombl MOXHO cOenamb credyrowue 8bi800bI:
uccnedosaHHble 0bpa3uybl Mosiodaeeozo meda coomeemcmeytom mpebosaHusm OCT 19792 2017 no
8CeM KITro4e8bIM rokazamesisM 3a UcKoYyeHuem duacmasel. [binbyesbiM aHanu3om nodmeepx0eHo, Ymo
80 8cex obpa3syax npucymemeyem nbifibya Mosiovas 103Ho20 Euphorbia virgate; nogbiweHHoe codepxxaHue
Xenesa u Uoda o0b6bACHAem e8bipaxeHHble ne4dyebHo-npoghunakmuyeckue ceolicmea npodykma;
omcymcmeue TM® u HopmanbHas enaxHocmbe nodmeepxdarom be3onacHocms 06pa3yo8 u criocobHocmb
K AnumeribHOMy XpaHeHUu\o. lposedeHHnbll KOMIIeKCHbIU opaaHonienmuyeckul u
MesiucconanuHooaudeckull u ¢husuko-xumudeckuli aHanus 30 obpa3yos MosioHaego20 MEDa 8bi8us, Ymo
nuwb 12 U3 HUX coomeemcmeyrom KpUumepusiM 8bICOKOKaYeCcmeeHHOo20 MOHOMIIOPHO20 Mpodykma C
ycmou4usbIMU CEHCOPHbLIMU Xapakmepucmukamu. Takum obpa3om, 3HaqumesnbHas 005 uccrie0o8aHHbIX
obpasyos (60 %) npodemMoHcmpuposasa CyuecmeeHHbIE OMKIIOHEHUS, YmMO yKa3bi8aem Ha 6bICOKYH
gapuamueHOCmMb Kayecmea u 6omaHU4YecKo20 MpouCXoXOeHUsT Mosio4aegoz2o Méda, npedcmassieHHo20 Ha
PbIHKE.
3aknroyeHue. [lonydyeHHble pe3ynbmambl uccredosaHusi 3aknadbigarom OcHogy O0nd paspabomku
06beKkmuBHbIX Kpumepueg u eOQuHo20 cmaHOapma udeHmugukayuu mosioyaego2o Mméda. BHedpeHue
makoeo cmaHOapma UMeem CcyuecmeeHHoe 3Ha4yeHUe He mosibKo Orsi KOHMPOris Kayecmea npodykuuu u
bopbbbl c hanbcupukayuel, HO U Onsa noebiweHuUss 0osepusi nompebumernel, a makxe O0Ona
gopmuposaHusi bosiee MoYHbIX pekomeHOauul n4yenosodam Mo npouzeodcmsy Uesego20 MOHOIIOPHO20
meda.

Knroyeebie cnoea: MOHOG/IOPHbLIU MeO, Morsoyal, opeaHonenmuyeckuli aHanus, hu3uKo-
Xumudeckue rnokasamesnu
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ON THE ISSUE OF STANDARDIZATION OF MILF-FLOWER HONEY
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Abstract. Problem and purpose. The standardization of mono-floral honey includes the development and
approval of standards, technical specifications, and other regulatory documents that define the quality and
safety of new types of honey, as well as methods for their control. The purpose of standardization is to
identify monofloral honeys based on their botanical origin, which is necessary to improve quality, protect
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producers and consumers, and provide objective information about the botanical origin of honeys. These
requirements may include organoleptic (taste, smell, and color), physical and chemical (moisture content,
sugar, acid, and other substance content), and other characteristics of honey. Currently, GOST (State
Standard) 31766-2022, which concerns monofloral honeys, does not define quality standards for milkweed
honey. Therefore, studying its organoleptic and physical-chemical properties is crucial for developing
objective criteria and establishing a unified standard for its identification.
Methodology. As part of the scientific cooperation between the API Laboratory of Kuban State University
and the Federal Research Center for Beekeeping, an expert group from the Association of Honey Tasters
conducted organoleptic, melissopalinological, and physical and chemical studies of 30 samples of milkweed
honey from the North Caucasus Federal District, including the Chechen and Dagestan Republics.
Results. As a result of the work done, the following conclusions can be drawn. The studied samples of
milkweed honey meet the requirements of GOST 19792-2017 in all key indicators, except for diastase.
Pollen analysis confirmed that all samples contain Euphorbia virgate pollen. High content of iron and iodine
explains the product's pronounced therapeutic and preventive properties. Absence of GMP and normal
moisture content confirm the safety of the samples and their ability to be stored for a long time.
Comprehensive organoleptic, melissopalinological, and physical-chemical analysis of 30 samples of
milkweed honey revealed that only 12 of them meet the criteria for a high-quality monofloral product with
stable sensory characteristics. Thus, significant proportion of the samples studied (60%) showed significant
deviations, indicating the high variability in the quality and botanical origin of milkweed honey available on
the market.
Conclusion. The research results obtained lay the foundation for the development of objective criteria and a
unified standard for the identification of milkweed honey. The implementation of such a standard is essential
not only for the control of product quality and the fight against falsification, but also for increasing consumer
confidence, as well as for providing more accurate recommendations to beekeepers for the production of
targeted monofloral honey.

Key words: monofloral honey, milkweed, organoleptic analysis, physical and chemical indicators
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AnHomauyus. lpobnema u uenb. B cmambe paccmampusaemcs agpoKiauMamuyecKkul nomeHyuarnl
cesepo-80CmMoOYHO20 peauoHa benapycu 0nsi npousgodcmea 3¢hupOMacriUYHbIX Kyrbmyp C UESbio
nosy4YeHus: agpupHoeo macna. [poaHanu3uposaH rnepevyeHb Kyfbmyp, NepcrnekmueHbix 05 UHMpPOOyKyuU u
8030erblgaHuUsi 8 aHHbIX MOYBEHHO-KIUMamu4eckux ycrnosusix. OceewjeHa ucmopusi pa3gumusi ompacniu 8
Pecnybnuke benapycb C yKasaHUeM KI/OYE8bIX Hay4HbIX y4YpexoeHul u xossticms. WccredoeaHsbl
CO8pEMEHHOe COCMOSsIHUE U CMpYKmMypa pbiHKa 3¢hUPHbIX Macesi, 8KYas 3KCropmHbie 803MOXHOcmU. B
3aKmoYyeHUU  chopMynupoeaHbl  8bI80ObI  OMHOCUMENIbHO — Uesnecoobpa3Hocmu U 9KOHOMUYECKOU
ahghekmueHOCMU pacwupeHUsi accopmuMeHma 3UPOMAacIIUYHbIX Kyrbmyp 6 CUCmeMe CeflbCKO20
xossiticmea benapycu.

Memodonozaus. B 2025 200y 6bin 3anoxeH npou3eodcmeeHHbIl onbim Mo 6030esbi8aHU0 Po3bl
acpupomacniuyHol. CaxeHubl 08yx copmoe «JlaHb» u «Padyea» (no 250 wm. kaxd020) Obiu
npuobpemeHsl 8 OIEYH «HaydHo-uccnedoeamenbckull UHCmMumym cenbcko2o xossilicmea Kpbimay (e.
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Cumebeponions). JaHHbIl onbim eriepesie rnposodumcs 8 ycriogusix cegsepo-80CmMoYHo20 palioHa benapycu.
lMousa yuyacmka OepHogo-nod3onucmas seekocyanuHucmas. lNocadoyHbie simbi pasmepom 40 x 40 cm.
Cxema nocadku 1 x 2,5 m.
Pe3ynbmamebl. [laHHble uccredoeaHusi riokasarnu, 4mo pacmeHusi po3bl Macru4Hol 651a20mosyyHo
nepeHecnu ycnosus 3umbl 2025-2026 eoda. Beikusaemocmes cocmasuna 100 %. Ha 6onswiom Konudecmee
pacmerull 6binu obHapyxeHbl MoOMep3aHusi KOHYUKO8 r1obeeos, OOHAKO HUXHSS Yacmb rnobeeos u
KOpHesgasi cucmema He nocmpadarsiu, 4Ymo o3eossem coefampb 8bI800 O UesiecoobpasHoCmMu yKpbImusi
pacmerull onunkamu Ha 3uMHul repuod. B nepsebili 200 uccrnedogaHuli bbina npoudsedeHa MpobHas
8bl2OHKa 3hbUPHO20 Macsna U3 JiernecmkKos8 po3bl Mac/iu4yHou. Pe3ynbmambl nokasanu, 4mo 8 sernecmkax
pacmeHul 8 ycrosusix cegeposocmoka benapycu Habnrodaemcsi 8bicokoe codepxkaHue aghupHO20 mMacra.
3aknroveHue. [JepHO80-M0O30UCMbIE JI€2KOCY2/IUHUCMbIE M0Y8bI CEBEPO-8O0CMOYHOU Yacmu benapycu
obnadarom  OocmamoyHbIM  nomeHuyuasom  Onsi  8030esibigaHUsl  WUPOKO20  accopmumeHma
agbupomacsiuyHbix  Kynbmyp. Ycnex onpedendemcsi  npasusibHbiM - 10060pOM  3UMOCMOUKUX U
aldanmuposaHHbIx 6udos, cobndeHUeM aspomexHooaulli U HanuyueM Hay4HO20 COMpo8OXOEHUS.
Ucmopuyeckuli onbim U  COBPEMEHHbIE PbIHOYHbIe mpPeHObl nodmeepxdarom  3KOHOMUYECKYIO
uenecoobpasHocmb passumusi 0aHHO20 HaripaerneHus. [lpou3eodcmeeHHbIe Orbimbl C po3aMu S18/1SIHOMCS
8aAXHbLIM MPaKMUYECKUM WazoM, pe3ysibmambi KOmopo2o MOo2ym [OC/yXumb OCHO80U Ofisi pacuupeHusi
cbipbesgoli ba3bl u co3daHus 8 benapycu npouseodcmea aghupHbIX Macesn. [ns ycmol4ueozo passumusi
ompacrniu Heobxoduma aocydapcmeeHHas noddepxka 8 sude rnpozpamMm passumusi, Hay4Ho20 obecrieyeHust
u codelicmeus 8 opeaHuU3ayuu Koorepauyuu rpoudsodumeriell U 8bixo0a Ha 8HEWHUE PbIHKU.

Knroyesnblie ciosa: schupomacnudHbie Kyrnbmypbl, po3a sghupomacriuyHasi, 0epHo80-1od30/ucmsie
ro4sbi, UHMPOOYKUYUS, PbIHOK 3¢hUPHbIX Macesi, (hpepMepcKoe X035Ucmeo
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Abstract. Problem and purpose. This article examines the agroclimatic potential of the northeastern region
of Belarus for the production of essential oil crops. A list of crops promising for introduction and cultivation in
these soil and climatic conditions is analyzed. The history of the industry's development in the Republic of
Belarus is covered, with key scientific institutions and farms identified. The current state and structure of the
essential oil market, including export opportunities, are examined. Conclusions regarding the feasibility and
cost-effectiveness of expanding the range of essential oil crops in Belarusian agriculture are presented.
Methodology. In 2025, a production experiment on the cultivation of essential oil roses was initiated.
Seedlings of two varieties, "Lan" and "Raduga” (250 each), were purchased from the Federal State
Budgetary Institution of Science "Research Institute of Agriculture of Crimea" (Simferopol). This experiment
is being conducted for the first time in the northeastern region of Belarus. The soil is sod-podzolic, light
loamy. Planting holes measured 40 x 40 cm. The planting pattern was 1 x 2.5 m.

Results. The study data showed that oil rose plants successfully survived the 2025-2026 winter conditions.
The survival rate was 100%. A large number of plants showed frost damage to the shoot tips, but the lower
part of the shoots and root system were undamaged, suggesting that covering the plants with sawdust
during the winter is advisable. During the first year of the study, a trial extraction of essential oil from oil rose
petals was conducted. The results showed that the petals of plants grown in northeastern Belarus contain a
high content of essential oil.

Conclusion. The sod-podzolic light loamy soils of northeastern Belarus have sufficient potential for
cultivating a wide range of essential oil crops. Success is determined by the correct selection of winter-hardy
and adapted species, adherence to agricultural practices, and the availability of scientific support. Historical
experience and current market trends confirm the economic feasibility of developing this area. Production
trials with roses are an important practical step, the results of which can serve as a basis for expanding the
raw material base and establishing essential oil production in Belarus. Sustainable development of the
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industry requires government support in the form of development programs, scientific support, and
assistance in organizing producer cooperation and entering foreign markets.

Key words: essential oil crops, essential oil rose, sod-podzolic soils, introduction, Republic of
Belarus, essential oil market, farming
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TEXHOJNIOM'M4YECKUE noaxoAbl K COBEPLUEHCTBOBAHUIO UHKYBALIUU UKPbI U PA3BUTUA
mMonoan PAOY>XHOU ®OPENU NOPOObLI AANEP

Tambsina AHamonbeeHa Xopowaiisio'™, AnuHa BsiyecnaeoeHa Bnacoea? Wpuna BnadumupoeHa
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AHHOmauus. lNMpobnema u yens. Llenb uccnedosaHull 3akrodanacb 8 onpedesieHuUU MexHO102U4YeCcKUX
acrnekmos nosbiWeHus1 aghhekmusHocmu UHKybauuu UKpbl U 8blipaujusaHusi Masibka padyxHol ghopernu
rnopodk! adrnep.

MemoOdonoeus. ViccriedosaHue npogodusiu 8 ycrosusix noniHocucmemHozo xosstcmea AO «[llnemeHHOU
gopenesodyeckull 3a8o00 «Adnep» 8 2024-2025 ze., 06LEKMOM KOMOPO20 S6MS/UCL UKpa U Malek
padyxxHol ¢bopenu rnopodsbl adnep. Mkpa mpexremok ¢hopesnu nopodsl adnep cobcmeeHHO20 MamoYyHO20
cmada bbina rnonyvyeHa u 3arnoxeHa 8 KoHue Hos6ps 2024 2. npu memnepamype 13,3° C. B xode onbima
ombupanuck 4 npobupku no 25 wm. UKpbl, 3amem 3anusanucb pacmeopom HYK-15 6 coomHoweHuu ¢
godol 1:3 (10 mn HYK-15 Ha 30 mn e00bi). Bo epemsi uHKybauuu UKpbl rpouseodusiacs
aKcriepumeHmarsnbHass obpabomka 37 %-m pacmeopom ¢hopmaniuHa U nepekucbro  8odopoda
KoHUeHmpauyuet 30-40 % memodomM CKk803HO20 Momoka. AghghekmusHocmb Oelicmeusi de3uHUUUPYWUX
npenapamos ycmaHaesnugasnu no obwiel ebikugaeMocmu UKPbI 8 pe3yribmame copmuposku 12.12.2024.
lMocne obpabomku ukpbl Ha cmaduu anaska bbina npogedeHa ee copmupoesKka, 3ameM ee g3geluusanu U
onpedensnu Hagecku,; npoeodusnu makxe obpabomky ukpbl Ha cmaduu enaska 10 %-mM 800HbIM pacmeopom
npenapama «MWoduHon». B makom pacmeope obpabambieanu He 6onbwe 100 mbic. wWm. UKPbI, 3amem
pacmeop MeHsu.

Pe3ynbmamel. SghghekmusHocmb onnodomeopeHusi UKpbl 8 rnepgol konbe cocmasuna 95 % u 96 % eo
emopoli npu UHMeHcusHocmu eodoriompebrieHuss 6 annapame 250 n/MuH. [numenbHOCMb
UHKybayuoHHo20 nepuoda 8 obeux konbax 00 cmaduu ebikiieea cocmasuna 24 0HsA, a do cmaduu
nodHsmusi Ha nnae — 37 OHel. Bpems akcriosuyuu npu obpabomke cocmasunno 5 MuH Onsi obeux Korb.
Macca Hasecok cocmasurna 0,074 e e 1-U konbe, a go 2-U konbe — 0,075 a. [NposedeHHbie 06pabomku UKpbI
gopenu 6 37 %-m chopmanuHe u 30-40 %-U nepekucbro eo0opoda nokasanu pasnuyusi 8 aghghekmusHocmu
110 8bhKUBAEMOCMU UKPbI U MOpaxeHuro conpaneeHuel. lNpu obpabomke pacmeopom chopmanuHa 8
konuyecmee 0,250 mi sbixXueaemMocmb UKpbl cocmasurna 88,3 % u 88,4 %, coomeemcmeeHHO, nopaxkeHue
cornpaneegHuel 6bino Ha 13,6 % wMeHbwe, 4em npu obpabomke pacmeopoMm repekucu 600opoda.
lMpumeHeHue 37 %-20 pacmeopa opmMariuHa crnocobcmeosarsrio Cyu,eCmeeHHOMY CHUXEHUI0 omxoda UKpbI
npu Hanuyduu epubkosbix 3abonegaHuli, M0380/UM0 NO8bICUMb 0b6WUU 8bIXO0 SIUYUHOK U nofnydYums 6oree
KadyecmeeHHbIl  rocadoyHbili  Mamepuan. WKkpa nocrie  copmuposku  bbina  pasfioxeHa 8
cmekrnonnacmukosbslie nomku obbemom 0,5 M3 Bbiknies npousowen Ha 24-e cymku (319,56 epadyco-0Hel).
Ha 31-e cymku (412,5 epadyco-0Hel) nuyYuHKa Hadana poumscsi U «rowsiay Ha rniag, Hayasao KOPpMIIeHUs
Hayvanocb Ha 37-e cymku (492,3 epadyco-0Hsi). Komnuuecmeo monyYyeHHbIX MnpedrudUuUHOK Oom UKPbI,
obpabomanHoli 37 %-m pacmeopom ¢hopmariuHa, bbinio ebiwe, Yem 8 epyrnnax, obpabomaHHbix 30-40 %-m
pacmeopom nepekucu sodopoda Ha 10,9 %. Bbixod nuyHUHOK, nepewedwux Ha 3k30eeHHoe numaxue (3f1),
8 epynne, obpabomaHHoU hopmarnuHomM, bbin Ha 12,0 % ebiwe, Yem 8 epyrnne aHaso0208, obpabomaHHOU
nepekucbto eodopoda. Bbixod manbka ¢ Maccol 0,2 2 makxke O6bl1 MakcumarnbHbIM 8 2pyrre,
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obpabomaHHoUl ¢hopmanuHoMm, fnpeesbicug pe3yrnbmam epyrnbl, o0bpabomaHHOU rnepeKkucbo 8odopoda, 8
cpedHem Ha 11,3 %.
3aknroyeHue. Obpabomka ukpbl 37 %-m pacmeopom chbopmarnuHa sersemcss pekomeHAo8aHHOU K
puMeHeHuUro Kak Haubonee aghekmueHasi, obecrnieyugaroujasi rnosbilieHUe obuweao ebixoda npodyKyuu
akeakynbmypbl Ha 6cex amarnax ebipaujusaHus. []aHHas memoouka [1038079em OnmuMu3upos8ams
rpou38o0CMBeHHbIe 3ampambl U Mo8bicumb peHmabenbHOCMb 3a cHem yeerludeHUsl 8bKUu8aeMocmu Ha
KpUMUYeCKU 8aXHbIX PaHHUX cmadusix OHmMozeHe3a.

