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AHHOTauusa. 56a30BbIM TUMIOM CUCTEM B
AlK siBnsitoTcsi 6MOMalLLICcUCTEMbI, B OCHOBE
KOTOPbIX JIEXNT Tpraaa «4es1oBeK-mMalunHa-
XK1BOE», MOYYMBLUME CTPOTYIO POpMannN3aLmio
B pamMkax kateropHou Teopuu cuctem. B 6510k
«MaLuvHa» 61MOMaLLICUCTEMbI BXOASAT peLuare-
JIN C 3/IEMEHTaMU CUJIbHOIO UCKYCCTBEHHOIO
UHTENNEKTa, OH MOXET UMETb HBA3UBHbIE
UMIMIaHTbI 1 HEMHBa3WBHbIE MHTEPGEVICHI B
6uonornyeckme noACUCTEMbI, Y4TO Peann3yeT
roHsITue arpokubopra. lNomMumo Teopuy arpo-
Knboproe kak 6MOMACLLNCTEM, paccMaTp1Ba-
10TCS1 MPUMEPLI arPOKMOOPIroB A1l XUBOTHO-
BOACTBA 1 PpacTeHNEBOACTBA.

KniouyeBble cnoBa: QyHKLMNOHAIbHbIE
u 6MOMALLCUCTEMbI, KaTErOPHbIE CUCTEMBI,
arpoknbopru, peluaresnu, UCKYCCTBEHHBbIA U
CWJIbHBIV UCKYCCTBEHHbIN UHTEJIEKT, MACTUT,
rnoTeHumasbl 4eNCTBUS PACTEHNIA.

MocTaHoBKka npoénemsi

Teopuvs 6GOMaLLCUCTEM MOXET OXBa-
TUTb BOMPOCHI KNGOPrnsaumm, npoTekao-
LLIe B HACTOSILLLEE BPEMS HA Pa3HbIX YPOB-
HSIX HAYKW 1 MPOW3BOACTBA, BKtoYas AlK.
[MpencraBnTeny CenbCKoro coumyma, npo-
OYKTVBHbIE XMBOTHbIE, & TAKXE PACTEHMS 1
naxe bromacchl, aieKBaTHOE CUCTEMHOE
OnvcaHne KOTOPbIX MMEETCHA B pamKax
Teopumn OMOMALLCUCTEM, TAKXKE Y4aCTBYIOT
B KMOGOpruaawmm, 1 aTo SBAeHNe OOJIKHO
ObITb HAY4YHO OTPaXeHO B TeOpuUn arpap-
HbIX cucTeM. [onynsipHO NpeacTaBneHne
0 Knbopre kak 0 X1MBOM 00bEKTe, B NEPBYIO
oyepenb, YesIOBEKE, C BHEAPEHHbIMU B
HEero B TOM WX MHOW CTENEHN MexXaHu-
YECKMMU U 3NEKTPOHHBIMU UMMIaHTaMMU,
pacWwunpsiowmMMm ero BO3MOXHOCTH.
Mopo6Hble onucaHna crnenyeTt NPUBECTU
K TOYHBIM Hay4HbIM onpegeneHvsam. Jan-
Hble 3aJa4u B Teop1MM BUOMALLCUCTEM
Haxo4AT CBOE eCTECTBEHHOE PELleHue,
yeMy NocBsiLLieHa npeaiaraemas padoTa.

TexHuka un o6opynosatue ans cena N2 9 2022

OTa npobnematika ¢ TOYKN 3PEHNS Npu-
JIOXEHU Teopun GuoMalICUCTEM Ha
npakTuKe BKIOYAET B ceOs BOMPOCHI pas-
paboTkM 1 BHEAPEHUSI NCKYCCTBEHHOIO
nHtennekra (M) B npon3BoaCTBO U TEKY-
LLIY}O XXN3Hb CENbCKOro coumyma. CnoxHoie
MacLuTabHble NPobieMbl U HanpaBieHus,
TakMe Kak NoCTaBNEHHbIE PYKOBOACTBOM
CTpaHbl 3a4a4n PasBUTUS U BHEOPEHUS
meTonoB umndposmzdauum u NN B ATIK,
[OJSIKHbI PELLATLCS HA CUCTEMHOM YPOBHE.
CyLLecTBYIOT AECATKM ONPESENEHNA No-
HATUSI CUCTEMbBI U CUCTEMHOIO NOAX0Aa,
OAVH 13 Hambonee rnyboknx — Teopus
PYHKUMOHANBHBIX CUCTEM, pa3paboTaHHas
M.K. AHOXMHbIM [ 1] n ero wkonon. Ans ATNK
afeKBaTHbIN CUCTEMHbIN NOAXO0M 3a0aET
Teopus BriomalucucTeM [2], onnpatoLLascst
Ha Tpuagy «4enoBek-MallnHa-X1BOE», Kak
0Ka3bIBAETCS, HU Teopun OYHKLIMOHANb-
HbIX CUCTEM, HU 3PraTUyecKnx 1u Apyrux
N3BECTHbLIX CUCTEMHbIX MOAXOA0B ANA
AMNK HepocTaTo4HO. B paboTte [3] pas-
paboTaHbl MaTeMaTNyYeCcKe OCHOBbI AJ1s
6uomallcucTeM B paMKax KaTeropHoin
TEOpUU CUCTEM.

