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AHHOMauusi.
lpob6nema u yenb. B momoyHoMm ckomosodcmee cenekyuss Ha MosblueHUe 0OHO20 XO035UCMEEHHO-
rof1e3Ho20 MnpusHaka HepeOko rnpusodum K cdeuzam 8 Opyaux, co3dasas JIOXHble ¢heHomunuyeckue
Koppenayuu. B yacmHocmu, e3aumosasucumocms Mex0y 8bix000M Xupa u codepxaHuem besika 8 MOJIOKe,
0COBEHHO 8 KOHMEeKCMe 2eHemu4yeckux ocobeHHocmel xueomHoeao, mpebyem ymoyHeHus. Llenb pabombi
3aKnyanach 8 uccriefogaHuu eeHomun-3agucumbix moodernel hopMuUpo8aHUsI 8bICOKOU XUPHOMOIOYHOCMU
U C85I3aHHbIX U3MEHeHUU 8 cuHme3se besnka y rnep8omersiok 20/1LWMUHO8 ¢ pa3HbIMuU eapuaHmamu eceHa CSN3
rnymem paHXupo8aHusi Hympu epyrir ro 8esuduHe 8bixoda MOTOYHOZ0 XKupa.
Memodonozus. NccriedosaHue nposodurocs 8 2023-2025 2z. Ha 6aze OO0 «/JoH» BopoHexxckoli obriacmu.
Ob6bekmom uccriedogaHusi MOCAYXUU KOPO8bI-1ep8omersiku 201umuHcKol nopoodsbl (n=166), pa3deneHHbie
rno eeHomunam CSN3 (AA, AB, BB). 'eHomunuposaHue XXUB0MHbIX MPpo80oOUSIOCL 8 akKpedumo8aHHOM
nabopamopHo-uccriedosamerisCKOM UeHmpe «Azporinnemy». BHympu kaxdol zseHemuyeckol kKamezaopuu
JKueomHbie bbiiiu pacripedenieHbl Ha mpu cmpambl — HuxHot0 (1), cpedHioro (1), eepxHioro (lll) — Ha ocHoee
paHXuposaHusi Mo 8efluduHe 8bixoda MOJIOYHO20 Xupa 3a 305 OHel nakmayuu U MPUMEHEHUS
npoueHmubHo20 pa3sdenieHus. CpaeHusasnu mnokasamesnu rpodykmueHocmu 3a 305 OHel nakmayuu.
HocmosepHocmb pasnuyul onpedensnu ¢ ucrnonb3osaHuem t-kpumepussi CmbtodeHma (npu HopMarbHOM
pacnpedeneHuu) unu U-kpumepus MaHHa-YumHu (npu e2o HapyweHuu). YpogeHb 3Ha4uMocmu rpuHuUMariu
npu p=<0,05.
Pe3ynbmamel. OnpedenieHbl cmamucmu4yecKku 3Ha4YuMble pPasiuyusi 8 MexaHusmax 00CMUXeHUsT 8bICOKOU
JKUpHoMosio4YHocmu. Y ocobeli eeHomuna AA npupocm ebixo0a xupa 8 eepxHeli cmpame (89,2 ke, p<0,001)
bbin1 0bycnoeneH noebiweHUeM yposHsi y0os (+2064 k2), Ha ¢poHe HEU3MEHEHHOU XXUupHocmu U
coniymemeyouje20 CHuxeHuss donu benka (-0,12 %., p<0,01). [Ana eeHomuna AB xapakmepeH
KOMBUHUpPOBaHHbIL rymb. ysesnuyeHue 8bixola xupa (+123,1 ke, p<0,001) obecrnevusanocb Kak pocmom
ydoees, mak u rnosbiuieHueM xupHocmu mosnoka (+0,12 %, p<0,05), npu ymepeHHoMm nadeHuu 6enkosocmu
(-0,09 %). 'eHomun BB niposisun Haubonbwul abcomomHbit pocm ydosi (+3277 ke, p<0,001) u ebixoda xupa
(+140,5 ke, p<0,001), Ho ¢ makcumarsbHbIM yxydweHuem 6enkogomosioyHocmu (-0,22 %, p<0,01).
3aknroyeHue. AnnenbHoe cocmosiHue riokyca CSN3 moxem okasbigamb enusiHue Ha ¢hbu3uorio2uqdecKyro
cmpamezauro cekpeyuu mosnoka u bamaHc e2o KomrnoHeHmos. [emeposuzombi (AB) demoHcmpupyrom
Haubosnee adanmuegHbili MPOguUIb, coYemas 8bICOKYH 3¢hgheKmu8HOCMb CUHMe3a Xupa ¢ OmHocUmMesibHoU
cmabunbHocmbto 6esika. [omosueomsl BB, Hecmompsi Ha MakcuMarbHy MpoOyKmMueHOCMb, Hecym puckK
mexHosoau4deckoz2o OucbanaHca. [lonyyeHHble pe3ynbmambl 8axHbl Orsi pa3pabomku CeneKUUOHHbIX U
KOPMOBbIX pogpamMm C y4emoM 2eHemu4ecko20 noaumMopghusma rno Ka3euHo8bIM 2eHaM.

Knroyesnie cniosa: 2onwmuHckas nopoda, kanna-kaseuH (CSN3), nonumopghusm, npogheHmuribHas
cmpamugukayus, 8bIx00 MOSTOYHO20 Xupa, 6e/1IK080MOTOYHOCTb
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Abstract.
Problem and purpose. In dairy cattle breeding, selection for the improvement of a single economically
beneficial trait often leads to shifts in other traits, creating spurious phenotypic correlations. Specifically, the
interdependence between milk fat yield and protein content, especially within the context of an animal's genetic
characteristics, requires clarification. The aim of the work was to investigate genotype-dependent patterns in
the formation of high milk fat content and associated changes in protein synthesis in Holstein first-calving
heifers with different variants of the CSN3 gene by ranking within groups based on milk fat yield.
Methodology. The study was conducted from 2023 to 2025 at LLC "Don" in the Voronezh region. The research
subjects were Holstein first-calving heifers (n=166), categorized by CSN3 genotypes (AA, AB, BB). Genotyping
of the animals was performed at the accredited laboratory and research center "Agroplem". Within each
genetic category, animals were distributed into three strata — lower (I), middle (I), and upper (lll) — based on
ranking by milk fat yield per 305-day lactation and applying percentile division. Productivity indicators for the
305-day lactation were compared. The significance of differences was determined using Student's t-test (for
normal distribution) or the Mann-Whitney U test (for non-normal distribution). The significance level was set at
p < 0.05.
Results. Statistically significant differences in the mechanisms for achieving high milk fat content were
determined. In individuals of genotype AA, the increase in fat yield in the upper stratum (89.2 kg, p < 0.001)
was due to an increase in milk yield level (+2064 kg), against a background of unchanged fat content and a
concomitant decrease in protein share (-0.12 p.p., p < 0.01). Genotype AB exhibited a combined pathway: the
increase in fat yield (+123.1 kg, p < 0.001) was provided by both an increase in milk yield and an increase in
milk fat content (+0.12 p.p., p < 0.05), with a moderate drop in protein content (-0.09 p.p.). Genotype BB
showed the greatest absolute increase in milk yield (+3277 kg, p < 0.001) and fat yield (+140.5 kg, p < 0.001),
but with the maximum deterioration in milk protein content (-0.22 p.p., p < 0.01).
Conclusion. The allelic state of the CSN3 locus can influence the physiological strategy of milk secretion and
the balance of its components. Heterozygotes (AB) demonstrate the most adaptive profile, combining high
efficiency of fat synthesis with relative protein stability. Homozygotes BB, despite maximum productivity, carry
a risk of technological imbalance. The obtained results are important for the development of breeding and
feeding programs considering genetic polymorphism in casein genes.

Key words: holstein breed, kappa-casein (CSN3), polymorphism, percentile stratification, milk fat
yield, milk protein content
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AHHOMauyus
lpo6nema u yenb. B pabome paccMompeHo 8rusiHUe op2aHU4ecKoe0 KOMIocma, rpu2omos/ieHHo20 U3
MEeCmHbIX opeaHudeckux omxodoe (bapObl, KOCMPbI U MSKUHbI), Ha MPOOYKMUBHOCMb caxapHoU CEEKIIbI,
sblpaujusaemMoll Ha OCYUWEeHHbIX OepHOB0O-10A30UCMbIX Cya/IUHUCMbIX ro4yeax [opeykozo patioHa
Moeunesckoli obnacmu. AKmyanbHOCmb uccriedogaHusi obycriogrieHa HeobX0OUMOCMbIO [M08bIWEHUS
aghghbekmusHoCcmMU  UCMO/Ib308aHUST MESIUOPUPOBAHHbLIX 3eMeslb U roucka O0CMYyrHbIX OpaaHU4YeCcKuUx
y0obpeHul.
Memodonozus. Noneebie onbimbl MPOEOOUSIU HAa OCYUIEHHbIX MESILUOPamuUBHbIX 3eMJIsIX C UCM0MIb308aHUEM
Komriocma, 8HecéHHo20 Mol 356negyro obpabomky nousbl. B npouecce uccnedosaHuli oueHusarsu
U3MEHeHUe (bu3u4decKux U XUMUYECKUX CeOoUlCme fno4Ysbl, pocm U pasgumue pacmeHud, ypoxalHocmb
KopHennodos u ux caxapucmocmb. CodepxaHue caxapa onpedensanu e nabopamopHbIX yCrnoeusix Mo
cmaHdapmHol memoduke.
Pesynbmambl. YcmaHo8eHO, 4Ymo fpuMeHeHue Komriocma ynyyduwano Cmpykmypy Mo4Yebl, rnumaHue
pacmenud, criocobcmeoegasio 6osee UHMEHCUBHOMY pocmy pacmeHul u ¢hopMupo8aHUd KOPHern10008 ¢
r108bIWEHHbLIMU MeXxHoIo2u4eckuMu rnokasamenamu. OmmedyeHo obuwee yrydweHue 800HO20 pexuma u
ycr08ul numMaHusi C8eK/ibl Ha MeTUOPUPOBAHHbLIX 3EMITSIX.
3aknroyeHue. Vicrionb3o8aHue op2aHUY4eCKO20 KOMIIOCma U3 MeCHO20 Chipbsl S8/151emcs 3¢hghbeKmueHbIM
npu eblpauwjusaHuu caxapHol CEEKIbl Ha OCYyWeHHbIX ro4ysax. [lonydeHHbie OaHHble nodmeepxoarom
uenecoobpasHocmb €20 MpUMeHeHUs1 Orsl 08bIUEHUST ypoxalHocmu, caxapucmocmu U yryyYlweHuUst
COCMOSIHUST MEJTUOPUPOBaHHbIX a2poraHowaghmos.

Knroyeebie cnoea: MenuopuposaHHble 3eMJiU; caxapHasi C8eK/a; OpaaHU4YecKul Komrocm;
ypoxalHocmb, caxapucmocmb,; 0epHO80-M0d301ucmele rno4esi; bapda,; kocmpa; MsKUHa
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Abstract
Problem and purpose. The paper examines the effect of organic compost produced from locally available
organic waste (distillery stillage, flax shives, and chaff) on the productivity of sugar beet grown on drained
sodpodzolic loamy soils of the Horki district. The relevance of the study is determined by the need to improve
the efficiency of reclaimed land use and to identify affordable organic fertilizers.
Methodology. Field experiments were conducted on a drained reclamation system using compost applied
during autumn plowing. The study evaluated changes in the physical and chemical properties of the soil, plant
growth and development, root yield, and sugar content. Sugar concentration was determined under laboratory
conditions using standard methods.
Results. It was established that compost application improved soil structure and nutrient supply, promoted
more intensive plant growth, and contributed to the formation of roots with enhanced technological
characteristics. An overall improvement in the soil water regime and plant nutrition conditions on reclaimed
lands was observed.
Conclusion. The use of organic compost derived from local raw materials is effective in sugar beet cultivation
on drained soils. The obtained results confirm the feasibility of its application to increase yield, sugar content,
and improve the condition of reclaimed agricultural landscapes.

Key words: reclaimed lands; sugar beet; organic compost; organic fertilizers; yield; sugar content;
sodpodzolic soils; Horki district; distillery stillage; flax shives; chaff
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AHHOMayus.

lMpo6nema u uenb. Llenb uccnedosaHusi — aHanu3 MeKywea2o0 COCMOSIHUSI U meHOeHyul passumusi
nmuyesodcmea 8 Poccuu, onpedeneHue akmopos, enusrwux Ha OuHaMuky pocma rnpou3sodcmsa,
8bisisieHUEe cywecmeyruux npobnem u paspabomka npednoxeHuli no dansHelwemMy pa3gumuro ompacsu.
Memoodonozuss. Memodom uccrnedogaHuss cmaln aHaau3 cmamucmuyYeckux OaHHbIX U Mamepuaros
Mex0yHapoOHOoU  Hay4yHo-ripakmu4yeckol  KoHgepeHuyuu  «llmuuyesodcmeo  6ydywezo: 8eKmMopbl
9KOHOMUYECKO020 ycriexax. Mcronb308aruch KOUYecmeeHHbIe rnokasamersu obbemos npousgodcmea msica
Amuubl U fUY, @ MmakKXe Ka4yeCmeEHHbIe OUEHKU 6IUSHUSI 20Cy0apCmeeHHbIX Mep Mod0epxKu u
UHHOBAUUOHHbIX MexHoo2udl.

Pe3ynbmamebl. AHanu3 riokasar 3Ha4umersibHbIl pocm npouzeodcmea Msica nmuuybl u suy 8 Poccuu. B 2025
200y obwembl ripousgodcmea cocmasunu 5,6 MAH MOHH Msca nmuusl U 48,6 Mapd wmyk f[ul, 4mo
cywecmeeHHO npesbiwaem rokasamenu rpedbidywux sem. OCHOBHble ¢haKmopbl pocma K/Yarm
2ocydapcmeeHHYy0 rnod0epxKy, eHeOpeHUE COBPEMEHHbIX MEXHOI02ull U co30aHue creyuanu3upo8aHHbIX
ueHmpos cenexkyuu u eeHemuku. O0Hako uccredosaHue 8bII8UIO Halu4Ue peauoHarbHbIX ducrpornopyul 8
npouzsodcmee auy U Msica nmuubl, Heobxodumocme CHUXeHuss cebecmoumocmu rpodykyuu. OGHUM U3
BaXHbIX HarpaessneHuli ocmaemcs yanybneHHass nepepabomka auy u msica nmuubl Orsi MOBbIWEHUS UX
nompebumernsckol yeHHocmu. Poccutickull pbIHOK nmuuesodcmea 0eMoHcmpupyem ycmoldyugble meMribl
pocma, docmueHy8 8bICOKUX rokazamenel rnpouzsodcmea Msica nmuybl U suy. BaxHyro ponb uepaem
eocydapcmeeHHass  noddepxka U  pa3pabomka  OmMe4YyecmeEeHHbIX  CEJIeKUUOHHbIX  pogpamm,
obecrieyusaloujux 2eHemMUYeCKyl0 He3asucuMOCmb U 3KOHoMu4Yeckull ycnex ompacnau. [lpobrnemsi
peauoHarnbHoOU HepasHOMepHocmu rfpouzsodcmea mpebyrom KOMIIIeKCHo20 rnodxoda K pacripedesieHuro
pPEeCcypcos u rpusiedyeHuUto UHeecmuyuli 8 omemaroujue peauoHsbl.

3aknroyeHue. [anbHelwue rnepcrnekmusbl c853aHbl C passumueM 2rybokol nepepabomku npodyKyuu,
nosbiweHueM aghgpekmusHocmu u buobeszonacHocmu rpousgodcmea. Liughpossie daHHblie nodmeepxdarom
rnonoxumenbsHyro OuHaMuKy ompacsnu, OOHaKoO yKasblearom Ha HeobxoOUMOCMb PeuweHUs UMEWUXCs
npobsiem 0519 ycmoulvyugeoz20 pa3eumusi.

Knroyeenie crnoea: nmuuesodcmeo, rpou3sodcmeo mMsica NMmuubl, IpPOU3BO0OCMB0  suUU,
eeHemuy4eckas He3asucumocmb, buobe3onacHocmb, KOHKYpeHmocrnocobHocmsb, a2rybokas nepepabomka
auy
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Abstract.
Problem and purpose. The purpose of the study was to analyze the current state and development trends of
poultry farming in Russia, identify the factors affecting the growth dynamics of production, identify existing
problems, and develop proposals for further development of the industry.
Methodology. The research method was the analysis of statistical data and materials from the international
scientific and practical conference "Poultry Farming of the Future: Vectors of Economic Success". Quantitative
indicators of poultry and egg production volumes were used, as well as qualitative assessments of the impact
of government support measures and innovative technologies.
Results. The analysis showed a significant increase in the production of poultry meat and eggs in Russia. In
2025, the production volumes reached 5.6 million tons of poultry meat and 48.6 billion eggs, significantly
exceeding the previous years' figures. The main factors contributing to this growth include government support,
the introduction of modern technologies, and the establishment of specialized breeding and genetics centers.
However, the study also revealed regional disparities in the production of eggs and poultry meat, highlighting
the need to reduce production costs. One of the important areas is the advanced processing of eggs and
poultry meat to increase their consumer value.State support and the development of domestic breeding
programs play an important role in ensuring genetic independence and economic success for the industry.
Addressing regional disparities in production requires a comprehensive approach to resource allocation and
investment in underperforming regions
Conclusions. Further prospects lie in the development of advanced processing technologies, improving
efficiency, and enhancing biosecurity. While the industry's positive dynamics are evident, addressing existing
challenges is crucial for sustainable growth.