Knrouyeenlie crioea: hoperiesodcmeo, nopoda adnep, ukpa, Moriolb, UHKybayus, obpabomka
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TECHNOLOGICAL APPROACHES TO IMPROVING THE INCUBATION OF EGGS
AND THE DEVELOPMENT OF JUVENILE RAINBOW TROUT OF THE ADLER BREED
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Oleg V. Svitenko’

" Kuban State Agrarian University named after I.T. Trubilin, Krasnodar, Russia
2 Trout Breeding Farm "Adler”, Sochi, Russia

Mtatyana zabai@mail.ru

Abstract. Problem and purpose. The objective of the study was to identify technological aspects of
increasing the efficiency of Adler rainbow trout egg incubation and fry rearing.
Methodology. The study was conducted at the full-system farm of Adler Trout Breeding Farm JSC in 2024—
2025. The study focused on Adler rainbow trout eggs and fry. Three-year-old Adler trout eggs from the
company's brood stock were obtained and set in late November 2024 at a temperature of 13.3°C. During the
experiment, four test tubes containing 25 eggs each were collected and then filled with a NUK-15 solution at
a 1:3 ratio to water (10 ml NUK-15 per 30 ml water). During egqg incubation, experimental treatment with a
37% formalin solution and 30-40% hydrogen peroxide was performed using the flow-through method. The
effectiveness of the disinfectants was determined based on the overall survival rate of the eggs after sorting
on December 12, 2024. After treatment at the eye stage, the eggs were sorted, weighed, and weighed. They
were also treated at the eye stage with a 10% aqueous solution of lodinol. No more than 100,000 eggs were
treated with this solution, after which the solution was changed.
Results. The egg fertilization efficiency was 95% in the first flask and 96% in the second at a water
consumption rate of 25.0 I/min. The incubation period in both flasks to the hatching stage was 24 days, and
to the floating stage, 37 days. The exposure time during treatment was 5 minutes for both flasks. The sample
weight was 0.074 g in the first flask, and 0.075 g in the second flask. Treatments of trout eggs in 37 %
formalin and 30-40 % hydrogen peroxide showed differences in the effectiveness of egqg survival and
Sopralegnia infestation. When treated with a 0.250 ml formalin solution, the egg survival rate was 88.3 %
and 88.4 %, respectively, while the incidence of Sopralegnia was 13.6% lower than when treated with a
hydrogen peroxide solution. The use of a 37% formalin solution contributed to a significant reduction in egg
mortality in the presence of fungal diseases, an increase in the overall yield of larvae, and the production of
higher-quality seed stock. After sorting, the eggs were placed in fiberglass trays with a volume of 0.5 m?3,
Hatching occurred on the 24th day (319.5 degree-days). On the 31st day (412.5 degree-days), the larvae
began to swarm and "started" swimming, and feeding began on the 37th day (492.3 degree-days). The
number of prelarvae obtained from eggs treated with a 37 % formalin solution was 10.9% higher than in
groups treated with a 30-40 % hydrogen peroxide solution. The yield of larvae that transitioned to
exogenous feeding (EF) in the formalin-treated group was 12.0 % higher than in the hydrogen peroxide-
treated group. The yield of fry weighing 0.2 g was also highest in the formalin group, exceeding the result of
the hydrogen peroxide groups by an average of 11.3 %.
Conclusion. Treating eggs with a 37 % formalin solution is recommended as the most effective method,
increasing overall aquaculture yield at all stages of hatchery production. This method optimizes production
costs and improves profitability by increasing survival rates during the critical early stages of development.
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SOPEKTUBHOCTb BO3AEJIbIBAHUA KYKYPY3bl HA CUITOC HA AHHIOBVIAHI:HOVI NOYBE
NP1 BHECEHUU T'YMUHOBOI'O NMPENAPATA U YOOBPEHUA

Badum lNMempoeuy Lu4koe’, Onb2a AnekceeeHa 3axapoea’™

" ®IbOY BO «PsasaHckuli 2ocydapcmeeHHbIl agpomexHoroaudeckuli yHueepcumem umeHu [TA.
Kocmebivesa» 2. PsasaHb, Poccus
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AHHOmauus. lpobnema u uyenb. Heobxodumocmb peweHuUsi nNpobrembl M08bIEHUS ypoxalHocmu
Kynbmypbi MpoOUKMo8aHa UHMEHCUBHbIM pasgumueM xueomHosoOcmea 8 PssaHckol obnacmu. [lo
OaHHbIM Ha 2025 200 n1020/108b€ KPYHO20 po2amozo ckoma cocmasusno 172,4 meicss4u, Ymo noYymu Ha 2
% ebiwe rno cpasHeHuto ¢ 2020 eodom. O6bekmbl uccredosaHull — annoeuasbHas rnovyea yeHmparnbHoU
notmbel p. OKU U KyKypy3a Ha cuioc paHHecrieno2o aubpuda Azama CB — (®AO 170). lNpedmem
uccredosaHuli — sghgpekmusHocmpb 8o30elicmeusi y0obpeHull Ha ro4ysy u pacmeHusi KyKypysbl. Hay4yHas
HoBU3Ha — ernepebie 8 ycrnosusix PsasaHckol obnacmu usy4dyeHo Oelicmeue yOobpeHull Ha annosuarnbHyro
noysy LlenmpanbHoli nolivbl p. Oku. Llens uccnedogaHull — oueHka aghghekmusHocmu 8030eribigaHust
KYKYPY3bl Ha CUJIOC Ha asiTr8ualibHOU 11o4ee rpu 8HECEHUU 2yMUHO8020 ripenapama u yoobpeHud.
Memoodonoeus. ViccnedosaHusi nposedeHbl 8 2024-2025 2odax 8 AO «Mockosckoe» PssaHcko20 patioHa
PsizaHckoli obrnacmu. BHeceHue Hago3a oceHbio 100 OCHOBHOKW obpabomky mousbl. Obpabomka
2YMUHO8bIM ripernapamomMm «3Kop» rnpoeodusiacb 8ecHOU ¢ HopmoU pacxoda paboveeo pacmeopa.
MuHeparnbHbie y0obpeHusi gHocunuck nod npednocesHyro Kynbmuesauuro 8 0oze N120P90K90. Memoduka
uccnedosaHull obwenpuHsamas. OnpedeneHue 1e2ko2udposu3yemMoao a3oma 8 o4Y8eHHbIX obpa3syax ro
memody TwopuHa u KoHHOBOU; amMmua4yHO20 U HumpamHo20 a3oma U Mod8uxHo20 ocgopa Ha
gomokonopumempe; nod8UXHO20 Kanus no memody Yupukoea; pH onpedenanocs ¢ MNOMOWbIO
nomeHyuomempa. Pazgumue KopHegoU cucmeMbl pacmeHusi ornpederisisiiocb pacyemHbiM MemoooM. Yuem
ypoxasi npo8odusicsi CrioWHbIM Memodom nodesisgHo4Ho. Onbim 6bil 3an0oxeH Ha 08yx ydacmkax: nepebil
— aepogpumouyeHos, npeduecmeHHUK — BUKO-08CsIHasi CMecCb, 8mopoli — 3afexb, 3eMnau Komopol
OnumernbHoe epeMsi He 8030esibiganuchb U Obiu 3aHSIMbl 3/1aKO80-MpPassHUCMOU pacmumeribHOCMbIo
(nbipeld non3yqud, Mammauk 6om1o0mHbit, mumogheeska riy2oeas). [nouwjadb AensHok Ha oboux yyacmkax 10
M2 108MOPHOCMb Ofbima YembipexKpamHas.

Pe3ynbmamel. BbidsuHymasi paboyasi eauriomesa o6 aghghekmusHoCcmuU 2yMUHO8020 ripernapama «3Kop»,
B8HOCUMO20 Ha (hOHe MUHeparibHbIX U opeaHudeckux yoobpeHul nod KyKypy3y Ha curnoc Ha anmntosuarnsHol
rnouyse, Hauwinia rMnodKpernseHue 8 roslyYeHHbIX Hamu pe3yrbmamax Mesiko0esITHOYHO20 10/1e8020 Orlbima.
Tak, Ha sapuaHme 6 yyacmkog 1 u 2, K npuMepy, y8esu4usiochb Mo CPABHEHUIO C KOHMPOIeM codepxaHue
opaaHu4eckozo sewiecmea Ha 3,1-3,2 %, P205 — Ha 2,3-2,7 %, K20 — Ha 3,4-3,6 %, OMY ebipocno Ha
68,7-77,6 %. Tak, 8ce U3MEHEeHUs1 M04Y8bl U pacmeHul umesu MmeHOeHUU K JIUHeUHOMY pocmy, Kpome
makux rnokasamesel Kadecmea KaK Cblpas 30/7a U cbipasi kKihemyamka, co0epxXaHue KOomopbixX
YMEeHbWUIOCh 10 Mepe pocma ypoxalHocmu. Pe3ynbmambsl pacdemog nokasanu MakcuMarbHbie
3HayYeHusi D Ha eapuaHmax 5 u 6, pasHbie 1,42 u 1,46 Ons nepgo2o y4acmka u D Ha eapuaHmax 5 u 6,
paeHble 1,47 u 1,53 dns emopoeo (HCPO,5=5,2). OnmumarnsHbIM ¢ a2pOHOMUYECKOU MOYKU 3peHUsT S8Urics
eapuaHm 6 ¢ eHeceHuem ydobpeHul ¢ noebiweHHol G030l Hago3a, YmMo 8bipa3usiock 6 ripubaske ypoxas
Ha ydacmke 1 Ha 24,0 % u Ha yyacmke 2 Ha 27,9 %, 6onee uHmMeHcusHol 4ucmoul rnpodyKkmueHocmu
gomocuHmesa — 42,2 u 47,6 % npu ebicokoM kKayecmee 3esreHol Maccbl. OOHaKo o pesyrnbmamam
npedsapumersibHO20 pacdema 60siee 3KOHOMUYECKU 8bI200HbLIM S8UJICS 8apuaHmM 5 ¢ 8HeceHueM eymama
«3kop» +N120P90K90+Haeo3 20 m/ea, 0 4em ceudemernibcmeyem makol roka3amerb, Kak
peHmabenbHoCcMb npouseodcmea KyKypy3bl Ha curioc Ha oboux y4acmkax Ha 0,8 u 0,3 % o cpasHeHur ¢
gapuaHmowm 6. MiccnedosaHusi npodomkaromcsi u boriee moyHbie daHHble 6yOym nony4yeHsl rpu obpabomke
pesynbmamos 3a 3 eoda.

3aknroyveHue. Ha ocHogaHuUU rpoeedeHHbIX uccriedogaHuli daHa oueHKa aghghekmusHOCmuU 8030e IbisaHUs
KYKYpy3bl Ha CUJIOC Ha asiroeuasibHOU ro4Yee rpu 6HEeCceHuUU 2yMUHOB020 fpernapama U MUHepasbHbIX
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y0obpeHuli. MiccriedoeaHus 8bInoOHeHbl 8 coomeemcmeuu ¢ x03002080pHoU memoul Ne19-2024 «3konozo-
naHOwagmHoe obcrnedosaHue meppumopuu Ps3aHckol obnacmu (Ha npumepe AO «Mockosckoen)».

Knrodesnle cnoega: annweuanbHas noysa, Kykypysa, y0obpeHus, 2ymam « Kop»
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EFFICIENCY OF CULTIVATING CORN FOR SILAGE IN ALLUVIAL SOILS
WITH THE APPLICATION OF A HUMIC PREPARATION AND FERTILIZERS

Vadim P. Shichkov’, Olga A. Zakharova'™
" Ryazan State Agrotechnological University, Ryazan, Russia
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Abstract. Problem and purpose. The need to increase crop yields is dictated by the intensive development
of livestock farming in the Ryazan Region. According to 2025 data, the cattle population was 172,400, an
increase of almost 2 % compared to 2020. The study subjects were the alluvial soil of the central floodplain
of the Oka River and silage corn of the early-maturing hybrid Agata SV (FAO 170). The subject of the study
was the effectiveness of fertilizers on soil and corn plants. The scientific novelty lies in the fact that the effect
of fertilizers on the alluvial soil of the Central floodplain of the Oka River in the Ryazan region has been
studied for the first time. The objective of the study was to evaluate the effectiveness of growing silage corn
on alluvial soil with the addition of a humic preparation and organomineral fertilizers.
Methodology. The study was conducted in 2024-2025 at JSC Moskovskoye, Ryazan District, Ryazan
Region. Manure was applied in the fall during primary tillage. Treatment with the humic preparation "Ekor"
was carried out in the spring at the standard application rate of the working solution. Mineral fertilizers were
applied during pre-sowing cultivation at a dose of N120P90K90. The research methodology was standard.
Easily hydrolyzable nitrogen in soil samples was determined using the Tyurin and Konnova method,
ammonia and nitrate nitrogen and available phosphorus were measured using a photocolorimeter, and
available potassium was measured using the Chirikov method. pH was determined using a potentiometer.
Plant root system development was determined by calculation. Yield metering was performed using the
continuous plot method. The experiment was conducted on two plots: the first was an agrophytocenosis, the
predecessor was a vetch-oat mixture; the second was a fallow land, the land of which had not been
cultivated for a long time and was occupied by grassgrass vegetation (creeping wheatgrass, marsh
bluegrass, timothy-grass). The plot area in both areas was 10 m? and the experiment was replicated four
times.
Results. The proposed working hypothesis regarding the effectiveness of the humic preparation "Ekor"
applied alongside mineral and organic fertilizers to corn silage on alluvial soil was supported by the results of
our small-plot field experiment. For example, in Variant 6 of plots 1 and 2, compared to the control, organic
matter content increased by 3.1-3.2 %, P205 by 2.3-2.7 %, K20 by 3.4-3.6 %, and TMC increased by
68.7-77.6 %. All soil and plant changes showed a linear trend, with the exception of quality indicators such
as crude ash and crude fiber, whose content decreased as yield increased. The calculation results showed
the maximum value of D in variants 5 and 6, equal to 1.42 and 1.46 for the first plot, and D in variants 5 and
6, equal to 1.47 and 1.53 for the second (HSRO0.5=5.2). Option 6 with the application of fertilizers with an
increased dose of manure was optimal from an agronomic point of view, which resulted in an increase in
yield in plot 1 by 24.0 % and in plot 2 by 27.9 %, more intensive net productivity of photosynthesis - 42.2 and
47.6 % with high quality of green mass. However, preliminary calculations revealed that Option 5, with the
application of Ekor humate + N120P90K90 + Manure at a rate of 20 t/ha, was more cost-effective. This is
evidenced by the 0.8 % and 0.3 % increases in the profitability of silage corn production at both sites
compared to Option 6. The research is ongoing, and more accurate data will be obtained after processing
the results over three years.
Conclusion. The assessment of the effectiveness of growing silage corn on alluvial soils with the application
of a humic preparation and organomineral fertilizers was made on the basis of the conducted research. The
research was conducted in accordance with contract topic No. 19-2024, "Ecological and landscape survey of
the Ryazan region (using Moskovskoe JSC as an example)".
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AnHomauyus. lNpo6nema u yenb. B azpornpomMbiw/IeHHOM CEKmope MypasbuHas Kuc/ioma UeHUmcs 3a
criocobHocmb rodaensameb bakmepuu U U3MEHSIMb KucromHocmbe cpedbl. [lpedcmaeneHHass paboma
rocesiuweHa peweHuto rnpobrembi nepepabomku We1049HbIX 0mxod08 XueomHoeoocmea, a UMEHHO CIMOKO8
CBUHOKOMIIEKCO8, npowedwux cmadur obpabomku peazeHmom u3 c¢hocghoeurica. OcHogHasi 3adayva
uccnedosaHull cgodunack k nodbopy ycrosudll, rnpuU KOMOopPbIX UCXOOHbIU rnokasamersb pH cpedbl, pasHbil
11, ydanocb 6bl cHU3UMb 00 HelmpalsibHOo20 ypoeHsi (pPH 7) ¢ ucrnonb3o8aHueM MypasbUHOU KUCIOMBbI.
Memodonozaus. B npouyecce nabopamopHbix OfbiMo8 po8odusiocb cpasHeHue 08yx Mo0xodo8 K
88e0eHuUr0 Kucromsl: 8 Yucmom sude (85 % koHueHmpauyusi) u nocne npedeapumesibHO20 CMewu8aHusi ¢
godoli. B pesynbmame 6binu 8blHUCIIEHbI KOHKpemHble 0bbeMbl, obecriequsaouwjue mpebyemyro
KUCITOMHOCMb.
Pe3ynbmamsbl. 3agukcuposaHo, 4mo pasbaernieHHbIi cocmae 0Oaem psad  3KCryamauyuoHHbIX
npeumywiecms: 6peMms, 3ampadugaemoe Ha fepemewiusaHue, yMmeHblwaemcs 8080e, a [pouecc
Heldmpanusayuu rnpomekaem 6e3 pe3Kux cka’ykos, Ymo MUHUMU3UPYEem 803MOXHOCMb M0J1y4Yumb cpedy C
u3bbimoyHoU KucriomHocmsto. [posedeHbl nabopamopHbie uccredosaHuss cocmasa rnosly4eHHo20 ocadka
C yenblo onpedenieHUs 803MOXHOCMU daribHeliuie2o e20 UCroIb308aHus 8 Kadecmee yOoOpeHuUs.
3aknmroveHue. [lonydeHHble OaHHbIe [10380/II0OM  paccMampueams  MypasbUHYI0  KUC/IOmYy  Kak
rnodkucnarwul peazeHm 0Ons 3asepwaroueli cmaduu Mod20moeKU 2udpocMbiea K BHECEHUI 8 r104ay.
lMpednazaembili No0x00 He mMonbKo pewaem 3adady ymunu3dayuu noboYHbIX  MPOOYKMOo8
aepornpoussodcmea, HO u criocobcmeyem coxpaHeHur nodopodusi noys.

Knrouyeebie cnoea: MypasbuHasi Kucrioma, ymususayusi omxodos, ceuHo8004YecKue cmoku, pH,
nodkucrneHue, ghocghoaurc, opeaHOMUHeparsibHbie yAobpeHusi, akosioaudeckasi bes3onacHocmsb
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Abstract. Problem and purpose. In the agro-industrial sector formic acid is valued for its ability to suppress
bacteria and change the acidity of the environment. The presented work is devoted to solving the problem of
processing alkaline waste from animal husbandry, namely the effluents of pig farms that have been treated
with a phosphogypsum reagent. The main objective of the research was to select the conditions under which
the initial pH of the medium, equal to 11, could be reduced to a neutral level (pH 7) using formic acid.
Methodology. In the course of laboratory experiments two approaches to the introduction of acid were
compared: in pure form (85% concentration) and after pre-mixing with water. As a result, specific volumes
were calculated to provide the required acidity.

Results. It is recorded that the diluted composition provides a number of operational advantages: the time
spent on mixing is halved and the neutralization process proceeds without sudden jumps which minimizes
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the possibility of obtaining a medium with excessive acidity. Laboratory studies of the composition of the
obtained sediment were carried out in order to determine the possibility of its further use as fertilizer.
Conclusion. The data obtained allow us to consider formic acid as a suitable agent for the final stage of
preparing a hydraulic wash for application to the soil. The proposed approach not only solves the problem of
recycling by-products of agricultural production, but also helps to preserve soil fertility.

Key words: formic acid, waste management, pig runoff, pH, acidification, phosphogypsum,
organomineral fertilizers, environmental safety
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ANrOPUTM NOABOPA PALIMOHAIIbHOIO KOMMJIEKCA MALLWH U OBOPYJOBAHUA
AnA OCHOBHOM M NPEANOCEBHOU OBPABOTKU NMO4YBbI B YCITOBUAX PECNYBJIMKMU BEHUH
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AHHOmauusi. lNMpobnema u yenb. B beHuHe Hem ¢hopmanu3ogaHHO20 rnodxoda K nodbopy mexHuku Oss
obpabomku ro4sbl, KOmMoOpbIl c8s3bieasl bbl XapakmepucmuKku MalWuH C yC/I08USMU KOHKPEMmHO20
xo3sticmea. Ha npakmuke mpakmopbl ebibuparom Mo pbIHOYHOU OocmynHoCcmuU uniu  fpoepamMmam
10CmMasoK, He y4umbleasi peeauOHaslbHble pa3nuyusi. Mexdy mem cmpaHa HEOOHOPoOHa (mpu
a2po3KosI02uU4eCcKUe 30HbI C Pa3HbIMU o4Yeamu, cpokamu 0oxoel U Kynbmypamu), a Meskue xosstcmea (00
2 2a) cocmasnsom 60nbWUHCMBO. YHUGuyuposaHHble cxembl 8edym K Hedo2py3Ke MawiuH Ha toze U
cpbigy agpocpokos Ha cesepe. CriedogamerbHO, npobriema He 8 Hexgamke mpakmopos, a 8 omcymcmauu
UHCMpYMeHma, y4umbigarouje20 30HYy, pa3mMepbl xo3silicmea, Kyfbmypbl U criocob docmyrna K mexHUKe.
Llenbro uccnedoeaHus siensemcs pa3pabomka anzopumma rnodbopa payuoHasibHO20 KOMIIeKca MalwuH U
obopydoeaHusi Onsi OCHO8HOU u npedriocesHol 0bpabomku ro4ebl 8 ycnosusix Pecnybnuku beHuH ¢
Yy4EmMOoM rpupoOHO-POU3B0OCMBEHHbIX, MEXHOI02UYECKUX U 3KOHOMUYECKUX ¢haKmopoe.

Memodonozaus. Mbl ucnonb3oeanu aHanumuyeckulli 0630p, cpasHUMeNbHbIU aHaau3 UCMOYHUKOS,
munu3ayuto xo3sltcme, uHmeaparsnbHyto 6anbHy OUEeHKY U 3l1eMeHMbl UMUMayUuOHHO20 MOOesIupo8aHUs.
UHopmayuoHHas 6asa — mamepuarbl BcemupHoeo 6aHka, FAO u Hay4Hble nybrukayuu rno MexaHusayuu
beHuHa. Ommemum oOzpaHu4eHUe: IMMUPUHYECKUX OaHHbIX O 3a2py3Ke mMexHUKU 8 pa3HbIX 30Hax
HedocmamoyHo, Moamomy 6bi800bI ModersibHble. Mbl ebidenunu cemb napamempos ebibopa MexHUKU:
aspoakosioeudeckas 30Ha, nioujadb xo3slicmea, cocmas Kyfbmyp, murl o4Yebl, YPOBEHb y8axXHEeHUS,
OnumesIbHOCMb agpPOMEXHUYECKO20 OKHa, 6rodxem u ¢popma docmyna. NepeyeHb He ucyeprbigaowul, HO
docmamoyeH O NepsuyHO20 8bi60pa Knacca mawuH. Ha ocHosge nnowadu, Kynbmyp u ¢popmbl docmyna
xossiticmea pasdesieHbl Ha mpu muna: masnble cemelHble (0o 3 2a), cpedHue cmewaHHble (3-15 2a) u
KoornepamueHo-cepaucHble. [ns kax0020 eapuaHma MeExXHUKU Mbl 8bIMUCTUIU UHMezparbHbil 6ann kak
838EUEHHYI0 CyMMy 6asio8 coomeemecmeusi o cemMu ¢hakmopam. Beca HazHaqyeHbl 3KCNepmHbIM nymeém:
Haubonbwue (no 0,20) — y cmpykmypbl Kyfibmyp U agpomexHU4ecko20 OKHa. Beca He sepuchuyuposaHsbl
cmamucmu4ecku — 3mo ogpaHu4YeHue noodxoda. PayuoHasnbHbIM rpu3Haémcs eapuaHm ¢ MakcuMarbHbIM
UHmMezparsbHbIM 6annom.