B 6ruomawicucteme B 6110ke «MaLlmnHa»
VMEIOTCS peLLaTenu C 9NeMeHTaMuy Tak Ha-
3bIB2EMOro cuibHoro M, nossonsiowme
BblpabaTbiBaTb HOBbIE afIrOPUTMbI MOBE-
[OEHUSt MaLUVHbI, HE 3a/10XKEHHbIE B HEE 3a-
paHee KOHCTPYKTOPOM (NpPOrpamMMmncTom)
[4]. Pewatenb Ha ocHOBe Gnoka [MocTa
NCNOJIb3YET YHMBEPCASIbHOE UCYMCNEHME,
BblpabaTbiBaoLLee (Ha OCHOBaHMM TEOPEM
TMna Teopemsbl 3. MocTa 06 yHMBEpPCanb-
HOM MCHYMCNEHNN) BCE BO3MOXHbIE afl-
ropuTMbl, B TOM Y1Clie BOCTPEOOBAHHbIE
Ha TEKYLLNN MOMEHT OYHKLUNOHNPOBAHNS
MaLLWHbI. BocTpeboBaHHOCTbL BKIIOUEHNS
B arpapHyto CMCTEMY yKadaHHbIX KOMMO-
HEHT C pewartensaMm n NPoayKTUBHbIM
XMBbIM aKTyanuampyeTtcs no 60nbliomMy
CYETY C HAYaBLUMMCS M PACLUNPSIOLLMM-
cq B AlNK nepexoaom B TEXHONOMMSX OT
CTPEOHEeCTAaTUCTUYECKMX KPUTEPUEB K UH-
OomBuayanbHo paboTe MallvH C OTAENb-
HbIMW 3NIEMEHTaMM XNBOIr0, B HACTHOCTH,
OTAENbHLIMUN XUBOTHBIMU U PacTEHUSIMUN
(ToyHoe 3emnepenvie n ap.) [5]. Bsanmo-
[eNCTBME MALLUVH C XMBbIMU 06BbEKTaMu

B YKa3aHHbIX peXnmax NHANBMAYanbHOro
noaxona TpedyeT OT MaLLMHbI peanm3aumm
B HEN 3NEMEHTOB MMEHHO CuUNbHOroO W,
KOTOPbIE HE MOryT ObITb OCHOBAHbI Ha NO-
NYNSPHbIX TEXHONOTNSAX UCKYCCTBEHHbIX
HelipoceTeit rnybokoro obyy4eHunst BBUOY
VMEIOLLMXCSA B HUX OrpaHnMyeHnin. Arpo-
knbopru, Takum 06pasoM, O0JSKHbI OblTb
OCHaLLeHbl 31IeMeHTaMun cunbHoro U,
nogobHas npobnema Takke MOXET ObITb
pelleHa B paMkax b1MoMaLLCUCTEM, YeMyY
NOCBSILLEHa BTOpas 4acTb AAHHON CTaTbM.
[MpepnoxeHHOe peLleHne OCHOBAHO Ha
NCMOJSIb30BaHNN MHOrOMOY bHbIX peLua-
Tenel B 6510ke «mallMHa» Guomallicucre-
Mbl. KpaTkas oopmMynmpoBka NoCTaHOBKM
npobnem, KOTOPbIM MOCBsILLEeHa paboTa,
COCTOUT B HEOOXOAUMOCTM AaTb MPUMEHN-
Moe Ha npakTuke B ANK Hay4HOe onnucaHme
arpokvbopra, annapTaHas 4acTb KOTOPOro
OCHalleHa anemeHTamu cuibHoro Mn.

