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AHHOTALMUA

HeobxoanumMocTb B Ka4eCTBEHHbLIX MPOAYKTax NUTaHUS HEYKIOHHO pacTeT, OAHOBPEMEHHO C
3TUM pacTeT Cnpoc M B MpemuanbHOM CermMeHTe MPOAYKUMM XKMBOTHOBOACTBA. Tak, Bce
Gonblue niogen B Poccumn HaunHaeT MHTepecoBaTbCs FOBSAMHON C BbICOKON MPaMOPHOCTbLHO
M MNOBbILWEHHbIMA BKYCOBbIMU KayecTBamu, OOYCMOBMEHHbIMW He TunamuM OTKopMa Wnu
NPUMEHEHMEM KaKNUX-TMBO TEXHOMOIUI, a MOPOAHBIMU OCOBEHHOCTAMM XXUBOTHbIX.

KNKOYEBbIE CITOBA
KpynHbii poratbii ckoT, Bario, Mepedopa, AbepanH-AHryc, MpamopHOCTb Msca, YOONHbIN
BbIXOZ, pa3HbiX NOpPOA, MACHOE HanpaBreHne NPOAYKTUBHOCTMW.

ABSTRACT

The need for quality food is steadily growing, and so is the demand for premium livestock
products. More and more people are interested in beef with high marbling and enhanced taste,
which is due not to the types of feeding or the use of certain technologies, but to the breed
characteristics of animals.

KEYWORDS
Cattle, Wagyu, Hereford, Aberdeen Angus, marbling of meat, slaughter yield of different
breeds, meat-type of productivity.

In today's conditions of globalization and competition, the efficiency of production of
certain goods and services has a significant impact [2]. Thus, the use of specialized breeds of
livestock can increase the output of finished products with better quality than the use of breeds
that do not correspond to the type of productivity or universal breeds.

World experience and practice show that it is not possible to meet the growing needs
of the population for meat without the development of specialized cattle breeding. In developed
countries, depending on the tradition of meat consumption, the share of beef cattle in the total
livestock population ranges from 40 to 70%. In the Russian Federation, there has recently
been a steady growth in beef production, which is about 2.5% per year [7]. It is almost 350
thousand heads of beef cattle, and this is 1.9% of the total number of cattle in Russia, which
amounts to more than 1,800 thousand heads.

In beef production, it is advisable to use beef breeds of cattle, and, in turn, different
breeds of this productivity direction differ in their characteristics and product quality. For
example, the Aberdeen Angus breed has gained great popularity among beef breeds due to
its exceptionally high precocity, good beef qualities and high weight gains when using
fattening. However, this breed can also be improved, and the Wagyu breed animals can be
used for this purpose.



The aim of the work was to compare the productive characteristics of Wagyu, Hereford
and Aberdeen-Angus meat breeds.

The research methodology involved analyzing the results of cattle slaughter in 2023.
To assess the data, animals with similar gender, age, and fattening methods were selected.

The Wagyu breed animals are known for their high feed conversion and marbling of
meat, which is an important quality in the premium beef segment.

The Aberdeen Angus animals (Figure 1) are characterized by a compact body, short
limbs and well-defined beefy forms. Their skeleton is thin. The color is black and red. The live
weight of adult cows is 500-550 kg (the highest is 650-700 kg), bulls — 1000 kg, and steers —
750-950 kg (the highest is 1000 kg) [5]. With intensive rearing, the live weight of bulls reaches
400-420 kg by the age of 15 months, and 460 kg by the age of 18 months [6]. The slaughter
yield is 45-64 %, and the milk productivity is 1500—1700 kg per lactation, in some herds up to
3000 kg [4].
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Figure 1 — Aberdeen Angus

As for the Wagyu breed animals (Figure 2), in the conditions of Bryansk Meat Company
LLC, by 2031, the production of “marble” beef from the Wagyu cattle breed will amount to 3.5
thousand tons. The live weight of adult's averages 500-600 kg; the weight of adult bulls
reaches 900-1000 kg. The height at the withers is 122-126 cm for cows and 130-140 cm for
bulls. The average daily weight gain of young animals (steers) is at the level of 900-1000
grams, and in some cases reaches up to 1.2 kg. The milk yield of cows is low. It is 800 kg with
a fat content of 4.6% for 150 lactation days. The maximum milk yield for lactation can reach
up to 2000 kg of milk. The slaughter yield of steers varies from 62 to 65% [1].
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One more breed that is also worth mentioning is Hereford, one of the popular beef cattle
breeds (Figure 3). The live weight of adult cows is 550-600 kg, that of bulls — 800-1000 kg. The

height at the withers is 125-130 cm for cows and 135-140 cm for bulls. Hereford animals are
distinguished by early maturity and high weight gain. They are well adapted to various climatic



conditions and undemanding in terms of feed. The slaughter yield is 58-70 %. Milk productivity
is low, amounting to up to 2000 kg of milk per lactation [3].

Figure 3 — Hereford

To improve the productive qualities of the existing livestock, it is logical to obtain
crossbred animals, namely, Aberdeen Angus x Wagyu crosses.

Thus, to study the productive qualities of the purebred Aberdeen Angus cattle
compared with Aberdeen Angus x Wagyu crosses, some data on the slaughter yield of steers
for 2023 were taken. To compare breed characteristics, animals were taken that were put on
fattening diets at the age of 15 months and slaughtered upon reaching the required meat
characteristics. The meat characteristics of 750 heads of the Angus, Angus-Wagyu, and
Hereford breeds were studied.

The weight of entry to the feedlot in the selected group of animals is 350-360 kg. The
average weight at stunning for Angus is 623.7, 669 for Angus-Wagyu 50, 589 for Herefords.
The slaughter yield was 56.6% for Aberdeen Angus, 57.3% for the Aberdeen-Wagyu cross 50,
and 56.4% for Herefords.

An important parameter in modern beef cattle breeding is the marbling of meat, or the
degree of marbling, the grade, i.e. the “amount” of marbled streaks in a steak. There are grades
into which beef is divided: Select, Choice, Top Choice, and Prime. The cuts are assigned the
corresponding degree of marbling according to the international USDA system. Grades are
automatically determined by Ribeye that is the most valuable part. A special scanner calculates
the number of marbling points according to certain parameters. The fatter inclusions in the
meat, the higher the grade is.

Thus, according to the slaughter data, the average USDA score of rib-eye from
Hereford animals was 453, 625 from Angus, and 673 from Angus-Wagyu 50. These are the
average indicators of animals slaughtered at the age of 20 months, with an average weight of
615 kg and an average carcass weight of 346.2 kg.

Summarizing, we can conclude that crossing the Wagyu cattle breed with the Aberdeen
Angus cattle breed is rather purposeful activity and it leads to an increase in both meat
productivity in general and the amount of premium meat obtained from one animal, in
particular. A number of domestic producers, in particular, the Miratorg Company, are actively
working in this area and strive to improve the quality of its products and make them more
accessible to regular consumers without compromising the quality and safety of products.
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YOK 504.03
BIIMAHUE 3KONOIrmn HA 30OPOBbBE YEJTOBEKA
PasymeeB M.C., 6akanaep 3 Kypca
HanpasneHusa nogrotoBkn 35.03.06 ArponHxeHepust.
Hay4HbI pykoBoauTens: K.do.H., JoueHT Hepywesa T.B.
®I'bOY BO Opnosckuinn 'AY
AHHOTALMUA

B ctatbe paccmaTpumBatoTcs rnobanbHble akonornyeckue npobrieMbl, CBA3aHHbIE C BbIOyOKon
necos, 3arpsa3HeHMeM BO3ayxa, NOYBbl U BOAbl, paAM0aKTUBHOrO 3arpsisHeHus. CneacrememM
3Konornyeckmx Npobnem noBbILLAeTCs YpoBeHb 3a60n1eBaeMoCT! U CMEPTHOCTU HaceneHus.
B cTaTtbe npepnaratoTca NyTU peLleHns SKonormyecknx npobnem. BaxkxHo NOMHUTb, YTO HaLu
OKpYXXaloLLMI MUP — 3TO HaLL OpraHnam, obeperasi okpy>katoLLyto cpeny — Mbl obeperaem cBoé
300pOBbE.

KIMIOYEBbIE CJTOBA
Okonorusi, rrnobanbHble MPOGNEMbl, 3arpsi3HEHUs1, 3KOCUCTEMa, NPUPOAHbIE PEecypchl,
3apaxeHusi, Bpea, 300pOoBbe.



ABSTRACT

The article discusses global environmental problems related to deforestation, air, soil and
water pollution, and radioactive contamination. As a result of environmental problems, the level
of morbidity and mortality of the population is increasing. The article suggests ways to solve
environmental problems. It is important to remember that our environment is our body,
protecting the environment — we protect our health.

KEYWORDS
Ecology, global problems, pollution, ecosystem, natural resources, pollution, harm, health.

BeepeHue: CornmacHo GOpMynMpoBKe, NpuUHATON BcemupHoOM opraHmusaumnen
3[paBOOXpaHEHUs, 340pOBbe  YernoBeka —  COCTOSIHME  MOSIHOTO  (PU3NYECKOrO,
MCUXONOrMYecKoro (MCUXMYeckoro) 1 coumnanbHoro komdopTta. 300pOBbE YENOBEKA 3aBUCUT
OT Ka4yecTBa aTMOC(EPHOro Bo3ayxa, NMTbEBOM BOAbI, MULLIEBLIX NPOAYKTOB, KOMGOPTHOCTH
NPOXMBaHWSI M AMOLIMOHANbHOrO COCTOSIHUA obLecTsa.

Bce aTn ycnoBust HaxogaTcs B MPSIMOM 3@aBUCMMOCTU OT COCTOSIHUSA OKpYXKatoLLen
npupogHon cpeabl. BabixaHve 3arps3HeHHOro BO3Adyxa, NOTpebrieHne HekayeCTBEHHOWN
NMATLEBOM BOAbl W 3arpsi3HEHHbIX MNEeCTUUMAaMW, COMSIMU TSXKENbIX METansnoB, a Takke
MOONULMPOBAHHBIX NMPOAYKTOB NMUTAHUS OKa3blBalOT rybuTeNnbHOE BAWSIHWE HA OpraHunsm
YyenoBeka, Bbi3blBasd pa3nnyHble 3aborneBaHnsa 1 OTpaBreHus.

OcHOBHas YacTb.

OcHoeHble chakmopbl OKpyxaroweli cpedbl, snusowue Ha 300posbe oded.

Knumamuyeckue ¢ghakmopsbi. B noBcegHEBHON XU3HN YerOBEKA MOrodHble YCrOBMS
OKas3blBalOT OrPOMHOE BIIMSIHWE Ha CaMO4YyBCTBME M paboTOCnocoOBGHOCTL YernoBeka.
Hanbonee pacnpocTpaHeHHbIMM hbakTopamm okasbiBatloLme BO3AENCTBME HA CaMOYyBCTBMUE
yernoBeka SABMAITCA N3MEHEHNS aTMOCHEPHOro AaBMeHUs U 3NeKTPOMarHMTHOro nosns.

Takke MOryT okasblBaTb BIUSIHNE WU3MEHEHUsI BNaXXHOCTWM BO3Adyxa, OCagkv B BuAE
A0XOA WNKN cHera, cunbHble BeTpa M T.4. Mo AaHHbIM BO3AEWCTBMEM MOTYT MOSBNAKTCS
ronosHble 60nn, obocTpeHre 3abonesaHnin CycTaBoB, Nepenagbl apTepuanbHOro AaBneHus.
Hanpumep, ecnu Temnepatypa BO3dyXa 3HAYMTENbHO YMeEHblUMMAcb, TO YenoBeKy
HeoOXoaMMO NPUHSATbL Mepbl, NpPeAoTBpaLLalolne nepeoxnaxaeHne opraHuama. MHade
NoBbILLAETCA BEPOATHOCTb 3a60neTb OCTPbIMU pecnmpaTopHbiMU 3aboneBaHnaMu.

OpaHako He BCe NorogHble N3MeHEeHUs BAUSIOT Ha opraHM3M Yenoseka. Ecnv yenosek
3[0pPOBbIf, UMEET KPEenkum UMMYHUTET, TO MpUBbIKAHWE OpraHM3amMa C HOBbIMWU YCITOBUSIMU
npon3onaér GbicTpo. C Opyron CTOPOHbI, YENOBEK, MMELMA OcnabneHHbI OpraHusm,
pearvpyeT Ha U3MeHeHNs NOrofbl, KOTOPble MOryT Bbi3BaTb 6OMM M HEQOMOraHuWe.

Xumudeckue gpbakmopsbil.

Mpon3BOACTBEHHAA [AeTanbHOCTb  NI0AEN  CONPOBOXAAETCHA  BblAENEHWEM B
aTMocdepy BbIOpOCOB 3arpsi3HAOLLMX BELLECTB.

XvMnyeckne BellecTBa nonagat BMeCTe C ocajkamu B MO4YBY, BoAy, a 3aTeM B
OpraHM3Mm 4yenoBeka MOCPEACTBOM YNoTpebneHuss 3arpsi3HEHHOM MULLM U BOAbI, BObIXaHWUS
BO3yXa, HACbILLEHHOro BpeaHbIMK aieMeHTaMu. B pesynbTaTe B opraHM3me HakanmBaroTcs
TOKCUYECKME BELLECTBA, KOTOPbIE MOTYT Bbi3BaTb rONIOBOKPY)XXEHME, TOLLHOTY U T.A4.

OpHako, ecnu B OpraHvM3m 4YernoBeka TOKCUYECKME BeLLeCcTBa NOCTynaltT perynspHo,
TO BO3MOXHO pa3BUTUE XPOHUYECKOro OTpPaBfiEHMs, COMPOBOXAALWeroca ObICTpou
YTOMNSAEMOCTbIO, COHIMBOCTbBIO, anaTuem, HapyLeHneM BHUMaHWS.

buonozauyeckue ¢hakmopbl. B okpyxarolwen cpege npucyTcTByeT pasHoobpasve
BMpPYCOB, GaKTepuin 1 Apyrmx MMKPOOPraHM3MOB, ABMASIOLWUMUCS UCTOMHUKaMK 3aboneBaHui
yenoseka. [loaTtomy ana npodmnaktukm 3aboneBaHun Heobxogmmo cobnogaTtb npasvna
TMIMeHbl: MbITb PYKU nepen eqon U NpoAyKTbl neped ynotpebneHnem, KUNATuTb NUTbEBYHO
Bo4y, obpabaTtbiBaTb KOXY B Criy4ae NoBpeXaeHus!.

lMumaHue. Tuwa aBnsieTca OOHUM M3 T[MaBHbIX WCTOYHUKOB ANSA noadepkaHus
HOPManbHOWN XWU3HeOeATeNbHOCTN YenoBeka. [1oaToMy OT kayecTBa NULLM, NONy4YaemMomn 13
BHELUHEN Cpefbl, 3aBMCUT COCTOSIHNE 340POBbs YeroBeka u ero obliee passuTtue.



Tak no 4aHHbIM MHOTOYUCIIEHHbIX UCCNEAO0BAHUIA yYEHbIE NPULLNN K BbIBOAY, YTO AN
nogaepXxaHust puanonorMyecknx MpoLLECCOB opraHn3ama Ha LOMKHOM ypoBHE HeoOxoguMmo
nogoepxmeatbcsl  cbanaHcuMpoBaHHOro nuTaHus. O6wee cogepxaHue  OenkoBbIX
COeAVHEHUN, YrNeBoaoB, XNPOB, MUKPOINEMEHTOB N BUTAMMUHOB, NOCTYNAtoLLMX B OpPraHnam
yernoBeka, OO/MKHO COOTBETCTBOBaTb HOpMe. VHaye BO3HMKaKOT yCrnoBMS ONS pasBUTUS
3aboneBaHnn cepaevHO-COCYANCTON CUCTEMBbI, MULEBAPUTENbHbBIX KaHanoB, HapylleHue
OOMEHHbIX NPOLECCOB.

Hanbonee pacnpocTtpaHeHHbIMM 3a00neBaHMUsIMU Ha CErOAHSILUHUIA OeHb SIBMSIOTCS
OXWpEHWe, caxapHbl anabeT, 3aboneBaHnsi COCy40B 1 CEpAEYHON MbiLULbI, MPEANOChISIKaMu
BO3HWKHOBEHUS KOTOPbLIX MOryT ObITb MepeefaHne MNpoAykToB, CogepXxalimx yrnesogbl U
XUpbl B OOMNbLUNX KONMYECTBaX.

Tawke ynoTpebneHne npoayktoB, cogepxawmx [MO, B cocTtaBe KOTOPbIX
MOBbILUEHHbIE KOHLIEHTPAL MM BPeaHbIX BELWECTB, MPUBOANT K YXYALLEHMIO 00OLLEro COCTOAHNS
3[10POBbS U K pa3BUTHIO PAKOBbIX KNETOK.

Bo3dyx. ATmocdepHbIn BO3oyX SBMSETCS OAUH U3 rMaBHbIX 3fIEMEHTOB OKpYXKatoLLen
Hac cpeapbl, NOAOEPKMBAKOLNX CYLLECTBOBAHNE XUBbIX OPraHM3MOB Ha NiaHeTe.

Ecnu Bo3ayxe copgepxaTbCA BpeaHble BeLlecTBa, TO NPU KOHTaKTe C NMOBEPXHOCTbIO
KOXW UK CNN3nUCTON 060N0YKON YenoBeka, OHU rNyBGOKO NPOHUKAKOT B OPraHn3m.

OpgHako Hambonee onacHbiIM CYATAETCA WMHransAUUOHHBIA MyTb MOCTYMNNEHUs
3arps3HAIOLLNX BELWLECTB B OPraHn3M 4verioBeka. Tak kak NpuBOgUT K pa3BUTUIO BPOHXUTOB K
acTMbl. Hapsigy ¢ opraHamu gblxaHus, 3arpa3HUTENN NopaXatoT opraHbl 3peHnst U OBOHSIHUSA,
a BO34ENCTBYA Ha CrM3MCTYI0 060M0YKY ropTaHu, MOryT Bbi3BaTb CMa3Mbl FOJTOCOBLIX CBSI3OK.

Hanpumep, BabixaHne Bo3gyxa B TeYEHNE HENPOLOMKUTENBHOrO BPEMEHMW, B KOTOPOM
NPUCYTCTBYIOT BbIXMOMbl aBTOMOOWBHOIO TpaHCMOpPTa, YBENUYMBAET PUCK MNOMyvYeHus
niemmdeckom bonesHu cepaua.

BbiGpocbl nNpeanpuaTUA, CXUralLMX Yrofib, HacbIWaT BO34YX KpPOLEYHbIMN
yacTMuamn 3arpsi3HeHur, cnocobHbl BbI3biBaTb MOBbLILIEHWE CBEPTHLIBAEMOCTU KPOBU W
obpa3oBaHue TPOMOOB B KPOBEHOCHOW CUCTEME YEMNOBEKA.

MoaTtomy anga obHapyXeHWsi NPU3HAKOB M NOCNEACTBUA OENCTBUS BPeAHbIX BELLECTB
Ha OpraHn3M 4erioBeka HeobxoaMmo 00paTUTb BHUMAHME Ha cnegylwme MNpPU3HaKK:
rofioBHag 6onb, TOWHOTA, crabocTb, CHWXeHwe TpygocnocobHocTu. lMNMpu obHapyxeHun
CMMMNTOMOB Heobxoammo obpaTuTbesa B neyebHoe yupexaeHve, ana usbexaHve pasBuUTus
TSXKENbIX NOCNeaCcTBUNA.

Takum obpasom, 6GepexHoe OTHOWEHWE K nNpupoAe, YMEeHblLUeHWe BpenHOoro
BO34ENCTBUA AEATENbHOCTM YenoBeka Ha OKpyXKatoLLyto cpedy OCTaHOBUT pasBUTUE HOBbIX
3abonesaHui 1 NO3BOSIUT COXPaHUTbL NpUpoAy Ansa 6yayLiero NoKoNeHns.

PeweHus skonoaudeckux rnpobnem. B Hawm gHW akonornyeckme npoodrnembl Bbi3biBaKOT
03abo4eHHOCTb. JlloguM HauMHalT OCco3HaBaTb MOCMEACTBUS  YXYALUEHUS COCTOSIHWUS
OKpY)KaloLLlen cpeabl Afs Hawewn MOBCeAHEBHOM Xu3HW. CTano BaXXHbIM KOHTPONMPOBATb
Aerpagaumio n UCToLLEeHVE NPUPOLHBIX PECYPCOB U 3arpsi3HeHME OKpYKatoLLen cpeabl, HO 6e3
OCTaHOBKM npolecca pas3Butua. Hmwxke npuBedeHbl BO3MOXHbIE PeLLEeHUs] 3KONMOrMYecKnx
npobnem:

N3beramnte ogHOPa3oBOro MCMNONb30BaHWs NacTuka

MpoaswxeHne YNCTON N JOCTYMHOW 3HEPruu

lMepexoauTe K yCTONYMBOMY CEMbCKOMY XO3SNCTBY

CokpalleHne KonuyecTea NuLEeBbIX OTXOA0B

Caxanite 6onblue aepeBbeEB M NepexoanTe Ha 6e36yMakHbIN pexnv
MNpoasurante 3eneHble MHHOBaLMU

OKOHOMbTE BOAY W 3NEKTPUYECTBO

Mcnonb3ynTte npoayKTbl MHOrOPa3oBoOro UCNofb30BaHWs BMECTO O4HOPA30BbIX
MepepabaTbiBanTe OTXO4bI 4151 COXPaHEHUs NPUPOAHbLIX PeCcypcoB
Moanepkka MECTHBIX U 3KONOrMYeckn 6e30nacHbIX NPakTUK



BbiBoA: B 3aknioueHue, akorormyeckne npobnembl BO3HMKAOT U3-3a COOEB B
PYHKLMOHMPOBAHUN 3KOCUCTEMBI, Byab TO U3-3a AeATENbHOCTM YenoBeka UM eCTECTBEHHbIX
NPUYMH. JTU 3Konornyeckne npobrembl, TakMe Kak WM3MEeHeHue KnumaTa, 3arpsi3HeHue
OKpYy>KaloLLlen cpeabl U UCTOLLIEHNE PEeCcypCoB, MOTYT UMETb foKanbHble, PerMoHanbHble Unu
rnobanbHble MnocrneacTeusi. PelleHnst akonorndyecknx npobrem BKMHOYaT MNPOABMKEHUE
3KONOMMYECKM YACTOM SHEPTUM, BTOPUYHYIO NepepaboTKy, SKOHOMUIO BOAbI U 3NIEKTPOIHEPTUN,
a Takke COKpallleHWe WCnosb3oBaHUS OAHOPAa3oBbIX MnacTmacc. BHegpsisa ycTtonumBble
pelleHns 1 MnoBblllass 0CBeAOMITEHHOCTb, Mbl MOXEM CMArYUTb NOCNeACTBUS Aerpagauum
OKpY)KaloLLel cpeabl U 3alUTUTb NNaHeTy Ans 6yayLmMx NOKONEeHWIA.

Bubnuorpadcwus:

1. Banangun P.K. LmBunusaumss npotuB npupodbl. YTo npoucxoguTt ¢ norogom
nknumatom? M. : Beue, 2014. 201 c.

2. KopeHHble ManodncneHHble Hapoabl M MNPOMbLILWIIEHHOE pa3BUTUE  APKTUKK
(OTHONOrMYECKNn MOHUTOPUHT B AMano-HeHeukom asToHOMHOM okpyre). / T.H. Bacunbkosa,
A.B. Esan, E.IN. MapTeiHOBa, H.N. HosukoBa. WagpuHcek: WagpuHckmin [Jom neyatn, 2011.
304 c.

3. UnbuHeix U.A. Okonorusa yenoseka: Kypc nekumin. opHo-Antanck: PUO TATlY,
2015. 31 c.

4. Mn3syH KO.B., MusyH HO.I". O30HHbIe ablpbl U rnbenb YenoseyecTsa? M. : Beue, 2013.
85 c.

5. Boganunukmii HO.H. Tsxenble u CBepxTspkenble MeTannbl U MeTannougbl B
3arpsasHeHHbix noysax. M. : MHY [louBeHHbIn nMHCTUTYT MM.B.B. [okyyaeBa Poccernbxos
akagemun. 2009. 95 c.

6. UnbuH B.B., Cbico A.W. Tsxxenble MeTannbl B No4Bax U pacteHnsx Hosocnbupckon
obnactun. Hoeocubmpck: CO PAH, 2001. 229 c.

7. TH 2.1.2042-06. lNo4Ba, O4YUCTKA HACENEHHbIX MEeCT, OTXoAbl MPou3BOoACTBA U
noTpebneHus, caHMTapHasi oxpaHa MnoyB.

8. Anpgpeea E.C., Angpeee C.C. «[lpombiwrneHHas akonorusy. Cl16. : 'vgpome-
Teomnsgar, 2005. 55 c.

9. d®epopey H.I'., Megsepnesa M.B. Metoamka nccnegosaHus noye ypbaHusmnpo-
BaHHbIX TeppuTopun, 2009. 84 c.

UDC 636.3.033; 636.3.035

ESTIMATION OF BREEDING VALUE AND GENETIC DYNAMICS OF ECONOMICALLY
USEFUL TRAITS OF SHEEP OF THE SOUTHERN MEAT BREED
(OUEHKA NIEMEHHOW LEHHOCTWU U TEHETUYECKASA AUHAMUKA
XO3ANCTBEHHO-NOJIE3HbIX MPU3HAKOB OBEL], FOXKHOW MACHOW NOPOAbI)

Reshetnikova A.A.", 2-year postgraduate student
in scientific specialty 1.5.7 Genetics.
Scientific supervisors: candidate of Philological Sciences Mikhaylova Yu.L.2,
candidate of Biological Sciences Belous A.A."
'Federal State Budgetary Scientific Institution «Federal Research Center for Animal
Husbandry — VIZH named after Academician L.K. Ernsty,
2FSBEE HE Orel State Agrarian University named after N.V. Parakhin

AHHOTALUA

M3yueHa oueHka nnemeHHon ueHHoctn (EBV) u reHeTuuyeckass guHammka XO3SMCTBEHHO-
NONesHbIX NPU3HAKOB OBeEL, KOXXHOW MSICHOW NOpoabl C UCNONb30BaHMEM MeToAa Hauny4yllero
NUHenHoro HecmelleHHoro nporHoda BLUP Animal Model. MNporHo3 nnemMeHHon LeHHOCTY Mo



MSICHbIM U LUEPCTHBLIM NPU3HaKam OblN NPOBEAEH HA YNCTOMOPOAHbLIX OBLAX, POAMBLUNXCS C
2015 no 2022 rogbl. aHHble Obiv nony4veHbl ¢ 60HNTUPOBOK 3a 2022 1 2023 roga.

KIMKOYEBDBIE CITOBA
OueHka nnemeHHon LeHHocTu, EBV, BLUP Animal Model, to)kHas msicHasi, oBLibI.

ABSTRACT

The estimation of breeding value (EBV) and genetic dynamics of economically useful traits of
sheep of the southern meat breed was studied using the method of the best linear unbiased
prediction method BLUP Animal Model. The forecast of breeding value based for meat and
wool traits was carried out on purebred sheep born from 2015 to 2022. The data were obtained
from assessments for 2022 and 2023.

KEYWORDS
Estimated breeding value, EBV, BLUP Animal Model, southern meat breed, sheep.

Introduction. The study of genetic dynamics of economically useful traits to improve
the quality of breeding work has recently become an important task in animal husbandry [5, 6].
For this purpose, an assessment of the breeding value of animals is used based on statistical
linear models. The most informative method is BLUP (Best Linear Unbiased Prediction) [3]. If
animals have different information on their parents, the most accurate and effective will be the
use of the BLUP Animal Model, which will increase the accuracy of the forecast for assessing
the breeding value of animals, and therefore the reliability of the selection of the best
individuals for herd reproduction will increase [4].

In connection with the above-mentioned relevance, the purpose of this work was to
obtain estimates of breeding value using the BLUP Animal Model method for further selection
of the best sheep of the southern beef breed into the breeding core of the herd.

Materials and methods. The study was carried out at the Ladozhsky breeding plant
(Krasnodar region, Ust-Labinsk region, Vimovskoye rural settlement, Vimovets village) on
purebred sheep of the southern meat breed (n=441). The information on measuring wool and
meat productivity for 2022 and 2023 was obtained from the SELEX database and preliminary
data processing was aimed at eliminating various empty records and errors.

The estimation of breeding value was carried out using the BLUP Animal Model
program. For each EBV indicator, its own model was formed [1, 2, 7].

1) Live weight indicator:

BW = pu+ES+TY +sex+bRW+a+e (1)

2) Wool length indicator:

WL= pu+TY +sex+bWW+a+e (2)
3) Wool thickness indicator:
WT = p+Sex+WL+a+e (3)

4) Indicator of the amount of wool washed:

WW = p+WTs, + byWL+b,BW +a+e  (4)

where: BW — live weight, kg; WL — wool length, cm; WT — wool thickness, pm; WW —
amount of wool washed, kg; y — population constant, ES — earliness, TY — year of valuation,
sex — sex, RW — greasy wool clip, a — randomized effect of the animal under normal distribution
with variation Ag?2 (A — additive kinship matrix); e — effect of unaccounted factors.

Results and discussion. When analyzing the average values, the studied indicators
had the following characteristics: live weight 59.13 kg, wool length 13.04 cm, wool thickness
27.9 microns and the amount of wool washed 2.58 kg.

To obtain the reliable estimation of breeding value, we first calculated the genetic
relationships between traits (table 1).
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Table 1 — Genetic correlation of the studied indicators of live weight and wool quality

BW WL WT ww
BW 1
WL -0,251 1
WT 0,112 -0,189 1
WW -0,492 0,156 -0,002 1

Note: BW — live weight, kg; WL — wool length, cm; WT — wool thickness, um; WW — amount
of wool washed.

According to table 1, live weight and wool thickness, as well as the amount of wool
washed and wool thickness have a low positive level of correlation. A low negative level of
correlation was found between body weight and wool length, wool length and wool thickness,
and between wool thickness and the amount of wool washed. The largest negative correlation
is between live weight and the amount of wool washed (rg=-0.49).

In the course of our work, when calculating the EBV indicators for each individual: live
weight, wool length, wool thickness, amount of washed wool, the best 15 sheep of the southern
meat breed were selected (table 2).

Table 2 — Top 15 individuals selected according to breeding value estimates based
on live weight of the southern beef sheep

Ne BW WL WT ww
1 +9,51 -1,82 +0,39 -0,48
2 +7,32 -0,14 +1,47 -0,05
3 +6,55 +0,04 +0,71 -0,12
4 +5,93 +1,88 +0,75 -0,16
5 +5,88 -0,85 +0,22 -0,37
6 +5,53 -1,08 +0,30 +0,03
7 +5,17 -1,35 +0,63 +0,02
8 +4,83 -1,24 +0,40 +0,02
9 +4,75 +0,62 -0,46 -0,09
10 +4,54 -0,56 -1,46 -0,26
11 +4,52 -1,78 +0,87 -0,17
12 +4,30 -1,80 +0,45 -0,47
13 +4,20 +0,89 -0,27 -0,20
14 +4,17 -0,94 +0,46 +0,08
15 +4,13 +0,08 -0,10 -0,43

Note: BW — live weight, kg, WL — wool length, cm; WT — wool thickness, um; WW —
amount of wool washed

As it can be seen from Table 2, individuals with the highest estimation of breeding value
in terms of live weight have positive or negative estimates for the other three indicators, which
confirms the need for selection for this trait.

Conclusion. A calculation of the genetic correlation pleiades between the studied traits
was carried out, as a result of which, for the first time, the equations were modeled and results
were obtained for estimating the breeding value of sheep of the southern meat breed in terms
of wool quality and live weight. The selection of the best individuals was based on BW. As a
result, 15 of the best animals are presented that have promising genetic modifications so that
in the future it will be possible to obtain high-quality offspring from them.

Further scientific work is aimed at refining genetic estimation using the genome-BLUP
(GBLUP) methodology and developing a genomic assessment in the population of southern
beef breed sheep to consolidate and grow the breeding gene pool in Russia.

11



Bubnuorpadcwus:
1. Topnoe W., WMeuHa E.A., MokeeB W.A., Ymuyaesa E.[l. Onpegenexue
KO3 (PNUMEHTOB 3HAYMMOCTN NPU3HAKOB MPU KOMIMIEKCHOMN OuEeHKe MeMeHHON LLEeHHOCTU
oBel, // HaykoBui BicHUK «AckaHiga-Hoa». 2016. Ne 9. C. 25-32.

2. JlnHerHble Mogenun onpedeneHns NNeMeHHON LEHHOCTN GapaHoB-Npon3BoguTenen
B oBueBoacTtee / A.W. Topnoe [u ap.] // C60pHUK Hay4HbIX TpygoB CTaBpOMNOSIbCKOro Hay4YHo-
nccnenoBaTeribCKoro MHCTUTYTa XUBOTHOBOACTBA U Kopmonpouassoactea. 2014. T. 3. Ne 7. C.
55-59.

3. OueHka nnemMeHHoOW LeHHOCTU GapaHoB-npounssoautenen metogom BLUP / KA.
KatkoB [n ap.] // TnaBHbIn 300TexHMK. 2018. Ne 5. C. 25-32.

4. MNetposa A.B., PomaHoBa E.A., Bacunwesa E.H. NpumeHeHne metoga BLUP Animal
Model B oLieHKke NNeMeHHON LEHHOCTM MaTOYHOTO MOroNoBbSA alpLUNMPCKOro ckota // FeHeTuka
n passegeHune xumBoTHbIx. 2023. Bein. 3. C. 25-30.

5. MeTognyeckne noaxodbl K OLEHKE OBEL, MSCHOrO HanpaBneHus NPOAYKTUBHOCTW /
U.A. MomutyH [1 ap.] // 3ooTexHnyeckasn Hayka benapycu. 2016. T. 51. Ne 1. C. 147-154.

6. Kynukosa A.A., YnbanHos A.H. Micnonb3oBaHne NHOEKCOB B CeNeKUMn reHoooHOHOro
CcTaga oBeLl, KXHOM MACHOW nopofbl // COOPHUK Hay4HbIX TpyAoB KpacHogapckoro HayyYHoro
LeHTpa no 300TexHun n setepuHapun. 2018. T. 7, Ne 3. C. 28-33.

7. Wcnonb3oeaHne metoga BLUP B oBueBoactee / M.A. AdaHackes [n gp.] // HoBbie
TEXHOMOIMMM B CENbCKOM XO3AWCTBE U MULEBOW MNPOMbBILIIEHHOCTM C UCMONb30BaHUEM
anekTpouanyecknx akTopoB U 030HaA: COOPHMK Hay4vHbIX TpyaoB no maTtepuanam Xl
MexagyHapodHon Hay4HO-nNpakTuieckon kKoHdepeHuun (CtaBpononb, 28 masa 2020 r.).
CraBpononb: N3g-8o «AIPYC», 2020. C. 162-168.

References:

1. Gorlov |, Ivina E.A., Mokeev |.A., Chichaeva E.P. Determination of the coefficients of
significance of traits in the comprehensive assessment of the breeding value of sheep //
Scientific Bulletin "Askania-Nova". 2016. No. 9. P. 25-32.

2. Linear models for determining the breeding value of stud rams in sheep breeding / A.l.
Gorlov [et al.] // Collection of scientific papers of the Stavropol Research Institute of Animal
Husbandry and Forage Production. 2014. Vol. 3. No. 7. P. 55-59.

3. Assessment of the breeding value of stud rams using the BLUP method / K.A. Katkov
[et al.] // Chief Livestock Specialist. 2018. No. 5. P. 25-32.

4. Petrova A.V., Romanova E.A., Vasilyeva E.N. Application of the BLUP Animal Model
method in assessing the breeding value of Ayrshire breeding stock // Genetics and animal
breeding. 2023. Issue 3. P. 25-30.

5. Methodological approaches to assessing the productivity of meat sheep / I.A. Pomitun
[et al.] // Zootechnical science of Belarus. 2016. Vol. 51. No. 1. P. 147-154.

6. Kulikova A.Ya., Ul'yannov A.N. Use of indices in the selection of the gene pool herd
of southern meat breed sheep // Collection of scientific papers of the Krasnodar Scientific
Center for Animal Science and Veterinary Medicine. 2018. Vol. 7, No. 3. P. 28-33.

7. Using the BLUP method in sheep breeding / M.A. Afanasyev [et al.] // New
technologies in agriculture and food industry using electrophysical factors and ozone:
collection of scientific papers based on the materials of the XlII International Scientific and
Practical Conference (Stavropol, May 28, 2020). Stavropol: Publishing house "AGRUS", 2020.
P. 162-168.

12



UDC 632.3.01/.08

NEW PATHOGEN OF THE GENUS TOBAMOVIRUS. TOMATO BROWN RUGOSE FRUIT
] VIRUS (ToBRFV) ]
(HOBbIN MATOTEH U3 PO[JA TOBAMOVIRUS. BUPYC BYPOW MOPLUMHUCTOCTH
(ToBRFV)

Spiridonova V.P., 4-year student
of the training program 35.03.06 Gardening.
Scientific supervisor: Candidate of Philological Sciences Shirlina E.N.,
FSBEI HE RT SAU

AHHOTALUA

Bupyc 6ypon mopwumHuctoctn (ToBRFV) gaBnseTtca HOBbIM MaToOreHOM WM OTHOCUTCS K
KapaHTUHHbIM 06bekTam. OH nopaxaeT Takme 3KOHOMUYECKM BaXKHbIE KyIbTypbl Kak TomaT (S.
lycopersicum) n nepeu (C. annuum). 'eHbl YCTONYMBOCTK, UCMONb3YyEMblE MPOTMB APYrnx
To6amoBUpPYCcOB, He 3ahdeKkTMBHbI NPOTUB 3TOoro Bupyca. Cendac Begytca pa3paboTky no
co34aHunio rMbpunaos, YCTOMYMBLIX K 3TOMY 3ab60neBaHuio.

KIMKOYEBbLIE CJIOBA
MaTtoreH, To6aMoBUpyC, TOMaT, nepeL, reH yCTOMYMBOCTU, rMbpua, NOKYC KOMMYECTBEHHOro
npuaHaka.

ABSTRACT

Tomato brown rugose fruit virus (ToBRFV) is an emerging pathogen and is a quarantine
concern. It affects economically important crops such as tomato (S. lycopersicum) and
capsicum (C. annuum). Resistance genes used against other tobamoviruses are not effective
against this virus. The development of hybrids resistant to this disease is underway.

KEYWORDS
Pathogen, tobamovirus, tomato, capsicum, resistance gene, hybrid, quantitative trait locus
(QLS).

Tomato brown rugose fruit virus (ToBRFV) or Jordan virus is a new representative of
the genus Tobamovirus. Due to the stability of the particles and effective mechanical
transmission, TOBRFV and the entire genus are characterised as highly aggressive viruses.
Once the virus appears in the greenhouse, the opportunities of taking control measures are
extremely limited and are mainly based on the destruction of infected plants and strict hygiene
measures [2]. For this reason, TOBRFV poses a real threat to tomato and pepper producers.
In Florida (USA) alone, the virus has caused damage in the amount of 262 million US dollars
[1].

The virus was first discovered in Israel in 2014. A year later, the disease was detected
in Jordan, then in Mexico, China and the USA. In 2019, the EU Commission took extraordinary
measures to prevent the virus from entering and spreading in the EU. Nevertheless, it has also
spread in Europe. In Russia, this virus has been declared a quarantine disease. On 1 July
2023, testing of all imported peppers and tomatoes for the presence of this pathogen began
[2].

The symptoms vary depending on the crop. In tomatoes, the manifestation of
symptoms is also linked to the characteristics of the variety. In some varieties, the symptoms
manifest themselves on the fruit, in others on the leaves. Environmental conditions such as
lighting, temperature and nutrient availability can influence the appearance of symptoms.
Peppers are mainly characterised by leaf deformation, yellowing and mosaic. The fruits deform
and show yellow or brown areas or green stripes. The symptoms on a tomato are: Chlorosis,
mosaic pattern, leaf spots, narrowing (needling) of the leaves, blistering on the leaf surface,
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gradual wilting of the leaves with subsequent yellowing and death of the entire plant. Brown
necrotic lesions appear on the stems, cups and stalks of infected tomato plants. The fruits may
have a latent infection and, without showing symptoms, serve as a source of contagion by
infecting other fruits. As a rule, tomato fruits infected with ToBRFV show chlorotic spots,
marbling, dark spots on green fruits and deformation. Uneven ripening of the fruit is often
observed [3].

There are various routes of infection: through infected seed material, through fruit (in
any form), through transport containers, tools, equipment, packaging material and vehicles
containing the sap of infected ToBRFV plants, and through a substrate [3].

The main cause of the ToBRFV epidemic is that this virus overcomes all known
tobamovirus resistance genes in tomato, including Tm-1, Tm-2 and the persistent Tm-22. A
computer analysis of the TOBRFV genome has revealed that this virus contains a variability of
9-15% (comparison of RNA or protein) compared to other representatives of the Tobrfv genus.
It has been found that 21 amino acids are probably involved in overcoming the tomato
resistance genes. It is thought that the reason for the persistence of Tm-22 against TMV and
ToMV is that it targets the element movement proteins (MP) that are required for the spread
of both viruses. One such element is the amino acid cysteine 68 (C68). The presence of C68
in TB tobamovirus activates the immune response of Tm-22, but in ToBRFV, C68 is replaced
by histidine, preserving viral movement. This finding could explain the stability of the
manifestation of Tm-22 against viruses other than ToBRFV (1).

Studies have shown that the various capsicum L alleles are effective against ToBRFV,
but probably do not provide complete immunity against the virus [1].

The most obvious strategy for developing tobamovirus resistance is to screen the
genotypes of tomato and related wild species for TOBRFV resistance. Thus, 29 lines have
been found to be tolerant to ToBRFYV. Genetic analysis of the tolerance trait has revealed that
it is controlled by a single recessive gene. Mapping of the tolerance locus for ToOBRFV has
revealed a specific position on chromosome 11 of the tomato. It is noticeable that only one
resistant genotype has been identified in the analysis. The mapping of the resistance trait has
shown the involvement of two different quantitative trait locus (QTLs): One was on
chromosome 11 the same tolerance locus, the other was on chromosome 2 in region Tm-1.
Taken together, these loci were the first evidence of ToBRFV resistance in natural tomato
genotypes. The proximity of the second QTL to Tm-1 suggests the existence of new Tm-1
alleles that may be capable of conferring TOBRFV (1) resistance.

Currently, the multinational companies of ‘Singenta’, ‘Enza Zaden’ and ‘Rijk Zwaan’ are
increasingly involved in the development of sustainable hybrids and have made some
progress.
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UCNOJIb3OBAHUE GWAS AHAJTU3A ANA WAEHTU®UKALIMM NONIUMOP®U3MOB B
FEHAX, CONPAXEHHbIX C NPU3HAKAMUX MOJIOYHOU NPOAYKTUBHOCTU HA
NMPUMEPE KPYINMHOIO POrATOINO CKOTA KOMBMHUPOBAHHbIX NMOPOA

TokapeB A.W.', acnupaHT 2 kypca
no Hay4How cneumanbHocth 1.5.7 eHeTuKa.

HayuHbIl pykoBoauUTenb: K.punon.Hayk, aoueHT Muxaiinosa O.J1.°
'®rBEHY UL BUXK nm. .K. OpHcTa
> ®r'60Y BO Opniosckuin FTAY

AHHOTALUUA

Ha KOMMOHEHTHbLIN COCTaB MOSOKa XMBOTHbLIX OKa3blBalOT BNUSAHWE HE TOMbKO CpefoBble
akTopbl (KOpMIieHWe, TEXHOMNOrMA COAepXaHus, Ce30H roga u ctagus nakrauuu), HO U
reHeTndeckme (Nopoaa, reHoTun, NpoucxoxaeHve-un ap.). Hanbonee nHTepecHsIM ¢ Hay4yHON
TOYKM 3pPEHUS SABMSETCH OLEeHKa BNUSAHMSA reHoTMna ocobu Ha U3MEeHeHMe KONMUYEeCTBEHHbIX
napameTpoB OEnkKOBON M XUPOBOW hpakumn monoka. Hambonee acbdeKkTUBHBIMU CTOUT
cuMTaTb MOWUCK FreHOB W OOHOHYKNeoTuAHbIX nonumopduamos (SNP) B HMX BxoasLwmx Ha
OCHOBE aHanuaa nosIHoreHOMHbIX accounauun ansa onpeaeneHHon BolOOPKU XXNBOTHbLIX OGHON
nopoAbl (nonynsumm). 3aecb MOryT 6bITb MPUMEHEHbI KaK HenpepbIBHbIE YACNOBbIE BENUYMHbI
(NpsMble eHOoTUNbI, OLIeHKa NITeMeHHON LEHHOCTW, CTaHAAPTU3UPOBAHHbIE OTKIIOHEHWUS), TaK
M Noporosble 3HaveHus (rpynnupoBka ocober No KavyeCTBEeHHbIM napameTpam: 300pOoBbe,
YPOBHW yOos WM cocTaBa KOMMOHEHTOB B Monoke u ap.). C pasButnem TexHOomnorum
BbIpaLLMBaHNS N UCMOMNb30BaHMSA XMBOTHbLIX NIOAW HAYanu uckatb MeToAbl cenekuun Gonee
NpoayKTUBHbIX ocoben B nonynsaumn. OgHUM U3 MOLLHBIX MHCTPYMEHTOB ANS MASHTUdUKaLnm
Bapuauun reHOMOB XMBOTHbIX SIBMSIETCA MOMHOreHOMHbIM aHanu3 accoumaumi (GWAS).
Monyyaemble pesynbTaTbl aHanu3a MOSMIHOrEHOMHbIX accouvauun OaroT NpeacTaBrieHne o
3HaYeHMAX [JOCTOBEPHOCTW accoumaunin, OpMMPOBaHUM 5MBO OTCYTCTBMM  JIOKYCOB
KOnuMyecTBeHHbIX Mpu3HakoB (QTL), Hanmuum nonuUMoOpgU3MOB B MEXIEHHbIX U TFEHHbIX
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yyacTkax reHoma. VMicnonb3oBaHue JaHHOro MeToda No3BonsdeT NPoBOAUTL naeHTUdUKaLuo
3Ha4YMMbIX MONMMOPKM3MOB HE TOMbKO Cpeau MOpO4 CKOTa pasHOro HarnpasneHus
NPOOYKTUBHOCTK, HO U BHYTPWU MOMNYMALUMIA XMBOTHbLIX OgHOWM nopoabl. B 063opHoM cTaTbe
NpeAcTaBeHbl HEKOTOPbIE MccneaoBaHMsa B 06nacTn aHannsa nonHOreHOMHbIX accounauuni
Ha npumepe KPYNHOro poraTtoro CKoTa MOJSIOYHO-MSCHOMO UM KOMBUHMPOBAHHOIO
HanpasneHsi NPOAYKTUBHOCTW.