Key words: poultry farming, poultry meat production, egg production, genetic independence,
biosecurity, competitiveness, and deep processing of eggs.
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AHHOMauyus.
lpo6nema u uenb. [Ipobriema 3azpsi3HeHUs] 800HbIX 0b0beKkmoe 8 30He enusHus AQO «Ps3aHckul
CBUHOKOMIIIIEKCY» U rpyda-Hakornumesiss cmoum o4eHb ocmpo. Hecmompsi Ha 6oe2apHbie ycrnosus
8030e/1bi8aHUSsI  CeIbCKOXO3AUCMBEHHbIX  Kynbmyp, MUKpobuonoaudyeckul rpeccuHe Ha 0b0beKkmabl
OKpyxatoujel cpedbl 8 COBPEMEHHOM MUPE HE YMEHbLIUICS. OMO €853aHO C pOCMOM HapodoHace1eHUs 8 .
Uckpa, cnaboli pabomol 04UCMHbIX COOPYXeHUU u dpyaumu npuqyuHamu. B HayyHoU numepamype amom
80rIPOC LWUPOKO 0Cc8eUaemcs, HoO 3a2PsI3HEHUE 8 38€HE «CMOYHbIE 800bI-T08EPXHOCMHbIE 800bI-2PYHMO8LIE
800b1» paccmampugaemcsi criabo. 3mo cesizaHo ¢ HedocmamkKoM npPogheCccUOHaslbHbIX Ka0poe — 2Uudpori0208
U uHmepeca K meme. MsgecmHo, 4mo audporio2usi ces3aHa C 83aumModelicmeueM M08ePXHOCMHbIX U
nod3emMHbIX 800. MO MPosBIsemcsi 8 pa3Hbix acriekmax. Bénusu ceuHokomrisiekca u npyoda-Hakonumersis
CMOYHbIX 800, MOMUMO B/USIHUS KIIUMamu4yeckux ycroeul, penbegha, murna [o4ebl, OKa3blealom
so3delicmeue U makue hakmopbl Kak eriazornepeHoc u3z o0Ho20 criosi 8 dpyaol, uaMeHeHuUe pacxodos u
0bbemoes 800b! 8 peke u Op. [pyHMo8kie 800bI uMerom ammMocghepHoe numaHue, OHU 06pa3syomcs ar1a8HbIM
obpasom 3a cyém uHubmpayuu (npocadvusaHusi) ammocepHbix ocadkos. BriusiHue peku Ha pexum
2pyHMo8bIX 800 oOcywecmensaemcs npu Hamuquu eaudpasnuyeckol cesi3u Mex0y HUMU, €eCru peka
OpeHupyem meppacsbi, mo rpu nodnéme yposHeli eé cozBaémcs nodnop 2pyHMo8bix 800 U ypO8EHb UX
rnosbiwaemcs. CHUXeHue yposHeli peku 8bi3blieaem crad epyHmosbix 800. Mcxods U3 8bileus1oXeHHO:Z0,
peweHue npobrembl Kayecmea 800 akmyasibHO U meMa uccriedoeaHuli ceoespemeHHa. Llenb — nposedeHue
MUKPOBUOI02UYEeCKO20 MOHUMOPUH2a 8 38E6HE «CMOYHbIE 80JIbI-TO8EPXHOCMHbIE 800bI-2PYHMO8bIE 800bI»
8651u3U ceUHOKOMIIIeKca U rpyda-Hakonumeris.
MemoOdonoeus. [Jns ycmaHoeneHusi 83aUMOC8s13U mMpex ob6beKmo8 — CMOYHbIX 800, MO8EPXHOCMHbLIX U
e2pyHmMos8bix 800 Hamu bbiriu omobpaHski Mo 5 npob nosepxHocmHbix 800 p. Paka 6 300 m Huxe, 8bnusu u 300
M 8bllie M0 MeYeHU U 2pyHmMoebix 800 86nu3u npyda-Hakonumersns U3 OMKPbIMbIX HabrrodamerbHbIX
CK8a)XUH 8 cmepuribHyr rocydy. [pyHmosbie 800bI 8CKpbimbl Ha arybuHe 5,4 m (0o 2000 2 — 6,0 m).
lMoemopHocmb yembipexkpamuas. Memoduka ombopa npob u uccnedosaHud no FOCT 31942-2012 «Boda.
Omb6op npob 015t MUKPOBUOI02UYECKO20 aHalu3a», No4Yebl — bypoM 8 cmepuribHbIe M1acmuUKO8bie CmaKaH bl
no FOCT 17.4.4.02-2017 «OxpaHa npupodsl. [loyssl. Memodsi ombopa u nodzomosku npob 0Ons
Xumuyeckoeo, bakmepuosoauyeckozo, 2eIbMUHMOI02U4YeCcKo20 aHanusay. B pabome 6bina ucnonb3oeaHa
Mamemamu4eckasi modesb Llles4eHko u Brnacosa (2019).
Pesynbmambl. ViccnedogaHusi roka3asnu CUSIbHYI0 CmerneHb 3agps3HeHUsi 800HbIX 0b6bekmos. CambiM
onacHbiM 8 3KOJI02UYECKOM OMHOWEHUU S6875emcs rpyod-Hakonumesb, CMOYHble 800bl 8 KOmopbil
rnocmynarom 2udpassiudecKu Mocre OYUCMHbIX COOPYXeHUl. VHOeKC n1akmo30moioXumenbHoU Kuwe4YyHou
nanoyku cocmasus 2400 KOE k 1000 no Hopmamusy, uHoekc E.coli 1300:100, uHdekc aHmepokokka 240:100
u konu-ghazu 100:100. [llpu coeokynHocmu Oelicmeusi HebrazonpusimHbIX akmopoe 3agpsi3HeHUe
pacripocmpaHsiemcss Ha 6nusnexawyto meppumoputo u akeamopur. B kpyzoobopom eosrekaromcsi
[108ePXHOCMHbIE U 2pyHMOoBble 800bl, 8 KOMOPbLIX KOIUYECME0 uccriedyeMbiX MUKPOOpeaHU3MOo8 makxe
npesbiwaem mpebosaHue OCT. Cesasb 8 38eHe «CMOYHbIEe 800bl - MOBEPXHOCMHbIE 800bI - 2PYHMO8bIE
800b1» umeemcs. B npownom cmoyHbie 800k U3 npyda-Hakonumess rnodasasucb Ha opouweHue; HecMompsi
Ha rnpekpaweHue ronueos, 3azspsi3HeHHble 800kl pacripocmpaHsitomess Ha 6onbwue paccmosiHUs Kak 8
20pU3OHManbHOM, maK U eepmukanbHOM «rugpmaxy. [lposedeHHble pacdemsb! rpu ModenuposaHuU
rpoueccos 3agps3HeHUs1 B00HbIX UCMOYHUKO8 cmokKamu rnodmeepdurnu ¢hakmuyeckue 0aHHbIe, rosyYeHHbIe
8 JaKcriepumeHmax. Mamemamuyeckoe MoOenuposaHue [r0380/UMI0 OUEHUMb CMereHb B/USHUS
CBUHOKOMIIIIEKCa U rnpyda-HakKonumeJsisi Ha 600HbIe 0O bEKMbI.
3aknroyeHue. Pykosodcmeo rnipednpusmusi OomkHO obpamumb 8HUMaHue Ha 0cob0 ornacHbil 0b6bekm,
pacrionoxeHHbI Ha meppumopuu — rpyo-Hakonumesb CMOYHbIX 800. PaHee ommeuvarnca eeao
HedocmamouYHbIl 06beM Or1s MPUHAMUS CMOYHbIX 800, KO/TUYECMBO KOMOPbLIX MPU CHUXEHUU M020/108bs
CceuUHel He YMEeHbWUOCh U3-3a pocma HapoOoHacesnieHus 8 n. Vickpa. B nemHee epemsi OH Moxem si8UmMbCsi
npu4uHoOU yxydweHusi anudemuosioeudeckoll obcmaHoeku Ha bnusnexawel meppumopuu U akeamopuu
ecriedcmeue 3ag2ps3HeHUS] 80OHbIX 06 BEKMOS.

Knroyeeblie cnoea: cmoyHble 800bi, CBUHOKOMIIIEKC, MpyOd-HaKonumesib, NoO8epxXHOCMHbIE 800kbl,
2pyHmMos8ble 800bl, MUKPOBUOI02USl, MOHUMOPUH2
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Abstract.
Problem and purpose. The problem of pollution of water bodies in the zone of influence of JSC Ryazan Pork
Complex and the pond-accumulator is very acute. Despite the dry conditions of cultivation of crops, the
microbiological pressure on environmental objects in the modern world has not decreased. This is due to the
growth of the population in the village of Iskra, poor work of treatment facilities, etc. This issue is widely covered
in the scientific literature, but the link between soil, surface water, and groundwater is almost never studied.
This is due to a lack of professional hydrologists and interest in the topic. It is known that the hydrology of river
and groundwater is connected through the interaction of surface and groundwater. This is evident in various
aspects. In addition to the influence of climatic conditions, topography, and soil type, factors such as moisture
transfer from one layer to another and soil compaction also play a role near pig farms and wastewater storage
ponds. The aim is to conduct microbiological monitoring in the link “soil-surface water-groundwater” near the
pig farm and the pond-accumulator.
Methodology. To establish the relationship between the three objects — soil, surface water, and groundwater,
we collected 5 soil samples using the envelope method near the pig farm and the storage pond; surface water
samples from the Raka River 300 m below, near, and 300 m upstream, and groundwater samples near the
storage pond and 300 m from it and the pig farm from open observation wells. The wastewater was discovered
at a depth of 5.4 m (previously, 6.0 m). Repetition is 4-fold. The method of sampling and research is according
to GOST 31942-2012 “Water. Sampling for microbiological analysis”, soil — with a drill into sterile plastic cups
according to GOST 17.4.4.02-2017 “Nature Protection. Soils. Methods of sampling and preparation of samples
for chemical, bacteriological, helminthological analysis”. The mathematical model of Shevchenko and Viasov
(2019) was used in the work.
Results. The results of the studies showed a high degree of water pollution. The most environmentally
hazardous area is the storage pond, where wastewater is discharged hydraulically after treatment facilities.
The lactosepositive E. coli index was 24,000 CFU per 1,000 according to the standard, the E. coli index was
13,000:100, the enterococcus index was 2,400:100, and the coliphage index was 1,000:100. Under the
combined effect of unfavorable factors, pollution spreads to the nearby territory and water area. Surface and
groundwater are involved in the cycle, and the number of microorganisms studied also exceeds the
requirements of GOST. There is a connection between the "waste water-surface water-groundwater " link. In
the past, wastewater from the storage pond was used for irrigation, and despite the cessation of irrigation,
contaminated water spreads over long distances in both horizontal and vertical "elevators. Calculations
conducted during the modeling of water source pollution by wastewater confirmed the actual data obtained in
the experiments. Mathematical modeling allowed us to assess the impact of the pig farm and the wastewater
retention pond on water bodies.
Conclusion. The company's management should pay attention to a particularly hazardous facility located on
the property: the wastewater retention pond. Its insufficient capacity to handle wastewater was previously
noted, but despite a decline in pig numbers, the amount has not decreased due to the growing population in
Iskra. During the summer, this pond may worsen the epidemiological situation in the surrounding area and
waters due to the pollution of water bodies
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AHHOMauusi.
lpo6nema u yensb. Llenbio uccredogaHull 6M5710Ch CpaBHUMEIbHOE U3yHeHUe CmpyKmypbi nonynsayud P.
triticina no eupyneHm+socmu e Mockoackotli obnacmu e 2019-2024 2o0ax u onpedenieHue aghghekmusHocmu
Lr-2eHO8 u302eHHbIX nuHUl nweHuub! copma Thatcher.
Memodonoaus. VccriedosaHusi ebinosiHANU 8 nabopamopuu Mukosio2uu u ummyHumema ®r6HY BHUN®.
B kauecmee mamepuana 0115 uccrie®ogaHus cryxunu obpa3susi criop P. triticina, cobpaHHbie 8 Mockoeckol
obnacmu e 2019-2024 2o00ax Ha mnocesax CoOpmMo8 rweHuUubl. BupyneHmHocms u3onamoe epuba
ycmaHasnueasnu no cmaHOapmHbeiM MemodukaMm Ha Habope 42 u30z2eHHbIx Lr-nuHul nweHuubl. Onbimel
cmasunu 8 Kamepax ucKyccmeeHHoeo knumama. OueHKy paseumusi 3abornegaHusi npoeoounu o
riokasameJsisiM UHmMeHcusHocmu riopaxerus (%) u muna peakyuu (6asnsn).
Pe3ynbmamel. 1o pe3ynbmamam uccredogaHull, rnpogedeHHbix 8 2019-2024 2odax, ¢ MOMOWMBIO STUHUL
copma Thatcher onipedeneHbl Yacmomsl annenel supyneHmHocmu nonynsayud P.triticina (HapogomuHckull
u OduHuyosckuli patioHbl Mockoseckol obriacmu). ObHapyxeHo 28 gheHomurios epuba, KOmMopbie NPoAsIAnu
8 pa3sHbiXx KOMOuHayusix supyrneHmHocmb K 21-32 nuHusm nweHuybl. Annenu rnpeodrnonazaeMbix 2eHO8
supyneHmyocmu p1, p3a, p3bg, p3ka, p10, p11, p14a, p14b, p17, p18, p20, p33, p39, p40, pB ebisensnu e
nonynsayusix P. triticina c yacmomou 75-100 %. Yacmombi supyneHmHocmu K Lr-nuHusiM ¢ 2eHamu Lr2a, Lr2b,
Lr2c, Lr15, Lr16, Lr21, Lr25, Lr26, L27+31, Lr30, Lr32, Lr44, Lr46 eapbuposanu 6 cusibHoOlU cmerneHu — om
12,6 % do 100 %. Usonssmbi 8036ydumensi 6ypol p)xagYuUHbI MPOSBUSIU a8UPYIeHMHOCMb K 7 JIUHUSIM
nweHuypb! Lr9, Lr24, Lrd41, Lr42, Lr47, Lr51, Lr53. BbisgeneHsbl usonamel P. triticina, eupyneHmHble K NUHUSM
Lr19, Lr28, Lr29, Lr45, paHee rnposignsguiuMm ycmoul4ueocmb K 1amozeHy.
3aknroyeHue. [lonydeHHble pes3ynbmambl 0360UMU  HE MOJIbKO pacuupumb CrEeKmMp OCHOBHbIX
namozeHHbIx rnokazamernel P.triticina, HO u 6biseumMb OUHaMUuKy 4Yacmom eupyreHmHocmu epuba.
lMonyyeHue HOBbIX COPMO8 MUIEHUUbI, 3aUULLEHHbIX 3¢bhEKMUBHBLIMU 2eHaMU, crocobcmeyem CHUXEHUH
sepossmHocmu anucgbumomulti epuba, 8 ces3uU ¢ YeM ceedeHus1 0 cmpykmype gupyrneHmHocmu ronynsyud P.
triticina mo2ym 6bimb o1e3HbIMU 8 CeNTeKUUOHHbIX pospaMmmax.

Knroyesble croea: nweHuuya, MOHO2EHHbIE JIUHUU, 2eHbl ycmol4usocmu, 6ypas pxagdyuHa,
8UPYIEHMHOCMb
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Abstract
Problem and purpose. The aim of the study was to comparatively examine the virulence structure of P.
triticina populations in the Moscow Region from 2019 to 2024 and determine the efficacy of the Lr genes of
some isogenic lines of the Thatcher wheat variety.
Methodology. The studies were conducted in the Mycology and Immunity Laboratory of the All-Russian
Research Institute of Phytopathology. Samples of P. triticina spores collected in the Moscow Region from 2019
to 2024 from wheat varieties served as the study material. The virulence of the fungal isolates was determined
using standard methods on a set of 42 isogenic Lr wheat lines. The experiments were conducted in the artificial
climate chambers. Disease development was assessed based on damage intensity (%) and response type
(score).
Results. Based on the results of studies conducted from 2019 to 2024, using the lines Thatcher variety
determined the frequencies of virulence alleles in local P. triticina populations (Narofominsky and Odintsovsky
districts of Moscow region). 28 fungal phenotypes were detected, which exhibited virulence to 21-32 wheat
lines in different combinations. Alleles of putative virulence genes p1, p3a, p3bg, p3ka, p10, p11, p14a, p14b,
p17, p18, p20, p33, p39, p40, pB were detected in P. triticina populations with a frequency of 75-100%.
Virulence rates to Lr lines with the Lr2a, Lr2b, Lr2c, Lr15, Lr16, Lr21, Lr25, Lr26, L27+31, Lr30, Lr32, Lr44,
Lr46 genes varied significantly—from 12.5% to 100%. Leaf rust isolates were avirulent to seven wheat lines:
Lr9, Lr24, Lr41, Lr42, Lr47, Lr51, Lr53. P. triticina isolates were identified that were virulent to lines Lr19, Lr28,
Lr29, Lr45, which had previously shown resistance to the pathogen.
Conclusion. The study results expanded the range of key assessed parameters, demonstrating changes in
virulence rates in the local P. triticina population. Using wheat varieties protected by these effective genes
reduces the likelihood of fungal epiphytoties, and new information on the virulence structure of P. triticina
populations can be applied in breeding programs.

Key words: leaf rust, virulence, population, wheat, Lr-lines, juvenile resistance genes.
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AHHOMauusl.

lpo6bnema u uenb. Ha ¢oHe obweHayuoHanbHol meHOeHUUU K UHMeHcugukayuu MOSI0YHO20
ckomosodcmea 4Yepe3 COKpawieHUe r1020/108bsi  VleaHosckasi obnacmb peanudyem  yHUKalbHYH
«pacwupsowytocs modesnby ¢ OOHOBPEMEHHbIM pocmoM cmada u npodykmusHocmu. B Hay4Hou
numepamype Hedocmamo4YHO 8HUMaHUS yOesieHO 3MIUPUYECKOMY aHanu3y 83auMoces3u buoo2u4eckux u
9KOHOMUYECKUX rapamMempo8 8 ycjosusix pocma noe2osnosebs. Llenbio uccnedosaHusi siensiemcs
KOIU4ecmeeHHasi OUeHKa BIIUSIHUSI KITI0YEe8bIX Mpou3800CME8eHHO-9KOHOMUYECKUX (hakmopos Ha ypoeeHb
peHmabennbHOCMuU MOJI04HO20 cKkomoeodcmea 8 MeaHosckoli obrnacmu U cpasHUMESbHbIU aHanu3 ¢
obuwepoccutickumu daHHbIMU 3a rnepuod 2010-2024 ze.

Memodonoezus. ViccriedosaHue 8biMosIHEHO Ha OCHOBE KOMIT/IEKCHO20 aHaru3a oghuyuanbHOU cmamucmuku
U naHenbHbIX OaHHbIX 28 eedywjux xo3slicme pezsuoHa, obecriequsarowux bonee 85 % npoussodcmea
Morioka. [nsi ebisienieHusi demepMuHaHm peHmabernibHoCmu MpUMEHeHbl KOpPEensiUUoHHbIU aHanu3 u
MHOXECMEBEHHbIU JUHEUHbIU Pe2pecCUOHHbIU aHanu3 (Memol HaumMeHbwux keadpamos). [IpogedeHa
rposepka npednocwlriok Mmodenu. Pacyemel 8binosniHeHbl 8 cpede R u Statistica.

Pe3ynbmamel. B pecuoHe 3aghukcuposaH pocm roz2osoebsi Kopos Ha 18,4 %, eanogozo Hados Ha 89,2 % u
npodykmusHocmu Ha 22,6 %. [ons nnemeHHbIx xo3ssticme (21,6 %) obecriedusaem 68,6 % sanoeozo Hados.



PeepeccuoHHas modernb (R? = 0,68) ebisisuna knroyegble demepmMuHaHmbl peHmabensHocmu: npubbiiib om
peanusayuu monoka (8 = 0,51), npubbinb om nnemMeHHo20 MosolHsika (8 = 0,43), dons egoda nepsomernok
(B = 0,29) u noezonoswe kopos (B = 0,18). Cebecmoumocmp 1 U MOMIOKa cmamucmu4yecku He enusem Ha
peHmabenibHoCcmb. BbisigrieH Kpumu4ecKuli puck — CHUXxeHue e8bixoda messim ¢ 88 % 0o 76 %.
3aknroyeHue. PezuoHanbHas MoOenb, codyemarowjasi KOMUYEeCMBEHHbIU pocm U 2eHEeMUYECKYHo
ModepHu3ayur, nodmeepxoeHa Kak nepcriekmueHasl albmepHamusea obuleHayuoHaribHOMYy mpPeHOY.
YnpaeneHue peHmabenbHOCMbIO cMeuwaemcsi om U30epPXKO8020 MEHEOXMEHMA K PbIHOYHLIM U
eeHemudeckuMm  ¢hakmopam. [na  obecrniedyeHuss  ycmol4usocmu — peKkoMeHOyemcsi  yKperieHue
pernpodyKmugHO20 nomeHuyuarsa, pacwupeHue rniemMeHHoeo cekmopa 0o 30-40 % u pazsumue Koonepayuu.
Pe3ynbmamsi Mocym 6bimb UCMOb308aHb! MPU hOPMUPO8aHUU pPeauoHasibHOU agpapHOU MoIUMuUKU.