Llenb, nccnepoBaHnin — nosy4yeHme
pe3ynbTaToB HA NyTU peLleHns onu-
CaHHbIX BbilLe npobnem. K coxanenuto,
KaK yXe yka3blBanoCb, COBPEMEHHbIX
HelripoceTeBbIX METOA0B AJ19 OCHALLEeHNS
arpoknbopro. afieMeHTamm cusibHoro N
HeLoCTaTo4HO. Bbe3ycnoBHO, MONyNspHbIE
MeTObl NCKYCCTBEHHbIX HEMPOCETEN,
peanuayiolme 6ecnmMnoTHOCTb TPaHC-
NOPTHbLIX CPEACTB U OPOHOB, Apyrue
OCHOBaHHbIE Ha HENPOCETAX TEXHNYe-
ckne peweHus Heobxoanmbl. OgHako
BBMAY NPUHLUMMANBHO OrPAHNYEHHbIX
BO3MOXHOCTEN Npupoabl HerpoceTen
pedNeKkTOpHbIM MEXAHU3MOM «CTUMYII-
peakuusi», He OTpaxatoLwmMm Kakoro-nmoo
MHTennekTa (0 Yem McYepnbIBaOLWE N3-
JIoXeHo B paboTe [6], cM. Takke BUOEO
poknaga npod. A.A. XpaHosa https://
youtu.be/-s23i4USwDOQ), nonynspHbii
HenpoCceTeBOWM NOOX04 HEAOCTATOUEH Ans
NoCTaBNeHHbIX 3aaa4, TPebyLWNX Cuib-
Horo VIW. C opyrovi CTOPOHBI, YXXe Havasb-
Hoe onpezfeneHne bruomallcucTemsl [2] B
pellatensx 61oka «maliMHa» onmpanochb
Ha 9emMeHTbl cunbHoro MW, B kayectse
KOHPETHOW LeNn nccnenoBaHns MOXHO
onpenennTb peann3aumio arpoknbopra c
TpebyeMbIMN CBOMNCTBAMW B pamMKax Nog-
xopsLLein 6rioMaliCUCTEMBbI.
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MGTepMCU'IbI N MeTobl

ncenenoBaHusa

MeTononorn4eckom OCHOBOM UC-
Clle[oBaHNS ABNSETCA MaTematmyeckoe
MOZENMPOBAHNE N CUCTEMHbIA NOAXO[,
B pamkax GUOMALLCUCTEM U KaTeropHoi
Teopuu cucTeM. [1ns Bonpocos kMbop-
rm3aumm 6MomMalLCUCTEM MPUMEHSIETCS
CUCTEMHbI aHann3 HanpaBieHUN Hen-
pobronornm n CeNnekLMOHHON reHeTUKN
B OTHOLLEHNN NHCTPYMEHTOB NPOEKTNPO-
BaHWS CeJIbXO3MaLLMH KaK MexaHn3MoB
obecreyeHns peannsaumy 3anoXeHHOro
cenexkunmoHepamun B reHOM pPacTeHuin u
XMBOTHbIX NOTEHLUMANA.

Pe3ynbTaTtbl uccnepoBaHuim

n o6CcyxpeHue

HasHayeHue arpapHbIX MaLUVH

M UCKYCCTBEHHbIA UHTEJIIEKT

Teopus GuomatucucteM o60CHOBana
HOBbIM MOAXOA, K Ha3Ha4YeHWI0 arpapHoONn
MallnHbl [7] Kak MHCTPYMeHTa, obe-
CMEYMBAIOLLEr0 YKa3aHHYI0 peannsaumio
3a/10)KEHHOr0 CenekunmoHepaMm B reHOM
PaCTEHUI N XMBOTHBIX MOTEHLMAna.