KIMIOYEBbIE CJIOBA
GWAS aHanus, Mono4vHasi NpoayKTMBHOCTb, KPYMHbIN poraTbiii CKOT

ABSTRACT

The component composition of animal milk is influenced not only by environmental factors
(feeding, housing technology, season of the year and stage of lactation), but also by genetic
factors (breed, genotype, origin, etc.). The most interesting from a scientific point of view is the
assessment of the influence of an individual’s genotype on changes in the quantitative
parameters of the protein and fat fractions of milk. The most effective is the search for genes
and single nucleotide polymorphisms (SNPs) included in them based on the analysis of
genome-wide associations for a certain sample of animals of the same breed (population).
Here, both continuous numerical values (direct phenotypes, assessment of breeding value,
standardized deviations) and threshold values (grouping of individuals according to qualitative
parameters: health, levels of milk yield and composition of components in milk, etc.) can be
used. With the development of technologies for raising and using animals, people began to
look for methods of selecting more productive individuals in the population. One powerful tool
for identifying variation in animal genomes is genome-wide association studies (GWAS). The
obtained results of the genome-wide associations studies provide an idea of the reliability of
associations, the formation or absence of quantitative trait loci (QTL), and the presence of
polymorphisms in intergenic and genic regions of the genome. The use of this method makes
it possible to identify significant polymorphisms not only among livestock breeds of different
areas of productivity, but also within populations of animals of the same breed. The review of
the article presents some studies in the field of genome-wide association analysis using the
example of dairy-beef or combined productivity cattle.

KEYWORDS
GWAS analysis, milk production, milk traits, cattle.

BBepneHue. CoBepLueHCTBOBaHME NOMYNALUA XMBOTHBIX NPUBENO K NOCTENEHHOMY
N3MeHeHuto MeTofoB — OT oTbopa ocobern No npeakam u peHoTUny K OLeHKe Mo KavyecTBy
NOTOMCTBA, a B NocrnegHne AecaTUneTus — no COBOKYMNMHOCTU reHeTu4ecknx mapkepos. Kak B
Poccun, Tak u B MMpe akTUBHO U3y4aeTCst FeHOMHas apXuTekTypa Npu3Hakos NPOAYKTUBHOCTU
Y )XMBOTHbIX. XapakTepucTnka N3MeH4MBOCTM KOSIMYECTBEHHbIX U KaYeCTBEHHbIX NapamMeTpoB
Npu 9TOM MOXET M3MEPATbCS B FeHeTUYEeCKUX U (PEeHOTUNUYECKMX KOMMOHEHTax. Tak,
NOSIHOreHOMHbIE accounaTuBHble MccriegoBaHua (genome-wide association study, GWAS)
nokasanu BO3MOXHOCTb MPUMEHEHUS OLEHOK MMeMeHHOM LEeHHOCTM ANna  nouvcka
O[HOHYKNeoTuaHblX  nonuMmopduamoB  (single  nucleotide  polymorphism,  SNP),
accoumMmMpoBaHHbIX C JIOKycamMu KONMYEeCTBEHHbIX Mpu3HakoB (quantitative trait loci, QTL).
Bbinn  oBHapyXeHbl 3Ha4yMMble MyTauuMuM B reHax, acCoUMMPOBaHHblE C MPOLEHTHbIM
cofepXxaHmem KOMNOHEHTOB MOJIOKa KOPOB.

Llenb nccneposaHus cocTtosna B MeTa-aHanuse psga nyonukauum Ans OLEeHKM
M3MEHYMBOCTM KOMMOHEHTOB MOSIOKa KOPOB MO pacLUMpPeHHOMY CMEeKTpy nokasaTternen BO
B3aMMOCBSA3W C reHOMHOW BapuabenbHOCTbIO N0 OAHOHYKMEOTUAHBLIM NonMMopdn3Mam npu
accoumaTMBHOM Noucke.

YcnoBus, matepuansl u metoAabl. bbinv npoaHanuanpoBaHbl pesynbTatel GWAS no
HeKoTopbIM Haunboree uUMTUPYyeMbIM MybnuKaumsam B MeXOyHapOAHbIX 6a3ax, B KOTOPbIX
npeacTaBneHbl AaHHbIe pacLUMPEHHOro KOMMOHEHTHOrO COCTaBa MOJSIOKa KPYMHOro poratoro
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CKOTa, BKMYalLwme cnegyowmne nokasarenu: yaon 3a 305 gHen nakraumm, maccoBas gons
Xupa, 6enka n naktosbl B Mofoke (%), KoM4ecTBO COMaTMYECKNX KNETOK, TOUKa 3aMep3aHus,
cyxoe BelwectBo, COMO (cyxonm 06GE3XMPEHHbIN MOJSIOYHbIA OCTaTOK), KOHLUEeHTpauus
MOY€EBUHbI, KOHLIEHTPaUua aueToHa n 6eTa-rmgpokcnbyTnpara, kasemHoBasi opakumsa Genka,
cogepxaHme xupHbix kncnot C14:0 (mupuctmnHosas XKK), C16:0 (nanbmunHosast XKK), C18:0
(cteapuHoBasa XKK), SFA (HacbiweHHble XKK), MUFA (moHoHeHacbiweHHble XKK), PUFA
(monuHeHacsIweHHble XKK), C18:1 (onenHoBas XKK), SCFA (kopoTkouenoydeyHble XKK), MCFA
(cpeaHeuenoyeuHble XKK), LCFA (anuHHoueno4veyHsble XKK), TIFA (TpaHc-nsomepsl XKK).

PesynbTatbl M obcyxaeHne. C pasBMTMEM TEXHOMOIMMA BblpaliMBaHUS WU
NCNoNb30BaHNA XMBOTHLIX fOOWN Havann uckaTb MeToAbl cernekumm bonee npoayKTUBHLIX
ocoben B nonynsumn. OgHMM M3 MOLLHbBIX MHCTPYMEHTOB ANS MAeHTUdMKauMM Bapuauumn
FEHOMOB >XMBOTHbIX SIBMSIETCA  MONHOrMEHOMHbLIN  aHanm3  accoumauun  (GWAS).
Mcnonb3oBaHne gaHHOroO mMeToda MO3BOSSIET NPOBOAUTL MOUCK M OOHapYXXEHNE 3HAYUMbIX
nonumopdmnamos [1]. O3HaKOMUMCSI C HEKOTOPbIMK UCCNeaoBaHMAMM B obnactn aHanuaa
NOSTHOreHOMHbIX accoLumalnin 4Nsa KpYNHOro poraToro ckoTa.

B uccnegosanum, npoeegeHHom Tribout T. ¢ coaBT., aHann3 GWAS Ha 10 871 Obikax-
npoussoantensx n 85 303 kopoBax TPex OCHOBHbIX (PPaHLLy3CKMX MOMOYHbIX MOPOA KPYMHOro
poraToro  CKOTa:  TFOMWTUHCKOW,  MOHOEnbApCKOM M HOPMaHACKOW,  MO3BONWN
noeHtTuduumpoatb M noarBepants 54 QTL anst 3KOHOMMYECKN BaXKHbIX MNPU3HAKOB,
CBSI3@aHHbIX C MOJIOMHON MPOAYKTUBHOCTBIO, MOPAONOrMYeCKMMN Ka4ecTBaMn 1 300POBbEM
BbIMEHW. Vicnonb3oBaHMe MONTHOreHOMHbIX AaHHbIX Ans BbIOOPKN ObLIKOB ObiN MpoBeAeH C
Lenbio NePBUYHOrO 0OHapyXeHns accoumaumii, YTO NO3BOSUIIO HAMPSIMYIO ONPeAeNnUTb reHbl-
kaHgngatbl (SNP-nonumopduramel), koTopble 3aTteM Obinn gobaBneHbl B UHOMBUAYANbHbLIV
KaCTOMM3MPOBAHHbIN (KOMMEPYECKMIA) YmMn, NCNOSb3yeMblA AN PYTUHHON FEHOMHOW OLLEHKM
opaHLy3CKOro MOMIOYHOro ckoTa. AHanM3bl, NPOBEAEHHbIE HA NONYNALUN KOPOB AOYEPHEro
NMokoneHns (BblOOpKa MONOAbIX >XMBOTHbLIX OOYEpPEN M3Yy4YEHHbIX ObIKOB), MO3BONUNMU
noaTBepAUTb OOMbLIOE KONMMYECTBO AeTEPMUHUPOBAHHbLIX MO BbIOOpke ObIKOB reHoB 1 SNP-
BapunaHToOB, YTO Aano 6onee NOMHOE MOHUMAaHWE FeHEeTUYECKUX MEXaHW3MOB, NeXalliux B
OCHOBE M3MEH4YMBOCTU OMONOrM4eckMX M MNPOAYKTMBHBIX NPU3HAKOB. [MOCKONbKY OaHHbIE
MyTauun BKMOYEHbl B MNaHenb reHOTUNMPOBaHUS (OMOYMM) >KMBOTHBLIX (OpPaHLYy3CKON
nonynsiuMmM CckoTa, MO BbIABNEHHbIM reHam-kaHaugaTam (MpUYMHHbIE WAW  Kay3albHble
NONMMOpPMM3MbI), OHW MOryT ObITb WCMNOMNBL30BaHbl AN FEHOMHOrO MNPOrHO3MPOBaHUSA
NPOAYKTUBHOCTU U XapakTepPUCTUK BbIMEHM U3YYEHHbIX TPEX NOPOA MOSIOYHOrO CKoTa [2].

Ha npuvmepe kutanmckon nonynsiumm ckoTa rofiwTUHCKOM nopoabl Lu X. ¢ coaBT.
OLEHUNN reHeTU4eckne napameTpbl Ans NATy NPU3HakoB (yOOW, NPOLEHTHOe coaepkaHue
Xupa, KONMMYEeCTBO MOJIOYHOIO Xupa, MPOLEHTHOE cogepxaHue ©Oernka, KonM4ecTBO
MosiodHoro 6enka), WMCNonb3ys CryYarHyld pPerpecCuoHHY0 MoAefNb TEeCTOBOro [OHS.
AOOnTMBHAsA reHeTMyeckasi M3MEHYMBOCTb, @ TakKkKe MNOCTOSHHO AEWCTBYHOLUME (aKTopbl
OKpy>KatoLLier cpebl U HacneayeMoCTb NPU3HAKOB MEHSANNCh Ha NPOTSXKEHUN BCEN NakTauuu,
B TO BPEMSI KaK reHeTMYECKME M MapaTUMMYECKMe KOPPENnsuUMn Mexay pasnnyHbIMU OHAMU
nakTauum B TeYeHMe BCEro NakTauMOHHOro nepuoga ymMeHbllanucb no Mepe yBenuveHus
BPEMEHHOro MHTepBana (NPUONMKEHNSA XXMBOTHbIX K OKOHYaHWUIO NaKTauMnm unu nepeeogy B
rpynny cyxoctosi). B atom wuccnegosanum 21 SNP npeogonen nopor no KpuTepuio
BoHdeppoHn (0,05/84 407) n ObIN 3HAYMMO CBA3aH C NATbIO NPU3HaKamu MOSOYHOW
npoayktmsHocTW. [1Ba SNP (rs108962265 v rs110246034), pacnonoXeHHble Ha XpoOMOCOMax
13 1 3, ObINN AOCTOBEPHO CBA3aHbI C NPU3HAKOM YAOS, a BnvmKanwmmMm K HUIM reHamm Obinu
PITRM1 n PRMT6 cootBeTcTBeHHO. LLlectb SNP (rs137071126, rs109278135, rs109595510,
rs210744919, rs133996308 n rs133840542), pacnonoxeHHble Ha Xxpomocomax 14, 24, 3, 5,
28 n 12, 6bINMM [OOCTOBEPHO CBSA3aHbl C MACCOBOW AOMEW >Xupa B MOJSIOKe, npuyem
onwkanwmmm K HAM reHamm obinn SLC52A2, NOL4, RCSD1, MGST1, PLAU n SUPT20H
cooTBeTCcTBEHHO. YeThipe SNP (rs137260850, rs43527533, rs42206791 n rs109656599),
pacnonoXeHHble Ha xpomocomax 16, 7, 15 n 18, 6bInn 4OCTOBEPHO CBA3aAHbI C KONIMYECTBOM
MOJIOYHOIO Xupa, a onmkanwmmm K HUM reHamu obinu PLA2G4A, TENM2, METTL15 n
CDH13 cooteetctBeHHO. Lectb SNP  (rs43002440, rs135708753, rs110387086,
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rs132711282, rs43496186 n rs109425744), pacnonoxeHHble Ha xpomocomax 14, 12, 17, 14,
7 1 10, 6N 4OCTOBEPHO CBsI3aHbl C MaccoBow gornen 6enka, a GrvxanwmMmm K HUM reHamm
obin KHDRBS3, ATP11A, MLXIP, FBX043, WNT9A n CORO2B cootBeTcTBeHHO. Tpn SNP
(rs109957491, rs109097262 un rs41906111), pacnonoxeHHble Ha xpomocomax 1, 13 n 19,
AOCTOBEPHO acCOLMMPOBANNCh C KONIMYECTBOM MOJIOYHOro 6ernka, 6rivmkanmne K HUM reHbl —
MFSD1, PLCB1 n MYO1D cootBeTcTBeHHO. OBHapyeHHble 3Hadnmble SNP obbscHunm
5,44%, 12,39%, 8,89%, 10,65% wun 7,09% deHoTUNn4Yeckon n3MeHYMBOCTU ANs yaos,
NMpoLUeHTa XuWpa, KONMMYECTBaA MOJIOMHOIO >XMpa, npoueHTa WU KonudectBa Oenka
COOTBETCTBEHHO. [peacTaBneHHble pe3yrnbTaTbl MOryT ObiTb MOMNE3HbI 47151 MOHUMAaHWSi OCHOB
reHEeTUKN KONMMYECTBEHHbIX NPU3HAKOB M MOHMMAaHNA FEHETUYECKON apXUTEKTYPbl MOTOYHOM
NPOAYKTMBHOCTU KOPOB, CMOCOOCTBYSI TEM CaMbIM TEHETUYECKOMY YIYYLIEHUIO CTag M
nonynsumn ckoTa B HM30BbsX pekn AHu3bl (Kutan) [3].

Mpn nccnegoBaHMM KOPOB KUTaAWMCKOWM nopodbl ckoTa Xinjiang Brown, ynyyweHHom
Oblkamy Gypon LWIBMLKOW MNOPOAbl MyTEM MOrNOTUTENbHOrO CKpeLnBaHUA LO TPeTbero
nokoneHus, ucnons3oBancsa SNP 6modnn BbICOKOM MMOTHOCTU ANs BbinonHeHusa GWAS c
rnokasaTtesnissMu coctaBa MOJIOKa, PENPOAYKTUBHbLIMY Ka4eCTBaMM U YaCcTOTOW BO3HUKHOBEHNS
macTuta y kopoB. Bbino obHapyxeHo 12 3Hauumbix SNP, cBa3aHHbIX C wecTbio u3 10
n3y4yeHHbIx npmsHakoB (FP, npoueHT xunpa; PY, konuyectBo Mono4yHoro 6enka; SCS, oueHka
KonuyectBa comatmyeckmx knetok; AFS, BospacT nepBoro ocemeHeHusi; GL,
NPOOOIMKUTENBHOCTL cTenbHocTK; Cl, mexoTenbHbin MHTepBan; PP, npoueHT 6Gernka; MY,
yaon; FY, konnyecTtBo MonoyHoro xupa; AFC, BospacTt nepsoro otena). [nst nonHOreHOMHOro
aHanus3a accoumaumn ucnonb3oBanca Metonq FarmCPU. B koHeyHom wutore 12 SNP
npeogonenu nopor 5% nocne nonpaekn BoHdeppoHn n BbiNn cBa3aHbl € wecTblo n3 10
nccnegyemoix npusHakos (FP, PY, SCS, AFS, GL, u Cl). Yto kacaeTcs cCBOMCTB MOSoKa, ABa
3Hauumbix SNP  6binv  oBHapyxeHbl Ha aytocomax Bos taurus (BTA) 24
(BovineHD2400007916) 1 BTA 7 (BTB-01731924) n 6binn cBsizaHbl ¢ FP un PY
COOTBETCTBEHHO. YTO KacaeTcs npusHaka 300poBbsi, YCTOMYMBOCTU K MACTUTY, TPU 3HAYMMBbIX
SNP 6binn o6HapyxeHsl Ha BTA 8 (BovineHD0800007286), BTA 22 (BovineHD2200012261)
n BTA 5 (BovineHD0500013296) n 6binu cBasaHbl ¢ SCS. YTo KacaeTcs penpoayKTUBHbIX
npusHakoB, Tpu SNP, pacnonoxeHHble Ha BTA 14 (BovineHD1400016327), BTA 3
(BovineHD0300035237) u BTA 16 (BovineHD1600006691), 6binn 3Haunmo ceasaHbl ¢ AFS;
aBa SNP, pacnonoxeHHble Ha BTA 14 (BovineHD1400021729) u BTA 17 (ARS-
USMARC_528), 6binu 3HauMmo cBsAsaHbl ¢ GL; n gBa SNP, pacnonoxeHHble Ha BTA 19
(Bovine HD1900002007) n BTA 25 (BovineHD2500003462), 6bi5i1 3Ha4umMo ceasaHbl ¢ Cl.
Cemb 13 atux SNP nepekpbiBatoTcs ¢ obnactammu QTL, o koTopbIX paHee coobuianock B
nccnegoBaHUsAX, MOMyYEeHHbIX Ha APYrMxX MONynsumMsax KPYMHOro poratoro ckota. JTu
pe3ynbTaTbl pPacCLUMPSAOT MOHMMAaHUE XapakTepPUCTMK KPYMHOro poraTtoro ckota no
XO3ANCTBEHHO-MOME3HbIM MPU3HakaM W CnocoOCTBYIOT AanbHEWMLMM MUCCreaoBaHUsM Mo
N3y4deHnto PYHKUMM FEHOB OfS1 UCMOSb30BaHNA B FTEHOMHOW CENeKUMM B YacTu FoKarbHbIX
nonynsLumm ckoTa ¢ HEBbICOKMMU MoKasaTensaMmn NpoayKTUBHOCTH [4].

Taikke uccneqoBaHUs KOMnekTnBa KATAnUCKMX yveHblx Teng J. ¢ coaBT. oBHapyunum
581 reH, CBA3aHHbLIN C MpU3HaKaMy MOJIOMHOW MNPOOYKTMBHOCTMU, BKMOYasd 6GOMbLUMHCTBO
reHoB, O KOTOpbIX coobLianocb paHee HeogHoKpaTHO (Hanpumep, DGAT1, HSF1, MGST1,
GHR, ABCG2, ADCK5 n CSN1S1). lMNoTeHunanbHO HEKOTOPbLIE HOBbIE TEeHbl, Takue Kak
CCSER1, CUX2, SNTB1, RGS7, STK3 u OSR2, wMoryt paccmaTtpuBaTbCa Kak
MHoroobeularouwme reHbl-kaHanaaTsl [5].

Ha «kopewckon nonynsumm ckoTa ronwTtuHckon nopoabl GWAS wuccnepoBaHus
NpoBOAUNUCE ANSA aHanu3a eHOTUNOB MOMOYHON npogykTueHocTM (ygon (MY), konnyecTtso
morniodHoro xwupa (FY) mn Genka (PY), norapupmMmpoBaHHbIM 3HAYEHUSM WU OLIEHKE
Konm4ecTBa coMaTnyeckmx knetok (SCS), koTopble nokasanu wecTb pernoHoB QTL B reHome
ckota. Kpome Toro, reHol - DGAT1, ANO2 n PDE4B ©6binv noaBeprHyTbl aHanusy cetu
B3anmopenctemuss Genok-6enok (PPl) u aHanu3y oborawleHns reHoB C OnNUcaHuem
Buonornyecknx nyten sammonencTeunsa no 6ase gaHHbIx KEGG. PesynbTaThl nokasanu, 4to
reH DGAT1 yyacTtByeT B MeTabonuame rnvueponunugos, nepesaprBaHUM U BcacbiBaHUU
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XMpPOB, METABONUYECKMX NYTSX 1 NyTAX MeTabonuama peTuHona, Bnusia Ha yaou (MY) monoka
N (PEeHOTUMMYECKYID W3MEHYMBOCTb AN KonmndectBa MonodHoro xupa (FY). bBbino
obHapyxeHo, 4To reH PDE4B TecHO BOBMeYeH B MeTabONnM4yecKyld akTMBHOCTb u4epe3
curHanbHbli NyTb LAM®, BnNuaga Ha 3HaveHus dpeHoTuna FY. OgHako ons heHOoTUNMYeCKnx
npusHakoB PY n SCS He 6bIno yCTaHOBNEHO reHOB-KAaHAMAATOB C CUMbHBIM BIIMSIHUEM, XOTS
3HauuTenbHble obnactn ObINMM MAEHTUMUUMPOBAHBLI, YTO YyKa3blBaeT Ha HeoOGXOAMMOCTb
JanbHenwmnx wuccnegosaHui. OxupgaeTcd, 4TO pes3ynbTaTthl MNPeaoCTaBAT  BaXKHYH
MHoOpMaLMIO ONs reHOMHOro oTbopa WM3y4YeHHbIX MokasaTenenm C Lenbilo  ynyyleHus
MOO4YHOM NPOAYKTMBHOCTM B NONYNSILMMA KOPEMNCKOro rofWTUHCKOro cKkoTa [6].

PassegeHune 6GyineonoB B VHauMm B OCHOBHOM MWCMONb3yeTcs AfA MpoM3BOACTBA
MOJIOKa, HO OTpuULaTeNbHasa Koppenauns Mexay yaoem n penpoayKTMBHbIMU OCOBEHHOCTAMM
npveena K HebnaronpUATHOMY CHDKEHUIO UX PepPTUIbHOCTU. [ToNHOreHOMHOe CkaHMpoBaHue
Oblo npoBegeHo B obwen cnoxHoct y 120 ocoben ©OynmBonoB nopogbl Myppa,
reHOTUNNPOBaHHbLIX C MOMOLbID MeToabl cekBeHupoBaHuss ddRAD no 13 npusHakawm,
CBSI3aHHbLIM C MIIO4OBUTOCTLIO, MPOAYKTUBHOCTLIO M pOoCcTOM GyrBonuy,. NoeHTuduumpoBaHo
25 3Haummbix SNP, cBsidaHHbIX ¢ Bo3pactom nepeoro otena (AFC), Bo3pacTtom nepBoro
ocemeHeHus (AFS), nepuogom ot otena o 1-ro ocemeHeHus (Al), NPOAOIMKUTENBHOCTLIO
cepsuc-nepuoga (SP) n xxmBon maccon Tendat B 6 mecaues (6M). 15 reHeTU4ECKUX BapuaHT
nepekpbiBanucb ¢ pasnuyHbiMyu obnactamm QTL B onybnvkoBaHHbIX paHee UCCNeaoBaHUSIX.
Cpean accounmnpoBaHHbIX FIOKYCOB Hamboree 3HayMMble reHbl-KaHauMaaTbl, BAVSIOWNE Ha
N3MEHYMBOCTL NPU3HAKOB hepTunbHOCTK, BKNtovann: AQP1, TRNAE-CUC, NRIP1, CPNE4 v
VOPP1. 'en AQP1 akcnpeccupyeTcs Ha pasHbiX CTaausix CTENbHOCTU U B (pase oByNAUMK.
Fen CPNE4 onpepensieT cogepXaHue rnuKoreHa, perynmpyeTt ero 3KCnpeccuio B MblLLEYHOM
TKaHM U aKTUBMPYETCSA Ha paHHUX cpokax ctenbHocTu. FeH NRIP1 BnuaeT Ha perynauuio
XKenToro Tena B nepuog CTenbHOCTU N KOHTpONupyeT oBynsaumio [8].

lMpuMeHeHne cTpaTerMm metTaaHanu3a Ans NpoBepku B3aUMOLEWCTBUSA reHoTuna u
cpenbl (GXE) BbISBMNN HOBLIE IeHbl, CBA3aHHbIE C MPU3HaKkaMn Beca TyLUM U Beca KOCTen y
CKOT@  KATaWCKOW  MonynsumMm  CUMMEHTarnbCKOM  Mopoabl  MSACHOIO  HanpaefieHus
NPOAYKTMBHOCTU. 3TOT noaxod no3sBonun unaeHtuduumposatb 16 3HAYMMbIX JTOKYCOB,
pacnonoXeHHbIX BHYTPU uUnu psaom ¢ 11 reHamm Ha 8 pasnmyHbix XpOMOCOMaXx, a Takke eLle
17 SNP, 6nn3kux K ypoBH0 3HauumocTn ana GWAS, pacnonoXeHHbIX BHYTPU Un PSiAoM C
10 reHamun (CW — macca tywm, FP — npoueHT xumpa, MP — npoueHT mbiwu, BP — npoueHT
kocten, BW — macca kocten, MW — macca mbliwy, FW — macca xunpa [9].

MsACHOWN CKOT CMMMEHTanbLCKON Nopoabl (KMBOTHbIE, poausLLmecs B nepuog ¢ 2008 no
2015 ron) passoawuncs B Ynrae, Kutan. Y kaxgon ocobn ogHOBpEMEHHO U3MEPSNUCH LLECTb
XapakTepuCTUK pa3mepa Tena B pasnuyHble nepuoabl pocta (B 6, 12 n 18 mecsaues nocne
poxaeHus): BH — BbicoTa B xornke; BL — anuHa ot nepeaHero kpas nonaTkv 4o 3a4Hero Kpas
cepanvuHoro byrpa (kocas gnuHa tynosuwa); HH — BeicoTa oT 6eapa go 3emnu (BoicoTa B
TasobegpeHHOM couneHeHumn); HS — obxeat rpyam no 3agHemy kpato nonatku; AS — obxeat
camow ToncTton yacTtu tynosuwa; CS — obxeat nactn. Kpome Toro, Ans aHanusa MeToaoM
LONG-GWAS yuutbiBanuce 133 ocobu, 3anMcu heHOTUNOB KOTOPbIX MepeKpbiBafiMCb Ha
Tpex cTtagmax pocta. [locne aToro uccnegoBaHua Bce 0cobu ObiM 3abuTbl B CTPOrom
COOTBETCTBMM C MHCTUTYLMOHANbHbIMK CneundukaumsaMm 3akynok Msca LNsi CBEXeu
roBsiANHbI. AHaNM3 MHOXECTBEHHbIX accouunaumi 6bin NpoBeaeH AN WeCTy NpusHakax pocra
XMBOTHbIX Ha Kaxkgon ctaguun. B obwen cnoxxHoctn 45 SNP 4ocTurnm ypoBHSA NOSTHOrEHOMHOWN
3HAa4YMMOCTW, CBSI3AHHOW MO KparWHen Mepe C OAHUM U3 LEeCTU MPU3HaKoB, CO 3HAYEeHUEM
[IOCTOBEpPHOCTU B AuanasoHe oT 9,99x10° (BovineHD0700018941 ans BL18) go 2,11x108
(BovineHD0200014365 ons HS18). Cpeaun Hux aBa SNP psigom ¢ reHom SOX2 (SRY-Box 2)
Ha BTA1 Gbinun Takke maeHTuguumMpoBaHbl B nedveHn n xenyake. Ha BTA2 gBa nokyca B
obnactu 0,69 Kb Gbinv AOCTOBEPHO CBSAI3aHbl C OAHMM MNpu3Hakom — HS18, a oguH 13 Hux
(BovineHD0200014365) Takke 6bln1 cBA3aH C MHOXECTBEHHbIMW NoKa3aTensiMm B Boc3pacTte
18 mec. Ha BTA6 tpu SNP B obnactn 0,46 Mb 6binu pacnonoxeHsl psgom ¢ RASGEF1B
(uneH cemeinctBa gomeHoB RasGEF 1B). Ha BTA7 oanH SNP (BovineHD0700034055) 6bin
cBs3aH C npusHakammn HS12 u AS12, a wumeHHo reH EFNAS, a ppyron SNP
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(BovineHD0700012966) 6bin cBsidaH ¢ ogHUM npusHakoM HH6 u psgom nokasatenen B 6
Mec., a umeHHo PTBP1. Ha BTA10 ogun SNP (BovineHD1000002378) 6bin1 cBszaH ¢ BH6 ¢
OOHMM NPU3HaKOM, a MMeHHO ¢ reHom SV2C. B 1o Bpems kak Ha BTA11 veTkbipe nokyca B
obnactn 0,04 Mb 6binn cBasaHbl ¢ HS12, a oanH 13 Hux (BovineHD1100007368) Takke 6bin
CBsI3aH C psiAoM nokasaTtenen B 12 mec., BCe U3 KOTOPbIX Haxoaunucb psgom ¢ reHom PKDCC.
Ha BTA13 SNP BovineHD1300012489 n BovineHD1300012894 6binu cBsisaHbl ¢ BH18, a
Takke ¢ AS18 cooTBeTcTBEHHO. OTK ABa SNP Takke TeCHO CBsi3aHbl C PAAOM NokasaTernen B
18 mec. Ha BTA23 ana reHa PRIM2 6binn obHapyxeHbl aBa SNP. OTu pesynbTtaThl AatoT
LUEHHY0 MWHopMaumio Ans  AanbHenwero W3yYeHUs MnoTeHUManbHOro reHeTu4ecKoro
MexaHu3ma OCOBeHHOCTEN poCTa CUMMMEHTanbCKOro CKOTa MSCHOrO HanpasneHus
NpoayKTUBHOCTU [6].

Mpeabiaywme nccnegoeaHna GWAS BhbISBUNM HECKONBKO XPOMOCOMHbLIX oGriacten,
CBSA3aHHbIX C KOMMOHEHTamu 6erka Moroka Kopos [7, 8], xapakTepucTukaMmm CBepTbIBAEMOCTH
Mosioka 1 nNnoTHocTu TBopora (cryctka) [9, 10] n nHauBmMayansHbIMK beHoTMNaMK Bbixoaa
cblpa (cblpHOM Macchl) [11]. N3BeCcTHblI OCHOBHble adhdhekTbl BTAG Ha TexHonormdeckue
CBOWCTBaA MOJIOKa U BapuaHTbl 6enka B guanasoHe oT ~82 go 88 Mbp [9, 10, 12], Bkntovas
KnacTtep KaseuHa, n 6binvm npeanoxeHol 2 noteHumanbHbix QTL npu ~82,6 n ~88,4 Mbp n B
Ha BTA11 (npn ~87 n ~104 Mbp) [10, 12]. PacnonoxeHne reHoB kasenHa Ha BTAG wnpoko
nsBectHo [13], Torga kak curHanbl Ha BTA11 Obinn B OCHOBHOM MpunuCaHbl FeHy [3-
nakrornobynuHa (BLG). bonee Toro, M3BEeCTHO BIIMSIHME BapuWaHTOB MOJIOYHOro Oefka Ha
CBepTbiBAEMOCTb MOSIOKa WM BbIXxod cbipa [14, 15]. OTo oAuH M3 nNepBbIX aHanu3oB C
MCNONb30BaHWEM CKpbITbIX nepemMeHHbix B GWAS n aHann3oB nyten oboralieHns reHHoro
Habopa y MomnoyHoro ckota. NgeHTudpumumpoBaHHble 06nacTM reHoma COOTBETCTBOBaNM
OXungaembiM CuUrHamnam, OCHOBaAHHbIM Ha (PaKTOPHbLIX Harpyskax M UX WHTepnpeTauuu.
PesynbtaTtbl aHanu3a obGoraileHus Habopa reHoB Takke COOTBETCTBOBaNM NpeablayLimm
BblBOAAM, OCHOBaHHbIM Ha WHAMBMAYAlbHbIX WU3MEPEHHbIX (PbeHOTUnax, U nokasanu, 4To
acCoLMMPOBaHHbIE FEHbl B OCHOBHOM BOBII€YEHbl B MYTW, CBA3aHHbIE C penpoaykumen u
YHKUMOHANBHOCTLIO MOSTOYHOM XKernesbl [10].

BbiBoabl. Bbinu nonydeHbl HoBble 3HaHWA O nonumopdguaMmax SNP (B reHax wu
MEXreHHbIX y4YacTkax), AeTePMUHUPYIOWNX N3MEHYMBOCTb BENKOBON N XMPOBOWN bpakuui
MOSIOKa KPYMHOro poratoro cKoTa. XapakTepucTuka MOonynsaunmoHHOM CTPYKTYpbl CKOTa
KOMOWHMPOBAHHbLIX MOPOA MO3BOMAUT YTOYHWUTb OO0 HanMyusa B rEHOME KOMMOHEHTOB,
npyHagnexawmnx poCCUMCKOM NONyNAUMM pasnnyHbIX NOPOS MOSIOYHO-MSACHOIO HanpasBneHus
NPOOYKTUBHOCTM B CPaBHEHUM C KPYMHbIM poraTbiM CKOTOM APYrMX CTpaH gns uenu
COXpaHeHus reHopoHaa Nopo OTEHYECTBEHHOW CeNnekuunu.
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FSBEI HE RT SAU

AHHOTALUA

B cratbe paccmaTpuBaloTCs COBpeMeHHble arpapHble NpobnemMbl, CBA3aHHble C BbIGOPOM
GEenkoBoro MMM aMMHOKUCITIOTHOIrO NMUTaHUSA B NTULEBoACTBe. Bonblioi MHTepec ceroaHs
Bbi3blBaeT BbIOOP MAEOMNOrMM KOPMIEHMST LbINNAT-OponnepoB Ha GENKOBOM pauMoHe C
npoTeasHbiMM EepMeHTamMn WM UCMONb30BaHME PaLMOHOB C  YUCTbIMM  dhopMamu
amuHokucnot. OnucaHo «[lpaBuno nATM  cBoGOA», KOTOPOE [OMKHbl  BbIMNOMHATh
COBpPEMEHHbIe cenbxo3npoussoautenu. MpeacrasneHbl ganbHeNWne Wwaru nccrnegoBaHuil.

KNKOYEBbIE CITOBA
Mtuua, nutaHue, 6enok, aMMHOKUCIOThI, PepMEHTbI MPOTeasbl.

ABSTRACT

The paper examines modern agrarian problems related to the choice of protein or amino acid
nutrition in poultry production. The choice of ideology for feeding broiler chickens in a protein
diet with protease enzymes or the use of diets with pure forms of amino acids is of great interest
today. The «Five Freedoms Rule» to be implemented by modern agricultural producers is
described. Further research steps are presented.

KEYWORDS
Poultry, nutrition, protein, amino acid, protease enzymes.

Introduction. The main problem in modern agrarian nutrition is the question of
choosing the rationing approach, as well as the choice of protein or amino acid nutrition
ideology. Which is more profitable: to use proteins with proteases or pure forms of amino
acids? Both have their advantages and disadvantages. On the one hand, amino acids are the
obvious choice. They are like De Novo building blocks. On the other hand, we have to consider
their high cost and dependence on countries with a developed biotech industry. Another
obvious problem of inefficient use of proteins is proteins that are by-products.

If we consider the parallel sports nutrition industry, there, with a certain periodicity, both
protein and amino acid products are balanced, and the main fluctuations in sales depend on
the aggressive marketing of one or another nutritional ideology. A rather interesting fact is that
amino acids are considered not only as De novo building materials, but also as regulators of
very important metabolic processes.

The purpose of the work is to evaluate the importance of using properly balanced
protein and amino acid diets for poultry which is a top priority.
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This is firstly because protein and amino acids are among the most expensive feed
ingredients per unit weight. Secondly, nitrogen and phosphorus pollution of the environment,
especially water, is of great concern. Therefore, farms should monitor and minimize nitrogen
pollution. Third, low quality protein and amino acids can aggravate the effects of heat stress
on poultry. The reason why dietary protein and amino acids cause increased metabolic heat
release is that they are not used efficiently enough for the construction of body and egg
proteins.

Materials and methods of research. The production of the nitrogen metabolite (uric
acid) requires a significant amount of metabolic energy, which is essential for growth and egg
formation. With the additional heat stress associated with protein and amino acid metabolism,
especially in countries with hot climates, feed intake and poultry performance are reduced.

Poultry farming in Russia is the most stable and dynamically developing branch of the
agribusiness, which in a short period of time has managed to increase the volume of production
and provide the population with high quality food products - eggs and meat. High rates of world
poultry meat production are largely due to the latest achievements in genetics, breeding,
feeding, housing technology and veterinary protection.

Results and discussion. Modern crossbreeds have huge genetic potential for growth
and efficient feed conversion [1]. In order to realize the genetic potential of productivity, it is
necessary to use feeds that meet the nutritional standards for crossbreeds [2, 3]. In the process
of breeding and keeping poultry, the composition of feed is changed, some components are
replaced by others, etc. Variability of nutrient composition of the main protein and cereal
components is observed.

Nowadays, when calculating basic rations, specialists take into account their economic
feasibility. It is known that up to 70% of the cost of poultry production is the cost of feed, which
forces producers to reduce the cost of feed components. One of the tools to reduce the cost
of feed is the use of cheaper ingredients with lower nutritional value but high content of
antinutritional factors for monogastrics (pigs and poultry): dietary fibers, non-starch
polysaccharides, phytates, glucosinolates, erucic acid, trypsin inhibitors, difficult to hydrolyze
starches and proteins, allergenic proteins, and so on. Such additives can be: bran, post-
alcoholic bard, meal and cake of rape, sunflower, flax, cotton, peas, lupine, sorghum, etc. [4].
In order to eliminate the effect of the above mentioned antinutritional factors, to improve the
digestibility of feed, exogenous feed enzymes are used.

In poultry farming, a large number of studies are carried out to investigate the effect of
enzyme preparations with proteolytic activity on the growth and development of broilers [5].
The results of experiments on the use of exogenous proteases in broiler diets are contradictory,
a reliable physiological response was recorded only for an insignificant number of indicators.
The effect of feed protease on the external secretory function of the pancreas, intestinal
digestion in chickens fed a basic wheat-soy diet with replacement of soybean supplement with
peas is poorly studied [6, 7].

A wide range of protease-based feed additives are currently available on the market.
Many specialists have already evaluated their effectiveness in improving poultry performance
and reducing feeding costs. At the same time, most of the proposed proteases are effective
only in narrow pH ranges and show optimal activity at neutral or alkaline reaction of the medium
(i.e. either in the initial parts of the small intestine or in its distal part).

Branched-chain amino acids — leucine, isoleucine and valine are the building blocks for
protein synthesis in the body. In addition, branched-chain amino acids have important
physiological functions, including helping to support and grow skeletal muscle, regulating
protein synthesis in the body by activating the target of rapamycin complex, serving as a source
of nitrogen for alanine and glutamine synthesis during gluconeogenesis, and serving as an
energy source for various tissues and muscles.

Unlike other amino acids, which are broken down in the liver, branched-chain amino
acids are broken down primarily in muscle tissue (at the first stage of catabolism). The first two
stages of catabolism of all three branched-chain amino acids are the same and involve the
same enzymes.
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An excess of one of these amino acids, especially leucine, can cause an antagonistic
effect characterized by reduced feed intake and growth rate in both pigs and poultry. An excess
of leucine in the diet can accelerate the catabolism of other branched-chain amino acids by
activating catabolic enzymes, thereby reducing the availability of isoleucine and valine to the
animals.

Why is it important to use vegetarian diets when feeding broiler chickens? Nowadays,
some fast food restaurants (Vkusno i Tochka, KFC, Burger King, etc.) require compliance with
the principles of “Animal welfare” and feeding animals exclusively with vegetarian diets. At the
same time, the price of purchased meat is significantly higher than that of regular broiler
chicken meat, where there is no vegetarian diet and the principles of “Animal welfare” are not
observed.

This ideology is described below and includes five principles. Modern livestock and
poultry producers are required to implement the Five Freedoms Rule in their facilities:

1. Freedom from hunger and thirst;

2. Freedom from discomfort;

3. Freedom from physical injury, pain and disease;

4. Freedom to engage in normal behavior;

5. Freedom from anxiety and stressful shocks.

Conclusions. In view of the above, possible potential mechanisms of action, which are
still poorly studied, should be explored. Most likely, a combination of several values will be
proposed: increased release of amino acids and biologically active peptides, reduction of
antinutritive substances of protein nature, improved utilization of energy and microelements,
as well as increased natural resistance of the organism of broiler chickens throughout the
productive ontogenesis.

Against the background of the maximum release of leucine under the action of
proteases, it is possible to show the maximum effect of the synthesis of muscle mass at the
supplementation of BCAA on vegetarian diets. Possibly, differences in physicochemical,
technological and mechanical properties of white and red meat will be shown.

On the basis of the studied material, it will be possible to develop recommendations on
the input rates of different levels of proteases and amino acids. They can be used to increase
the efficiency of feed proteases and to develop a new generation of enzyme additives that can
better adapt to the conditions of digestion and metabolism of poultry, and to obtain results that
will provide knowledge about two diametrically opposed modern approaches in biotechnology.
This knowledge can be a guide to economic efficiency and vectors in the development of
nutritional science in broiler poultry production.
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OCOBEHHOCTN KOPMJIEHUA O3EPHbIX NArYLWEK PELOPHYLAX RIDIBUNDUS
B YCNIOBUAX PASBEAEHUA B HEBOJIE

BonkoB A.WU.', marnctpaHT 1 kypca
HanpasneHuna nogrotoskn 06.04.01 buonorus, yrnpasneHne pecypcamu 3XUBOTHbIX.
HayuyHble pykoBoanTenu: M.H.c. nabopatopun no3HaBaTesbHbIX NPOLECCOB U
mMaTemaTuyeckoi neuxonormum XenarkuH P.B. 7,
K.C.-X.H., AoLeHT CbiueBa U.H. '
'®rBOY BO PrAY — MCXA umenn K.A. TummupsiseBa
> 1N PAH

AHHOTALUA

Cratbs 3aTparMBaeT TeMy €eCTECTBEHHOro M AOMOSMHUTENbHOrO KopMiieHus Haubonee
pacnpoCcTpaHéHHbIX B EBpone OOGBLEKTOB paHakymnbTypbl - O3EpHbIX NAryLIEeK, a Takke ero
ocobeHHocTen. bbina nokasaHa ah(EKTUBHOCTb COAEPKAHUA O3EPHbIX NArYLWEK B fIeTHEM
BO/IbEPE C BOLOEMOM TMpPX HanMuMuM 3JNEKTPUYECKMX nNpuMOOpPOB M  AOMONHUTESNBHOMO
KOpMITEHMS: BCE NAryLKM Bb1nn 300poBbIMK, Nagex oTcyTcTeoBan. CpegHuii NpuBec NAaryLlek
3a neto coctaBun 25,915%, a npupoct — 6,286%.

KIMIOYEBbIE CJTOBA
PaHakynbTypa, TOBapHbI€ NAryLUKM, KOPMNeHne amunbun, xmeble Kopma.

ABSTRACT

The article touches on the topic of natural and additional feeding of the most widespread in
Europe objects of raniculture — marsh frogs, as well as its features. The effectiveness of

25



keeping marsh frogs in a summer enclosure with a pond was shown in the presence of
electrical appliances and additional feeding: all frogs were healthy, there was no case. The
average weight gain of frogs over the summer was 25.915%, and the increase was 6.286%.

KEYWORDS
Ranaculture, commodity frogs, amphibian feeding, living food.