Knrouyeebie croea: MOI04HOE CKOMOBOOCMEO, paclupsowWasicsi Mooesb, nieMeHHble xo3sticmea,
peHmabenbHOCMb, 2eHemu4eckull Kanumar, eocrnpou3eodcmeo cmada, pPe2pecCUOHHbIU aHanus,
9KOHOMUYecKas aghghekmueHOCMb, rpodo8osibcmaeeHHasi 6e3onacHocmsb
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Abstract.
Problem and purpose. Against the backdrop of a nationwide trend towards the intensification of dairy farming
through the reduction of livestock numbers, the Ivanovo Region is implementing a unique "expanding model”
with a simultaneous increase in herd size and productivity. However, there is a lack of empirical analysis in the
scientific literature regarding the relationship between biological and economic parameters in the context of
increasing livestock numbers. The purpose of this study is to quantify the impact of key production and
economic factors on the profitability of dairy farming in the lvanovo Region and to compare it with national data
for the period 2010-2024.
Methodology. The study was based on a comprehensive analysis of official statistics and panel data from 28
leading farms in the region, which account for more than 85 % of milk production. Correlation analysis and
multiple linear regression analysis (least squares method) were used to identify the determinants of profitability.
The assumptions of the model were tested.
Results. The region saw an increase in the number of cows by 18.4 %, gross milk production by 89.2 %, and
productivity by 22.6 %. The share of breeding farms (21.6 %) provides 68.6 % of the gross milk yield. The
regression model (R? = 0.68) identified the key determinants of profitability: profit from milk sales (8 = 0.51),
profit from breeding young animals (8 = 0.43), the share of first-calf heifers (8 = 0.29), and the number of cows
(B = 0.18). The cost of 1 kg of milk does not have a statistically significant impact on profitability. A critical risk
has been identified: a decrease in calf yield from 88 % to 76 %.
Conclusion. The regional model, which combines quantitative growth and genetic modernization, has been
confirmed as a promising alternative to the national trend. The management of profitability is shifting from cost
management to market and genetic factors. To ensure sustainability, it is recommended to strengthen
reproductive potential, expand the breeding sector to 30-40 %, and develop cooperation. The results can be
used in the formation of regional agricultural policies.
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AHHOMauusi.
lMpo6nema u yenb. Peanusayusi nomeHyuana HEKOHOUYUOHHO20 Cbipbsi U3 2pubos, 8 sude epubHOU MyKuU,
nymem 0obaernieHuUs1 8 3KCmMpPyOuUpPOBaHHbIU KOPM U3 3epHa CEe/IbCKOX03[LUCMBEHHbIX KyJibmyp, U 8bIS8reHus
aghgpekmusHOCMU OMKOpMa MOJSTOOHSKa C8UHeld OaHHbIM KOPMOM C yd4emoMm aHanu3a OuoXUMUYEeCKUX
rnokasamerneul Kposu ceuHell U obuje2o COCMOSIHUSI XXUBOMHbIX 8a)kHasl npobriema aspapHO20 Cekmopa.
AKmyanbHOCmb U MepcrieKmueHOCMb 3mMo20, mak xe rnoomeepxdaemcs npakmu4yecku omcymcmeuem
pou3800CMEeHHbIX OaHHbIX, U HayYHbIX JlUMepamypHbIX UCMOYHUKO8 8 Hawel cmpaHe U Mupe o
PUMeHEeHUro U ymunu3ayuu e2pubHbix omxodos.
Memodonozus. HccrnedosaHusi nposedeHbl 8 ycrosusix PsizaHckoli obracmu. 3KcriepuMeHmarbHble
onbimbl, pa3pabomka u Modbop KOPMOB BbIMOMIHEHbI 8 yCrI08uUsIX Mpou3godcmea 8 coomeemcmeuu ¢
cywecmsyruuMu pekomeHoayusmu.
Pesynbmamsi. [Npu aHanu3e 3Kkcmpyoupo8aHHO20 36PHOB020 KOpMa 8bISI8NIeHO yeesiudeHuUe codepxaHusi
CyXx020 gelwjecmea 8 cpasHeHUU C 3epHOM Ky/bmypbl. B moxe epemsi, 8 obwiem obbeme KOpMo8ol Macchl
docmueHymo cHuXeHue KpaxmarsbHolt Yacmu ¢ 90,5 % 0o 76,3 %, u nosbiweHuUe codepxaHue caxapo3bi C
3,8 % 00 5,1 %. Ommemum He3Ha4YUmMesIbHOe YMEeHbWEeHUE MUKPO3/IEMEHMHOZ0 cocmaesa rocrie sKkcmpy3uu,
8 npedenax owubku onbima. lNpu akcmpy3uu npouecc OeHamypayuu besika enusem Ha cHUxeHue bersika 3a
cyem Oelicmeusi meMriepamypHo20 hakmopa U KpamkospeMeHHo20 OaerieHusi. Tak xe ommedaemcs
HecywecmeeHHOe yMeHbWEeHUE rokasamersisi Cbipo2o Xupa, 8 cpedHeM, 05151 0rbimHO20 eapuaHma 1) 75 : 25
Ha 0,15 % (P <0,05), dnsi 2) 50 : 50 — Ha 0,12 % (P <0,05), 3) 20 : 80 Ha 0,09 % (P <0,05) e cpasHeHuu
codepxxaHueM UeslbHO20 3epHa CerlbCKOXO035UCMEEHHbIX Kynbmyp. MakcumarnbHoe codepxaHue Cbipo2o
rpomeuHa 8biIsi8JIEHO 8 IKCMPYOUPOBaHHOM KOPMEe C COOMHOoWeHUeM 3epHa U epubHol myku e 20:80, Ha 3,4-
6,0% eblwe Opyaux u3y4HaeMblx eapuaHmos. Bbicokoli 0bmeHHOU 3Hepauel 8bisierieH 8apuaHm
9KCmMpyOuUpPOBaHHO20 KOpMa C COOMHOWEeHUEeM 3epHO8oU U epubHol cocmasenswowel 75 : 25 HO OH
Xapakmepu308asicsi caMbiM HU3KUM 8 Ofbime co0epxXaHueM o rpomeuHy.
3aknroyeHue. B pesynbsmame uccriefogaHuli 6bI1/10 ycmaHO8/1eHO, YmMO 3KCmpyouposaHHbIl KopM, 20e
COOMmMHoOWwieHuUe 3epHosol U epubHol macckl cocmasurno 50 : 50, aensemcs agbgpekmueHbIM U 6e30rnacHbIM
MPOOYKMoOM rpu CKapM/iueaHUU MOJIOOHSIKa CeuHel, Komophblli CyujeCmeeHHO 08biwarsl Xueyr maccy u
OMKOPMOYHbIE XapakmepucmuKku MOIOOHSIKa ceuHel. B akcriepumeHme ¢ XUB8OMHbIMU CPEOHEeCYMOYHbIU
rpupocm cocmasusl Ha KOHmposibHoU epynne ceuHel 680 epamm, Ha onbimHol epynne — 750 epamm (+70
epamm), ymo ceudemesibcmayem o 8bICOKOU aghgbekmusHocmu ripednazaemoli Kopmosol dobasku.

Knroyeebie cnoea: akcmpyOupo8aHHbIE KOpMa, C8UHO80OCMBO, Mnpueec MOJIOOHsIKa, 0mxo0bl
epubosodcmea, npupocm
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Annotation.
Problem and purpose. Realizing the potential of substandard mushroom raw materials in the form of
mushroom flour by adding to extruded feed from grain crops and identifying the effectiveness of fattening
young pigs with this feed taking into account the analysis of biochemical parameters of pig blood and the
general condition of animals is an important problem in the agricultural sector. The relevance and prospects
of this is also confirmed by the almost absence of production data and scientific literature sources in our country
and the world on the use and disposal of mushroom waste.
Methodology. The research was conducted in the Ryazan region. Experimental research, development and
selection of feed were carried out under production conditions in accordance with existing recommendations.
Results. The analysis of the extruded grain feed revealed an increase in the dry matter content in comparison
with the grain of the crop. At the same time, a decrease in the starch part from 90.5 % to 76.3% and an increase
in the sucrose content from 3.8 % to 5.1 % were achieved in the total volume of feed mass. We note a slight
decrease in the trace element composition after extrusion within the experimental error. During extrusion the
protein denaturation process affects protein reduction due to the action of temperature factors and short-term
pressure. There is also an insignificant decrease in the crude fat index, on average, for the experimental variant
1)75:25by 0.15% (P <0.05), for 2) 50 : 50— by 0.12 % (P <0.05), 3) 20 : 80 by 0.09 % (P <0.05) in comparison
the content of whole grains of agricultural crops. The maximum crude protein content was found in the extruded
feed with a grain-to-mushroom flour ratio of 20:80, 3.4-6.0% higher than the other studied variants. The variant
of the extruded feed with a grain-to-mushroom ratio of 75: 25 was revealed with high metabolic energy, but it
was characterized by the lowest protein content in the experiment.
Conclusion. As a result of the research it was found that extruded feed where the ratio of grain and mushroom
weight was 50 : 50 is an effective and safe product for feeding young pigs, which significantly increased the
live weight and fattening characteristics of young pigs. In the experiment with animals the average daily
increase in the control group of pigs was 680 grams, in the experimental group — 750 grams (+70 grams),
which indicates the high effectiveness of the proposed feed additive.

Key words: extruded feed, pig farming, weight gain of young animals, mushroom farming waste,
growth
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AHHOMauyusl.

lpo6bnema u uyenb. Llenbio Hacmosiwezo uccredogaHusi 6bII0  U3yYeHUe MOKCU4YHocmu Hogeol
npobuomudeckoli kopmosol 0obasku «[lpobucybmun» Ha ocHose abopueeHHbIX wmammos bakmepuli B.
subtilis, ebideneHHbIX 8 Yycrosusix SKymuu, ¢ uenbo nodmeepxdeHuss e€ 6uobesonacHocmu Ons
UCrosb308aHUsl 8 XXUBOMHO80OCMae.

Memodonozus. Onbimbl npogodunucs 8 nabopamopuu no paspabomke MUKPOBHbIX rpenapamos
Skymcko2o HUUCX um. M.I. CagbpoHosa & 2024-2025 zodax. Ob6bekmbi uccriedogaHuUsi - wWmaMmbl
bakmepuli  B. subtilis, ebideneHHble U3 MUKPOBUOMbI KOMbIMHBIX XUBOMHbIX SIKymuu, Hoeasi
npobuomudeckasi kopmogasi 0obaska «[lpobucybmurny», 255 besbix 6ecrnopodHbIX Mbiwel u npocmeduwue
Tetrahymena pyriformis. AHmubuomuko4yecmeumesibHOCMb WMaMMO8-0CHO8bI pobuomuveckol dobasku
onpedensnu ducko-0uggysHbim memodom. besgpedHocmb wmammos usydanack in vivo rno rnokazamerisim



sUpYNIeHMHOCMU,  MOKCU4YHOCMU U  MmoOKcueeHHocmu  coenacHo MYK  4.2.2602-10. [omosyro
npobuomuueckyro 0obasky «[llpobucybmurny npoeepsiniu Ha OCMPYI U XPOHUYECKYK MOKCUYHOCMb 8
coomeemcmeauu ¢ TOCT 32644-2014 u FOCT 32647-2014 coomeemcmeeHHo. [ucmornoeausi 8HymMpeHHUX
opeaaHos npogedeHa e [BY PC(5) APBUII. UccnedosaHue obweld mMOKCUYHOCMU Ha npocmeluux
Tetrahymena pyriformis nposodunoce 8 UJIL| «Bem®apmTecm».

Pe3ynbmamel. [lposedeHHbie uccriedosaHusi nokasasu, 4Ymo wmammbl bakmepul B. subtilis 11K u B.
Subtilis 27L He obnadarom aHmMubuOMUKOPE3UCMEHMHOCMbIO, 8UPYNIEHMHOCMbIO, MOKCUZEHHOCMbIO U
MOKCUYHOCMbIO. M3yyeHUe ocmpol U XPpOHUYECKoU mokcuyHocmu npobuomuyeckol Kkopmosol 0obasku
«lpobucybmurn» Ha nabopamopHbIX Mblliax HEe 8bISeUSI0 He2amueHO020 6/IUSIHUS Ha UX KITUHUYeCKoe
cocmosiHue, pu 3MOM OmCymcmaeoeasnu namomMopghosioeudecKue U 2aucmosioaudyeckue U3MEeHeHUs
8HYmMpeHHUX opaaHos. CoxpaHHOCMb XUB0MHbIX 80 8cex epynnax cocmasuna 100%. [ornonHumersHo,
uccnedosaHusi in vitro Ha npocmelwux Tetrahymena pyriformis nodmeepdunu omcymcmeue
yumomokcuyeckozo go3delicmeausi obaskul.

3aknroyeHue. [lonydeHHble  pe3ynbmamel  [10380740M  3aknoyums  buobesonacHocmb  HO8OU
npobuomuuyeckol kopmoegoli dobasku «[lpobucybmur» 8 pamkax rposedeHHbIx uccrnedosaHull. 9mo denaem
ee nepcriekmueHol Onsi IpUMeHeHUs 8 XueomHosodcmee, 0CObeHHO 8 ycrosusix Cesepa.

Knrodeeble croea: aHmubuomuKope3ucmeHmMHOCMb, 8UPYI€HMHOCMb, MOKCUYHOCMb, WMaMMbl
6akmepud B. subtilis, npobuomuydeckasi dobaska «[lpobucybmur»
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Abstract.
Problem and purpose. The purpose of this study was to study the toxicity of a new probiotic feed additive
«Probisubtil» based on native strains of B. subtilis bacteria isolated in Yakutia in order to confirm its biosafety
for use in animal husbandry.
Methodology. The experiments were conducted in the laboratory for the development of microbial
preparations of the Yakut Scientific Research Institute named after M.G. Safronov in 2024-2025. The objects
of the study are strains of B. subtilis bacteria isolated from the microbiota of hoofed animals of Yakutia, a new
probiotic feed additive «Probisubtily, 2565 white mongrel mice and protozoa Tetrahymena pyriformis. The
antibiotic sensitivity of the base strains of the probiotic supplement was determined by the disco-diffuse
method. The harmlessness of the strains was studied in vivo in terms of virulence, toxicity and toxigenicity
according to MUK 4.2.2602-10. The finished probiotic supplement «Probisubtil» was tested for acute and
chronic toxicity in accordance with GOST 32644-2014 and GOST 32647-2014, respectively. Histology of
internal organs was performed at GBU RS(Ya) YARVIL. A general toxicity study on protozoa Tetrahymena
pyriformis was conducted at the VetFarmTest Research Center.
Results. Studies have shown that the bacterial strains B. subtilis 11K and B. subtilis 27L do not have antibiotic
resistance, virulence, toxicity and toxicity. The study of the acute and chronic toxicity of the probiotic feed
additive «Probisubtily in laboratory mice did not reveal a negative effect on their clinical condition, while there
were no pathomorphological and histological changes in the internal organs. The safety of animals in all groups
was 100%. Additionally, in vitro studies on protozoa Tetrahymena pyriformis confirmed the absence of
cytotoxic effects of the additive.
Conclusion. The results obtained allow us to conclude the biosafety of the new probiotic feed additive
«Probisubtil» within the framework of the conducted research. This makes it promising for use in animal
husbandry, especially in the conditions of the North.

Key words: antibiotic resistance, virulence, toxicity, bacterial strains of B. subtilis, probiotic
supplement «Probisubtil»
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AHHOMauusi.
lpobnema u uenb. Llenbio uccredosaHuli bbINO u3ydeHUe 6/USHUS KIUMamu4yeckux ycrnosull roea
HeuepHosemHoli 3oHbI Poccuu (Pecniybnuka Mopdosusi) Ha npodormKumesbHOCMb 8e2emalioOHHO20
nepuoda macnu4yHoz20 nbHa. [na uccrnedosaHuli 6binu nodobpaHbl copma pasuyHbIX UEHMPOE8 Cenekuyuu:
BHUWMK 620-cmaHdapm (®IFBHY «®HL «BHUWUMK um. B.C. lNycmoeoima»); Hap, Busupb, Canrom,
AnbsiHe (Pecnybnuka benapycs); Agaycm, Ambep, CaHus, CesepHbili, A3ypum, CeHmsbpb (COC — ¢bunuan
OHL « BHUWMK um. B.C. Nycmosoimax»); Mcmok (lMeHnseHckuli HANCX).
Memodonozus. Onbim 3anoxeH 8 2023-2025 22. Ha 3emnsix hunuana @IBY "MocydapcmeeHHas KOMuUccusi
Poccutickol ®edepayuu o ucrbimaHur U OxpaHe cenekyuoHHbIx docmuxeHul" no pecnybnuke Mopdosusi,
lNeH3eHckol u YnbsHoeckol obnacmsmM, 8 mpexkKpamHol nosmopHOCMU MemoOoM paHOOMU3UPOBaHHbIX
nosmopeHut. TexHonoeausi eo30esibieaHuUs1 6KYana 3s6nesyo obpabomky Ha anybuHy 20-25 cwm,
rpedrnocesHyro Kynbmusauur Ha 6 cm, rmocee ¢ HOpMOU ebicesa 8 MIH WM. 8CXOXUx ceMsH Ha 1 ea,
rpuMeHeHUe KoMriekca necmuyudos npomue KpecmougemHol 6510wkKu u copHbix pacmeHul (Muypa K3 1
n/2a (nepsasi obpabomka) + Cekamop Typbo ML 90 mn/za (80 emopyto obpabomky)). ®eHonoauvyeckue
HabnodeHusi 6 OCHOBHbIX ha3 pa3gumusi Mac/lu4HO20 JibHa fpPo8odusiu o Memooduke 20cy0apcmeeHHOU
KomMuccuu rno copmoucrbimaHuro.
Pe3ynbmamabl. OmMeyeHO 8/1usiHUE Mo200HbIX yC108uli Ha nMpodorKUMeIbHOCMb MexXasHblX nepuodos
Macslu4Ho20 ribHa, 6onee no3dHuUe copma OeMOHCMPUPYOM CUMbHbIE peakuyuu Ha CyMMbl aKmueHbIX
memnepamyp U Koiudecmea ocadkos, 4YmMO yKasblgaem Ha Uux 6onbwy0 3asucumMocmb om
aspomMemeoposioaudecKuUx ycroguli no cpasHeHuUto ¢ bonee paHHUMU copmamu. BezemayuoHHbIl nepuod
copmoe 8 ¢hasbl om nocesa 00 nonHou crnenocmu cocmasun 96-107 cymok. B cpedHem 3a 3 2o0da o
npodomxumernbHOCMU 8e2emayuoHHo20 rnepuoda copma pasdenunuck Ha 3 epynnsl: 97 cym. — cmaHOapm
BHUWMK 620, CesepHnbit; 101 cym. — Asaycm, Ambep, Asypum, AnbsiHe, dap, Busups, Cantom; 107 cym. —
CeHmsabpb, icmok, CaHus. Jlydwue nokazamenu rno npodykmusHocmu 8 Kaxdol 2pyrne umerom copma
CeeepHblili 1,95 m/za, Ambep 2,31 m/za, icmok 2,17 m/za.
3aknroyeHue. Pesynbmamebl uccredogaHusi 6MuUsIHUS M0200HbIX ycrio8ull Ha npodormKumerbHoOCmb
MexghasHbiX Nepuodo8 rokasanu, 4Ymo [pu y8enudYyeHUU CyMMbl aKmueHbIX memrepamyp OHa
yeenudueaemcs 8 npedenax +0,011...+0,266 OHs/° C (kpome nepuoda «8cxodbl-€5104Ka» y copmos VIcmok,
CaHus u CeHmsbpb, 20e enusHUe ompuuamesibHoe), a yeesiudeHue kKorudecmea ocadkoe rpusooum K
pocmy npodormkumensHocmu MexgasHbix nepuodos Ha +0,033...+1,096 OHs/MM (Kpome nepuoda «xenmas
crierlocmb-riofiHas cresiocmey, 20e y copmoe BHUMMK 620, CeegepHebiti, Agaycm, Ambep, A3ypum, AMnbsiHC,
Hap, Busupb, Cantom enusiHUe ompuyamesibHoe U rpoucxodum cokpauwjeHue ¢pasbl — 0,089...-0,092
OHS/MM,).