Hanpumep, TpakTtop cam no cebe He
SBNAETCH arpapHoOi MalMHOW, HO cTa-
HOBWUTCS €10 MNPV COEAMHEHWM C Mayramu,
cesikamu, onpbICKMBATENSIMUN U APYrUMU
arperatamu ans To UAn MHOM Heno-
CPELCTBEHHOW paboTbl C MPOAYKTUBHBLIM
XMBbIM. TpaKTOp C arperatomM CTaHOBUTCS
NnoACHMCTEMOW BOMALLCUCTEMBI C Tpra-
[ON «TpakTop C arperaTtoM - onepatop
MaLLWHbI (TPAKTOPUCT) - XMBOE (pacTeHus,
no4sa n Ap.)». Yxe CyLLeCTBYIOT CeJIbX03-
MaLLWHbI, paboTaloLLmMe B CyLLLECTBEHHON
CTeneHn C NPOAYKTUBHLIM XMBbLIM UHON-
BUAyanbHO. Hanpumep, onpbickuBaTenu
N TEXHOMOMNS «3IEKTPOHHOro Hoca» [5],
KOTOopas MOo3BONSET ynaBaMBaTb Bbl-
nensemble OTAENbHbLIMU PACTEHUSAMN
cneundunyeckne neTydne BeLecTsa npu
nopaxeHunn 6enoKpbINKolr, obpabdaTbiBaTbh
MHGOopMaLMIO 1 B AanbHenwem Bo3aen-
CTBOBATb HA OTAENbHbIE PACTEHUS. Dnek-
TPOHHBIV HOC YCMNELIHO «BbIHIOXWBAET»
NOMUAOPHYIO TI0, BPEOHbIX HACEKOMbIX
OpYrux KynsTyp. lNonyyeHHas ot pacteHui
MHbOPMaLMs NO3BOJNIET NEPEXOANTL OT
cpegHecTaTucTuyeckom obpaboTku, B
4aCTHOCTU OMPbICKMBAHWUS, K aApEeCHOM,
4TO 9KOHOMUT pacxop, pacTBopa 1 He Jo-
nycKaeT U3NMLIHEro 3arps3HeHVS MOYBbI.

VHomBmAayanbHbI NOAXOA K XUBOMY
TpebyeT BCe GONbLUEN UHTENNEeKTyab-

HOCTM OT MaLUVH. Yem BbiLLe TpeboBaHus
K TEXHONOrUsIM, TeM B6OJSIE€ NHTENNEKTY-
aNbHBLIMU AOMKHbI ObITb MAaLUNHbI, UMETb
CcrnocobHOCTU, BIM3KNE K YENIOBEYECKUM,
1 B JaNbHENLIEM UX NPEBOCXOAUTb. YXe
Ha nepBoM 1 Tem 6oJiee ouepesHOM Lare
nepexona OT CpeaHeCTaTUCTMYeCKNX
napameTpoB XUBOro K MHANBUAYabHbIM
pednekTopHbIM MEXaHU3MaM peLuatenen
Ha HEPOCEeTSAX CTAHOBUTCSA HEQ0CTaTOu-
HO. HeoGxoaMmbl TEXHOSIOTMM C 3NIEMEH-
Tamu cunbHoro VN, Bkaoyas anemeHTbl
Co3HaHus. BocTpeboBaHHOCTb B cUCTEMaXx
ynpasneHns MalmnHamm, B YaCTHOCTHU
TpakTopamu, peliatener ¢ anemMeHTaMmum
cunbHoro MY gukTyeTcs He CTONIbKO HeOO-
XOLAMMOCTbIO aBTOHOMHOU paboThbl MaLLn-
Hbl B HEYYTEHHbIX 1 CNyYaiHbIX CUTYaUNSIX,
CKOJIbKO HEOBXOAMMOCTbIO pearnpoBaHus
Ha 3anpoChbl XMBOrO B NpoLiecce paboThbl.

MHTennekT ABNsgeTca CBONCTBOM
4YenoBeKa M XUBOTHbIX, HeMpobuonorns
n Gun3nonorva elle Becbma ganeku ot
SAICHOro onucaHug atoro asnexHns. NN
CYyTb Matemartmyeckas 1 KomnbloTepHas
MOJEeNb €CTECTBEHHOINO MHTENNEKTA,
peann3oBaHHas B 3N1EKTPOHUKE pOOOTOB
M NHTENNeKTyaNbHbIX MaLLUVH.

TeM He MeHee yXXe UMetoTCsl TEXHONO-
N, peannayiome 31EMEHTbI CUIbHOIO
W, peleHne Bonpoca cCOCTOUT B CO3Aa-
HUW TPaKTOPOB N APYrMX MalLVH HOBOrO
NMOKOJIEHWS C YHMBEPCAJIbHBIM PELLaTENEM
MHTEerpnpoBaHHoro tuna. Moaynamum
Takoro pelwaTtens MoryTt 6biTb 610K aB-
TOHOMHOr0 a4anTUBHOMO yrpaBneHns no
A.A. XpaHoBy [8], 610K, OCHOBaHHbI Ha
CEMaHTN4YECKOM BEPOSTHOCTHOM BbIBOAE
no E.E. Butsesy [9], 650K, OCHOBaHHbI
Ha ICM-meToae B.K. ®unHa [10], n yka-
3aHHbIA B cxeMe GromalicuctemMbl 610K
[MocTa. Kaxpasa na gaHHbIX TEXHOOMUMN
peannsyet Bce 601ee MOLLHbIE 3/IeMEHTbI
CUNbHOIO NCKYCCTBEHHOMO UHTENNEKTA, HO
HW OfHA MOKa He BHeApEHa B arpapHbie
MaLUHbI 1 MEXaHU3MBbI.