BBegeHue. HecmMoTps Ha TO, YTO KOHEYHOCTM MHOIMMX BUOOB GeCXBOCTbIX aMmdpunduni
noTpebnaTcss 4yenoBekoM B nNULly C riybokon APEeBHOCTWU, paHakynbTypa (pasBedeHue
narywek) — OTHOCUTENbHO HOBOE HarpaBfeHWe akBakynbTypbl, €€ MpoayKTbl cYMTalTCH
ak3oTnyeckuM aenukatecom [10]. Pa3BeaeHne cbeaobHbIx BUAOB 6GECXBOCTbIX amdpubun Ha
depmax NpakTUKyeTCca B HEKOTOPbIX cTpaHax EBponbl, A3nn n AMepuKku, ogHaKO BO MHOMMX
CTpaHax ux oTnaenueatloT B Aukon npupoge [11]. MNpun 3TOM OTNOB B AMKOW Npupoae nmeet
PSA CYLECTBEHHbIX MUHYCOB — TaKMX, KaKk BO3MOXHOCTb HanNM4umMs BHYTPEHHUX NapasnuToB U
HepocTaToyHast nuTaTenbHocTb. K Tomy e 6ecxBocTble ammbum 3aHNMalOT O4YEHb BaXKHOE
MEeCTO B Lensax nuTtaHus, No3TOMy MX MaCCOBbIA OTNIOB MOXET HaHeCTU CyLLLeCTBEHHbIN Bpes
aKkocucteme [6].

B EBpone OCHOBHbIMW OObekTamn paHakynbTypbl SABMAAKTCA HEKOTOpble BuAb
3enéHbix narywek (Pelophylax), cpeon HUX camMbiM KpPYMHbIM SIBNSIETCA 03EpHas nsrylika
(Pelophylax ridibundus) — pnuHa Ttena go 20 cm, macca go 700 r [10]. Kak n Bce
npencrtasmtenu cemenctea Hactoswume narywkn  (Ranidae), OHWM  OTHOCUTENBLHO
Hepa3bop4MBbI B NULLE, HO MPU 3TOM KOPMSATCS TONbKO NOABMKHON J0ObIMEeN. OTO CBA3AHO C
0COBEHHOCTAMM  3pUTENBbHOrO annaparta ©0ecxBoCTbiX amdunbun, nNO3BONAKWNMUA UM
pasnuyaTb TONbKO ABMXYyLMEcs npeameTbl. [pakTukyeTcs KOpMneHue NArylwek XuBbIMU
KOpMaMu, KOTOpble MOXHO YCMOBHO pas3fenvTb Ha NpuMpogHble U KynbTuBMpyemble. [Ons
NOBbILLEHNA MHTEHCUBHOCTM KOPMIIEHMS NAMYLLEK CyLEeCTBYET HECKONbKO BUOOB TEXHOMOIMNA,
Gnarogaps KOTOpbIM KOpMa CTaHOBATCSA 0Gornee 3aMeTHbIMM W MpuBNeKaTenbHbIMKM AN
NAryLiexk.

OcHOBY pauunoHa NAryLKM COCTaBNAT, rMaBHbIM 06pa3oM, pasnuyHble HaceKOMbIE,
pexe — apyrne 6ecno3BOHOYHbIE, @ B OTAENbHbIX CryYyasx NnoeaatTCca MefnkMe No3BOHOYHbIE
[2]. Os3épHbiM narywikam CBOWCTBEHEH KaHHMGanuaMm, KOTOpbid OCOBEHHO CUMBHO
NPOSIBNAETCH Ha PaHHUX CTaaUsiX pasBuUTUS.

Kak n mHorme ppyrme 6GecxBocTble amdunbun, 3enéHble narywku obnagatoT
NPMMUTMBHBIM 3pUTENbHLIM annapaTtoM, B pe3ynbTaTe 4ero ux nutaHue uMeeT psq
ocobeHHocTen. B xoae nccnegoBaHuin NULLEBOro NoBedeHUsa narywek Obino gokasaHo, YTo
okono 95% vHdopmauum noctynaeT B pedrekTopHble OTAENbl MO3ra NAryLIKM, a 3To, B CBOKO
oyepeab, KOHUEHTPUPYET BHUMaHME XMBOTHOMO TONBbKO Ha ABWXKYLUNXCA 0ObeKkTax — Ha nuLle
UnNn noTeHuunansHoM Bpare [9]. BmecTe ¢ TeMm, CyLlecTByeT BO3MOXHOCTb CO34aTh y NAryLek
YyCNoBHble pedrekcbl Ha WCKYCCTBEHHble CpeacTBa KOPMMEHUsI (MexaHuyeckne u
aBTOMaTMyeckne Kopmywku). OTnMUNTENbHOM 4YepToM O3EPHbIX NArylwek sBnsetcs
CMOCOBHOCTL K NOTPeBNEeHN0 BOAHLIX KOPMOB, KOTOPble HELOCTYMNHbI BypbiM ndarywkam [1].
OTmevanucb criydyam noegaHusi UMM MENKoW pbibbl, B CBA3N C YeM OHM MHOr4a CYUTalTCs
BpeauTenamm pbiboBoacTaa.

B npupoge paumoH O03EpHbIX NArywek HanpsiMyl 3aBUCUT OT WX pa3MepoB WU
MecToobuTaHus, a Takke oT ce3oHa. K npumepy, cornacHo uccnegosaHusm, 60nbLuyto 4acTb
pauMoHa CerorieTok B OCEHHWA nepuog 3aHMMaloT OpHOXOHOrME MOSIIIOCKM U JINYMHKN
komapos [13]. B neTHun nepuog y ropoackmx Nonynauun narywek B paunoHax npeobnagatot
HekoTopble HacekoMmble: Xykn (54,5%), cTpekosbl 1 ceT4atokpblinblie (Mo 4,5%), pydYenHuKn
(6,1%), nepenoHyaTokpbinble (7%) n meHee 2% - OBYKpbInble, Npoyne Hacekomble — 7,8%.
Takke BcTpeyaloTca B pauuoHe ndarywek nayku (4,5%), poibbl (6,1%) n monntocku (3%) [6].
Mcxoasa m3 aTux pesynbTaTtoB, MOXHO NPeanonoXutb, YTO 03EPHbIE NArYLIKA NpeanovnTaroT
Ha3eMHY0 aKTUBHYIO A00bIYY.

CogepxaHve nsrywadbux nNpygoB v pepm B pasHbIX CTpaHax Mupa OCHOBAHO Ha
NUTaHUN NPUPOAHLIMU KOPMaMK, @ HE KOPMITEHUN CneumanbHO BblipalleHHbIMU HACEKOMbIMMN
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[12]. B ycnosuax depmbl narywlek BO3MOXHO KOPMWUTb MPUPOAHLIMU XXUBLIMU KOpMamu,
cobupass ux B €CTECTBEHHbIX YCNOBUAX, NMOO NpumaHuBad K BOAOEMY C MNOMOLLbIO
apoMaTU4eCKMX UNU CBETOBbIX MpUMaHOK. Takon cnoco® ropasgo MeHee 3aTpaTHbIf, YeEM
oCTanbHble, OAHAaKO OH UMeeT PS4 CyLLeCTBEHHbIX MUHYCOB. MHOrne Hacekomble ABNSATCS
HOCUTENSMW NapasnToB, ANS KOTOPbIX MArYWKM CTAHOBATCA OKOH4YaTerlbHbIMU XO3sieBaMu
(TpemaTogbl, remonapasutbl) [3, 7], a Takke MOryT HakanimBaTb B cebe TOKCUHbI,
nonagaroLumne B opraHu3mM BMECTE C NULLIEN.

B kauyecTBe KynbTUBMPYEMbIX XUBbIX KOPMOB MOIYT MOAOWTM TaKMe HacekoMble, Kak
pasnuyHble BUObl CBEPYKOB, TapakaHoB, a Takke 3oobac, My4yHON XpyLiak v ap.

CamMbiM NepcnekTMBHBIM CNOCODOM KOPMIEHUS O3EPHOM NATYLLKM MOXHO Ha3BaTb
KOpMIIEHME HaCeKOMbIMKW, HanpumMep, MyYHbIM XpyLliakom (Tenebrio molitor), KanopuUNHOCTb
nnymnHok kotoporo coctaenseT 180 kkan/ r wunm 753,624 k[x/ r. No pacyetam cpegHero
nokasaTtens accumunsiuMm Kopma nsrylkamu, ans ceronetok tpebyetca 704 k[x, T.e.
Heob6xoauMbI MUHUMYM MeHee 1 1, a ans B3pocnbix narywek: 2352 k[x — 6onee 3 r B AeHb
[4].

MpucyTcTBME BUTAMWHOB M MUHEPASiOB B pauMOHEe UrpaeT OYeHb BaXKHYHO porib B
NPOOYKTMBHbIX kayecTBax. CyllecTBylOT chneuuwanbHble MNOMHOUEHHbIe Kopma  Ang
3emHoBoaHbIX. K npumepy, «Tetra ReptoFrog Granules». Ero ob6bl4HO ucnonb3ytoT Ans
KOPMITEHMST LUNOPUEBbLIX NArywek [8] u pasnnyHbiX XBOCTaTbiXx aMuOMA, HO ITOT KOPM
NPUroAeH n Ansa 3enéHblX NAryLwek ¢ Lenblo nogaepXxaHus 30opoBoro paumoHa.

Ewé ogHO npumeHeHWe TexHOMoruh B paHakynbType — 9TO NpUMEHEeHue
NHAMBMAYaNbHbIX GOKCOB, NpefoTBpallaloMX KaHHUMGANM3M WM KOHKYPEHUMIO 3a MNULLy.
OcHoBHasi npobnema, ¢ KOTOPOW CTarNKkMBalOTCA Ha NPaKTMKE BblpallMBaHUSA 3TOro obbekTa
aKBaKynbTypbl, 3aKM4YaeTCs B BbICOKOW CMEPTHOCTU Ha paHHUX CTaausax pasBuTus.
CMepTHOCTb CEeroneTkoB MOXHO CHU3UTb, €CMU coaepaTb UX B UHAMBUAYanbHbIX Gokcax u
yunTbiBaTb BCE OCOBEHHOCTM KOPMIIEHUS U yxoda. OTO MO3BONUT BonbLUeMy KONMUYECTBY
ocoben AOXMTb 4O NOMOBON 3penioCTN U AOCTUTHYTb TOBApHOW Maccehbl.

CogepxaHvne narywek B uHAMBMAyanbHbIX Ookcax npu go6aBneHun BUTAMUHHO-
MUHepanbHon aobaskn «Psabylika» xapakTepusyeTca yBenmyeHueM noeaaemMocTn kopma
KaXXOoM NAryLLKOn no cpaBHEHUIO C rpynnoBbLIM coepkaHuem [9].

Llenb paboTbi: n3yyeHne pasmepHO-BECOBbIX XapaKTEPUCTUK O3€PHON NATYLIKMA Npu
coAepXaHun U KOpMIeHUM B YCrOBUSAX NETHEro Bonbepa.

Ycnosus, maTepuansl U MeToAbl. B onbiTe ncnonb3osanu 8 NonoBo3penbiX 03€pHbIX
narywek (Pelophylax ridibundus). W3y4anun npypocT mMaccbl U NIMHEWHBLIN NPUPOCT. Takke
n3yyanacb TEXHONOMMNS KOPMIEHNS NATYLLEK C UCMONb30BaHNEM NaBy4vyein KOPMYLLIKWA.

B kauectBe mogenu narywadben depmbl B MockoBckon obractu Obil MOCTPOEH
NETHUA BONbep, MOMHOCTbIO OOHECEHHbIN CceTKon ¢ anameTpoMm sdem 10 MM ©n C
MeTannuyeckon Kpbiwen. Jlarywek gepxanu B Bonbepe okorno 4 mecsues (3 noHA — 26
ceHTabpa 2023 r.). YacTb Kpblln Bonbepa, OBHeCeHHass CEeTKOW, OTKpbiBanacb, 4TO
MO3BONSANO WCMNOMb30BaTb €CTECTBEHHOE OCBELEHNE U TEenno Ha MpPOTSXKEHUUM BCero
cBeToBOro gHs. Paamepbl Bonbepa coctasnsanm 240x180 cm, Beicota 80 cm, ¢ ABYX CTOPOH
HaxoaunNucb ABepubl AN MaHUNynAunin. BHYTpu Bonbepa Obina 3akonaHa YyryHHas BaHHa,
HanonHeHHass Bogon. Bedepom Ons ocBelleHUs, NporpeBa XWMBOTHbIX U OOHOBPEMEHHO
NpUBNeYeHMs OOMOSTHUTENbHBLIX KOPMOBbIX OOBHEKTOB — HACEKOMbIX WCMOMb30Banu namny
HakanueBaHua Ha BOAOHENPOHMLAEMOM LUTaTUBe, a Ansa nogorpesa BOAbl 4O TeMnepatypsl,
cpaBHMMOW C TemnepaTtypoh Bosgyxa (13 - 21°C) wucnonb3oBanu akBapuyMHbIN
BOAOHarpeBaTesb. Jlamna Bknoyanach ¢ MOMOLLbIO 3NEKTPOHHOIo Tanmepa n paboTana 1 yac
yTpoM M 1 yac BedepoM. [na HabnogeHus 3a nsarywkamy ucnonb3oBanu Beb-kamepy
Defender C-090.

Jlarywkn no 6onblien Yactu KOPMUINCh €CTECTBEHHBIM KOPMOM: KOMapamu, Myxamu,
XYKamu 1 gp., NPOHUKAOLWMMKN B BONbEP, HO Takke UX NOAKapMIMBANU IMYMHKAMU MYYHOrO
XpyLiaka, noctynarwowumMmmn n3 crneymnanbHoro npucnocobneHns-koHTenHepa, ob6cbinaHHbIMU
FMIOKOHATOM  Kanbuus. bBbina  CKOHCTpyupoBaHa  nfaByyad  KOpMYLUKa, KoTopas
ncnonb3oBanacb Kak KOPMOMECTO B COCTaBe npucrnocobneHvs Ans BblAayn JIMHUHOK.
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Jlarywek B3BelmBanu Ha KyXoHHbIX 3NeKTPoHHbIX Becax (SF-400) n namepsinu gepeBsiHHOM
NUHEenKon obLwyto OnvHy (C BbITAHYTBIMW HOramm) uU OnvHy Tena (OT Hoca OO0 KOMYuka).
MuweBoe nosedeHve narywek ukcupoBany Ha Beb-kamepy, oTMeyas MX akTUBHOCTb Mpu
Bbla4ye XXnBon JoObI4M Ha NnaBy4vyto KOPMYLLKY (KOPMOMECTO).

PesynbTaTtbl. Bbino nokasaHo, 4YTO 4YacTb nArywek 3anesana Ha nnasatollee
KOPMOMECTO, eCnn npuenekanacb ABMXYLUMMUCA HacekoMbiMK. [1o Hawum HabrogeHusaMm,
AHEM B KOHUe aBrycta — ceHTabpe npu temnepatype 19 - 21°C Ha KopmomecTe cobupanucb
1 — 4 narywek, B 21 — 22 4 npu cBeTe anekTpuyeckon namnel n Temnepatype 13 — 15°C
NArYLWKN HEOXOTHO BbIGMpanmcb Ha KOPMOMECTO, B OCHOBHOM 1 0COBb. B HEKOTOPBIX Cry4vasx
OHW NoANMbIBaNM K KOPMOMECTY M XBaTanu Aobbldy, NoAXOOALLYIO K ero Kpato.

Bce narywkn xapakrepu3oBanucb kak 3goposble. Macca Tena nsrywek B Havarne onbita
BapbupoBana ot 33 go 75 r, a gnuHa tena (Tynoeuwa) — ot 6,8 oo 9,8 cm. CpegHuii npmeec
«BONbEPHbIX» NAryLlek 3a neto coctasun 25,915%, a npupoct — 6,286% (Tabn. 1.).

Tabnuua 1 — ameHeHne pa3mepHO-BECOBLIX NokasaTternien 8 ocoben 03epHON NAryLLKn
3a NeTHUI nepuog Npy CMeLLaHHOM NUTaHWUK

pata 3 uioHsA 26 ceHTAGpS Mpueec, r | MNpupocT,

N/ macca 1, ANnHa Macca 2, ANnHa CcM
napameTp r Tena 1, cm r Tena 2, cm

1 37 8,5 52 8,7 15 0,2

2 34 7 38 7,4 4 0,4

3 48 9,8 55 10 7 0,2

4 34 7,5 55 8,8 21 1,3

5 33 7 39 7,2 6 0,2

6 75 8 83 8,9 8 0,9

7 34 7,5 44 7,7 10 0,2

8 33 6,8 47 7,3 14 0,5
cpegHee 41 7,763 51,625 8,250 10,625 0,488

BbiBOAbI.

1. Bbina nokasaHa ahEKTUBHOCTbL COAEepXKaHUs O3epHbIX NAryleKk B feTHeM

BONMbepe C BOAOEMOM TMpV HanMuYUM 3JNEKTPUYECKUX MpuMOBOPOB M AOMOSHUTENBHOMO
KOPMIIEHMS: BCE NATYLUKN OblNM 340POBbLIMU, NadeX oTCYyTCTBOBAn.

2. B TeueHne neta y ndarywek Obin 3adoMKCMPOBaH CpeHUIA TIMHENHBIN NPUPOCT
0,488 cm n npmeec 10,625 .
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NUCNOJNIb30BAHUE OEPEBAHHbLIX KOHCTPYKLIMA B COBPEMEHHOM
CTPOUTEJIbCTBE

BonoguH C.C., ctapwui npenogasaTtens, Fnyxosa J1.P., ctapwwuin npenogasatens,
MocaxeHHukoBa K.H., 6akanaep 4 kypca
HanpasneHus nogrotoskn 08.03.01 «CTponTensCcTBOY.
®I'b0Y BO Opnosckun 'AY

AHHOTALUA

[peBecunHa aBnseTca OAHMM U3 APEBHEWNLLNX CTPOUTENbHbLIX MaTepuanoB. KOHCTpyKuun 13
AepeBa OTHOCATCS K Kraccy NErkux CTPOUTENbHbIX KOHCTPYKUMA, NPUMEHEHME KOTOPbIX B
CTPOUTENLCTBE SBMSETCA OOHMM U3 BaXHbIX HanpaereHMW Ha nNyTU MNOBbILEHUA
9(PPEeKTBHOCTN U YCKOPEHWs CTpouUTenbHOro npou3soactBa. OAHAKO B HawuM  AOHU
NUCMNoNb3oBaHME ApeBecuMHbl HepocTaTovyHO adhdoekTMBHO. B HacTtoAwen cratbe
paccmaTpuBaloTCa dTanbl pPasBUTUS OEPEeBAHHbIX KOHCTPYKUMA, a TakkKe BO3MOXHOCTU
paclMpeHns MNPUMEHEHUS1 OEepPeBSIHHbIX KOHCTPYKUMA W U3genuin B COBPEMEHHOM
CTpOUTENLCTBE.

KNOYEBBIE CJIOBA
CTponTtenbCcTBO, ApEeBECUHa, TEXHOMNOIUSA, AepeBAHHbIE KOHCTPYKLUM, MeTOAMKA.

ABSTRACT

Wood is one of the oldest building materials. Wooden structures belong to the class of
lightweight building structures, the use of which in construction is one of the important
directions towards increasing efficiency and accelerating construction production. However,
nowadays the use of wood is not efficient enough. This article discusses the stages of
development of wooden structures, as well as the possibilities of expanding the use of wooden
structures and products in modern construction.

KEYWORDS
Construction, wood, technology, wooden structures, methodology.

BBegeHue. [lpeBecunHa 4BnNsieTcA CTaperwmMMm CTPOUTENbHLIM MaTepuanoMm ¢
MHOroBeKoBOW uctopuen. Eule B ApeBHOCTM NepBOOLITHLIE NOAM UCNONb30Banv 4EPEBSHHbIE
cTonbbl ANa cosdaHusi NMPUMUTMBHOIO >XuUnuila, orpag M HebonblMx nepenpasB 4vepes
BOOOEMbLI. Wcnonb3oBaHME WMMEHHO 3TOro CTPOMTENBLHONO MaTepuvana B [OPEBHOCTMU
00OCHOBbBIBANOCh TEM, YTO ApeBecuHa Gbina AOCTAaTOYHO pacrnpOCTPaAHEHHOW U MPOCTON B
obpabotke, npu aTomM obnagana OOCTATOYHOM MPOYHOCTBK  ANS  AJNTUTENbHOro
ncnonb3oBaHnda. B Hawen cTtpaHe npu un3obunuum necHblx 6oraTtcTB ApeBecuHa Bcerga
ABNANacb OCHOBHbIM, Hanbonee AOCTYNHbIM CTPOUTENbHBIM MaTtepuanom. Victopnyeckue n
reorpacdmnyeckne ycnosus [peBHen Pycu cnocobctBoBann pasBUTUIO  AEPEBSAHHOMO
3044€eCTBa, MOSBMEHUIO 3aMevaTerbHbIX KagpoB pPYCCKMX cTpouTenen. Hakannueas w13
NMOKONEHNS B NOKOSIEHWNE OMbIT U MAacTEPCTBO, PyCCKue 3044mne co3gaBanum HenpeB3ondeHHbIe
MO YPOBHIO CTPOMTENBHOIO UCKYCCTBa AEPEBAHHbIE COOPYXKEHUA: N3 AepeBa CTPOUNN Liernble
ropoaa, KpenocCTHblE COOPYXEeHWs!, ABOPLbl, XpaMbl U MOCTbI [1].

Lenb mnccnepgoBaHus — usydeHne U3NKO-MEXaHUYECKUX CBOWCTB [ApPeBECUHbl Y
onpegeneHne BO3MOXHOCTM pacLUMPEHUST UCMONb30BaHUSA AEpPEeBAHHbIX KOHCTPYKUUA B
CTPOUTENBHON OTPacsu.

MaTtepuanbl U MeToAbl UCcneaoBaHMN: 0630p NMTEPaTypPHbIX MCTOYHUKOB, aHanm3
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PUBNKO-MEXAHNYECKUX  CBOWCTB  APEBECUHbl  KaK  KOHCTPYKUMOHHOrO  MaTepuana,
YCTaHOBMEHNE MepCcrnekTuB MNPUMEHEHUA [EPEBSAHHbIX KOHCTPYKUMA W U3[enun B
COBPEMEHHOM CTPOUTENBCTBE.

C TeuyeHMeM BpeEMEHN N pasBUTMEM HayKM MPOUCXOAUINO U COBEPLUEHCTBOBAHME
NCKyCCTBa BO3BEAEHUSA 3[4aHUN U COOPYXEHWUA U3 ApeBecUHbl. [pumepom MOryT CrnyXutb
OEepeBAHHbIE XpaMbl U MOCTbl Yepe3 KpYrHble peku, NOCTPOEHHOE APEBHUMMU PUMIIAHAMWU.
Tawrke B nepuog ¢ XVI — XVIII BB. maccoBoe pacnpocTpaHeHue nony4nnu daxsepKoBble U
KapkacHble goma B EBpone. Takoe BHUMaHWE K ApeBeCMHE BO3HUKINO Bnarogaps eé oumanko—
MEXaHU4YeCKMM CBOMCTBaM.

Tak, cocHa, nmetoLLas AocTaTodHo Manyko nnotHocTb (0,052 T/M3) umeeT nokasaTenb
COMPOTMBSIEMOCTM CXKaTUIO NPUONN3NTENBHO PaBHbIN NokasaTento 6eToHa knacca B15, xoTa
NrnoTHocTb 6eToHa cocTaenseT 2,5 T/M3. B fgaHHOM criyyae nNpeuMyLecTBO B Bece
OepeBAHHbBIX KOHCTPYKUMUA Hag BETOHHBIMY NPU paBHOWN HeCyLLen CNOCOBHOCTM OYEBUAHO.

Hanbonbwnii paccBeT CTpoMTENbCTBA M3 APEBECUMHbI NPULLENCA Ha cepepuHy XX
BEKa, BeAb MMEHHO B 3TO BPEMSA pa3BopaynBaeTca mMacwTabHoe Npou3BOACTBO KIEEHbIX
OepeBAHHbBIX KOHCTPYKUMA Bonee 4Yem Ha ABaguaTtu aepeBoobpabaTbiBarolnx KombuHaTax
PCOCP. Takne KOHCTPYKUUN N3roTaBNNBAKOTCA U3 NUITIOMaTepnanos (YaLle BCEro N3 XBOMHbIX
nopoA) € Ucnonb3oBaHMeM PEeHON0-PE3OPLNHO-opManbaerMaHbIX U MOYEBMHO-MENAMUHO-
dopmanbaerngHblx Krneee. bnarogaps 3aTomy y AepeBAHHbIX KOHCTPYKUWA MOSABNAETCA
BECOMOE MPEVMYLLIECTBO, KOTOPOE 3aKoyaeTCa B BO3MOXHOCTU MOMYYEHUS MOHOMUTHbIX
3NEMEHTOB NPAKTUYECKM NOObLIX pa3mepoB 1 HOPM NONEPEYHOrO CEHEHUS.

[epeBsAHHbIE KOHCTPYKUMK He ocTanucb 6e3 BHUMaHUA 1 B HacTosLee BpemMs. Cenvac
OHMW B OCHOBHOM WCMOMb3YKTCA MPU BbINOMTHEHUN CTPOUTENBHO-MOHTAaXHbIX paborT,
Hanpumep, B KayecTtse, onanybku, necos u nogmoctein. Mpyn BO3BEAEHUN Mano3TaXHbIX
XWUnNbIX 30aHUIA CTeHbl cOBUPAlOT U3 YeTbipex — UM ABYyXKaTHbIX BpycbeB, 06paboTaHHbIX
OpéBeH; B NepeKkpbITUAX NPUMEHSIOT Barnkun n3 KNneéHom nnu LenbHOW ApeBECUHBI.

MpuBegem gnarpammy Mcnosib3oBaHWUA necomartepuanos (puc. 1)

CTpyKTypa UCnoNb30BaHuUs liecoMaTepuarnos

31%

10%
2%
1 2

=3 4 =5

PucyHok 1 — CTpyKTypa ncnonb3oBaHusA necomaTepuarnos:
51 % — BcnomoraTenbHbIN MaTepuan, npu npoussoactee CMP;
2 % — Hecylme aepeBSAHHbIE KOHCTPYKLMIMA,

6 % — ManoaTaxxHoe A OMOCTPOEHHUE;
10 % — KpoBerbHbIE HAacTUMbl, O6peELLETKY,;
31% — cTonspHble U3nenus.
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B OCHOBHOM [OepeBsiHHble KOHCTPYKUMM NpeacTaBnaioT cobor Hactunbl, 6anku,
naHenu, NpPoroHbl, CTEPXXHEBbIE U AowaTble bepMbl, pambl, apku U CBOAbI, @ COeAUHEHUS
AepeBSAHHbIX KOHCTPYKUMIA MOryT ObiTb KNeeBbiMW, Ha BpyOKkax, Ha UMAVHAPUYECKUX WU
nnacTuH4YaTbiX Harensix. Kpome 3Toro KOHCTpyKUMM 13 aepeBa MOryT ObiTb LENbHbIMU UMK
cOOpHbIMK, a TaKKe U3 CNMOLHbIX OOHOPOAHBIX 3fIEMEHTOB UM COCTaBHbIX.

KameHb, mMeTann n gepeBo SABMASOTCSH OCHOBHbIMW CTPOUTESbHBIMKM MaTepuanamm
COBPEMEHHOCTU, O4HAKO ApeBecrHa — CaMbll SKONMOrMYHbIN 13 BCEX.

PesynbTaTtbl u o6cyxaeHune. OctaHoBnmcsl ©ornee nogpobHO Ha MpenmyLecTBax
AepeBSAHHbIX KOHCTPYKLMN.

> Bbicokag npoyHocTb. Tak Kak JpeBecuMHa SBSETCA  aHU30TPOMHbLIM
mMaTepuanom, ee MexaHu4eckne CBOMCTBA PasfnyHbl B pasHbIX HanpaBfieHUsaxX U 3aBUCAT OT
yrna wmexgy HanpasrneHveM [OencTBYIOWero ycunus W HanpasneHueMm BOMOKOH. [pu
COBNageHn HanpaefieHUn Cunbl M BOSIOKOH MPOYHOCTb OpeBeCuMHbl  AocTuraet
MaKCUMarnbHOro 3HayeHusi, B TO Xe BpeMsi OHa ByaeT B HECKOMbKO pa3 MeHbLUe, ecriv cuna
AencTtByeT nog OonblwMM yrnomM K BOfokHam. [ns o6OCHOBaHHOro pacyeta 3feMeHTOB
AepEeBSAHHbIX KOHCTPYKLMUA HEOBX0AMMO 3HATb NPOYHOCTb APEBECUHbI MPU Pa3fMyHbIX BUaax
HanNps>KeHHOro COCTOSIHUS U NPU pa3HOOBpa3HOM X coveTaHumn [2].

> Manas macca. B cpegHem nnoTHOCTb ApeBecuHbl konebnetca B npegenax 500
— 700 kr/m3, 4TO NO3BONSAET BbIMNOMHATL AepPeBAHHbIE 06MeryeHHble KOHCTPYKLMK, LUMPOKO
npUMeHsieMble NPU PEKOHCTPYKLMN 34aHWI, B YAaCTHOCTM ANA HAACTPONKM OONONHUTENBbHbIX
aTaxen.

> lMNpoHuuaemocTb. MocKosnbKy ApeBecuHa UMeEET BOSIOKHUCTOE CTPOEHME, OHa
cnocobHa nponyckaTb Yepes3 cebs rasbl (B YaCTHOCTU BO3A4yX) M XuakocTn. CnocobHOCTb
«apllaTb» 9TO TEPMWUH, KOTOPLIN FOBOPUT O TOM, YTO Yepe3 MOKPbITUE MOXET MPOXOAUTb
BoAsAHoOM nap. Novemy 310 BaxXHO? [lepeBo — 3TO XXMBOW MaTepuarn, OHO BNUTLIBAET N OTAAET
BMary Ha NpoTsXKeHUM BCEro Cpoka cBoewn cryxbbl. [oKpbITe N3 macna u Bocka npornyckaeT
BOASAHOW nap, TO eCTb JIMWIHAA BNara B ApeBeCuUHe He 3afepXXnBaeTCs, a yXxoanuT B BO3ayX, a
ecnn peyvb MAeT O BHYTPEHHMX MOMELLEHUAX, TO XOPOLLas NaponpoHMLAEMOCTb NOKPbLITUS
NO3BONSAET COXPAHATb KOM(OPTHBLIN MUKPOKITMMAT B MOMELLEHUN.

> OTnuyHble Tenno3awwuTHble XapakTepucTuku. brnarogaps TpybGuyaTtomy
CTPOEHUI0  KNEeTOK [JApeBecMHa sBMsieTCAa  NMoXuM  NpPOBOAHWKOM  Tenna. Manas
TEennonpoBOAHOCTb APEeBECUHBI (Y XBOMHbIX MOpPOA BAOMNb BONOKOH A = 0,38 B1/m-°C, nonepek
BONMOKOH A = 0,15 B1/mM-°C) aBNAeTCS OCHOBOW LUMPOKOrO NPUMEHEHUsI ee B OrpaxgatroLumx
yacTax oOTannMBaeMblX 34aHWK, B pes3ynbTaTe 4Yero TomwMHa [OEepeBsiHHbIX CTEH MO
CPaBHEHWUIO C KUPMMYHBIMM 3HAYNTENBHO MeHbLUE. Tak, AepeBsAHHaa cTeHa TonwuHon 11 cm
9KBMBAneHTHa No TennonpoBOAHOCTU KUPNNYHOW CTEHE B ABa Kupnuya (TonwuHon 51 cm).

> OKonorm4yHocThb. [peBecMHa — 3TO NPUPOOHLIA MaTepuar, He COOEpPXWT
BpedHbIX WHIPEeOAMEHTOB M WUCNapeHun, oHa He HakannuBaeT B cebe n He obpasyeT
oTpaBnswowmux BewecTB. CnegoBaTenbHO, NPUMEHEHWE AEepPeBAHHbIX KOHCTPYKUUA He
OKasblBaeT HeraTMBHOIO BO3OENCTBUS Ha OKpyXawlyl cpegy, M No3ToMy OCOBeHHO
noaxoauT ANsi KOMMOHEHTOB, HaxXOASLWMXCS B HEMNOCPEeACTBEHHOM KOHTaKTe C NoabMu,
XUBOTHBIMW N NNLLEBON NpoayKunen. [3]

> HonroBe4yHocTb. Mpn rpamMoTHOM 3KCnyaTauum CPOK CryXObl AepeBAHHbIX
KOHCTPYKLMIN NPaKTU4EeCKN HeorpaHmyeH. TpyaHO NOBEpUTb, HO B O4HOM M3 MOHACTbIpen nog
Hoeropogom fgepeBsiHHble YacTu 3gaHui npocnyxmnm ¢ 1198 no 1941 r. 6e3 BMAUMbIX
nedekTos.

> Bbicokas xuvmMmunyeckas CTOMKOCTb. [peBecuHa gaBnseTca Gonee XMMUYecKku
CTOMKAM MaTepuanomM MO CpPaBHEHUID C MeTannamm Kn xenesobeToHOM, 4YTO Mo3BonseT
NPUMEHATb AePEBSAHHBIE KOHCTPYKLMM B MOMELLEHNSIX C XMMUYECKN arpeccrBHoOmn cpegon. ns
30aHUN C XMMWYECKN arpeccuBHOW Cpedow cnegyeT MNPUMEHSITb COLWHbIE, MOHOMUTHO
CKrneeHHble 6e3meTanbHble KOHCTPYKUMW, HE MMeloLmne 3a30poB U wenen. [ns nokpbiTun
Ncnonb3yoT KneedaHepHble NaHenu, MMeLLMe rmagakyo NOBEpPXHOCTb 6e3 BbICTynatoLwmx
yacTen.

> Xopowast cencmocTonkoctb. KoadphdumumeHt nornoweHnss  konebaHum
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apesecuHbl Yy = 0,35, 4yTO nNoO3BOMNSET caenatb BbIBOAblI O CMNOCOGHOCTU OepeBSAHHbIX
KOHCTPYKUUN racuTb konebaHus. Kak cregyeT vM3 MCTOpUM MNpu NpaBuiibHOM noaxoge K
NPOEKTUPOBaHWIO, AePEeBSHHbIE 30aHNS U COOPYXXEHUS BbiAepXnBanu 3emneTpsiceHus B 7-8
GannoB no wkane Puxtepa, B TO Bpems kak Gonbliasi 4acTb KMPMUYHbBIX NOCTpPoek Obina
paspyweHa. OgHol n3 0cobeHHOCTEN NPOEKTUPOBAHNS AEPEBSHHbLIX AOMOB B CEACMUYECKNX
parioHax ABNSETCS NPUMEHEHNEe aHKePHbIX COeAMHEHUN, KOTOpble COeOUHSAIOT KOHCTPYKLMIO
Aoma ¢ pyHgameHTom. CoegMHEHNs BbINOMHAOTCS Ha BonTax unu Harensax, Tak Kak cBapHble
COeUHEHUs He TepnaT AMHaMUYECKNX Harpy3ok [4, 5].

> [peBecuHa npekpacHo paboTaeT B codeTaHun C APYrMMn maTepuanamu.
CoBMelleHne maTepmanos NOMoraeT NpoM3BOANTb NO-HACTOSLLLEMY rAPMOHUYHbIE BELLW KaK
C TOMYKM 3peHnNs au3anHa, Tak U B uensax skoHoMmuu. PakTypa aepeBa, ero UuBeT, YHUKambHbIN
PUCYHOK BOMOKOH Aal0T TENSOTY; KAMEHb U MeTann 4o6aBnaloT NPOYHOCTU 1 AenatoT nsgenuve
COBPEMEHHbIM. Takoe coyeTaHue NPakTU4HO, PYHKLMOHANBHO, KOMGOPTHO [6, 7]

Bnaropaps BbllenepeyncrneHHbIM CBOMCTBaM, OCHOBHbIMW 0BnacTamMm NpMMeHeHus
AepeBSAHHbIX KOHCTPYKLNIA ABMASIOTCA:

° CTPOUTENBLCTBO B CENCMUYECKMX parioHax CTpaHbl;

° cTpoutenbcTBo Ha KpanHem Cesepe;

o CTPOMTENBLCTBO B HEOOXMTBIX U NECOM3ObITOYHbBIX parioHax;

o BO3BeAEHMEe OO EeCTBEHHbIX, MNPON3BOACTBEHHbIX, CENbCKOXO3ANCTBEHHbIX,
y4eBHbIX 1 CMOPTMBHbIX 34aHUN;

o CTPOMTENBLCTBO aBTOAOPOXHbBIX MOCTOB, FpaguvpeH, MOPCKUX COOPYXEHWUN,
LLAXTHbIX COOPYXXEHUIA;

o BO3BE€AEHNE TMPOMBILMEHHbIX 34aHWA W COOPYXEHWA C  XUMUYECKU

arpeccuBHbIMU cCpegamu.
[ns 6Gonee OONrocpodYHOM W HaOEXHOW SKCMfyaTauMu KOHCTPYKUMM M3 OepeBa
NPYHMMAaLOT Heo6XoaUMbIE MepbI 3aLLNThI, @ UMEHHO 06pPaboTKy:

> aHTUCeNTUYEeCKUMN  cpeacTBamMum AN NpegoTBpalleHnss  NosIBNEHMUs
OronopaxeHui;

> aHTMNUpeHaMn Ansi NoBbILLEHUS OFTHECTONKOCTH;

> N MHCEKTULMAaMM Ang 3almUTbl OT HACEKOMBbIX.

MNpw akcnnyataumm OepeBsiHHbIX 3NIEMEHTOB He CTOUT 3abbiBaTh M O HEOBXOANMOCTH
KOHTPOMNS TaKMX MnokasaTenew kak BnaXHOCTb APEBECHHbl M BO3AYyXOOOMEH B MOMELLEHMU,
MHa4ve CpoK Crny0bl KOHCTPYKLMIA N U3OENUA MOXET COKPaTUTLCS B pasbl.

BbiBoabl. Bce BblwenepeyucrnieHHble KadecTBa [ApeBECWMHbl MO3BONAKT €€
MCMonb3oBaTb HE TOMbKO B MPaKTUYECKMX Uensx, HO M B acTteTnyeckux. [epeBo
npegocTaBnseT LUMPOKME apXUTEKTYpPHble BO3MOXHOCTM 3a CYET CBOEW eCTeCTBEHHOW
KpacoTbl, TENSIOr0 BHELLUHEro BMAA M YapyloLllen U HEMOBTOPUMON CTPYKTypbl. OHO MOXeT
MCMONb30BaTbCA AN CO30aHUA COBPEMEHHBIX M MHHOBALMOHHbBIX OU3aNHOB C HEOObIYHBIMU
APXUTEKTYPHBIMW PELLUEHUSIMU, KaK B MHTEPbEPE, TaK U AKCTepbepE.

MNpumepamun coBpeMeHHbIX AePeBSIHHbIX KOHCTPYKLUMI ABMAOTCA AePEBSAHHbIE MOCTHI,
Xunble Aoma, oPUCHble 3[aHWsA, a Takke Nerkne AepeBAHHble KOHCTPYKUMM B OONbLUMX
MHOrOgYHKUMOHaNbHbIX KoMMrekcax. Kpome aToro gpeBecuHy MOXHO MCNOonb30oBaThb ANiA
CO34aHNs BUHTOBbIX NECTHUL, B PasfnyHbIX CTUMSX, OT MOAEPHA A0 MUHUManuMama (puc. 2).
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PurcyHok 2. — CoBpeMeHHble fiepeBSHHbIE KOHCTPYKLUM U U3aenus

Taknum 06pa3oM, COBPEMEHHbIE TEXHOMOMMU U PasfMYHbIe MHXKXEHEPHbIE peLleHUst
MoO3BONST MaKCMMarbHO WCMOMb30BaTh MpeuMMmyllecTBa [APEeBECUHbl B COBPEMEHHOM
CTpOUTENbCTBE, Aenas ero 6onee aKoNOrmMyYHbIM U 3PEKTUBHBLIM.
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Y[IK 691
NEPCMNEKTUBbI NPUMEHEHUSA HAHOTEXHONOMMN B CTPOUTENBLCTBE

Fnyxoea J1.P., ctapwuin npenogasatens, Bonoauu C.C., ctapwwnin npenogasatenb,
KonomebiueBa A.1O., cTapuunn npenogasartensb.
®IrbOY BO Opnosckuin FTAY

AHHOTALUA

HaHomaTepunanbl cTaHOBATCA BCe 6onee 3HaYMMbIMK, NPEeAOCTaBnsAs WHXeHepaMm W
CTPOUTENSAM HOBbIE BO3MOXHOCTU A5 YCOBEPLUEHCTBOBAHNSA CTPOUTENBLHbBIX MaTepuasnos U
TexHornormn. OgHako, LWMPOKOEe MPUMEHEHWe 3TUX TEeXHONMOrMnm HeBO3MOXHO 6e3 yyeTa
CINOXHOCTEN N PUCKOB, CBA3AHHbLIX C MPMMEHEHNEM TakmMX MHHOBALMOHHbBIX MaTepuanos npu
BO3BEAEHUMN 3[aHMI M COOpYyXeHun ana obecneyeHnss 6€30nNacHOCTN 300pOBbS Ntogen m
OKpyXatoLLen cpeqbl.

KNOYEBbIE CJTOBA
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ABSTRACT

Nanomaterials are becoming increasingly important, providing engineers and builders with
new opportunities to improve building materials and technologies. However, the widespread
use of these technologies is impossible without taking into account the difficulties and risks
associated with the use of such innovative materials in the construction of buildings and
structures to ensure the safety of human health and the environment.
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BBegeHne HaHomaTtepuanbl npenctaBnaoT CcoboM  HAHOCTPYKTYpUPOBAHHbIE
Martepuanbl, pasMmepbl YacTuL, KOTOpbIX HaxoaaTcs B gvana3oHe oT 1 go 100 HaHOMeTpOB.
OTO HEBEPOATHO ManeHbkun macwTtab, KOoTopbIi npuaaeT MaTtepuanam yHUKarbHble
dmsmyeckne n xummyeckme cBoncTea. B cTpouTenbCTBe HaHOMaTepuarbl CTaHOBATCS BCe
Oonee 3Ha4YUMMbIMW, MPEAOCTaBNAA WHXEHepam U CTPOUTENSM HOBble BO3MOXHOCTM AN
YyCOBEPLLUEHCTBOBAHMS CTPOUTENbHbBIX MaTepUanoB N TEXHOMOIMN.

B Mupe cTpouTenbcTBa HAHOMaTepuarbl NPeACTaBNAT COOOM HOBYIO 3pY MHHOBALMIA
N TEeXHOMNOrM4ecKoro pasBuTus. HaHOTEXHONormm B CTPOUTENbCTBE MPOHMKAKT BO BCE
acnekTbl NPOEKTUPOBaHWS, CTPOUTENBbCTBA M KCNNyaTauum 34aHun, 1 3TM HOBble Matepuansbl
obGeLlaloT U3MeHUTb OTpacrb Hascerga.

Llenb nccnegoBaHnss — pacCMOTpeTb NEPCNEKTMBbI MPUMEHEHUSA HAHOTEXHOSOMMIN B
CTpOUTENBHOM OTpacnu, onpegennte QakTopbl, CAepXuBawlne MNpUMEHEHNE TaKnUx
TEXHONOrMM Npu BO3BEAEHUN 30aHUN U COOPYXKEHUN.

Matepmnanbl 1 wmMeTOoAbl uUccrnegoBaHuMW. HaHomaTepuanbl NpeaoCcTaBnsloT
CTPOUTENBHOW OTPACiN OrPOMHbIE BO3MOXHOCTU LMK YNY4LIEHNS Ka4yeCcTBa U YCTONYNBOCTH
CTpouTENbHbIX NPOEKTOB. C NX MOMOLLBI0 MOXHO CTPOUTbL Gonee ahpekTnBHbIE, HAOEXHbIE
N 3KOMNOrMYECKN YnCTble 34aHusA. HaHomaTepuanbl — 9TO KMOYEBOW KOMMOHEHT Oyayuiero
CTPOUTENBCTBA, N UX UHTErpauus CTaHOBUTCS BCe Boree BaXXHOW AN1S CO34aHNSA YCTOMUUBBIX
1N UHHOBALMOHHbIX CTPOUTESbHLIX PeLUEHUIA.

HaHomaTepuansl npefocTtaBngaldT CTPOUTENSAM W apXuMTeKTopaM  YHUKarnbHble
BO3MOXHOCTU ANSA MHHOBALMIA B AM3alHE U KOHCTPYKUMAX. MHOrme HaHomaTepuarnbsl MOXHO
dopmMmpoBaTh B pasnmyHble OpPMbl U CTPYKTYPbI, YTO NO3BONSET CO34aBaTh COBPEMEHHbBIE U
BrevaTnsoLmne apxXuTeKTypHbIe pelleHuns. AT maTepuansl Takke ob6nagatroT NPo3padvyHOCTbIO
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W CBETOMPOMyCKaHMeMm, 4YTO  CrnocobCTBYeT  CO34aHUI0  CBETOMPOHMLAEMbIX U
3HeproaddeKTUBHLIX 3g4aHni [1].

Ha cerogHAWHMA OeHb CywecTByeT HECKOSIbKO MNEPCNEeKTUBHbBIX HanpaBrieHni
MCNONb30BaHMA HAHOTEXHOSOMMIN B CTPOUTENBHON OTpacnn. PaccMOTpUM HEKOTOPbLIE U3 HUX.