Knroyeeblie cnoea: macnuyHbil J1ieH, MexghasHble nepuodsbl, 02 HeuyepHO3eMHOU 30HbI,
bymoHu3ayus, Kumamu4eckue ycriogus, ypoxalHocmb
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Abstract.
Problem and purpose. The aim of the study was to investigate the influence of climatic conditions in the
southern Non-Chernozem Zone of Russia (Republic of Mordovia) on the duration of the oilseed flax growing
season. Varieties from various breeding centers were selected for the study: VNIIMK 620 — standard (V.S.
Pustovoit All-Russian Scientific Research Institute of Oil Flax), Dar, Vizir, Salut, and Alliance (Republic of
Belarus); Avgust, Amber, Saniya, Severny, Azurit, and Sentyabr (SOS — branch of the V.S. Pustovoit
AllRussian Scientific Research Institute of Oil Flax); Istok (Penza Research Institute of Agriculture).
Methodology. The trial is scheduled for 2023-2025. The study was conducted on lands of the branch of the
Federal State Budgetary Institution "State Commission of the Russian Federation for Testing and Protection
of Selection Achievements" in the Republic of Mordovia, Penza, and Ulyanovsk Oblasts, in triplicate using
randomized replicates. The cultivation technology included autumn tillage to a depth of 20-25 cm, pre-sowing
cultivation to a depth of 6 cm, sowing at a seeding rate of 8 million viable seeds per hectare, and the use of a
pesticide combination against cruciferous flea beetles and weeds (Miura EC 1 I/ha (first treatment) + Secateurs
Turbo MD 90 mi/ha (second treatment)). Phenological observations of the six main phases of oilseed flax
development were conducted according to the methodology of the State Commission for Variety Testing.
Results. Weather conditions were found to influence the duration of the interphase periods of oil flax.
Laterripening varieties demonstrated stronger responses to the sum of active temperatures and precipitation
amounts, indicating their greater dependence on agrometeorological conditions compared to earlier varieties.
The growing season of the varieties from sowing to full maturity lasted 96-107 days. On average, over the
three years, the varieties were divided into three groups based on growing season duration: 97 days — VNIIMK
620 standard, Severny; 101 days — Avgust, Amber, Azurit, Alliance, Dar, Vizir, Salut; 107 days — September,
Istok, Saniya. The best productivity indicators in each group were demonstrated by the Severny varieties (1.95
t/ha), Amber (2.31 t/ha), and Istok (2.17 t/ha).
Conclusion. A study examining the influence of weather conditions on the duration of interphase periods
showed that with increasing sum of active temperatures, it increases within the range of +0.011 to +0.266
days/°C (except for the "seedling-fir-tree" period for the Istok, Saniya, and Sentyabr varieties, where the effect
is negative). An increase in precipitation leads to an increase in the duration of interphase periods by +0.033
to +1.096 days/mm (except for the "yellow ripeness-full ripeness" period, where the VNIIMK 620, Severny,
Avgust, Amber, Azurit, Alliance, Dar, Vizir, and Salut varieties show a negative effect and a reduction in the
phase by -0.089 to -0.092 days/mm).
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AHHOMauusi.
lpobnema u yenb. TexHoMo2USI  KOHCEPeUPOBaHUs  8bl20OHO  omu4Yyaemcss om  Opyaux
Kapmogbenenepepabambigarowjux mexHoso2aul, npexoe ece2o, cgoel OMHocUmMesnbHOU Mpocmomod,
oocmyrnHOCMb0 U 3¢bgheKmMUBHOCMbIO (OrTUMENIbHbIM CPOKOM XPaHeHUs U MUHUMabHoOU nomepel nuuwesol
UeHHOCMU fpu MexHoI02U4ecKUX onepayusix). Lienbto uccnedosaHusi S8UMOCL pacCMOMpPEHUE MexXHoIo2uu
KOHcepsuposaHusi monuHambypa.
Memodonozaus. KoHcepsuposaHHbIl monuHambyp — uernble unu HapesaHHble Ha 2 unu 4 yacmu Kiy6Hu
monuHambypa 6e3 meMHbIX rnsameH u anaskos. [1o0pobHO paccmompeHa U onucaHa MmexHoI02us
MPOMbILWIEHHO20  KOHcepeuposaHuss  monuHambypa,  3akmodaowascs 8  nocredosamersibHO
ocyujecmerniseMbIMu;  MoUKe monuHambypa, o4ucmke monuHambypa, do4ucmke mornuHambypa,
cynbumayuu mornuHambypa, bnaHwuposaHUU U oxyiax0eHuUuU mornuHambypa, npuaomossieHuu 3anueKu,
gacoske monuHambypa 8 mapy, yKyriopke mapbl, cmepususayuu npodykma.
Pesynbmambl. Qu3UKO-XUMUYECKUE [loKa3amesiu KOHCepeupo8aHHO20 mornuHambypa Uu3y4eHbl C
rpumMeHeHUeM cmaHOapmu3uposaHHbIXx Memodos uccriedoeaHus. B 100 e KoHcepsupogsaHHOZ20
monuHambypa coldepxumcs besnkos — 2,1 2, xupoe — 0,1 e, yernesodos — 12,8 e, opaaHuyeckux kuciiom — 0,1
2, nuujesbix 80/10KOH — 4,5 e, 3onbi — 1,4 2, 800bI — 79 2, a makxe umeromcs sumamurel (B1, B2, B4, B5, C,
PP, E, H, K), makpo- u mukpoanemeHnmsi (K, Ca, Mg, Na, Si, P, Fe, Se, Cr, Ai, Li, Ni, V, Rb u 8p.), nuweeas
ueHHocmb — 61 kKan. Pacyém nuweeol ueHHOcmu nposodusu C MPUMEHEHUEM KOo3ghghuyueHmos
nepec4yéma besikos, Xupoe U yareeo0os.
3aknroyeHue. PaccmompeHHasi mexHOsI02usi KOHCep8uUposaHUsi monuHambypa uHmepecHa 0518 8HeOPeHUs
rpednpusmusim KoHcepeHol ompacnu Poccuu.

Knroyesnie csioea: monuHambyp, KOHcepsuposaHue, MexHosI02us, MolKa, o4ucmka, 00o4uUCmKa,
cynbumauyus, brnaHwuposaHue, cmepusnusayus

Ana uyumupoeaHusi: bbizos B.A., Cmaposoimosa O.A., Jlumesk B.B. TexHonozsus
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Abstract.

Problem and Objective. Canning technology compares favorably with other potato processing technologies,
primarily due to its relative simplicity, accessibility, and efficiency (long shelf life and minimal loss of nutritional
value during processing). The aim of the study was to examine the technology for canning Jerusalem artichoke.



Methodology. Canned Jerusalem artichoke tubers are whole or cut into 2 or 4 pieces, free of dark spots and
eyes. The technology for industrial Jerusalem artichoke canning is examined and described in detail. It consists
of the following sequential steps: Jerusalem artichoke washing, Jerusalem artichoke cleaning, Jerusalem
artichoke finishing, Jerusalem artichoke sulfitation, Jerusalem artichoke blanching and cooling, preparing the
marinade, packaging the Jerusalem artichoke into containers, sealing the containers, and product sterilization.
Results. The physicochemical properties of canned Jerusalem artichoke were studied using standardized
research methods. 100 g of canned Jerusalem artichoke contains 2.1 g of protein, 0.1 g of fat, 12.8 g of
carbohydrates, 0.1 g of organic acids, 4.5 g of dietary fiber, 1.4 g of ash, and 79 g of water. It also contains
vitamins (B1, B2, B4, B5, C, PP, E, H, and K), macro- and microelements (K, Ca, Mg, Na, Si, P, Fe, Se, Cr,
Al, Li, Ni, V, Rb, etc.), and a nutritional value of 61 kcal. The nutritional value was calculated using conversion
factors for proteins, fats, and carbohydrates.
Conclusion. The discussed Jerusalem artichoke canning technology is of interest for implementation by
enterprises in the Russian canning industry.

Key words: Jerusalem artichoke, canning, technology, washing, cleaning, finishing, sulfitation,
blanching, sterilization
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AHHOMauyusl.

lMpo6nema u yenb. B Hacmosuwee spemsi 8 Mupe OypHO passusaemcsi PbIHOK PoOyKmMos 300p08020
numanus. TorniuHambyp, Kak UHYUH-codepxalwjasi Kysfbmypa, omHocumcs K amol kameaopuu. B mo xe
8peMsi Ha pbiHKe Mpodykmoe u3 monuHambypa HedocmamoyHo. OOHOU U3 2/1a8HbIX MPUYUH Sersemcs
omcymcemeue mexHonoaull u obopydogaHusi noG20mosku monuHambypa Ors8 mopaogol cemu u 21ybokol
nepepabomku. Llenbto uccnedosaHul sisnisemcsi paspabomka mexHosnoauli u obopydosaHusi MoG20mosKu
monuHambypa k anybokoli nepepabomke U rocmaeke 8 mopzaosyr cemb Orsi obecreyeHUs numaHus
HaceneHus1 UHynuHcooepxauwumu npodykmamu 300p080o20 rnumaHus.

Memodonozus. Memodonozusi no02zomoeku mornuHambypa exknodaem mpaHcghopmayuo monuHambypa u3
Kameaopuu «Cbipbeg8020» 8 Kamea20opur «POMbILIEHHO20», 20e pe3yribmam — KOHKYPEHMOCNOCOOHbIU
moeap, 20mosblill K podaxe Ha pbIHKe, U 8KIto4Yaem uccredosaHue npoueccos nod2omosku monuHamobypa,
co30aHue 2aubKux mexHonoaudYeckux nuHUl u coomeemcsyrou,e2o br104HO-MOOYbHO20 0b60pyO08aHUs,
obecriequsarwezo ebirnofiHeHUe mpebyembix onepayul. [1o0pobHO paccmompeHa MmexHoo2us
nodzomoeku mornuHambypa K enybokol nepepabomke, ekmodaowas nodadyy mornuHambypa 6 uex
(mpou3sodcmeo), kanubposKy, MOUKY, UHCIEKUUI, 04UCMKY, G004UCMKY, Cynbumayuio, yrakoeKky 8 mapy,
MapKupOoBKy rnapmuu, mpaHcriopmupogaHue Ha ckiad 20moeol npodyKuuu O 8PeMeHHO20 XpaHeHUs umnu
HanpsMyro nompebumento. PaccmMompeHbl eapuaHmbl KOMIIOHOBKU JIUHUU 8 3agucumocmu om uesneu u
3aday, pewaembix 8 daHHOU cumyayuu, COCMOSIHUS Cbipbs. TexHonozuss nod20mosKku mornuHambypa K
enybokol nepepabomke JQomxHa b6bimb 2ubkol u cocmosimb U3 cnedyruwux nocrnedogameribHO



ocywecmesnsaeMbiX MexHono2u4eckux amanos: nodadya mornuHambypa 6 yex (mpouzeodcmeo), kanubposka,
Molika, UHCIMEeKyusi, o4ucmka, 0oo4yucmka, cynbgumauyusi, yrnakoska 8 mapy, MapKupoeka rnapmuu,
mpaHcrnopmuposaHue Ha cknad eomoeoll npodykyuu Onsi 8PEMEHHO20 XPaHeHUs UMNU HarpsiMyro
rompebumernto.
Pe3ynbmamsbl. B pesynbmame uccrnedosaHuli 6 3A0 «Buea» Kocmpomckol obracmu ompabomaHa
mexHosioausi rocseybopoyHou obpabomku u mosapHol nod2omoeku mornuHambypa Oris Mocmasku 8
mopeosyro cemb «Bkyc Busni» Mbimoz0o, KanubposaHHO20, ¢hacosaHHo20 moruHambypa. B Jluneukol
obnacmu opeaHusayuel «MlcmAepolJoH» mocmpoeHo npednpusmue Mo ebipaujusaHuro u rnepepabomke
monuHambypa no aubkol mexHosoauu. TexHonoausi Moxem 6bimb 8ocmpebosaHHOU Orisi 8HEOPEHUsT Ha
nepepabamsigarowyux npednpusmusix Poccuu.
3aknroyeHue. [IposedeHHbie uccredosaHus M0380ISI0M paseueams 8bipawjusaHue u rnepepabomky Ho8020
9KOJ1I02UYECKU YUCMO20 UHYnuHcodepxaweao npodykma-npebuomuka, rofoxumerbHO 8/UsSwea20 Ha
300posbe HaceneHusl.

Knrodesnble cnoea: monuHambyp, kanubpoeka, Molika, o4ucmka, peska, Cyrbghumauyus, UHCNeKUyUs,
mexHorsoaust
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Abstract.

Problem and Objective. The global market for functional food products is expanding rapidly, with Jerusalem
artichoke (Helianthus tuberosus) being a key inulin-containing crop. Despite its high biological potential, the
market faces a shortage of Jerusalem artichoke products. A primary constraint is the lack of specialized
technologies and equipment designed for the pre-treatment of tubers for retail distribution and subsequent
deep processing. This research aims to develop technologies and equipment to prepare Jerusalem artichoke
for both commercial distribution and deep processing, ensuring the availability of prebiotic health products for
the population.

Methodology. The methodological approach focuses on transforming the crop from a raw agricultural
commodity into a competitive industrial product ready for the market. This involves the analysis of preparation
processes and the engineering of flexible production lines equipped with modular units. The study details the
technological chain for preparing Jerusalem artichoke for deep processing, which encompasses the following
sequential stages: receiving raw materials, size grading, washing, inspection, abrasive or steam peeling,
trimming, sulfitation (to prevent enzymatic browning), packaging, batch labeling, and transportation to storage
or retail for temporary storage or directly to the consumer. The research also considers variable layout options
for technological lines, adaptable to specific production goals and the initial quality of the raw tubers.

Results. Experimental studies conducted at CJSC «Viva» (Kostroma region) led to the validation of a
postharvest handling technology. This implementation facilitated the supply of washed, graded, and packaged
Jerusalem artichoke to the « VkusVill» retail chain. Furthermore, «IstAgroDon» (Lipetsk region) has constructed
a facility for the cultivation and processing of Jerusalem artichoke utilizing this flexible technological approach.
The developed technology demonstrates significant potential for scaling and implementation at agro-
processing enterprises across the Russian Federation.

Conclusion. The conducted research provides a technological basis for the efficient cultivation and industrial
processing of Jerusalem artichoke. The proposed methods support the production of new, environmentally
friendly, inulin-rich prebiotic products, which can positively influence public health and nutrition security.



Key words: Jerusalem artichoke, grading, washing, peeling, cutting, sulfitation, inspection,
technology.
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AHHOMayus.

lpo6nema u yenb. CambiM KpyrHbIM nompebumernem pecypcos 800kl S8/1eMCS CelbCKOe X035Ucmeo, Ha
Hy>Obl KOmMopoezo pacxodyemcsi okosio 24 % obvema sodornompebrieHus 8 cmpaHe. OCHOBHbIM UCMOYHUKOM
nompebneHus 800bI Ha cefie sendemcs r1oo03eMHbie. [1od3eMHble UCMOYHUKU Ha meppumopuu
Bonzozpadckoti obriacmu codep>am KOHUeHmpayuu xeJsie3a 8 Koiudecmeax, rpesbiiaroujux 0onycmumbie
(0,3 me/n) 8 Heckornbko decsimkoe pa3, docmueas 30 me/n u bonee. [nsi cenibCKUX HaCesIeHHbIX MyHKMo8 U
npednpusmuti AlK mpebosaHusi K o4ucmke rno03eMHbIXx 800 om Xenesa Fe+2 ceodsimcsi K 8HeOPEHUKO
makux MmemoQdo8, fpu KOmopkIxX yCcmaHo8KU obesxeneausaHusi bbinu 6bl He MOJIbKO 3hhEeKMUBHBIMU, HO U
KOMMaKmHbIMU, NpocCmbIMU 8 U320MO8JIEHUU U 3KCrlyamayuu, a makxe 3KoOHOMUYHbIMU. Camoul rnpocmod
s8/19emcsi mexHosoausi obesxenesusaHusi M0O3eMHbIX 800 C MOMOWbK cucmeMbl aspayuu ¢ nocnedyruiel
gunbmpauued, siensoulelicss 3aKmoyumesnbHbIM 3marnom o4yucmku. Cywecmseyem 02pOMHOE KOru4ecmeo
unbmpyrowux mMamepuanos, Ho 0nsi uccriefogaHuli bbinl 8bibpaH 2paseniucmsili MecoK, Kak cambil
oocmyriHbIl U 9KOHOMUYHbILU Mamepuar, KpoOMe moa20o, MUKPOOp2aHu3Mbl 8 necqyaHol cpede paspywaom
opzaHuYeckue seuwjecmea, Haxoosujuecsi 8 8ode, a rnecok He dobasnssem HexeramesibHbIX XUMUYECKUX
geujecms 8 o4yuwaemyro 800y U He MeHsiem ee xumuyeckul cocmas. Llenbto daHHO20 uccrnedosaHus
sensemcsi  oripedesieHUe  ONMUMaJlIbHbIX — MapamMempos  rfecyaHol  chunbmpyrowel  3az2py3ku
(epaHynomempuyecko2o cocmaea 3epeH U 8bICOMbl CcaMOU 3agpy3Ku) C [PUMEHEHUEM B8aKyyMHO-
IXKEKYUOHHO20 Memoda obesxerne3ugaHusi nod3eMHbIX 800.

Memodonozus. [Mpedmemom uccrnedoeaHusi siefisinacb rnecyaHasi hunbmpyowasi 3aspy3ka 8aKyyMHO-
IKEKUUOHHOU  ycmaHO8KU (0bbekm uccrnedosaHusi) obesxene3ugaHusi 003eMHbIX 800
CpedHeaxmybuHckoeo patioHa Bonzoepadckoli obnacmu. B kavecmee rnecdaHol gunbmpyrow,el 3a2py3sku
bbinu ucnonb3o8aHsb! credyruue ppakyuu keapyesoeao necka: Ouamemp 0,8-1,2 mm, 1,2-2,0 mm, 2,0-8,0 mm.
Kaxdas ppakyusi npoxodusia ucrnbimaHusi Ha ¢hunbmpe ¢ paamepamu: ebicoma — 2,2 M, duamemp — 0,5 m
npu meHsirowelicss ebicome 3azpysku om 1,6 m do 2,0 m. iccnedosaHusi npoeodusnuck Ha OCHoge cumbuo3sa
rpakmu4yeckux OaHHbIX U meopemuyeckux 060CHOBaHUU, BKYarWUX MPUHUUMbLl  MexXaHUKU,
cmamucmu4eckoeo aHanuida u mMemodos Mamemamuku. C MoMowjbio opuauHarbHOU KOMbiomepHoU
npogpammel, paspabomaHHol e Boneoezpadckom [AY, 6binu OocmueHymbl 8bICOKasi MOYHOCMb U
0b6BEeKMUBHOCMb Pe3yibMmamos.

Pe3ynbmamebl. WccnedoeaHusi npoeodunucs o nnaHy PexmuwagHepa O0ns 4dembipexghakmopHoeo
aKkcriepumeHma. AdekeamHOCMb MO/IYHEHHbLIX MamemMamu4yeckux modesnel nposepsachk 0 Kpumeputo
Quwepa. IkcnepumeHmarsbHble uUccriedosaHusl fokasanu onmumarsbHble napamempbi uiabmpyowel
3a2py3Ku U3 Keapueeoz20 riecka: epaHys/ioMempuyeckul cocmae rnecka — 5 MM npu ebicome crios
unbmpyrowel 3azpy3ku — 1800 MM u ckopocmu ¢buibmpogaHusi — 7 M/d.