Pesynbmamsbi. Mbl onucanu anzopumM U3 M[SMU Waeo8: cHayana [rofb3osamesib 8800UmM CeMb
rnapamempos, 3ameM cucmema OmHOCUm X035Ucmeo K 0OHOMY U3 mpéx muros, nodbupaem 803MOXHbIE
gapuaHmbl MexXHUKU, cyumaem Os151 Kaxx0020 UHmeaparbHy0 OUeHKY U 8blbupaem fyqwull (ecriu oyeHKU
6nusku — cMompum Ha cmoumMocmb 0bpabomku eekmapa). Ha ocHoge amozo Mkl danu pekomeHdauyuu o
30Ham. Ha roee, ede nons maneHbKuUe U 8riaxkHo, modoltdym MomobIoKU Uniu MaroMOuwHbIe mpakmopbi (45-
50 n.c.) ¢ néekumu opydusmu. B uyeHmpe, ¢ nonamu nobosibwe U pasHbIMU Kynbmypamu, Iy4quie
ucronb3oeame yHU8epcaslbHblie Mmpakmopbl cpedHel MowHocmu (45-65 n.c.) ¢ nnyzom, 60poHoOU u
Kynbemugamopom. Ha ceeepe, e0e CpoKu XEcmKue U enasHble Kyrnbmypbl — X/I0MOK C KyKypy30U, HY>Hbl
mpakmopbl MouwjHee (80-110 n1.c.), HO MONbKO ecnu ux yGaémcsi UHMEHCUBHO 3azpy»amb — Harnpumep, 8
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Koornepamuee unu cepsucHol crnyxbe. Hawy moderns nezko rnepeHecmu 8 Excel, mak ymo ¢bepmep unu
3KOHOMUCM MOem ro/1b308ambcsi et 6e3 crieyuarnbHbIX MpogpamMm.

3aknroyeHue. beHUH pa3HOpPOOeH MO azpO3KONI02UHYECKUM YyCro8UsM, noamomy eduHasi cxema nodbopa
mexHUKU HeaghpekmusHa. Bbibop mexHuUku 6 Haubonblwel cmerneHuU 3asucum om azgpo3aKoo2u4eckol
30HbI, rowadu xossalicmea, CMpyKmMypbl Kynbmyp, murna fo4yebl, a2pomexHU4ecKkoeo OKHa, 6rdxema u
gopmbl docmyna K mexHuke. [MocrnedHul ¢hakmop 4acmo UgHOpUpyemcs, Xomsi UMEHHO OH onpedesisiem
pearbHyo 3a2py3Ky MawuH. [1pedrnoxeHHbIl anzopumm OCHO8aH Ha UHMmMe2paibHOU MHO20KpUmepuaibHOU
oueHke. [lpuHambie eecosbie Ko3huyueHmbl (0COBEHHO 8bicoKue Orid CMPYKmypbl Kyabmyp U
as2pomexHU4eCcKo20 OKHa) He eOUHCIMBEHHO BO3MOXHbIE — UX YMOYHeHue ocmaémcs 3adayveli OanbHelwux
uccriedosaHul. Arrzopumm mexHu4Yecku peanusyem 8 Excel unu e eude npocmozo yugposozo cepsuca, HO
€20 npakmu4yeckasl UeHHOCMb 3a8UucUIm om Kadecmea 8x00HbIx 0aHHbIX. Ymo kacaemcs murnos xo3sticme:
0ns manbix (00 3 2a) pauyuoHasnbHbl CEpP8UCHbIE ycryau unu mMomobnoku; Ons cpedHux (3-15 ea) —
yHugepcarsibHbIU mpakmopHbIli  KOMIMIeKM; 0r1 KOOrnepamugHO-CEPBUCHbLIX  CMpykmyp  —
npousgodumeribHas mexHuka (80-110 n.c.), HO MonbKo rpu pearnbHol Hapabomke He MeHee HEeCKOIbKUX
comeH mMomoyacos 8 200. [lpednoxeHHbili noGxod Moxem UCroib308ambCcsi 8 Hay4HOM 060CHO8aHUU
MaWUuHHO-MPaKmMopHO20 rnapka.

Knrodesble cnoea: Pecnybnuka bBbeHUH, MexaHu3ayusi CefbCKo20 Xo3slicmea, MallUuHHO-
mpakmopHbIl napk, obpabomka mo4ebl, Mo0b6op MexHUKU, anzopumm ebibopa, yugposoli cepsuc,
a2po3KoI02u4eCcKUe 30Hb!

Ana yumupoeaHusi: Adxe Ozbea LumsH Kpucmanb, [Mapnok E.[1. Anzopumm nodbopa
payuoHanbHo20 Komrsiekca mawuH U obopydosaHusi Orsi OCHOBHOU U rpednocesHol obpabomkKu rno4yens! 8
ycrosusix Pecnybnuku beHuH // BecmHuk Psi3aHckoe20 20cy0apCcmeeHHO020 azpomexHOI02Uu4eCcKo20
yHusepcumema umeHu [1. A. Kocmebiwesa. 2026, T.18, Ne 2, C. 67-73-78 https://doi.org/.
10.36508/RSATU.2026.64.91.009
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AHHOmauus. lpobnema u yenb. Knaccudeckue memodbl onmumMu3ayuu MallUuHHO-MPaKMoOPHO20 fnapkKa
(nuHeliHoe rpozpammuposaHue, UMUumayuoHHoOe ModesnuposaHue, 3KCrnepmHble cucmemsl) pa3pabomaHsl
peumMyu,ecmeeHHo O5is KPYrHbIX Crieyuanu3duposaHHbIx xo3sticme ¢ 60bwumMu 00HOPOOHbLIMU M0ISMU,
cmaburnbHbIMU a2pocpoKkaMu U MOHOKynibmypol. B 3anadHol Adgppuxke, 8 vacmHocmu 6 beHuHe,
peanbHOCMb UHas: Mesikue ¢hepmepsl (¢ ydacmkamu 0o 2 2a) cmarnkuearomcsi ¢ chpaesmeHmayuel roned
(momepu spemeHu Ha nepemeweHusi docmuzarom 30 %), 8bICOKOU Mex200080U UIMEHHUBOCMbIO Hadana
ce3oHa doxdel, nmosukynbmypol (4-6 Kynbmyp Ha OOHOM riosnie), omcymcmeuem HadéxHbIX OaHHbIX O
rpou3800UMENIbHOCMU MEXHUKU 8 MEeCMHbIX YC/108UsIX U pa3HoobpasHbiMu ¢hopmamu docmyra (apeHda,
Koonepamusebl, agpo-apeHda). [lpsmoe npumeHeHue UMMIOPMUPOBaHHbIX Modenel npueodum K
OWUBOYHbLIM peKoMeHOayusM U He 3ghheKmueHbIM UHeecmMuUyusM. Mcxods u3 3moeo, Mbl nocmasusiu uesb:
rposecmu cucmemamuyeckull 0630p OCHOBHbIX Memo008 OnNMmMuMU3ayuUU fapka CeslbCKOX035UCmeeHHOU
MEXHUKU, 8bi8UMb UX KIltoYesble OOMyWweHUs, OUeHUmMb MPUMEHUMOCMb U O2PaHUYeHUs 8 KOHMmeKcme
Mernkux ¢hepmepckux xosslcme 3anadHol Agpuku (Ha npumepe beHuHa), a makxe onpedenums
Memodoroaudeckue nodxo0bl, Komopble 8bl2riadssm Haubornee npuMeHUMbIMU (agpo-apeHda, nosamarHas
MexaHu3auusi, yughpossie cepguckl) 05 paspabomku adekeamHo20 UHCMpyMeHma nod0epxKu peLueHud.
Memodonozaus. Mol nposenu cucmemamudeckuli 0630p rnumepamypbl, UCMOAb3Yys pocculicKue
pykosodcmea o azpomexHuke, MexdyHapoOHbie nybrukayuu, omyémsl ®AO u pabombi Mo mMooesnsam
aepo-apeHObl. Memod cpasHUMENIbHO20 aHanusa 3aksdascs 8 crnedyrouwem: Ons Kaxool Mooesnu Mbl
eblfenunu eé donyweHusi (NMUHeUHOCMb, MUHUMAaSIbHbIU pasMep y4Yacmka, cmauuoHapHOCMb KiumMama,
MOHOKYNbmypa) U coriocmasusniu ux C peasbHbIMU ycriogusiMu beHuHa, onucaHHbIMU 8 fumepamype u
rnoomeepx0EHHbLIMU ronesbiMu HabnodeHUsSMU asmopa.
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Pesynbmamsbl. TpaduyuoHHbie MemoObl, makue KaK JluHelHOoe [pospamMMmuposaHue, UMUmayUuoHHOe
molOenuposaHue U aKcriepmHbie cucmemsbl, obnadarom ozgpaHudeHuUsaMU. JluHelHoe npozpaMmMuposaHue He
yqumbigaem HesuHelUHble 3eKkmbl, Harpumep, HerpornopyuoHasnibHblli  pocm npocmoes rpu
pazcmeHmayuu noned. UmumayuoHHoe modernupogaHue mpebyem ONUHHbBIX KAuMamu4eckux psidos,
Komopbix 8 beHuHe HedocmamoyHO, a aKcrepmHble cucmembl mpyOHO obobwamb Ha Opyaue Pe2uoHbI.
lNapamempbi, ucronb3yeMbie 8 amux Mooensx, — agpghekmusHasi npouseooumesibHocmb, 06béM pabom u
agpomexHuyeckul rnepuod. OdHako 8 beHuHe cmaHdapmHble KO3hUUUEHMbI, KaK rnoKasas aHanus, He
pabomarom. [Npenamcmeus O0nsi NPSMO20 NPUMEHEHUS Mbl 8uOUM 8 criedyowem: ppazmeHmauus rnoseu
(momepu epemeHu Ha repemeujeHue 0o 30 %), 8bicokasi uaMeH4Yu8oCMb Hayana 0oxoel (cmaHOapmHoe
omkroHeHue 0o 15 O0Hed), nonukynbmypa (4-6 Kynbmyp Ha y4acmke), omcymcmeue MeCMHbIX
rornpasoy4HbIX KoaghguyueHmos 078 MpoussooumesbHOCMU, a makxe pa3Hoobpasue c¢opm dAocmyna
(apeHda, koonepamusbl, azpo-apeHda), He yknadbigaroueecss 8 modenu uUHOUBUDyarbHOU MOKYIKU.
Haubonee npumeHumbie 0 Agppuku nodxo0bl, No HaweMy MHEHUI0, 8KITYarom Mooesnu «agpo-apeHOobl»
(Houmy et al., 2021), komopbie onmumu3upyrom He omdesibHoe XO0358Ucmeo, a Cep8UCHBLIU UeHmp,
obcrnyxusarowul COMHU MeNKUx epmepos; rnosmarnHyto mexaHusauyuto (Daum, 2022) — om py4Hbix
UHCMpymeHmog 00 MsKEénbix mpakmopos, 20e nponyck yposHel gedém K nposany; uugposbie 080UHUKU
u nnamepopmbl (TROTRO Tractor) dnsi conocmasneHusi cripoca U rpednoxeHus; y4ém wmpaghos 3a
MPOCPOYKY (Momepu ypoxasi), 0cobeHHO Orisi XJlonKa;, a makxe aHasau3 20mo8HOCMU rnaamums 3a ycryau
(Adugna et al., 2023), nokasbigarowud, 4ymo 90 % chepmepos e Schuonuu 2omosbl nnamume 3a apeHoy
mpakmopa.
3aknmroveHue. TpaduyuoHHble MOOesnu onmumMmu3auyuu meopemuyecku 0b0cHo8aHbl, HO ux b6a3oeblie
donywieHusi, Kak Mbi ybedunucb, He coomeemcmeyom ycrosusam beHuHa. [lpsmoe npumeHeHue,
8EpOSIMHO, npueesio bbl K OWUBOYHbIM UHBECMUUUAM; bpacmeHmauis rnosnel, no Hawum OaHHbIM, —
Hauboree Kpumu4Hbil hakmop. Heobxodum 8800 KOppeKMUPYWUX KOIhpuyueHmMos (momepu 8pemMeHu
0o 30 % O0na cesepa); molenu aepo-apeHObl (Houmy et al, 2021) mbl paccmampueaem Kak
memodorsnoaudeckuli npopbie 051 xo3satcme 00 3 ea: OHU 1038071510m 06bEOUHAMb KPYMHbIE UHBECMULUU.
Bobicokuti cnpoc (90 % e Ocpuonuu, no Adugna et al., 2023) KoceeHHO yka3bieaem Ha akmyasibHOCMb
makoao nodxoda; noamariHbilt nodxod (Daum, 2022) npednazaem cmpameau4ecKyro pamKy, no3807ISHWYH0
usbexamb HEKOHMPOJIUPYEMbIX MEeXHOI02UYeCcKUX ckadykos. Mbi npednazaem 2ubpudHyto moldesb Onsi
beHuHa: munonoeuro xo3sucme (Maribie/cpedHUe/KpyrnHblie 0 30HaM), fpuopumem aegpo-apeHObl O0ris
mMaribix, JIUHeUHoe [po2paMMupo8aHUe C KOPPEeKmMUPYWUMU KoaghuyueHmamu Onsi cpedHuUxX, y4ém
wmpaghos 3a MpocpoyKy 0715 xmorka. Ama Mooesib Hyx0aemcs 8 3MIUpPUYECKOU rposepke.

Knroyesble crnoea: onmumusauyusi, MapK Ce/IbCKOXO3[UCMEEHHOU MEXHUKU, mpakmop,
modesnuposaHue, rpospaMmuposaHue, rMpPoKam cefibCKOX035UCme8eHHOU mexHUKU, beHuH, A¢gppuka

Ansa yumupoeaHus: Adxe Bzbea LLlumaH Kpucmans, lNaprok E.[1. Memodsi onmumu3sayuu napka
CerIbCKOX03AUCMBEeHHOU MeXHUKU — MPUMEHUMOCMb K MesikuM ¢pepmepam 3anadHol Agpuku // BecmHuk
PsizaHCK020 20cydapcmeeHHO20 a2pomexHOI02u4ecko20 yHueepcumema umeHu 1. A. Kocmeidesa. 2026,
T.18, Ne -2, C.79-86 https.//doi.org/. 10.36508/RSATU.2026.62.49.010
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AGRICULTURAL MACHINERY FLEET OPTIMIZATION METHODS -
APPLICABILITY TO SMALLHOLDER FARMERS IN WEST AFRICA
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Abstract. Problem and purpose. Classic methods for optimizing machinery and tractor fleets (linear
programming, simulation modeling, expert systems) are developed primarily for large, specialized farms with
large, uniform fields, stable growing seasons, and monocultures. In West Africa, particularly Benin, the reality
is different: small farmers (with plots up to 2 hectares) face field fragmentation (time lost due to travel
reaches 30%), high interannual variability in the onset of the rainy season, polyculture (4-6 crops per field), a
lack of reliable data on machinery performance under local conditions, and diverse forms of access (rental,
cooperatives, agro-leasing). Direct application of imported models leads to erroneous recommendations and
ineffective investments. Based on this, we set the following objectives: to conduct a systematic review of the
main methods for optimizing the agricultural machinery fleet, identify their key assumptions, assess their
applicability and limitations in the context of smallholder farms in West Africa (using Benin as an example),
and identify methodological approaches that appear most applicable (agro-leasing, step-by-step
mechanization, digital services) in order to develop an adequate decision support tool.
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Methodology. We conducted a systematic literature review using Russian agricultural manuals, international
publications, FAO reports, and studies on agro-tenant farming models. We used the following comparative
analysis method: for each model, we identified its assumptions (linearity, minimum plot size, climate
stationarity, monoculture) and compared them with the actual conditions in Benin described in the literature
and confirmed by the author's field observations.
Results. Traditional methods such as linear programming, simulation modeling, and expert systems have
limitations. Linear programming does not account for nonlinear effects, such as the disproportionate increase
in downtime due to field fragmentation. Simulation modeling requires long climate data sets, which are
insufficient in Benin, and expert systems are difficult to generalize to other regions. The parameters used in
these models include effective productivity, workload, and agronomic period. However, analysis has shown
that standard coefficients are ineffective in Benin. We see the following barriers to direct application: field
fragmentation (loss of travel time up to 30 %), high variability in the onset of rains (standard deviation up to
15 days), polyculture (4-6 crops per plot), the lack of local productivity adjustment factors, and the diversity of
access forms (rental, cooperatives, agro-rental), which does not fit into individual purchase models. The
approaches we believe are most applicable to Africa include “agri-rental” models (Houmy et al., 2021), which
optimize not a single farm but a service center serving hundreds of smallholder farmers; incremental
mechanization (Daum, 2022)—from hand tools to heavy tractors, where skipping levels leads to failure; digital
twins and platforms (TROTRO Tractor) for matching supply and demand; accounting for penalties for late
delivery (crop losses), especially for cotton; and willingness-to-pay analysis (Adugna et al., 2023), which
shows that 90% of farmers in Ethiopia are willing to pay for tractor rental.
Conclusion. Traditional optimization models are theoretically sound, but we have found that their underlying
assumptions are inappropriate for Benin's conditions. Direct application would likely lead to erroneous
investments; field fragmentation, according to our data, is the most critical factor. Correction factors are
necessary (time losses of up to 30 % in the north); we view agro-rental models (Houmy et al., 2021) as a
methodological breakthrough for farms up to 3 hectares: they allow for the consolidation of large
investments. High demand (90 % in Ethiopia, according to Adugna et al., 2023) indirectly indicates the
relevance of this approach; a phased approach (Daum, 2022) offers a strategic framework to avoid
uncontrolled technological leaps. We propose a hybrid model for Benin: a farm typology (small/medium/large
by zone), priority agricultural leases for small farms, linear programming with adjustment factors for medium-
sized farms, and the inclusion of late payment penalties for cotton. This model requires empirical testing.

Key words: optimization, agricultural machinery fleet, tractor, modeling, programming, agricultural
machinery rental, Benin, Africam.

For citation: Adje Egbea Shimen Kristel, Parlyuk E.P. Agricultural machinery fleet optimization
methods — applicability to smallholder farmers in West Africa // Ryazan Agrotech University Bulletin. 2026,
Vol. 18, No. 2, P. 79-86 https.//doi.org/ 10.36508/RSATU.2026.62.49.010
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BJIIMAHUE HEPABHOMEPHOCTU 3AIrPY3KN POTOPA U3MENBYUTENA
HA NMPOU3BOAUTENIbHOCTb MALUIMHHO-TPAKTOPHOI'O ArPErATA NMPU YTUITU3ALIMU COJIOMbI

Unbs IOpbeeuy Boz2dan4yukoe’™, AHHa BnadumupoeHa FOOuHa? Muxaun AHamosiseeuyd EceHuH?

" @FAQOY BO HauuoHanbHbil uccniedosamernbCKuli yHusepcumem «Bbicwasi wkona 9KOHOMUKUY,
2. Mockea, Poccusi

2 @Oy BO PssaHckuli  20cy@apCmeeHHbIli  agpOmexHoI02udeckull  yHueepcumem  UMEHU

[1.A. Kocmebiyesa, 2. Ps3aHb, Poccusi

% ihogdanchikov@hse.ru

AHHOomauus. lpo6nema u yenb. Cywecmsyrouue mexHoao2uu ymunu3ayuu He3epHo8oU Yacmu ypoxasi
(HYY) cmankuearomcs ¢ npobremol HepagsHOMepHOU rnodayu pacmumeribHOU MaccChl 8 U3sMesnbyarouul
annapam, 4mo oOepaHu4yueaem WUPUHy pa3bpacbieaHusi U rnpoudsodumernibHoCmb agpezama. Llenb
pabombl — oueHumb 3heKmueHOCMb  1accueHO20 paspasHusaru,eeo ycmpolcmea 4Yepes
KOTUYECMBEHHYI0 C853b KO3ghchuyueHma HepasHOMEPHOCMU 3agpy3Ku pomopa u3mesnbyumerns (KH) ¢
UHMezparsbHbIMU rokazamernsmu rnpouzeodumernsHocmu MTA.