1. MNpu ycuneHmmn cTpouTenbHbIX KOHCTPYKUMIA U U3OENUI: Takne HaHoMaTepuanbl Kak
yrnepogHble HaHOTPYOKM M HaHoyacTuubl, MOryT ObiTb goGaeneHbl B 6eTOH, acdanbT u
Apyrne ctpouTenbHble Matepuanbl AN MOBbIWEHUS UX MPOYHOCTU. OTO cnocobeTByeT
cosgaHuio 6bonee JONroBeYHbIX 34aHnn U 06bEKTOB MHPPaCTPyKTypbI [2, 3].

2. ina obecne4vyeHnsa TeNon3onaunM 1 NoBbIWEHNS SHEeProadEeKTUBHOCTN 3AaHUS:
MCnonb3oBaHWe HaHoalporenen B KadecTBe Tennousonaumn. bnarogaps  csBoum
Bbl4AOLWMMCA CBOMCTBaAM a’sporenu No3BONstOT CHU3WUTb 3HepronotpebneHve 3gaHum, 4To
aKTyarbHO B YCNOBUSX NOBbILLAOLLErOCs MHTEpEeca K 3HeprocbepexxeHmto pecypcos [4, 5].

3. CamoouMmweHne u aHTMcenTMka: HekoTopble HaHomaTepuanbsl obnagarT
CMOCOBOHOCTbLI0 CaMOOYMLLEHNS, YAANssa 3arpsa3HeHns ¢ NoBepxHocTn. Kpome Toro, oHn moryT
ObiTb ObGoraileHbl aHTUCENTUYECKMMM CBOWCTBaAMM, 4YTO CMocobCTBYeT noaaepkaHuto
CaHUTapHbIX YCIOBUI B 30aHNSAX N 00 beKTax MHPPaCTPYKTYpbl.

4. HaHomatepuanbl MOryT ObITb WCMOMb30BaHbl ANS  3aliMTbl  MeTannM4yeckux
KOHCTPYKLUUI OT KOPPO3UM U OKUCIIEHUSI, YTO NPOoAieBaEeT CPOK UX CIYXObl.

5. Vicnonb3oBaHMe HaHOMaTepuaroB B COSIHEYHbIX NaHensx n 6atapesx nossonser
yBennunTb 3P EKTUBHOCTb NPeobpa3oBaHMsA CONTHEYHOM SHEPTUN.

MpeumywectBamn nNPUMEHEHUs HAHOTEXHONOMMA B CTPOMTENbHOM OTpacnvM no
CpaBHEHWIO C TPAAMLMOHHBIMM MaTepuanamMmm aBnsoTCS:

1. 3HauMTENbHOE MOBbLILEHNE MEXAHNYECKOW NPOYHOCTN MaTtepuana. Hanpumep,
pobaBneHne kapOoOHOBbLIX HAHOTPYOOK B KOMMO3WUTHLIN MaTepuan MOXeT YBEenuuuTb ero
NMPOYHOCTb Ha HECKONbKO MOpsAKOB. OTO MO3BONSAET co3gaBaTb Oonee nerkne u npouvHble
KOHCTPYKLUKN, YTO OCOBEHHO BaXXHO MPU NPOEKTMPOBAHUUN BbICOTHbIX 34aHWIA UM MOCTOB.

2. Bbicokas TennonpoBogHoCTb. Takne matepwuarbl, kak rpadeH nnm KBaHToBblE
TOYKM, 0bnagatoT yHMKanNbHbIMK CBOMCTBAMW Nepeaayun Tenna, Y4To nos3sonset 3deKTMBHO
MCNonb3oBaTb MX B CUCTEMAax OTOMMEHUS U OXNaXAeHUs. JTO CnocobCTBYET CHWKEHMUIO
3aTpaT SHEpPrun 1 NOoBbILLEHNIO 3HEProdOEKTUBHOCTU 34aHUMN.

3. Bbicokass xumuyeckass ctabunbHocTb. OHW  MOryT ObITb YCTOMYMBBLI K
pasnMyHbIM arpeccuBHbIM cpedam, TakKMM KaK KUCIOTbl WNKU LWenoyn, 4To Aenaet ux
npvBriekaTenbHbIMW AN CTPOUTENbCTBA B YCMOBMAX MOBLILLEHHOW KOPPO3UU UMK
3KCTpeMarnbHbIX TeMmnepatyp [6, 7]

4. YCTOMUMBOCTE K 3KCTpemManbHbiM  ycnosuam. C  yBenuyeHnem 4yucna
9KCTpeMarbHbIX MOrOAHbLIX YCMOBUMMA W KIUMATUYECKUX W3MEHEHW, HaHoMaTtepuanbl
NPeacTaBnalnT cobOM MHCTPYMEHT Ana co3faHust 6ornee  yCTOMYMBBIX W HAOEXHbIX
CTPOUTENbHBLIX KOHCTPYKUMIA. OHM MOryT YyCUNUTb 3aliMTy OT yparaHoB, 3eMIIETPSACEHWUMN,
NoOXapoB W OpYyrMx nNpuUpoAHbIX ©6eacTBUin, 4YTO OCODEHHO akTyanbHO B pervoHax,
NOABEPXKEHHbIX CTUXUAHBIM BeCTBUAM.

5. CokpalieHne BopgonoTpebneHns. HaHomaTtepuanbl Takke CcnocobCTByHOT
YMEHbLLEHMIO BOAOMNOTPeDLNeHns B cTpouTenbCcTBe. Hanpmumep, HaHOMaTepuarnbl MOryT ObiTb
pobasrneHbl B 6eTOH, 4TobObl ynyywunTb ero rmapodobHble CBOMCTBA, YTO MNPMBOAMUT K
CHVKEHUIO BOOOMOTTIOLWEHNSA N YBENTMYEHUIO YCTOMYMBOCTM K Boge [8].

6. CHwkeHMe BO3OENCTBMA Ha  OKpyxawwyw cpedy. Wcnonb3oBaHue
HaHOMaTepuanoB TakKKe MOXEeT CrnocobCTBOBAaTb CHWKEHWIO HEeratMBHOIO BO3AEWCTBUSA
CTPOMTENBLCTBA Ha OKpyXatLlyto cpeny. MHorne HaHoMmaTtepuanbsl MOryT 6bITb NPOU3BEaEHbI
C MEeHbLUMMMK BbiGpOCaMM U OTXO4aMW, YTO COOAENCTBYET YCTOMYMBOMY CTPOUTENbLCTBY U
CHWKEHMIO 9KONOTMYECKOWN Harpysku.

K HepgocTaTkaMm NpUMEHeHUs1 HAHOMaTEePMAroB MOXHO OTHECTHU:

1. CToumocCTb MpOM3BOACTBA HaHOMaTepuarioB BCe €lle OCTaeTcsl A0BOSIbHO
BbICOKOW MO CpPaBHEHWIO C TPaguUMOHHLIMKM MaTepuanamu. OTO MOXeT co3faBaTb
3HauuTenbHble (bMHaAHCOBbIE Nperpagbl AN LWMPOKOro BHEAPEHUSA AaHHbIX MaTepuanos B
CTPOUTENBHYIO OTpacHb.
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2. Bbes3onacHOCTb MCNONb30BaHMA HaHOMaTepuanoB OO KOHUA He u3yyeHa.
VMccnenoBaHus NokasblBaloT, YTO HEKOTOPbIE TUMbl HAHOMaTepnanoB MOryT 6bITb TOKCUYHBIMK
ANS YenoBeka Uy oKpyXxarowen cpegbl Npu AnNUTenbHOM BO34ENCTBUN. DTO O3HAYaEeT, YTo
HeobxoanmMo NPoBOAUTL AOMONHUTENbHbLIE UCCNeAOBaHNA U pa3paboTkm gns obecneveHus
6e3onacHOro CNonNb3oBaHWs TakMx MaTepuaros.

3. CnoxHocCTb ux nponssoacTtea n 06paboTkn. Takme npouecchl, Kak NonyYyeHne
kapOOHOBbIX HAHOTPYOOK MnNn rpadeHa, TpebytoT cneunansHoro 06opyaoBaHMA U BbICOKON
KBanudukaLmm nepcoHana. 3To MOXeT co3gaBaTb onpedeneHHble npobnemMbl B yCroBUSX
OrpaHMYEHHbIX PECYPCOB UNK OTAaneHHbIX panoHam [9, 10].

HeobxoaMmo npoBoauTb AOMNOMHUTENbHbIE UMCCNeaoBaHus W pa3paboTku aAng
MaKCUManbHOro MCMosfib30BaHNSA MPeuMyLLecTB HaHOMaTepuanoB B CTPOMTENbLCTBE MNpu
MUHUMU3ALUN UX HEOOCTaTKOB.

PesynbTaTbl M 06cyxaeHue. PaccmoTpmm Hanbonee nepcrnekTMBHbIE Ha HaLL B3rnsg
HanpaBneHnsi BHEAPEHMSA HAHOTEXHOSTOMNIN B CTPOUTENBHYO OTpachb.

1. HaHokpemHnin ansa ynyyuweHus kadectBa 6etoHa. [JoGaBneHne HaHOKPEMHUSI B
GEeTOH MOXeT 3HAYMTENbHO MOBbLICUTb €ro MPOYHOCTb W YCTOMHMMBOCTb K Pa3pyLUEHMIO.
HaHokpeMHuii ynydwaeT CBA3b Mexay 4actmuamm B OeToHe, 4To fgenaeTt ero bGonee
AONroBEYHbIM U YCTONYMBBIM K BO3AEWCTBUIO BMarM U arpeccuBHbIX cpeq. ITo MOXeT ObITb
nonesHo Ans CTpouTenbCTBa MOCTOB, AaMb, U OPYrux COOPYXEHUIN, KOTopble NOABEPKEHbI
BbICOKMM Harpyskam 1 BO34eVNCTBUIO NPUPOAHBLIX (DaKTOPOB.

2. 'padeHoBbIE HAHOTPYOKM ANA CONMHEYHbIX NaHenen Mcnonb3oBaHne rpadeHoBbIX
HaHOTPYOOK B COSTHEYHbIX MaHENAX MOXET 3HAYMTEeSIbHO MOBbICUTH WX 3PEKTUBHOCTD.
'padpeH — 3TO OQHOATOMHBIN CNOKW yrnepoaa, U ero UCnosib3oBaHWe B COSTHEYHbIX NaHensax
NO3BONSET YBENMUYNTL Npeobpa3oBaHMe CONHEYHON SHEPTUN B NEKTPUYECTBO. OTO CHMXKAET
3aTpaTbl Ha NPOW3BOACTBO COSMHEYHbIX MNaHenen u genaet ux 6onee OOCTYNHbIMU Ans
LLIMPOKOro NPUMEHEHMS.

3. HaHonokpbiTMas Ans  3awmTbl  NOBEPXHOCTEW. HaHOMOKpbITUA, Takue Kak
HaHOKepamMuka Wnn HaHocepebpo, MOryT WUCNonb3oBaTbCA ANSA 3aWUTbl CTPOUTENbHbIX
NMOBEPXHOCTEN OT KOpPpO3uu, 3arpsisHeHust n 6aktepuin. OTU NOKpbITUS co3garT Gapbep,
KOTOPbIV YBENMYMBAET CPOK CryXObl NOBEPXHOCTM U CHUXAET 3aTpaTthbl Ha ee obCnyXnBaHue.
Hanpumep, HaHokepamuyeckoe MOKPbITUE MOXET WMCNOoMb30oBaTbhCs Ha hacagjax 3hoaHuin,
yTOObl 3aWMUTUTL MX OT aTMOCHEPHbIX BO3OAENCTBMA U YMEHbLUUTb HEOOXOAMMOCTb B
perynspHom O4YMCTKe.

4. HaHorenn gns tennousonaumn. HaHorenu, Takve kak asporenu u cunukarenw,
o6nagaloT HM3KOW MNOTHOCTLIO M BblAAOLWMMUCS TEMNOU30NALNOHHBIMK cBOMCTBaMU. OHK
MOryT BbITb MCMONb30BaHbl A5 CO34aHNS NErkMx U BbICOKOAI(EKTUBHBLIX MaTepmanos ans
yTenneHnsa 3aaHuvi. 3TO MOMOraeT CHU3UTb JHepronoTpebneHve AnNa OTONMeHus u
KOHOWLMOHMPOBaHNA BO3ayXa, YTO B CBOIO o4epeb CrNocoBCTBYET YCTONYMBOCTU U SKOHOMUN
pecypcoB.

5. HaHOKpackM M HaHOMOKPbLITMA ANA camoouulleHus. HaHomaTepuanbsl MoryT
MCNONb30BaTbCA B KA4YeCTBE OCHOBbl ANsi CaMOOYULLAKLMXCS KPACOK M MOKPbITUA. ITu
Kpackn cofepxaT HaHoO4YacTULbI, KOTOpble CNOCOOHbI paspyLliath U yoansTb 3arpsi3HeHns ¢
NOBEPXHOCTU. Hanpumep, CTeHbI, NOKPbITbIE HAHOMOKPLITUAMWU, MOTYT OYMLLATLCA OT rPA3nN K
Nbinn Nog, BO3AEWCTBMEM COSIHEYHOrO CBeTa M AO0XAOsS, YTO CHWXKaeT HeobxoauMocTb B
perynsipHOM O4UCTKE U OBCNYXNBAHUMW.

6. HaHOKOMMO3uUTbl ANA nerkMx U MPOYHbIX KOHCTPYKUun. Wcnonb3oBaHue
HaHOKOMMO3UTOB, TaKMX Kak HAHOCTEKMONMacTUK, B CTPOMTENBLCTBE MO3BONSIET CO34aBaThb
nerkme n NPoYHble KOHCTPYKUMK. DT MaTepuanbl 06beanHAT BblAaloLYyCA NPOYHOCTL C
HW3KOW MNMOTHOCTbI, YTO OCOBEHHO MOME3HO MpPU CTPOUTENBCTBE MOCTOB, aBMALMOHHbBIX
COOPYXXEHUIN N OpYyrMx 0OOGBHEKTOB, Ae BEC KOHCTPYKUMM UMEET 3HAYEHMeE.

7. YMHble HaHOMaTepwuarbl ANS MOHUTOPUHIA TEXHUYECKOrO COCTOSIHUS KOHCTPYKLMIA.
HekoTopble HaHOMaTepmanbl MOryT MCNOMb30BATLCH AN1S CO34aHUA KYMHbIX» CTPOUTENbHbIX
MaTepuanoB, KOTOpble CMNOCOOHbI MOHUTOPUTL CBOE COCTOSIHWE U NepeaaBaTb UHOPMaLMIO
0 HeMm. Hanpumep, HaHogaTuMkm B OeTOHe MOryT npegynpexagaTb O BO3MOXHbIX
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NOBPEXOEHUAX WM KOPPO3UM B pearlbHOM BPEMEHM, 4YTO MOMOraeT B YynpaBreHuu
obcny>XMBaHMeEM U PEMOHTOM 34aHUMN.

8. HaHoneckocTonkne noBepxHOCTU. WMcnonb3oBaHMe HaHOMaTeEPUANoB MOXET
caenaTtb NOBEPXHOCTM Gonee yCTONMYMBBIMU K U3HOCY M UCTUPaHMIO. Hanpumep, HaHo4YacTULbl
B acdanbTe MOryT yryyLInTb ero CTOMKOCTb K U3HOCY OT LUMH aBTOMOBWIENn, 4YTo yBenmunsaeT
CPOK Crybbl 4OPOT U CHKAET HEOOXOOMMOCTb B PEMOHTE.

9. 3ByKoM3onALMA 1 NornoweHne wyma. HaHomarepuansl MOryT 6bITb UCNOSNb30BaHbI
ANS co3aaHnst NPOABUHYTLIX CUCTEM 3BYKOMU3OMALMUN M NOTMOLLEHUS WyMa B CTPOUTENbCTBE.
Hanpumep, HaHomopucTble MaTepuanbl, TakMe Kak HaHocdepbl, MOryT ObiTb BCTPOEHbI B
CT€Hbl M MOTOMKK, 4YTOObl CHM3UTb 3BYKONPOBOAMMOCTb W co3gatb Oonee Tuxue u
KOM(OPTHbIE BHYTPEHHME YCIOBUS B 34aHUAX.

10. C pa3BuTMEM HaHOTEXHOMOMMIA apXUTEKTOPbI NOSyYakoT HOBblE BO3MOXHOCTU ANs
WHHOBaUMW B Aun3anHe 3gaHuin. Hanpumep, € UCNONb30BaHMEM CBETOpaCCeMBaloLLNX
HaHOMaTepuanoB MOXHO CO034aBaTb YHUKasrbHble CBETOBble 3(heKTbl U ANHAMUYECKN
n3MeHsirwmnecs Lueeta acagoB 3gaHui. Takne apxXMTeKTypHbIe peLLeHns MoryT npuaaBathb
3[0aHUAM YHUKanbHbIA XapakTep v NpuBrekaTb BHUMaHME.

11. OHeprocbeperawowme okHa U cTekna. HaHomaTepuanbl Takke NPUMEHAITCA B
nNpou3BOACTBE 3HeprocOeperawwmx OKOH W cTekon. Hanpumep, TOHKue  cnowm
HaHOMaTepuanoB MOryT yMeHbllaTb TEnnonpoOBOAHOCTb CTeKrna, 4YTO crnocobeTByeT
CHWXXEHWIO NOTEPb Tensa U NOBbILUEHUIO 3HEPro3ddEKTUBHOCTU 34aHUNA.

12. HaHocucTembl ynpaBneHus ocelleHMeM u knumatom. HaHomaTtepwuanbl Takke
MOTyT UCNONb30BaTbCA A5 CO30aHUSA UHTENNEKTyanbHbIX CUCTEM YNpaBfieHNsa OCBELLEHNEM
M KNMMaToM B 34aHusAx. Hanprumep, HaHoYacTMLbl MOryT ObiTb BCTPOEHbI B CTEKNA 1 3epkana,
4YTOObl M3MEHATbL UX OMNTUYECKME CBOMNCTBA U PErynmpoBaThb NPOHMKHOBEHWE CBETA U Tenna.

BbiBogbl. B coBpeMeHHOM CTpOMTENbLCTBE HaHOMAaTepuanbl NPeacTaBnanT cobon
WHHOBALUMNOHHBLIN 1 MHOroo6eLLatoLnin aNeMeHT, KOTOPbIN OTKPbIBAeT HOBble MEepPCrneKkTUBbI
ANS ynyyleHns kadecTa U 3ahpeKkTUBHOCTM CTPOUTESNbHBLIX NPoLEeccoB. B gaHHOM cTaTbe Mbl
paccMoTpenu pasHoobpasHblie HaHOMaTepuarnbl, X CBOMCTBA U NOTEHUMANbHOE NPUMEHEHME
B CTpOUTENbLCTBE.

OaHMM K3 rNaBHbIX MPEUMYyLLEeCTB HaHOMaTepuanoB SABMSEeTCA WX CNOCOBHOCTb
ynyywatb MpPOYHOCTb M AONTOBEYHOCTb CTPOMTENbHLIX MaTepuanoB, 4YTO CHWXaeT
HeobXoaANMOCTb B PerynspHbIX PEMOHTax W NOAAEPXKMBAET IKONOrMYECKY YCTONYMBOCTb
NpOeKToB. HaHOTEXHOMNOrMn Takke NO3BONAIT yNy4dllaTb TEMMOMU3ONALNIO U 3BYKOM3ONALNIO
34aHui, 4To cnocobeTByeT KOMGOPTY N aHEProcbepexeHuto.

Bonee Toro, HaHOMaTepuanbl MOryT UrpaTb KMOYEBYIO POSlb B COKpaLLEeHUM BpeaHOro
BO34ENCTBUSA CTPOUTENBCTBA Ha OKPY>KaoLLY0 cpeay, bnarogaps BO3MOXHOCTU YMEHbLLEHUS
pacxoga maTepuanoB M aHepruun. Mcnonb3oBaHWe HaAHOTEXHOMOrMM Takke cnocobcTByeT
pa3paboTke MHHOBALMOHHbIX METOAOB CTpPOUTENbCTBa, BkNtovas 3D-neyaTb 3gaHui U
camo3axuBatoLime matepmansi.

OpHako, HecMoTps Ha BCe MOTeHuuanbHble BbIroAdbl, HEOOXOAMMO YYUTbIBaTb
CNOXHOCTU N PUCKKN, CBA3AHHbIE C NPUMEHEHMEM HAHOMaTeEpPManoB B CTpouTenbcTBe. BaxHo
NPOoBOAUTL AanbHenLwmne nccnegoBaHmsa U TeCTUPOBaHUS, YToObl OLEHUTb MX 6e30MacHOCTb
ANS 340PpOBbS U OKpYXatoLen cpeapl.

B 3akntoyeHne, HaHomaTepuwanbl npeacrtaBnsloT cobon  obwmpHyro obnacTb
nccnegoBaHun, kotopasa obellaeT peBONIOLMOHN3NPOBATL CTPOUTENLCTBO. TN MHHOBaLMK
MOryT caenaTb CTpouTerNbHble NPoeKkTbl 6onee apHEKTUBHBIMU, IKOSTOMMHECKN YCTONYMBBIMN
n ponroseyHbiMn. OpgHako, ANSA YCMNewHOoW WHTerpauMm HaHoMaTepuanoB B OTpachb
HeobXxoanMbl fanbHenWwne UCCnefoBaHus U pas3paboTku, a Takke CTporoe BHMMaHue K
Bonpocam 6e30nacHOCTN 1 HOPMATUBHOMY PErynMpOBaHMIO.
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YOK 621.314.1
METOAUKA PABPABOTKWU BJIOKA NMUTAHUA ONA AMNK

FpywmnH A.[., cTapwun npenogasaTtensb.
®IrbOY BO CI6raAy

AHHOTALUA

MpuMeHeHne wuMNynbCHbIX ONOKOB MUTaHWS CTaHOBUTCA BCce 0Oonee akTyanbHbIM B
arponpoMbILLNIEHHOM KOMMfEeKCe B CBA3W C POCTOM poboTusaumm u asTomMaTusauum
npousBoAacTBa. [na obecneyeHnss CTabunNbHOrO NUTaAHUSA C HanpsbkeHnem 12-24-48B
pekoMeHayeTcst ucnonb3oBatb 6nokn nutaHus knacca AC/DC ¢ BCTPOEHHbIM BbIXOOHBIM
dunbTpoM. [Mpyn npoekTupoBaHUM Takux npeobpasoBaTenen BaXHO Yy4YUTbiBaTb Lenu
yrnpaBneHnsi, TOKO3aZawLyo Lenb, Lenb CUMOBOro TpaH3UCTOopa, Lenb ranbBaHWYecKon
pasBsA3KM WM Lenb BbIXOAHOrO unbTpa. PacyeT M BbIGOP KOMMOHEHTOB, TakuX Kak
MUKPOCXEMbI, PEe3NUCTOPbl W TPaH3UCTOPbLI, WUrpalT KrYeByld ponb B obecnevyeHun
apbdpekTBHOM paboTbl Brioka NuTaHusa. AganTaunst yCTpoOnCTBa NOA KOHKPETHbLIV TUM Harpys3ku
n obecneyeHne 3MNEKTPOMarHUTHOM COBMECTUMOCTU TaKKe NPeAcTaBnsioT 3HAYUTENbHOE
3Ha4veHune npu paspaboTke. [anbBaHU4YeCckasn pasBs3ka Yepes onTonapbl U TpaHcopmaTopsbl
obecneynBaeT JONOMHUTENBHYHIO 3aLUUTY U CTabUbHOCTL paboThl 6r10Ka NUTaHus. YuntbiBas
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BCE 3TW napameTpbl, MOXHO obecneunTb 3deKkTMBHYO M GesonacHyto paboTty Gnoka
NMUTaHUSi B arporNpOMBbILLITEHHOM KOMMIEKCe.

KNKOYEBbLIE CJITOBA
McTouHnk nuTaHus, npeobpasoBaTtesb HanpskeHus, nomexonogasnaowmi omnetp, AC/DC-
npeobpasoartenb, DC/DC-npeobpasoBaTenb, pUnbTp 3NEKTPOMarHMTHON COBMECTUMOCTW.

ABSTRACT

The use of switching power supplies is becoming increasingly relevant in the agro-industrial
complex due to the growth of robotization and automation of production. To ensure stable
power supply with a voltage of 12-24-48V, it is recommended to use AC/DC class power
supplies with a built-in output filter. When designing such converters, it is important to take into
account the control circuits, the current supply circuit, the power transistor circuit, the galvanic
isolation circuit and the output filter circuit. The calculation and selection of components such
as microchips, resistors and transistors play a key role in ensuring the efficient operation of the
power supply. Adapting the device to a specific type of load and ensuring electromagnetic
compatibility are also of significant importance during development. Galvanic isolation via
optocouplers and transformers provides additional protection and stability of the power supply.
Taking into account all these parameters, it is possible to ensure the efficient and safe
operation of the pit unit.

KEYWORDS
Power supply, voltage converter, noise-canceling filter, AC/DC converter, DC/DC converter,
electromagnetic compatibility filter.

BBegeHue. [lpumeHeHne O6NOKOB NUTaHMA B arponpPOMbILLIEHHOM KOMMMEeKce
CTaHoBUTCA Hambonee akTMBHbIM W MacwTabHbiM B CBSA3M C  poboTusaumen u
aBTOMaTm3aLmen npous3BOACTB. TaK Kak CNOXHblE KOMMMEKCbl HYyXAakTcsi B CTabunbHOM
nuTaHun, nNpu HanpskeHun 12-24-48B, To ¢ gaHHOM 3ajadvent nydule BCero crnpaBnseTcd
UMNynbCHbIN 6ok NnTaHus, knacca AC/DC ¢ BCTpOEHHbIM BbIXOAHbIM hmnbTpom [1].

Lenb un 3apaunm wuccnepoBaHMA — pacyeT M paspaboTka CXeMOTEXHWYECKOro
pelleHnsa npeobpasoBaTenst HaNPsYKeHNs ¢ BCTPOEHHbIM MOMEXO0NoAaBNALWLMM (PUNBTPOM U
(PUNLTPOM  3NEKTPOMArHUTHOM  COBMECTUMOCTW, MPOEKTUPOBaHWE U ONTUMM3aUUS
napaMeTpoB TOKO3aJatoLwen Lenu; nosbllleHne aHeproadeKTMBHOCTM NpeobpasoBaTtensi.

MaTepuanbl, MeToabl U 006BLEKTbl uccnegoBaHusa. OGbeKkTamMn WCCNegoBaHUS
ABNAOTCA napameTpbl Avanas3oHa BbIXOOHOrO HanpsXeHus npeobpasoBartens, 3HaYeHus
TaKTOBOW YaCTOTbl, CKBaXHOCTU U MyrnbcaLum B NMKOBbIE MOMEHTbI paboTbl ycTporcTea. Mpu
pa3paboTkM CXEMOTEXHUYECKMX pPeLUeHU MNpPOBOAUIICA pacyeT ToKOo3ajalolen uenu
ycTponcTea (BbIGOp KOMMOHEHTOB, pa3paboTka TPacCMPOBKM LIeNn Ha neyaTtHoW nnarte), oT
3HaA4YeHMN KOTOPOro onpegenseTca napaMeTp TaKTOBOW 4acToTbl npeobpasoBaTtensa u
NPELUM3NOHHOCTb  BbIXOAHOrO  HanpsbkeHus  (NnaBaloWmMi  Ananas3oH  OTKIOHEHWN).
OnTumanbHbIM 3Ha4YeHEM SIBNSIeTCA Toraa, Korga BbIXOAHOE HanpsiKeHWe OTKITOHAETCS Mpu
pasnuyHbIX pexmmax pabotbl He Gonee 4vem Ha 0,2 B (0,05%) oTr HommHana (24,0 B),
AOCTUraeTcs 3a c4eT NPUMEHeHUs B TOKo3adarowen ctabunuaaropa HanpsbkeHus [2, 3].

MpoekTupoBaHMe CUITIOBOM U ynpaBnslowWen YacTu npeobpasoBaTtens.

B nepByio ouepedb, nNpu NPOEKTUPOBaHUM [aAHHOrO Kracca npeobpasoBarenen,
Heobxoanmo obpawaTb BHMMaHME Ha HECKOSNIbKO OCHOBHbIX LEner, a WMMEHHO, uenb
ynpaBneHusi, Toko3agawwasa uenb, Lenb CUIOBOro TpaH3UCcTopa, Lenb ranbBaHWYecKon
pas3BsA3KM M Lenb BbIXOAHOrO unbTpa. PaccMoTpum Kaxaylo uenb Mo OTAENbHOCTU, B
COOTBETCTBMM CO CXeMoWn 6noka NuTaHus, NpeacTaBreHHOW Ha pucyHke 1.
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PucyHok 1 — Cxema 6noka nutaHus

Mepen Hayanom nNPOEKTMPOBaHMA HeobXooMMO Yy4ecTb crneaylline napameTpbl
npUMEHSIeMOCT Oroka nuTaHus: TeMnepaTypy OKpYXalollewn cpedbl, BO3OenNCcTBUE
BMa)XHOCTW, 3HAYEHMSI BXOAHOIO W BbIXOAHONO HAMpPSDKEHWSs, 3HAYEHUSI TOKa Harpysku u
KpaTKOBPEMEHHbIX MEeperpy3ok, HOMMUHANbHas WM MakCMMarnbHash MOLLHOCTb, KOPMyCHOE
ncnonHexue [4].

Mcxoass n3 BbIGpaHHbIX hakToOpoB, MPOMCXOOMT pacyeT M BbIOOp MUKPOCXEMBbI, B
AaHHOM cny4vae, Bblbop Obin caenaH B Nonb3y fMHENKNM CEMENCTBa MMKPOCXEM Knacca
UC3842-UC3845. [aHHaa MuKpocxema MO3BONAT ObICTPO NPOM3BECTUM HACTPOWKY, B
COOTBETCTBMM C HEOOXOAMMbBIMY NapaMeTpaMmn n MMEET LUMPOKNA Anana3oH HacTpanBaemomn
CKBaXXHOCTMW.

TokosagatoLas Lenb, Kak NnpaBuno, MeeT B cBoel cxeme 3-5 pe3nctopoB, BbICOKOM
TOYHOCTU (He MeHee 1%) 1 Manoun pacceMBaemMon MOLLHOCTU, Npu pa3paboTke co6CTBEHHOMO
MCTOYHMKA MUTaHus, Obinu BbiOpaHbl 5 NPEUn3noHHbIX PE3NCTOPOB, pPacCcenBaemomn
MoLLHocTbio 0,125BT, n HoMMHanbHbIM conpoTmerieHnem 1,80m 1 10kOm [5].

PacueT u BbIOGOP MOTOYHbIX U3genun.

Mpwn pacyeTe CMNOBOro TpaH3UCTOpPa UCMOSNb3yeTCs HECKOSTbKO METOANK, HO OCHOBHAs
— 3TO Noakrto4veHne TpaHancTtopa kK CHabbepHoM Lenu, YTo NO3BONSAeT COKPaTUTbL NapasnuTHoe
conpoTuBrnieHne M emkoctb ESR-napameTpa, a Takke NO3BONSeT Crnagutb LWyMm OT
MUKPOCXEMbI M CUNOBLIX BbIXOAOB TpaHcopmaTtopa, ocuuniorpammMa BbIXOAHbIX CUrHaNoB
npeacTaBrieHa Ha puUcyHke 2 [6].
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PucyHok 2 — OcumnnorpaMmma napameTpoB TOKO3adatoLLen Lenu

OcHoBHasA 0COOEHHOCTb U CIOXHOCTb NPOEKTUPOBaHMS Brioka NUTaHUs 3akroyaeTcs
B aganTtauMM [OaHHOro YCTPOWCTBA, MOA4 CBOWM TUM Harpy3kM, a WMMEHHO BO3MOXHOCTb
COBMELLEHNSI BbIXOAHbLIX NOMEX MynbCauui U CKBaXHOCTWM YCTPOWCTBA, 3NIEKTPOMarHMTHOWM
COBMECTMMOCTU, YTo AobaenseT cneundunyeckme TpedboBaHUsi NPU TPACCUPOBKU MeYaTHbIX
nnar, AaHHble napamMeTpbl BUSAIOT Ha pacyeT Lenu CMnoBoro TpaHsucTopa [7].

Mpwn BeIBOPE CMOBOro TPAH3UCTOPa HEOHXOAMMO YYUTbLIBaTL CKOPOCTb CpabaThiBaHNA
Kntova, TemnepaTtypy HarpeB (BO3MOXHOCTb UCMNONb30BaTh «MOMIMIOH» Ha neyYaTHOW nnarte u
pebepHbIN paguaTop), Tak Kak ynpasnsiowmi CMrHan ¢ CUOBOro TpaH3ucTopa Hanpsmyio
BnusieT Ha WNM-koHTponnep (mukpocxemy UC3843). Tak xe MOXHO BUAETb, YTO 3HAYEHMe
LM B cxeme coctaensieT 5B £ 0,5B, uto siBngetcs onTumanbHbiM Anst paboTbl B CEMNbCKOM
XO3FMCTBE, TaK Kak TaM O4YeHb 4acTO MMEEeTCs arpeccuBHas cpepa (BMaxHOCTb, peskue
nepenagbl TemnepaTypbl). Ho He cTouT 3abbiBaTh, 4YTO AManasoH 3anycka MUKPOCXEeMbl
HaxoauTbcA B AnanasoHe 7,6-8,4B [8].

Llenb ranbBaHM4eckon pas3BA3kM BkNOYaT B cebs ontonapy TPaH3UCTOPHY W
TpaHcgopmaTop, oba aTUX YCTPOWCTBA ranbBaHWYECKN pasBA3biBalOT OOLLYO CXemy, 4TO
no3sonseT obecneynTb JOMNOMHUTENBHYIO 3almTy ycTpomrcTea [9].

Ctout obpatntb BHUMaHMe Ha To, YTO TpaHcopmaTop nmeeT 3 0OMOTKM, @ UMEHHO,
NepPBUYHYIO, BTOPUYHYIO WU BCNOMOTraTesnbHYH0, C NMOMOLLBIO KOTOPOW MPOUCXOAUT MUTaHue
MMUKPOCXEMBbI, 8 pabounii LMK onTonapbl TPAH3UCTOPHOWM NpeACcTaBrieH Ha ocuuniorpamme,
PUCYHOK 3.
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PucyHok 3 — Ocumnnorpamma napameTtpoB paboTbl LUNM-koHTponnepa

Mcxooa w13 napameTpoB ocuunfiorpaMmbl  crieayet BbiBO4, YTO B MOMEHT
cpabaTbiBaHMsi onTonapbl TpaH3ucTopHown, LUM-KoHTponnep, oTKpbIBAeT BbIXOAHOW KaHar.

3aBepwarowMm aktopoM Npyv MNPOEKTUPOBAHUM Ofoka NUTaHus, SBNSieTCs LUerb
BbIXogHoOro cpunbtpa. OCHOBHBIMW KOMMOHEHTAMW, NMPUMEHSEMbIMUA B PUNbTPe BbIXOOHLIX
nomex, sasndawtca SMD (YNI) kongeHcaTopbl, 4alle Bcero Kepamudeckue, B 2 pasa
npeBbILLaloLLIME 3HAaYEHNE BbIXOAHOMO HanpsbkeHus (No paboyemy napaMeTpy) U EMKOCTbIO He
6onee 100mk® [10].

BbiBOAbI.

N3yunB Wn3NOXEHHbIM Bbllle MaTtepuan, MOXHO caenaTb BblBO4 O TOM, YTO B
COBPEMEHHOM MMWpPE CWUIMOBOW 3JIEKTPOHUKN OCTaeTCs €elle MHOXECTBO BOMPOCOB ANS
N3y4yeHns n paspaboTKM HOBbIX CXEMOTEXHMUYECKMX N TOMONOMMYECKMX PELLEHUI, KONTIMYECTBO
METOAMK MO MPOEKTUPOBAHNIO GNOKOB MUTAHUSA HACUYUTLIBAETCS HECKOMbKO ThICSY, HO Kak
npaBuno, BO BCeX MNPUCYTCTBYIOT OCHOBHble COCTaBndAwwWMe: Uenlb YynpaBrneHus,
TOKO3adarLlasi uenb, Lernb CUITOBOro TPaH3nCcTopa, Lenb rarbBaHUYeCKON pa3Bsa3KM U LiEMb
BbIXOHOIo hunbTpa.

A TaKke NpUMeHeHNEe COBPEMEHHBIX MUKPOCXEM U KOMMOHeHTOB SMD ncnonHeHus,
MOXHO pa3paboTaTb He TONMbKO HaAeXHbI, HO WU COBPEMEHHbIN MMMYMbCHBIN MCTOYHMK
NUTaHNA, NOAXOASALLIMA MO BCEM HEOOXOOUMbIM NapameTpaM Ans poboTe3npPoBaHHOIO UK
aBTOMAaTM3MPOBAHHOMO arpPoNpPOMbILLINIEHHOrO KOMMMNeKca.

3aknoueHue.

MMNynbCHblIE MCTOYHUKM NUTaHUSA, C KaXXObIM OHEM, Haxoaat Bce Gonbluyto cdepy
NPMMEHEHUS, a WM3-3a WX HENPUXOTNIMBOCTU K OKpyXatlwen cpege U BO3MOXHOCTbLIO
MCNONb30BaHMUS KOMMNayHAaa, AalT UM BO3MOXHOCTb MPUMEHSTLCA B OTKPbLITOM BMAE Ha
MHOTMX y4acTKax Npoun3BOACTBa, Kak C arpeCCMBHOM CPeaon, Tak 1 C BbICOKMW NOKasaTensamm
3alnTbl, MOXHO caenaTb BbIBO4 O TOM, YTO CXEMOTEXHUYECKME peLleHus npu paspaboTke
npeobpasoBaTtensa HanpshkeHus AOMKHbl y4uMTbiBaTb crneaytowme akTopbl: Ananas3oH
BXOOHOrO M BbIXOAHOrO HaNpshKeHUs, W3MEHEHUS TemnepaTypbl OKpyXatowen cpenpl,
cpegHve U nukoBble nokasatenu Harpysku. [Mosbiwenune K[ yctponctea ¢ 89% o 94%
BO3MOXHO 3a CYET MOJSIHOLEHHOIro W pacLUMPEeHHOro pacyeta NpUMEeHAEMbIX KOMMNOHEHTOB
TOKO3agawLwen uenu M KX nocnegywllee NpMMEHEHME B CXemMe, a Takke Hanuume
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BCTPOEHHbIX (UNLTPOB MNOMEXONOOABEHUA W  3MNEKTPOMarHUTHOM COBMECTUMOCTU B
YCTpPONCTBeE.
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HayuHbin pykoBoguTenb: A4.7.H., npodeccop LyxaHos C.H.
'®rBOY BO bypsartckaa FCXA
20I'e0Y BO WpkyTckuii TAY

AHHOTALUA

MHHOBaUMOHHbIE pa3paboTkM CENbCKOXO3ANCTBEHHOW Hayku CMOCOOCTBYHOT Mporpeccy
arponpoMbILLUNIEHHOrO KOMMMekca. 3HauyMTenbHOe MeCTO B 3TOM acnekte OTBOAUTCSH
TeXHU4YecKomy obecrneyeHnio arpapHoro NnpomseBoacTea. bonblwon o6bem paboT B CeNbCKOM
XO35NCTBE BbINOMIHAETCHA C NOMOLLbIO aBTOTPaKTOPHON TEXHUKW. [1NA NOBbILWEHNS MOLLHOCTH
CWMOBbIX arperatoB MOOWUIbHbBIX MalUMH CO34al0T pasfNYHble TEXHOMOrMM U TeXHUYEeCcKMe
YCTPOWCTBA, Cpean KOTopbIX Komnpeccop u TypboHagays. O630p u aHanu3 nutepaTypHbIX
MCTOYHMKOB MO3BOMWM  YCTAHOBUTb OTNAMYUTENbHbIE OCOBEHHOCTM KOoMMpeccopa OT
TypboHagaysa v npuHUMn nx paboTtbl. Ocobyto akTyanbHOCTb 3TOMY BOMNPOCY NpuaaeT TPeHA
BEAYyLIMX MUPOBLIX MPOU3BOAMTENEN aBTOTPAKTOPHOM TEXHUKM MO 3aMeHe TPOMO3OKUX
aTMocdepHbIX ABUratenen Ha arperaTbl, KOTOPbIM CBONCTBEHHbI KOMMAKTHOCTb, BblCOKas
MOLLHOCTb, @ Takke 3KOHOMWYHOCTb, OCHalleHHble TypboHagayBoM NUBO KOMMPECCOpPOM.
UeTkoe MOHMMaHWe OTNNYMIA OBYX TEXHONOrMn AaeT BO3MOXHOCTb CAenaTtb NpaBuIlbHbIN
BbIGOP B NOSIb3y OAHOrO UMK APYroro TEXHUYECKOro CpeacTaa.

KNHOYEBDLIE CITOBA
ArponpoMbILLIEHHBIN KOMMIEKC, aBTOTPAKTOPHAas TEXHUKA, TypGoHaaayB U KOMMPECCop.

ABSTRACT

Innovative developments in agricultural science contribute to the progress of the agro-industrial
complex. A significant place in this aspect is given to the technical support of agricultural
production. A large volume of work in agriculture is performed using motor and tractor
equipment. To increase the power of power units of mobile machines, various technologies
and technical devices are created, including a compressor and turbocharging. A review and
analysis of literary sources made it possible to establish the distinctive features of a
compressor from a turbocharger and the principle of their operation. Particular relevance to
this issue is given by the trend of the world's leading manufacturers of motor and tractor
equipment to replace bulky atmospheric engines with units that are compact, high power, and
also economical, equipped with a turbocharger or compressor. A clear understanding of the
differences between the two technologies makes it possible to make the right choice in favor
of one or another technical means.

KEYWORDS
Agro-industrial complex, motor and tractor equipment, turbocharging and compressor.

BBepneHue. VMIHHOBaUMOHHbIE ~ pa3paboTkm  CENnbCKOXO3SANCTBEHHOW Hayku
CMOCOBCTBYIOT MPOrpeccy arponpoMbILLIEHHOro Komnnekea [2, 7, 8, 12, 16]. 3HaunTenbHoe
MEeCTO B 9TOM acnekTe 0TBOAUTCA TEXHUYECKOMY obecneyeHunto arpapHoro nponssoacTsea [1,
9, 10, 13]. bonbwon o06beM paboOT B CEMNbCKOM XO3ANCTBE BLIMOIHAETCS C MOMOLLbIO
aBTOTPaKTOPHOM TEXHMKKU, KOTOPOWN MOCBSALLEHO HEMano nccrnegosanun [14, 15, 17, 18]. [na
MOBbLILEHNA MOLLHOCTM CWUMOBbLIX arperatoB MOOMWMbHbIX MalUMH CO3[4alT  pasfnyHble
TEXHOMOMMN U TEXHUYECKNE YCTPOMCTBA, Cpeaun KOTopbiX komnpeccop n TypboHaaays [3-6,
11].

Llenb nccnepoBaHus. YCTaHOBUTb OTNMYUTENbHBIE OCOBEHHOCTM KOMMpeccopa OT
TypboHagayBa v NPUHLMM UX paboTbl.

45



Matepunanbl ¥ MeToAbl MUCCneQoBaHUA:  onpedeneHne  OTNUYUTENbHbIX
ocobeHHOCTEN  paccmaTpuMBaeMblX  TEXHUYECKMX  CpeacTB,  M3ydeHue  MpUHLMNOB
dyHKUMOHMpPOBaHMS TypboHagayBa W komnpeccopa, o0630p M aHanuM3 nuTepaTypHbIX
NCTOYHUKOB.

PesynbTaTbl uccnegoBaHus. B Hactosiiee Bpemsa HabniogaeTca TpeHn, korga
BedyliMe MUpPOBble NPOM3BOAMTENW aBTOMOOMMEN M TPaKTOPOB 3aMEHSIOT rPOMO3AKMe
aTtMocdepHble ABUraTenu Ha arperatbl, KOTOPbIM CBOWCTBEHHbl KOMMAKTHOCTb, BbICOKas
MOLLHOCTb, @ Takke 3KOHOMWYHOCTb, OCHalleHHble TypOoHagayBoM NMBGO KOMMPECCOpOM.
YeTKoe MOHMMaHWE OTNNMYMK OBYX TEXHOMOrMMM SaeT BO3MOXHOCTb CAenaTb MpaBUSbHbIN
BbIOOp.

KnioueBasa doyHkuusA.

MexaHuyeckne HarHeTaTenn-KOMnpPeccopsbl, B TOM Yncne TypOrHbl BbIMOMHAKOT OAHY U
Ty e 3afadvy — NOBbILLEHNEe MOLLHOCTW CMoBOro arperata. OcyLecTBAsSeTCs 3TO C MOMOLLbIO
NPVHYAUTENBbHOrO HarHeTaHMsa Npy 60MbLIOM 3Ha4YeHUM AaBNeHNa BO3ayxa B LMNMHAPbI, YTO
Nno3BONgaeT AOCTUYb KaK OTMNYHbIE MHAMUYECKME MoKasaTenM MalluHbl, TaK U ero fyyLlyto
TONSIMBHYIO 9KOHOMUYHOCTb. OBOpyAOBaHHbIE KOMNPECCopamMmn Unu xe TypbuHamun cunosble
arperatbl 3Ha4YUTEeSbHO NMOBbLILLAKT NPON3BOANTENBHOCTD, @ TAKKE yryyllaeTcs UX JUHaMu1Ka,
B TOM YMUCIe HET HEOOXOAMMOCTN B MHOTONIMTPOBbLIX ABUraTenNsX.