3aknroyeHue. lNornydyeHbl pe2pecCUOHHbIe MameMamuydeckue Modesnu 2 nopsidka, onuckiearoujue 3HayeHusl
rnokasamersnel co0epxxaHusi geujecms 8 8ode: xenes3o Fe+3 me/n; xene3o obwee Feobw ma/n; CO2 ma/n; pH.
B xo0e peweHus onmumu3sayuoHHoU 3adaqu orpedeneHsbl 3HadyeHus: pakmopos (x1 =4,7-5,3 mm; x2 = 1780-



1820 mm; x3 = 470-530 mm u x4 = 6,8- 7,2 M/4), CHUXXEeHUE OCHOBHO20 Kpumepusi cocmasum YFe-3 = 0,1 ma/n
rpu QuKcUpoBaHHbIX 3Ha4eHUsIX OornonHumernbHbix Kpumepues YFeobw = 0,2 me/n, YCO2 = 7,0 me/n, YpH
= 7,5), ymo coomeemcmeyem mpebosarHusm CarlTuH 2.1.3684-21 k oyucmke nod3emHbix 800 om xerse3a
Fe+2.

Knrodesble crioea: obesxernesusaHue nod3eMHbIX 600, necyaHas uabmpyoulas 3azpyska,
8aKyyMHOIKEKUUOHHbIU Memod, 3KCrepuMeHm, onmumu3ayusi

Ana yumupoearusi: Bonbckasi O.H., lNaxomos A.A., TpoHes C.B., Yypakos A.A. UccrnedosaHue
onmumarsibHbIX napamempos unbmpyrowel necyaHou 3aspy3ku Onsi obezxene3usaHusi Mod3eMHbIX 800
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Abstract.
Problem and purpose. Agriculture is the largest consumer of water, consuming approximately 24% of the
country's water supply. Groundwater is the primary source of water consumption in rural areas. Groundwater
sources in the Volgograd region contain iron concentrations several dozen times higher than the permissible
limit (0.3 mg/L), reaching 30 mg/L or more. For rural communities and agricultural enterprises, the
requirements for iron removal from groundwater are limited to the implementation of methods that ensure iron
removal systems are not only effective but also compact, easy to manufacture and operate, and cost-effective.
The simplest technology for iron removal from groundwater is an aeration system followed by filtration, which
is the final stage of treatment. A wide variety of filter materials exist, but gravel sand was chosen for this study
as the most readily available and cost-effective. Furthermore, microorganisms in the sandy medium break
down organic matter in the water, while sand does not add unwanted chemicals to the purified water or alter
its chemical composition. The objective of this study is to determine the optimal parameters of sand filter media
(grain size distribution and media height) using the vacuum-ejection method for iron removal from groundwater.
Methodology. The subject of the study was the sand filter media of a vacuum-ejection unit for iron removal
from groundwater in the Sredneakhtubinsky district of the Volgograd region. District of the Volgograd Region.
The following quartz sand fractions were used as the sand filter media: diameters of 0.8—-1.2 mm, 1.2—2.0 mm,
and 2.0-8.0 mm. Each fraction was tested on a filter measuring 2.2 m in height and 0.5 m in diameter, with a
filter bed height varying from 1.6 m to 2.0 m. The studies were conducted using a combination of practical data
and theoretical justifications, incorporating the principles of mechanics, statistical analysis, and mathematical
methods. High accuracy and objectivity of the results were achieved using an original computer program
developed at the Volgograd State Agrarian University.
Results. The studies were conducted according to the Rechtshafner design for a four-factor experiment. The
adequacy of the resulting mathematical models was tested using the Fisher exact test. Experimental studies
revealed the optimal parameters for a quartz sand filter bed: sand particle size distribution of 5 mm, a filter bed
layer height of 1800 mm, and a filtration rate of 7 m/h.
Conclusion. Second-order regression mathematical models were obtained describing the values of the
following substance concentrations in water: iron Fe+3 mg/L; total iron Fetotal mg/l; CO2 mg/l; pH. In the
course of solving the optimization problem, the values of the factors were determined x1 =4.7 ... 5.3 mm; x2
= 1780 ... 1820 mm; x3 — 470 ... 530 mm and x4 = 6.8 ... 7.2 m/h), the reduction of the main criterion will be
YFe+3=0.1 mg/l with fixed values of additional criteria YFetotal = 0.2 mg/l, YCO2 = 7.0 mg/l, YpH = 7.5), which
meets the requirements of SanPiN 2.1.3684-21 for groundwater purification from iron Fe+2.

Key words: groundwater iron removal, sand filter bed, vacuum ejection method, experiment,
optimization
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AHHOMauyusl.
lMpo6nema u yenb. B cmambe npedcmasrieHbl pe3ynbmambl 3KCepuMeHmarsnbHol npoeepKu cucmemsi
Hazpesa MHO20MpPOUIIbHO20 KOMIMaKmHo20 ¢humompoHa, rpedHasHa4YeHHo20 Ors  8blpaujueaHusi
pacmeHull 8 KOHMPOIUPYEMbIX yCrosusix. AKmyanbHOCmb uccriedosaHusi obycrosneHa Heobxo0umMocmabio
cos0aHusi ycmpoulcme rpoMeXymo4YyHO20 Kriacca Mex0y 6bimosbiMu U MpoghecCUoHalbHbIMU ycmaHo8Kamu,
€riocobHbix obecriequsamb B8bICOKYO MOYHOCMb peaynuposaHusi memrnepamypbl 8030yxa U Mo4Yebl fpu
KoMnakmHbix e2abapumax u HeebIcokoU ueHe. Llenb pabombi — nodmeepxdeHue crnocobHocmu
HagpesamersbHolU cucmembl 1oddepxxugamb 3adaHHy0 memrepamypy 80 8ceMm ObbéMe Kamepsbl
8bipalyueaHusi pacmeHull U 8 1o4ee ¢ paBHOMEPHbLIM pacrpedesieHUeM.
Memodonozus. Hccrnedyemoe ycmpolcmeo obnadaem opueuHanbHOU KOHCmpyKkyuel, a UMEHHO
8030ywHbIli 006bEM pas3denéH Ha 0se Kamepbl: Kamepy 1 Haspeea Mo4ysbl U Kamepy 2 eblpaujueaHusi
pacmenul. Hazpee npoucxodum 3a cuém pabomsi ariekmpoHagpesamerisi u goumornamnbl. [ris oxnaxoeHusi
ycmpolicmea ucCronb3yemcs akmueHas eeHmunsayus. [na peanu3dayuu rocmaenieHHolu 3adadu
paspabomaHa  cucmema  asmoMamu4yecKo20  pea2yniuposaHusi — memrepamypbl  Ha  OCHO8e
moducbuyuposarHHozo [MM[-peeynsmopa, yrpaensooujeeo0 HazspesoM U OXJIaxO0eHUeM ocpedcmeom
a/IeKmpoHazpesameris U 8eHMUISAMOopa.
Pesynbmambl. [lpogedeHa cepusi u3 nNAmu 3KCHNEPUMEHMO8, BKITIYaloWUX UCMbIMaHUs rnpu 6bICOKUX,
CPeOHUX U HU3KUX meMrepamypax, MpoeepKy pasHOMEPHOCMU Hagpesa ro4ebi U ycmoliyueocmu K 8HEWHUM
nepenadam memnepamypbl. Pe3ynsmambl noka3asnu 8bICOKY0 cmaburibHOCMb meMrepamypHO20 pexuma
u pasHomepHocmb pacripedesieHUs merna:; OmMKIOHeEHUe memMrepamypbl o4Yesl He npeeabiwano + 3,6 %, a
HepasHOMepPHOCMb Hazpesa 20pwko8 cocmasuna + 4 %. [pu pe3komM u3MeHeHuUu memrnepamypsbl
OKpyxaroujel cpedbi Habnodanock MUHUMaIbHoe nadeHue memnepamypbi 6030yxa u noyss! (0,61 % u 0,76
% coomeemcmeeHHO).
3aknrodeHue. [IpednoxeHHass MemodOuka [10380/1ilemM OuyeHUBamb Kayecmeo asmomMamu4ecKoz0
peaynuposaHusi memrepamypbi 8030yxa U r1048bl, U pasHOMepPHOCMb pacrnpedeneHus menna. lonyyeHHbie
OaHHble nodmeepxdatom crnocobHocmb HaspesamersibHOU cucmembl  rnoddepxueamp  3adaHHyto
memrnepamypy 80 eceM 0b6bEMe KaMepbl 8bipaujugaHust pacmeHul u 8 noyse, obecrieyusas pagHOMEPHOCMb
eé pacripedesieHus.

Knroyesblie cnoea: skcriepumeHm, Hazpes, QUMOMPOH, memnepamypHoe [ofe, cucmema
asmomamu4ecko20 peaynuposaHusi

Ans yumupoesarus: [yceHHukos E.H., lOpan C.U. SkcnepumeHmarnbHoe obocHO8aHUe Kayecmea
peaynuposaHusi cucmeMbl Hagpesa MHO20MPOpUITbLHO20 KOMIakmHo20 chumompoHa // BecmHuk PsizaHCKo20
2ocydapCmeeHH020 agpomexHoI02u4ecko20 yHuUgepcumema umeHu [1.A. Kocmeidegsa. 2026, T.18, Ne 1,
C.102-111 https://doi.org/ 10.36508/RSATU.2026.30.79.013
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Abstract.
Problem and purpose. This article presents the results of an experimental test of a heating system for a
multipurpose compact phytotron designed for growing plants under controlled conditions. The study's
relevance stems from the need to create devices that are intermediate between household and professional
units and capable of providing highly accurate air and soil temperature control in a compact and affordable
package. The aim of the work: to confirm the ability of the heating system to maintain a given temperature
throughout the entire volume of the plant growing chamber and in the soil with uniform distribution.
Methodology. The device under study has a unique design, with the air volume divided into two chambers:
chamber 1 for heating the soil and chamber 2 for growing plants. Heating is achieved by an electric heater and
a phytolamp. Active ventilation is used for cooling. To achieve this goal, an automatic temperature control
system was developed based on a modified PID controller that controls heating and cooling using an electric
heater and a fan.
Results. A series of five experiments was conducted, including tests at high, medium, and low temperatures,
testing the uniformity of soil heating, and resilience to external temperature fluctuations. The results
demonstrated high temperature stability and uniform heat distribution: soil temperature deviations did not
exceed = 3.6 %, while pot heating unevenness was + 4 %. With sudden changes in ambient temperature,
minimal drops in air and soil temperatures were observed (0.61 % and 0.76 %, respectively).
Conclusions. The proposed method allows us to evaluate the quality of automatic air and soil temperature
regulation and the uniformity of heat distribution. The data obtained confirm the heating system's ability to
maintain a set temperature throughout the entire plant growth chamber and in the soil, ensuring uniform
distribution.

Key words: experiment, heating, phytotron, temperature field, automatic control system
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AHHOMauyusl.

lpo6nema u yensb. Llensio Hacmosiwezo uccriedosaHus bbirio onpedenieHUe MexXHUKO-3KCMTyamauyUuOoHHbIX
Xapakmepucmuk MesluopamueHo20 KaHasiooyucmumesiss C KOBWOM Ha XECMKUX Harpasssirouux.
Kananooyucmumens PP-303 npedHasHavyeH Orisi 04UCMKU MefiuopamueHbIX OCywumerbHbIX KaHanog om
HaHoCco8, 3ausieHuli U pacmumesibHOCmU.

Memodonozus. ViccnedosaHusi npogodursiu Ha ocHoee paspabomaHHol e cucmeme Inventor Pro o6bemHoUl
KOHCMpyKyuu paboyeeco o0bopydogaHusi. Kpome mozo, nposodusnu ofbimbi C YMEHbWEHHOU MOOESbIO
mpaneyeudanbHo20 pabovyez2o opzaHa Ha 2pyHMoeoMm kaHane. OnpedeneHue npPou3goOUMebHOCMuU
KaHajiooyucmumersisi Kak MawuHbl rnepuodudeckoz2o 0elicmausi npou3eodusiocb C y4emom emMecmumocmu
Koswa u rnpodosmkumeribHocmu yukna. lpodormkumenbHOCMb HarnosiHeHUst MoOesiu Koswa Ha y4acmke xoda



Koswa onpedensinacb ceKyHooMmepoM. [JaHHble Mo ms2o8biM xapakmepucmukam U npodosKumesibHocmu
O8UXXEHUS (huKCUpOB8anuCh C MOMoWwbio meH3o0amyuka u nepedasarnuchb Ha KoMrbomep.

Pe3ynbmamel. Pe3ynbmambl usmepeHuli rnosyyYeHbl 8 8ude Kpuebix, N0 KOMOPbIM MOXHO orpedenums
npodomKkumeibHoCMb  HEKOMOpPbIX orepayuli yukna u ckopocmb OeuxeHus. HanonHeHue koswa
onpedensnock susyarnsbHo. [ns amux yeneli 00Ha u3 60K08biX cmeHOK Modesnu Koswa bbiria uzzomosrieHa
u3 opecmekna. KoaghchuyueHm HamnosiHeHuUsi koswa Haxoduscsi 8 npedenax om 0,7 do 1,1. bonbwezo
3HavyeHusi KoagghuyueHma HaronHssemocmu Koswa obecrieyumbs He ydanocb 88udy creyuanbHO20
KperneHusi Koswa K mesexke u ocobeHHocmel KoHcmpykyuu pabodez2o obopydosaHusi. Kpome moeo, 8
ripoyecce KonaHusi 2pyHma Ha Jiomke ¢ Mooesibio Koswa rneped HUM Habrodanock ¢hopmuposaHue npusmb|
gosioyeHus1. ns yecmpaHeHusi 0aHHOU rpobriembl neped KOBWOM 8 KOHUE e20 xoda 8 paboyem obopydoeaHuU
npednazaemcsi ycmaHogsumb 0mO6oUHyr0 naumy, Komopass 6ydem crnocobcmeogamb [OSTHOMY €20
HarnonHeHuro. Tak, mexHu4yeckasl npou3eooumesisbHOCMb KaHaI004uCmumersisi Ha O4UCMKE HeyKpPerieHHbIX
KaHanoe cocmasuna (kosw emecmumocmbto 0,255 m3) 20-28 m¥4 unu 204-412 m/y. Hecmomps Ha
OMHOCUMESIbHO HEBbICOKUE 3HaYeHUs1 Mpou3gooumeilbHOCMU o0 CPasHEeHUro ¢ MawuHamu HernpepbisHo20
Oelicmeusi, Hanudue MpPSAMOSTUHEUHbIX XeCMKUX Harnpaessrouwux rno3eossgem npoeodums KayeCmeeHHYH
o4ucmky OHa MesfiuopamuUeHbIX KaHaslos.

3aknroyeHue. Pesynbmambi  uccriedogaHuss M0380nuUnMU  Onpedenums MEXHUKO-3KCryamayuoHHbIe
xapakmepucmuku KaHasoo4yucmumens PP-303, npexde eceao npou3eodumeribHoCMb, UCX00s U3 Komopol
MOXHO 8bISICHUMb MEXHUKO-9KOHOMUYECKUE XapaKmepucmuku.

Knroyesblie csioea:  mesuopamusHbie  OCYyWUmesbHbIe — KaHasbl, O4YucCmKa  KaHasos,
KaHanoo4Yucmumesib C [PSAMOSIUHEUHbIM OBUXEHUEeM Koewa, HaHOCbl, 3ausfieHusi, mpassHucmas u
KycmapHUKo8asi pacmumersibHOCMb 8 KaHasax, npou3eodumesibHOCMb KaHanoo4ucmumerss

Ana yumupoeaHus: [JudmaHudse O.H., byzaee A.B., A6dynmaxudos X.A. lNapnok E.T1., beiwos
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Abstract.

Problem and purpose. The purpose of this study was to determine the technical and operational
characteristics of a reclamation canal cleaner with a bucket on rigid guides. The RR-303 canal cleaner is
designed to clean reclamation drainage canals from sediments, siltation and vegetation.

Methodology. The tests were carried out on the basis of a three-dimensional design of working equipment
developed in the Inventor Pro system. In addition, experiments were carried out with a reduced model of a
trapezoidal working body on a soil channel. The performance of the channel cleaner as a batch machine was
determined taking into account the capacity of the bucket and the cycle time. The duration of the movement
was recorded using a strain gauge and transmitted to a computer.

Results. The measurement results were obtained in the form of curves, which can be used to determine the
duration of some cycle operations and the speed of movement. The filling of the bucket was determined
visually. For this purpose, one of the side walls of the bucket model was made of plexiglass. The bucket filling
coefficient ranged from 0.7 to 1.1. It was not possible to provide a higher value of the bucket filling coefficient
due to the special fastening of the bucket to the bogie and the design features of the working equipment. In
addition, in the process of digging soil on the tray with the bucket model, the formation of a drawing prism was
observed in front of it. To eliminate this problem, it is proposed to install a breaker plate in front of the bucket
at the end of its stroke, which will contribute to its full filling. Thus, the technical productivity of the canal cleaner
for cleaning unreinforced canals (bucket with a capacity of 0.256 m?3) was 20-28 m¥h or 204-412 m/h.



Conclusion. The results of the study made it possible to determine the technical and operational
characteristics of the RR-303 canal cleaner, first of all, the performance, based on which it is possible to find
out the technical and economic characteristics.

Key words: reclamation drainage canals, canal cleaning, canal cleaner with straight-line bucket
movement, sediments, siltation, herbaceous and shrubby vegetation in canals, canal cleaner performance
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AHHOMauusi.

lpo6nema u uyenb. CywecmeeHHas 0oy cebecmoumocmu ripousgodcmea Kapmoghessi npuxodumcsi Ha
rnepuod xpaHeHusi, 20e 0o 17 % 3ampam cesi3aHbl C obecriedeHUEeM MUKPOK/IUMama 8 XpaHusiuuwe,
9HepeaoriompebrieHUeM 8eHMUNAUUOHHO20 060pydo8aHUs U MPUMeHeHUeM UHaubumopos npopacmaxus. B
ycrnosusix pocma mpebogaHuli K kadecmasy rnpoldyKuuu U 3Hep203thghekmusHocmu akmyarnbHol 3adadel
cmaHo8uUMCsi He MOJIbKO BHEOPEHUEe «YMHbIX» CUCMEM KIUuMam-KOHmMpOoss, HO U ux 06ocHoeaHHasi
Hacmpolika ¢ y4émom peasibHOU cmpyKkmypbl Hacbinu kapmogbesns. [10amomy ocHOBHOU Uerbio S8rsemcsi
pa3pabomka CeKmMopHOsIPYCHOU MamemMamu4yeckol MoOesiu Hachinu Kak rnopucmou cpedkl, rnosgonsrouwel
KOIU4ecmeeHHo ornuckigams pacrpedesieHue niomH{ocmu, Mopucmocmu U 8030yWHbIX 1OMOKo8 8 06béme
XpaHumoU rpodyKyuu U mem cambiM 060CHOBbIBAMb PEXUMbI 8€HMUMAYUU, HarpaeeHHbIe Ha CHUXEeHUe
3aHepzo3ampam U rnomepb Ka4yecmsa.