Memodonozus. ViccnedosaHusi nposederbl 8 2024-2025 22. Ha 6ase YHUL| «AepomexHonapk» ®IBEOY
BO PrATY. Ucnonb3osaH aspezam MT3-82 c¢ usmenbyumenem Kverneland FX 230. PaspabomaHa
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Mamemamudeckasi Modesib, ycmaHaenuearuwjas enusHue KH Ha pabodyro wupuHy 3axeama, CKOpOCMb
OBUXEHUSI U KO3(huyueHm Ucrofb308aHuUsi 8PeMEHU CMEeHbl. JKcriepuMeHmarbHas eepugukayus
eKoyana nomkosbiti oméop rnpob, [TTOHACC-moHumopuHa u cmamucmuydeckut aHanu3s (Python 3.9).
Pe3ynbmamebl. be3 so30elicmeusi pa3pasHugarou,e2o ycmpolcmea (paspasHueamersnb) KH cocmasnsem
1,8- 2,2, ymo coomeemcmeyem kKoHuyeHmpauuu 60-65 % maccel 6 ueHmparsnbHoU 30He pomopa
usmenbyumess. [lpumeHeHue naccueHo20 pa3pasHueamesisi (yeon 120°) cHusuno KH do 0,5-0,8 u
ysenu4yuiio WupuHy pasbpacbigaHusi Ha 15-20 % (0o 2,4 m). OkcriepumeHmarnbHO Modmeepx0EéH pocm
rpousgodumersnibHocmu MTA Ha 8-18 % e 3asucumocmu om CKOPOCMHO20 pPexuma; UHmezpasbHas oyeHka
rno paspabomaHHOU MoOenu rokasbieaem romeHyuanbHbil agpghekm 00 41 % 3a c4ém KOMI/IeKCHO20
enusHuUs KH Ha pabo4yto WUPUHY, CKOPOCMb U KO3¢hhuyUeHm UCMOob308aHUsI BDEMEHU CMEHbI.
3aknroyeHue. lNaccusHoe 8bipagHUBaHUEe 8asika IQhheKmueHoO ycmpaHsem ducbanaHc 3a2py3Ku pomopa u
rosbiwaem npou3eodumenbHOCMb 6e3 3Ha4YumerbHbIX KarnumarnbHbiX 3ampam. s docmuxeHuUst WUpUHbI
pasbpaceieaHusi 6-7 M mpebyemcsi paspabomka akmueHol cucmembl ¢ adanmueHol peayruposkol
napamempo8 Ha OcHoge obpamHol ces3u no KH, memodudeckyro 6a3y Onss komopol opmupyrom
pe3ynbmambi daHHO20 uccriedoeaHusl.

Knrodesble cnioea: ymunusauyusi COMOMbI, He3epHO8asi 4Yacmb ypoxas, 3aspy3ka pomopa,
rnaccuesHbIl pa3pasHuU8amersib, NPou3gooUMeiIbHOCMb, KOIhPuUUUEHM HepagHOMepPHOCMU
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INFLUENCE OF ROTOR LOAD NON-UNIFORMITY OF THE CHOPPER
ON THE PRODUCTIVITY OF A MACHINE-TRACTOR UNIT DURING STRAW UTILIZATION

llya Yu. Bogdanchikov'™, Anna V. Yudina? Mikhail A. Yesenin?

" National Research University Higher School of Economics, Moscow, Russia
2 Ryazan State Agrotechnological University named after P.A. Kostychev, Ryazan, Russia
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Abstract. Problem and purpose. Existing technologies for utilizing the non-grain portion of the crop (NGC)
face the problem of non-uniform feeding of plant mass into the chopping apparatus, which limits the
spreading width and productivity of the unit. The aim of this study was to evaluate the effectiveness of a
passive leveling device through the quantitative relationship between the rotor load non-uniformity coefficient
(KH) of the chopper and the integral performance indicators of the machine-tractor unit (MTU).
Methodology. The research was conducted in 2024-2025 at the Research and Education Center
"Agrotechnopark” of Ryazan State Agrotechnological University. An MTZ-82 tractor equipped with a
Kverneland FX 230 chopper was used. A mathematical model was developed to establish the influence of
KH on the operating working width, travel speed, and shift time utilization factor. Experimental verification
included tray sampling, GLONASS monitoring, and statistical analysis (Python 3.9).
Results. Without the leveling device, the rotor loads non-uniformity coefficient (KH) ranged from 1.8 to 2.2,
corresponding to a concentration of 60-65% of the plant mass in the central zone of the chopper rotor. The
application of a passive leveling device (120° angle) reduced KH to 0.5-0.8 and increased the spreading
width by 15-20% (up to 2.4 m). Experimental data confirmed an 8-18% increase in MTU productivity
depending on the travel speed mode; the integrated assessment based on the developed mathematical
model indicates a potential effect of up to 41% due to the complex influence of KH on the operating working
width, travel speed, and shift time utilization factor.
Conclusion. Passive swath leveling effectively eliminates rotor load imbalance and increases productivity
without significant capital investment. To achieve a target spreading width of 6-7 m, the development of an
active system with adaptive parameter control based on KH feedback is required; the methodological
foundation for such a system is provided by the results of this study

Key words: straw utilization, non-grain part of the crop, rotor loading, passive leveling device,
productivity, machine-tractor unit, non-uniformity coefficient
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the chopper on the productivity of a machine-tractor unit during straw utilization // Ryazan Agrotech
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SKCNEPUMEHTAJIbHOE UCCNEAOBAHWE BUBPOAUATHOCTUKU NOALLMUINHUKOB
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AHHOmauus. [lpobnema u uyenb. B ycrnosusix coepeMeHHOU MpPOMbIWIEHHOCMU, 20e HadexXHOCMmb
0bopydosaHus MpsIMO ernusiem Ha 3¢hgheKmueHOCMb, MOOWUNHUKU KaqYeHUsi S6rsiomcs OOHUM U3 caMbiX
ya38UMbIX y3/108 MawuH. TpaduyuoHHble Memodbl QuazHOCMUKU Yacmo Oatom 3arno3darbie cueHarbl, He
10360515151 NPo2Ho3uposams Oezpadauyuro rnodwurnHUKa U 3apaHee rnpouszeecmu e20 3ameHy. Llenbro
Hacmosweao uccriedosaHusi S6MsA/10ChL NpoesedeHUe aHanu3da Kadecmea eubpalyUuoHHbIX Cu2Haros,
ucrnonb3yembix Ord co3daHus criekmpozpamMm rnodWUNMHUKO8 Ha 0OCHoge bbicmpol mpaHcgopmayuu Dypbe.
Memodonoaus. 3kcriepumeHm rpoeodursicsi Ha cmeHoe ¢ padualibHbIM nodwunHukom muna 210 (6210),
ucrosb3yeMbIM 8 MPaHCMUCCUOHHBIX y3rax CerfibCKOX03dUCmeeHHOU mexHUKU. BubpayuoHHbie OaHHbie
peaucmpuposasniucb rnpu nocmosiHHol paduanbHol Hazgpy3ke 6 kH u ckopocmu epauwjeHusi 2000 06/MUH.
Ans  oueHku enusHUss crocoba  ycmaHOBKU — u3MepumesibHo2o 0bopydosaHuUsi  aKcesiepoMmemp
ycmaxaesnuearscsi Ha Kopriyc nodwurnHuka. Cbipble cueHarnbl nodgepeanuck ¢unbmpayuu (10-5000 I'y),
HOopManu3ayuu u ceeameHmauyuu ¢ nocrnedyrowum rnpeobpasosaHuem Dypbe Onisi NonyHeHUs 08YXMEPHbIX
criekmpoepamm pasmepom 512x512 nukcenel. [nsa kaxdoeo criocoba ycmaHO8KU akceriepomempa b6binu
ucrnonb308aHbl 10 25 3amepos 8UbPaUUOHHbIX OaHHbIX, aHa/u3upoBasiiCb U3MEHEHUs 8ubpayuoHHbIX
rnapamempos 8 3agucuMocmu om mMemoda ycmaHO8KU aKcesiepomempa.

Pe3ynbmamsbl. B pesynbmame uccrnedogaHusi bbli0 yCcmaHO8/1EHO, YMO Memod aHasnu3a Cu2Hasios
OKasbigaem  3HaqyumesibHoe B/USIHUe Ha  peaucmpupyembie  akcesnepoMempoMm  8ubpayUuoHHbIe
xapakmepucmuku nodwurnHuka kadeHus. [NpumeHeHue memodos eubpoduasHOCMUKU, OCHOBAHHbLIX Ha
criekmparnbHOM aHarnu3e CcueaHaros, r0380sidem 6bisensims 3apoxdarowuecss 0eghekmbl MOOWUNHUKOS
Ka4eHusi Ha paHHUX cmadusix, ko20a eu3yarsibHbIl USlU Op2aHOoIenmu4YecKkuli KOHMpPOsb ewe He CrocobeH
0BHapyxumb Kakue-mubo OMKIOHEHUS.

3aknroyeHue. B pesynsmame uccrnedosaHusi ObI7I0 yCMaHOB/IEHO, YMO CBepMmMOoYHas HeUPOHHas cemkb
(CNN) OdemoHcmpupyem Haurnydwue pe3ynsmamsbl Mo mempukam Precision u Recall, agpgpekmusHo
ebisiensis cmaduu Uu3Hoca nodwurnHukos. [anbHeliwue uccriefogaHusi moa2ym 6bimb HaripaernieHbl Ha
yeenudyeHue obbéma obyyarouwux daHHbIX, 0bpabomkKy wymos, ucrionb3ogaHue 2ubpudHbix modenel CNN-
LSTM u adanmauyuto modenel K pasfnuyHbIM pOMbILIEHHbIM YCI08USIM.

Knroyesbie croga: modwunHUKU KadyeHus, eubpalyuoHHbIU cuzHar, crekmpozpamma, bbicmpas
mpaHcopmayusa @Pypbe, mMemodbl nocadku MNOOWUMHUKOS, KpersieHue noowuUnHuUKo8, 0OCcmamoYHbIl
Momopecypc
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OkecnepumeHmarnebHoe uccrnedosaHue ubpoduacHOCMUKU MOOWUNHUKO8 Ha OCHOBE CrieKkmpozpamm
b6bicmpol mpaHcgopmayuu Pypbe // BecmHuk PsidaHcKko20 20cydapCmeeHH020 a2pomexHO102U4eCcKo20
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EXPERIMENTAL STUDY OF VIBRATION DIAGNOSTICS OF BEARINGS
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Abstract. Problem and purpose. In modern industrial environments, where equipment reliability directly
impacts efficiency, rolling bearings are among the most vulnerable machine components. Traditional
diagnostic methods often provide delayed signals, preventing bearing degradation prediction and early
replacement. The objective of this study was to analyze the quality of vibration signals used to generate
bearing spectrograms based on a fast Fourier transform.
Methodology. The experiment was conducted on a rig with a type 210 (6210) radial bearing, used in
agricultural machinery transmission units. Vibration data was recorded under a constant radial load of 6 kN
and a rotational speed of 2000 rom. To assess the impact of the measuring equipment installation method,
an accelerometer was mounted on the bearing housing. The raw signals were filtered (10-5000 Hz),
normalized and segmented, followed by a Fourier transform to produce two-dimensional spectrograms
measuring 512 x 512 pixels. For each accelerometer mounting method, 25 vibration data measurements
were used, and changes in vibration parameters were analyzed depending on the accelerometer mounting
method.
Results. The study found that the signal analysis method has a significant impact on the vibration
characteristics of rolling bearings recorded by the accelerometer. The use of vibration diagnostics methods
based on spectral signal analysis enables the early detection of incipient rolling bearing defects, before
visual or sensory inspection can detect any abnormalities.
Conclusion. The study found that a convolutional neural network (CNN) demonstrates the best results for
the Precision and Recall metrics, effectively identifying bearing wear stages. Further research could focus on
increasing the volume of training data, noise processing, using hybrid CNN-LSTM models, and adapting the
models to various industrial conditions.

Key words: rolling bearings, vibration signal, spectrogram, Fast Fourier Transform, bearing
mounting methods, bearing fastening, bearing mounting, remaining useful life
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BNMUAHUE TMMAOPOrEONIOMMYECKUX ®AKTOPOB HA YCTOMYMBOCTb 3EMJIAHOIO NOJNIOTHA
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AHHOmauus. [Ipobnema u uyenb. Cmambs rnocesweHa npobneme obecnedyeHus ycmodd4ueocmu
2pYHMOBbIX CK/TOHO8 8 30HEe HecmabusibHO20 2UOPO2Ee0sI02UHECKO20 pexxuma. [aHHbIU acrnekm ompaxaem
OOHy U3 KroYesblx 3a0ay 2e0mexHU4YecKoz20 MrnaHupogaHusi ebnusu 800HbIx obbekmos. [losbiweHue
yposHsi 800kl (YB) mpaduyuoHHo cdumaemcsi HebnazornpusmHbiM hakmopoM, a 8000IMOHUXeHUe —
MemodOoMm roebiuweHuss ycmotiqueocmu. CoanacHo rnpuHyuny aghgekmusHsix HanpsixeHuld K. Tepuaeu,
CHUXeHue YB Husenupyem e3geuwlugatoujee delicmaue, 8bi3bleasi pocm 3¢hheKmuU8HbIX HarnpsixeHud, 4mo
8 HagpyXXeHHbIX OmKocax CrocobHO yeesuyugampe cdguzarowue ycumnuss U CHUXamb KoaghchuyueHm
ycmou4ueocmu. [lpakmuka, OpueHmMuUposaHHasi Ha CUeHapuu MakcuMasibHOo20 8000HAacChbIWEeHUs], He
y4qumbigaem pUCKU Mpu OCYyWeHUU maccusa, Ymo onpedesissem akmyanbHOCMb Hacmosiwel pabomel rpu
npoekmuposaHuu 6epezos 8000xpaHUIUWL, OMKOCO8 OPOCUMESIbHbLIX KaHano8 rnpu Ce30HHbIX KornebaHusIx
YPOBHs1 800bI, @ makxe ycmpolicmea O0POXHbIX OMKOC08, M008epPXeHHbIX 8000MNOHUXeHUr0. Llenib pabomei
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— aHanus HanpsixeHHo-0egopmupyemoeo cocmosiHus (HAOC) epyHmos nipu noHuxeHuu YB u pa3pabomka
yrpoweHHoU MemoOUKU MPO2HO3HOU OUEHKU UX ycmolyugocmul.

Memodonozus. [ns JOocmuxeHusi nocmaefieHHbIX uyesieli Uucronb3oeanucb credyruue Memoobi:
mamemamudeckoe modenuposaHus HC 0s8yx murog ckiioHa 6 npozpaMMHbIX Komrnekcax PLAXIS u
GEOS5 (modynu FEM, Bishop, Spencer); cmamucmudecKkul aHanu3 HanpskeHul 8 30Hax nomeHyuasnnbHbIX
rnosepxHocmel CKOJIbXEHUS; annpoKcuMauusi pacyemHbix OaHHbIX.

Pe3ynbmambl. YcmaH08/1eHO, Ymo MoHUXeHuUe YB conposgoxdaemcs pocmomM HOpMarsibHbIX HanpskeHul
(6 npedenax 42-94 %) u kacamenbHbIx (8 rnpedenax 24-70 %). [nsi nepe8o2o CK/oHa rpu 8000MOHUXEHUU
KoaghgpuuueHm ycmouyueocmu cHususncss ¢ 1,235 0o 1,195, 0na emopozo — ebisienieHa HernuHelHasi
3asucuMocmb; rpu yMepeHHOM 8000MoHUXeHUU — ¢ 1,45 8o 1,22, npu enybokom — 0o 1,09. PaspabomaHa
MemooduKa OUEHKU ycmoU4ueocmu epyHImo8o20 mMaccuea ¢ 88e0eHUEM 3MMUPUYECKUX KO3ghhuyueHmos
cmpyKkmypHoU 4yscmeumesibHoCmu 2pyHma u riokasamersist HesluHeliHocmu.

3aknroyeHue. [lodOmeepxdeHO 3Ha4yuMoe 8rusiHUe B00OMOHWKEHUSI Ha ycmoU4ueocmb HazpyXeHHbIX
CKroHo8. [pednoxeHHass MemoduKa 03801s5em 8bIMOJIHAMb 3KCMPECC-0UEHKY yCmoliyugocmu CK/I0HO8 Ha
HayaribHbIX 3marnax rnpoekmuposaHusi 0715 8bIsI8NIEHUST MOMEHUUAaIbHO OMacHbIX CyeHapues.

Knrodesble cnoea: ycmolvyueocmb CKIIOHa, KO3ghghuyueHm 3araca, yposeHb 2pyHMmMoebiX 600,
aghhbekmueHble HanpsXKeHUs, mMpaHCropmHasi Hagpy3ka, 8000MOHUXEHUe, 4YUCrieHHoe MOoOesnuposaHue,
Memo0 KOHEYHbIX 3/1eMEHIMO08
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ANALYSIS OF THE INFLUENCE OF A VARIABLE HYDROGEOLOGICAL REGIME
ON THE STABILITY OF LOADED SOIL SLOPES
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'Kuban State Agrarian University, Krasnodar, Russia
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Abstract. Problem and purpose. This article addresses the issue of ensuring the stability of soil slopes in
areas with unstable hydrogeological conditions. This aspect reflects one of the key challenges of
geotechnical planning near water bodies. Rising water level (WL) is traditionally considered to be an
unfavorable factor, while dewatering is a method for increasing stability. According to C. Terzaghi's principle
of effective stresses, a decrease in WL neutralizes the load-bearing effect, causing an increase in effective
stresses, which in loaded slopes can increase shear forces and reduce the stability coefficient. Practice,
focused on maximum water saturation scenarios, does not consider the risks associated with drainage,
making this work relevant for the design of reservoir banks, irrigation canal slopes with seasonal water level
fluctuations, and road slopes subject to dewatering. The objective of this work is to analyze the stress-strain
state (SSS) of soils with a lowering WL and to develop a simplified methodology for predictive assessment of
their stability.
Methodology. To achieve the stated objectives, the following methods were used: mathematical modeling of
the stress-strain state of two slope types using the PLAXIS and GEOS software packages (FEM, Bishop, and
Spencer modules); statistical analysis of stresses in potential slip surface zones; and approximation of
calculated data.
Results. It was found that a decrease in the SV is accompanied by an increase in normal stresses (in the
range of 42-94 %) and shear stresses (in the range of 24-70 %). For the first slope, after dewatering, the
stability coefficient decreased from 1.235 to 1.195, while for the second, a nonlinear relationship was
revealed: with moderate dewatering from 1.45 to 1.22 and with deep dewatering to 1.09. A methodology for
assessing the stability of a soil mass was developed using empirical coefficients of soil structural sensitivity
and a nonlinearity index.
Conclusion. The significant impact of dewatering on the stability of loaded slopes was confirmed. The
proposed methodology enables rapid assessment of slope stability at the initial design stages to identify
potentially hazardous scenarios.

Key words: Slope stability, safety factor, groundwater level, effective stresses, traffic load,
dewatering, numerical modeling, finite element method
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BNMUAHUE NITOTHOCTU N’PYHTA OCHOBAHUS U BbICOTbl OBPATHOW 3AChINKN
HA OCALKY BOOOBOOOB KPYIrnoro CEYEHUA
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AHHOmauus. lpobnema u yenb. Cmamesi nocesweHa npobneme onmumu3dayuu 8000M0b308aHUS U
sodopacripedernieHUss Ha MesuopamueHO-x035lUCmeeHHbIx cucmemax. OpeaHu308aHHOe 8000CHabXeHue
ro3eosnsiem rnosy4yams 2apaHmupoOB8aHHbIU pe3yribmam CeflbCKOX03UcmeeHHOU rnpodyKyuu, a 3mo eornpoc
obecriedeHusi rpodosonibcmeeHHol 6e3onacHocmu. B Poccuu nnowaldb rnomeHyuanbHO Opowaembix
3emenb cocmasnsem 4,7 MIH 2a, U3 Komopbix Mo ¢hakmy ucnons3yemcs 1,2 mnH ea. Bnacmu
KpacHodapckozo kpas nnaHupyrom 0o 2030 2oda esecmu ewe boree 13 mbic. 2a HOBbIX OpowaemMbix
3emernb Ha nnowadu b6onee 192 meic. ea. B 6obWUHCMBE €80EM OPOCUMESIbHbIE CUCMEMbI rlepeceKkaom
MPaHCopmHy0  UHpacmpykmypy  pasfiu4Ho20  3HadeHUus om  ¢hedeparibHO20  yposHs 00
MEXX0358(CM8EHHO20, M03MOMYy ycmpolicmeo 800080008 8 2PyHMOBbIX OCHOBAHUSIX — 3Mo 3¢hghekmusHoe
Meporipuamue [0  yrpaesieHut0  800HbIMU  pecypcamMu U  8000X03[UCMEEHHbIMU  cucmeMamu
MesfiuopamueHo20 Ha3HadeHus Ornsi obecriedeHUs OpocumesibHOU 8000l  CeslbCKOXO03[LUCMBEHHbIe
meppumopuu. Llenbto pabomsl serigemcs aHanu3 3akoHoOMepHocmu ocadku eodogoda 8 3agucumMocmu om
8bICOMbI 2pyHMa 0bpamHoU 3ackIfku C y4emomM pasiuyHoU mpaHCrnopmHOU Hagpy3Ku C Uesbio YMOYHEeHUs
pac4yémHbix npedrnochisiok oueHKU deghopmayuli Mod3eMHbIx 800080008 U MOBbIWEHUSS 06OCHO8aHHOCMU
UH)XEHEPHbIX peweHull 8 Mpakmuke npoeKkmupogaHusi U 3KCcrlyamauyuu coopyxeHuli B0OHO20 xo3slicmea.
Memodonozus. [nisi docmuxeHusi nocmaessneHHbIX uesel 8 cmambe UCMoib308aHb! criedyrowue mMemoobi:
Mamemamu4eckoe modesniupogaHue (paspabomaHa pacyemHass Modesib 8000rpPo8odsILLE20 COOPYKEHUS,
8bIMNO/IHEHO MOOEenuUpO8aHUe U aHasu3 Mamemamu4deckux moodesnel u hbyHKUUU OmKuKa rnepemMewieHust
OCHOoBaHUsi 8000800a C MpUMEHEHUEM [poespamMMHbIX Komrnekcos Midas GTX NX u wxMaxima;
cmamucmu4eckull aHasu3 (Ha OcHoge OaHHbIX O COCMOSIHUU 800080008 U peasibHbIX UHXEHEePHO-
eeornioaudeckux OaHHbIx 8 KpacHodapckoMm kpae rposedeHa OUeHKa Kpumu4yeckux ycroeull ocadku
80008004, NMpuBoAALUX K pa3pyLueHUto coopyXeHul); anrnpokcuMayusi 0aHHbIX (MOCMpoeHb! 3agucumocmu
ocadku eo0og8oda om 8bICOMbI epyHmMa 0bpamHolU 3achIfku, 4mo 10380/uso ornpedenums MOPO208ble
3HayeHus Orsi 30H pucka).
Pe3ynbmamebl. B pe3ynbmame 8bIMOSTHEHHO20 uccredosaHusi ycmaHo8/1eHo, 4Ymo ocadka 800080008
Kpyario20 ronepeyHo20 CceyeHusi rnpu mpaHCrnopmHbIX Hazpy3kax ¢opmupyemcsi nod eosdelicmeuem
COBMECMHO20 HeNUHelHOo20 6MUSIHUSI MI0MHOCMU epyHma OCHO8aHUsi U 8bICOMbI 2pyHma obpamHol
3achbInKuU U KOPPEKMHO onuckieaemcsi nosiuHoMuanbHolU MamemMamu4yeckol Modesibio 8mopoe2o ropsidka ¢
y4émom riepekpécmHozo 83aumodelicmausi chakmopos.
3aknroyeHue. Pe3ynsmamsi uccredogaHuUsi Mo38onusnu ornpedenums OCHO8HbIe ¢haKmopsl, enusowue Ha
ycmoudyusocmb U 6e3ornacHOCmb 3KCrijlyamayuu Cyuecmsyruux 8000rpo8odsuiux CoopyXeHul, U
paspabambigamb aghghekmueHble npoekmHsble peweHus. OnpedeneH ycmouldusbili 3Kkcmpemym ocadKu o
nIomHocmu epyHma OCHOBaHUsl, OfoXeHUe Komopoeo Haxodumcsi e Ouana3oHe p=1,80-1,81 m/m3 u
CoxpaHsiemcs Mpu passiuyYHbIX 3HAYEeHUSIX 8bICOMbI epyHma obpamHOU 3achInKu U YPO8HS mpaHCriopmHouU
Haegpy3ku. W3meHeHue ebicombl 2pyHma obpamHol 3ackinku 6 Ouana3oHe 0,5-1,2 M oka3bieaem
CylIeCmeeHHO MEHblWee B/IUSIHUE Ha 8esudyuHy ocadku 600oeoda 110 CPaBHEHUK C U3MEHEHUEM
MIOMHOCMU 2pyHmMa OCHOBaHUS U He npusodum K ¢hopMUpO8aHUI0 3KCmpemMarsibHbIX COCMOsiHUl ocadku 8
rpedenax uccredyemMbix napamempos.