KniouyeBble oTnuumMa TypbrvH OT KOMMPECCOPOB 3akmyarTcsa B WX NpUHUMUNE
dyHKUMOHMpPOBaHMS. JlonaTku TypObuHbI CMOHTUPOBAaHLI Ha Bbinycke. [pu dyHKUMOHMPOBaHUK
ABuraTens Ha MMHMMarbHOW YacToTe BpaLlEeHWs KoneHBana HagayB He paboTaeT, kak TONbKO
3Ha4YeHne obopOTOB B MMHYTY MoTopa npesbiwaeT 3000 BcTynaeT B 4ENCTBME HAarHeTaTernb,
3HaAYMTENbHO YBENMMYUBAOLNIA MOLLUHOCTb CWUMOBOrO arperata. Torga Kak MexaHudecKun
HarHeTaTenb KOMNPeccop noslydaeT NpMBog OT KOfleHBana nocpeacTBOM LIEMHOW nepedayn,
B 9TOM CBSI3M OH HauymHaeT paboTaTb cpa3y nocrie 3anycka ABuraTtens, 4to He AonyckaeT
Takoro siBNeHns kak typbosima.

HecmoTps Ha TO, YTO TEXHOMOMMA HagayBa M KOMNPECCopoB Obinn N306peTeHb! eLle B
NPOLLSIOM CTONETUN LLUNPOKOE pacnpoCTpaHeHNe OHU NOMYYMnN TONBbKO B HAcTosLLee BpeMS.
CaoepxvBalowmmmn daktopamn 13 pas3BuUTMS ObiNK Nnoxas HageXHOCTb Y3MOoB, a Takke
npobnemsbl C 3KcnnyaTaumen CUNoBbIX arperaTos.

Komnpeccop

Komnpeccop npeactaenser coboil MexaHW4Yeckuin HarHeTaTenb, MOHTUPYEMbIA B
HenocpeAcTBeHHoW 6nm3octn ot moTtopa (puc. 1). MpuHUKUN ero yHKUNOHMPOBAHUS MOXET
OblTb BUHTOBbLIM, NGO LIEHTPOBEXKHBIM, KPOME TOrO, POTOPHbLIM.

WKHB
Belyuiana wecrepHA

BenoManA WecTepHA
poTopa

BHYTpEeHHAA
MacnaHan

wecrepHAa

PucyHok 1 — O6wmn Bna komnpeccopa
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OcCHOBHOE NOMOXMTENbHOE Ka4eCTBO KOMNpPeccopa COCTOUT B TOM, YTO OH paboTaeT
Ha NOCTOSIHHOM OCHOBE, 8 MMEHHO MOLLHOCTb CUIOBOWA arperaT nofly4aeT Ha Bcex obopoTax
KorNeHBana, YTo He JonyckaeT npoBarsbl Npu pasroHe MobunbHOro cpeacTea. B HacTosiwee
BPEMSI KOHCTPYKLMSI 3TUX TEXHUYECKUX YCTPONCTB NpeTeprena 3HauuTenbHbIE YIyYLLEHMS U
Kak crneacTBue NoBbICMNACh MX HAOEXHOCTb, B TOM YMCIIE YNPOCTMIOCh 06CyXMBaHME.

Mo NpuYMHE TOro, YTO MO CBOEW KOHCTPYKLUMM KOMMPECCOPbl MPOCTble MX MOXHO
MOHTMpPOBaTb Ha yXKe aKchnyaTupylowmecs atMocdepHble pauratenn. He cnoxHo
NPUCNocobuTb PasnnYHble MeXaHU4Yeckne KOMMNPeccopbl Ans pasHbIX CUMOBbIX arperaTos.

MonoxutenbHble U oTpuuUaTeNlbHble CTOPOHbI. K MOnoXuTenbHbIM CTOPOHaM
CUINOBbIX arperaToB, 060pyA0BaHHbIX MEXaHUYECKMMM KOMMNPECCopaMm, OTHOCATCS:

1. pWCK neperpeea MUHUMAareH;

2. KOHCTPYKLUMS He HyXOaeTcss B [OOMOSHUTENbHOM CMasblBaHMM, a Takke
oxnaxgeHuu;

3. ncknoveHa Typbosama;

4, HECNoXHoe YCTPOMCTBO 0OnagaeT BbICOKOM HAOEXHOCTbO M 6onblinm
pPEeCypCcoM.

OTpuuaTenbHOM CTOPOHOWN SBNSAETCS HEBbICOKAsi MPOM3BOAUTENbHOCTb. YCTaHOBKa
CTaHOapTHbIX Moenen AaeT BO3MOXHOCTb noBbicuTb KI1[ cunoBoro arperata Bcero B
ananasoHe ot 10 oo 15 %. JlMwb nNpMMeHeHMe MOLLIHOIO LIEHTPOBOEXHOro kommpeccopa
no3BongeT [OCTUYb YBEnuyeHuss MOLHOCTM MoTopa B npegenax ot 40 go 50 %.
Komnpeccopbl B 3TOM acrnekTe yctynatT TypbuHam, koTopble MoryT Gonee 4yem B 2 pasa
NMOBbLICUTb MOLLHOCTb ABUraTerns.

Typ6buHa. TypboHagoyB sBnsieT coGOM  BbICOKOTEMMNEPATYPHBLIN  MEXaHUYeCKUi
HarHeTaTenb, KOTOPbIN PYHKLUMOHMPYIOT 3a CYET MCMOSb30BaHUS 3HEPTUN BbIXITOMHLIX ra30B
(puc. 2).

PucyHok 2 — O6wmn Bug TypbuHbl

TexHuyeckoe YyCTPONCTBO COCTOUT U3 ABYX YacTen: XONOgHON U ropsyein, KoTopble He
TONbKO packpy4MBaloT fonaTkM, HO Takke obecneymBaloT HarHeTaHwe non OaBrneHVeM
BO34yxa B MoTOp (puc. 3).
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IlapukonoguMnHuek Bana Mopaua TypbuHHLIi# xay3uHr

3anHAR NnactvHa
KOMMpeccopa

TypbuHHoe Koneco
(npeobpazyeT sHepruio

KomnpeccopHoe

Koneco
(cxuraet Bo3gyx BLIXMOMHLIX ra308
OnA Nogayd B B 3HE[THIO BpaLLEHWA Bana
ABWraTenk) OnA NpMECAA KoMnpeccopa)
KormnpeccopHbii

Kopnyc ueHTpansHoro

KapTpuoxa
Cnue macna

PucyHok 3 — KOHCTpYKTUBHOE YCTPONCTBO TypOUHbI

BbIxnonHble rasbl NPOXoaaT No ropsyen YyacTun, YTO NPUBOOUT B AEVCTBUE XONOAHYIO
YyacTb. 3Ha4YeHMe 4YacToThbl BpalleHus KpbinibvaTkn moxeT gocturate 10000 n 6onee obopoToB
B MUHYTY. OTO AaeT BO3MOXHOCTb [[00OMTbCSA MNpeaenbHO BO3MOXHOMO AaBreHus npwu
OCYLLLEeCTBIIEHUN npoLecca Brycka, YTO CMOCOOCTBYET 3HAYUTESNbHOMY YBENMYEHUIO
MOLLHOCTM CUIOBOrO arperaTa.

PabotocrnocobHoCTb TypOuHLI obecneymBaeTcsl HanMunMeM y Hee Kak CMa3ovyHOWN, Tak
N oxnaxgarowen cUcTembl, CHabXXaembIXx Macnom, B TOM Ynucne aHTUpr3om 13 asuraTens.
MprmeHeHne TypOUH NoBbILAET MOLLHOCTb CUITOBOro arperaTta Ha 6onee 4yem 40 %. Mpu aToMm
HE W3MEHSIIOTCS Ka4YeCTBEHHbIE TOMSIMBHO-OKOHOMUYECKME XapakTEPUCTUKM Yy MOTOPOB
Hebonbworo obbvema. CoBpeMeHHbIM TypOMHaM CBOMCTBEHHbI Manble rabaputbl, 4TO
obneryaeT pasmeLleHne ux B OrpaHN4eHHOM NPOCTPAHCTBE NOo4 KanoToM.

MonoxuTtenbHble U oTpULUaTefibHble CTOPOHbI.

3HaunTenbHoe yBenuYeHne MOLLHOCTW ABUratensi npeacraBnsietr cobon OCHOBHOE
NPeMMyLLECTBO NPUMEHEHUS TYpPOUHbI. [1pn 3TOM HE CHWXAKTCHA TOMSIMBHO-3KOHOMUYECKME
nokasatenu cunoBoro arperata. KoppekTHbin nogbop TypObuHbl B COOTBETCTBMM C TUMOM
MoTopa obecneumBaeT GecnepebonHoe yHkumnoHnposaHmne asuratena 300 000 u Gonee
KnnomeTpos npobera.

K oTpuuatenbHbiM CTOpPOHaM OTHOCUTCA Hanuuve addekt Typbosambl: Ha
MUHUManbHbIX 000poTax HarHeTaTenb He paboTaeT M COOTBETCTBEHHO MOTOPY He xBaTaeT
MOLLHOCTU AN CBOEBPEMEHHOrO0 YCKOpeHus. Takke MMeeT MecTo ObiTb MNOBbiLEHHas
Harpyska Ha cunoBow arperart. [103ToOMy 3TU TexXHUYecKkue ycTponctea TpebyloT Kk cebe
NOBbILLIEHHOr0 BHUMaHWSI.

3akntoyeHume.

TypboHagaoyB Takke, Kak M KOMMPECCop MpPeAcTaBnsloT cobon mexaHudyeckme
HarHeTaTenu, oTnuyalLwmecs Apyr OT Apyra NpUHUMNOM (OYHKUMOHMPOBaHUS. 3agava,
KOTOPYKO OHM BbIMOMHAKT COCTOMT B YBENWYEHWM MOLLHOCTU CWMOBOro arperarta, C
COXpaHEHNeM TOMSIMBHO-IKOHOMUYECKNX XapakTepucTtuk. OTnuune wux wmexgy cobon
3akntovaeTca B npuHumne paboTbl. Komnpeccop nony4aeT npuBoA OT KOMeH4YaToro Bana
ABuratens Ha [MOCTOSIHHOW OCHOBe, Toraa kKak TypbuHa QyHKUMOHMPYET 3a cyeT
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MCMNONb30BaHMSA 3HEPrnM BbIXIIOMHBLIX FA30B U MOAKMKYAETCS B AEWCTBME MPU 3HAYEHUN
YacTOThl BpaLlleHus1 koneHearna B MyHyTy oT 2500 go 3000.

Bubnuorpadcwus:

1. bopogunH C.I., XabapanH B.H., Xabapgun C.B., Yybapesa M.B. Pesynbrtathl
aHanus3a MeToOoB UCMbITAHUW TPAKTOPHbIX ABUraTtenen npu onpegeneHnn nx mowHoctu //
BecTtHuk MplfCXA. 2012. Ne 51. C. 111-117.

2. Cabue Y.K., JlucaHos B.B., lampan [1.A. OOocHoBaHMe pauLMOHarbHbIX
napameTpoB 6e3BOAHOro ouncTUTEns kopHeknybHennonos // TexHuka n obopygoBaHme onsi
cena. 2014. Ne 6. C. 14-16.

3. Kpoxta TI'.M., WBaHHukoB A.B., lpoHuH E.A. TlloBbliweHne adekTUBHOCTU
CaMOXOAHbIX MalUMH B 3VMHWUIA Mepuog aKcnryatauun nyTem BTOPUYHOIO MCMOSb30BaHWUA
OpocoBon TennoTbl Asuratenst // BecTHWMK AnNTanckoro rocygapCTBEHHOIO arpapHoro
yHuBepcuteta. 2014. Ne 4 (114). C. 127-133.

4. Kpoxta I'.M., NBaHHukoB A.B., MpoHnH E.A. BTopn4yHoe ncnonb3oBaHne 6pocoBom
TEeNnnoTbl ABUratens Ans onTMMmnsaumm TeNNOBbIX PEXUMOB B arperatax CaMOXOAHbIX MaLUuH
/I TpakTopbl K cenbxo3amawnHbl. 2015. Ne 4. C. 17-22.

5. NactoukmH O.M., Megsko A.A. TlyTM MOBbLIWEHNS CKOPOCTHbLIX XapakTepuCTUK
aBTomobunsa // AnbTepHaTMBHbIE WCTOYHWKMA JHEPrMM B TPAHCMOPTHO-TEXHOSNIOMMYECKOM
Komnnekce: NpobnemMsl 1 NepCcnekTnBbl paunoHansHoro ncnonbs3osanus. 2017. T. 4. Ne 1(7).
C. 198-201.

6. Antyxoe C.B., LLlyxaHoB C.H. NccnegoBaHue TennoobmeHa Koprnyca pacnbinntens
dopcyHkn ¢ Tonnmeom // BecTHuk MplFCXA. 2017. Ne 80. C. 54-61.

7. Capos B.B., CopokuH C.A. MNoBbiweHne 3¢hHeKTUBHOCTU MOSIOTKOBOW APOBUNKM ¢
BEPTUKAsbHbIM Banom Npu U3MesrbY4eHUM 3€pPHOBbLIX KOMMOHEHTOB // BecTHuk AnTtainckoro
rocyaapcTBEHHOro arpapHoro yHmsepcuteta. 2018. Ne 11 (169). C. 86-92.

8. CapoB B.B., CopokmH C.A. TeopeTuyeckme npeanochbsikn 0B6OCHOBaAHMWSA
pas3pyLleHnss 3epHOBOro Matepuarna pasroHHbIM ANCKOM B MOSTOTKOBOW Apoburnke // BecTHuk
AnTanckoro rocygapctBeHHoro arpapHoro yHusepcuteta. 2019. Ne 2 (172). C. 156-161.

9. benomecTtHbIx B.A., AradoHoB C.B., KyabMuH A.B. QkcnnyaTaumMoHHas HagéxHoCTb
3epHOYy6opoUHbIX KombanHoB PCM-142 «AKROS» // AkTyanbHble BOMNPOCHlI MHXEHEPHO-
TEXHUYECKOro M TexHonormdeckoro obecnedenna AlMK: martepuansl VIII HaumoHanbHoM
Hay4YHO-MpPaKTUYECKON KOHEepEeHLMN ¢ MexayHapoaHbiM ydactueM «HteHus W. . Tepckux»,
nocesiieHHon 85-netuto Npkytckoro MAY. 2019. C. 20-27.

10. Monskos [.H., ConogyH B.W., WyxaHos C.H. CocTtaB n nameHeHne CTPyKTypbl
CENbCKOXO3ANCTBEHHbIX MalIWH Ans no4yBoobpaboTkm B WMpkyTckonm obnactmn // N3BecTtus
MexayHapogHon akagemum arpapHoro obpasoBanusi. 2019. Ne 47, C. 28-32.

11. Anisimov P.N., Medyakov A.A. The parameters of the off-grid power system with a
biomass gasifier engine for the autonomous power supply of forest harvesters // Journal of
Physics: Conference Series. 3. Cep. «3rd Conference «Problems of Thermal Physics and
Power Engineering» Energy Saving — Theory and Practice». 2020. C. 052015.

12. Cabues Y.K., XyauH UN.P. O6ocHOBaHWE KOHCTPYKTUBHO-PEXMMHBIX NapaMeTpoB
6e3BOAHOro ouncTuTenss KopHeknybHennogoB // BecTHUK ARTanckoro rocygapCTBEHHOro
arpapHoro yHuBepcuteta. 2022. Ne 9 (215). C. 114-119.

13. LWyxaHoB C.H., AHocoBa AWM., Xopowux O.H. UYactHas wmeToauka
3KCMepUMEHTanbHbIX MUCCnegoBaHMM PYHKUMOHMPOBaAHWS nopliHeBoro asuratena Y3AM-
331.10, ucnonbaytowero 6eH3nMH 1 rasoobpasHoe Tonnmeo // UN3Bectua MexayHapoaHOM
akagemun arpapHoro obpasoBaHus. 2022. Ne 58. C. 54-57.

14. AHocoBa AWM., WnemH TI1WN., LUWyxaHoe C.H. BnusHue napameTtpoB
AEKOMNPECCMPOBaHUSA LNMNMHAPOB ABUraTensi HA MOMEHT CONPOTUBMEHMNS CxXaTuto // BeCTHUK
BCIYTY. 2022. Ne 2 (85). C. 36-40.

15. bogsakvHa T.B., EnTowkuHa E.B., NopbyHoBa T.J1. O6 nsHoce npeumsnmoHHbIX nap
TONSIMBHOrO Hacoca BbICOKOro AasrieHnsa npu pabote gusensa // AkTyanbHble BOMNPOCHI
arpapHou Haykn. 2022. Ne 44. C. 6-12.

49



16. Capgos B.B., CopokuH C.A. WVIHTeHCcMdMKaumMa npouecca CMeluvMBaHUs
KOMOMKOPMOB B  BepTUKaribHOM LUHEKOBOM cmecutene [/ BecTHuk  AnTainckoro
rocyaapcTBeHHOro arpapHoro yHusepcuteta. 2023. Ne 4 (222). C. 86-92.

17. lWyxaHos C.H. 3aBMCUMOCTb TOMWMHbLI MACASHOrO Crod B MOALUMMIHMKAX
CKOSbXXEHUS1 OT pasHbIX yCrioBun paboTbl ABuratenen BHyTpeHHero cropaHus // N3secTtus
OpeHbyprckoro rocygapcTBEHHOMO arpapHoro yHusepcuteta. 2023. Ne 1 (99). C. 169-173.

18. WyxaHoB C.H., Bonoes l.A., Kokuesa [.E., Abugyes A.A., MNexytos A.C. UsHoC
An3enbHOro asurarens B TedeHue nporpesa // Hayka B ueHTpanbHon Poccumn. 2024. Ne 3 (69).
C. 46-52.

YK 616.037

NMPUMEHEHUE UCKYCCTBEHHOIO UHTEJIJIEKTA B PAHHEM OBHAPYXEHUN U
BOPbBE C OHKOJIOTMYECKUMU 3ABOJIEBAHUAMUA

Oypos A.C., 6akanaBp 3 kypca
HanpasneHunsa noarotoku 35.03.06 ArpovHxxeHepus.
Hay4yHbIn pykoBoguTens: K..H., goueHT Hepywesa T.B.
®Irb0Y BO Opnosckun M'AY

AHHOTALUA

UckycctBeHHbIM uHTennekT (M) — aTo ucnonb3oBaHMe mMaTeMaTUYECKUX arropuTMOB A
MMUTAUMM  KOTHUTUBHbIX CMOCOOHOCTEM 4YenoBeka W  peleHusl CROXHbIX  3agad
3[paBOOXpaHEHUS1, BKMNOYAA CIIOXHble OuonornyeckMe aHomanuu, TakMe Kak pak.
OkcnoHeHuunanbHbIn poct W 3a nocnegHee gecatuneTne CBMAETENbCTBYET O TOM, YTO OH
ABMSIeTCA  MNOoTeHUmanoHoOM nnatopMon And  MPUHATUA  ONTUMAarnbHbIX  pPeLleHui
CBEPXMHTENNEKTOM, KOraa YernioBeveckmin pasym orpaHnyeH o6paboTkom OrpOMHbIX AaHHbIX B
Yy3KOM BpeMEHHOM Anana3oHe. Pak - 3T0 CoXXHOe 1 MHOrorpaHHoe 3aboneBaHue ¢ Tbica4amu
reHeTUYECKMX U ANUreHeTUYEeCKNX BapmaLlmn.

KNOYEBDLIE CITOBA
McKycCTBEHHBIM UWHTENMEKT, MeauumHa, oHkororus, skinvision, HeunpoceTtu, rnybokoe
oby4yeHune, anropuTm.

ABSTRACT

Artificial intelligence (Al) is the use of mathematical algorithms to imitate human cognitive
abilities and to solve difficult healthcare challenges including complex biological abnormalities
like cancer. The exponential growth of Al in the last decade is evidenced to be the potential
platform for optimal decision-making by super-intelligence, when the human mind is limited to
process huge data in a narrow time range. Cancer is a complex and multifaced disease with
thousands of genetic and epigenetic variations.

KEYWORDS
Artificial intelligence, medicine, oncology, skinvision, neural network deep Learning, algorithm.

BBepeHue: VIV npegnaraeT OTNUYHbIE NPOrPECCUBHbIE BO3MOXHOCTU 4118 TEXHONOMn
MeguumHckon Busyanmsauumn (MIT) n ocHoBaH Ha BbIYUCIIMTENBHBLIX MOAENSX U anroputmax,
OCHOBaHHbIX Ha 6uouHpopmaTmke. OBblYHbIE CUCTEMbI KOMMbIOTEPHOrO pacrno3HaBaHWs
(CAD) moryT ykasbiBaTb Ha HanuymMe uUnu OTCyTCTBME CUMBOSIOB U306paxeHus, B TO BpeMs
KaK CMCTEeMbl Ha OCHOBE MCKYCCTBEHHOMO MHTENMEKTa N3BNEKalT BCE BUAMMbIE U HEBUANMbIE
ocobeHHOCTU n3obpaxeHusa ansa nonyvyeHnsa 6onee ToYHbIX pe3ynbTaTos [1,2].

OcHoBHas 4actb. B 31O cTatbe cocpegoTouuMnucb Ha TOM, 4TOOblI NpencTaBuUTb
N3MeHsoLWne npasuna urpbl B TexHonornax dyayuwiero onsa KMHWK, coeanHMB B1onoruto ¢
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MCKYCCTBEHHbIM WHTENMEKTOM, U OOBACHMTb, Kak MOMOLLb Ha OCHOBE WCKYCCTBEHHOMO
WHTEeNMeKTa NnoMoraeT OHKOMOry NPOBOANTb TOYHOE fiedeHue. Vcnonb3ysa CUCTEMHbI Noaxosn,
Ha OCHOBE WCKYCCTBEHHOrO WHTEennekra, uccrnegosaTenn MOryT COTpyOHWYaTb B pexume
pearnibHOro BpeMeHn M 0bMeHMBaTbCA 3HAHUAMU B LMpoBOM hopme, YTO NOTEHUManbHO
MOXeT UCUEeNUTb MUNINOHBI NIIOAEN.

Matepmnanbl wm wMeToabl wuccnepoBaHuA: [lpunoxeHne ana  cMapTdOHOB
«Skinvision» Ha ocHoBe anroputMma (hitps://www.skinvision.com) — 3T0 MOGUnNbHOE
NPUNOXeHMe, KOTOpoe MOXET MOMOYb MOfb30BaTENO PEerynsipHO  CaMOCTOATENbHO
NPOBEPSATbL HanMyMe paka KoXu C nomowbio TenedoHa ¢ goTorpadmen NcKycCTBEHHbIN
nutennekt (MA) n mawunHHoe obydveHme (ML) mocTeneHHO ycunmBaroT CBOE BMUSHWE B
NOBCEAHEBHOW XM3HU WU, KaK nonaratT, B Gnwkanwem Oyayuwiem oKaxyT AOMUHMpyoLLee
BNUSIHWE Ha UMPOBOE 3OpaBOOXpPaHEeHWe And AWAarHOCTUKM U neyeHus 3aboneBaHun.
TexHonornyeckne OOCTUXKEHUS B 06racTM MCKYCCTBEHHOro mHTennekta n ML nponoxunu
NyTb K @BTOHOMHbIM WMHCTPYMEHTaM AMarHOCTMKM 3aboneBaHWi 3a CYeT MCMNONb30BaHUSA
Gonblimx HAbOpPOB AaHHbLIX ONA peweHus byayuimx 3agady no BbisiBNEHWO 3aboneBaHun
yerioBeka Ha O4vYeHb paHHen cTagmm, ocobeHHo paka. ML — 9TO nogMHOXecTBO
MCKYCCTBEHHOrO WHTENNeKTa, B KOTOPOM paspabaTtbiBaloTCs anroputMbl Ha OCHOBE
HEMPOHHbIX CeTeln, Mo3BonswmMe MawuHe obydaTbCca U pelwiaTb npobrnembl, NogobHbIe
yernoBe4veckomy Mo3ry [1, 2]. B cBoto ovepeab, rnybokoe oby4yeHme (DL) — 370 NOAMHOXECTBO
ML, wumuTupytowee crnocobHOCTb 4enoBe4yeckoro Mmosra obpabaTtbiBaTb AaHHbIE,
naeHTMuumpoBaTb M300paxeHnsi, oObekTbl, OobpabaTbiBaTb NA3blkK, YNy4dlwaTb MOUCK
nekapcTs, yny4ywaTtb TOYHOCTb JleKapCTB, ynydlwaTb AMarHOCTUKY W MOMOoratb moasMm
NPUHNMATL peLleHns. ATO Takke MOXeT paboTaTth 1 npegnaratb pesynbTat 6e3 HabnogeHns
yenoseka [3]. DL moxeT obOpabaTtbiBaTb AaHHble, BKMAOYask MeAULIMHCKUE N306paXkeHusi, ¢
MOMOLLLbIO UCKYCCTBEHHON HelpoHHoW ceTu (ANN), UMUTUPYIOLLIEN HENPOHHYIO apXUTEKTYpy
yenoBeka, W COCTOUT W3 BXOAHbIX, BbIXOAHbIX [AaHHbIX W  PasfUyHbIX CKPbITbIX
MHOrOYpPOBHEBbIX CeTel AN MNOBbILEHUS BbIMUCIIUTENbHBIX BO3MOXHOCTEN MaLUNMHHOIO
oby4eHus (puc. 1) [4, 5].

Artificial Intelligence = E Precision
Programing system to perform tasks which Oncology
normaly require human intelligence
Machine Learning Drug
A subfield of Artificial intelligence L Discovery
Deep Learning Imaging &
A subfield of Machine Learning Digital
...................................... Pathology
Next 4
Generatlon
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PucyHok 1 — Anroputm npumeHeHus NN B meguumHe
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MaTHa Ha Koxe. ANropuTM MOXET onpefenaTb TEKCTYpPY, UBET U hopMy nopakeHumn
TaKk ke, Kak 9TO genaeTt Bpad. [lonb3oBaTtenu nony4awT MrHOBEHHYH OLEHKY puCKa
nopaxxeHun koxm B TedyeHme 30 cekyHA, M ObINo gokasaHo, 4To anroputm BbisBRseT 95%
CNnyYyaeB paka KOXu Ha paHHern ctaguu [3].

PesynbTatbl M obcyxaeHne. OOHako BMeELLIATENbCTBO Bpaya MoO-NpexHeMy
HeobXx0AnMO, MOCKOSIbKY Mbl HE MoxeM Ha 100% nonaraTbCH Ha anroputM. HeT comHeHun B
TOM, YTO XMPYPIUsi, XAMUOTEPANNS 1 NyyeBasl Tepanusi OCTaHYyTCA CTaH4APTHbIMU MeTo4aMu
nieYyeHns paka Ha Jonrue rogbl Bnepesa, HO B TO XKe BPeMsi CO CTOPOHbI Hay4HOro coobuectsa
pacTeT WHTepec K AanbHENEMY COBEPLUEHCTBOBAHMIO TEKYLUMX KIIMHUYECKUX CTpaTerum
6opbOLI ¢ pakoM. Iicnonb3oBaHMe BbIYUCIIUTENBHBLIX PECYPCOB U BCOMOraTenbHOM NMOMOLLN
CTaHeT OLYTUMOWN peanbHOCTblO Ana Oyaywmux KIWHUYECKUX YCNOBUWA W Npou3BeaeT
3HAUYUTESNbHYIO TEXHOTOMMYECKYHO PEBOIIOLNIO B MPOrHO3MPOBAHNN U ANArHOCTMKE Npobnem,
CBSI3aHHbIX CO 300POBLEM YENIOBEKa, B PEXMME pearibHOro BpeMeHU. WCKYCCTBEHHbIN
WHTENNEeKT no3BonsdeT usbexaTb SMOUMOHAnNbHbIX NPO6GNEM, KynbTYpPHbIX M MOpanbHbIX
ybexaeHnin n ycrtanoctn. HakoHel, VMCKYCCTBEHHbI WHTENNEKT B KMMHMKAX He O3Hadaer
BbITECHEHNS1 PagVoSIOroB U ApYyrmx MeanUUHCKUX paboTHMKOB M3 BusHeca. CKYCCTBEHHbIN
WHTENNEKT He ABMNSIETCS MOSIHOCTbIO aBTOHOMHBIM M HE MOXeT 0BONTU yyacTue YenoBeka
MCKYyCCTBEHHbIN MHTENNEKT B MEAMUMHE — 3TO HOBbIN M NOTEHUMAnbHbI MHCTPYMEHT AN
OOCTUXXEHNS onpenerieHHbIX Pe3ynbTaToB JIEYEHNA U YCTAHOBIEHUS NPABUITbHOMO AMarHo3a
Ha MakcMmaribHO BO3MOXXHOM YPOBHE.
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PucyHok 2 — lNMpouecc HaxoXaeHusa naTonoruu

NckyccTBEHHbIM UHTENnnekT, 6e3 COMHeHusi, 3axBaTun wTypmom Becb Mup. OH
HaxoauT OTKIMK BO BceM Mupe ¢ 1960-x roqos 1 NpoaosrmkaeT MeHATb NpaBunia urpbl BO BCeX
oTpacnax MeavuvHa He WCKNIOYEeHWe, OEeWCTBUTENbHO, MMEHHO OHKOMOrus aeraeT Bce
BO3MOXHOE AN pacLUMPOBKMN CIOXHbLIX anropuTMOB, Nexallmx B OCHOBe paka. 1o oueHkam,
B 2018 rogy ot paka ymepno 9,6 munnmoHa denosek [3]. bbino guarHoctnposaHo o 200
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pasnuyHbIX TUNOB paka, 1, No oLeHKaM, pak CTaHeT OCHOBHOW NpuynHon cmeptn k 2030 roay
[4]. Ons onpegeneHns aKcnpeccun reHoB Mcnonb3oBanucb pasnunyHble
BbICOKOMPOM3BOAUTENbHbIE TEXHOMOMN. TEXHONMOrMs MUKPOYMMNOB OObLIMHO MCMONb3yeTcs
Ana onpefenieHnsl reHeTUYecKon IKCMPecCcun, HO Yy Hee eCTb HECKOMbKO OrpaHvyeHun,
MOCKOJbKY OHa goporas, TpebyeT akcnepTHOro obpalleHust 1 MHTEPNPETUPYET FrEHETUYECKYIO
MHpopmaumio ¢ GonbwnmM 06BLEMOM AaHHbIX. MTak, OHKONorMm ocosHanm HeobxoouMOoCTb
MOJIEKYNAPHOM CUrHaTypbl paka Ana obHapyxeHust akcrnpeccun abeppaHTHbIX reHoB. OHM
OTCNEeXuBanuM peakumio MNauueHTa Ha fekapcTBa, a 3aTem paspabotann MeTOoAonoruu
TOYHOro BeaeHus 3abonesanus. ML Tenepb ycnelwHo npumensietca B CAlNP. MeanuunHckue
3KCnepTbl N0 BCEMY MUPY OEMSATCA CBOMMW AaHHLIMU OUArHOCTUKN U neveHunsi, a bnarogaps
NPUMNOXEHMAM  UCKYCCTBEHHOrO MHTENnekra Takas WHOPMauua MOXET XpaHUTbCA
aBTOoMaTtmyeckn (MacwrabupoBaHme B obnake). ATo NpmMBENO K co3gaHnio ATnaca onyxosnemn
[5]. VIckyCCTBEHHbBIN MHTENMNEKT B OCHOBHOM WUCMOMb3yeT ABa Noaxona, HEMPOHHY CeTb U
HEeYeTKyl0 FOrMKy Ans npeodosieHusl 4ernoBeyeckoro WHTennekra. HenpoHHy ceTb
Ype3BbIYANHO CITOXHO UHTEPNPETUPOBaTh (YEPHbIV SALWUK), TOraa Kak HEeYeTKYH JTOrMKy Nerko
nHTepnpeTnpoBatb. OQHaAKo U TO, U OpPYroe UCNonb3yeTcs MEANLMHCKUMMK SKCnepTamu ansi
ANarHoCTUKM paka MonoYHon >xenesbl [6]. Camas cnoxHaa npobnema COBPEMEHHOrO
WUCKYCCTBEHHOrO MWHTEennekra — npo3pavyHocTb MHorme anroputMbl  UCKYCCTBEHHOIO
nHtennekrta n ML, ocoGeHHO anropuTmbl rnMy0boKoro aHanmsa n3obpakeHun, HEBO3MOXHO
00BbACHUTL U MHTepnpeTupoBaTtb. [axe mnccnegoBaTtenn MM Bpayu, 3HAKOMble C 3TON
onepaumen, He B COCTOSHUM 0OBACHUTL KX [3]. Odpyrne yTBepXaatT, YTO MOCTOSHHOE
NCNonb30BaHNE WCKYCCTBEHHOro MHTennekrta u ML B neyYeHun unm narHOCTUKE MOXET
HaHeCTM Bped, MOCKONbKY MOryT MPOW3OWTW COBWIMM B pacrnpenerieHMu, TakuMm obpasom
npeanonaras, YTo uenesble AaHHble He ByayT coBnagaTb C TEKYLLMMM SAHHBIMW O NauMeHTax
M NpMBEAYT K HETOYHbIM BbIBOAAM.

BbiBoa: HeT COMHEHMI B TOM, YTO XMPYpPrusi, Xumuotepanusa n nydesas Tepanus
OCTaHyTCs CTaHAapTHbIMM MeTodaMMu NeYeHUs paka Ha Jonrve rogbl Bnepen, HO B TO Xe
BPEMSI CO CTOpPOHbl Hay4yHOro coobuwecTtBa pacTeT WHTepec K JanbHeunwemy
COBEPLLEHCTBOBAHUIO TEKYLUMX KIMHUYECKUX cTpaTermm 6opbbbl ¢ pakoM. Mcnonb3oBaHue
BblYUCNUTENBHBLIX PECYPCOB M BCMOMOraTesibHOM MOMOLLM CTaHET OLWYTUMOWN peanibHOCTbiO
Ana  6yoywmx KIMHUYECKUX YCIOBMW M MPOU3BEAET 3HAYUTENbHYH TEeXHONOMMYeCKyHo
PEBONIOLMIO B MPOrHO3MPOBAHUN WM ANArHOCTUKE nNpobnem, CBSA3aHHbIX CO 340POBLEM
yenoBeka, B pexunme peanbHOro BpemMeHn. VICKyCCTBEHHbIN MHTENNEKT NO3BONSET n3bexaTb
SMOUMOHArbHbIX Npobnem, KynbTypHbIX WM MOpanbHbIX YOEeXOEeHUWn W ycTanocTu
[7]. WCKycCTBEHHBLIN UHTENNEKT He ABMASIETCA MOMHOCTbIO aBTOHOMHLIM U HE MOXET 00onNTU
yyactme yerioseka. CKYCCTBEHHbIN MHTENNEKT B MeAUUNHE - 3TO HOBbIM U MOTEeHUMaNbHbIN
WHCTPYMEHT ANSA AOCTMXKEHUS ONpederieHHbIX pe3ynbTaToB JleYeHUs U YCTaHOBIEHUS
NpaBunbHOro AnarHo3a Ha MakCuMarnbHO BO3MOXHOM YPOBHE.
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AHHOTALNUA

PaspabotaH aBTOHOMHbIA  MOPTATUBHLIA  UCTOYHUK  3MEKTPOSHEPrMM,  CMOCOOHLIN
obecneunBaTb NUTaHME Pa3NNYHbLIX NIEKTPONPUBOPOB MOCTOAHHBIM 1 MEPEMEHHbBIM TOKOM, a
TaKKe 3apshkaTb BCTPOEHHbIE NIUTUIA-UOHHbBIE aKKYMYyISITOpHbIE BaTapeun 3a CHET BCTPOEHHOM
COMHEYHOW NnaHenm.
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ABSTRACT

The paper describes a developed self-contained portable power source capable of powering
various electrical appliances with direct or alternating current as well as charging built-in
lithium-ion rechargeable batteries due to the built-in solar panel.

KEYWORDS
Solar energy, batteries, rechargeable battery, portable charger, energy storage, energy
storage device.

Introduction. Electric energy is one of the main types of energy used by mankind.
However, most of the territories of our country are not equipped with centralized power supply
[2]. Partially, this problem can be solved by the installation of autonomous power supply
systems, as well as distributed power generation [3, 4]. At the moment, the majority of
autonomous power supply systems are based on fuel-fired power generators. The main
disadvantage of such power plants is the high price of fuel, and the cost of electricity obtained
from fuel-fired power generators significantly exceeds the cost of electricity obtained from solar
power plants [1]. Also, a significant disadvantage of fuel generators is high fuel consumption
even at low power of the connected load, which can make their use economically inexpedient

[5].

The purpose of the research is to develop an autonomous, portable, non-fuel source
of electricity, from affordable and available components, capable of storing energy, as well as
suitable for power supply to low-power loads of both DC and AC, in order to reduce the use of
fuel-fired power generators.

Materials and methods of research. To achieve the purpose of the research we have
performed technical analysis and selection of components, conducted an experiment to design
a prototype of the device and test it. To simplify the subsequent assembly of the device, we
made its schematic diagram, shown in Figure 1.
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Figure 1 — Schematic diagram of a portable autonomous power source

Results and their discussion. Within the framework of the study, we managed to
solve the task of designing a workable prototype of an autonomous portable power source
(Figures 2 and 3), capable of providing power to various electrical appliances in the absence
of centralized power supply or in case of interruptions in its operation.

Figure 2 — View o the portable autonomos bower source
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Figure 3 — Internal structure of the portable autonomous power source

The prototype device uses 18650 size lithium-ion batteries for energy storage, which
ensures high energy density and long lifetime. These batteries can provide a discharge current
twice their capacity and are widely used in electric vehicles, power tools and mobile equipment
(including on the secondary market).

Two batteries with a nominal voltage of 11.1 volts were assembled from the batteries,
equipped with BMS protection boards with a maximum board operating current of 40 amps, to
provide protection against overcurrent, overcharge, and deep discharge. The batteries were
connected in parallel with each other.
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The maximum current flowing through the BMS boards for lithium-ion battery packs
was calculated using Formula 1.

Iems =Pmax = U min (1)

Where: Pmax — maximum load power, Watts;

Umin — minimum battery voltage, Volts.

Since we used an inverter that converts the constant voltage of accumulator batteries
into an alternating voltage of 220 volts and provides power to the load with a capacity of up to
750 watts, independently disconnecting at the discharge of batteries to a voltage of 10 volts,
then the maximum current BMS: lgms =750+10=75 amps.

Instead of one BMS board capable of providing a discharge current of 75 amps, we
used 2 boards of 40 amps each, as this solution is more economically feasible.

A solar PWM controller with a maximum charge current of 10 amps was used to charge
the built-in batteries from both the built-in and external solar panels. The main characteristics
of the developed prototype are presented in Table 1.

Table 1 — Characteristics of the portable autonomous power source

Rated power of the built-in solar panel, Watts 20
Rated capacity of built-in batteries, Watts hour 400
Maximum inverter output power, Watts 750
Rated AC output voltage, Volts 220
Permissible continuous discharge current through the cigarette lighter 30
socket, Amps

Cigarette lighter socket output voltage, Volts 9t012.6
Permissible continuous charging current (through the 5.5x2.1 port), Amps 5
Permissible charging voltage (through 5.5%2.1 port), Volts 12.5t0 23
Protection against overload, overheating and short circuits Yes
Dimensions, in centimeters 46x34x15
Weight, kilograms 5.5

The advantages of such a device are its autonomy, light weight, ease of operation, the
ability to connect external power sources to charge the built-in batteries, high operating life,
the ability to be used indoors and low cost.

Conclusions. The development of this concept opens up a technical possibility to
increase the capacity of built-in accumulator batteries up to 1000 Watt hour while increasing
the weight up to 9.5 kilograms and keeping the external dimensions. Also, it is possible to
increase the size of the device with a proportional increase in the capacity of built-in
accumulator batteries and inverter power in order to increase the autonomous operation time
and power of connected electrical appliances. Thus, the developed portable autonomous
power source can become an alternative to the use of fuel power generators as a more
economical, environmentally friendly, convenient in operation, and quiet solution.
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ABSTRACT

The author investigated the effect of charge voltage on the capacity reduction of lead-acid
batteries. At a charging voltage of 101.5% of the open circuit potential, the capacity reduction
was the greatest, while at a voltage of 109.5% it was the least

KEYWORDS
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Introduction. Energy storage devices are widely used in power supply for regulation
and load balancing of consumers, in alternative power engineering [1, 3], in industrial, and
agricultural power units [2, 5]. Lead-acid batteries (LAB) are the most widespread and widely
used. The lead-acid battery, having been invented back in 1859, is still the most common type
of accumulator batteries due to its low cost, ease of manufacturing, and a well-established
method of utilization [4].

The energy performance of lead-acid batteries, and their evaluation, depends largely
on their charge-discharge mode and application. For example, renewable energy storage
requires partial charge-discharge of the battery. In automotive starting and power consumption
systems, the battery mainly operates in floating charge and shallow discharge modes. It is well
known that different charge-discharge modes affect battery wear and shorten the battery life
[6].

According to State Standard GOST R 53165-2008, the voltage of fully charged
batteries with a nominal voltage of 12 volts, after not more than 24 hours of standstill at a
temperature of 25°C, at open circuit for sealed lead-acid batteries should not be less than 12.8
volts. Since such a lead-acid battery contains 6 accumulators, the open circuit voltage of a
single accumulator shall not be less than 2.13 volts.

A charging voltage of 2.3 to 2.4 volts is recommended for charging a battery with a
nominal voltage of 2 volts. For a deeply discharged battery it is acceptable to charge with a
higher charging voltage of 2.5 to 2.7 volts. Charging with a higher voltage is accompanied by
active electrolysis, which leads to crumbling of the active mass of the plates and battery failure
[6].

Despite the large number of studies on different charging modes, the effect of charging
voltage on battery performance needs further investigation. This paper is devoted to the study
and analysis of the effect of reduced charging voltage (below the recommended charging
voltage of 2.3-2.4 volts per battery, but exceeding the battery open circuit potential of 2.13
volts, according to State Standard GOST R 53165-2008), on the characteristics of batteries
and their service life.

The purpose of the research is to evaluate the effect of charging voltage on capacity
reduction of lead-acid batteries.

Materials and methods of research. Six sealed lead-acid batteries manufactured by
the AGM technology with a nominal capacity of 5 amp-hours (Ah) and a nominal voltage of 6
volts were used in this work. Each battery consists of 3 batteries with a nominal voltage of 2
volts. The batteries under study were divided into 3 groups, with 2 batteries per group.

Based on the requirements of State Standard GOST R 53165-2008, the voltage of a
fully charged battery with a nominal voltage of 6 volts, after not more than 24 hours of standstill
at a temperature of 25°C, at open circuit for sealed lead-acid batteries should not be less than
6.4 volts. To evaluate the effect of reduced charging voltage on the performance of lead-acid
batteries, the charging voltage of batteries with a nominal voltage of 6 volts should exceed 6.4
volts but be less than 6.9-7.2 volts [6].

The studies were conducted at these values of charging voltage: for the first group of
batteries, 6.5 volts (101.5%); for the second group, 6.75 volts (105.5%); and for the third group,
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7 volts (109.5%).

To charge the batteries, the device "Kulon - 715d" was used. The initial charging current
equal to 0.5 amp was selected based on the recommendation of the battery manufacturer. In
the process of charging the batteries with a current equal to 0.5 amp, when reaching the
specified charging voltage at the battery terminals (respectively for the groups: 6.5, 6.75 and
7.0 volts), the mode of charging at constant current automatically changed to the mode of
charging at a constant (specified for this group) charging voltage. Charging was stopped in 10
minutes after the current decreased to zero, according to the device display.

To determine the capacity reduction of the batteries, they were discharged using the
electronic load module "WEL3005". Before starting the tests, all 6 batteries were fully charged
at the specified charging voltage for each group. In the first cycle of tests, the batteries were
discharged with a current of 0.25 amp until the voltage dropped to 5.25 volts at the battery
terminals and their actual capacity was measured in amp-hours, according to State Standard
GOST R 53165-2008. In the next eight cycles, the batteries were charged to the specified
group charge voltages, and then discharged with a current of 0.25 amp to a voltage drop to 6
volts, without measuring the capacity of the batteries. In cycle 10, after charging, the batteries
were discharged until the voltage dropped to 5.25 volts, i.e., the tests were performed similarly
to the tests in the first cycle.

Results and their discussion. According to the results of the tests in the 1st and 10th
charge-discharge cycles of the batteries, in accordance with the measured actual capacities
of the batteries, Table 1 was compiled for each of the three groups of batteries, and the
average capacities (Ah) were calculated, at charging voltages of: 6.5 volts (101.5%); 6.75 volts
(105.5%) and 7 volts (109.5%), respectively.