Kubopru u arpoknbéopru

O6bI4HOE NoHsTUE Knbopra o3HavaeT
XUBbIE OPraHN3Mbl (YE0BEK) C BCTPOEH-
HbIMW B HUX UCKYCCTBEHHbLIMU YacTAMMU.
3yOHbIe NPOTE3bl, KAPANOCTUMYNATOPSI,
cepeyHble KfanaHbl, NCKYCCTBEHHAas
noyka, NpoTe3bl KOHEYHOCTEN N Apyrue
nono6bHble BCTPOEHHbIE B OPraHn3m
MEXaHN4YeCKNE N SNEKTPOHHbIE MMIaH-
Tbl pakTUyecku BMeCTe C NoabMu (UX

HOCUTENSIMM) CYTb NPUMEPbLI KNOOProB.
Ewie ¢ npownoro Beka pacnpoCTpaHeH s
nMmniaHTel 6onee NPoOABMHYTLIE, COMpPSi-
raemMble HENOCPEeLCTBEHHO C HEPBHOM
cuctemon. Mpu onpepeneHHbIX NOBPeX-
[OEHUSX Cryxa B MeJVLMHE UCNOJIb3YeTCs
KOXJieapHbI UMMNaHTaT, HENOCPEA-
CTBEHHO KOHTaKTUPYIOLLNIA CBOEN BHY-
TPEHHEN YacCTblO CO CIyXOBbIM HEPBOM.
BHewHasa yacTb Nnpnbopa 3axBaTbiBaeT
MUKPOPOHOM 3BYK, nepepabaTbiBaeT
€ro B 9JIEKTPOCUrHasbl, NnepegaBaemMble
no pagvokaHany Ha UMMNIaHTUPOBAHHYIO
nofA, KOXY BHYTPEHHIOIO 4acTb, Y KOTO-
POV €CTb 3JIEKTPOAbI, JIOKANM30BaHHbIE
B ynutke yxa. CurHanbl ¢ 9nekTponos
YCUNBAIOTCS BHELUHUMUN BOSIOCKOBLIMM
KneTkamn KOpTUEeBOr0 opraHa, nepeHo-
CSITCS1 HA BHYTPEHHWNE BOJIOCKOBbIE KITETKM,
C KOTOPbIX HA OCHOBE HATPUIA-KaMEBOrO
MexaHn3ma B JeHApUTax CilyxoBOro Hepea
BO30yXJaloTCcs NoTeHuuansl AeicTBus,
pacnpoCTPaHSIOLWMECS B C/TyXOBOM OTAEN
rOIOBHOr0 MO3ra, rae 1 pacno3HatTCs.
Cnepyowmin ypoBeHb knboprumsa-
UMM OTBEYaET MHBA3UBHOMY KOHTAKTYy
HEernocpencTBEHHO C HEMPOHAMN MO3-
ra. B anektpokopTtukorpadum (3Kol)
NPUMEHSIOTCH CETKU, @ TakXe MOJIoChI
KPYrbIX (MAacTUHYaTbiX) 9N1EeKTPOLOB,
pasmMeLlaeMblX Ha MOBEPXHOCTU O4HO-
ro nonaywapusa. SNeKTPoAHble CETKU
006bIYHO cOoAEePXaT MHOXECTBO TOKOCH-
€MHbIX KOHTAKTOB, PEFMCTPUPYIOLLNX
UMMYNbCbl CO 3HAYUTENIbHONW NioLaan
NOBEPXHOCTU KOPbl FOJIOBHOrO MO3ra.
B ctepeoTakcuyeckon 33 (CI3IN) npu-
MEHSII0TCS LMANHAPUYECKME SNEKTPOabI,
MMeloLLme 0O AecsATKa TOKOCbEMHbIX MO-
BEPXHOCTEN 1 MPOHMKAIOLLME Yepes KOXY,
yepen 1 Bce 060104KM FOJIOBHOMO MO3ra
[0 NOAKOPKOBBIX CTPYKTYP. JaHHbIN METOL,
o6ecneyrBaeT MOHUTOPVHT MOBEPXHOCT-
HbIX 1 TNyOOKNX KOPKOBBIX CTPYKTYp. B
peaynbraTe BO3HUKAIOT HEMOCPEACTBEH-
Hble HEMPOHHbLIE 3NIEKTPOKOPTUKOrpadu-
yeckne nHtepdencol MO3r-KkOMmMbOTEP,
KOTOpbIE 3a CHYET CbEMA CUIHANIOB C HEN-
POHOB MO3ra 06ecrneynBaloT yrpaBieHme
3N1IEKTPOHHBIMU NPOTE3HLIMU U KOMMYHWN-
KaLMOHHBIMW YCTPONCTBAMM.
Cnepywuwmm aTanom TEXHONOIUMN
Kkmboprusaumm aBnSeTcs HanpaBneHne
BXOLHOr0 CurHana B KOpy rOJI0BHOro
MO3ra ¢ NoMoLLbio anekTponos AKol™ gns
NPSIMOM 3NEKTPUYECKON CTUMYNALMNN.
BapuaHTbl ynpaBneHus XX1uBbiM KUGOProm
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yxe nosisunuce. Hanprmep, B pabote [11]
OnvcaHbl 3KCNEPUMEHTbI C TapakaHOM-
KNHGOProMm, ABMXKXEHUSMIN KOTOPOrO MOXHO
ynpaBnsiTe U3BHE MO KaHasy CBA3N.