Knro4yeebie cnoea: e8odopacripedesieHue, 8000800bI Kpya2/i020 CEYeHUs, onmumu3ayusi
8000r10/1b308aHUS, mesnuopamugHbie 8000x0351iCMBEeHHbIe cucmemsil, ocalka 80008004,
Mamemamuydeckol modenuposaHue, dechopmaluu epyHma OCHOBaHUS
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INFLUENCE OF FOUNDATION SOIL DENSITY AND BACKFILL HEIGHT
ON THE SETTLEMENT OF CIRCULAR CONDUITS

Georgy V. Degtyarev'™, Konstantin V. Kvetenadze’, A. Al Hajjal’
'Kuban State Agrarian University, Krasnodar, Russia

5 degtyarev.g.v@mail.ru

Abstract. Problem and purpose. The article addresses the problem of optimizing water use and distribution
in reclamation and water management systems. Organized water supply ensures a guaranteed yield of
agricultural products, which is a matter of food security. In Russia, the area of potentially irrigable land is 4.7
million hectares, of which only 1.2 million hectares are actually used. The authorities of the Krasnodar
Region plan to introduce more than 13 thousand hectares of new irrigated land within an area of over 192
thousand hectares by 2030. For the most part, irrigation systems cross transport infrastructure of various
significance, from the federal level to the inter-farm level. Therefore, the construction of water conduits in soil
foundations is an effective measure for managing water resources and water-economic systems for
reclamation purposes to supply irrigation water to agricultural areas. The aim of this work is to analyze the
patterns of water conduit settlement depending on the height of the backfill soil, considering various transport
loads. The goal is to refine the calculation assumptions for assessing the deformation of underground water
conduits and to increase the validity of engineering solutions in the practice of designing and operating water
management structures.

Methodology. To achieve the stated objectives, the following methods were employed in the study:
mathematical modeling (a computational model of the water-conducting structure was developed, and
modeling and analysis of mathematical models and response functions for the displacement of the water
conduit's foundation were performed using the Midas GTX NX and wxMaxima software packages); statistical
analysis (based on data on the condition of water conduits and real engineering-geological data from the
Krasnodar Region, an assessment was made of the critical settlement conditions of the water conduit that
lead to structural failure); and data approximation (dependencies of water conduit settlement on the height of
the backfill soil were constructed, which made it possible to determine threshold values for risk zones).
Results. As a result of the performed study, it was established that the settlement of circular cross-section
water conduits under transport loads is formed under the combined nonlinear influence of the foundation soil
density and the height of the backfill soil. This relationship is correctly described by a second-order
polynomial mathematical model that accounts for the cross-factor interaction (interaction effects) of these
parameters.

Conclusion. The results of the study made it possible to determine the main factors affecting the stability
and operational safety of existing water-conducting structures and to develop effective design solutions. A
stable extremum of settlement with respect to foundation soil density was identified; its position lies in the
range of p=1.80-1.81 t/m® and remains constant under various backfill soil heights and transport load levels.
Variations in the backfill soil height within the range of 0.5-1.2 m have a substantially smaller effect on the
settlement value of the water conduit compared to changes in foundation soil density and do not lead to the
formation of extreme settlement states within the range of parameters studied.

Key words: Water distribution, circular cross-section water conduits, optimization of water use,
Irrigation and reclamation systems, settlement of the water conduit, mathematical modeling, deformation of
the foundation soil

For citation: Degtyarev G.V., Kvetenadze K.V., Al Hajjal A. Influence of foundation soil density and
backfill height on the settlement of circular conduits // Ryazan Agrotech University Bulletin. 2026, Vol.18, No.
2, P.110-119 https://doi.org/ 10.36508/RSATU.2026.61.65.014
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AHHOmauus. lpobnema u uyens. [loddepxaHue onmumMaribHO20 800HO20 pexuma 8 KopHeobumaemom
CJ10€ 1048b| 518/11eMCSl KIT04YE8bIM YCI108UEM M0BbLILUEHUS YPOXalHOCMU CEITbCKOX03AUCMBEHHbIX KyIbmyp.
Haubonee coomeemcmesyowum pasgumuro pacmeHul, npupodornodobHbIM U  pacrpocmpaHeHHbIM
criocobom opoweHusi sensemcs 0oxdesaHue. OdHako cywecmsyrowue 0oxdesasnbHble ycmpolicmea, 8
yacmHocmu, bapabaHHO-WrnaH208ble ycmaHO8KU C OanbHEeCmpyUHbIMU arnnapamamu, He ecezda
obecriequsarom mpebyemoe Kadecmeo  rfonuea  U3-3a  KOHCMPYKMUBHbIX  OCOBeHHocmel  u
HeoOHopoOHOCMU pernbegha, 4Ymo npueodum K HEPasBHOMEPHOMY YBIIaXXHEHUIO U HernpoOyKMUBHbIM
nomepsm 800bI. Llenb pabombl — paspabomka 0o0x0eeanbHO20 ycmpolcmea, obecrnedusarouezo
yIy4YWweHHble rnokasamersiu Kad4ecmea rosusa.
MemoOdonoeus. B xo0e ocywecmeneHusi 1abopamopHbIX U HamypHbIX ucrbimaHul 6biiu onpedesneHs!
pacxod 800bI 0ox0egasibHOU Hacadku 06bLEMHbLIM crlocobom C ucrosib3osaHueM 3abopHo20 ycmpolcmea,
MepHOo20 baka u cekyHOoMmepa; paduyc rnosiuea Kak paccmosiHue om fpoeKkyuu ocu Hacadku 0o Hauborsee
yOanéHHbIX Karnefib (Mo KpalHUM KarisM), CPeOHsISi UHMeHCUBHOCmb 0O0X0s8 Mo raowadu OpOWEHUS,
pacc4yumaHHoU ro ¢ghopmyie.
Pesynbmamnbl. [IpusedeHbi pe3yibmamhbi 3KCrepuMeHmarsbHbIX UcciiedogaHull mpex eapuaHmos HacaoKku
C yenamu e8epwuHbl KoHyca Odecgpniekmopa 40, 80 u 120°. OnpedeneHbl pPacxoOHO-HAMOPHbIE
xapakmepucmuku, KoaghgpuyueHm pacxoda (cpedHee 3HauveHue 0,842), cpedOHsSsT UHMEHCUBHOCMb O0X0s1
npu pasnuyHelx Quamempax cornna (10, 12, 16 mm) u paboqyem Harnope (0,1-0,4 Mflla). YcmaHoeneHo, ymo
U3MeHeHue Haropa okasbigaem 6osiee Cyuw,ecmeeHHoe erusiHue Ha pacxod Hacadok ¢ 6onbuwum
Ouamempom corina.
3aknodeHue. Ha ocHose aHanu3a UHMeHcusHocmu O0X0s U CornocmassieHuss ee CO CKOPOCMbHO
ernumsigaHusi 800kl 8 rnoysy 0rsi danbHelwux uccrnedosaHuli pekomMeHOo8aHa Hacadka C ya/loM 8epLIUHbI
KoHyca 120° (sapuaHm 3). [NpednoxeHHass KOHCMpPYKUUs no3eosisem peaynupogams rnapamempbl 0ox0s,
obecrnieqyusaem pasHOMEPHOCMb pacripedesieHuUsi 8naau U UCKIYaem JIoKasibHbIl pa3Mbi8 r04Yebl, 4mo
criocobcmeyem payuoHasibHOMY UCT0/16308aHUK 800HbIX PECYpPCo8 U MOBbILEHU [PodyKmMuU8HOCMuU
opowiaeMbIX 3eMeflb.

Knroyeenie cnoega: 0ox0esaHue, kayecmeo rosiuga, dechrieKmopHasi Hacaldka, ompaxkamesibHble
Aucku, pacxod 800bl, UHMeHcusHOCMb 00Xx051, duamemp Karnesb, 8000cbepexeHuUe, OpoweHue

Ana uumupoeaHus: [ybeHok H.H., JleswyHos W.A., Maxadtckut (0.A.,, [lemoHos A.B.
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e2ocydapcmeeHHO20 agpomexHosio2udeckoao yHueepcumema umeHu N.A. Kocmeivega. 2026, T.18, Ne 2, C.
120-127 https://doi.org/. 10.36508/RSATU.2026.25.86.015
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Abstract. Problem and purpose. Maintaining an optimal water regime in the root-inhabited soil layer is a
key condition for increasing crop yields. The most suitable, natural and widespread method of irrigation is
sprinkling. However, existing sprinkling devices, such as drum-hose systems with long-range sprinklers, do
not always provide the required quality of irrigation due to their design features and uneven terrain, resulting
in uneven moisture distribution and unproductive water losses. The purpose of the work is to develop a
sprinkling device that provides improved irrigation quality.
Methodology. During the laboratory and field tests, the water flow rate of the sprinkling nozzle was
determined using a volumetric method with a sampling device, a measuring tank, and a stopwatch; the
irrigation radius was determined as the distance from the projection of the nozzle axis to the farthest drops
(based on the outer drops); and the average rain intensity was calculated using a formula.
Results. The results of experimental studies of three nozzle variants with deflector cone tip angles of 40, 80,
and 120° are presented. The flow-pressure characteristics, flow coefficient (average value 0.842), average
rain intensity at different nozzle diameters (10, 12, 16 mm) and working pressure (0.1-0.4 MPa) were
determined. It was found that the pressure change has a more significant effect on the flow rate of nozzles
with a large nozzle diameter.
Conclusion. Based on the analysis of rain intensity and its comparison with the rate of water absorption into
the soil, a nozzle with a cone tip angle of 120° is recommended for further research (option 3). The proposed
design allows you to adjust the parameters of rain, ensures uniform moisture distribution and eliminates local
soil erosion, which contributes to the rational use of water resources and increased productivity of irrigated
lands.

Key words: sprinkling, irrigation quality, deflector nozzle, reflective discs, water consumption, rain
intensity, droplet diameter, water conservation, irrigation

For citation: Dubenok N.N., Levshunov L A., Mazhaisky Yu.A., Gemonov A.V. Deflector nozzle for
improving the quality of sprinkler irrigation // Ryazan Agrotech University Bulletin. 2026, Vol.18, No. 2, P.
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AHHOmauus. lpobnema u uyenb. CeuHolU Hago3 0aBHO MPU3HaH UEHHbIM pecypcom Ot yOobpeHusi
CeJIbCKOX03[UCMBEHHbIX KyfIbmyp U, Npu fnpasunibHoM obpaujeHuu, Moxem 3¢hghbeKmugHO UCob308ambCs
01 8038palleHUs1 8axHbIX numamesibHbIX gewecmes 8 rnoysy. Konuyecmeo obpa3syoueeocsi C8UHO20
Hago3a pacmem ¢ Kax0ObIM 2000M, ygesniu4ueasi nnouw,adu Hakornumesel u 3emesib, omyyxdoaemMbix Mod HUX.
Bbicokoe codepxaHue 800kl 8 Hagose 3ampyOHsaem e20 obpabomky u mpaHcrnopmupoexky Ha bonbuwiue
paccmosiHus. OdHum u3 Haubonee aghghekmusHbIx criocoboe obpabomKu C8UHO20 Haego3a Serigemcs
peaceHmHas koazynayus, 8 pesynbmame Komopol obpa3syemcsi xudkas ¢hasa, npusodHasi 0risi OPOLEHUS,
u meepObil ocadok, KOmMOpPkIl MOXem UCMOoIb308amMbCsl 8 Kadecmee op2aHOMUHeparnbHo20 yOobpeHus.
Ans onmumusayuu npoyecca peaceHmMHoU Koacynsauyuu 3¢hgheKkmueHO UCNoMb308amb MamemMamu4yeckoe
modenuposaHue. B cmambe paccmompeHo ModesiupogaHue rpouyecca Koacynsyuu Hago3a Ha OCHoge
meopuu 4/1P0.

Memodonozusi. PeazeHmHasi Koaz2ynsiyusi C8UHO20 Haeo3a nposodusiacb C  UCMOMb308aHUEM
nodwenayuearouje2o0 peazeHma (koaaynsHma) Onsi 0osedeHusi pH cmecu 0o 3HaveHul 11-13. [lpu
docmuxeHuu onmumarbHol 003bl KoazgynsHma rnpoucxoduna bbicmpas Koaz2ynsuyusi ¢ UHMEHCUBHbIM
xsonbeobpasogaHueM, ocaxOeHuem u OanbHelwel cmabunusdayuel cycrnieHsuu. [MpumeHeHue meopuu
A/I®0O k npouyeccam Koazynsauuu Haeo3a [10380715iem 0ObSCHUMbL 08e0eHUE C/I0XKHbIX cucmem, 20e
MpuCymcmeyrm op2aHUYecKue U HeopaaHU4YecKue 4Yacmuubl, MUKpObUOMo2u4yeckue KOMIMOHEHMb! U
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npoldykmbl  ux XusHedessimesnbHocmu. CeUHOU Hago3 Xxapakmepusyemcsi 6bICOKOU KoHueHmpauuel
opzaHu4yecKkux eewecme u cosel, 4mo rpueoodum K 6bICOKOMY COOepXaHUK KOJIITOUOHbIX 4Yacmuu,
CKIOHHbIX K Koaeynsauyuu. Teopusa [O/I®O makxe none3Ha Ons MOHUMaHUSi mMoeo, KaK MOXHO
npedomepamumb HeXefamesibHy0 agpeaayuro uniu, Hanpomus, crnocobcmeogams eli 8 HyXHbIl MOMEHM
0ns yny4qweHus rpouyeccos pasdeneHuss meepldbix U XUOKUX a3 8 opeaHudeckux omxodax. [ns ydyema
ocobeHHOcmell HaBO03HbIX cucmeMm Kraccudyeckass meopus LJI®O OdomkHa 6bimb MoOuguyUposaHa.
lNpednazaemcsi egedeHue OOMONHUMEbHO20 Y/leHa, y4Yumblgaroue2o cmepudeckue e3aumodetcmeus. C
UCIonb308aHUEM YUCI/IEHHbIX Memodo8 C npumeHeHuem 6ubnuomeku SciPy Ha s3bike Python 6binu
ocmpoeHbl epaghudecKkue 3asucuMOCmU CKOPOCMU Koaesynsiyuu Om pas/iuYHbIX 3Ha4YeHul 0assieHus,
8/1aXKHOCMU U KOHUEeHmMpauuu KoazyrnsHma.
Pe3ynbmamebl. [ns1 c8UHO20 Hago3a CKOppeKkmuposasnu 3asucumocmb KoHcmaHmbl [amakepa
rnoripaskoli Ha codepxxaHue 8 Hago3e opaaHu4yeckoeo eseujecmea. Onpedenunu 3as8ucumMocmb CKopocmu
Koaeynayuu CeUHO20 Haeo3a oOm €e20 erlaXHocmu, codepxaHusi opa2aHu4yeckKoeo eewecmea U
KOHUeHmpayuu koazynsHma. [lpogsedeHHble pacyembl rokasbigearom, 4mo: OasfieHue oKa3bigaem
YMepEeHHOEe 8/1UsTHUE Ha CKOPOCMb Koa2ynayuu, yeenudusasi ee Ha 23 % npu rosbiweHuu GasneHusi o 500
kla; enaxHocmb 5187151€MCs1 KPUMUYECKUM (haKmopoM, CriocobHbIM U3BMEHUMb CKOPOCMb Koaaynsyuu 6 3
pasa e uccredogaHHOM Ouarna3oHe; KOHUEeHmpauusi Hago3a makxe Cyu,eCmeeHHO efiusiem Ha rMpouecc,
rpu4yemM 3a8UCUMOCMb HOCUM HeJTUHEUHbIU xapakmep.
Bbieo0dbl. [IposedeHHoe uccriedosaHue POUECCO8 Koacynsiuuu 6 HAaBO3HbIX cucmeMax Ha OCHO8e
moodugpuuuposaHHol meopuu [/IOO n036051uUMN0 3HA4YUMENbHO yenybume MOHUMaHUe MexXaHU3MOo8s,
yrpaesnswux nosedeHUeM Yacmuu 8 3muX CJIOXHbIX cpedax. Pe3ynbmambsl onmumusayuu co3darom
ocHosy 0nsi 6ornee 3ghgheKmueHO20 yrpasrieHuUsi C8UHbIM Hag030M 8 CEeJIbCKOM X03slcmee, 4mo umeem
B8aXHOE 3KOJI02UYECKOE U 3IKOHOMUYecKoe 3HadeHue. [lonyyeHbl Hoeble OaHHble O KOHCmaHmax u
napamempax, xapakmepusyrouiux nosedeHuUe Yacmul 8 HagsO3HbIX CYCreH3usix (KoHcmaHma [amakepa,
3/1EKMPOKUHEMUYeCKUe napamempbl, Peosio2U4eckue Xapakmepucmuku).

Knroyeenie cnoea: meopusi AJI®O, ceuHol Hag03, CKOpOCMb Koaz2ynsayuu, onmumusayus,
pa3sdeneHue xudkol u meepdol ¢hpakyuli, peosioaudyecKkue xapakmepucmuku
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OPTIMIZATION OF PIG MANURE COAGULATION USING A MODIFICATION
OF THE THEORY OF AGGLUTINATING RESISTANCE OF LIOPHOBIC DISPERSED SYSTEMS (DLVO)
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" South-Russian State Polytechnic University (NPI) named after M.I. Platov, Novocherkassk, Russia
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Abstract. Problem and purpose. Pig manure has long been recognized as a valuable resource for
fertilizing agricultural crops and, when managed properly, can be effectively used to return essential nutrients
to the soil. The amount of swine manure produced increases annually, increasing the area of storage ponds
and sludge allocated for it. The high water content of manure complicates its processing and long-distance
transportation. One of the most effective methods for treating swine manure is reagent coagulation, which
produces a liquid phase suitable for irrigation and a solid precipitate that can be used as an organic-mineral
fertilizer. Mathematical modeling is effective in optimizing the reagent coagulation process. This article
discusses modeling of the manure coagulation process based on the DLFO theory.