Table 1 — Decrease of battery capacity after ten charge-discharge cycles and charging
voltages lower than recommended by the batteries instructions

Cycle Capacity (Ah) of the Capacity (Ah) of the Capacity (Ah) of the
No. battery when charged at | battery when charged at | battery when charged
6.5 volts (101.5% of open | 6.75 volts (105.5% of open | with 7 volts (109.5%
circuit voltage) circuit voltage) of open circuit
voltage)
LAB No.1 LAB No.2 | LAB No.3 LAB No.4 LAB No.5 | LAB No.6
1 4.93 4.95 4.93 4.96 4.92 4.94
10 4.33 4.37 4.44 4.48 4.61 4.64
Cycle Average capacity Average capacity Average capacity
No. of the batteries of the batteries of the batteries
No.1, 2 (Ah) No.3, 4 (Ah) No.5, 6 (Ah)
1 4.94 4.945 4.93
10 4.35 4.46 4.625

According to the average values of the battery capacity, we determined the reduction
of the battery capacity:

AC=C1-C10; (1)
and degradation of battery capacity, in %:
D, =5~ 100% (2
C

Where C;, Cq are the average values of the batteries capacity determined,
respectively, in the 1st and 10th charge-discharge cycles of the batteries.

The results of calculations: capacity reduction AC (according to formula 1) and
degradation of battery capacity De (according to formula 2), depending on the value of reduced
charging voltage, relative to the recommended by the batteries operating instructions are
presented in Table 2.
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Table 2 — Characteristics of batteries after ten charge-discharge cycles and charging
voltages lower than recommended by the batteries operating instructions

LAB Average reduction of | Average reduction of | Average reduction of
metrics | batteries capacity Ah, | batteries capacity Ah, | batteries capacity Ah,
when charged at 6.5 | when charged at 6.75 when charged at 7
volts (101.5%) volts (105.5%) volts (109,5%)
AC, Ah 0.59 0.485 0.305
De, % 11.94 9.81 6.19

According to the measured and calculated average values of the batteries capacity in
the 1st and 10th cycles (table 1), graphs of the change in the batteries capacity were plotted
(Figure 1).
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g 48
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o) * volts
5
/m 4,6
45 == Charge up to 6.5
' volts
4.4
4,3
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Number of charge-discharge cycles

Figure 1 — Variation of battery capacity (with nominal capacity of 5 Ah), at different charging
voltages

Conclusions. Based on the results obtained, it can be concluded that at low charging
voltage, the capacity of rechargeable batteries decreases rapidly. When the charging voltage
increases, on the contrary, this trend decreases. It can be assumed that the decrease in battery
capacity at low voltage charge is due to plate sulfation.

At the same time, it can be assumed that when the charging voltage is increased,
electrolysis is more active, which contributes to the mixing of the electrolyte, and the gas
bubbles formed as a result of electrolysis destroy the sulfate particles and separate them from
the battery plates, which reduces the intensity of the initial capacity loss of the battery.

To improve the performance of the battery, it is necessary to charge the battery at a
charging voltage higher than the fully charged battery voltage recommended by State Standard
GOST R 53165-2008. This minimizes the reduction of the battery capacity and increases the
number of charge-discharge cycles allowed.
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ABSTRACT

The article discusses the prospects and advantages of using drones in precision agriculture.
The technological capabilities of drones, such as field monitoring, distribution of fertilizers,
chemical protection, and irrigation management are analyzed.

KEYWORDS
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Introduction. The use of drones in agriculture has undergone significant development
over the past decades, evolving from a novelty to an indispensable tool for precision
agriculture. Modern agrodrones have a wide range of functionalities that allow agricultural
enterprises and farmers to improve production efficiency and reduce costs. This important area
of agricultural development not only provides new tools to monitor and manage fieldwork, but
also helps to optimise the use of resources such as fertiliser, water and crop protection
chemicals.

The aim of the paper is to study the role of drones in agriculture, their capabilities and
advantages, and the prospects for further development of this technology in the context of
precision agriculture.

Material and methods. The article is based on a generalised analysis of literature
sources, expert feedback and existing practical examples of drone use in the agricultural
sphere. Thus, the research methods in this article can be characterised as analytical and
review.

Results and Discussion. Various types of drones are used in agriculture, including
multirotor and fixed wing drones.

Multirotor drones are quadrocopters or octocopters that are highly manoeuvrable and
have the ability to hover steadily in place Fixed wings, resembling small aircraft, are
characterised by a longer range and the ability to fly long distances without recharging
batteries. Both types of drones can be equipped with various sensors and cameras to collect
data on fields and plants.

Modern technology allows drones to automatically detect and classify objects on the
ground, such as plants or crops. Drones can be equipped with thermal imagers to detect
changes in plant temperature, allowing them to identify crop or disease problems. Some
drones are equipped with multispectral cameras that can record not only visible light but also
infrared radiation, providing additional information on plant health. To monitor soil parameters,
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drones can be equipped with sensors that measure moisture levels, pH and nutrient content.
Also, some drones are capable of monitoring atmospheric parameters such as air temperature
and humidity. Some drones have the ability to accurately distribute fertiliser or chemical
protection products, optimising their use and reducing pollution. Drones can be equipped with
communication systems to transmit real-time data to farms or control centres.

Some drones have the ability to accurately distribute fertiliser or chemical protection
products, optimising their use and reducing pollution. Drones can be equipped with
communication systems to transmit real-time data to agricultural enterprises or control centres.

Drones can also be used to protect and monitor agricultural areas from poachers and
illegal logging.

Through the use of GPS and autopilot systems, drones can fly autonomously along
predetermined routes, ensuring uniform field coverage. Some modern drones have vertical
take-off and landing capabilities, making them easier to use in confined or uneven areas. To
operate in low visibility or at night, drones can be equipped with lighting systems or night video
cameras. To improve safety and reduce the risk of accidents, some drones have automatic
collision avoidance systems.

One of the main functionalities of drones is aerial photography, which enables the
creation of high-resolution maps and field images, such as 3D terrain models, to better analyse
field structure and optimise field use.

Advances and improvements in drone technology continue to open up new
opportunities for agricultural applications, making them an increasingly integral element of
precision farming.

The main components and equipment of drones for the agricultural industry include
various technical elements specifically adapted for agricultural applications. An important
component is a camera capable of high-resolution aerial photography and equipped with
specialised filters to collect plant health data. In addition, drones for the agribusiness industry
are usually equipped with GPS receivers and autopilot systems for precise positioning and
automatic flight control. Sensors to measure soil, moisture and temperature parameters are
also important equipment, allowing for more accurate analyses of field and plant health. Finally,
some drones can be additionally equipped with systems for precise distribution of fertilisers or
chemical protection products, providing even greater efficiency in agriculture.

The use of drones in precision agriculture offers a number of significant advantages.
One of the key benefits is the ability to monitor and survey fields with high accuracy and
efficiency. Drones can quickly and thoroughly scan the entire field, identifying problem areas
and abnormalities in plant growth. Using specialised cameras and sensors, drones can detect
problems invisible to the naked eye, such as water shortages, diseases or insufficient soil
fertility. This information allows agricultural businesses to respond quickly to problems and
take targeted action to improve crop health. Drones also help optimise the use of resources by
allowing efforts and resources to be focused on specific areas that require special attention. In
addition, drone monitoring provides a wider view and greater coverage of fields that may not
be available with traditional surveillance methods. As a result, the use of drones in monitoring
and surveying fields significantly increases the efficiency of agricultural production and
improves crop yields.

Another example of an effective approach to optimising agricultural production
processes is the distribution of fertilisers and chemical protection products using drones. One
of the main advantages of this approach is the ability to accurately apply fertiliser and
protection products according to the needs of specific areas of the field. Drones are equipped
with systems that can recognise and differentiate different areas of the field according to their
condition and needs. This minimises the unnecessary use of fertiliser and chemical protection
products, which in turn reduces costs and environmental impact. In addition, drones contribute
to resource efficiency by providing more uniform coverage of the field with the necessary
substances. Accurate distribution of fertilisers and chemicals also saves time and resources
for agricultural companies, as it eliminates the need for repeated treatments and adjustments.
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With the ability to programme flight routes and automatically distribute inputs, drones
significantly reduce the time spent on agronomic operations.

Another benefit of drones in precision farming is moisture monitoring and irrigation
management. Drones equipped with thermal imagers and infrared sensors can assess soil
moisture levels and irrigation needs of plants. This data is transmitted in real time to agricultural
enterprises, allowing them to make quick decisions to optimise irrigation. By analysing the data
in detail, growers can adjust the automatic irrigation systems to achieve the optimum soil
moisture level in each area of the field. This reduces unnecessary water use and improves
irrigation efficiency, which in turn increases yields and reduces costs.

In addition to monitoring and surveying fields, distributing fertiliser and chemical
protection products, and monitoring and managing irrigation, there are several other benefits
of using drones in precision farming. These are reductions in the time it takes to monitor and
manage fields and the labour required to carry out these tasks. Also important is the
improvement in data quality: drones provide high-quality data collection on the condition of
fields and plants, allowing agricultural businesses to make better-informed decisions based on
accurate and up-to-date information. With faster detection of problem areas and the ability to
respond to them in real time, the use of drones helps agricultural businesses minimise the risk
of crop losses. Importantly, drones can be easily integrated with other modern agricultural
technologies such as GPS systems, the Internet of Things and data analytics to create
comprehensive and integrated solutions for agriculture.

In the long term, the use of drones can lead to cost savings through improved
productivity and optimised agricultural production processes. Also, since precision farming
supported by drones promotes more efficient use of resources, it can help make agriculture
more resilient to climate change and other unfavourable conditions.

While there are the aforementioned advantages in the application of this technology, it
is important to note some of its disadvantages as well.

Technical limitations are a significant factor affecting the efficiency of drone use in
agriculture. One of the most critical limitations is the limited range and duration of operation on
a single battery charge, which can reduce the ability of drones to cover large areas and carry
out long missions. In addition, interaction with weather conditions, such as strong wind or rain,
can significantly limit the drone's usability and negatively impact the quality of data collected.
The accuracy of data collection also remains a challenge as some aspects, such as image
resolution or measurement accuracy, may be subject to limitations, making subsequent
analyses and decision-making difficult. Flight safety remains another important aspect, as
technical problems or malfunctions of drones can pose a danger to others. Integration with
other systems can also be a challenge, as effective interaction with other technologies and
systems in agriculture is required.

In addition, legal restrictions and regulations may limit the widespread use of drones in
agriculture by requiring compliance with regulatory requirements and restrictions. Maxim
Chizhov, CEO of Agrimax.Aero LLC, a drone development company for agriculture in Russia,
notes that the main problems of the industry in Russia are regional restrictions, inconsistencies
in regulations, and complications in obtaining airworthiness certificates for domestic drones. In
addition, there is a lack of trained personnel [3].

At the same time, Nikita Danilov, founder and CEO ofFly Drone, a developer of a one-
stop-shop system of digital services for the lifecycle of unmanned aircraft, believes that these
problems can be solved within two years (by 2026) [3].

The prospects for the further use and development of drones in the agribusiness sector
are vast and promise significant benefits for agriculture. One of the key areas of development
is improving drone performance, such as increasing the range and operating time on a single
charge. This will broaden the scope of drone applications and increase their effectiveness in
agriculture. An important aspect of development is also the improvement of the quality of
collected data and algorithms for their processing, which contributes to more accurate
analyses of the condition of fields and plants. In the future, drones are expected to be actively
integrated with other agricultural technologies, such as autonomous tractors or artificial
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intelligence systems, which will provide additional opportunities to optimise production
processes. In addition, the development of more efficient control and monitoring systems is
expected to expand the use of drones in various aspects of agriculture, from yield monitoring
to pest control.

Results. 1. The use of drones in precision agriculture represents a promising area of
agricultural development, promising significant benefits for the agricultural sector. They are
becoming an integral part of modern agribusiness, providing effective monitoring and
management of fields, optimising resource use and increasing yields. 2. Despite technical
limitations, advances in technology and continuous innovation in the field of drones are
opening new perspectives for their application in agriculture. 3. The future of drone use in
agribusiness is linked to improved technical performance, integration with other agricultural
technologies, and further refinement of data processing algorithms. 4. Joint efforts of
agricultural enterprises, technology companies and legislative bodies will maximise the
potential of drones in agriculture and make agriculture more efficient, sustainable and
environmentally friendly.
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WCCINEOQOBAHMUE PEXXUMA YCTONYMBOIO OQHO®A3HOIO KOPOTKOIO
3AMbIKAHUA B CEJIbCKOM 3]1EI5TPI/I‘-IECKOI7I CETH 0,4 kB HA
®U3NYECKOU MOAEN

NaHc6epr A.A., MNagwmnn Hay4HbIN COTPYAHUK NabopaTopun anekTpocHabxeHus,
anekTpoobopyanoBaHMs U BO30GHOBMNSIEMOW 3HEPTETUKM.
OBIMHY ®HAL, oM

AHHOTALUA

MccnenoBaHne aBapuiHbIX PEeXMMOB paboTbl cenbckux anekTpuyeckux ceten 0,4 kB B
HacTosiLee BpeMs SIBMSIETCA akTyarnbHOW 3agadven, B CBA3N HEOOXOANMMOCTbIO onpeaeneHus
PEXMMHBIX NapamMeTpoB, KOTOPbIE MOTYyT UCMOMb30BaTbCA B KAa4eCTBe yCTaBOK cpabaTbiBaHMSA
TEXHUYECKNX CpeacTB MoBbiWeHNs 3PHPEKTUBHOCTU (DYHKUMOHUPOBAHUSA 3NEKTPUIECKNX
ceten. B pabote npeacraBneHbl pe3ynbTaTbl 3KCNEPUMEHTaNbHbIX UCCNEeSOBaHWUI pexnma
YCTOMYMBOro 04HOGa3HOro KOPOTKOro 3aMblKaHUS B CefbCKon anekTpuyeckomn cetu 0,4 kB Ha
dmsmyeckon mogenu. MNorpelwHoCTb 3Ha4YeHNss Toka 0AHOMa3HOro KOPOTKOro 3amblKaHWUs No
CpaBHEHUIO C 3akoHodaTenbHO yTBepxaeHHon metoaukon no FOCT 28249-93 «KopoTkue
3aMblKaHu1s B 9NeKTpoycTaHoBKaxX. MeToabl pacyeTa B 3N1eKTPOYCTaHOBKax NepeMeHHOro Toka
HanpshkeHnem o 1 kB» ans cxoxmx HavanbHbIX AaHHbIX cocTaBuna 3,6-6,3%, YTo no3sonsaeT
coenatb BbIBOA4 O BbICOKOW CTEMEHM [OOCTOBEPHOCTM AaHHbIX, MNofiyd4aeMblX npwu
MogenuMpoBaHun. Bbino BbISBNEHO, YTO Npwu ydaneHHocTn Ao 25% OT BbiBOAA HWU3KOMO
HanpshkeHnsa TpaHcdopmaTtopa A0 ToYkM ogHodasHoro K3 OTHOLWEHMEe HanpsbkeHust Ha
HenoBpeXAeHHbIX (hasax K HanpsbkeHUo Ha NoBpeXaeHHON cocTaBngaeT He Gonee, yem 1,5
pasa. B cBolo ouepenb, npu yganeHHoCcTM OT 75% u Gonee OTHOLWIEHWE HanpsbkeHuin
npesblwaeT 3HavYeHne 5 n 6onee pas.

KINKOYEBbLIE CJIOBA
Onektpuyeckaa cetb 0,4 kB, ogHodasHoe KOpPOTKOe 3aMblkaHue, MOAENUPOBaHUE,
dumsnyeckan mogernb, hasHoe HanpshikeHne, aBapUNHbBIN PEXUM.

ABSTRACT

The study of emergency modes of operation of rural 0.4 kV electric networks is currently an
urgent task, due to the need to determine the operating parameters that can be used as
operating settings for technical means to improve the efficiency of electric networks. The paper
presents the results of experimental studies of a stable single-phase short circuit mode in a
rural 0.4 kV electrical network based on a physical model. The error in the value of the single-
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phase short-circuit current compared with the legally approved procedure according to GOST
28249-93 "Short circuits in electrical installations. Calculation methods in AC electrical
installations with a voltage of up to 1 kV" for similar initial data was 3.6-6.3%, which allows us
to conclude that the data obtained during modeling is highly reliable. It was found that at a
distance of up to 25% from the low voltage output of the transformer to the point of single-
phase short circuit, the ratio of the voltage on the undamaged phases to the voltage on the
damaged one is no more than 1.5 times. In turn, at a distance of 75% or more, the voltage
ratio exceeds a value of 5 or more times.

KEYWORDS
Electrical network 0.4 kV, single-phase short circuit, simulation, physical model, phase voltage,
emergency mode.

BBeaeHue. B HacTodwee BpeMa MHOXECTBO paboT OTeYEeCTBEHHbIX U 3apyBexHbIX
y4YeHbIX HanpaefeHO Ha UCCnedoBaHMe aBapUNHbBIX PEXMMOB anekTpudeckmnx ceten 0,4 kB.
OT0 €BsI3aHO C HEOOXOAMMOCTLIO 3adaHnA yCTaBoK cpabaTtbiBaHus Onsa paspabaTbiBaeMblx
TEXHUYECKNX  CPeacTB, npegHasHavyeHHblX  Ans  noBblleHus  3(peKkTUBHOCTU
PYHKLMOHMPOBAHUS 3neKkTpuyecknx ceten. B yacTtHOCTM, MHOXecTBO paboT cBA3aHO C
nccnegoBaHNEM PeXnmMoB paboTbl anekTpudecknx ceten 0,4 kB.

Hanpumep, B pabote [1] nponsBegeH pacyeT CUMMETPUYHBLIX U HECUMMETPUYHbLIX
KOPOTKMX 3aMblKaHMI B kKabenbHbIX anektpudeckmx ceTax 0,4 kB ans Bbibopa HaMMeHbLLEro
3HaveHus, KoTtopoe OyaeT wucnonb3oBaTbCs B KayecTBe YCTaBkM And cpabaTbiBaHWUS
3aLUNTHOro KOMMYTaLUMOHHOIO annapaTa fno KpUTEPUIO YyBCTBUTENBHOCTMW.

AHanornyHast npobnema aktyanbHa Ans Cenbckux anektpudecknx ceten 0,4 kB.
Hanpumep, B paboTe [2] npeacTtaBneHa meToaMka pacyeTa ofgHOMasHbIX M TpexdasHblX
TOKOB KOPOTKOrO 3aMblkaHus B anekTpudeckux cetsax 0,4 kB ¢ ncnonb3sosaHmem metoga FOCT
28249-93 n npuBeeHbl npumMmepbl pacyeToB Ang nuHui 0,4 KB, BbINOMHEHHbIX NPoBOAOM A-
25, nutaembix oT TpaHcdopmaTtopos TM-160/10/0,4 kB.

B pamkax paHHOro HanpaBneHus paspaboTaHa KOMMNblOTEpHas Moaenb AN
nccnegoBaHUs BOMPOCOB 3N1eKTPobe3onacHOCTM B CENbCKMX anekTpudeckux cetsx 0,4 kB [3].
AHanorndHasa moaens cenbckon anektpudeckon cetn 10/0,4 kB B nporpaMmMHOM KoMMnekce
MATLAB Simulink npeanoxeHa B patbote [4].

B pabortax [5, 6] paccmoTpeHbl Npobnembl 3MneKTpobe30nacHOCTM B CENbCKUX
anekTpuyecknx cetax 0,4 kB, cBdA3aHHble ¢ obecnevyeHMeM YyBCTBUTENBHOCTU
aBTOMAaTMYECKMX BbIKMoYaTenen K TokaM ogHOGa3HOro KOPOTKOro 3aMblkaHus. Ha npumepe
aBTOMaTMYeckMx Bblknovatenenm cepun BA57  npeonoxeHa MeToamka — Bblbopa
KOMMYTaUMOHHOIo annapaTa B 3aBUCMMOCTM OT paboyero Toka 1 Toka KOPOTKOro 3amMblkaHUs
C y4yeToM TensnoBoro cnaga.

YenabuHcknmn yyeHbiMn B pabote [7] Ha nonuroHe [MAO «Poccetn Ypan»-
«YenabaHepro» nccnegoBaH PeXMM YCTOMYMBOrO OAHOMA3HOrO KOPOTKOrO 3aMblKaHWS B
anekTpudeckon cetn 0,4 kB. BolbpaHHasa anga ucnblTaHW ONbITHast CeTb MMeeT HeEBONbLLYIO
NpoTsKeHHOCTb (481 M) 1 BkntovaeT 2 Tuna npoeoga: CUMM-2 3x30+1x50 n AC-35. [aHHbIn
NOMWIroOH peann3oBaH B CTpaHe B €AMHCTBEHHOM 3K3eMnnsipe.

B pabGote [8] npousBedeHbl 3amepbl COMPOTMBIEHMS NeTnu asa-Hofb B
anekTpuyeckon cetn npubopom cepum MZC c¢ nocnegyrolmm KOCBEHHBIM BbIYUCIIEHUEM
OXMOAEeMOro ToKa OAHOMA3HOr0 KOPOTKOro 3amblkaHus. C  Mcnonb3oBaHWEM [aHHOMO
noaxona B pabote [9] nponsBeneHa OLeHKa YyBCTBUTENBHOCTM 3aLLUTHOrO KOMMYTaLMOHHOMO
annapata 0,4 kB Kk TOKy 0AHOa3HOro KOPOTKOrO 3amblkaHUsA M onpeferieHo Bpemsi ero
cpabaTbiBaHUSA NPy BO3HMKHOBEHUN aBapUNHOIO pexuma.

WcecnepoBaHne pexuma ogHOMa3HOro KOPOTKOro 3aMblkaHUs B 9MNEKTPUYECKOn ceTu
0,4 kB Tarke npoBoaunock Ha usmyeckon mogenu B pabote [10]. MNpun aTom nccnegosaHve
AAHHOro pexmnma Ha KOMMbITEPHbIX MOAENAX paccMOTpeHo B pabotax [11-12].

Takum o6pas3oMm, MOXHO caenaTb BbIBOA, YTO WUCCNeAoBaHWE 3nekTpUYeckux
napaMeTpoB aBapUNHbLIX PEXNMOB paboTbl cenbcknx anektTpudeckmx ceten 0,4 kB asnseTca

67



aKkTyanbHbIM HanpaeneHnem. B paHHoOM paboTe nnaHupyeTca MNpoOBECTU MCCrefoBaHWe
pexuMma yCTOMYMBOro 0gHOGa3HOro KOPOTKOro 3amblKaHUsl B CEJTbCKOW 3NIEKTPUYECKON CeTH
0,4 kB Ha dmamdeckon mogenu, Kotopasd MNO3BONUT MOMyYnTb Hamboree [OCTOBEpPHLIE
pe3ynbTaTbl N0 CPAaBHEHMIO C MATEMATUYECKMMWN N KOMMNBIOTEPHBIMW MOAENAMM.

Llenb paboTbl 3akniovaeTcs B MccrnegoBaHUM pexrma yCTOMYMBOro ogHOdasHoro
KOPOTKOro 3amMblkaHusi B cenbckon anektpudeckon cetn 0,4 kB Ha pmsnyeckon mogenmw.

MaTtepuanbl n MeToAbl UCCrefOBaHuUA.

[nsa nccnegoBaHns pexxmmMa yCTOMYMBOro 04HOa3HoOro KOpoTKkoro 3amblkaHus (K3) B
cenbckon anektpuveckon cetm 0,4 kB B nabopatopum  SneKTpocHabxeHus,
anekTpoobopygoBaHMsi 1M Bo3oOHoBnsiemon aHepretukn OIFEHY OHAL, BVM 6bina
peanu3oBaHa uamdeckas Moaenb, Ans KOTOpon Obinn 060CHOBaHbl KO3MMMULMNEHTHI
nogobuss C uUenbld COOTHOWEHUS pe3ynbTaToB MOAENUPOBaAHUA C MPOMbILIEHHBIMU
napamMmeTpamMmm C UCMOJfIb30BaHNEM METOOUKN, pacCMOTpeHHon B paboTe [13].

BHewwHun Bua paspaboTtaHHon hmamdeckon moaeny npeactaBneH Ha pucyHke 1, a ee
3aeNCTBOBaHHbIM (PYyHKLUMOHAN B OMNbiTe 0AHOMA3HOr0 KOPOTKOrO 3aMblKaHUS B CENbCKOM
anektpuyeckon cetn 0,4 kKB npeactaBneH Ha pucyHke 2.

Mogeas c¢HI0BOTO = Moneas y9acTKOB JHHAG
Tpanchopmartopa 10/0.4 kB ekTponepenaun 0,4 kB

e
| T

-
"

* Moneas ycTpoiicTBa
cexknuoHuposanns 0,4 kB

» @ -

_‘ co croponsl 0,4 kB S
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PucyHok 2 — Cxema peanusaumm onbiTa 04HO0Ga3HOro KOPoTKOro 3amblKaHuWs
Ha dom3nyeckon mogenmu
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Peanunsauma onbiTa ogHOMA3HOro KOPOTKOro 3aMbikaHWsi Ha (PU3NYECKON Moaenmu
cenbckon anekTpuyeckon cetn 0,4 kB cornmacHoO pUCYHKY 2 OCYLLECTBNSETCS CrenylLwmm
obpasom.

BknoyaeTcsa kommyTaumMoHHbIn annapat QF 1, obecneuynBatowmin nogavy HanpsxxeHns
Ha pmamdeckyto mogernb. 3aTeM NPOU3BOAMTCS BKIOYEHNE KOMMYTauuoHHoro annapata QF2,
KoTopbI obecneunBaeT nogady HanpsbkeHust Ha Mogenb cunoBoro TpaHcdopmatopa 10/0,4
kB T1. HenocpeacTBeHHO KOPOTKOE 3aMblkaHWe OCYLLECTBAETCA KOMMYTaLUMOHHbIM
annapatoMm QF6, nogknoYeHHbIM K pasHoMy nposogda A n HeuTpanbHomy nposogy N. Ha
PUCYHKe 2 KOMMYTaUMOHHbIM annapaT QF6 nogkniodeH K Hanbonee yaaneHHOW Tovke ceTu
K13, npn atom Tarke Obln peanu3oBaH psd ONbITOB MO 3aMblkaHuaM B Toukax K3-K12 wn
NPMONMXXEHMIO TOYKN aBapun K BbIBOAY HU3KOrO HanpsbkeHus TpaHcdopmaTopa T1.

PesynbTaTbl M3MepeHWA TOKOB W MOLLHOCTEW B peanu3oBaHHbiX 11 onbiTax
0AHOMAa3HOro KOPOTKOro 3amMblKaHUs NpeacTaBreHbl B Tabnuue 1.

Ta6n|/|ua 1-— I'Iapameprl MOOENIN B ONnbITax OﬂHO(ba3HOFO KOPOTKOIo 3aMbIKaHWA.

T MonHas T ConpoTtuBneHue 3arpy3ka
Ne oK MOLHOCTb otika Z no Toukn K3 | TpaHccpopmaTtopa
oAHodasHoro K3 Ha
n/n K3, A (Ik1) ogHocasHoro MOAEITH Ha mogenu, Zm, npv AaHHOM
’ K3, BA (Sk1) Om TOKe, B, %
OnbIT HEe npoBoAUIica Ans
1 | HegonyLeHNs BbIXO4a U3 CTPos K2 0 -
TpaHcopmartopa
2 2,681 56 K3 3,6 110
3 2,08 44 K4 5 86
4 1,7 36 K5 6,4 70
5 1,443 31 K6 7,8 59
6 1,248 27 K7 9,2 51
7 1,1 24 K8 10,6 45
8 0,976 21 K9 12 40
9 0,87 19 K10 13,4 36
10 0,795 17 K11 14,8 33
11 0,731 16 K12 16,2 30
12 0,591 13 K13 19,8 24

Ncxoaa v3 gaHHbIX, NpeAcTaBneHHbIX B Tabnuue 1, MOXHO caenatb BbIBOA, YTO
TONILKO B OAHOM ONbITE MNPWM 3aMblkaHUM Ha krnemme K3 ToK ogHOMdasHOro KOpOTKOro
3aMblkaHUs MOAENN Co 3HadeHnem 2,681 A npeBbICUT HOMUHAMNbHbBIN TOK OBMOTKN HU3LLEro
HanpsXXKeHUsa UCNonb3yemMoro TpaHcdopmaTopa Manon MOLLHOCTU CO 3HadeHuem 2,43 A. MNMpn
9TOM OMNbIT KOPOTKOrO 3aMblkaHUA Ha knemme K2, T.e. HenocpeaCcTBEHHO Ha BbIBOAE
TpaHcdopmaTopa Manon MOWHOCTU 6e3 CONpOTUBMEHUS NNHUMK, HE peanv3oBbiBancs Ang
HeJonyLeHns BbIXoga ero u3 CTposi.

Pe3synbTaTbl uccneaoBaHUn U UX obcyxaeHue.

C wncnonb3oBaHnemM ko3acpUUMEHTOB nogobus, obocHOBaHHbIX No Metoauke [13],
N3MEpPEHHbIE 3HAYEHMS B pexumMe ogHO(asHOro KOPOTKOro 3amMblkaHust BbINn NepecynTaHbl
Ha NpOMbIWNEHHble napameTpbl Ana TpaHcdopmatopa tuna TM-250/10/0,4 kB Y/YH wu
npoBoga A-35, TaKk Kak OHM 4€BMAKOTCA Haubonee 4acTto MpPUMMEHsIEMbIMX  ANs
9NEKTPOCHAOXEHNA ANEeKTPUYECKMX CeTen CEeNbCKOXO3ANCTBEHHONO HasHayeHus [14].
PeaynbTaThl NnpegctasneHsl B Tabnumue 2.

MMorpelHOCTb 3KCNEPUMEHTArNbHbIX Pe3ynbTaToB 3HA4YeHWs Toka OgHOMa3HOoro
KOPOTKOro 3aMblkaHUSi, NpPedcTaBlEHHbIX B Tabnuue 2, oTtHocutenbHo OCT 28249-93
«KopoTkue 3amblkaHuMs B 3NeKTpoycTaHOBKax. MeToabl pacyeta B 3feKTpOyCTaHOBKax
NepeMeHHoro Toka HanpsbkeHmem o 1 kB» ana  cxoxux HayanbHbIX  AaHHbIX
(TpaHcopmaTopa TM-250 n nposoga A-35) coctasuna 3,6-6,3%, 4TO Nno3Bonuno caenatb
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BblBOJ O BbICOKOW AOCTOBEPHOCTW pa3paboTaHHON hU3NYECKON MOLENN N ee NMPUrogHoOCTH
OIS UccnegoBaHus pexxmMoB paboThl cenbCKknx anekTpunyeckmx ceten 0,4 kB.

Ha pucyHke 3 oTobpakeHO pacrnpegeneHune HanpsbkeHun B anektpudeckon cetn 0,4
kKB npu peanusaumm onbiTa OAHOMA3HOrO KOPOTKOMO 3aMblKaHWUS COrflacHO CXeMme,
npeacTaBfeHHOM Ha PUCYHKe 2.

Tabnuua 2 — lNpombILLNeHHbIe NapaMeTpbl NPU 0AHOGAa3HOM KOPOTKOM 3aMblKaHUN B
anektpundeckon cetn 0,4 kB.

MonHasn Touka ConpoTtuBneHue PacctosiHue
Tok
Ne oaHodasHoro MOLLHOCTb K3 Ao To4ykm K3 Ha npu
n/n K3, A (Ik1) oaHodasHoro Ha BN 0,4 kB, Zo, 3aMblKaHMM Ha
’ K3, kBA (Sk1) | mopenum Om BNno4kB,L,m
OnbIT HE NnpoBoAuncs ansg
1 HeJonyLeHns BbIXo4a U3 CTpod K2 0 0
TpaHcopmaTopa (Ha mogenu)
2 570 119 K3 0,168 186
3 443 94 K4 0,233 258
4 362 77 K5 0,298 331
5 307 66 K6 0,363 402
6 266 57 K7 0,429 476
7 234 51 K8 0,494 548
8 208 45 K9 0,56 621
9 185 40 K10 0,625 693
10 169 36 K11 0,69 765
11 156 34 K12 0,756 838
12 126 28 K13 0,923 1023
350
300
250

[\
S
(=)

Hanpsoxenue, U, B
p— p—
S (V)
(e} (e}

W
)

(=]

0 186 258 331 402 476 548 621 693 765 838 1023
Touka snexTpuueckoi cetn 0,4 kB, M
U(A), B —+=U(B), B —=U(C), B
PucyHok 3 — PacnpeneneHne HanpsbkeHuin npuy peanusaumm onbita ogHO0GasHoro KopoTkoro
3aMblkaHusa B anekTpuyeckon cetn 0,4 kB

AHanornyHble 3aBUCMMOCTM BbINM NONyYEHbl N NPYU 3aMbIKaHUAX B OPYrMX ToYKax Ha
dusnyeckon moaenu npu NpuUbNMXKEHMM TOYKM aBapun K BbIBOOY HU3KOrO HanpsiKeHUs
TpaHcdopmaTopa.

B pesynbTaTe aKcnepuvMeHTarnbHbIX UCCregoBaHui ObIno BbIABEHO, YTO HE3aBUCUMO
OT YAaneHHOCTU TOYKN OAHOGA3HOro KOPOTKOrO 3aMblKaHUS B CENbCKON 3NEKTPUYECKON CETU
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0,4 kB oT BblBOga HW3KOrO HanpshKeHUs1 CUIIOBOro TpaHcdopmaTopa OTHOLUEHWEe MeXay
basHbIMK HaMNPsPKEHNAMU HEMOBPEXAEHHbIX a3 K hasHOMY HanpsXKeHUO MOBPeXaeHHON
¢a3bl ocTaeTcss Heu3MeHHbIM. Tak, Npu ydaneHHoctn Ao 25% oT BbiBOAA HM3KOMO
HanpshKeHWss TpaHcgopmaTopa A0 TOYKM MOBPEXOEHNS OTHOLIEHME cocTaBnsieT He Gonee,
yem 1,5 pasa; npu yganeHHoctn 25-50% asHble HaNpsXKeHUs HenoBpexAeHHbIX das
NpeBbILLAOT HaNpshkeHne noBpexaeHHoW gasbl B 1,6-2,4 pasa, npu yaaneHHoctn 50-75%
OTHOLLEHWe cocTaBnsaeT oT 2,5 0o 5 pas. B cBoto oyepeab, Npy yaaneHHocTn ot 75% n 6onee
OTHOLLEHNE HanpsPKEHUIN NpeBbILWAaeT 3HadeHe 5 n 6onee pas 1 Npy NPUBNAMKEHUN K TOYKE
3aMblkaHusa 6onblue Ha NOpsSAaKK, T.e. OeCATKM M COTHU pa3. [pu 3TOM B TOYKE KOPOTKOro
3aMblKaHMs HanpshkeHne NoBpexaeHHoON drasbl MPUHUMaET NoTeHumMan 3emnum 1 coctasnsaet
0 B, a HanpseHUst HenoBpeXAeHHbIX a3 Bo3pacTaloT B V2 pas.

[MonyyeHHble COOTHOLLEHMS MOTYT UCNONb30BaTbLCA AN MAEHTUUKaLMM aBapUNHbIX
pexXMMoB paboTbl CenbCkux anekTpuyeckmx ceten 0,4 kB TexHuyeckumu cpedcrteamu
NOBbILWEHNA 3PPEKTUBHOCTN IKCMNyaTaumMm ceTen, a Takke No3BONATb onpeaensiTb MecTo
NOBPEXOEHUSA N Y4aCTOK 3NEKTPUYECKOM CETU, rae NPOoM30LLO NOBpEXOEHNME.

BbiBoabI.

Mcxoaa wm3  pesynbTaToB  9KCMEPUMEHTAmNbHbIX  UCCREeAOBaHUA  YCTONYMBOTO
OAHO(a3HOro KOPOTKOro 3aMblkaHUs B CenbCcKkom anekTpudeckon cetn 0,4 kB Ha domandeckon
mMogenu 6bInn caenaHbl cnegyroLne BbIBOAbI:

1. B HacTosiwee Bpems akTyanbHbIM HanpaBfeHWeM $BRsieTCs WccrnegoBaHue
aBapuHbIX PeXXMMOB paboThbl cenbckux anektTpuyeckmx ceten 0,4 kKB ¢ uenbto onpegenexHns
XapakTepHbIX A4S HUX PEXMMHbIX NapaMeTpoB, KOTOPbIA MOTYT UCMOMb30BaTbCA B KA4ecTBe
yCTaBoOK cpabaTbiBaHUS TEXHUYECKUX CpeacTB, paspabatbiBaeMbix ANS  MOBbILWEHUS
HaOEeXHOCTU NX PYHKLNOHNPOBAHUS.

2. Bbin peanunsoBaH ONbIT YCTOMYMBOrO OAHOGA3HOrO KOPOTKOro 3aMblkaHus B
cenbckon anektpudeckon cetn 0,4 kB Ha dwmsmyeckon wmogenu, nuMtaemMom Ot
TpaHcdopmaTopa Manom MoLHoCcTU. Ero pesynbTaTtbl Obinn UHTEpPNpETUpPOBaHbl ANS
TpaHcdopmaTtopa Tuna TM-250 10/0,4 kB wn npoeoga A-35. Bbino BbISIBNEHO, 4TO
norpewHocTb oTHocuTenbHO TOCT 28249-93 «KopoTkvMe 3aMblkaHUSA B 3NeKTpOyCTaHOBKaXx.
MeToabl pacyeTa B 3neKTpOyCTaHOBKax NepeMeHHOro Toka HanpsbkeHnem o 1 kB» ans
CXOXXMX HavarnbHbIX AaHHbIX cocTaBuna 3,6-6,3%), 4To No3BonseT caenaTh BbiBO O BbICOKOM
CTeneHn JOCTOBEPHOCTU AaHHbIX, NosTlydaeMblX NpyU MOAENNPOBAHUN.

3. Bbino BbISBNEHO, YTO Npw yaaneHHocTn Ao 25% oT BbIBOAA HU3KOrO HanpshKeHus
TpaHcdopmaTopa A0 To4kn ogHodasHoro K3 oTHoLIeHME HanpsXkeHUs Ha HEeNOBPEXAEeHHbIX
dazax K HanpsbkeHW Ha noBpeXaeHHOW cocTaBnseT He Oonee, vem 1,5 pasa; npu
yaaneHHoctn 25-50% - 1,6-2,4 pasa, npu yganeHHoctn 50-75% - 2,5-5 pas. B cBoto ovepep,
npv yganeHHocTv oT 75% v 6onee oTHOLWEHWE HanpsXXeHu NpeBblllaeT 3HadeHne 5 n bonee.
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ABSTRACT

The paper is devoted to the recycling of motor vehicles. It considers foreign and domestic
approaches to the problem of vehicle recycling, presents the features of the organization of a
full-fledged system of vehicle recycling in the Russian Federation.

KEYWORDS
Recycling, automotive industry, motor vehicle, car fleet.

Introduction. The car fleet in Russia is growing by 1.6-1.8 million vehicles per year.
The experience of the world leaders shows the dynamics of annual growth of end-of-life
vehicles from 6 to 10%. In European countries alone about 12 million cars are out of service,
and if we analyze Russia, the number of such cars in Moscow alone will exceed 130 thousand
per year.

End-of-life vehicles are a form of waste, and the sheer volume of this «wastey, its mass
and the toxic substances it contains pose a serious threat to the environment.

In the advanced countries of the world, specialized companies are being established
to collect and recycle cars that have not been used for a long time, as well as to collect used
car parts. At the same time, due to the occurrence of problematic situations in the process of
car recycling, there is a certain legislative and regulatory framework regulating this process.

The purpose of the work is to analyze the use of motor transport in the Russian
Federation.

Materials and methods of research. The Russian Federation's passenger car fleet
currently stands at around 45.5 million units, with an average age of around 13.5 years. At the
same time, one million new cars were sold in 2023, which is 65% less than in 2021 before the
crisis, but 62% more than in 2022. The market will continue to grow.

However, the average age and mileage of cars vary from country to country. This
depends on economic indicators such as average gross income per capita and the number of
cars per capita, as well as government policies on car recycling. For example, the average age
of an unregistered car in Western Europe is around 14 years, while in the US and Japan it is
slightly lower at around 12 years. This is because the US, for example, has a very strict and
well-established insurance system. After a serious accident, the insurance money is paid to
the car owner, and the insurance company owns the car. if this is difficult to achieve, the
insurance company sells the car at a discount to the recycling company.

Results and discussion. For many years, the situation with end-of-life cars in Russia
has not been a serious concern for the public or the state. The number of cars in our country
is significantly lower than in other developed countries (395 cars per 1000 people in Russia,
628 in Germany, 668 in France and 908 in the USA) [1] and this trend continues to this day.
However, the situation has been changing dynamically in recent years. The total number of
cars owned and sold is steadily increasing. In addition, half of all registered and sold passenger
cars are more than 10 years old. As a result, abandoned cars, car bodies, worn and damaged
parts can be found everywhere - in yards, on roadsides, in unorganized landfills. The process
of maintenance and repair results in the accumulation of worn-out parts: tires, batteries, glass,
metal and polymer products, used oil and other materials that are, at best, thrown away.

The reasons for the current situation are as follows: the lack of a regulatory framework
in the subjects of the Federation that stimulates and regulates the functioning of the system of
recovery and disposal of end-of-life vehicles and their parts. If vehicle owners are not interested
in recycling end-of-life vehicles, then industrial organizations are not interested in collecting
and recycling end-of-life vehicles.

At the same time, the owner of an inoperable car in the Russian Federation faces a
number of inconveniences. While the immobilized car is registered with the traffic police, the
owner has to pay transport tax for it [2], buy insurance for it, pay for a parking space and bear
legal responsibility for it in case it causes damage to someone. Of course, parking in the
courtyards is free. This is true, but not for defective or abandoned cars. The owner of a
defective car can be fined for violating environmental legislation and the car can be evacuated.
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Until recently, however, the Russian Federation had a relatively profitable state
program for recycling end-of-life vehicles [3]. The project was implemented for the first time in
Russia in 2010 and has been extended every year. The essence of the project is that a car
owner who has a car older than 10 years received a special certificate in the amount of 50,000-
350,000 rubles after it was scrapped. However, the car recycling program was cancelled in
2022. The authorities decided that they had already provided enough support to dealers, car
companies and drivers. Every year they try to return to the discussion of this support measure,
but the initiative does not reach final adoption.

Until now, there have been several options for a car owner who wants to get rid of an
old car. Firstly, they can use the services of organizations licensed by Rosprirodnadzor or
authorized by the Ministry of Industry and Trade to recycle cars. The car will be disposed of
there and the owner will receive a special certificate for the traffic police. Secondly, the owner
has the right to sell the car and remove it from the traffic police register, scrap it to an
organization with a license for this type of activity, dismantle the car and sell individual spare
parts from it. Thirdly, take the car to a car dealer and get a discount on the purchase of a new
car if the dealer has an exchange program.

Conclusions. Several options can be proposed to solve this problem. One of them is
a one-off payment for the disposal of the car by the owner when he buys a new car. The most
promising and expedient mechanism seems to be the annual payment by the owner of a
special disposal tax, controlled during a technical inspection by the traffic police, and the free
admission of old cars. When the vehicle is handed over for recycling, the owner would receive
a special certificate of delivery of the end-of-life vehicle, which is necessary to stop paying the
tax. Another possible mechanism is to transfer the obligation to finance recycling to
manufacturers, who would indirectly include the cost of recycling in the price of the products
they sell.

The creation of a fully-fledged car recycling system in Russia is both realistic and
profitable. In order to achieve this, it is necessary to solve a number of problems. The most
important of these is to stimulate the economic interest of car owners in car disposal, to
stimulate the interest of the industry in recycling, and to provide federal and municipal
authorities with a regulatory framework for organizing the entire process of car recycling.
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ABSTRACT

This paper considers the issues related to the working process of a soil tillage roller.
Characteristic changes in the design of the roller and its working elements are noted. The
peculiarities of the design of the proposed soil tillage roller are presented. The main indicators
characterizing the working process of the soil tillage roller are given.

KEYWORDS
Soil tillage, roller, working process, working element, agrotechnical period.

Introduction. Rolling as a tillage technique includes harrowing, levelling and partial
mixing of the soil. However, the most important aspect of this technique is still soil compaction,
which consists of changing the mutual arrangement of the soil particles by reducing the soil
volume. At higher densities, the seed contact with the soil is better, which favors better
moistening of seeds. The higher the moisture and temperature of the top layer of soil, the faster
the seeds will germinate. At the same time, the nutrients in the seed are used more sparingly.
Sprouts appear faster, they are more uniform and stronger.

The purpose of the work was to substantiate the design of a tillage roller for pre-
sowing tillage both as part of a separate implement and as part of combined units that may
include ploughs or cultivators.

Materials and methods of research. The main working bodies for loosening, levelling
and compacting the soil of the proposed design of the tillage roller are bars, wire working
elements and cleaners.

It has been established that the disadvantage of the design of tooth loosening working
elements is the periodic winding up of plant residues, which reduces the quality indicators of
surface tillage and requires time for stops to restore the quality indicators of the tillage roller

[2].

Therefore, a new design of the working elements of the rod tillage roller in the form of
spring convex rods is proposed [5]. As the roller travels across the field, the contact with the
soil causes it to rotate. Due to the weight of the roller, spring convex rods 6 of working elements
5 penetrate into the soil and due to their elastic forces and angle of attack, they cut, destroy
clods of soil with simultaneous displacement, loosening and levelling of the field micro-relief,
as well as self-cleaning of the roller surface from soil and plant residues (Fig. 1).
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Figure 1 — Scheme of the rod-and-mesh tillage roller:
1 — axle; 2 — disc; 3 — bearing; 4 — bar; 5 — working element;
6 — rod; 7 — spring; 8 — fasteners

However, to extend the terms of spring field works it is required that the working bodies
of tillage machines can work in conditions of maximum permissible soil moisture.