Memodonoeuss. B ocHosy uccriedogaHus [IO/IOXEHO Mamemamu4yeckoe MoOesiuposaHue HachbInu
Kapmodgbensi 8 xpaHunuuwle ¢ akmuesHol eeHmunsayuel. KnybHu kapmodgbernsi 8 modenu rnpedcmasreHbl
cghepudeckUMU HacmuuyaMu HECKOJIbKUX ¢hbpakyul, bopMUPYOWUMU Hacbkinb C 3a0aHHbIM yaIioM
ecmecmeeHH020 omkoca. Beodumcsi CeKmopHO-sipycHoe pas3bueHue 06béma: KaxObil 3IEMEHM «CEeKMop—
Apycx» xapakmepu3lyemcsi maccol KriybHel, 06bEMOM, fI0KaribHOU M0OMHOCMbH, MOPUCMOCMbI0 U 06BEMOM
nycmom. Ha amol ocHog8e HacblInb paccMampueaemcsi Kak nopucmasi cpeda ¢ ornucaHuem cmpykmypsi. [ns
ModenuposaHusi 8030yxoobMeHa UConbL3yemcs aHasroausi ¢ audpasiudeckoli cembio: pacxod eo3dyxa
onpedenssemcs fiokasibHbIM nepernadom dassieHuUs U cornpomuerneHuemM, 3ad0agaeMbiM Mo mMurly ypagHeHul
Hapcu—®opxeelimepa ¢ y4émom 8IUSAHUS MIOMHOCMU U MOPUCMOCMU Ha MPOHUUaemMocms cpedsbil.
Pe3ynbmambl. PazpabomaHa CeKmopHo-apycHasi MoOe b Hachinu Kapmoghesisi, no38onsowas yyumsieams
HepasHOMepPHOCMb CMPYKMYpPhbI 110 8bICOME U nrowadu. YeenudeHue rniaomHocmu U CHUXeHUEe rnopucmocmu
8 HWXHUX U [puepaHUYHbIX 30Hax [rpueodsim K pocmy CornpomuernieHust 8030yWHOMY [1OMOKY U
HepasHoMepHocmu pacrpedesnieHuss pacxoda eo30yxa. BeedeHbl rokasbHble napamempsl [70MHOCMU,
nopucmocmu U KoaghchuyueHma yrnrnomHeHusl, a makxe KoaghguyueHm obecriedeHHocmu geHmurnsyuel
0ns kaxdo20 anemMeHmMapHo20 ob6béma, xapakmepusyowuli OmKIoOHeHUe ghakmuyeckozo pacxoda 8030yxa
om pasHOMepHoeo pacripedeneHusi. [lokasaHo, 4mo npedcmassieHue Hacbinu 6 eude cemu
rnocrie0ogamesibHO U rapasnnesibHo COeOUHEHHbBIX 2udpasriudecKkux CconpomuesnieHul  no3eosnsem
KONuU4eCmeeHHO Ornucbi8amb BHEWHIOK (pacrpedenieHue 8030yxa Mo 30HaM XpaHunauwa) u 8HympeHH0
(OsuxxeHue 8o3dyxa 8 nopax Mexay KiybHsaMU) 3adayu eeHmunsayuu. 3mo co3daém ocHosgy Osis1 pac4émHO20
eblbopa pexumos 8030yx00bMeHa, HarpaerieHHbIX Ha B6blpasHUBaHUE mMmeMrepamypHO-8/1aKHOCMHbIX
roned.



3aknroyeHue. [IpednoxeHHass MameMamu4yeckass MoOesflb Hachinu Kapmogend uHmeapupyem
MexHOI02u4YecKUe U 3Hep2emu4yecKue acreKkmsl XpaHeHuUsi ¢ meopuel ¢hunbmpayuu 8030yxa 8 nopucmsix
cpedax U MOXem  CAyXKumb pacyémHOU OCcHoeolU Ons  HacmpoUKUu COBPEMEHHbIX cucmem
asmomamu3suposaHHo2o  Knumam-koHmporssi. CeKkmopHo-spycHoe rnpedcmasneHue obecriedusaem
udeHmucgpukayuro 30H C MOBbLILUEHHbBIM COMNPOMUBIEHUEM, MOHUXEHHbIM pacxodoMm eo3dyxa U PUCKOM
JIOKanbHO20 nepespesa Usu yeraxHeHUsl, Ymo o3eosisiem UesieHanpasneHHO KOppekmuposamp pPexumsl
eeHmunsyuu. Vicrnonb3oeaHue mModesiu 8 codemaHuu ¢ 0aHHbIMU Oam4YuKo8 8 HachInu kapmodgperssi coz0aém
npednockiiku Ons1 yrpaeneHust 8030yX00OMEHOM, CHUXEHUST Momepb Kadecmea KiybHel, a makxe 0rs
OanbHeliwel yugposuayuu MPoOUECCo. yrpasreHuUsi kKapmoghenexpaHunuwamy.

Knroueebie cnoea: kapmogpesnb, Hachinb, KapmogbenexpaHunuuie, 8030yX00bMeH, nopucmas
cpeda, cekKmopHo-sipycHasi Modersib, MI0MHOCMb, MOPUCMOCMb, COPoOmMuesieHUe, audpasnudyeckas ceme,
MUKPOKIIUMam, XpaHeHue
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Abstract.

Problem and purpose. A significant portion of potato production costs is accounted for by the storage period,
where up to 17% of expenses are related to maintaining the microclimate in the storage facility, energy
consumption of ventilation equipment, and the use of sprout inhibitors. With increasing demands on product
quality and energy efficiency, not only the implementation of smart climate control systems but also their sound
configuration, taking into account the actual structure of the potato mound, is becoming a pressing issue.
Therefore, the primary objective is to develop a sector-tiered mathematical model of the mound as a porous
medium, enabling quantitative description of the distribution of density, porosity, and airflow within the volume
of stored product, thereby substantiating ventilation regimes aimed at reducing energy consumption and quality
loss.

Methodology. The study is based on mathematical modeling of a potato mound in a storage facility with active
ventilation. Potato tubers in the model are represented by spherical particles of several fractions, forming a
mound with a specified angle of natural repose. A sector-tiered volume breakdown is introduced: each sector-
tier element is characterized by tuber mass, volume, local density, porosity, and void volume. On this basis,
the embankment is considered a porous medium with a definable structure. Air exchange is modeled using an
analogy with a hydraulic network: air flow is determined by the local pressure drop and resistance, defined
using the Darcy-Forchheimer equations, taking into account the influence of density and porosity on the
permeability of the medium.

Results. A sector-tiered model of a potato embankment has been developed that accounts for the unevenness
of the structure by height and area. Increased density and decreased porosity in the lower and border zones
lead to increased airflow resistance and uneven airflow distribution. Local parameters of density, porosity, and
compaction coefficient are introduced, as well as a ventilation coefficient for each elementary volume,
characterizing the deviation of the actual airflow from a uniform distribution. It has been shown that
representing the mound as a network of series- and parallel-connected hydraulic resistances allows for a
quantitative description of external (air distribution across storage zones) and internal (air movement in the
pores between tubers) ventilation problems. This provides a basis for calculating air exchange modes aimed
at equalizing temperature and humidity fields.

Conclusion. The proposed mathematical model of a potato mound integrates technological and energy
aspects of storage with the theory of air filtration in porous media and can serve as a calculation basis for
configuring modern automated climate control systems. The sector-tiered representation enables the
identification of zones with increased resistance, reduced air flow, and the risk of localized overheating or
humidification, enabling targeted adjustment of ventilation modes. Using the model in combination with sensor



data from the potato mound creates the prerequisites for air exchange management, reducing tuber quality
loss, and further digitizing potato storage facility management processes.

Key words: potatoes, embankment, potato storage, air exchange, porous medium, sector-tier model,
density, porosity, resistance, hydraulic network, microclimate, storage
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AHHOMauus.

lpo6bnema u uenb. Llenbio Hacmosiweeo uccriedoeaHusi sensnack paspabomka KOHCMPYKUUU
audponHesmokomrpeccopa Ornsi 80003abOPHbLIX Y3708 C a8MOMamu4yecKuMm ycmpolcmeoM O4YUCMKU
omcmoUHUKo8 om OOHHbIX OMIIOXeHUl, Komopoe obecreyugaemcsi UCK/IIOYUMENIbHO 3a c4yem
uCrnonb308aHuUsi NomMeHyuanbHOU 3Hepauu 800HO20 Nomoka, 0bycio8/1eHHOU ecmecmeeHHbIMU rnepernadamu
pernbegha MecmHocmu.

Memodonozus. lNposodunucek ucnbimaHusi ~ nosiHomMacuwmabHoao  n1abopamopHo20  Makema
JKUOKOCMHOMNOPWHEB020 KOMIpeccopa, NpedHa3Ha4yeHHo20 051 IHEP203ahheKmMUBHOU 2eHepayuu cxxamoao
8030yxa Ha 20pHbIX U npedzopHbiXx eodo3abopax. UccrnedosaHue HarpasrneHo Ha rnodmeepxoeHue
803MOXXKHOCIMU a8moMamu4ecKo20 rpeobpalosaHus 2udpasiu4ecKkol IHepauuU r1omokKa 8 MHeeMamu4ecKyo
9Hepaut. B nipouyecce pabombl bbis1 0emasibHO U3y4YeH MexaHUu3M (DYHKUUOHUPOBaHUS MpedsioxeHHO20
2UOPOMHEBMOKOMIIPECCOoPa 8 passiuyHbIX 2uOpPasIUYeCKUX pexxumax.

Pe3ynbmamebl. B xo0e HamypHbIX ucribimaHull 3KcrnepuMeHmarsnbHo20 obpa3sya bbina nodmeepxoeHa e2o
8bICOKasi AKCMyamayuoHHas HalexxHoCmb rpu OyHKUUOHUPOBAHUU 8 asmomMamu4yeckom pexume. LIuknbl
HasgHemaHusi U ecacbi8aHUsT 8bIMOJIHSAOMCS 8 asmoMamu4yecKoM pexume 3a cdem e3aumodelicmeusi
cucmemsbl Mornaekos U KrnanaHos. YcmaHoeka obecriequeaem pezaynupyemoe 0asrnieHue cxxamoao 8030yxa
8 duana3oHe om 0 0o 1,2 amm. BpemeHHble xapakmepucmuKku Yukna: 8 cmabunbHom paboyem duana3oHe
(0,2-0,9 amm), spems HaronHeHUsi cocmaernsiem 45 ¢, a obwas npodormkumernsHocms Yukna — 160 £ 10 c.;
cpedHee 8peMsi 0ropoXHeHuUs cucmembl — 105 ¢. YcmaroeneHa npsivasi npornopyuoHanbHas 3agucumMocme
Mexdy daeneHueM u dnumernbHOCMbIO Yyukna. [Npu docmuxeHuu MakcumarnbsHbix 3HadeHul (0,15-1,2 amm)
epems yukna ysenudueaemcsi 0o 230 c. BbiserneHo, ymo rpu Kpumu4yecku HU3KOM QasrieHuu epems crusa
pesko cokpawaemcsi (0o 11-15 ¢), ymo moxem cryxumbs UHOUKAmMOPOM pazzepmemu3ayuu cucmemai.
Cucmema OemoHcmpupyem cmaburibHble roka3amesiu Kak 8 MEXEHHble repuodbl, mak U 8 yCrio8usix
MPoxox0eHuUs1 MagodKo8bIX MaKCUMyMO8.

3aknroyeHue. [lonydeHHble 3KcriepuMeHmarsbHble OaHHble M0360MSAM Hay4yHO obocHo8amb 8bI60p
KOHCMPYKMUBHbIX rapamempos 2udporiHe8MOKOMIIPECcopa Ha amare npoekmuposaHusi U ModepHu3ayuu
nodobHbIx ycmpolicms. YcmaHogeka obecriequgaem cmaburibHyo pabomy 2udpomexHUHECKUX COOPYKeHUL
8 asmomamuyeckoM pexume. CpasHUmMesbHbIU aHasu3 rokasasa, 4Ymo cebecmoumMocmb 8bipabomku



cXamoeo 8030yxa C UCIMo/b308aHUEM 3Hepauu 800HO20 MOMOKa MUHUMYM 8 8 pa3 HuXe 0 CpasHEeHUo C
mpaduyUOHHbLIMU KOMIMPECCOPHbLIMU yCcmaHoeKkamu, pabomarowumMu Ha 3reKkmpuyeckol unu mernnosol
3Hepauu.

Knrodyesble crnoea: 2u0pOMHEBMOKOMPECCOP (KOMMPEeccop C XUOKOCMHbIM ropwHeM), 800a,
cxxamell 8030yx, 80003abopbi
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Abstract.
Problem and purpose. The purpose of this study was to develop a design for a hydro-pneumatic compressor
for water intake units with an automatic device for cleaning silt from the bottom of the sump, which is provided
exclusively by using the potential energy of the water flow, which is caused by natural differences in the terrain.
Methodology. The tests were conducted on a full-scale laboratory model of a liquid-piston compressor
designed for energy-efficient generation of compressed air at mountain and foothill water intakes. The study
aimed to confirm the possibility of automatically converting the hydraulic energy of the flow into pneumatic
energy. During the work, the mechanism of operation of the proposed hydro-pneumatic compressor was
studied in detail in various hydraulic modes.
Results. During the field tests of the experimental sample, its high operational reliability was confirmed when
it was operating in automatic mode. The injection and suction cycles were performed automatically through
the interaction of the float and valve systems. The installation provides adjustable compressed air pressure in
the range of 0 to 1.2 atm. The time characteristics of the cycle are as follows: in the stable operating range
(0.2-0.9 atm), the filling time is 45 s, and the total cycle duration is 150 + 10 s; the average emptying time of
the system is 105 s. A direct proportional relationship between pressure and cycle duration has been
established. When the maximum values (0.15—1.2 atm) are reached, the cycle time increases to 230 s. It has
been found that when the pressure is critically low, the emptying time decreases dramatically (fo 11-15 s),
which can serve as an indicator of system leakage. The system demonstrates stable performance both during
low-water periods and during high-water periods. The maintenance of the system is minimized and involves
periodic monitoring of the pneumatic and hydraulic components. The installation provides compressed air with
an overpressure of 0.06 MPa or higher.
Conclusion. The obtained experimental data allow for a scientific justification of the choice of design
parameters for a hydro-pneumatic compressor at the design and modernization stage of such devices. The
installation ensures stable operation of hydraulic structures in an automatic mode, meeting modern
requirements for energy efficiency. A comparative analysis has shown that the cost of generating compressed
air using water flow energy is at least 8 times lower compared to traditional compressor systems that use
electrical or thermal energy.

Key words: Gidropnevmokompressor (compressor with liguid piston), water, compressed air, water
intakes
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AHHOMauusi.

lpobnema u uenb. B cmambe paccmampuearomcs akmyasbHble 80MpPOoChl  2paHyupo8aHus
opz2aHoMuHeparbHbiX ydobperul. Hecmompss Ha u3eecmHbie npeumyuwecmea memoda (yryduweHue
uHmezpayuu  KOMIMOHEHMO8,  KOHMPOupyeMmoe  8bic806OXOeHUe  numamesibHbiX  eewecms),
nodyepkusaemcsi HedocmamouyHasi U3y4YeHHOCMb [0BEPXHOCMHbIX C80UCME U ropucmocmu epaHys,
Kpumu4ecku 8axHbIx Oris 8bIce0b0x0eHuUs1 ¢pocghamos. Aemopbl aHau3upyrom nodxodbl K COBMeUWeHU
KOMMoHeHmos 0715 onmumu3ayuu OUHaMUKU a3oma, ommeyasi 8/usiHue Mopghos102uu epaHys1 Ha npoyecchl
ummobunu3sayuu-muHepanu3ayuy.  BbisigrieHbl  mexHO02uYeCKUe  CHIOXHOCMU  [IPOMbIUWIIEHHOZ0
epaHynupoeaHuUsi, OegpaHu4yusaruue KOHMPOMb Kadecmea, U MpeosioXeHbl Mymu UX peweHuss 0ns
OanbHelwezo pasgumus uccrnedosaHuli U Npakmu4ecKo20 MnpUMeHeHUs.

MemoOdonoeus. 3kcriepumeHmanbHO 060CHO8aHbI ONMuUMalbHbIEe rnapamempbl 2paHyaupoeaHusi ocadka
(enaxHocme, memnepamypa, cCKopocmb  epaHynamopa)  Ons MOJyYeHUs  KadecmeeHHbIX
op2aHoMUHeparibHbIX y0obpeHul. YcmaHo8/eHo, 4mo pexXuM ¢ rnpedsapumeribHOU CywkKol U nocnedyowum
yenaxHeHueM opMupyem ropucmble epaHyfbl, CHWXamujue 3Hepz2o3ampambi Ha cywky. [lo
pe3ynbmamam uccredosaHull 8bI6paHbl payuoOHaIbHbIE MEXHOI02UYECKUE PEXUMEI.

Pe3ynbmamsbi. OnmumusuposaHbl napamempsl epaHynuposaHusi. OnpedesieHa 811aXHOCMb U CKOPOCMb
gpauwjeHusi Oucka Onsi nonyqYeHUs JlydWwux [MPOYHOCMHBIX Xxapakmepucmuk. OnpedeneHo enusHue
peaynuposaHusi 8l1aXkHOCMU Ha CoKpaujeHue speMeHu GoCyuwusaHusi epaHyrl.

3aknmodeHue. OnmuMu3upoBaHbl PEXUMbI 2paHynupoB8aHUsi 8/1aXHO20 Op2aHOMUHeparibHo20 ocaodka.
OnpedeneHbl aghgpekmuesHbie napamempsi Or1s1 pabombl QUCKOB8020 epaHynsimopa. lNpumeHeHuUe Koppekyuu
enaxHocmu (npedsapumernbHoe o0be3goxuesaHue ¢ rocriedywum O03UPO8aHHbLIM  yeraXHeHUeM)
gopmupyem Makporopucmyro CmpyKkmypy 2paHys U cokpawjaem epemsi huHarbHOU CyWwKU epaHyil.
OKcriepumeHmanbHO MoOmMeepXX0eHo, 4YMO MOJfyYeHHbIe epaHyfbl coomeemcmeyiom mpebosaHusiM 05
mpaHCcrnopmuposKuU U 051umesibHo20 XpaHeHUs.

Knroyesbie cnoea: zpaHynuposaHue, y0o0bpeHuUsi, oOp2aHu4yecKue eeuwecmea, MUHepasbHbIe
KOMMOHeHMbI, 8bIc80OOXO0eHUe NumamesibHbIX B8eWecms, B81aXHOCMb, [POYHOCMb, pPa3fioXeHue
op2aHuUYecKux seujecms
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Abstract.
Problem and purpose. The article discusses topical issues of granulation of organic and mineral fertilizers.
Despite the well-known advantages of the method (improved integration of components, controlled release of
nutrients), insufficient knowledge of the surface properties and porosity of granules, critical for the release of
phosphates, is emphasized. The authors analyze approaches to combining components to optimize nitrogen
dynamics, noting the influence of granule morphology on the processes of immobilization and mineralization.
The technological difficulties of industrial granulation that limit quality control have been identified, and
solutions have been proposed for further development of research and practical application.
Methodology. The optimal parameters of sediment granulation (humidity, temperature, granulator velocity)
for obtaining high-quality organic fertilizers have been experimentally substantiated. It has been established
that the mode with pre-drying and subsequent humidification forms porous granules that reduce energy
consumption for drying. According to the research results, rational technological modes have been selected.
Results. The granulation parameters have been optimized. The humidity and rotation speed of the disk were
determined to obtain the best strength characteristics. The effect of humidity regulation on reducing the drying
time of granules has been determined.
Conclusion. The modes of granulation of wet organomineral sediment have been optimized. Rational
parameters for a disk granulator have been determined. The use of two-phase moisture correction
(predehydration followed by metered humidification) forms a macroporous granule structure and shortens the
final time. It has been experimentally confirmed that the obtained granules meet the requirements for
transportation and long-term storage.