Methodology. Reagent coagulation of swine manure was conducted using an alkalizing agent (coagulant) to
adjust the pH of the mixture to 11-13. Upon reaching the optimal coagulant dose, rapid coagulation occurred,
with intense flocculation, sedimentation, and subsequent stabilization of the suspension. Applying DLVO
theory to manure coagulation processes helps explain the behavior of complex systems containing organic
and inorganic particles, microbiological components, and their byproducts. Swine manure is characterized by
high concentrations of organic matter and salts, resulting in a high content of colloidal particles prone to
coagulation. DLVO theory is also useful for understanding how to prevent unwanted aggregation or,
conversely, promote it at the right time to improve solid-liquid separation processes in organic waste. To
account for the specific characteristics of manure systems, classical DLVO theory must be modified. An
additional term is proposed to account for steric interactions. Using numerical methods and the SciPy library
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in Python, graphical plots of the coagulation rate versus various pressure, humidity, and coagulant
concentration were constructed.
Results. For pig manure, the Hamaker constant was adjusted for its organic matter content. The
dependence of pig manure coagulation rate on its moisture content, organic matter content, and coagulant
concentration was determined. Calculations show that pressure has a moderate effect on coagulation rate,
increasing it by 23% with increasing pressure to 500 kPa; moisture is a critical factor, capable of altering
coagulation rate by a factor of three over the studied range; manure concentration also significantly
influences the process, with the relationship being nonlinear.
Conclusion. A study of coagulation processes in manure systems based on a modified DLVO theory
significantly deepened our understanding of the mechanisms governing particle behavior in these complex
environments. The optimization results provide a foundation for more effective management of swine
manure in agriculture, which has significant environmental and economic implications. New data were
obtained on the constants and parameters characterizing particle behavior in manure suspensions (Hamaker
constant, electrokinetic parameters, and rheological properties).

Key words: DLVO theory, pig manure, coagulation rate, optimization, separation of liquid and solid
fractions, rheological characteristics
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AHHOmauus. [lpo6nema u uenb. [lomepu kKapmoghenss npu XxpaHeHuUU o pPasfuYHbIM OUEHKaMm
cocmaenstom om 15 0o 30 %. Knrovesbim ¢hakmopom, ornpedensiouum XxpaHeHue, sierigemcsi criocobHocmb
8eHMUNAYUOHHOU cucmemMbl obecreqyugsams pasHOMepHoe pacrpedesieHue 8030y WIHbIX MOMOKO8 M0 8ceMy
06BéMmy Hacbinu. Memodbi npoekmuposaHusi cucmemMm 8eHMUIAUUU OCHOBbIBAKMCS MPEeUMYyU,ECMBEHHO Ha
YCPEOHEHHbIX pacyémax, Komopble MPUHUUNUAanbHO He [0380/ISI0m y4ecmb HEeOOHOPOOHOCb HachImu.
HuxHue cnou Hacbinu ynnomdstomcesi no0 0asfeHUeM ebiuenexawux KiybHed, 4mo ysesnu4yugaem
audpasrnuyeckoe cornpomussieHue U ogpaHu4yueaem obbém rpoxodsueao 803dyxa, hopMupysi 3acmoliHble
30HbI C 08bILEHHOU memnepamypol U 8raxXHOCMbi. IMEHHO 8 3mux 30Hax YCKOPStomcs rnpoyecchl
ObixaHusi KrnybHel, paseusalomcsi 2HUIOCMHbIe MUKpOopaaHu3Mbl. Llenbto Hacmosiuwjeeo uccriedosaHusi
S6/14710Cb  YucrieHHoe ModesnuposaHue MnpocmpPaHCmMeeHHOU Cmpykmypbl 8030yUWHO20 NOomMoKa 6Hympu
HacbInu kapmogbesisi ¢ npuMeHeHUeM Memo008 8bI4UCIUMENbHOU 2uOPOOUHaMUKU.

Memodonozaus. B kavyecmee  pacuyémHol  obnacmu  uCrnonb308aH ~ y4acmoK — Mmurogozo
KapmodgbenexpaHunuuwa c¢ 0eaduambio HarosfbHbIMU 8030yxo800aMu, 6XOOHbIMU 8eHMUSAUUOHHbIMU
KoJsiriekKmopamu U 8biyCKHbIM KaHanoM. Hacbinb kapmodgberns npedcmasreHa Kak mpéxcrioliHas nopucmas
cpeda ¢ nopucmocmbio co 3HavyeHusmu 0,30; 0,40 u 0,42 (6espasmepHas genuyuHa, ons eOuUHUUbI), 4MOo
ompaxkaem yrnrnomHeHuUe HUXHUX crioée nod OelicmeueM Macchl eblwenexawel npodykyuu. paHu4YHble
ycrosuss MoOenu: K 8HewHel MosepxHoCcmu KapmoghenexpaHunuwa rpurioxeHo epaHUYHoe ycriosue
KoagppuyueHma mennoomodadu 15 , HapyxHas memnepamypa -4,4° C; ob6bémHOe merinogbiOeneHue
Hacbinu obbeMHoe 8bidesieHUs1 800sIHO20 rapa ; memrepamypa npumo4yHo20 8o30yxa +2° C. YucneHHoe
peweHue cucmembl ypasHeHul Haebe-Cmokca, ypasHeHUs HepaspblBHOCMU U ypasHeHusi Ouchghy3uu
B8005IHO20 rapa 8bIrNo/IHEHO 8 rpogpaMMHoM Komrnekce ANSYS memodom KOHeuyHbix 06bEMO8 ¢
npumeHeHuem wmodenu nopucmol cpedbl [apcu-®opxeelimepa. [ns guauyeckol uHMeprnpemayuu
pocmpaHCmMeeHHOU CMPyKmMypbl MOMOKa UCM0/Ib308asUChk JIUHUU MOKa, MoCMpPOeHHbIe Orsi 00HO20
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8X00H020 8eHMUAUUOHHO20 omeepcmus 8 konudecmee 100 nuHul u noseonswuiue 8 cmayuoHapHoU
rnocmaroske HerlocpedcmeeHHO omobpaxkamb mpaekmopuu 08uUXeHUsT 8030y xa.

Pe3synbmamsbl. AHanu3 nuHUlli moKa 8bigeusl mpu  XapakmepHble  0COBEeHHOCMU  MmeYeHUs:
npeumyuwecmeeHHoO egocxodsujee 0O8uxeHue 6030yxa rocre 8bixoda U3 HamoibHO20 8030yx0800a,
rornepeyYyHoe pacwupeHue rnomoka no mMepe yoasnieHuss om UcmoYHUKa U cbnuxeHue NUHUL moka 8 30He
8bIX00HO20 KaHana. Omcymcmeue rnepecedyeHul fIUHUL moka noomeepdusio hu3UHECKYI0 KOPPEKMHOCMb
rnosny4eHHo20 peuwleHus. PacyémHbie Ouanas3oHbl ckopocmu unbmpauuu cocmasunu 0,02-0,08 m/c e
HuxHem cnoe; 0,08-0,15 m/c 8 cpedHem cnoe u 0,10-0,20 m/c 8 8epxHem croe; 8 obracmu
Op2aHu308aHHO20 8bixo0a [MomokKa JioKasibHassi CcKopocmb Oocmuzana 0,8-1,0 wm/c. YeenudyeHue
nopucmocmu om 0,30 0o 0,42 npugodum K eo3pacmaHui0 XxapakmepHoU CcKopocmu uibmpayuu
npubnu3umernbHO 8 2-3 pa3a, Ymo coernacyemcsi ¢ meopuel 0suxeHusi eo3dyxa & ropucmol cpede.
Maccosass dons 600siHo20 napa uameHsiemcss 6 uHmepeane 3,9008-10-3-3,90035-10-3 ka/ke, npu4yém
Haubornbwue 3Ha4YeHUss cocpedomoyeHbl 8 BEpXHUX U crabo npodysaembix yyacmkax Hacbinu, 20e
ckopocmb 8030yxa He npesbiwaem 0,05 m/c. TemnepamypHoe nosie cgudéemerniscmgyem O mMOM, Ymo 8
OCHOBHOU Mmacce npodykyuu memnepamypa ydepxuesaemcsi 8 duanasoHe 1-2° C, coomeemcmeayrouem
pexuMy XxpaHeHusi, 00HaKo 8 JlOKallbHbIX 3acmolHbIX 30Hax Habnwdaemcs npubnuxeHue K eepxHel
epaHuue donycmumoeao duarna3oHa.

3akmroveHue. [IlposedéHHoe CFD-modenuposaHue rnokas3aso, 4mo JIUHUU  MmoKa  SAe/siomcs
UHGbOpMamueHbIM UHCMPYMeHmMoM Oua2HOCMUKU Kadecmea 8030yxoobMmeHa 8 KapmogbesnexpaHumnuuie,
r1036807150WUM  O0HOBPEMEHHO  100meepx0amb  KOPPEKMHOCMb  2UOPOOUHaMUYECKO20  PeleHUs,
8bIS8IAMb 3aCmoUHbIe 30Hbl U UHMeprnpemupos8ams MPUYUHbI JIOKafbHO20 6/1a20HaKoMIeHUss U
HeoOHopoOHocmel. PaspabomaHHass  pacyémHasi  MoOeslb  co30aém  Hay4yHyl0  OCHogy  Ofisl
cosepuwieHcmeo8aHUsi 2e0Mempuu HarosbHbIX 8030yX080008 C Ueslbio COKpauwleHUsl Momepb rpu xpaHeHuu.

Knroyeenie crniosa: kapmodghbenexpaHunuwe, eeHmunayus, CFD-modenuposaHue, 8030yx006MeH,
JIUHUU MOKa, 3aCmoliHble 30HbI, 8/1a20HaKOMIeHUe, MmernioMaccoobMeH, HarosibHbie 8030yX0800b!
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Abstract. Problem and purpose. Potato storage losses range from 15 to 30 % according to various
estimates. The key factor determining storage performance is the ability of the ventilation system to ensure
uniform airflow distribution throughout the entire mound. Ventilation system design methods are primarily
based on averaged calculations, which fundamentally fail to account for mound heterogeneity. The lower
layers of the mound are compacted under the pressure of the tubers above, increasing hydraulic resistance
and limiting the volume of airflow, creating stagnant zones with elevated temperature and humidity. Tuber
respiration accelerates in these zones, and putrefactive microorganisms develop. The objective of this study
was to numerically model the spatial structure of airflow within a potato mound using computational fluid
dynamics (CFD) methods.

Methodology. The computational domain was a section of a typical potato storage facility with twenty floor
air ducts, inlet ventilation manifolds, and an exhaust duct. The potato mound is represented as a three-layer
porous medium with porosity values of 0.30, 0.40 and 0.42 (dimensionless quantity, fraction of a unit), which
reflects the compaction of the lower layers under the weight of the overlying product. Boundary conditions of
the model: the boundary condition of the heat transfer coefficient of 15 is applied to the outer surface of the
potato storage facility, the outside temperature is —4.4° C; the volumetric heat release of the mound is the
volumetric water vapor release is ; the supply air temperature is +2 °C. The numerical solution of the Navier—
Stokes equations, the continuity equation and the water vapor diffusion equation was performed in the
ANSYS software package by the finite volume method using the Darcy—Forchheimer porous medium model.
Streamlines constructed for a single inlet vent (100 lines) were used for physical interpretation of the spatial
structure of the flow. These streamlines allow direct representation of air particle trajectories in a stationary
setup.

Results. Streamline analysis revealed three characteristic flow features: predominantly upward air
movement after exiting the floor duct, transverse expansion of the flow with distance from the source, and
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convergence of streamlines in the outlet channel area. The absence of streamline intersections confirmed
the physical correctness of the obtained solution. The calculated filtration velocity ranges were 0.02—0.08
m/s in the lower layer, 0.08-0.15 m/s in the middle layer, and 0.10-0.20 m/s in the upper layer; in the area of
the organized flow outlet, local velocities reached 0.8—1.0 m/s. Increasing porosity from 0.30 to 0.42 leads to
an increase in the characteristic filtration velocity by approximately 2-3 times, which is consistent with the
theory of air movement in a porous medium. The mass fraction of water vapor varies within the range of
3,9008-10- 3-3,90035-10-3, with the highest values concentrated in the upper and poorly aerated sections of
the embankment, where the air velocity does not exceed 0.05 m/s. The temperature profile indicates that the
bulk of the product remains within the 1-2° C range, consistent with storage conditions; however, in localized
stagnant zones, the temperature approaches the upper limit of the permissible range.
Conclusion. CFD modeling demonstrated that flowlines are an informative tool for diagnosing airflow quality
in potato storage facilities, allowing for simultaneous confirmation of the hydrodynamic design, identification
of stagnant zones, and interpretation of the causes of localized moisture accumulation and inhomogeneities.
The developed computational model provides a scientific basis for improving the geometry of floor air ducts
to reduce storage losses.

Key words: potato storage, ventilation, CFD modeling, air exchange, flow lines, stagnant zones,
moisture accumulation, heat and mass transfer, floor air ducts, losses, storage modes, temperature, speed
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AHHOmauus. lNMpo6nema u uens. [Npobrema 3aknroyaemcsi 8 8bICOKOU 0osie mpPaHCrIoPMHbIX U30epKeK
(15-35 %, a 8 omdlenbHbIx criydasx 0o 60 %) e cebecmoumocmu cefibCKOX035UcmeeHHOU npodyKyuu,
obycrosneHHoU ce30HHOCMbI, buonoaudeckol rpupodoli 2py308, HU3KOU mpaHcriopmabernbHOCMbO U
3HavyumersnbHbIMU X0sI0cmbiMu npobezamu. Llenb uccrnedogaHusi — cucmemamu3upogams meopemuyecKue
OCHOB8bl U  COBPEMEHHbIe  HarnpaesieHuss  Mo8bIEHUS  3hheKmusHOCMU  MpPaHCrIopmuposKU
Ce/IbCKOX03AUCMBEHHbIX 2py308.
Memodonozusi. OcHosaHa Ha aHanu3e Hay4yHoU Jfumepamypbl, cucmemMamu3ayuu ¢hakmopos
aghgpekmusHocmu, 0606uweHUU OmMedHecmeeHHO020 U 3apybexHo20 ofbima MPUMEHEeHUs] 102UCmuYecKuX
mexHosnoeul, Memodog onmumMmusayuu  Mapuwpymos U UYugpoebix UHCMPYMEHMOo8 yrpasneHus
mpaHcrnopmHbiMu ripouyeccamu 8 AlK.
Pesynbmambl. BbisigrieHO, 4mMO KOMMIEKCHOE MPUMEHeHUe OonmuMu3ayuu  MapuwpymHbIX CXeM,
crieyuanu3upo8aHHo20 MOOBUXHO20 COCMasa, MNepesasioyHbIX MEexXHOMo2uli CO CMEHHbIMU Ky308amu,
yughposusayuu naaHUpoBaHuUss U KoorepamuseHbIX ¢hopM opa2aHu3ayuu rnepeso3oK M03680J55em CHU3UMb
mpaHcrnopmHyro cocmasernsrowyo e cebecmoumocmu npodykyuu Ha 15-30 %, nosbicums Ko3ghghuyueHm
ucronb308aHus 2py3onodbLEMHOCMU U rpobeza, MUHUMU3UpPOo8amb MPOCMou U rnomepu epy308.
3aknroyeHue. ObocHosblgaromcess Hauboree riepcrnekmueHble HanpasneHuss Ha rnepuod 2025-2030 ee. —
amo yugposusayusi mpaHCrnopmHbIX rpPoUeccos (CHUXeHUe MopoxHuUX rnpobeeoe Ha 20-45 %, sKoHOMUS
aoMuHucmpamusHbix 3ampam Ha 30-50 %), yenybneHue crieyuanusauyuu rnodsuxHoeo cocmasa (pocm
npouzsodumenbHocmu Ha 15-35 %) u passumue azposioaucmudyeckux Koornepamueog U xabos
KOHconudauuu epy308 (CokpauweHue ydenbHbIX 3ampam y4acmHukoe Ha 20-40 %), obecnedusaroujux
nosbiweHue coxpaHHocmu 8o 98 % u pummuyHocmu rnocmaesok 0o 95 % u ebiwe.

Knroyeenbie cnosa: CeJIbCKOX035UCMBEHHbIE epys3bl, aghgpekmusHoCMb repeesosoK,
mpaHcrnopmHblie  U30epPXKU, Jloeucmuyeckass onmumu3ayusi, yugposnie mexHomoauu 8 AllK,
crieyuanu3uposaHHbIlt mpaHcropm, nepesasioyHble MmexHonoauu
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Abstract. Problem and purpose. The research problem lies in the high share of transportation costs (15—
35%, and in some cases up to 60%) in the cost of agricultural production, caused by seasonality, biological
nature of BecmHuk PIFATY, Tom 18, Ne 2, 2026 144 the cargo, low transportability, and significant empty
runs. The objective of the study is to systematize the theoretical foundations and current trends in improving
the efficiency of agricultural cargo transportation.
Methodology. The methodology is based on the analysis of scientific literature, systematization of efficiency
factors, and synthesis of domestic and international experience in the application of logistics technologies,
route optimization methods, and digital tools for managing ftransport processes in the agro-industrial
complex.
Results. It was found that the comprehensive application of route optimization, specialized rolling stock,
transshipment technologies with interchangeable bodies, digitalization of planning, and cooperative forms of
transport organization allows for a 15-30 % reduction in the transport component of production costs, an
increase in the utilization rate of load capacity and mileage, and the minimization of downtime and cargo
losses.
Conclusion. It is argued that the most promising areas for the period 2025-2030 are: the digitalization of
transport processes (reducing empty runs by 20-45 %, cutting administrative costs by 30-50 %); the
deepening of rolling stock specialization (productivity growth of 15-35 %); and the development of
agrologistics cooperatives and cargo consolidation hubs (reducing per-unit transport costs by 20—-40 %),
collectively ensuring cargo safety of at least 98% and delivery regularity of 95% and above.

Key words: agricultural cargo, transport efficiency, transport costs, logistics optimization, digital
technologies in the agro-industrial complex, specialized transport, transshipment technologies
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AHHOmMauusi. lpobnema u uenb. VIHmeHcusHoe u3HawugaHue demarnel U rnpexoespeMeHHbIll OmKas3
Y3108 CEeJIbCKOX035LICMBEHHOU MEXHUKU 8bI38aHbl KOMIT/IEKCOM 3KCMpeMarbHbIX hakmopos: abpas3usHbiM
go3delicmeueM meepdbix Yacmuuy r104Y6bl, 8bICOKOU 8/1aXHOCMbIO, PEe3KUMU memMrepamypHbIMU
nepenadamu u Kopposuel. [na aggpekmusHo20 peweHuss o0b6o3HadyeHHoU npobrnembl  0cobyro
akmyarnbHocmb rpuobpemaem gHedpeHuUe 8 npou3eodcmMeo COBPEMEHHbIX MEXHOI02ulli 80CCMaHOBMEeHUS
U ynpo4HeHusi Oemarnel. Haubonee nepcriekmueHbiM peweHuemM 8 3mou obnacmu sernsemcss mMemood
€c8epx38yK08020 easonameHHo20 HVOF-HanbineHusi, obecrieyusarowjuli ¢hopmuposaHue Mnokpbimul ¢
YIyHWeHHbIMU 3KCMlyamaUyUuoHHbIMU XapakmepucmuKkamMu 0 CpasHeHuto ¢ 0038yKO8bIMU Memodamu
easomepmu4yeckoeo  HanbieHus. Llenb  uccnedosaHuss cocmoum 80  8CECMOPOHHEU  OUEeHKe
MUKPOCIMPYKMYPHO20  COCMOSIHUSI U MUKpomeepOocmu  MOKPbIMUU,  MOIy4YEeHHbIX  MemoooM
8bICOKOCKOPOCMHO20 ea3orniameHHo20 HanblineHuss HVOF u3 nopowkosbix Mamepuanos Ha OCHO8e
kapbuda sonbgppama (WC).
Memodonozus. HaHeceHue nokpbimul Ha obpasybl u3z cmanu Cm3nc ocywecmensanu mMemooom
ceepx38yK08020 2asonnameHHo20 HVOF-HanbineHus Ha pobomu3suposaHHoMm Komrnekce «llnakapm-HV2y.
B kayecmee Hanbinsgembix mMamepuanos rpumeHsnu nopowku WC-Co-Cr 86-10-4 u WC-Co-Cr 64-23-10,
pakyuel 15-45 mkm. TonwjuHa hopmupyeMbix MOKpbIMuUl 6blna cmpo20 pearnameHmuposaHa U
cocmasnsana 300-350 mkm. MukpocmpykmypHble uccrnedogaHusi u ornpedeneHue Mukpomeepdocmu o
rornepeyHoMy CEYEHUI0 MOKpbIMuL ocyuwecmessnu Ha Mukpomeepdomepe «Micro Vickers Hardness tester
Zwick/Roell ZHVu».
Pesynbmambl. [lony4eHHble [OKPbIMUSI  Xapakmepu3yrmcsi MPOYHbIM — ad2e3UuOHHO-MeXaHU4YeCKUM
cuenieHuemM ¢ ModsoXKoU, 6bICOKOU MIOMHOCMbIO U pasHOMepHOU cmpykmypol 6e3 KpyrHbIX rnop u
mpeuwjuH. CpasHumersibHbIl aHanu3 MuKpomeepoocmu MOKpbIMul noomeepdusn MpsiMyto 3asucUuMOCMb
usuKo-mexaHU4eCKUx ceolicme om ocobeHHocmel ¢hopMmupyemMol MUKPOCMPYKMYypbI. YcmaHOo8/eHo,
4Ymo cocmae [MopPoWKO8020 Mamepuasna OKasbleaem CyWEeCmBeHHOe 6/UsIHUe Ha MUKpomeepdocmb
gopmupyembix nokpbimul. [Nokpbimusi Ha ocHoee rnopowka WC-Co-Cr 86-10-4 xapakmepu3oearnuch
Haubornbwel MukpomeepdoCmbro. MakKcumasrbHoe 3HadyeHue docmueano 1475 HV, cpedHee — 1200 HV.
lpu ucronb3o8aHuu 3KcriepumeHmarnbHol nopowkosol komnosuyuu WC-Co-Cr 64-23-10 6binnu nomnyveHsi
bornee Huskue 3Ha4deHus mukpomeepoocmu — 1154 HV u 899 HV coomeemcmeeHHO. BeposimHouU npu4uHoU
0aHHO20 CHUXXEHUS S8/19emcs CoKpaujeHue codepxaHusi KapbuOHbIx a3, obecreyusarouux yrnpoYHeHUe
CMpyKmMypbI MOKPbIMUS.
3aknrovyeHue. Ha ocHose rosy4eHHbIX pe3yribmamos obocHo8aHa 803MOXHOCMb UeslieHarnpas/ieHHO20
gopmuposaHUsi  MOKPbIMULU  C  [PO2HO3UPYEeMbIMU  MexaHU4YeckumMu  ceolcmeamMu  ocpedcmeom
onmumu3ayuu cocmasa MopolKO8bIX Mamepuasos, UCrob3yeMbiX MpU C8EPX38YKOBOM 2a30f/1aMeHHOM
HarlbifieHUU.