3a pybexxoM YnmpoBaHue Nioaen Ha-
yanocb B 1998 r. ¢ akcnepumeHTa KeBuHa
Yopwuka, Bxuusero nog koxy RFID-
VMMJaHTaT C PagnoyacTOTHOW UAEHTHU-
dukaumenn. B 2005 r. Amanb paadcTp
nMnaaHTupoBan cebe 4nn, Cnoco6HbIN
BBOAMTb B KOMMbIOTEP NaPO0IIv Y MPOBOAUTD
Lpyrvie 60nee CNoxHbIE AENCTBUS, YEM YU
K. Yopuka («ymMHOE» pyXbe, CnocobHoe
CTPEeNsATb NMNLLb B PyKax X0351Ha, 1 T.M.).

C 2015 r. yunupoBaHue noaen cra-
HOBUTCS MaccoBbIM. B HacTosLlee Bpe-
MSl OHO UMeeT 0TpaboTaHHbIE MacCco-
Bble TEXHONOTNN — aHTUCENTUK U Obl-
CTpPbI/ YKOJ C BUAY OObIYHBIM LINPU-
LeM, npouenypa 3aHMMaeT He OonbLue
1 MuH. Yun pa3amepom ¢ pucoBoe 3epHO
B CTAHAAPTHOW KOHPUrypauum 3ameHsieT
nacnopT, 6aHKOBCKYIO KapTy, 6uneT Ha
noespa 1av B KNMHO, KoYy OT AoMa 1 ap.
LecaTku TbiCaY WBEAO0B YXE BXUBUIU
noao06HbIE YnnbI.

B HacTosilee BpemMsa yxe coseplLua-
eTcsl nepexon, OT NPOCTENLUNX YXMOB AN
CHUTbIBaHUSA MHDOPMALIMM K MAaCCOBOMY
BXWBJIEHNIO YMMOB B MO3r NS CHATUA
CUrHanoB HEMPOHOB N BO3LENCTBUSA
Ha HUX. 30eCb NUANPYIOT TEXHONOIUN,
paspaboTaHHble kKomnaHusmu WM. Macka
(«Woke Studio» n gp.), ncnonsayowime
HEKOTOPblE BEPCUM PACCMOTPEHHbIX BbILLIE
OKol' n CO3r. Pasmep 4una coctasnset
23x8 MM, OH BXMBNSIETCSA N0 KOXY FON0BbI
1 TOHYANLUMMW HUTEBLIMW SIEKTPOAAMMU
noaKJIlo4aeTCsl K MO3ry 4epes OTBEpPCTUS
Bueperne (https://neuralink.com). Onepa-
LS BXUBJIEHWNS MOA, MECTHOW aHeCcTe3nen
3aHMMAET OKOJI0 OAHOrO Yaca.