Key words: Granulation, fertilizers, organic substances, mineral components, nutrient release,
moisture, strength, decomposition of organic substances.
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AHHOMauusl.

lMpo6nema u uenb. Llenbto pabombl sierisemcsi co3daHue aghghekmusHoOU nnamgpopmbl Onsi 0byyeHus
cmydeHmos HarnpasneHusi «MexampoHuka u pobomomexHuka», a makxe Ors npoeedeHuUs Hay4YHbIX
u3bickaHul 8 obnacmu naparnnenbHoU KuHemMamuku. B cmambe nipedcmasrieH KOMIIeKCHbIU noo0xod K
MPOeKMUpPoBaHUI0 cmeHOa, 8KIYarWUl aHalu3 Cyu,ecmsyrouwux murnoe MaHurynsmopos, demarbHoe
ornucaHue KuHemamu4yeckol modenu Oenbma-poboma, pacdem paboyux obracmeli u Hazpy30kK, 8bi6op
onmumarbHbIX Mamepuarnos u obopydosaHus, a makxe pa3pabomky npuHyunuansHOU 371eKmpu4eckol
cxembl. Ocoboe e6HUMaHue ydeneHO C€030aHur  anfnapamHo-npoepamMmmMHo20  obecrieyeHuss U
rosib308amersibCcKko20 UHmMepgelca O ynpasrieHUss pobomomM, a makxe MemooOuKe rPomomunupo8aHus,
mecmuposaHusi U omnadku y4ebHo2o0 cmeHOa. [lony4yeHHble pe3ynbmambl  0eMOHCMpPUpPyrom
yHKUUOHabHOCMb U MoYyHocme paspabomaHHo20 cmeHOa, nodmeep:xxdasi e2o nomeHyuarn 8 Kkayecmse
uHcmpymeHma 0Onsi  a/lyboKoe0  U3y4YeHUsl Meopemuvyeckux OCHO8 U MPpakmu4yecKux acrekmos
pOBOMOMEXHUKU, BK/Ito4asi CIIOXKHble — an2opummbl  YrpaeseHus U MAaHUposaHus mpaekmopud.
PaspabomaHHbili cmeHd criocobecmeyem rosbIWEeHUI0 Kadecmea UHXeHepHo20 0b6pa3osaHusi U nod2omoeke
kadpoe 8 AlK, criocobHbix pewams 3adayu MIHOycmpuu 4.0.



Memodonoezus. ViccnedosaHue basuposasiack Ha Memooe KoHuenmyarnsHoU udeanu3ayuu ¢ npuMeHeHUem
appuHHbIX npeobpasosaHuli u MampuyHol anzebpbl 0Ons peweHus npsmol u obpamHol 3aday
KuHemamuku. paHuybl paboyeli obnacmu onpedensnucbs Mmemodom QucKpemu3auuu rnpocmpaHCmeeHHoU
obnacmu C y4emoM CUHeynsapHbIX rnpunoxeHud. [Mpomomun u3zomosreH memodomM addumugHozo
npousgodcmea (PETG) u mMexaHudeckol obpabomku. Ynpaenswowul KOMIIEKC peanu3oeaH Ha
MukpokoHmporsinepe STM32F407VGT6 ¢ eepxHum yposHem Python (PyQt5, OpenCV), obecneyusarouum
8u3yanu3ayur, mpaeKmopHoe MiaHupo8aHue U UHmezpayur cucmeMbl KOMIbIOMepPHO20 3PEHUS.
Pesynbmambi. Pa3pabomaHHbili cmeH0 0eMoHcmpupyem abCconomHyr No2pewHoCmb Mo3UUUOHUPO8aHUSs
<0,15 mm u nosmopsemocmb 0,05 mm 8 paboyeli 30He @300x150 mMm. JuHamu4yecku xapakmepucmuKku
8K/10HaOM MakcUuMallbHyr CKopocmb 2 M/C, yckopeHue 15 m/c? u nameHmHocmb cucmembl <10 mc.
AnumenbHble ucribimaHusa (>100 4) nodmeepdunu cmabunbHOCMb MEXaHUYECKUX U 3JIeKMPOHHbIX
KomrnoHeHmos. [NpozpammHoe obecrieyeHue obecriequsaem pacdem KUHeMamuKku 8 pearibHOM 8peMeHU,
08yxypogHe8yto KanubpoeKy (asmoMamuyeckyro U py4YHyro), OuacHOCMUKYy COCMOsIHUSI npueodos u
ceameHmMauuro 0b6beKmos no usemHbim ripusHakam RGB dns 3aday asmomamu4yeckol Hasuaauuu.
3aknroyeHue. Co3zdaHHasa rnnamegopma 3hhekmusHo rpeodoniegaem paspbli8 MEXOYy meopemuyecKumu
3HaHUSIMU U Mpakmu4yeckUuMU HaebikaMu 8 obiacmu naparsnesnsHol KuHemamuku. KomnnekcHas uHmeepauust
MexaHU4ecKol KOHCMPYKUUU, Npeyu3uoHHbIX an2opummos yrpaesneHusi U cucmeMbl MexHU4YeCcKo20 3peHust
rnosgorsisiem ucriofib3o8amb CmMeHO Kak 05 yd4ebHol dessimesnbHocmu (ompabomka mpaekmopud,
M peeynuposaHue, KOMIMbIOMEPHOE 3peHUe), mak U Onsi Hay4yHblx uccredoeaHul. PaspabomaHHoe
peweHue criocobcmeyem n0020MmMo8Ke UHXEHEPHbIX Kadpos Ors asporpoMbILLUIEHHO20 KOMII/leKkca 8
KoHmekcme 3aday MHdycmpuu 4.0.

Knoyesblie csoea:  Oenbma-pobom,  napasnnenbHas — KUHeMamuka,  pobomomexHuKa,
nabopamopHbIli cmeHO, MexampoHUKa, KUHeMamu4deckass modesib, paboyasi obnacmb, pacdem Hagpy3oK,
rpoepammuposaHue, KoMrnbromepHoe 3peHue, MIHAycmpus 4.0
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Abstract.

Problem and purpose. The aim of the study is to create an effective platform for training students in the field
of mechatronics and robotics, as well as for conducting scientific research in the field of parallel kinematics.
The article presents a comprehensive approach to the design of the test bench, including an analysis of existing
types of manipulators, a detailed description of the kinematic model of the delta robot, calculation of working
areas and loads, selection of optimal materials and equipment, and development of a basic electrical diagram.
Particular attention is paid to the creation of hardware and software and a user interface for controlling the
robot, as well as to the methodology for prototyping, testing, and debugging the training stand. The results
demonstrate the functionality and accuracy of the developed stand, confirming its potential as a tool for in-
depth study of the theoretical foundations and practical aspects of robotics, including complex control and
trajectory planning algorithms. The developed stand contributes to improving the quality of engineering
education and training personnel capable of solving Industry 4.0 tasks.

Methodology. The study was based on the method of conceptual idealization using affine transformations
and matrix algebra to solve direct and inverse kinematic problems. The boundaries of the working area were
determined by discretizing the spatial domain, taking into account singular applications. The prototype was
manufactured using additive manufacturing (PETG) and mechanical processing. The control complex is



implemented on an STM32F407VGT6 microcontroller with a Python upper layer (PyQt5, OpenCYV), providing
visualization, trajectory planning, and integration of the computer vision system.
Results. The developed stand demonstrates an absolute positioning error of <0.15 mm and repeatability of
0.05 mm in a working area of 8300x150 mm. Dynamic characteristics include a maximum speed of 2 m/s,
acceleration of 15 m/s? and system latency of <10 ms. Extended testing (>100 hours) confirmed the stability
of mechanical and electronic components. The software provides real-time kinematics calculation, two-level
calibration (automatic and manual), drive status diagnostics, and object segmentation by RGB color features
for automatic navigation tasks.
Conclusion. The created platform effectively bridges the gap between theoretical knowledge and practical
Skills in the field of parallel kinematics. The comprehensive integration of mechanical design, precision control
algorithms, and a machine vision system allows the stand to be used both for educational activities (trajectory
training, PID control, computer vision) and for scientific research. The developed solution contributes to the
training of engineering personnel for the agro-industrial complex in the context of Industry 4.0 tasks.

Key words: Delta robot, parallel kinematics, robotics, laboratory stand, mechatronics, education,
kinematic model, working area, load calculation, programming, automation, computer vision, Industry 4.0
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AHHOMauus.

lMpo6nema u yenw. Llens pabomsi — ycmaHoeneHue u paspabomka Hay4HO-060CHOBaHHbLIX MemoOUYeCKUX
pexkomeHdayul no uHmezpayuu Nnodxod0os K cmaHdapmu3sayuu mexHooaull npu 8HeOPEeHUU UHHOBaUUOHHbIX
peweHul 8 rnpou3sodcmee ceslbCKOX03UcmeeHHOU MPOoOyKyUU, 8 MOM YUCIIE 8KITIOHYEHHbIX 8 M. 454 «Cbipbl,
npodykmsl chipHbie U meopoax lNpunoxeHus Ne2 k lNocmaHoeneHuto lNpasumenscmea P® om 23.12.2024 N
1875 8 ped. om 10.06.2025, Ha 6a3e aHanu3a Oelicmeyrowjux mpebosaHuli 8 obriacmu cmaHOapmu3ayuu,
KeanumMempuu U yrpasJsieHusi Ka4ecmesom.

Memodonozus. O6bekm uccnedosaHuli — cucmemsbi yrpasneHus 8 AlK, a makxe ux cocmaernsouue,
cesi3aHHble C 3adaYyamu Keasiumempuu U yrpasrieHuss kayecmeom. ViccriedosaHue rposodusiu ¢ y4emom
Oelicmeusi HopmamueHbIx mpebosaHuli ompacriego2o, 20cydapcmeeHHO20 U MexXOyHapodHO20 ypoeHel
(FOCT, CaHrlluH, TP TC).

Pesynbmamsi. [lokazaHo, Ymo mexHoroaudeckasi Hesasucumocms AlK Ha npumepe meopoea 8 yCcriogusix
eocydapcmeeHHOoU noddepxxku rno npedocmasrieHU0 HauyuoHalbHO20 pexuma Oocmuzaemcsi 3a c4ém
cucmemMHo20 mpaHcghepa mexHorsoaul, rpedrnonazanu,e20 KOMIIIEKCHYI0 OUEHKY rnpou3go0cmeeHHoU U
PbIHOYHOU eomoeHocmu npodyKyuu. [nsi cenbckoao xosslicmea 8 4Yacmu rpolyKkmoe rnumaHusi 3mo
O3HavYaem cmpozoe coomeemcmaue HopmamusHbiM mpebosaHusim (FTOCT, CanlluH, TP TC), nocmosiHHbIU
KOHmposib 6e3ornacHocmu U Kayecmea, a makxe erybokoe u3ydeHue U y4yém rompebumernbcKux


https://doi.org/10.36508/RSATU.2026.74.40.018

npednoymeHuli Yepes, Hanpumep, Keanumempuyeckue Memoodsl. OmmedyeHa 8aXXKHOCMb Ce2MeHMUpPO8aHUsI
fpu OUeHKe PbIHOYHOU 20moeHOCMU, eanudayuu eurnomesbl KoMmMmepuyuanusayuu U rpo2Ho3uUpo8aHusi
cripoca C UCronb308aHUEM UHCMPYMEHMO8 paHXuposaHUsi rnokazamesieli kadecmea U orpedenieHusi ux
8eco8biX KoaghghuyueHmos nompebumernsckux npednoymenul. [lpu 3MOM K/HO4Ye8bIM OpPUEHMUPOM
ocmaémcs  banaHc MexOy cobnodeHueM peanaMeHmos, MEexXHO02UYECKUMU  803MOXHOCMSAMU
rnpousgodcmea U oOxulaHusmMu yesnegoli aydumopuu, 4Ymo 8 Cco8oKynHocmu obecrieqyugaem
KOHKYpeHmocrnocobHocmb npodykyuu u ycmoudugsocms AlK.
3aknroveHue. Pe3ynbmam ouyeHKU rnpumeHeHusi 8 P® pocculickuX, UHOCMPaHHbIX U UHMEePHayUOHalbHbIX
GokymMeHmos8 o cmaHOapmusayuu nuweeol rnpodykyuu 8 yesiom nodmeepxdaem yHU8epcaslbHOCMb U
coenacogaHHocmb mpebosaHul, KOmopbie 8 HUX U3/1I0XKeHbl. B npouyecce uccnedosaHusi U3y4yeHbl OCHOBHbIE
cocmaserniaouwue, npudem ocoboe eHumaHue ydeneHo y4émy [lpunoxeHus Ne2 k [locmaHosneHuro
lMpasumenbscmea P® om 23.12.2024 N 1875 e ped. om 10.06.2025. YmoyHeHbI nokasamesiu kadecmea
meopoea u onpedenieHbl 3Ha4YeHUs1 KoaghguyueHmos eecomocmu. [NlodmeepxdeHo, 4mo CO8OKYrNHOCMb
nompebumensckux npednoymeHull U uGeHmMuUGUKaUUOHHbIX Moka3amersieli 8Kyrne C riokasamensamu
be3onacHocmu foMoz2aem aHanu3uposamb U cucmeMamu3uposams [iokasamesnu, efnuswuue Ha
socripusimue meopoaa.

Knrodesble cnioea: azspornpombiwnieHHas rApodyKyusi, meopoe, Keanumempus, roKazamenu
Kavyecmea, HayuoHasbHbIlU cmaHOapm, mpaHcghep mexHosoaul
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Abstract

Problem and purpose. Traditional methods for assessing orchard yields, based on average indicators, fail to
account for spatial heterogeneity in productivity and the multifactorial nature of yield formation processes.
Existing monitoring systems have limited application in commercial horticulture due to the lack of specialized
algorithms that account for the specific characteristics of perennial crops. The aim of this study is to develop
an intelligent system for monitoring apple orchard productivity, providing an analysis of spatial heterogeneity
in the distribution of flowers, ovaries, and fruits using machine learning algorithms for yield forecasting.
Methodology. The research focused on management systems in the agro-industrial complex, as well as their
components related to qualimetry and quality management. The study was conducted taking into account
industry, national, and international requlatory requirements (GOST, SanPiN, TR CU).

Results. It is demonstrated that technological independence of the agro-industrial complex (using cottage
cheese as an example, given state support under the national regime) is achieved through systemic technology
transfer, which involves a comprehensive assessment of the production and market readiness of products. For
agricultural food products, this entails strict compliance with regulatory requirements (GOST, SanPiN, TR CU),
ongoing safety and quality monitoring, as well as in-depth study and consideration of consumer preferences,
such as through qualimetric methods. The importance of segmentation in assessing market readiness,
validating commercialization hypotheses, and forecasting demand using tools for ranking quality indicators
and determining their weighting factors based on consumer preferences is emphasized. The key benchmark
remains the balance between regulatory compliance, technological production capabilities, and target
audience expectations, which together ensures product competitiveness and the sustainability of the agro-
industrial complex.



Conclusion. The results of the assessment of the application of Russian, foreign, and international food
standardization documents in the Russian Federation generally confirm the universality and consistency of
their requirements. During the study, the key components were examined, with particular attention paid to
Appendix No. 2 to Russian Government Resolution No. 1875 of December 23, 2024, as amended on June 10,
2025. Cottage cheese quality indicators were clarified, and the values of the weighting factors were
determined. It was confirmed that the combination of consumer preferences and identification indicators,
coupled with safety indicators, helps analyze and systematize the indicators influencing the perception of
cottage cheese.

Key words: agro-industrial products, cottage cheese, qualimetry, quality indicators, national standard,
technology transfer
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WCCNEOOBAHUE CBOWCTB NPOBOAHMKOBbLIX MATEPUANOB
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AHHOMauusl.
lpo6bnema u uenb. B Hacmoswiee epems anekmpuyeckuli o06oz2pes 8 CefibCKoOM Xxo3silicmee
ocywecmernsiemcsi ¢ NpUMeHeHUeM UHpakpacHbix obozpesamerel, mennoebix kabenel u KepamMu4eckux
menoebix arremeHmos. Llenb uccnedosaHuli — onpedenieHUe 3agucumocmeli memrnepamypsb! U ydernbHO20
cornpomusrieHusi npogoda pasfiu4dHo2o duamempa Om 8eUHUHbI MOKa.
Memodonozus. HYucneHHoe modenuposaHue 3agucumocmeli memnepamypbi U yOeribHO20 COMpPoMmMueeHusl
nposoda pasnu4yHo20 duamempa om 8esludUHbI mokKa npPo8odusu, ucxods u3 donyuweHus, Ymo Haubornee
pauuoHanbHOe 3HayeHue Ouamempa cmaribHO20 npoeoda Oris U320MOBNIeHUS MEMIo8biX 3/1€MEHMO8
Haxodumcs e duana3oHe 2-4 mm. MiccnedosaHue rpogodunu 0551 mpex cmaHdapmHbix Ouamempos: 2, 3 u 4
MM. OKcriepuMeHmarnbHoe uccriefogaHue npogoouniu MnymeM U3MepeHuUsi (bu3udYecKux rnapamempos
ompe3Ko8 cmarbHOo20 oyuHKosaHHo20 nposoda (FTOCT 1668-73) ykasaHHbIX Quamempos, OnuHou 3 M, npu
rpomekaHuu 4Yepes HUX 3/IeKmMpU4YecKo20 moka 8 duarna3oHe sapbuposaHus 5-70 A.
Pe3ynbmamebl. [lpogedeHO 4HucrieHHoe ModesupogaHue 3asucumocmeli memrepamypbl U yOesibHO20
coripomusrieHus1 npogoda pasfuyHo2o Ouamempa om eesiuquHbl moka. [lposedeHbl nabopamopHbie
ucrbimaHusi, 8 pe3ysibmaime Komophbix MOCMPOEHb! 3a8UCUMOCMU memMiepamypsb! pogoda U €20 yoesibHo20
corpomuersieHUsi om 8esuYuHbl moka Orsi pa3HbiXx OuamMempo8 cmarsbHOU OUUHKO8AHHOU rpOBOSIOKU.
Basucumocmu memnepamypbl pogoda Oom 8esluYUHbI MoKa 8 HeM Haubosiee MOYHO OMUChIBarMCs
rnokasamersnbHbIMU QOYyHKUUSIMU. [JaHHble 3KcriepuMeHma o onpedesieHu0 3asucumocmu  yOesibHO20
cornpomusrieHusi rpogoda om 8es/lIU4UHbI MoKa Haubosiee MoYHO annpPOKCUMUPyromcs hyHKUUsMU OpOobHO-
nuHeliHo2o suda. PacxoxdeHue Mex0y meopemuyecKuMU U 3KcrepuMeHmarbHbIMU KpuebiMu Haxo0umcs 8
npedenax 5-10 %.
3aknryeHue. B coomeemcmsuu ¢ onpedesieHHbIMU 3a8UCUMOCMSAMU memrepamypbl MPOBOOHUKa
mennoeoeo anemMeHma u ez2o yoesibHO20 akmu8HO20 COMPOoMmMuUeBsIeHUsT Om 8eslu4UHbI MoKa 8 rnposode 011
pasnuyYHbIX 3HaYeHUl Ouamempa cmasibHOU OUYUHKOBaHHOU pPO8OIOKU, npedesibHasi 8efluduHa ImMoka 8
o0HoM rnipogode 0nss duamempos 2, 3, 4 mmMm, 8 npedenax Komopou memnepamypa He rpesbiuaem
donycmumyro genuquHy 250-300° C, cocmasrnsiem 60 A.