Knroyeenie cnoea: HVOF-HanbineHue, nokpbimue, rnopowkossit Mamepuar, MUKpoCcmpykmypa,
Mukpomeepdocmb
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Abstract. Problem and purpose. Intensive wear and premature failure of agricultural machinery
components are caused by a combination of extreme factors: the abrasive effects of solid soil particles, high
humidity, sudden temperature changes, and corrosion. Introduction of modern technologies for component
restoration and hardening is particularly important for the effective solving of the problem. The most
promising solution in this area is supersonic HVOF spraying, which produces coatings with improved
performance characteristics compared to subsonic thermal spraying methods. The aim of this study is
comprehensive investigation of the microstructure and microhardness of coatings formed by HVOF using
tungsten carbide (WC)-based powder materials.
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Methodology. Coatings were applied to St3ps steel samples using supersonic HVOF flame spraying on a
Plakart-HV2 robotic system. WC-Co-Cr 86-10-4 and WC-Co-Cr 64-23-10 powders with a particle size of 15-
45 um were used as spray materials. The coating thickness was strictly controlled and amounted to 300-350
um. Microstructure analysis and microhardness measurements along the coating cross-section were
performed on a Micro Vickers Hardness tester Zwick/Roell ZHV .
Results. The resulting coatings are characterized by strong adhesive-mechanical adhesion to the substrate,
high density, and a uniform structure without large pores and cracks. Comparative analysis of the coating
microhardness confirmed a direct dependence of the physical and mechanical properties on the
characteristics of the formed microstructure. It was found that the composition of the powder material has a
significant effect on the microhardness of the formed coatings. The highest microhardness values of 1475
HV (maximum) and 1200 HV (average) were obtained for coatings made of WC-Co-Cr 86-10-4 powder.
When using the experimental WC-Co-Cr 64-23-10 powder mixture, the microhardness values were lower:
1164 HV and 899 HV, respectively, which is due to a lower proportion of strengthening carbide phases in the
coating structure.
Conclusion. Based on the obtained results, the possibility of targeted formation of coatings with predictable
mechanical properties by optimizing the composition of powder materials used in supersonic flame spraying
was substantiated.

Key words: HVOF spraying, coating, powder material, microstructure, microhardness
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AHHOmauus. lpobnema u yenb. SKcryamauyus WUpPOKo3axeamHbix 00x0eeallbHbIX MawuH Kpy208020
Odelicmsusi Ha CKITOHOBbIX y4YacmKax COMpsKeHa C HepaBHOMEPHbIM Y8ITaXXKHEHUEM M04Y8bl U CHUXEHUEeM eé
Hecywel crnocobHocmu. 3Omo rnpusoOum K Heobxo0umMocmu  UCIOMb308aHUS  YMSXKENEHHbIX
WUPOKONPOGUIIbHBIX  WUH, — y8enuyuearuwux MamepuasoéMKoCcmb  MawuHbl U 108pexoaruux
cernbCcKoxo3slcmeeHHble Kynbmypebl. Llenbio uccnedosaHus aenssemcs ob60CHO8aHUe mMexHO02uuU ronuea,
rnoseonsowel NPUMeHsIMb Ha CKIIOHax WUHbl 0ObIYHO20 Mpoghusis 3a CYEM KOpPPEeKmMupOoBKU Mou8HoU
HOPMbI U CKOPOCMU Q8UXKEHUSI.

Memodonozus. ViccnedosaHusi OCHOBaHb! Ha MOME8bIX UCMbiMaHusix 0oxdeeanbHolU MawuHb! «KybaHb-
JIK1» (moducpukauyusa MLOSK-474-70) Ha pasHUHHBIX U CKIIOHOBbIX y4acmkax. B xol0e komopbix
oueHusarnuck Hecyuwasi criocobHoCcmb ro4esi, Oonycmumoe yoesibHoe dasrieHUe WUH, CKOpoCcmb O8LXKEeHUS
MalwuHbl, a makxe fokasamersu mMamepuanoéMkocmu u nnowadu nospexoeHusi nocegos. NpumeHsIuChH
MemoObi cpagHUMeIbHO20 aHanu3a u Mamemamu4yeckol cmamucmukKu.

Pe3ynbmamel. YcmaHOo8/1eHO, 4mo CHUXeHue rnonugHol Hopmb ¢ 500 do 400 m¥2a u coomeemcmesyroujee
yeenudyeHue ckopocmu dsuxeHusi ¢ 0,30 do 0,40 m/mMuH (koagbgbuyueHm koppekmuposku 1,3) nosebiiaem
Hecywyro crocobHocmb repeyenaxHEHHOU ro4yebl cknoHa ¢ 80 0o 100 kla. Omo noseonsgem
ucrionib3ogamsb WUHbI 06bI14HO20 npoghunsa 18,3R24 emecmo wupokonpogurbHbix 23,1R26, cHuxas
Mmamepuanoémkocms Komrnekma (20 wm.) Ha 13 % (¢ 30 8o 26 kH) u now,adu rnospexdeHust Nocesos Ha
21 % (c 0,86 do 0,68 za).

3aknroveHue. [IpednoxeHHass MexXHOIo2USs KOPPEKMUPOBKU pexxuma rosnusa (Hopma/ckopocms) ¢ y4Emom
KoaghpuuueHma ygenudeHusi ckopocmu K obecriequsaem 3¢hgheKmueHy0 3KCilyamauurw MaluHbl Ha
CKJIOHax C MUHUMaJsbHbIMU 3ampamamu U rnospexoeHuem roysbl. PaspabomaHbl pekomeHdayuu Ors
co30aHusi asmomamu3upo8aHHOU cucmeMbl yripasieHuUsi Nosiu8oM 10 CeKmopam.
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IRRIGATION TECHNOLOGY OF SLOPE AREAS WITH A MULTI-SUPPORT CIRCULAR SPRINKLER
MACHINE OF KUBAN-LK1 TYPE

Anatoly I. Ryazantsev’, Evgeny Y. Evseev'™, Georgy K. Rembalovich®, Sergey O. Berezhnoy’
" Ryazan State Agrotechnological University, Ryazan, Russia

X eoyseev.evgeniy.1995@mail.ru

Abstract. Problem and purpose. The operation of wide-range circular sprinklers on sloping areas is
associated with uneven soil moisture and a decrease in its bearing capacity. This leads to the need for
heavier wide-profile tires, which increase the material consumption of the machine and damage crops. The
aim of the study is to substantiate an irrigation technology that allows the use of regular-profile tires on
slopes by adjusting the irrigation rate and speed.
Methodology. The research is based on field tests of the Kuban-LK1 machine (modification MDEK-474-70)
on flat and sloping plots. Soil bearing capacity, permissible specific tire pressure, machine speed, material
consumption, and crop trampling area were evaluated. Methods of comparative analysis and mathematical
statistics were used.
Results. It was found that reducing the irrigation rate from 500 to 400 m%ha and correspondingly increasing
the travel speed from 0.30 to 0.40 m/min (adjustment factor of 1.3) increases the bearing capacity of
waterlogged slope soil from 80 to 100 kPa. This allows the use of regular-profile tires 18.3R24 instead of
wide-profile 23.1R26, reducing the material consumption of the set (20 pcs.) by 13% (from 30 to 26 kN) and
the crop trampling area by 21% (from 0.86 to 0.68 ha).
Conclusion. The proposed technology for adjusting the irrigation regime (rate/speed) considering the speed
increase factor K ensures efficient operation of the machine on slopes with minimal costs and soil damage.
Recommendations for creating an automated sectoral irrigation control system have been developed.

Key words: multi-support sprinkler machine "Kuban-LK1", sloping lands, bearing capacity of the soil,
specific tire pressure, irrigation rate, speed of movement
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AHHOmauus. lpobnema u uensb. [lpoussodcmeo kapmogpensi 6 Pocculickoli ®edepauyuu siensiemcsi
OOHUM U3 KJTI0YeBbIX HaripaeneHul pacmeHueeodcmea u umeem bornbuwioe 3HadyeHue 0Onsi obecrieyeHust
npodosonscmeeHHoU 6e3onacHocmu cmpaHbkl. [ns e2o ocywecmeneHuss Heobxodumo 3adelicmeosamb
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WUPOKUU rnepedyeHb MEXHUKU KaK yHueepcasbHoU, mak U creyuanusuposaHHol. [Ipu asmom
MEXHO/I02U4YEeCKOe COBEPLUIEHCMBO U MEXHUYECKOE COCMOsIHUE OmOESIbHbIX MawuH 6ydem enusimb Ha
aghbekmusHocmeb rnpoussodcmea. OCObeHHO HaznadHO Mo MOXHO 3aMemumb Ha amare y6opKU ypoxas.
KnybHu kapmocdberns rnosnydarom mMexaHu4deckue rnospexoeHus rnpu nodkone, cernapayuu om no4Y8EHHbIX U
pacmumeribHbIX nipumeced, mpaHcropmuposke u rnocneybopoyHoli dopabomke. B KoHe4yHOM cyeme Ha
3aeepwarowiemM amare rpoudgodcmea 00s1s1 Hemo8apHozo Npodykma om obuje2o Korudecmea MoXxem
cocmasumb 50 % u 6onee. B daHHOU cmambe paccMOmMpeH 80MpPOC CHUXEHUSI MospexoeHul KiybHel
Kapmogbesisi npu 8HymMpuUXO03sLUCMBEHHbIX NEPEBO3KaxX 8 caMocs8aslbHbIX mpakmopHbIx npuuenax 2[1TC-4.
Ans peweHusi amol npobnembl 8 fpoyecce 08UXeHUS HazpyxeHHo20 TC npedroxeHo ocyuwecmerisimep
KOHmMpoJsib subpockopocmel konebaHuli e2o epy3080U ninamagopmai.
Memodonozus. [nsi nepesosku kapmocghesisi HagarioM MPUMEHSIICS mpakmopHbil npuuen 2[1TC-4.
UccnedosaHusim nodeepaaricsi ceexeybpaHHbIl kKapmogens copma «lana». OueHka nospexoeHul
KrybHel ebinonHsAnacs &8 coomeemcmeuu ¢ [OCT 28713-2018. [locmpoeHue aHanumu4eckux
3asucumocmell 6bIrIo  8bIMOMIHEHO pu rnoMowu memoda pespeccuUoHHo20 aHanusa. Onmumu3auusi
cKopocmu 08UXXeHUSI mpaHCrnopmHoz20 cpedcmea rpoussedeHa rpu noMouwu cuMrnieKkcHo2o memoda. ns
onpedeneHus napamempos subpauyuu gpyxeHo2o Ky3oea 2[1TC-4 npumeHsncs paspabomaHHbIl ripubop
«Ycmpolicmeo 0nd MOHUMOpUH2a napamempos eubpauyuu epy3oeol nIamgopMbl  MPaHCIoOPMHO20
cpedcmean.
Pesynbmambil. B xo0de uccnedogaHul O6biiu ycmaHo8neHbl 8esu4uHbl 8ubpockopocmu KonebaHul
epysosol TC no ocam X, Y, Z 8 3asuCUMOCMU OM HECKOJ/IbKUX fapamMempos; CKOpocmu OB8UXeHUSs
mpaHcrnopmHozo cpedcmea u murna 0opoau (2pyHmoeol dopoau u dopoau ¢ meepdbiM Mokpbimuem). Tak
Kak eesniuduHbl 8ubpockopocmeli o ocsim X, Y, Z enusiom Ha Mosie/ieHUe MexaHU4eCKUX MospexoeHuli
Kny6Heu ro-pa3HomMy, mo 6biiu nosyYeHbl MokazaHus, xapakmepHsle 0515 yposHsi 8 3 % u 5 %. CoeokyrnHoe
uCronb308aHUe aHanumu4yecKkux 3asucumocmel U yposHel o2paHuyYeHul [r10380/1U10 yCcmaHo8UMb
onmumarsibHyto ckopocmb 08uxeHus 2[1TC-4: no dopozam ¢ meepObim rokpbimuem — om 19,1 km/4 8o 23,6
KM/4; 1o epyHmosbim dopozam — om 11,5 km/u 8o 13,9 km/u.
3aknroyeHue. [IpumeHeHue ycmpolicmea Onsi MOHUMOPUHea Mapamempos eubpayuu 2py3080U
nnamgopMbl  mpaHCropmHoeo cpedcmea r1038075em 8 pPexume peasibHo20 8peMeHU onpedesnsimb
geslu4uHbl 8ubpockopocmu unu eubpoyckopeHus. [lpu npesbileHUU 8epxHUX OGOoNyCmMUMbIX epaHuly,
(onpedensomesa 3KcriepuMeHmarsbHO) orepamop MOoXem He3amMeOnumesibHO [08/IUsMb Ha CKOpPOCMb
osuxeHuss TC. Omo noseonum rnpedomepamumbe OMacHOCMb pocma YucrieHHocmu KiybHel ¢
MexaHUYeCKUMU r108pex0eHUsIMU.

Knroyesbie csioea: eubpauyus, mpaHCIopmHoe cpedcmeo, MexaHU4YeckKue Mo8pexX0eHUs,
OuHamu4eckasi Haegpy3ka, subpocKkopocmb, 8ubpoaHanu3amop
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Abstract. Problem and purpose. Potato production in the Russian Federation is one of the key areas of
crop production and is of great importance for ensuring the country's food security. For its implementation it
is necessary to use a wide range of equipment, both universal and specialized. At the same time,
technological excellence and the technical condition of individual machines will affect production efficiency.
This can be especially clearly seen at the harvest stage. Potato tubers suffer mechanical damage during
excavation, separation from soil and plant impurities, transportation and post-harvest refinement. Ultimately,
at the final stage of production, the share of non-commodity products from the total amount may exceed 50%
or more. This article will address the issue of reducing damage to potato tubers during on-farm transportation
in 2PTS-4 dump tractor trailers. To solve this problem, during the movement of a loaded vehicle, the
vibration speeds of its cargo platform will be monitored.

Methodology. A 2PTS-4 tractor trailer was used to transport potatoes in bulk. Freshly harvested Gala
potatoes were subjected to research. The damage assessment of tubers was carried out in accordance with
GOST 28713-2018. The construction of analytical dependencies was performed using the regression
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analysis method. The optimization of the vehicle's speed was performed using the simplex method. To
determine the vibration parameters of the loaded body 2PTS-4, the developed device "Device for monitoring
vibration parameters of the cargo platform of a vehicle" was used.
Results. In the course of the research, the values of the vibration velocity of the cargo vehicle along the X,
Y, and Z axes were determined depending on several parameters: the speed of the vehicle and the type of
road (unpaved and paved roads). Since the values of vibration velocities along the X, Y, and Z axes affect
the appearance of mechanical damage to tubers in different ways, readings characteristic of levels of 3%
and 5% were obtained. The combined use of analytical dependencies and restriction levels allowed us to
establish the optimal speed of 2PTS-4: on paved roads — from 19.1 km/h to 23.6 km/h; on unpaved roads —
from 11.5 km/h to 13.9 km/h.
Conclusion. The use of the device for monitoring the vibration parameters of the cargo platform of the
vehicle allows you to determine the values of vibration velocity or vibration acceleration in real time. If the
upper permissible limits are exceeded (determined experimentally), the operator can immediately affect the
vehicle's speed. This will prevent the danger of an increase in the number of tubers with mechanical
damage.

Key words: vibration, vehicle, mechanical damage, dynamic load, vibration velocity, vibration
analyzer
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AHHOmauusi. [lpobnema u uenb. TpaHcriopmHbie cpedcmea U2parm  KAYesyrww pPofb 8
MexHOI02u4ecKol Uernoyke cesibCKoXo3sUCcmeeHH020 npoudsodcmea, 0cobeHHO 8 nepuod ybopKu ypoxas,
Koez0a om ux HaléXHOCMU U MEeXHUYEeCKoU 20mOBHOCMU HarpsMyr 3asucum pou3eooumesibHOCMb
ybOpOYHbLIX KOMIIIEKCO8 U COXPaHHOCMb  Ce/lbCKOX035lcmeeHHoU npodykyuu. Llenb — aHanu3
cyujecmesyrouux cucmem MmexHU4YecKozo obcrnyxueaHusi mpaHcropmHbIX cpedcms
cesnbCcKoxo3sticmeeHHbIX npednpusmul u obocHosaHue Heobxodumocmu ux adanmauyuu K ycrio8usim
CE30HHOU U HepasHOMEPHOU 3KCryamayuu.

Memodonozus. [IposedéH aHanumuyeckull 0630p Ccywecmeywux CcucmeM  mexHUYeCKo20
obcryueaHUsi mMpPaHCropMmMHbIX cpedcmes, MPUMEHSIEMbIX 8 CeJlbCKOXO035LUCMEBEHHbIX Mpednpusmusix.
PaccmompeHbl ocobeHHocmu rinaHogo-npedynpedumernbHOU cucmeMbl MEeXHUYeCKo20 obcnyueaHusi u
OuasHocmu4eckux nodxo0o08, Ucrosb3yeMbiX 8 pakmuKe 3Kcrayamayuu asmomMobusibHo20 mpaHcrnopma.
Ocoboe e6HumaHue 6 pabome yOefieHO yCro8USIM 3KCrlyamauyuu mpaHCrnopmHbeix cpedcme 8
a2porpomMbILWIeHHOM Komriiekce. Kak roka3bieaem aHa/u3, OHU Xapakmepu3ylomcs 8blpaxkeHHOU
CE30HHOCMbIO, HEePasHOMEPHOU UHMEHCUBHOCMbLIO UCMOMbL308aHUS, M08bILEHHOU 3arbiIEHHOCMbIO, a
makxxe pabomouli mexHUKU 8 pexumax, 6riu3Kux K nepeapy304HbIM.

Pe3ynbmamebl. [IpoeeldéHHbIU aHanu3 rnoseonssem clenamb 6bIBOO O MOM, 4YMO Kraccudeckue
peeniaMeHmMHble CUCMEeMbl MEXHUYECKO20 OOCyXUBaHUS, OpUEHMUPOBaHHbIE HA OMHOCUMEbHO
pasHOMepHbIe ycriogus 3KCrislyamayuu, 6 rofiHolU Mepe He obecriedusaiom mpebyembil ypO8eHb
MexXHUYEeCcKol 20moeHOCMU MmpaHcrnopmHbix cpedcme 8 nepuod ybopku ypoxas. B wacmHocmu,
yCcmaHoe/1eHO, YmMo 8 3MmuX yC/I08USsIX 8o3pacmaem 6eposimHOCMb 0mKa3o8, 4ymo mpebyem nepecmompa
nodxo008 K opaaHu3ayuu MexHU4eckKo20 obernyxusaHusi. B ces3u ¢ amum ob6ocHogaHa uerecoobpasHoCcmb
nepexofa K adanmueHbiM cucmeMaM, yqumbl8aloWUM MeKyWee mMexXHUYEeCKoe COoCmosiHUe
mpaHCcrnopmHbIX cpedcme U PUCK 803HUKHOBEHUSI OMKa308 C y4EMOM Mpou38oOCMEEHHbIX OepaHudYeHul
yb60pPOYHO-MPaHCIoOPMHO20 KOMIIIIEKCaA.
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3aknroyeHue. Takum o06pasomM, crieyuguka QyHKUUOHUPOBaAHUS az2porpoMbILLIEHHO20 KOMIIIeKca
obycrnasnugaem KOHUEHmMpauur U3Hoca U POCMm PUCKO8 OmMKa308 UMEHHO 8 nepuod ybopoyHbix pabom,
Kkoeda riocnedcmeus ebixo0a mpaHCcrnopmHbIX cpedcme u3 cmposi Haubornee cyuyecmeeHHbl. NonyyeHHble
pe3ynbmambl  1o3eonsom ymeepxdampb, 4mo OanbHeliwee pasgumue cucmeM MmexHUYeCcKo20
obcnyxugaHusi O0/MKHO bbimb cesi3aHO C eHedpeHueM adarnimuHblx Modxodos, OPUEHMUPOBAHHbIX Ha
OUEHKY (baKmu4yecKo20 MmexHUYECKO20 COCMOSIHUSI U IPO2HO3UPOBaHUE OMKa308 C y4émoMm peasibHbIX
ycrosul aKcrlyamauuu ceslbCKOX03sUcmeeHHOU mexHUKU. CghopmynuposaHbl OCHOBHble mpebosaHus K
makumM cucmemam, opUeHmMuUpo8aHHble Ha OarnbHeluwee pasgumue Memodo8 yrpasrieHusi MexXHU4YeCcKUM
COCMOSIHUEM MPaHCIOPMHbIX cPedCcme CeslbCKOX035LUCMBEHHbIX npednpusmud.