Hanbonee rnybokoe onucaHve pusmo-
JIOrMKN 1 HeMPOdU3NOOT NN XMBbLIX Opra-
HM3MOB (4€/10BEK, XNBOTHbIE) ONNpaeTcs
Ha Teopuio PYHKLUMOHANbHbIX cuctem. C
TOYKM 3PEHWS KAaTErOPHON TEOPUUN CUCTEM
B pabote [13] naHa mogenb knbopra Ha
OCHOBE MHTerpaumm GyHKUMOHANbHOM
CUCTEMbI U YHUBEPCANBbHOIO areHTa nc-
KYCCTBEHHOIO MHTEJINEKTA, BBEAEHHOIO B
paboTe [14] n NCNONL30BAHHOIO B B10KE
MocTta 6uomatucuctemsl (puc. 1).

MpuBenéHHaa Mogenb TOAbKO Onu-
cana atan ¢opmMnpoBaHus knbopra 6e3
BHEOPEHNS B MPOLECChl GOPMUPOBAHMUSA U
NMPUHATUSA PELLUEHNI, YHETKO NOCTaBUIa Kak
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Puc. 1. dyHkunoHanbHas cuctema, UHTErpupoBaHHas

C YHUBEepcCasibHbIM 30MOU-areHTom

JanbHelwme warv knboprusaumm 3agady
BXMBJIEHNS UCKYCCTBEHHbIX MMMIAHTOB B
6nokn adHepeHTHOro CUHTE3a N NPUHS-
TS peLleHnii GYHKLMOHANbHbLIX CUCTEM
XMBOro opraH1M3ma.

Mepeligém K NoHSATUIO arpokMbopros.
Beuay dopmanusaumm 6uomatlicucTem
Mbl UMEEM CTPOroe C CUCTEMHOW MaTeMa-
TUYECKON TOYKM 3PEHUS NMOHATME arpoKm-
6opra B OTIn4KME OT Pa3MbITOrO ONMUCaHUS
Knboproe B nuTEpaType (puc. 2).

MpepcrtaBnas 6GuomMalicMCTeEMbI B
BUAE KATErOPHON CUCTEMbI, MOMyY€EH-
HOW KaTeropHov CBEPTKOM NOACUCTEM,
MMEHYEMbIX YeNI0BEK, MaLUNHA U XUBOE,
noa, arpokMboprom Mel NMOHMMaem 6uo-
MalLLCUCTEMY, MONYYEHHYIO KaTEeropHoW
CBEPTKON NOACUCTEM, UMEHYEMbIX Yeno-
BEK, MaLLNHA M XMBOE, KaXaas U3 KOTOPbIX
cama 1MeeT noacncTeMy, 0603Ha4YEHHYI0
TEPMUHOM yun. [py 3TOM NOACUCTEMBI
TMna «4nn» MOryT MMeTb Mexay cobo
MOLENNPYEMbIE KAaTErOPHbLIMY CBEPTKAMM

Puc. 2. Anarpamma arpokuéopra
KakK 6I/IOMaIJJCI/ICTeMbI

CBSI3M HEBMONOrMyeckol Npmupoabl. Yvnel
MalUVHbI 1 YeN0BeKa B3aUMOAENCTBYIOT
Opyr C OpYyroM 1 C YMNOM, UMMAAHTUPO-
BaHHbIM XXMBOMY, MPONCXOANT YYET MaLLIn-
HOW COCTOSIHUS XXMBOTO M YesioBeka, Kak 1
KaXa0W N3 NOACKCTEM, YYET paboTbl ApY-
rux nogcuctem buomatlcuctemsl. Cutya-
LSt COOTBETCTBYET paboTe COBOKYMHOCTU
NoACMCTEMbI YAMOB Kak €AUHOr0 LEenoro.
OTMETUM, 4YTO 4Mn He 065A3aTENbHO BECH
VAN YaCTUYHO MMMAAHTUPYETCS (aHano-
rMYHO PACCMOTPEHHOMY KOXNeapHOMY
VMMMNAaHTaTy) BHYTPb OpraHM3ma 4yefioBeka
VN XMBOTHOIO (pacTeHus v T.Mn.), 30ecb
cnenyeT yYnmTblBaTb TEXHOJIOMMIO, MPU-
MeHsiemMylto s arpoknbopra.