Knroyesnie cnoga: anekmpooboepes, meriosbie srnemMeHmsl, memnepamypa, dornycmumbil Mok,
yOesibHOe 3rieKmpu4ecKoe cornpomueseHue

Ana yumupoeaHus: [lasnos B. B., KawupuH [. E. WccnedoesaHue ceolicme rnpo8oOHUKOBbIX
Mamepuasioe 8 anekmpoobozpesaeMbix cucmemax Ha rnpumepe mennuy, // BecmHuk Ps3aHckozo
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STUDY OF THE PROPERTIES OF CONDUCTIVE MATERIALS IN ELECTRIC HEATED SYSTEMS
USING THE EXAMPLE OF GREENHOUSES
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Abstract.
Problem and purpose. Currently, electric heating in agriculture is achieved using infrared heaters, heating
cables, and ceramic heating elements. The aim of this research is to determine the relationship between
temperature and resistivity of wires of various diameters and current.
Methodology. Numerical modeling of the temperature and resistivity dependences of wires of various
diameters on current was conducted based on the assumption that the most rational steel wire diameter for
manufacturing heating elements is in the range of 2-4 mm. The study was conducted for three standard
diameters: 2, 3, and 4 mm. The experimental study was conducted by measuring the physical parameters of
3-meter-long sections of galvanized steel wire (GOST 1668-73) of the specified diameters, with an electric
current flowing through them in the range of 5-70 A.
Results. Numerical modeling of the dependence of temperature and resistivity on current for wires of various
diameters was conducted. Laboratory tests were conducted, resulting in plots of wire temperature and
resistivity versus current for different diameters of galvanized steel wire. Exponential functions most accurately
describe the dependence of wire temperature on current. Experimental data on the dependence of wire
resistivity on current are most accurately approximated by fractional-linear functions. The discrepancy between
theoretical and experimental curves is within 5-10%.
Conclusion. In accordance with certain dependencies of the temperature of the thermal element conductor
and its specific active resistance on the current value in the wire for different values of the diameter of
galvanized steel wire, the maximum current value in one wire for diameters of 2, 3, 4 mm, within which the
temperature does not exceed the permissible value of 250-300 °C, is 60 A.

Key words: electric heating, heating elements, temperature, permissible current, specific electrical
resistance
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AHHOMauyus.
lpo6nema u yenb. B daHHOU cmambe paccmampueaemcsi KOHUenuyusi cucmemsl MOOepHU3UPOBaHHO20
cknada U akmyarnbHOCmb €€ [PUMEHEHUs. AHanu3upyomcsi OCHOBHbIE 3/1eMeHmblI cucmeMbl U
8bIMoJIHSIEMbIE UMU ¢hyHKUUU. Packpbigaemcsi 0rpoc mpaHCriopmHo-cKiadcKol 102UCMUKU C MPUMEHEHUEM
UHHOBAUUOHHbIX Memod08 U KOMieKkcHo2o rnodxolda. [enaromcsi 8bi8o0bl O peHmabenbHocMu U
uenecoobpasHocmu rnPUMeHeHUsI cucmeMbl MOOepPHU3UPO8aHHO20 Cknada u o OanbHelwel rnepcrekmuse
eé passumus.
Memodonozus. NpumeHsinuce aHanumuyeckue mMemoobl uccriedogaHull. cmpyKmypHbil, cucmemHbIl U
OuHamu4yeckull aHanui. bbin 8bINoSIHEH CUHME3 [OoJly4EHHO20 Ofbima, 8 pe3ysibmame Komopo20
cehopmynupoeaH aneopumm. B xolde ebinosiHeHuss pabombi 6biu  3adelicmeosaHbl COBPEMEHHbIE
UHGbopMayUOHHbIE cUCMeMbl U MEXHOI02u4decKue ycmpolcmea.
Pe3ynbmamebl. PaspabomaHa cucmema MOOEpHU3UpPOB8aHHO20 cKnada Ors asmoMObUNbHbIX U
CerbCKOX035UCmBEeHHbIX 3an4yacmel, Komopasi ekro4Yaem credyruue 371eMeHmbl; J102ucmuyYyeckue
onepayuu, modepHusayuro obopydoeaHusi, co8epuleHCmeo8aHUe cmpameauu pasgumusi, opaaHu3ayuto
mpyda u Koornepayuto. CchopmMynuposaH anzopumm asmomMamu3uposaHHO20 npouyecca nepemewieHust
Oemanu no cknady: npouseodumcs 8bIbop HyXXHOU Oemasiu Ha KOMIMboMmMepe, C MoMOWbo OpPOHO8 usu
crieyuarnbHoe0 ycmpolicmea ocyujecmernisiemcsi nepemeujeHue demasu ¢ Mecma xpaHeHusl Ha KOH8eUepHYH
nuHU;, demarsnb 0 KoHeelepHoU snuHuu oOocmaesiiemcsi 00 ryHKma rpuéma, pacriofioXeHHo20 8
HernocpedcmeeHHOU 6nu3ocmu ¢ 8bie3d0oM co cknada; Oemarnb CHUMaemcss C KoHeeliepa U C
ucronb308aHUEM [0gpy34uKka ycmaHaesueaemcsi 8 MmpPaHCIoOPMUPOBOYHYIO MalwUuHy;, pozpamMma
¢ukcupyem npouecc noz2pysku demarnu u ebi4EpKueaem eé u3 6asbl, cocmaersisisi CoOOmeemcmayulyto
OoKyMeHmauuro.
3aknroyeHue. ModepHu3uposaHHbIl cknad Onsi asmoMObUIIbHBIX U CeIbCKOX03AUCMBEeHHbIX 3andyacmel
umeem b6onbwol nomeHyuan U WUPOKULU criekmp 803MOXxHocmel. Ez20 ucnonb3ogaHue 00Ccmamo4vHo
akmyarsnbHO U 0aém 803MOXHOCMb Op2aHU308amb Ka4ecmeeHHyo cknadckyro pabomy. crionb3yembie Ha
MOOEpPHU3UPOBAHHOM CKiade mexHOMo2uu r0380MA0M 3HaYuUmMernbHO Moe8bicumbs  3hPEeKmMuU8HOCMb
8bIMNOIHAEMbIX pabom.

Knroyeenie criosa: cknad, demarnu, MOOepHU3ayus, Jloeucmuka, KOHMPOJsb, 6e3ornacHoCMmab,
UHHOBAUUOHHbIE MEXHO02UU, XpaHeHUe, yYCrio8usl XpaHeHUsl, crieyuarnbHasl 30Ha, No2py34uK, KoHeelep
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Annotation.

Problem and purpose. This article discusses the concept of a modernized warehouse system and the
relevance of its application. The main elements of the system and their functions are analyzed. The issue of
transport and warehouse logistics is revealed using innovative methods and a comprehensive approach.
Conclusions are drawn about the profitability and expediency of using the upgraded warehouse system and
about the future prospects of its development.

Methodology. The research was conducted on the basis of storage facilities in the Ryazan region. During the
work, modern information systems and technological devices were used.

Results. An upgraded warehouse system for automotive spare parts has been developed, which includes the
following elements: logistics operations, modernization of strategic machinery and equipment, improvement of
development strategies, labor organization, and mutual assistance. An algorithm for the automated process of
moving a part around the warehouse has been formulated: the required part is selected on a computer; using
drones or a special device, the part is moved from the storage area to the conveyor line; the part is delivered
by conveyor to the receiving point located in the immediate vicinity of the warehouse exit; the part is removed
from the conveyor using technological equipment and installed in a transport machine using a forklift; the



program records the loading process and removes the part from the database, generating the relevant
documentation.
Conclusion. The modernized warehouse for car spare parts has great potential and a wide range of
possibilities. Its use is quite relevant and allows for high-quality teamwork. The technologies used in the
modernized warehouse significantly increase the efficiency of the work performed.

Key words: warehouse, automotive parts, modernization, logistics, control, safety, innovative
technologies, storage, storage conditions, special zone, loader, conveyor
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AHHOMauus.

lMpo6nema u uyenb. Pocm mexHonoau4yeckol CrioXHOCMU MOB6UIbHOU CerbCKOX035UCMEeHHOU MeXHUKU,
COrPsKEeHHbIU C 8bICOKOU CMOUMOCMbI0 €€ MPOCMOs 8 KpUMmUYECKUE agpomexHu4eckue nepuodsl, denaem
KOPPEeKMUPYOWYo U niaHoe8o—npedyrnpedumesibHy0 CUuCmeMbl MEeXHUYECKO20 cepsuca 3KOHOMUYECKU
HeahgheKkmusHbIMU, M.K. OHU He CrocobHbl npedckasamb B6He3arHble O0mkKa3sbl U OfMmuMu3uposamsb
ucrionib3ogaHue pecypca Oemarsnel, 4Ymo nApueodOUM K [PAMbIM MomepsiM ypoxass U pocmy
aKcrlyamayuoHHbIX 3ampam. Llenbto uccrnedosarus siensemcsi paspabomka u anpobayus memodonoauu
nepexoda K cepsgucy Ha ocHoge OaHHbix (Data—Driven Service) 0nisi noebIleHUs1 20mo8HOCMU U HadexHocmu
MawUuHHO-MPaKmMopHoO20 napka.

Memodonozusi. B ocHogy memodosioeuu rofioXeHa KOHUENuyUsi Mpo2HOo3Upyrou,eeo obCyKugaHUsl.
Paspabomara apxumekmypa yugposol nnamgopmMbl, UuHmezpupyrouwel nomoku menemempuu ¢ loT-
Oamyukos u wmamHbix CAN-wuH, 0aHHbIe O peMOHmax U azpoHoMmu4yeckue napamempsl. [ xodoeol
yacmu u eudpocucmem kombaliHo8 «Acros» co30aHbl U OOy4YeHbl MPO2HO3Hble MOOesu Ha OCHOB8e
aneopumma 2padueHmHoao 6ycmuHea (CatBoost). OkcnepumeHm npo8oousicss 8 HamypHbIX YC08UsIX
cenbxosnpednpusamusi Pocmosckoli obnacmu 8 medeHue 08yx Ce30H08 C pasdeneHuUeM rnapka kombaltiHog
Ha KOHMPOJIbHYIO U ObIMHYH0 2pynrbl no 5 eQuHuY,.

Pe3ynbmam. BHedpeHue cucmembl 103607UM0 MPOo2HO3Uposamb omkasbl 3a 25-50 momoyacog 00 ux
HacmyrnneHuss ¢ moyHocmeto 81 %. [Ans onbimHol epynnbl docmugHymo rnosbieHue KoaghguyueHma
mexHu4eckol eomoeHocmu ¢ 0,78 do 0,89. Konnudecmeo gHernaHo8bIX 0mKa308 8 nuK ce3oHa cokpamurioch
Ha 65 %, cpedOHee spemsi goccmaHosrneHusi — Ha 18 %, a 3ampamsi Ha 3anacHble Yacmu — Ha 17 % 3a cuem
onmumu3ayuu J102UCMUKU U OmKasa om 3KCMpeHHbIX 3aKynok. OCHO8HOU 3KOHOMUYECKUU 3¢hgheKkm rosy4eH
3a c4em padukasibHO20 CHUXEHUSI KOCBEHHbIX ybbIMKO8 0m fpocmoes.

3aknroyeHue. ViccnedosaHue Ooka3asio 6bICOKYIO MPaKMUYeCKyr 3(hgeKmueHOCMb U 3KOHOMUYECKYO
uenecoobpasHocme 6HEOPEeHUsT Uuposbix naameopmMm npoeHo3upyrweao obenyxusaHus 6 AllK.
lpednoxeHHas memodosiozusi hopmMupyem OCcHogy 05151 mpaHcghopmayuu cep8ucHoU modenu u rnepegoda
PEMOHMO8 8 M1aHo8bIl PEXUM.
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Knroueenle crnoea: MoburibHasi mexHUKa, MexHU4YecKull cepauc, npoaHo3upyroulee obceryxusaHue,
mernemempusi, yugposas rnnamgopma, MawuHHoe obydeHue, KoaghuyueHm mexHu4eckol 2omogHocmu
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Abstract.
Problem and purpose. The increasing technological complexity of mobile agricultural machinery, coupled
with the high cost of downtime during critical agricultural periods, makes corrective and preventive
maintenance systems economically ineffective, as they are unable to predict sudden failures and optimize
component resource utilization, leading to direct crop losses and increased operating costs. The purpose of
the study is to develop and test a methodology for transitioning to data—driven service to improve the availability
and reliability of agricultural machinery and tractor fleets.
Methodology. The methodology is based on the concept of predictive maintenance. A digital platform
architecture has been developed that integrates telemetry streams from loT sensors and standard CAN buses,
repair data, and agronomic parameters. Predictive models based on the gradient boosting algorithm
(CatBoost) have been created and trained for the undercarriage and hydraulic systems of Acros combine
harvesters. The experiment was conducted in natural conditions at an agricultural enterprise in the Rostov
Region over two seasons, dividing the combine fleet into control and experimental groups of 5 units each.
Results. Implementation of the system enabled failure prediction 25—-50 hours in advance with an accuracy of
81%. For the experimental group, the technical availability factor increased from 0.78 to 0.89. The number of
unscheduled failures during peak season was reduced by 65%, average repair time by 18%, and spare parts
costs by 17% due to logistics optimization and the elimination of emergency purchases. The main economic
benefit was achieved due to a dramatic reduction in indirect losses from downtime.
Conclusion. The study demonstrated the high practical effectiveness and economic feasibility of implementing
digital predictive maintenance platforms in the agricultural sector. The proposed methodology forms the basis
for transforming the service model and transitioning repairs to a planned mode.

Key words: agro—industrial complex, mobile equipment, technical service, predictive maintenance,
telemetry, digital platform, machine learning, technical readiness factor
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AHHOMauyus

lMpo6nema u yenb. Koppo3ausi Memarisios rnocrie Molku 0emarneli 8 Npoyecce peMoHma asmompakmopHoU
mexHuKu rpedcmasrisiem coboli CEPbE3HYH 3KOHOMUYECKYIO U MEXHOI02UYEeCKyo npobremy, rpusodsauyro
K npexoespeMeHHOMY 8bIX00y U3 CMPOsi 80CCMAHOBIEHHbIX y3/108. TpaduyuoHHbIe MemoObl OYUCMKU,
OCHOBaHHbIE Ha azpeccusHOU XUMUU, He MOJIbKO He obecrieyusarom 3awumal, HO U MO2ym rposoyupos8amam
8MOPUYHYIO Kopposuto. Llenbio crmambu 5187155€mcsi KOMI/IEKCHbIU aHasiu3 CO8PEeMEHHbIX mexHoso2ul u
Xxumuyeckux cpedcme Orisi MOUKU, OPUEHMUPOBAHHbIX HE MOJIbKO Ha ydarneHue 3agps3HeHul, HO U Ha
akmusHoe rnpedomspallyeHuUe KOPPO3UOHHbIX rpoyeccos O7is r0o8bIlEHUsS Kadecmea U 00f1208e4HOCMU
pemMoHma.

MemoOdonoeus. ViccnedosaHue ba3upyemcs Ha CUCMEMHOM aHasiu3e CO8PEeMEHHbIX Memo0o8 O4YUCMKU
(ynbmpa3sgykoeol, KpUO2EeHHOU, asmomMamu3upo8aHHOU MOUKU) U UHHOBAUUOHHbIX CUHMEeMmMu4ecKux
morowjux cpedcme (CMC). Ocoboe sHumaHue yOesieHO cpasHUMEsbHOU OUEHKe MexaHu3mos Oelicmeus,
abbekmusHocmu  nipomue  pasfiuvyHbiXx eudo8  3az2psisHeHUl U crnocobHocmu  obecrieqyusamb
MeXXornepayUuoHHY aHMUKOPPO3UOHHY 3auwumy. Memodornoeaus eknroyaem o0b63op mpeHdos rnepexoda K
«3es1eHol» XuMuu, asmomamu3sayuu u pecypcocbepezarowum mexHonoausim.

Pe3ynbmam. YcmaH08/1€HO, 4mO CO8PEMeHHasi MoUKa 380/IIOUUOHUPYEM 8 B8bICOKOMEXHOI02UYHYIO
cmaduro pemoHma. KnrodesbiM pe3ynbmamom Sefsaemcs cuHepausi annapamHbiX Memodos U XUMUYECKUX
€ocmaeo8: 8bICOKOMOYHasi O4UCMKa CIIOXKHbIX 0emarieli coyemaemcs ¢ npuMeHeHuem buopasnazaembix
CMC, codepxauwjux uHaubumopsl kopposuu. OnpederneHbl GOMUHUpYOWUEe MpPeHObl: KoMOUHUpoBaHUe
memodQdos (Harnpumep, npedeapumersibHasi cmpyltHas U ouHUWHas yribmpa3seykoeasi obpabomka), sHeOpeHue
cucmemM peseHepayuu pacmeopos U pekyrnepauyuu Mamepuasnos, 4mo obecrieyugaem a/1yb60Ky0 OYUCIIKY,
KOPPO3UOHHYH 3auiumy U 3KOHOMUYECKYH 3¢hheKmu8HOCMb.

3aknroyeHue. Pazgumue mexHoso2ul MoUku 0eMoHcmpupyem cmpameaudeckull nepexod om npocmoza0
obesxupusaHusi K UHMe2pupo8aHHOMY rPoUeccy, eapaHmupyowemMy Yucmomy u 00/1208PEMEHHYIO 3auumy
rnosepxHocmu Oemarnu. Wcnonb3osaHue 3sKomozauyHbix CMC ¢ uHeubumopamu 8 coYyemaHuu C
MPeyu3UoHHbIMU ~ MemodaMu O4YUCMKU r1038osisem pewamb mpueduHyro 3adadvy: OocmuxeHue
ebicovaliweao Kadyecmea o4Yucmku, rpedomepaweHue 8mopuvyHOU KOppo3uu U  MUHUMU3auus
aKoroauyeckoeo gosdelicmausi. O9mo sienssemcsi obsisamerbHbIM ycrioguem Or151 obecriedyeHuUss HadexHocmu
U KOHKYpeHmMOocnocobHOCMuU peMOHMHbIX Mpednpusamul 8 cghepe asmompakmopHOU MEXHUKU.

Knroyeebie crnoega: Mmolika Oemarsiel, KOppo3usl, yNbmpasgykosasi o4yucmka, KpuobracmuHe,
cuHmemudeckue moroujue cpedcmea (CMC), uHaubumopbl KOppO3UU, 3KON02UYHOCMb, asmompakmopHasi
MmexHUKa.
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Abstract.
Problem and Objective. Corrosion of metals after cleaning parts during automotive and tractor repair is a
serious economic and technological problem, leading to premature failure of refurbished components.
Traditional cleaning methods, based on aggressive chemicals, not only provide no protection but can also
trigger secondary corrosion. This article aims to provide a comprehensive analysis of modern cleaning
technologies and chemicals designed not only to remove contaminants but also to actively prevent corrosion
processes to improve the quality and durability of repairs.
Methodology. The study is based on a systems analysis of modern cleaning methods (ultrasonic, cryogenic,
automated cleaning) and innovative synthetic detergents (SDs). Particular attention is paid to a comparative
assessment of their mechanisms of action, effectiveness against various types of contaminants, and the ability
to provide interoperational anti-corrosion protection. The methodology includes a review of trends in the
transition to "green” chemistry, automation, and resource-saving technologies.
Results. It has been established that modern car cleaning is evolving into a high-tech repair process. The key
result is the synergy of hardware methods and chemical compositions: high-precision cleaning of complex
parts is combined with the use of biodegradable detergents containing corrosion inhibitors. Dominant trends
have been identified: combining methods (e.g., pre-blasting and final ultrasonic cleaning), the implementation
of solution regeneration and material recovery systems, which ensure deep cleaning, corrosion protection, and
cost-effectiveness.
Conclusion. Advances in cleaning technologies demonstrate a strategic shift from simple degreasing to an
integrated process that guarantees cleanliness and long-term protection of the component surface. The use
of environmentally friendly detergents with inhibitors, combined with precision cleaning methods, enables a
threepronged approach: achieving the highest cleaning quality, preventing secondary corrosion, and
minimizing environmental impact. This is essential for ensuring the reliability and competitiveness of
automotive repair facilities.

Key words: water-fuel emulsions, microexplosion, emission reduction, diesel engine, environmental
friendliness, mixture formation, combustion temperature
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