The proposed design of the tillage roller is developed and made in the laboratory of the
Department of “Agricultural Machinery” of the Institute of Mechanical and Power Engineering
named after V.P. Goryachkin of the Russian State Agrarian University — Moscow Timiryazev
Agricultural Academy in cooperation with the Centre for Technological Support of Education
(Fig. 2) [1, 4].
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Figure 2 — Schematic diagram of the tillage roller:
a — front view; b — side view
1 — driving roller; 2 — driven roller; 3 — central crown gear; 4 — satellites; 5 — sun gear;
6 — driver; 7 — axle; 8 and 9 — bars; 10 — working elements; 11 — scrapers

When the tillage roller moves on the field on heavy clay soils, driving roller 1 is set in
rotation by the contact with the soil of bars 8 with working elements 10 and central crown gear
3 rotates satellites 4 around its own axis with angular speed w4. The rotation of the satellites
4 causes the rotation of movable sun gear 5, which provides the rotation of the connected
driven roller 2 (w2=w5). The system of fixation of driver 6 (wW6=0) provides the rotation of driven
roller 2 in the opposite direction relative to driving roller 1. Scrapers 11 are in contact with bars
8 and with working elements 10 and provide the cleaning of the working elements of driving
roller 1.

Driven roller 2 rotates at a higher speed than driving roller 1, but in the opposite
direction. The part of the soil under the action of the tillage roller is subjected to repeated
impacts from elastic bars 9 and scrapers 11 of driven roller 2. The counter-rotation of driving
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roller 1 and driven roller 2 increases the impact force on soil lumps and improves the soil
crumbling index, and scrapers 11 ensure cleaning of elastic bars 8 and working elements 10
from soil.

However, working on sandy soils or peat does not require much effort in crumbling
lumps of soil, therefore, it is rational to apply a tillage roller in which driven roller 2 rotates at a
higher speed than driving roller 1, but in the opposite direction, while also providing cleaning
of the working surface of the leading roller from soil sticking and plant residues. In this case,
the sequence of connection of parts of the planetary gearbox with the parts of the tillage roller
is changed.

Results and discussion. This design of the tillage roller reduces energy consumption
during soil preparation for sowing and can be used as a tool of a combined aggregate as part
of a plough [3, 6].

Justification of the working process of the proposed tillage roller allows to conclude that
when the roller moves along the field surface, an increase in the sliding coefficient can be
observed due to the additional load on the leading roller from the drive mechanism of the driven
roller, which will lead to an improvement in the soil crumbling index.

The joint operation of the driving and driven rollers provides levelling of the soil surface,
improvement of the soil crumbling index, while producing a compacted soil layer at the seed
embedment depth covered with loose soil, as well as self-cleaning of the driving roller surface
from soil and plant residues [7].

Conclusions. The design features of the proposed tillage roller allow for continuous
preparation of the field surface, processed to the required depth with the required looseness
and density in conditions of increased soil moisture, which will extend the spring agrotechnical
period.
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AHHOTALUA

UckycctBeHHbIM nHTennekT (VM) nrpaeTt BaxkHyto ponb B AMArHOCTUKE U NMPOrHO3MPOBaHUU
3aboneaHuin. OH ncnonb3yeTcsa ANs aHanmsa MeaUUUHCKMX AaHHbIX, BbISBNEHUSA NaTTepHOB
n NpeackasaHns BO3MOXHbIX 3aboneBaHnin y naumeHToB. HekoTopble 13 obnacremn, B KOTOPbIX
npumeHsieTca W ana guarHoCTrku 1 NPorHo3mpoBaHus 3aboneBaHnn, BKITOYAOT OHKOSTOTUIO,
racTPO3HTEPONOrnNi0, HEBPOMOMNIO U MHOTME ApYrne MeguUMHCKMe cneuunanmaanmm.

KIMKOYEBbLIE CJIOBA
NcKycCTBEHHbBIM MHTENMEKT, AMarHocTMka W MporHo3vpoBaHue 3aboneBaHuin, obyyeHue,
Bpa4u, AaHHbIe, HeMPOCEeTb, TEXHOMOMUK.

ABSTRACT

Artificial intelligence (Al) plays an important role in the diagnosis and prognosis of diseases. It
is used to analyze medical data, identify patterns and predict possible diseases in patients.
Some of the areas that are using Al to diagnose and predict diseases include oncology,
gastroenterology, neurology, and many other medical specialties.

KEYWORDS
Artificial intelligence, diagnosis and prognosis of diseases, training, doctors, data, neural
network, technologies.

BBeneHue. ToYHbIN AnarHo3 sBNsieTCs OTNPaBHON TOYKOW, ONpeaensiowen metTo n
obbem ganbHenwero nevyeHnsi. BakHO OTMETUTb, YTO €ro NocTaHOBKa ABNAETCS LOBOJSIbHO
CNOXHbIM 3TanoOM A4S Bpaya, Nockornbky TpebyeT cbopa n obpabotkm Gonblworo obvema
nHcopmaummn. MNMpu NCNONB30BaHUMN UHCTPYMEHTanbHbIX n3obpaxeHun (peHtreH, KT, MPT,
Y3W) cneumannctbl MOryT Mo-pasHOMYy OUEHMBaATb OOHO W TO >Xe [MarHocTuyeckoe

78



n3obpaxeHue. VIHTepBan BpeMeEHW, B TEYEHNE KOTOPOro CNeLManmcTbl NONyyatT pesynbTaThbl
aHanu3oB, YacTo pasnuyaeTcsa. Ha uHtepnpeTaumio pe3ynbTaToB TakKe BIMSAIOT pasfnnyHble
TOYKM 3peHus B oT4yeTe. [lepedoBble TEXHOMOrMW, OCHOBAHHbIE Ha WCKYCCTBEHHOM
nHtennekrte (M), nomoryT Bpayam pewwnTb 3T Npobnembl. ICKyCCTBEHHbIN MHTENNEKT — 3TO
oTpacrib KOMMbIOTEPHbIX HayK, KOTOpas WCNONb3yeT TexXHUYecKne BO3MOXHOCTU Ans
BbINOSIHEHUS UHTENMNeKTyarnbHbIX YHKUMA. MawuHbl y4aTcs pewatb 3agaun, Tpebyowue
YenoBeYEeCKOro MblwneHnsa, obyvyeHns u Hakonneuus 3HaHun. U moxeT BOCMOMHUTH
HexBaTKy YeroBEeYEeCKMX PeCcypcoB, HenpepbiBHO obpabaTbiBaTb 6Gonblimve ob6bembl
NHOPMaLMKM 1 OKa3biBaTb NOAAEPXKKY BpayaM B Nnoboe Bpems.

OcHoBHaaA 4actb. [ns Toro 4ToOGbl  WCKYCCTBEHHbIA  WMHTENNEKT  Mor
naeHTMuUMpoBaTb NpU3Hakn 3abonesaHns, OH AOSMPKEH ONMPATbLCA HA HaAeXHble AaHHbIE.
B kayecTBe MCTOYHMKA WMCMNONb3YKOTCA Creaylolme AaHHble: 3NEKTPOHHbIe MeAUUMHCKUE
KapTbl; [OaHHble KIMHUYEeCKUX nabopaTopHbIX WCCredoBaHWA; reHeTU4eckMe [AaHHble;
pesynbTaTbl 3MEeKTPOMUINONIOrMYECKUX UCCredoBaHU: anekTpoaHuedanorpamma (330N,
anektpokapanorpamma (3KI); gnarHocTnyeckne nsobpaxerus. MNepen Havdanom obyyeHus
9KCMepTbl NpeaBapuTenibHO KOMMEHTUPYIOT MOfyYeHHble AaHHble. Bpaun npocmartpusatoT
ANarHocTMyeckne u3obpaxeHus, AaHHble 3NEKTPOPU3NONOrMYECKUX U TEHETUYECKMX
nccnegoBaHUN, genatT BbiBOAbl, KOTOPblE CTAHOBATCHA PYKOBOACTBOM ANSA UCKYCCTBEHHOIMO
nHTennekra. [narHo3 MoxeT ObiTb NpeacTaBneH B BuMAe nepoparbHbiX npenapaToB wUnm
natonorm4yeckmx obnacrten, BblAENEHHbIX Ha n3obpaxeHun. BblgeneHHbIi HAabop AaHHbIX
3aTem obpabaTbiBaeTcs anroputMomM MaluMHHOro obyveHums. OgHako He Bcs MHdOpMauus
M3HayanbHO MOHATHA WCKYCCTBEHHOMY WHTennekty. MeauumHckue KapTbl  4YacTo
NpeacTaBnsaoT cobon HECTPYKTYpMPOBaHHbIE AaHHble. [N ux pacno3HaBaHMs UCNONb3yeTcs
06paboTKka ecTecTBEHHOro A3blka. [na 3TuX Lenemn ncnonb3ytTcsa KNMMHUYECKME TEXHONOMN,
OCHOBaHHble Ha MeTogax MallMHHOro obyyeHus. Mcnonb3yembii anroputMm MNo3BoONseT
n3Bnekatb LUEHHYI MHPOPMaUMI0 M3 JMEKTPOHHbIX MeOUUMHCKMX KapT. [dna atoro
npeanoxeHve pasbuBaeTcs Ha OTAENbHble CErMeHTbl, YCTpaHAeTCs [BYCMbICNEHHOCTb
abbpeBnaTypbl 1 HOPMaNN3yeTcsa TEKCT.

NCKyCCTBEHHbIN ~ MHTENNEKT MoXeT obHapykmBaTb U  KnaccuduuupoBaTb
natonormyeckme obpasoBaHus. [ns 3TOro OH aHanuaupyeT usobpaxeHue, MnoryyeHHoe C
noMoLLb0 MeToda uccregoBaHus npubopa. OTO OCOBEHHO BaXHO MNpW  AMArHOCTUKE
A06pOKaYEeCTBEHHbIX MMM 3N0KaYeCTBEHHbLIX OMyXOnen, MNo3BOMseT BbiOpaTb NpPaBUITbHYHO
TaKTUKy AanbHenwero BeAeH1s naumeHTa.

UckyccTBeHHble HenpoHHble ceTu (ANN) coveTatoT BO3MOXHOCTM MaLLUMHHOIO 0ByYeHus
C BOMONOrMYecKMMN KOHLIEMUMAMU apXUTEKTYpPbl YernoBeyeckoro Mosra. HelpoHHble ceTu
NMOXOXMW MO CTPYKTYpe Ha HEMpPOHHbIE CETU U cofepxaT HecKomnbKo crioeB. BxogHon criom
nony4aeT MHOPMaLNIO U3 BHELLHUX MCTOYHUKOB. B cKpbITOM cnoe aaHHble obpabaTbiBatoTcs
N KrnaccuuumpyroTcs no mMepe M3MeHeHnsa ux konuvectsa. BbIXOAHOW cron reHepupyeT
OTBET Ha MNOMyYeHHble OaHHble. HenpoHHble ceTm  y4aTcs  aHanuaupoBaTb
anekTpodgusmnonormdeckme  curHanel. Mo gaHHbIM  anekTpokapauorpammbl (3K
WUCKYCCTBEHHbIA WHTENMNEKT pacrno3HaeT MNpu3Hakm cepaeyvyHo-cocyaucTbiX 3aboneBaHui.
Mpymepbl OTEYECTBEHHOrO U  3apybexXHOro oOnbiTa WUCMOMb30BaHUA  WUCKYCCTBEHHOIO
nHtennekta anga aHanusa OKI: OKI-cepsuc SberMedIA nossonsieT yckopuTb 06paboTKy
anekTpokapanorpamMMm y nauMeHToB C TsDKENbIMU COCTOSIHMAMM. NpodeccrmoHanbHbIn Bpay
MOXET MPOBECTM OHMaMH-KOHCYNbTaUNo, YTOObI MPaBUIIbHO OMNpefenuTb ganbHenwme
peaHMMaLunOHHbIE MEPONPUATUS.

Wccneposanve, onybnukoBaHHoe B International Scholarly Research Notices,
OMMCbIBAET HEMPOHHYIO CETb, KOTOpasa NO3BONSAET KnaccuduunpoBaTb HOpMasbHbIE y4acTKK
N nwemmdeckme (HegoCcTaTouHOE KPOBOCHAGXEHME).

WccnepoBatenn 13 LUSHBWKIHBCKOrO  MHCTUTYTA  MepefoBblX  TEXHONOruin
paspaboTanuM HEMPOHHYIO CeTb AN ANArHOCTUKM NapoKCU3MarbHbIX apUTMURA, MPU3HAKOB
yyalleHHoro cepauebueHus, nogobHbix cygoporam. NMNocTaBuTb guMarHo3 nomMoraeT YMHbIN
accucteHT Bpaya «TOlM-3» poccurckon komnaHun SberMedIA. ns atoro matematnyeckas
MOAENb, OCHOBaHHasi Ha HEWPOHHOW CeTW, aHanuaupyeT uCToputo GonesHu naumeHTa.
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AnroputM 06CNyXMBaHUA: Bpayn 3arpyalT INEKTPOHHble MeOMUMHCKME KapTbl Wn
MHopMaLmlo 13 uctopum 6GonesHn. WMCKyCCTBEHHbI WHTENMEKT CpaBHUMBAEeT BXOAHbIE
AaHHble C CyLLEeCTBYIOLWEN MCTOpMeENn OOMNE3HN U KOHKPETHbIM AnarHo3om. Pesynbtatom
pabotbl anroputma aensTca 10 Hanbonee BEPOSTHbIX AMArHO30B, COOTBETCTBYHOLLMX
HomeHknaTtype MKB-3.

Y4yéHble OTMeYaloT, YTO AMarHo3bl WMCKYCCTBEHHOIO WHTeNnekra npubnumxarTtca K
YPOBHIO KOMMETEHTHOCTM OMbITHBIX CrieuManmcToB. [JocTynHas nepBMYHast 4MarHOCTUKa KOXNU
noMoraeT naumMeHTaM CaMOCTOSTENbHO BbIsIBUTb Y cebsi Nogo3puTenbHble MNPU3HaKU Wt
CBOEBpPEMEHHO 0b6paTutbcsa K Bpadvy. MobunbHoe npunoxexHme Al Skin ot CoepMeagi
onpegenseTt BEPOATHOCTb OQHOMO U3 7 TUMOB KOXHbIX BbICbINaHUN. [Nonb3oBaTens 3arpyxaeT
doTorpaduto KoXun onsa ganbHENLWero aHannsa HeMpoCeThIO.

WHTerpaumss UCKyCCTBEHHOrO WHTENfekTa B CUCTEMY MEAMUMHCKOro Yy4ypexaeHus
yckopsieT obmeH wuHopMauven Mexay ero noapasgerneHuamu,  ynpowas  ux
B3ammogencTeue. PasnuyHble BUAbl ANArHOCTMYECKOM MOMOLUM OPraHMYHO CoYeTarnTCcs B
cucTemax noaaepKku MpUHATMA BpadvebHbix peweruni (CIMMBP). B atom HanpaBneHwun
pa3BMBaETCA MeOouUMHCKMIA uundppoBon amarHoctudeckun ueHTtp (MDDC) ot C6epMegUiA.
OnnanH-nnatdopma 06bEAUHSIET anropUTMbl U PELLEHUSA MO Pa3fnUYHbIM HarnpaBreHnsmM
anarHocTuku. Hapsagy ¢ ymHbIM nomoLHukom Bpada «TOlM-3» B coctas MDDC Bxogsat: KT
MHCYnbT: HEMPOHHbIE CEeTU pacno3HatT 06nacTu C OCTPbIM HapyLleHneMm KpoBoobpalleHus.
OueHka HavarnbHbIX UBMEHEHUI NpU NHCYIbTE npoBoauTcs no wkane ASPECTS. KT Jlerknx:
onpegeneHne NatoriorM4ecknx NEroYHbIX O4aroB U MESKMX Y3MnoBbiX HOBOOGpPa3OBaHUN.
MCKyCCTBEHHbIN WHTENMEKT aBTOMATUYECKN BbIMUCNAET CTEMeHb W MPOLEHT MOpaXeHus.
Mammorpadmsi: guarHocTmka Nogo3puUTeENbHbIX 06Pa3oBaHNN B MOJTOMHOW Xernes3e M OLUeHKa
no wkane BI-RADS. KopoTtkoe OKI: aHanu3 gaHHbix K[ B pexunme TeneKkoHcynbTauum
(Bpay+Bpay). MobunbHoe npunoxeHune Al Resp: nccnegosaHme abixaTenbHOro naTrepHa Ha
HanMune NPU3HaKoB pecnupaTopHbIx 3abonesaHnin. MobunbHoe npunoxenue Al Skin: aHanms
KOXHbIX BbICbiNaHMM Mo oTorpacdomm C MNOCTAHOBKOW NpeaBapuUTENbHOro AuarHosa.
OpraHusaumoHHele poctovHctBa MDDC: Bblgada roToBOro 3akfilouMeHud; npuMeHeHue
MeXOyHapOoAHbIX LWKan 1 Knaccudukaumi;, pekoMmeHgaumm no ganbHenwemy obcneaoBaHuto;
BO3MOXHOCTb BepudmkaumMm guarHosa nogknideHHbIM Bpadom-crneumanuctom. MDDC
NO3BONSAET CHU3UTb Harpy3Ky Ha Bpada n o6ecnevymTb TOYHYIO U OnepaTUBHYO ANArHOCTUKY.

Uto Hac xaét B byaywem: B ob3ope nccneposatenen ns Nepmadum B Health and
Technology oTMeYeHO, YTO MPUMEHEHWE WMCKYCCTBEHHOrO WHTENnekra u HempoceTen B
AnarHoCTMKe cocpefoTaynBaeTcsl MNPeMMyLLEeCcTBEHHO Ha paspaboTke M TeCTUpPOBaHMM
anroputmoB. MHorne pelueHns TpebyloT aanbHenwen KnmHudeckon anpobaunn. Mpyn atom
vaule npoBepsieTca nx apdEKTMBHOCTb ONs1 OTAENbHbIX 3aboneBaHuin. MoXHO BblOENUTb
HanpasneHusi, KoTopble B ByayLlem No3BONAT peanM3oBaTb BCE BO3MOXXHOCTU HENPOCETEN U
obecneunTtb Mx yaobHoe ucnonb3oBaHMe Bpadamu. Bpay npu ncnonb3oBaHMM anropuTtMoB
AOMKEH 3HaTb, KaK HEMpoceTb Mofyyurna AuarHo3 M MOXHO NN eMy O0BepsATb. YUYEHble
OTMEeYaloT BaXKHOCTb BHEAPEHNSA B anropuTMbl NMPUYNHHO-CIEACTBEHHbIX CBA3EW YerioBeKa 1
pa3paboTkn noacHsLero nHTepdenca. Heobxogmmo npeononeThb cyLecTayowme 6apbepbl
B obMeHe gaHHbIMU. [pu 3TOM cucTteMa JomkHa He Tonbko cobupatb MHGOPMaLUUIo, HO U
abeKkTMBHO M3BNeKaTb KnuMHU4eckme ceedeHusi. COTpPyAHMYECTBO WUCKYCCTBEHHOrO
WHTENMeKTa U Bpaya NOMOXET YNy4ylnTb pesynbTaTbl AUArHOCTUKM M COXPaHUTb BpeMsi Ha
obLeHne ¢ nauneHToM.

Bubnuorpadus:

1. ApoH [x. Hackonbko WHHOBAUWOHHBLIM SBISETCA HOBbIA FONIOCOBOWN MOMOLLHUK
Apple Siri? 2011. 32 c.

2. Kenycka B., Boryta I'. BupTyanbHble nepcoHanbHble MOMOLLHWMKU criegylouero
nokoneHunsa (microsoft cortana, apple siri, amazon alexa n Google home): 8- exerogHoin
ceMmuHap 1 koHdpepeHuusa IEEE no BeiumcnutensHon TexHnke n kommyHukauumn. 2018. C. 99-
103.

80



3. Canbek NG, Mutlu ME. Ha nyTm K MCKYCCTBEHHOMY MWHTENnekty: obyyeHue c
WHTENNeKTyanbHbIMM NUYHbIMU NoMoLLHUKamn. 2016. C. 592-601.

4. bpunn T.M., Myuboc J1., Munnep P.[x. Siri. Alexa n gpyrue ungpoBbie MOMOLLHUKK:
nuccnefoBaHue  yOOBMETBOPEHHOCTM  KMUEHTOB  MPUIOXEHUSMWU C  UCKYCCTBEHHbLIM
nHtennekrom. 2019. 35 c.

5. ObGecneyeHne macwTabupyemoro rrnybokoro obyyeHus Ons MCCrnegoBaHuMn C
nomowbto  bridges-Al. / TL.A. byutparo // JlaTuHoamepukaHckasi KoHdepeHuuss Mo
BbICOKOMpPOM3BOAUTENBbHbLIM BbldncrieHmam, 2019. 200 c.

6. HwnusaHb [Ox., CavbsH J1.,, BuHnan A. CynepkomMnbioTeEp Ha OCHOBE
NCKYCCTBEHHOrO MHTENMEeKTa: BO3MOXHOCTU U BbI30Bbl: MeXAyHapoaHasi KOHepeHunsa no
KocMuyeckon nHgopmaumoHHom ceTtn, 2019. C. 47-55.

7. KouwanHHun C.E., lMupcoH B.T. YueHble kak nungepbl peBonwoumm B obnactm
NCKYCCTBEHHOro MHTennekTa npu pake. 2016. 76 c.

UDC 629.083

METHODS OF IMPROVING
THE QUALITY OF MOTOR VEHICLE MAINTENANCE
(METOAbI NOBbIWEHUA KAHECTBO TEXHUYECKOIO OBCITY>KUBAHUA
ABTOTPAHCINOPTHbLIX CPEACTB)

Chetyrko R.Yu., 2-year student
of the Master’s degree in 23.04.03 Operation of transport and technological machines and
complexes.

Scientific supervisor: Candidate of Technical Sciences, Associate Professor Egorov R.N.
Language advisor: Senior Lecturer of the Department of Russian and Foreign Languages
Sergeeva N.A.

FSBEI HE RT SAU

AHHOTALUA

B maHHoOI cTaTbe U3y4eHo NoHATUE « TexXHMYeckoe 0BCNyXnBaHMe U pEMOHT». PaccMoTpeHbl
OCODEHHOCTU TeXHMYeCcKoro obCnyXMBaHWsE U PeMOHTA rPy30BbIX aBTOMOOMNEN, a Takke
npeanoXeHbl BO3MOXHbIE MyTW NOBbILLEHWS Ka4yecTBa PEMOHTHbIX paborT.
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ABSTRACT

This paper examines the concept of «maintenance and repair». The peculiarities of
maintenance and repair of vehicles are considered and possible ways to improve the quality
of repair work are suggested.

KEYWORDS
Maintenance, repair, automotive industry, motor vehicle, quality.

Introduction. Nowadays, all car manufacturers present not only on the Russian but
also on the world market knowingly reduce the standard service life of their cars to an average
of 5 to 6 years, and if this figure is expressed in terms of mileage, it will be about a hundred
thousand kilometers. As a rule, after this period of time or mileage, all car manufacturers
withdraw their obligation to service and repair their vehicles at the official dealer, which means
that all responsibility for the correct technical condition of the car falls on the shoulders of the
owner.
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The purpose of the work. It is impossible to say whether this is good or bad. On the
one hand, car service at an official dealer is, as it may seem at first glance, only quality repair
and maintenance, installation of original spare parts, competent specialists, etc., but if you look
at the situation objectively, no modern car manufacturer is set up to make its cars «eternal»,
because the sooner the car breaks down, the sooner the consumer will come to the showroom
to buy a new one and bring his money to the car company. In other words, we are talking about
a deliberate reduction in the quality of the car, not only at the production stage, but also during
subsequent maintenance and repair. This is where the laws of the market come into play - the
more you sell, the more you earn.

Materials and methods of research. What exactly is maintenance and repair, and
what is meant by its quality? The first thing you can do in response to this question is to have
a look in any technical reference book and read a simple definition. Maintenance and repair is
a set of technological operations and organizational actions to maintain the performance or
serviceability of the object when it is used for its intended purpose. More specifically, it is a
wide range of activities that ensure that cars, buses, trucks, etc. are in a serviceable technical
condition. Such measures include technical condition control with a certain periodicity,
scheduled or unscheduled repair of units and assembilies, timely replacement of elements that
have reached a certain operating time, replacement of various lubricating elements depending
on their technical condition or according to a scheduled plan [3]. When we talk about the quality
of maintenance and repair, we are talking about the above-mentioned operations. It is the
quality of work performance, the responsibility of the mechanic who performs certain
operations on the vehicle, the choice of quality lubricants, the installation of spare parts
recommended by the manufacturer and simply the responsibility of the fleet manager or a
simple car owner at the stage of planning maintenance and repair that is the key to quality and
ensuring the operational condition of the vehicle.

Results and discussion. Taking into account such means of transport as trucks of
different tonnage, it is worth paying attention to the peculiarities of their maintenance,
diagnostics and, if necessary, repair. First of all, the main feature of maintenance and repair
of trucks is their overall dimensions. These vehicles are many times higher than any other
piece of equipment and have a wide wheelbase, which means that they cannot be
accommodated in a standard box or garage. Secondly, certain features and specific technical
requirements imply the presence of specialized equipment for maintenance and repair. Thirdly,
it is the peculiarities of planning works for maintenance of units and assemblies, because
trucks, due to the specificity of their purpose, travel many times more kilometers per year than
conventional passenger cars, and therefore the timing of numbered types of maintenance (TM-
1, TM-2) and repair will be different from the above.

Considering the quality of truck service, it is worth paying attention to the current
situation in this industry in Russia. In the years of the USSR, all trucks belonged to state
automobile bases and enterprises, were Soviet-made, and the state was responsible for the
quality of repair and maintenance, as well as for the quality of the vehicle in general.
Nowadays, the Russian market is not only dominated by cars of domestic production, such as
KAMAZ, Tonar, URAL, ZIL, but also by a number of foreign manufacturers, who, like any large
car company, are interested in the quality of their products. As a result of the appearance of
foreign car brands such as SCANIA, MAN, VOLVO, IVECO, RENAULT, MERCEDES-BENZ
and others, representative offices of these manufacturers were established, which are
engaged in repair and maintenance of their cars [4]. Due to the peculiarities of repair and
maintenance of each brand, a variety of equipment and tools for car maintenance appeared.
Thus, the emergence of healthy competition on the Russian market, attraction of foreign
specialists, exchange of experience with other countries led to an increase not only in the
quality of truck production, but also, as a consequence, in the quality of their service.

It is worth noting that despite the temptation of Russian consumers with foreign cars,
the choice for the most part still remains in favor of our, domestic car. In 2019, around 80,700
new trucks were sold in Russia, which is 2% less than in 2018, but despite the general decline
in demand, Russian carmakers managed to increase their sales. The market leaders remain
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KAMAZ, which sold 27,600 trucks, or 34.2% of the total (up 7.3%), and GAZ — 8900 vehicles
(+5.9%). Foreign trucks, which are among the five best-selling brands, did not increase their
sales: Volvo sales fell by 11% to 5700 units, Scania — 5600 (-16%) and MAN — 5000 (-1.5%)
[1]. The actual data for 2020 are still being compiled, but most experts predict an even bigger
drop in sales due to the global crisis caused by the coronavirus pandemic.

Despite the positive changes in the automotive industry in Russia that can be observed
throughout the period since the collapse of the Soviet Union, there are still a number of
problems whose solution can significantly improve the quality of maintenance and repair of
both trucks and cars in our country. One of the ways to improve the quality of maintenance
and repair throughout the country is to develop a sufficient number of network competitive
services for truck maintenance, as competition is known to be the best engine of progress. At
present, the official representations of car manufacturers are actively developing, but when it
comes to private specialized organizations, the pace of their expansion and growth leaves
much to be desired. However, the situation should not be seen as critical, as there is still some
progress for the better. Another possible step that can be taken to improve the quality of
services is the purchase of expensive professional equipment, which would accelerate not only
the pace of technological operations, but also their quality.

At present, many motor transport companies still use obsolete machinery and tools
necessary for repairs. This problem is particularly relevant for regional private enterprises and
services, where the material base produced in the last century is still actively used. And of
course, when talking about improving the quality of maintenance and repair, the main attention
should be paid to the training of professional staff. Even if you have the most modern
equipment, open hundreds of specialized services, buy or produce the best spare parts, all
these attempts will be useless, if only because first of all you need people who have special
knowledge and skills, who are able to work with the latest material base, who are ready to
learn something new and gain invaluable experience at every opportunity [2]. Of course, the
above-mentioned ways of improving the quality of maintenance and repair can be questioned
and challenged, arguing, for example, that old tools are perfectly suitable for maintenance and
that many technical operations can be carried out by the usual driver responsible for a
particular vehicle. But there are also many examples of the effectiveness of the proposed
methods in practice.

Let's take a look at the company “Rentrans”, whose main activity, according to OKVED
(All-Russian Classifier of Economic Activities), is the transportation of goods by non-
specialized vehicles. In addition to cargo transportation, the company carries out maintenance
and repair of various vehicles, regular passenger transportation by buses in urban and
suburban traffic, as well as technical inspection of vehicles. The company is located in the
territory of the Gubkinsky district of the Belgorod region. LLC “Rentrans” has been on the
market for 14 years, has good economic indicators, and is a guarantor of stability and quality
of services, but at the same time this company is a vivid example, showing the problems in the
field of repair and service of road transport in general and maintenance of trucks in particular.
The whole point is that the fleet of the company in question is based on the automobile base
that appeared in the eighties of the last century. At the time of 2021, the material base of this
car yard has, of course, become obsolete: the boxes in which the vehicles are repaired and
stored are not in the best condition and require repair, sometimes there are no necessary tools,
and the mechanics involved in repairs and possessing special skills are practically not left in
the staff of the company, in connection with which the responsibility for the good condition of
the vehicles fell entirely on the shoulders of ordinary drivers. The occurrence of the above-
mentioned problems in the company during the whole period of its existence certainly affected
the quality and speed of repair and maintenance of vehicles, and thus the amount of profit
received by the company. Nevertheless, it should be noted that all the vehicles owned by
“Rentrans” (trucks of various tonnages, buses of various categories, etc.) are in good technical
condition, because the resources available to the company are still sufficient to keep the
vehicles in good condition. However, this does not mean that the company can turn a blind
eye to the problems; on the contrary, it indicates the need to solve them as soon as possible.
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An example of a flourishing network of services for maintenance of heavy-duty vehicles,
which, having solved all the difficulties of a small enterprise, shows high growth and
development rates in the sphere of maintenance and repair of trucks on the territory of the
whole world and, in particular, in the CIS countries, is a large network of official technical
support centers of the company “BELAZ”. The Belarusian Automobile Plant ensures the quality
of its heavy-duty dump trucks not only at the production stage, but also during subsequent
maintenance and repair. This is a departure from the generally accepted tendency to
underestimate the normative service life of a vehicle and its quality due to the peculiarities of
this type of transport. Vehicles of this brand are not mass products and are used in a small
number of areas of human activity, which means that they must be of exceptional quality in
order to beat their competitors in the fierce battle for first place on the market. In this respect,
great attention is paid to improving the already high quality of maintenance and repair. Every
year, mechanics and engineers from the network's service centers in different countries and
cities are sent on training courses to acquire new knowledge and skills needed to carry out
certain technological operations. The «BELAZ» car brand pays great attention to the training
of qualified specialists, periodically replaces the technological equipment necessary for the
repair of its non-standard equipment, develops a system of bonuses and incentives thanks to
which the personnel is stimulated to even better performance of work and responsible
approach.

Conclusions. After studying two companies with the same orientation and the steps
taken by each company to improve the quality of TM, we can conclude that the methods
proposed and studied in this paper already show their effectiveness and usefulness and
therefore need to be recognized, publicized and implemented.
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Ha @yHKUMOHMPOBaHME pblHKA Tpyda, YPOBEHb XWU3HW HaceneHus u 4YenoBevyeckui
noTeHuman perMoHoB W, COOTBETCTBEHHO, CTPaHbl B LIENIOM HENoCpeacTBEHHOE BrUSHUE
OKasblBalOT Jgemorpaduyeckne ©n MurpaumoHHble npoueccel. B LUPO cnoxunacbk
HebnaronpuaTHaa gMHaMuKa BocnpouseoacTBa paboyen cunbl. CHMXXKEHNE pPOXOaeMOCTU U
yBernmyeHme CMepTHOCTU, MUTPALIMOHHbIN OTTOK MOMOAEXN, CTapeHe HaceneHus okasblBatoT
HeraTMBHOE BNUSAHME Ha PbIHOK TpyAa.
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ABSTRACT

The functioning of the labor market, the standard of living of the population and the human
potential of the regions and, accordingly, the country as a whole are directly influenced by
demographic and migration processes. In the Central Federal District, unfavorable dynamics
of labor force reproduction have developed. A decrease in the birth rate and an increase in
mortality, the migration outflow of young people, and the aging of the population have a
negative impact on the labor market.
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BBegeHue. Mpobnembl gemorpacdumn B HacTosiLlee BPEMSI OKa3biBalOT BO3AENCTBUE
Ha (PYHKLUMOHMPOBaHMWE pbliHKa Tpy4a U no3aTomMy npuobpeTaroT ocoboe 3HavyeHne. IameHeHus
B AemorpaduyeckoM pasBuTUM U B MOMOBO3PACTHOM CTPYKType HaceneHus Bbl3biBalOT
COOTBETCTBYIOLLME KONMMYECTBEHHbIE M KAY€CTBEHHbIE CABUMM B 3KOHOMWYECKOW CTPYKType
pernoHa n eMKOCTW perMoHanbHOro pbiHka Tpyaa. HeraTmBHbIN XxapakTep AaHHbIX NPOLEeCcCoB
n ob6OCTpeHne MexXpermoHanbHoM AnddepeHumauumn no YpoBHIO AeMorpaduyeckoro
pas3Butns B cybbektax PP MoOXeT npvMBEeCTM K CTarHauMvM Ha pblHKE Tpyda pervola,
MCTOLLEHMIO YenoBeYecKoro kanutana 3a cveT ybbiTua KagpoB M ybbinv HaceneHus, 4YTo
akTyanuanpyeTt usdydeHme ocobeHHocTen hopMmpoBaHms paboyen cunbl U UX BAUSHUSA Ha
pervoHanbHble pbiHKK TpyAa. Ha gemorpadudeckyto npobnemy B cTpaHe o6paTun BHMMaHue
Mpe3ngeHT B pamkax nocnaHua ®depepanbHoMmy cobpanuio B 2024 rogy. KpusucHble
TEHOEHUMN HapacTalT, B TOM Yucrne, U3-3a psiaa coumarnbHbIX U KyNbTYPHbIX U3MEHEHWI, U
npexae Bcero Heobxoanma paboTta «no yKpenneHnto CEMenHbIX LLEHHOCTENY.

Lenbto paboTbl sBnsgeTcs ndydeHme ocobeHHocTen bopMmpoBaHmsa paboyen cunbl
3a CcYeT nokasartenen gemorpadum n murpaumm Ha permoHasibHoOM YpOBHE.

MaTtepuanbl M Metoabl wuccnegoBaHMW. B kadectBe oObekta aHanuaa
anddepeHumaumm permoHOB MO YPOBHIO Aemorpaduyeckoro pasBuTUS UCCEeaOoBaHUSA
BbICTynatT cybbekTbl LleHTpanbHoro deaepansHoro okpyra PO. lNpegmeTt uccnegosaHms —
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ocobeHHoCTU opmMupoBaHMA pabodert cunbl M UX BIUAHWE HA QYHKUMOHMPOBAHME
pernoHanbHoro pbiHka Tpyaa. iccnegosaHunto ocobeHHoCTeN hopmuposaHnsa paboyen cunol
N VX BNUAHUIO HA PbIHOK TpyAa B YAaCTHOCTU MOCBSALLEHbl MHOrMe paboTbl OTEYECTBEHHbIX
yyeHbix [1,2,3,4,5]. HdopmaumoHHas 6a3a npoBeAEHHOMO UCCNEOBAHMA TaKKe BKIIOYAET B
cebs matepuanbl depepanbHon CnyxObl rocyAapCTBEHHON CTATUCTUKM U PerMoHanbHbIX
opraHoB cTaTucTuKU. B npouecce HanucaHus paboTbl GbiNM NpUMeEHEHbl obLieHayyHble
MeTOoAbI NO3HAHUA, METOAbI CPABHUTENbBHOIO, NIOMMYECKOro aHanm3a, a Takke CTaTucTu4Yeckme
MEeTOoAbl: aHanM3 AMHaMUYECKUX PSLOB, FPynnMpoBKa.

PesynbTaTbl u o6cyxaeHue. [pobnema copmmnpoBaHna paboyen cunbl Ha pbiHKE
TpyAa Ha permoHanbHOM ypoBHe npuobpena ocobyo akTyanbHOCTb B CBA3W C yrnybneHvem
YPOBHSA MeXpernoHansHon anddepeHumnauumn gemorpadunyeckoro passutna B Poccum, yTo
npegonpepenseT Heo6xoQUMOCTb CpaBHUTENbHOro aHanusa nokasareneu
Aemorpadunyeckor cuTyaummn, oKkasbiBaroLWMX BIIMSHNE Ha (DYHKLUMOHUPOBaHNE pbiHKa Tpyaa
B pernoHax. PyHKUMOHMPOBAHME PErMOHANbHOMO PblHKA TPyAa W Ka4yeCTBEHHbIN COCTaB
TPYAOBOro NoTeHumana TeCHO B3auMOCBA3aHbl C NpoLeccamMmuy BOCNPOM3BOACTBA HAacenNeHus,
XapaKTepusyloLeroca TakuMU WHOWKaTOpaMKu, Kak AuHaMuka obLllerd 4YUCIEeHHOCTU U
NNOTHOCTb HAaCeNeHusi, nokasaTenn eCTECTBEHHOrO M MUrpauuoHHOro npupocta (ybbinnm)
HaceneHuna. lMocnegHuin KoIMUUMEHT MOXET OKasblBaTb KaK MOSIOKUTENbHOE, TaK U
oTpuuaTenbHoe BUsHUE Ha OBOLLYIO YACNEHHOCTb HaceneHns pernoHa.

PaccmoTpum cnoxumseluyocs AemMorpaduyeckyro cuTyauuio B MNPOCTPaHCTBEHHOM
paspese no pernoHam LIPO.

OudbdepeHumnauma 4YnMcrneHHoCTn HaceneHns pernoHos LI®O Bo B3anmmocCBA3M C
NNOTHOCTbIO HaceneHus uccregyemblx cyObekToB npeacTaBrneHa Ha pucyHke 1. U3
CpaBHUTENBHOrO aHanmsa pernoHoB LLOO ncknoumm abcontoTHbIE 3HAYEHUSA NOKa3aTEeNEn T.
MockBa, MOCKONbKY MOCrefHue 3HAYMTENbHO MPEBbLILAOT CPEeAHME MO OKPYry — AaHHbIN
pPErMoH N ero yHukanbHble OCOBEHHOCTWU NpeAcTaBnseTcA HeobXxoAMMbIM paccmaTpusaTbh
OTAENbHO.
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PucyHok 1 — YncneHHOCTb M NNOTHOCTb HaceneHna pernoHos LIPO
B 2023 rogy [cocTaBneHoO aBTOPOM Ha OCHoBE [6]]

Heobxoamnmo 3aMeTuTb, YTO YNCNEHHOCTb HaceneHus pernoHos LUAO pacnpeaeneHa
KpalrHe HepaBHOMEPHO, YTO CBA3AHO C pasnM4YnMAMN B NOLLAAN U coLManbHO-3KOHOMUYECKOM
pas3BuTun cybbekToB. YTobObl OLEHUTb BRMAHUE YMCINEHHOCTM HACENEHUA Ha COCTOSAHME
pabouen cunbl No permoHam, Heo6xoANMMOo 0DpPaTUTLCA K MOKA3aTENO NITOTHOCTU HaceneHus,
MeXpernoHanoeHaa auddepeHumaumns KoOTOporo HarnsgHo AEeMOHCTPUPYET paspbiB B
pasBMTUN 3KOHOMUKM 1 pbiHKa Tpyaa B LIPO, npu 3aToM yunThiBast nnowans TeppUTopuanbcHbIX

86



obpasoBaHun. Haumbonee rycTtoHaceneHHbIM PEerMoHoM WCCnegyemMon COBOKYMHOCTU, a
3Ha4MT, M cambiM ObICTPOPa3BMBAKOLWMMCA 32 CYET HaCbILEHHOCTU YernoBevYecKuM
kanutanom, siensetca MockoBckas obrnactb. 3amMeTum, 4YTO pasHuua B aHannsavpyemom
nokasartene mexay MockoBckon 06nacTbio 1 octanbHbiMK cybbektamm LIOO cywectseHHa u
cocTtasnseT oT 136,1 go 184,3 yen. Ha 1 kB. KM. PeroHbl, ¢ Hanbonee HU3KUM NoKaszaTenem
NNOTHOCTM HaceneHus, Takne kak Koctpomckas, Teepckasi, CmoneHckas obnactn, obnagatot
3HAYMTENTbHO MEHbLUMM TPYA0BbIM NOTEHLMANOM AN HapalwuBaH1sa TEMNOB 9KOHOMUYECKOrO
pasBUTHKSI.

B uensx onpegeneHus pernoHoB LI®O c GnaronpuatHoM u HebrnaronpusTHOWM
Aemorpadu4yeckon cuTyauuein npoBedem rpynnupoBKY MO YKPYMNHEHHbIM MpuU3Hakam —
COKpalLleHMe N yBENMYEHNE YNCNIEHHOCTM HacerneHns, Kaxapli M3 KOTOpbIX pa3obbEMm eLle Ha
ABe rpynnbl — B NEepBOM Crlyvae, COKpalleHWe HaceneHus 3a cyeT ecTeCTBeHHOMW ybbinu u
MUTPAUMOHHOINO OTTOKA HaceneHus Wnu npesblleHnss ecTecTBeHHon Yybbinu Hag
MUrPaLMOHHBIM NPUPOCTOM; BO BTOPOM Criydae — €CTECTBEHHbI U MUTPALMOHHbIN MPUPOCT
NN NPEBbILLIEHNE MUrpPaUMOHHONO NPUPOCTa Hag eCcTecTBEHHOW YObinbto. B Tabnuue 1
npencTaBrieHo UToroBoe pacnpeaenerHne cyobektoB LIOO no creneHn BNnAHNS nokasaTtenen
€CTECTBEHHOro ABWKEHNSI 1 MUTpaLUn Ha MU3MEHEHNE YMCNEHHOCTN HaceneHns B 2023 roay.

Mo utoram knaccudukauumn BbigBAEHO, 4YTO B 2023 rogy YMCNEHHOCTb HaceneHus
cHun3nnack B 16 pernonax LL®O, nprnyem B 13 M3 HUX HabnogaeTcsl n ecTeCTBEHHAas yobisb,
N MUrPaUMOHHBIN OTTOK HaceneHusa. OHu TpebylT MOBbILWEHHOrO BHUMAHWSA CO CTOPOHbI
rocygapctea, MnpoBeAeHWss aKTUBHOM AemMorpaduyeckon u  coumarnbHO-3KOHOMUYECKOM
NoNUTUKKN. B NpOTMBHOM crnyyae — nctollieHne paboyen cunbl Ha permoHanbHOM pblHKE Tpyaa
BEeAET K CHKEHUIO TEMMOB 3KOHOMUYECKOro PasBUTUSA U KayeCTBa XXU3HW HaceneHus, ele
GonbLlUeMYy CHUXEHUIO MoKasaTensi MexaHM4Yeckoro npupocTa, U Kak cneactene — nageHuro
poOXOaemMoCcTu B pernoHax. Ha MakpOSKOHOMUYECKOM YpOBHE Takas OUHaMWKa BedeT K
CHKeHuto BPI1 0603HauyeHHbIX CyOBLEKTOB, a 3HAYUT U CHWKEHUO coBokynHoro BBIT —
KMOYeBOro nokasaTens coumanbHO-3KOHOMUYECKOTrO pa3BuUTUSA CTpaHbl [4].