Knroyeebie crioea: mpaHcriopmHbie cpedcmea, mexHudeckoe obcryueaHue, OuagHOCMuKa,
nnaHosonpedynpedumernibHasi cucmema, Ce30HHasl SKCr/lyamauusi, MmexXHUYecKkass 20mOB8HOCMb, PUCK
omkasa
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Abstract. Problem and purpose. Vehicles play a key role in the agricultural production chain, especially
during the harvest period, when their reliability and technical readiness directly impact the productivity of
harvesting equipment and the safety of agricultural produce. This paper aims to analyze existing vehicle
maintenance systems at agricultural enterprises and justify the need to adapt them to seasonal and uneven
operating conditions.
Methodology. An analytical review of existing vehicle maintenance systems used at agricultural enterprises
is conducted. The features of preventive maintenance systems and diagnostic approaches used in the
practice of motor vehicle operation are examined. Particular attention is paid to the specifics of vehicle
operation in the agro-industrial complex, characterized by seasonality, uneven operation, increased dust
levels, and overloads.
Results. It is shown that traditional scheduled maintenance systems, focused on uniform operating
conditions, do not ensure the required level of vehicle technical readiness during the harvest period. The
need for a transition to adaptive maintenance systems that take into account the actual technical condition
and risk of vehicle failure, taking into account the production limitations of the harvesting and transport
complex, is substantiated.
Conclusion. The specific nature of the agro-industrial complex leads to a concentration of wear and tear
and failure risks during the harvesting period, when the cost of vehicle failure is highest. The obtained results
substantiate the need to develop and implement adaptive maintenance systems focused on the actual
technical condition and risk of failure, taking into account the production characteristics of agricultural
production. Key requirements for such systems are formulated, aimed at further developing methods for
managing the technical condition of agricultural vehicles.

Key words: vehicles, maintenance, preventive maintenance system, diagnostics, seasonal
operation, technical readiness, risk of failure
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AnHomauyus. [lpo6nema u uyenb. [lpobriema 3akmo4aemcsi 8 MOM, 4YMO agpeccusHbie ¢hakmophb!
OKpyxaroujeli cpedbl 8bi3blearom KOPPO3UK Memarjludeckux o8epxHocmel CeslbCKOX03AUCME8eHHOU
MEeXHUKU 8 Nepuod XpaHeHUs, 4mo fnpueodum K rnocmerneHHOMy pa3pyweHutro 0emarnel. Cywecmsyouwue
aghghekmueHble aHMUKOPPO3UOHHbIE Mamepuarbl, makue KakK O08YXKOMMOHEHMHbIE 3MOKCUOHbIE U
gochamupyrowue epyHmsl, obsiadarom 6biCoKol adze3uel U CMOUKOCMbIO, HO UMEKM 8bICOKYIO
cmoumocme U3-3a ceoell crioxHol peuenmypel. Llenbto pabomsbi siensgemcsi 060CHO8aHUEe 803MOXHOCMU
ucrnonb3oeaHusi bonee Oewe8oli OOHOKOMIOHEHMHOU MOUMEPHOU MacmuKku 8 Kadecmee OCHO8bI Ons
3aWumHo20 MOKpbIMusl, a makxe pa3pabomka MHO20KOMIMOHEHMHbIX pacmeopoe Ha e€é OocHoge C
OobasneHuem uHaubumopos, obecrnequsarUwux 3hHEKMUBHYO 3awumy, 8 MOM Yucre rogepxHocmel ¢
yXKe uMerowuMucs o4azamu KOppo3uu.
Memodonozus. ViccriedosaHusi 8K/KoYanu cpasHUMesbHbIl MUKPOCMPYKMYPHbIU aHanu3 UCXOOHbIX
Mamepuasiog U 3KcriepuMeHmarsbHoe [pueomossieHue cocmaeos. WMccredosasniu 08yXKOMIMOHEHMHbIE
epyHmbl Reoflex, nonuypemaHosyto macmuky «Bitumasty, uHaubumopsbi («LJuHkapb», « OMEIA», «Mipa») u
pacmeopumernb 646. Ha nepsom amarne ¢ rnnomMowbro mMukpockora Magus Pol 850 oueHunu rnnomHocms,
pasHoOMepHOCMb U Hanu4ue 8030yWHbIX 8KparnieHul y epyHmoe u Jucmol macmuku. Ha emopom smane
npueomosunu 8 peuenmyp, eapbupys mun uHeubumopa, nponopuyuu (om 50/50 do 70/30 ¢ dobaesneHuem
50-75 e pacmeopumernsi). [lony4YeHHble cocmasbl 8HOBb uccredosasnu nod MUKPOCKOMOM Ha rnpedmem
paccrioeHusi u ycmoudusocmu cmpykmypel. Haubonee cmabunbHbiM npusHanu pacmeop Ne3 (Macmuka +
«Mipa» 70/30 + 50 e pacmeopumernisi).
Pe3ynbmamsbl. B pesynbmame npogedéHHbix uccredosaHuli MemodoM MUKPOCKOMNUYECKO20 aHaru3a
ycmaHoesieHo, Ymo ronumMepHas macmuka «Bitumasty no cmpykmype He ycmynaem 0G0po20CmOosiuum
2pyHmam: OHa umMeem [IOMHy, 2ycmyio cmpykmypy 6e3 8030yWHbIX 6KparsieHuli U 8bICOKYH
pasHomepHocmb Mokpbimus. ObocHo8aH 8bI6op adCcopbUUOHHBIX U MIEHKOObpa3yrwux uHaubumopos, a
maKkXxe KOHKpemHbIX cocmagoe — rpeobpasogamenss pxasquHbl «LjuHkapb AGAT avio» u
3aneyamsbigamerns  pxagyuHbl  «Mipa  Rostversiegelung».  PaspabomaHo  eoceMb  peuenmyp
MHOZ20KOMIMOHEHMHbIX 3alWjUmHbIX pacmeopos, [pu4ém rofuMepHas Macmuka 6 omuyue om
mpaduyuoHHbIX cocmagos doryckaem pasbasrnieHue 6e3 nomepu 8sa3Kocmu U pagHoMepHocmu. Haubornee
repcrekmueHbIM npusHaH pacmeop Ne3 (nonumepHass Macmuka + 3anedambigamerib pxagquHbl «Mipa» e
nponopyuu  70/30 ¢ dobasneHuem pacmeopumersisi), KOmopbil COXpaHusl MA0MHYK KOHCUCMEHUUH,
ycmou4usyro  cmpykmypy 6e3  paccrioeHuss U pasHoOMepHoe  pacrnpedeneHue  uHaubumopa.
Mukpockonuyeckull aHanu3 rokasasa, 4Ymo uHaubumopsl pacnpedensomcs o o06bEMY Macmuku,
1103680/15110M peaauposamb Ha KOPPO3UOHHbIE Yacmuuybl U 3aredyambsi8ams UX HEernocpedCm8eHHO 8 CrosiX
MOKPbLIMUS.
3aknroyeHue. Takum 06pa3om, npedrioKeHHbIe pPacmeopbl 3HAYUMENIbHO Jdewesrne Ccyu,ecmeayuux
aHanoeo8 u obradam 8aXHbIMU TpeuMywecmeamu. 8bICOKOU MUKCOMPOMHOCMbIO, CMOUKOCMbIO K
ynbmpacpuosniemy,  8bICOKOU  CKOPOCMbIO  MOAUMepuU3ayuu,  803MOXHOCMbK  HaHECEeHUs  pu
ompuuamernbHbix memrepamypax (0o -10° C), cmolkocmblo K UuKudeckum degbopmayusim, WUPOKUM
Ouana3oHoM 3KcryamayuoHHbix memnepamyp (om -70° C 0o +110° C) u ebicOKOU 31acmu4yHOCMbIO.
BaknoveHue: paspabomaHHble MHO20KOMIMOHEHMHbIE COCMaebl Ha OCHO8€ [MOMUMEPHOU Macmuku
S6I1FI0MCS  9KOHOMUYECKU  8bI200HLIM U MPaKmuyecku 3¢hgheKkmusHbIM cpedcmeom  3aljumesl
CeJIbCKOX03[UCMBEHHOU MEXHUKU OmM KOPPO3uu 8 repuod xpaHeHusi, ocobeHHO pacmeop Ne3, komopsbil
ro3eonsiem HaHocumb OKpbimue Oaxe Ha [108epXHOCMU C HaYUHanWUMUCS KOPPO3UOHHbLIMU
nospexxdeHusimu briazo0apsi criocobHocmu rnpeobpasosbieame U 3aredyambi8amb PXKagyuUHY.

Knroyesnbie csioga: nonumepHasi Macmuka, XpaHeHUe CeslbCKOXO03AUCMEEeHHOU MEeXHUKU,
MHOZ20KOMIMOHEHMHbIU pacmeop, 3auuma mexHuKu om Kopposuu
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Abstract. Problem and purpose. The problem is in the fact that aggressive environmental factors cause
corrosion of the metal surfaces of agricultural machinery during storage, it leads to the gradual deterioration
of components. Effective anticorrosive materials, such as two-component epoxy and phosphating primers,
offer high adhesion and durability, but they are expensive due to their complex formulations. The aim of this
study is to validate the feasibility of using a less expensive single-component polymer mastic as a base for a
protective coating, as well as to develop multicomponent solutions based on it with the addition of inhibitors
that provide effective protection, including surfaces with existing corrosion.
Methodology. The study included a comparative microstructural analysis of the source materials and the
experimental preparation of formulations. Two-component Reoflex primers, Bitumast polyurethane mastic,
inhibitors (Zincar, OMEGA, and Mipa), and 646 solvent were examined. In the first stage a Magus Pol 850
microscope was used to evaluate the density, uniformity, and presence of air inclusions in the primers and
pure mastic. In the second stage eight formulations were prepared, varying the inhibitor type and proportions
(from 50/50 to 70/30 with the addition of 50-75 g of solvent). The resulting formulations were examined
under a microscope for delamination and structural stability. Solution Ne3 (mastic + Mipa, 70/30 + 50 g of
solvent) was deemed the most stable.
Results. Microscopic analysis revealed that the "Bitumast" polymer mastic is structurally comparable to
expensive primers. It has a dense, thick structure without air inclusions and a highly uniform coating. The
choice of adsorption and film-forming inhibitors, as well as specific formulations—the "AGAT avto Zinc-Zinc"
rust converter and the "Mipa Rostversiegelung" rust sealer—was justified. Eight multi-component protective
solution formulations were developed. Unlike traditional formulations, the polymer mastic can be diluted
without losing viscosity or uniformity. Solution No. 3 (a 70/30 mixture of polymer mastic and "Mipa" rust
sealer with the addition of a solvent) was deemed the most promising, maintaining dense consistency, a
stable structure without stratification, and uniform inhibitor distribution. Microscopic analysis showed that the
inhibitors are distributed throughout the mastic, allowing it to react with corrosion particles and seal them
directly into the coating layers.
Conclusion. Thus, the proposed solutions are significantly less expensive than existing analogues and offer
important advantages: high thixotropy, UV resistance, fast polymerization rate, the ability to be applied at
subzero temperatures (down to -10°C), resistance to cyclic deformation, a wide operating temperature range
(from -70°C to +110°C), and high elasticity. The developed multi-component polymer mastic-based
compositions are a cost-effective and practically effective means of protecting agricultural machinery from
corrosion during storage, especially Solution No. 3, which allows for coating application even to surfaces with
incipient corrosion damage due to its ability to convert and seal rust.

Key words: polymer mastic, storage of agricultural machinery, multi-component solution, protection
of equipment from corrosion
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AHHOomauus. lNMpo6nema u yenb. [lpobnema 3aknodaemcsi 8 HU3KOU 3ghghekmueHoCcmU mMpadUUUOHHbIX
Memodos rpousgodcmea U o0bcnyxueaHusi JbHOY60pPOYHOU mexHUKU, obycriogrneHa OHa 60sbWuMU
pacxodamu u OnumesibHOCMbIO rfpouyecca. Llenbio uccnedosaHusi Aendemcs rnosbileHUe HadexHocmu
KOHCmpyKuuu fibHokombatiHa JIK-4A u npouszsodumenbHocmu rpu y6opKe fbHa rymem eHedpeHusi Memooda
Uuposbix OBOUHUKO8 U agmoMamu3upo8aHHO20 MPOeKMuUpPO8aHUs.

Memodonoaus. VccredosaHue nposoousiocb 8 pamMkax rpou3eo0CmMEeHHbIX UCMbiMaHull Ha OMbIMHbIX
nnowadkax 8 Teepckoli u CmoneHckol obnacmsx. CocmasneHbl pacdembl Hazgpy3OK, oyYaembixX
mepebusibHbIM PeMHeM Om UHHOBAUUOHHbBIX WKUB08 C yunuHopudeckumu ebicmynamu. [locmpoeHsi
uugpossie O8OUHUKU. C ucronb3o8aHuem npozpammHozo obecrnievyeHuss «KOMIMAC-3D». Ha ocHose
npoepammHo2o obecneveHuss «APM FEM» npoeedeH npoYyHOCMHOU aHanu3 KOHCMPYKUUU WKUB08 C
pPasUYHbIM KO/IU4ECMBOM Harl/lae/ieHHbIX 8bICMYIIo8.

Pesynbmambl. B pe3ynbmame rnpogedeHus uccriedosaHusi yCmaHO8IeHO, 4Ymo MPUMEHEHUE WKUBO08
mepebusibHO20 arnnapama C U320MOBJ/IEHHbIMU Ha HUX UYUIUHOpUYeCcKUMU ebicmyrnamu obecriequsaem
8bICOKOE Ka4yecmeo mexHosio2udeckol onepayuu mepebrieHus, 8 MOM YuUcre rpu ycriogusiX noebIleHHOU
enaxHocmu cmebrecmos nibHa-0oneyHua. [Npou3sodcmeeHHble ucrbimaHusi nodmeepouriu rnosbileHue
aghgpekmusHocmu yb6opKu nbHa-oonzyHua. lNokazamenu Yucmomsl mepebreHus ysenu4dunuck Ha 1,94 %, a
nomepu cmebnel cHusunucs Ha 0,95 %. [lpoyHocmHble aHanu3sbl Uugposbix O8OUHUKO8
podeMoHCMpuUpos8anu He3HadumesibHoe yeesfiudeHuUe U3HOCa PEeMHS pu UCMOMb308aHUU WKUB08 C
YunuHOpUYecKUMU 8bicmyrnamu.

3aknroyeHue. [pumeHeHue yugposbix A8OUHUKO8 r1oKa3aso ¢80t IhPHeKkmuUeHOCMb 8 NPOeKmMupo8aHuU U
uccriedosaHuu CesibCKOX035UCMBEHHbIX MawuH. Vicrnonb3ogaHue mMemodosioauu Mo360uUI0 coKpamume
CPOKU ucrbimaHull U yMeHbWumb 3ampamal, nodmeepous uenecoobpasHocme danbHeliuie20 8HeOpPeHUs
uugposbix 080LUHUKO8 8 a2porpoMbILUIIEHHbIU cekmop. Kntoveeasie crioga: uugposbie 080UHUKU, NIEH, JIEH-
dorzyHeu, 8bICOKOE Ka4ecmeo, asmomamu3ayusi, MoOepHu3ayus, mepeburbHas CeKyus.
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Abstract. Problem and purpose. The problem and objective of the study are related to low efficiency in
traditional methods for manufacturing and servicing flax-harvesting equipment due to high costs and lengthy
processes. The aim is to enhance the reliability of the LK-4A flax combine's design and increase productivity
during flax harvest by implementing digital twin methodology and automated engineering techniques.
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Methodology. Field trials were conducted on experimental sites in Tver and Smolensk regions. Load
calculations from innovative pulleys with cylindrical protrusions applied to a treading belt were developed.
Digital twins were created using KOMPAS-3D software. Strength analysis was performed using APM FEM
software for pulley designs with different numbers of welded protrusions.
Results. The study results showed that the proposed pulleys with cylindrical protrusions installed instead of
standard drive pulleys in the pulling device ensure high-quality pulling, especially under conditions of
increased stem moisture content. Field tests confirmed an increase in flax harvest efficiency. Pulling
cleanliness indicators increased by 1.94%, while stem losses decreased by 0.95%. Strength analyses of
digital twins demonstrated a negligible increase in belt wear when using pulleys with cylindrical protrusions.
Conclusion. Application of digital twins proved effective in designing and testing agricultural machinery. This
approach reduced trial periods and expenses, validating further implementation of digital twins into
agroindustrial sectors.

Key words: digital twins, flax, fiber flax, high quality, automation, modernization, pulling section
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AHHOmauus. lNMpobnema u yenb. Llenbio Hacmosiwel pabomel ge5emcs npoeedeHUe meopemu4ecKozo
pacyema MoOOynbHOU nodsecku u eao modesnuposaHue Ornsi 0bocHo8aHUs aghghbekmusHocmu pabomsi
MOQyribHOU ModeecKu.
Memodonozusi. Memodosoeuss uccriedogaHusi OCHO8aHa Ha MeopemuvyeckoM pacdeme yar08ol u
TNuHeliHoU Xecmkocmu HabopHO20 MOPCUOHa NPSMOY20/IbHO20 CeYEHUSI C UCOMb308aHUEM HOPMamueHbIX
KoaghhuyueHmos u rnapamempos Mamepuana. Ha 6a3e nony4yeHHolU ecmkocmu OCMpoeHa
Mamemamu4deckasi Molenb 4Yemeepmu rpuuena, npedcmasneHHas cucmemol OugghepeHyuanbHbIX
ypasHeHuli emopoeo ropsidka. [uHamuyeckuli omknuk rnodsecku Ha MoOleribHylo HepogHocmb Oopoau
8bI4YUCIIANICA YUC/IEHHbIMU MemodaMu, 4mo [0380J1U/I0 OUEHUMb MepeMewieHus], yesbl 3aKpy4yueaHus U
HarpsKeHUs 8 3a/IeMeHmax mMopcuoHa 0718 PasfiuYHbIX KOHCMPYKMUBHbIX eapuaHmos. [ns modenuposaHus
pabomsbi rodgecku npu OUHaMUYeCcKoM repees3de HeposHOCMU MpPUMeEHScs epy3 Mmaccol 350 ka.
UckyccmeeHHasi HeposHocmb ripuHumanack esicomot 0,05 m u dnuHol 0,5 M. Ckopocmb nepeesda pasHa
5 m/c.
Pe3ynbmamsbl. B pesynbmame uccriedosaHusi rosy4YeHa modesnb 4Yemeepmu ripuyerna, OUEeHEHbI
XXecmkocme paccyumaHHoU ModysibHOU MOPCUOHHOU nodsecku. *Kecmkocmb MOOYrbHOU MOPCUOHHOU
nodeecku pasHa 42939,47 H/m. MakcumarnbHoe HarpsikeHue 8 aneMeHmax mopcuoHa docmuzaem 125,9
Mrlla, umo Ha 20 % Huxe MakcumasibHO O0rMycmumMo20 3HadyeHusi. ModenupogaHue makxe 8bisi8usio, Ymo
8peMsi 3amyxaHusi konebaHul Ky3oea cocmassisiem 0,5 ¢, a makcumaribHbIl x00 Ky3oea 18 mm.
3aknroyeHue. Pe3ynibmambl uccriedogaHusi Mo3eosnunu oyeHums rnapamempbl MOOyrbHOU MOPCUOHHOU
rnodsecku, oueHumbs 3aghpekmugHocmb ee rnpumeHeHusi. [lonyyumb docmamoyHO OaHHbIX Ons
u320moersieHuUs oribImHo20 obpa3suya, npoeedeHusi cmeHA08bIX U X0008bIX UcrbimaHud.

Knroyeebie croea: mopcuoH, MoOyrnbHasi MOPCUOHHas rnodeecka, Mamemamu4deckass MOOerib,
Yemeepmeb rpuyena, Xecmkocms nooeecKu
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Abstract. Problem and purpose. The purpose of this study is to perform a theoretical calculation of a
modular suspension system and to model its behavior in order to substantiate the efficiency of the modular
torsion suspension.
Methodology. The research methodology is based on theoretical calculation of the angular and linear
stiffness of a laminated torsion bar with a rectangular cross-section using standard coefficients and material
parameters. Based on the obtained stiffness, a quarter-trailer mathematical model was developed in the form
of a system of second-order differential equations. The dynamic response of the suspension to a model road
irregularity was computed numerically, which made it possible to evaluate displacements, torsional angles,
and stresses in the torsion elements for various design configurations. To simulate the suspension response
during dynamic traversal of the obstacle, a load of 350 kg was applied. The artificial road irreqularity was
modeled as being 0.05 m high and 0.5 m long, with traversal speed set to 5 m/s.
Results. The study resulted in a validated quarter-trailer model and an estimation of the stiffness of the
designed modular torsion suspension system. The stiffness of the modular torsion suspension was
determined to be 42,939.47 N/m. The maximum stress in torsion elements reached 125.9 MPa, which is
20% below the allowable limit. Modeling also showed that body oscillations decay within 0.5 s, and the
maximum body travel is 18 mm.
Conclusion. The obtained results make it possible to evaluate the performance of the modular torsion
suspension, confirm the feasibility of its application, and provide sufficient data for fabrication of a prototype
followed by bench and field testing.
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