Tabnuua 1 — Mpynnuposka permoHoB LUPO no cteneHn BNNAHUSA NokasaTenem
€CTECTBEHHOro ABMXEHNS N MUrpauun Ha U3MeHeHue YUCNeHHOCTU HaceneHus B 2023 rogy
[cocTaBneHo aBTOpPOM]

Mpu3Hakn rpynnMpoBKu Yucno Cyb6bekTbl DO,
CyObeKkToB BXogswme B rpynny
1 2 3
Yucno cybbektoB PO, B KOTOPLIX HACENEHNe CoKpaTUIoCh

Bcero | 16

B TOM YMCIIE 3a CYET:

€CTECTBEHHOW YObINN 1 13 benropoackas,

MUIPaLMOHHOrO OTTOKa HaceneHns BpsiHckasa, Bnagnmmnpckas,

MBaHoBckasi, Koctpomckas,
Kypckas, Jlnneukas,
Opnoeckasd, CmoneHckas,
TamboBckasi, TBepckas,
Tynbckag, Apocnasckad

obnactu
NPeBbILLEHNA eCTECTBEHHON YObINn 3 BopoHexckasi, Kanyxckas,
HaJ MUTPaUMOHHBLIM NPUPOCTOM PsasaHckas obnactu

NPEeBbILLEHNA MUrPaLIMOHHOIO OTTOKa 0 -
Ha[ eCcTeCTBEHHbIM NPUPOCTOM

Yuncno cybbekToB LIPO, B KOTOPbIX HAceNeHne yBenmynnoch

Bcero | 2

B TOM YKUCIIE 3a CYET:

87



OkoH4aHune Tabnuubl 1

1 2 3
€CTEeCTBEHHOro 1 MUrpaumoHHOro 0 -
NPUPOCTOB
NPeBbILLIEHNS eCTECTBEHHOIO 0 -
npupocTa Hag MUrpaunoHHbIM OTTOKOM
NpeBbILLEHNS MUrPaLMOHHOIO 2 MockoBckasi obnacTb, T.
npupocTa Hag eCTECTBEHHON YObIbIO MockBa

Mpn atom ecnn B 6onee pasBUTbIX B COLMASIbHO-OKOHOMUYECKOM MflaHe permoHax
€eCTeCTBeHHas yOblflb HaceneHns KOMNeHcMpyeTcs NPUTOKOM MUTPAHTOB, TO B 9KOHOMUYECKM
oTcTamwmx cybbektax LIOO, xapakrepumayrowmnxcs HebonbLLON NNOLWaabio U YNCNIEHHOCTBIO
HaceneHus, kKapTuHa nnadyesHa. [Jeduuunt paboyen cunbl B TaKMX perMoHax He nossonsieT
pasBuBaTb MNPOM3BOACTBO W HapawmBaTb 3KOHOMMYECKMM noTeHuman. HeraTuBHas
Aemorpaguyeckas TEHOAEHUMS TMpPeBblleHVs YPOBHS CMEPTHOCTW Hag aHanorMyHbiM
nokasartenem poxgaemoctu B pernoHax LdO ctaBut noa yrpo3y BOCnponsBoacTBO paboyen
CWnbl U pernoHarnbHbI PbIHOK Tpyaa.

BbiBogbl. [poBegeH aHanua ocobeHHocTen opMmpoBaHust pabouvent cunbl B
NpOCTPaHCTBEHHOM paspese no permoHam LI®O Ha ocHOBe Taknx MHANKATOPOB, Kak AMHaMUKa
o6Len YNCNEHHOCTM U NAOTHOCTM HAcenNeHns, nokasaTenn eCTeCTBEHHOIO Y MUrPaLMOHHOIO
npupocta (ybbinn) HaceneHua. Ha ocHoBe NpPOBEAEHHOr0 aHanmMsa MeXpernoHanbHOm
andepeHumnauum  nNo  ypoBH  Agemorpadumdeckoro  pasButus B permoHax L®O
NpeAcTaBnsaeTca BO3MOXHbIM rOBOPUTbL O HebnaronpusiTHOM AMHaMuke BOCMNPOW3BOACTBA
paboyen cunbl B okpyre. Ha ocHoBe rpynnupoBkM Mo gemorpadpuyeckum nokasaTensam,
OKa3blBaloLWMM BIIMSIHWE Ha pernoHanbHbli PbIHOK Tpyda, onpeaeneHbl cybbekTtol PO,
BOMNPOCbI Kpm3unca paboyen cunbl B KOTOPbIX TpebytoT 6onee rnybokon npopaboTku, a MUMEHHO,
Benropoackas obnactb, bpsiHckas obnacTb, Bnagnmmupckas obnacte, ViBaHoBCkas obnacTb,
Koctpomckass obnactb, Kypckaa ob6Gnactb, Jluneukass obnactb, Opnockasd o6GnacTb,
CmoneHckaa obnacte, TamboBckass obnactb, TBepckas obnactb, Tynbckass obnacTe,
Apocnasckast obnacte. B AaHHbIX perMoHax YMCNEeHHOCTb HaceneHus uMeeT TeHOEHUMIO K
COKpaLLIEeHMIO KaK 3a cHeT eCTeCTBEHHOM, TaK 1 3a cHeT MUrpaLMoOHHON yBbinu HaceneHus.

Bubnuorpacus:

1. lN'ynsesa T.U., TakmakoBa E.B., CaBkuH B./. CoumanbHO-aKOHOMUYECKME haKTopbI
BOCMpPOM3BOACTBa HaceneHus B Poccum n B paspese deneparnbHbiX OKPYroB CTpaHbl //
Cratuctuka n akoHomuka. 2023. Ne 2. C. 4-12.

2. Tynaesa T.WN., TakmakoBa E.B., CaBkmH B.W., CupopeHko O.B. TeHaeHuuun
TepputopranbHONn MOBUNBHOCTM HaceneHus B cybbekTax LleHTpanbHOro deaepanbHOro
okpyra // PernoHanbHasi 3kKOHOMUKa: Teopus u npakTtuka. 2023. Ne 12. 2376-2402.

3. 3axaposa E.H. CywHocTb coumanbHOW MonuTuku M ee  pemorpadumyeckon
KOMMOHeHTbI // IHHOBaLMOHHAsA 9KOHOMUKA: NEePCNeKTUBbI Pa3BUTUS U COBEPLLEHCTBOBaHMS.
2020. Ne 2 (44). C. 110-117.

4. KapaeB W.U. MNpobnembl gemorpacun B coBpemeHHon Poccum // CoumanbHo-
rymaHuTapHble 3HaHus. 2019. Ne 5. C. 117-124.

5. Hukynun A.C. Jemorpaduyeckas nonuvTuka Kak Knio4eBOW acrnekT YCTOMYMBOro
pa3sutus Poccum // MyHnuunansHas akagemus. 2020. Ne 3. C. 111-116.

6. YncneHHOCTb M Murpaumsa HaceneHus Poccuiickon ®epepaummn (CtaTucTudeckun
GionneteHb) // PepepanbHas cnyxba rocyaapCTBEHHOW CTaTUCTUKM (OULManbHbBIA CanT)
URL: https://rosstat.gov.ru/storage/mediabank/q9wFke4y/bul-migr20.xIsx. (Aata obpalleHus
03.05.2024)

88


https://rosstat.gov.ru/storage/mediabank/q9wFke4y/bul-migr20.xlsx

UDC 338.12

AUTOMOTIVE INDUSTRY DIGITALIZATION:
EFFECT ON THE LABOR MARKET, BUSINESS MODELS AND CONSUMER BEHAVIOR
(UMOPOBU3ALINA ABTOMOBUITbHOW NPOMBILLNIEHHOCTU:
BNMUAHME HA PbIHOK TPYOA, BU3HEC-MOAENN U NOBEOEHUE NOTPEBUTENEW)

Ogneva E.D., 2-year student of the Master’s degree
in 23.04.03 Operation of transport and technological machines and complexes
Scientific supervisor: Candidate of Technical Sciences, Associate Professor Egorov R.N.
Language advisor: Senior Lecturer of the Department of Russian and Foreign Languages
Sergeeva N.A.
FSBEI HE RT SAU

AHHOTALUA

B maHHOWM cTaTbe paccmaTpuBaeTcs, kak LndpoBmn3aumnsg aBTOMOOUITLHON NPOMbILLITIEHHOCTHU
BHOCUT 3HAYNTENbHbIE N3MEHEHNSA B 9KOHOMUYECKME U CoLMarnbHble acnekTbl COBPEMEHHOIO
TpaHcnopTa. Ha ocHOBe M3y4YeHus CyLlecTBYOLLEN NUTepaTypbl U aHanmsa AaHHbIX O TEKYLLINX
TEHOEHUMAX aHanusmpyeTcs BnusiHMe unpoBU3aumMm Ha pbiHOK Tpyda, Gu3Hec-mogenu wm
nosefeHune notpebuTenen. ViccnegosaHune HanpaBneHo Ha BbiSIBNIEHME KITHOYEBbLIX (DaKTOPOB,
POPMUPYIOLLINX HOBYHO pearibHOCTb aBTOMOOMIBHOrO CEKTopa B LIMAIPOBYIO 3MOXY.

KIMKOYEBbLIE CJIOBA
LindppoBusauusi, aBToMoGMIbHASA NPOMbILLIIEHHOCTb, TPAHCMOPT, PLIHOK TPyAa.

ABSTRACT

The paper examines how the digitalization of the automotive industry is bringing about major
changes in the economic and social aspects of modern transportation. Based on a review of
existing literature and analysis of current trend data, the impact of digitalization on the labor
market, business models and consumer behavior is analyzed. The study aims to identify the
key factors shaping the new reality of the automotive sector in the digital age.

KEYWORDS
Digitalization, automotive industry, transportation, labor market.

Introduction. The digitalization is one of the brightest modern trends that has a direct
impact on the nature of labor relations (their greater flexibility, similarity to civil law relations)
and on the state of employment in various states and regions.

The term «digitalization» is derived from the noun “digit” or the adjective “digital”. It thus
refers to the introduction of digital technologies, data transmission streams and digital
transmission devices (computers, smartphones, tablets, televisions, smartwatches, etc.) into
all areas of society and the economy [1].

The purpose of the work is to systematize and analyze the consequences of the
digitalization of the automotive industry for the labor market, business models, and consumer
behavior, taking into account current trends and development prospects.

Materials and methods of research. The digitalization of the automotive industry has
a significant impact on the labor market, changing both the jobs themselves and the skills and
competences required of employees. Let's take a closer look at some aspects of this impact.

The introduction of digital technologies, robotics and the automation of production
processes in the automotive industry is changing the nature of jobs. According to a study by
the McKinsey Global Institute, automation could lead to the loss of between 400,000 and
800,000 automotive manufacturing jobs in Europe and the United States by 2030. At the same
time, the development of the autonomous and electric vehicles could create between 1.2 and
2 million new jobs in the development, testing and maintenance of these technologies.
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Employees with skills in machine learning, artificial intelligence, data analytics,
cybersecurity and electrical engineering will be increasingly in demand.

In general, the digitalization of the automotive industry is leading to structural changes
in the labor market that require both employees and employers to adapt. Workers must be
prepared to continuously update their skills and competences in line with the requirements of
the rapidly changing automotive industry [2].

The digitalization of the automotive industry is having a significant impact on the sector,
changing working models and creating new opportunities.

Results and discussion. According to Tesla's financial statements for 2023, the
company increased its revenue by 85% compared to the previous year, reaching a total
revenue of $48.1 billion. Most of its revenue comes from the sale of electric vehicles and
ancillary services, including Autopilot.

Digital technologies are enabling the creation of new business models such as
carsharing, carsharing platforms and customized mobility services.

Companies can use vehicle usage data to optimize services and meet customer needs.

The development of the electric vehicle market requires new business approaches.
Companies involved in the production and sale of cars need to respond to changing demand
and develop their products and services in accordance with new technologies. For example,
companies like GM are developing electric vehicles such as the Chevrolet Bolt and Cadillac
Lyrig to meet the demands of a market focused on reducing emissions and increasing
transportation efficiency. At the same time, companies such as Waymo and Tesla are working
to develop and deploy autonomous driving technologies that are changing the paradigm of car
ownership and use.

In-vehicle digital technologies, such as infotainment systems, navigation systems,
safety systems and vehicle management through mobile applications, are significantly
enhancing the experience of owning and using a car.

Consumers gain access to a wide range of features and capabilities that make driving
more convenient, safer and tailored to their needs.

The digitalization of the automotive industry offers consumers greater choice and
personalization. For example, according to a J.D. Power study, the market share of electric
vehicles is expected to reach 20% by 2023, giving consumers a wide range of choices in terms
of features and functionality. The emergence of carsharing and carpooling is also gaining
popularity: the global carsharing market is estimated to be worth $6.2 billion in 2022, and is
forecast to grow to $16.9 billion by 2028, according to Grand View Research. Digital
technologies are making cars more personalized: for example, voice control systems and
settings for seats, mirrors and lighting that improve driving comfort. Safety and convenience
are also improving: according to NHTSA research, driver assistance systems reduce the
number of traffic accidents by 40% [3]. All of this is changing the experience of owning and
using a car, making it more individualized and convenient for consumers.

In addition, according to a McKinsey study, more than 70% of consumers value the
ability to integrate smartphones into cars to access various applications and services. This
confirms the growing demand for innovative in-car technologies that improve interaction and
usability for consumers [4]. Moreover, with the development of autopilot systems and the
expansion of car connectivity, consumers are gaining more freedom and convenience while
driving. For example, Tesla offers the ability to update the car's software over the internet,
allowing new features and improvements to be introduced without having to visit a service
center. As a result of the digitalization, consumers are getting smarter, more flexible and
customizable cars that better suit their needs and preferences.

An analysis of the impact of the digitalization of the automotive industry on various
aspects of society has identified significant changes and challenges that digital transformation
will bring to the automotive industry.

The labor market is undergoing a transition towards more high-tech and specialized
jobs, while at the same time traditional jobs may be reduced due to automation. However, the
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digitalization also opens up new employment prospects in the development, maintenance and
management of new technologies in the automotive industry.

The digitalization creates new opportunities for businesses in the form of innovative
business models, new mobility services, electric mobility and fleet management. However,
companies also face new challenges. They need to adapt to a rapidly changing market and
integrate digital technologies into their operations.

For consumers, the digitalization of the automotive industry brings improvements in the
form of enhanced user experience, more choice in terms of electric vehicles and mobility
services, as well as personalization and increased safety and comfort.

Conclusions. The digitalization of the automotive industry is thus transforming all
aspects of the automotive industry, creating both new opportunities and new challenges for
society, companies and consumers. Successfully adapting to these changes requires constant
updating of knowledge and skills, as well as flexibility and innovation on the part of all
participants in this dynamically evolving industry.
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ABSTRACT

The article discusses the results of statistical analysis of accuracy and stability of the
technological production process of the kombucha beverage with the use of a set of methods
and procedures. The research purpose is to determine the regularities of changes in its
indicators in time, as well as their regulation and improvement.
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The purpose of statistical analyses of process accuracy and stability
is to obtain and systematically process information about the quality
of products in order to improve the technological process and determine the most optimal
parameters of its statistical regulation [2]. Statistical analysis of accuracy and stability of
technological processes is a set of methods and actions aimed at determining statistical
indicators and patterns of changes in these indicators over time [2].

To identify the quality indicators that have the greatest effect
on the total quality of finished kombucha beverages [7], the Pareto diagram quality tool was
used. The statistical data of the output control were used
to construct  the diagram, presented in the control sheet, formed
at the enterprise HQ KOMBUCHA LLC.

For the purpose of integer data collection, a five-day working week was adopted for the
checkilist. Selection of batches was carried out
in accordance with according to GOST 6887.0-86 «Products of the non-alcoholic industry.
Rules of acceptance and sampling». A total
of 10,000 liters of products were produced. One batch contains 1,175 bottles of 0.33 liter
volume. The number of batches produced in 0.33 liter
containers was 26 units [7]. To determine the resistance, the sampling of units was carried out
at the manufacturing plant on the day of production.

Figure 1 shows a checklist of integer data compiled in the finished goods department
for one working week.

Integer data checklist No 1/003-23

Purpose of this checklist: recording of gquantitative and gualitative characteristics of products
Object: soft drink kombucha Classic’’

Control place: finished product workshop

Data collection period: business week, second gquarter 2023

Tivpe of discrepancy Monday Tuesday Wednesday Thursday Friday

Test T 1T oI | v ! 1 I | 1v 1 1T mr | v 1 1 mr | IV 1 I oI | 1v

Sour flavor | Il | Il | | | 1] | | Il |

Turbidity P e fnefnfu)m | 1 T I | O O AR 1 A
Sour odor | ) || gl [ I L B |

Presence of coarse
suspended solids

Unsaturated colour | 1 I | Il I
of the drink

Batches sent for dilution 0 1 0 1 2 1 o|2|0/(0 1 0|3 1 0 1 2 1 1 0

Total: 17

Figure 1 — Integer data checklist
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Based on the data presented in the checklist, the stability of the control process was
analyzed using the control chart of the number of nonconforming units in the batch (np-chart),
as this indicator is an alternative one.

Then, using the data the average line (average number of samples recognized as non-
compliant) was calculated using the formula:

— 1QT —
p = £ N1 TP, (1)
T — the number of cycles (T=20);
np — the number of samples recognized as nonconforming based on the results of the

i-th control cycle.
Also, the control Ilimits of the map are calculated wusing formulas

(2) and (3):
UCLyy =1 +3- [+ (1-D), 2)

N — the number of samples (N=17).

LCLyy =Tp—3- [AD- (1 -7 @3)

In this case, we obtain the following values:
np = 0.85 pcs;
UCLy, = 3.57 pcs;
LCLy, = —1.85 pcs.
Based on the checklist data, a map of the number of nonconforming units in the batch
is plotted in Figure 2 below.

np-chart
':3'5-\ - - EEEEEEEEEEEEEEEEEEE . EE e e EEEE -
T":D-‘T‘
gy
Jo,
ek
50 A A
e
1
1 Y \_/\/ V
290
= 1 2 3 S LU (O VA I
=4 numberofrecogmzednouconfomunes == (L o=—(C Cycle, day

Figure 2 — Control chart of the number of nonconforming units
in a batch of finished kombucha (np-chart)

The control chart shows that there are no drop-out points and no trend lines. The
process is in a statistically controllable state and can be considered stable.

At the same time, based on the checklist data (Table 1), a Pareto diagram (Fig. 3) was
constructed to determine the most weighted parameters from the list of presented parameters.
ABC-analysis was used to construct the diagram, in which, according to the rule «20-80%»,
the working zone of the axis is divided into three equal parts: the zone of greatest influence
(A), which is 20% of the total number of parameters, the intermediate zone (B), and the zone
of least influence (C).
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Table 1 — Input data for Pareto chart construction

Total number
Number of Percentage of .
Type of . of .| Cumulative percentage
. . nonconforming,| ,. . nonconformin g o
discrepancies discrepancies, o of nonconforming, %
pcs. - g, %
units.

Presence of
coarse 35 35 31.3 31.3
suspended
solids
Haziness 30 65 26.8 58
Sour odor 19 84 17 75
Sour flavor 19 93 17 92
Unsaturated
colour of the 9 112 8,0 100
beverage

TOTAL: 112 100 100

Pareto chart

Cumulative percentage of nonconforming %%

40 s Number of nonconforming

100

30 80

25
G0

20
40

. R
o]
Presence of coarse Haziness Sour odor Sour flavor Umnsaturated

suspended solids colour of the
beverage

Figure 3 — Pareto chart for determining the degree of importance
of kombucha quality indicators

15

10

Number of nonconforming, pes.
'Jt

0

Based on the analysis results, we can determine the influence of the causes of
nonconforming of zones A, B and C presented on the diagram
on the full quality of finished products. As a consequence, the possibility
of achieving a greater effect by detecting the parameters that cause the obtained
discrepancies, spending a minimum of time, labour and financial resources on minor and
insignificant parameters. The analysis results show that the degree of influence of haziness
and coarse suspended solids on the quality of the finished drink was about 58%. Thus,
reducing the number of losses that occur in the production of the kombucha beverage is
possible by settling the degree of influence of the above indicators.

Using the Ishikawa diagram, we determined the reasons for the identified non-
compliance of the finished kombucha beverage (Figure 4).
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Incansistencies in

production

Heads of the Lack of autemation

organization
. Equipment wear and tear ) ]
Inefficient production plan Insufficient quality Low quality raw materials

Ineffective

 quality poliey Questionable supplier
Inaccuracies

in the management [neonsist
Lack of leadership of the OMS nconsistency

Lack of activity traceability

of process equipment Fallure

of the kombucha

Nopossbity production process

Non-compliance with ta correct errors

Non-compliance
with production technology
Error correction capability

working conditions Ineffcient organization  Rejection
of the workplace  of finished goods
Incorrect working time ratio
Controller errors

Passing of substandard Food spoilage
products Losses of raw materials
during processing
Failure to comply
Personnel | With storage conditions

Working
conditions

errors

Figure 4 — Cause-and-effect diagram of the causes
of nonconforming in the production of the kombucha beverage

Thus, the presented work shows the course of statistical analysis
with  the use of simple quality tools, which was made to identify
the significant indicators affecting the total product quality,
and presents possible ways to regulate their impact.
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AHANN3 NMPEANOCHINIOK U YCNIOBUA HAYATA PEAJIM3ALIUN CTPATET U
PA3BUTUA NPON3BOACTBA OPFAHUHECKOM NPOAYKLIUN
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AHHOTALNUA

B cratbe paccmaTpuBaloTCsi NpPeAnocbinikK, KOTOpble MNpPUBENM K HeobGXOAMMOCTU
LEeHTpanM3oBaHHOM NOAOEPXKKA pPa3BUTUS MPOU3BOACTBA OpPraHMYeckon MpoayKuMM B
Poccuitickon ®epepaumm Ha defepanbHOM YPOBHE, TEKyLLee COCTOSIHME U MepcrnekTuBbl
peanusalum CLieHapueB Ha OCHOBE aHanu3a MUPOBOrO M OTEYECTBEHHOrO OMbITa NOAAEPXKKN
«3EeJIEHON 3KOHOMUKMY.

KIIOYEBbIE CJTOBA
Mpon3BoACTBO OpraHMYEecKon MpoayKuuKn, «3enéHas 9SKOHOMUKa», rocyaapCTBeHHas
cTpaTterns pas3BuTus, arpobusHec, rocyaapCTBEHHas noaaepxka.

ABSTRACT

The article examines the prerequisites that led to the need for centralized support for the
development of organic production in the Russian Federation at the federal level, the current
state and prospects for implementing scenarios based on a retrospective analysis of global
and domestic experience in supporting the «green economy».

96



KEYWORDS
Organic production, "green economy", state development strategy, agribusiness, state
support.

BBepgeHue. 3apada obecnevyeHns HaceneHust KayvyeCTBEHHbIMM NpoAyKTamMu B
AOCTaTOMHOM KONUYECTBE B HacCTOsILLee BpeMsi CTOUT Kak Ha HauumoHanbHoMm [1], Tak 1 Ha
MexagyHapogHom  ypoBHsAX [2].  O6ecneyeHne NpoAOBONbCTBEHHOM  ©e3onacHoCTH
Poccuinickon ®depepaumn €BASETCA COCTAaBHOM 4acTbio obecnedeHnss HauMoHanbHOM
6esonacHOCTM U BKYyaeTcsa B Cebsi COBOKYNMHOCTb CEeIbCKOXO3SMCTBEHHbIX MoLwaaen,
NpeanpuaTUA, CEMEHHOro M NOCado4YHOro MaTepuana, a Takke maTtepuarnbHO-TEXHUYEeCKMe
CpeAcTBa NpoM3BOACTBA, NO3BONAOLLME Kak 06ecneynTb JOCTaTOYHYH NPOM3BOANTENBHOCTD
TpyAa, Tak U NpeaoCcTaBUTb TEXHUYECKYIO BO3MOXHOCTb 3KOMOMMYHOIO X035MCcTBOBaHUS [3].
Ha npoTskeHun [OCTAaTOYMHO AMUTENBHOrO BPEMEHW Ha ObIO CHOPMUMPOBAHO €4UMHOM
KOHLenuun pasBUTUS  SKOMOMMYECKM YUCTOW NPOAYKUMW, 4YTO NPUBOOUIIO K pagy
NpOTUBOPEYUNI, CBSA3AHHbIX KaK C €€ NPOU3BOACTBOM, TaK M nocrneaywLen peanusauuen [4].
YTBepxaeHne Ctpaternm pasBuTus NPou3BoAcCTBa opraHudeckon npogykumm go 2030 roga
(oanee — Ctpaterus) [5] no3sonuno yHuduumnposaTb Nogxoabl U onpeaennTb NPUopUTETHI,
Lenv 1 3agaym rocygapCTBEHHOro perynmpoBaHus.

OnpepgenéHHble TPyaHOCTU paHee NPeAcTaBnano OTCyTCTBUE €AMHON TEPMUHOMOIMN,
koTopaa nossonsdna 6bl onpefenuTb MOAXOAbl K HamNpaBfiEHUAM CHWKEHUS BpeaHbIX
nocrneacTBUn aHTPOMOreHHOro BO3AENCTBUSA Ha OKpyxawwyo cpegy [4]. HanpaBneHus
Hay4yHONW MbICnKM  6biMM  HanpaBfieHbl Ha  3KOMOrM3auuio  CeNbCKOXO3SNCTBEHHOrO
npounsBoAcTea [6], bruonormsaumo CeENbCKOro Xo3ancTea, NPon3BOACTBO BMO- 1 IKONOTMYECKN
YNCTbIX NPOAYKTOB, OPraHMYeCcKOM NULLM 1 3KonpoayKuun. Pag HayyHbix paboT 6bin nocBsLLeH
PacCMOTPEHUID COBPEMEHHON CTPYKTYPbl 9KOMOrMYECKOro CenbCKoro XO3§MCTBa B pamKax
peanusaumMmM KOHUEenuuu npodoBONbCTBEHHOM Oes3onacHocTb Poccuiickon degepauun, a
TaKke aHanM3y Mep perMoHanbHOM Noaaep>Kkn 1 HopMaTUBHO-NPaBoOBOM 6asbl, kKacatoLenca
cepTuduKaLmMm NpeanpusaTuii 1 MapKMpoBKM Npoaykumm [7, 8], Obino NnpoBeaeHo CpaBHEHME C
3apyBeXHbIMU KOHLENUUAMN «3EeNEHBIX AKOHOMUKY», a Takke NpoaHann3npoBaHbl TEHAEHUMUN
pa3BUTUS MMPOBOIO 3KONOrM4eckoro arpobusHeca [9].

PaspaboTtke CTtpaTternn npepalwiectsoBano npuHatue depepanbHoro 3akoHa «O6
OpraHn4yeckon NpoAyKUMM U O BHECEHUN U3MEHEHUI B OTAENbHbIE 3aKOHOAATENbHbIE aKTbl
Poccuinckon degepaunmn» ot 03.08.2018 N 280-03 n deagepanbHoro 3akoHa oT 11 MoHSA
2021 r. N 159-03 «O cenbCKOXO35IMCTBEHHOW MPOAYKUUKN, Cbipb€ M MPOAOBOMBLCTBUM C
YNYYLWEHHBIMW  XapaKTEePUCTUKAMUY, KOTOPbIE CHANMW psg NPOTUBOPEYUA U MOCYXUMN
OCHoBOW ans paspaboTkmn Ctpaterum [9].

Lenblo wuccnenoBaHusa SBMNsieTCA MNpOBeAEeHME aHanu3a YpPOBHSA pasBUTUS
Npoun3BOACTBa OpraHM4eckoro npogykumm B Poccuinckon denepaumm Ha MOMEHT NPUHATUS
Ctpaternm, yTOYHEHME OCHOBHbIX MOHATUN, SABMAAIOWMXCSA €€ OCHOBOW W pacCMOTPEHME
pasnMyHbIX CUEeHapreB eé peanuaauuu.

MeToabl uccnepoBaHusi: TeopeTUdeckme (CUCTEMHbIN aHanus), obuiernornyeckme
(cpaBHeHue, 0b6obLLEHNE M aHanu3 HaydHoOW nuTepaTypbl MO Npobneme uccrnegoBaHus),
ctatuctmdeckme (obpaboTtka cobpaHHOro TeopeTU4eckoro maTepmana).

PesynbTaTtbl 1 o6cyxaeHue. B cootBeTcTBUM co CTpartermen, nog nponsBoaCTBOM
opraHuMyeckon MpOAyKUUM npeacTaBnsdeT cobon COBOKYMHOCTb MOAOTPACrEN CenbCKOro
X03AMCTBa, NULWEBOM U nepepabaTbiBatolLle NPOMbILUNEHHOCTWN, TpaHCNopTa, ONTOBOW U
PO3HMYHOW TOproBnn, obecneynBalOUX MNPOU3BOACTBO, TPAHCMOPTUPOBKY, XpaHeHwue,
nepepaboTKy 1 peanu3aumio Ha BHYTPEHHEM U BHELLUHEM PbIHKaX OpraHMYeckon NpoayKuuu,
cepTMdmUnMpOBaHHON B COOTBETCTBUM C 3akoHoaaTenbcTBoM Poccunckon Pepepaumn.
OpraHunyeckoe cenbckoe xo03ancTBo Poccuinckon Pepepauum - COBOKYMHOCTb BWUAOB
9KOHOMWYECKON OEeATEeNbHOCTUM NO  BblpaliMBaHMIO, Npou3BOACTBY W nepepaboTtke
OpraHM4yeckon CernbCKOXO3ANCTBEHHOW MPOAYKLUUKN, Chipba M MPOAOBOMBLCTBUS, NMPU KOTOPbIX
NPUMEHSAITCA cnocobbl, MeToAbl W TEXHONMOruMW, HanpaeneHHble Ha obecneveHune
OnaronpusiTHOrO COCTOSHUSA  OKpYXKaloLlen cpedbl, COXpaHeHMe 300POBbS  YerioBeka,
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COXpaHeHne 1 BOCCTaHOBNEHME nnogopoans noys. OpraHmnyeckasi NpoayKLUMS - 9KONOrMyeckm
YNCTbIE CEeNIbCKOXO3ANCTBEHHAs NpoayKuus, Cbipbe U NPOAOBONLCTBME, MPU MPOU3BOACTBE
KOTOPbIX He WCMOMb3YyTCA MUHepasnbHble YyoobpeHus ©n  XuMudeckme BellecTBa
(arpoxmmukaThl, nectTuumabl, aHTUOUOTMKW, CTUMYNATOPbI POCTa U OTKOPMA >KMBOTHbIX,
ropMoOHarnbHble npenapaTtbl), 3a UCKNIOYEHUEM TeX, KOTOpble paspelleHbl K MPUMEHEHUIO
aencteytowmmn B Poccuinckon degepaumm HauMOHaNbHbIMU, MEXIOCYAapPCTBEHHbIMU U
MeXayHapoaHbIMU CTaHgapTaMu B chepe NpoM3BoaCTBa OpraHNYeckon NpoayKLumu.

Hapsgy ¢ degepanbHbiMM  MepamMu rocygapCTBEHHOW MNOOOEPXKKM  pas3BUTUSA
OpraHM4yecKkoro cenbckoro xo3sancrtea, Ctpaternsa npegnonaraeT paspaboTKy U peannsaumto
pervoHanbHblX Mep nogaepxku, Tak kak Ctatba 72 KoHctuTyumm P® oTHOCUT cenbckoe
XO3AMNCTBO, OXpaHy OKpyxatowien cpegbl U obecneyeHne akonornyeckon 6e3onacHoCTU K
coBMecTHOMY BefeHuto Poccuinckon degepauunm n ee CyobEKTOB, crieaoBaTesibHO, BO3MOXHA
KOHKpeTM3auua Mep nNoadepXku npousBoauTene  opraHMyeckorW  npoAaykummM  Ha
pernoHansHomM yposHe [10]. Habop mep nogaepkn BapbupyeTcsa No pasnuyHbiM cybbektam
Poccuinckon denepaunn.

Pag pernMoHoB npenocTaBnsoT MOTEHUMANbHYHO BO3MOXHOCTb nonyyeHuss go 90
NPOLEHTOB 3aTpaT Ha OOy4yeHue, MapKEeTUHroBble MCCNeaoBaHus, yyacTMe B BbICTaBKax,
NpoxXoXaeHne npoueaypbl cepTudukauun unu npegayamta rotToBHOCTU K nepexoay Ha
opraHudeckoe cenbckoe X03ancTBo. [Npu 3aTOM MUHUManbHbLIM nopor onpegenéd B 10
NPOLEHTOB [5].

BaXXHbIM acnekTom pasBUTUSA NPOU3BOACTBA OpPraHUYECKOW NPoayKUMM ABRAsSeTCHa eé
cbbIT. HekoTopble 3KCNepTbl OTMEYALOT, YTO, B CBA3U C HE4OCTAaTOYHON CHOPMUPOBAHHOCTLIO
BHYTPEHHEr0 pblHKA MPOAYKUUN OpraHM4eckoro npousBoacTBa, npoussBoguTenn OyayT
3aBUCETb OT MOCTABOK CBOEW MPOAYKUUN Ha MeXAyHapOoAHbIX pbiHKax. [ona opraHn4eckux
NPOAYKTOB NuTaHus B obliem obbeme pO3HMYHOW TOProBnv MPOLOBOSIBLCTBMEM B CTpaHe
coctasnseT okono 0,1% [5]. C 1 ceHTsa6psa 2024 roga B Poccuickon ®enepaumm obasatensHo
HanMune opraHNM4YecKoro cepTudukata Ans nonyyvyeHus npasa MCNosib3oBaTb B MapKUpPOBKe
TEPMUHbI  «BMOOMHAMUYECKUINY», «OMONMOrMYECKUNY, «IKOMOrMYECKUI», «3IKONMOrM4eckm
UYUCTLINY, «3ENIEHbINY», 0003HAYEHNAMM «IKO» U «BMo» N nx nponssogHble [11]. B Ctpaterun
oTMmevaetca 4to B 2021 rogy notpebneHue opraHuveckon npoaykumm B Poccuiickonm
degepauumn coctasuno 24,4 mnpg. pybnen, npu atom go 80 npoueHToB noTpebneHus
NPUXOANTCH Ha KpYnHble Mmeranonuckl — ropoga Mocksy n CaHkT-INeTepObypr, a ponb rnaBHoOro
Meranonmca CTpaHbl Kak CaMOoro 3HayMmoro noTpebutenss opraHMyYeckon npogyKuum
coxpaHuTcsa 1 B nepcnektnee nwkanwmnx 10 net [5].

Mcxoass m3 Tekyllero COCTOSIHUSI BHYTPEHHEro pblHKa OpraHMyeckon npoayKLuumu,
fonblioe 3HadeHve npuobpeTaeT €€ 3IKCMOPT, KOTOpbIA, B COOTBETCTBUM C YKA30OM
Mpeangenta Poccuinckon degepaumm ot 21 mnona 2020 r. Ne 474 "O HauuoHarnbHbIX Lensax
pa3suTtus Poccurickon Pegepaunn Ha nepunog Ao 2030 roga", aBnaeTcst 04HOM N3 KNYEBbIX
3ajad arpornpoMmbILLIIEHHOro Komnnekca [9].

BaxHbIM BOMpocaMm pasBUTUS 3SKCMOpTa SBMSETCA NPUBEAEHNE POCCUICKON,
3apybexHbIX HauMoHamnbHbIX U MEXAYHapPOOHbIX HOPMAaTUBHO-NPAaBOBbLIX CTaHO4APTOB.
Co6CTBEHHYIO HaUMOHaIbHYIO 3aKOHOAATENbHO-HOPMAaTUBHYO 6a3y nMetoT Tonbko 89 cTpaH
B MUpeE, B YMCIO KOTOPbIX B HAcTosLL,ee BpeMs Takke BXoauT n Poccuinckas degepaums, roe
Oblnn paspaboTaHbl M yTBEPXKOEHbI HaUMOHamnbHble CTaHO4apThl, a Takke MpUHAT psg
HOPMAaTMBHO-MPABOBbLIX aKTOB, PErynupyroLlwmnx Mepbl FOCYA4apCTBEHHOW NOOAEPXKKM
NpoOmn3BOACTBA 9KOSOrMYeckn YncTon npoaykumm [9].

Poccuitickaa ®epepaumnd, B COOTBETCTBMM CO CTaHOapTaMy MexayHapoLHOM
ceptucpmkaumin, 3aHMMaeT no OObLEMY nnowagen, MWCNONb3yemMblX B 3KOSOMMYECKOM
arpobusHce 15-e mMecTo, MO Oone nnowagen, 3aHATbIX B 3KOMOMMYEecKkoM arpobusHce K
obwemy obbemy 3emernb CernbCKOXO3SMCTBEHHOro HasHadeHus 110-e, a no KonuyecTBy
cepTudunUmMpoBaHHbIX npegnpusatun — 128-e mecto [7, 12]. MNMoTteHunan Poccun B MMpOBOM
MacliTabe OOBLEMOB 3eMerlb CENlbCKOXO3ANCTBEHHOro HasHadeHust 3HaduTeneH. OO6uue
nowagm cenbxo33emMernb CTpaH, pa3BUBaIOLLMX OpraHMYecKoro NPOM3BOACTBO yXKe NoAOoLNN
K npegeny CBOEro paclwupeHus, Torga Kak TeHOeHUMen nocnegHux AecaTunetui B
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Poccuinckon ®depepaumm ObINO  cokpawleHne ux o6bemoB, NpUM 3TOM BO3OENCTBUIO
XUMUYECKNX CPEOCTB B TEYEHMM ANUTENBHOIO BPEMEHM Ha NOABEPranmch Kak LenuHHble, Tak
N 3anexHble 3eMNKN, HE UCMOSIb3yEMblE B MO HA3HAYEHMIO B TEYEHUU NPOLOIHKUTENBHOrO
BpemeHu [13].

B Crpartermm ykasaHo, 4TO OOHMM W3 LENEBbIX NokasaTenenm BCEX CLeHapueB
pas3BUTUS ABMSETCH YBENMYEHWE MioLlagen 3eMerfb, Ha KOTOPbIX MPUMEHSIIOTCA TEXHOMNOMMn
OpraHM4yeckoro 3emrnegenusi, a 3a OcCHoBy OepéTca 6as3oBbi cueHapui, ¢ O0ObLEMOM
nnowapen B 4292 Thic. ra. k 2030 rogy (tabn. 1) [5].

Tabnuua 1 — MNnowaan 3emenb, Ha KOTOPbIX MPUMEHSIFOTCA TEXHONOMMN OpraHNYeCcKoro
3emnenenvsa nNpu pasHbiX CLiEeHapUsX cTpaTerun passuTus NPoM3BOACTBa OPraHNYecKom
npoayKuuun, Toic.ra.

oA 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
Basosbivt 656 | 754 | 867 | 1040 | 1352 | 1758 | 2198 | 2747 | 3434 | 4292
cueHapum

ONTUMMCTUNHLIN | oo | 806 | 992 | 1289 | 1740 | 2350 | 3054 | 3971 | 5162 | 6711
cueHapui

KoncepBatMBHLIN | o5 | 701 | 772 | 849 | 950 | 1084 | 1225 | 1384 | 1522 | 1674
cueHapuu

C 2023 roga YnpaBrneHMemM CTaTUCTUKM CENbCKOrO0 XO3SNCTBA U OKpyXaroLen
npupogHon cpeabl PenepanbHoOM CNyXObl roCydapCTBEHHOW CTaTUCTUMKM MPOBOAMTCS
MOHWUTOPUHI NoWagen, Ha KOTOPbIX MNPUMEHSIOTCA MOYBO3ALUUTHLIE arpoTEXHOMOrnm
NPOn3BOACTBA CEMbCKOXO3SMCTBEHHOM NPOAYKLNN, ChipbS U MPOAOBOMBLCTBUS, B TOM YuUche
nnowaaun, obpabatbiBaeMble NO TEXHONOMMKU, COOTBETCTBYIOLLEN NpaBuiaM NpousBoACTBa
opraHuMyeckon Npoaykuun. He cmoTpsa Ha TOT dhakT, YTO AaHHbIM NokasaTenb B 2023 roay
NPeBbICUN MPOrHO3Hble 3HayeHusi, npumBenéHHble B CTpaterum npu 6a3oBOM CLeHapuu
pasBuTusa, ero gonsa B nnowanax, obpabatbiBaeMblX MO arpo3alUTHbIM TEXHOSOrNAM,
coctasuna Bcero 4 npoueHta (puc. 1) [14].

M3meHeHnsa B reononnTUYecKon cuTyaumm 3a nocrnegHue HeCcKOmbKo NeT NpuBenu K
yBEIIMYEHMNIO PUCKOB B 0OMacTV BHELLUHEIKOHOMUYECKOrO COTpyAHMYecTBa. Tak, oguH u3
HEMELIKMX OpraHoB MO akKkpeauTauumu oTKasancs okasblBaTb YCNyrn Mo akkpeautauum B
Poccuitickon degepauun, He CMOTPS Ha YyXe OOCTUrHyTble corfalleHus B JaHHon cdepe
coTpygHuyecTBa. CHMXKEHMEe 3KCMOPTHBIX MOCTaBOK U3 Poccumn kak B cTpaHbl EBponenckoro
Coto3a, Tak n CoegunHeHHble LLTtaTbl AMeprkn NpMepHO COKpaTUNOCh B ABa pa3a, OO4HAKO
CWA no-npexHeMy OCTalOTCA CTpPaHOW, Ha KOTOpble MPUXOAUTCA OKOMo 75 npoueHToB
POCCUNCKOro 3KCnopTa opraHnYeckon npoaykumm [5].

B kayectBe OCHOBHbIX MEPCMEKTUBHbIX  PbIHKOB  CObITa  OpraHU4eckon
CEeNbCKOXO3ANCTBEHHOW NMPOAYKLMN B HacTosLLee BpeMsa paccMaTtpuBatoTcs Kutan, KoTopbin
B nocrnegHve rogbl Ctan KpyrnHeWwum B MUPE UMMNOPTEPOM MPOAOBOMBLCTBUS U CTPaHbl
rocygapcts Nepcuackoro 3anunea, KOro-BoctouHon Asun n 6nmxHero 3apybexos [5].

AGcontoTHoe BOMbLUINMHCTBO — OKOMo 99 NPOLEHTOB OPraHUKM Ha 3KCMOPT COCTaBnsaAeT
CblpbeBas MNpoAyKLMS pacTEeHMEBOACTBA, B MEPBYH odepenb — ypaxHoe Cbipbe AN
Npoun3BOACTBa KOPMOB AN OpraHNYeCcKMX XnBOTHbIX. OgMH NPOUEHT AenaT nepepaboTaHHas
NPOAYKUMS M MULLEBbIE JNIECHble pecypchbl. BonblMM 3KCNOPTHLIM NOTEHUManom obnagatoT
KeApPOBbIA OpEX, 3aMOPOXEHHblEe AroAbl, Me4 U Opexu. YCTpaHeHue nepekoca B CTOPOHY
3KCnopTa HEeCbIpbEBOWM MNPOAYKLUMU HWKHUX MEepenerioB, XapakKTepusyloLlmnecs HEBbICOKON
cTeneHblo nepepaboTkm M ee NPOCTOTON, ABNSETCA OAHOM U3 Hambomnee CrnoXHbIX 3agad,
CTOALMX Nepes NPon3BoaNTENAMUN OPraHuKu.
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TeXHOMOTMA C HCNOAb30BAHHEM BNaNTHEHO- ]

NaHAWadTHOH CHCTEMBL 3EMneaenin; 1 281 140 TexHONOMMA,
. COOTBETCTBYIOLAA MPAEMNaM
.

2395 NPOM3BO0LCTES OPraHMYECKDH
npogyKLMK
201 500 1=,

4%

TexHOAOTHA,
COOTEETCTEYHILEA
MPEENIEM
NpoM3IE0ACTES
CENBCHOXOIANCTEEHHD
A NpoayKLMM,
NpoLOBONECTENA,
NPOMBILAEHHON 1
WHOH NPOgYKLMK C
YAYYLIEHHBIMI
NAPAKTEQUCTHEAMM
3475703,

6%

TexHONOMMA NPAMOTD CEBE
[no-till)
1186630 rs,
22%

= TexHOoNorHa str'lp—till_-'
77840 ra,
1%

® CmewaHHas
NOYBO033WMTHEA

u Texdoaorda mini-till TEXHONOTMA
925010 r=, 1487 290 ra,
17% 7%

PVICyHOK 1 - lMNnowagu, Ha KOTOPbIX MPUMEHATCA NO4YBO3aLLUNTHbIE arpoTEXHOIIOTNIN
npon3soacTBa CENbCKOX03ANCTBEHHOM npoaykumn, Cbipba 1 NpoaoBOJIbCTBUA

3aknoyeHune. OOHUM M3 MeponpuaTMA Mo peanusaumm CTpaTernm sBNseTcs
CHWXEHNe afiIMMHUCTPATUBHOIO BO3AENCTBUS 1 BBEAEHNE 3(P(EKTUBHOIO PErynMpoBaHns B
cepe NPon3BOACTBA «3EMNEHON NPOAYKLUMUY . B COXMBLUMXCS YCNOBUAX M YYUTbIBAsS aHHbIE
TpeboBaHWs, OOCTUXKEHME LieneBbix nokasaTtenen CTpaterMm oueHMBaeTcsl Kak 40CTaTOuHO
ambuumo3Hasi 3agava, KoTopasi NO3BOSUT CEeNbCKOMY XO3SIMCTBY Ha MPUHLMMNMANBHO HOBbIN
KauyeCTBEHHbIi YpOBEHb, CTaTb ApaiBEPOM 3KOHOMUKM W MOTPebyeT BbIpaboTKM HOBbIX
NOAXOA0B K MexaHM3MaM peLleHnst BOMPOCOB Kak MOAAEPKKM nepexofa OT TPaAMLMOHHbIX K
3KOMOMMYHBIMU hOopMaM XO3SIMCTBOBAHMS, Tak U (hOPMUPOBAHUS HOBbIX NOTPEBUTENbLCKUX
NPeanoyTeHWA, CO34aHWUs CUCTEeMbl MNOAAEPXKKM CObiTa WM peanu3auum OpraHUYecKou
npoayKLMUN.
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