PaccmoTpum npumep arpokubopra,
nmetoLwmii 6onblLoe NPakTUYeckoe 3Ha-
YeHWe, a IMeHHO, arpokmnbopra s KOpoB
(kak GuomalicucTemMy «4osip-KopoBa-
[OWNbHLIV annapat»), padpadbaTbiBaeMblii
B B/M [15]. Ina cneumanncTos obLens-
BECTHbIMM ABASIOTCS NPO6AEMbl MacTUTa
KOPOB, MOABEPraeMbIX ONKE JOUNbHbIMU
annapatamv. OAuH U3 UX HELOCTaTKOB,
NPOBOLMPYIOLMX MACTUT, COCTOUT B TOM,
4TO BaKyyM JOUSIbHOrO annapaTa AencTBy-
€T Ha BCEe [0/ BbIMEHU, HE YYUTLIBAET,
4TO B Pa3HbIX JONAX OTAA4Ya MOJsioKka npe-
KpawaeTcsl B pa3Hoe BPeEMS.

YY4ET Ppn3monornm nokasbiBaeT, YTO
NMOBCEMECTHO NPUMEHSIEMbIE CNIOCO0bI 10-
€HUS C UCMOJIb30BAHNEM TPAANLIMOHHBIX,
ONUPAIOLLMXCS HA CPeaHECTATUCTMYECKNE
[OaHHbIE 0 XMBOTHBIX OWbHBIX annapaToB
haneky OT yCTaHOBJIEHHOrO NPUPOLOW
npoLiecca oTaa4M Mosioka TeneHky. Yucno
OJHVX TOJIbKO FOPMOHOB, Y4aCTBYIOLLMX
B nMpouecce 0TAa4v MOnoka, 4OCTUraeT
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no4yTy ABYX OECHATKOB, CPeAN KOTOPbIX
OCHOBHbIM SIBMISETCA OKCUTOUUH. Ong
NPOCTOTbl COCPEAOTOYMMCS HA 3TOM
rOPMOHe.

B pesynbrare MexaHM4ecKkoro BO3aen-
CTBWS HA PELLENTOPbI BbIMEHW BO3HMKAIOT
HepBHble BO30YXAEHUS, foCTUralLwme
CMWHHOIro MO3ra n runodusa, KoTopbIn
BbIENSET B KPOBb OKCUTOLMH. Heobxoau-
Masi KOHLEHTPaLUsA OKCUTOLMHA B KPOBU
[0J15 MOIOKOOTA24M COXPaHSeTCs 2-5 MyH.
PaspylieHne okcutoumHa conpoBoxaa-
eTcs npekpatlieHnem pednekca Mono-
kootoayun. OgHa 13 3agady arpoknbopra
Nno OLOEHUID COCTOUT B MopmepXaHuu
noaxoasiLero Ans BblanBaHUS YPOBHS
KOHLIEHTpauUmn OKCUTOLMHA B KPOBU XM-
BOTHOro. OnpeneneHve KoHUeHTpaumm
NPOBOAUTCH MO KOCBEHHBIM MPU3HAKaM,
HO CTUMYNALMS, BKIOYAKOLLLASA B Ce64 Bbl-
OeNeHne OKCUTOLMHA, OCYLLLECTBNSETCS
pa3paboTaHHbiM B BUUM npubopom YPT.
Mpn HeEOBXOAMMOCTM BO3MOXHO CO-
npsbxeHne YPIT ¢ BXMBAEHHBIMU KOPOBE
CeHcopamu 1 Yunamu.

CniekTp BO3MOXHOCTEN Sf1eKTpomMar-
HUTHOrO BO34ENCTBMSA HA OMOOOBLEKTHI
BECbMa LUMPOK, MOXHO HaAeATbCs Ha UX
MCMonb30BaHme A8 co3aaHuns Bce 6onee
COBEpLLEHHOro arpokubopra, ocyLecT-
BrsoLLero apyrue oyHkumn. YPICnanyya-
€T aMMANTYOHO-MOLYIMPOBAHHBIV CUrHaN
Ha Hecyuieln yactote 27 MIu manoi
MOLLHOCTHK, NOoA60POM MOAYNNPYIOLLNX
4acTOT AOCTUraAlOTCA PasfiyHble peso-
HaHCHble 61M03PPEeKTbl, KOTOPbIE COCTOSAT
B YCKOPEHUN U 3aMeNeHNN BUOXUMUN-
yecknx 1 6rocdusmyecknx npoueccos. B
4acTHOCTU, arpokndoprom ¢ YPIC ocBoeH
pPeXuMm, Npu KOTOPOM MOBbLILLIAETCS Kaye-
CTBO MOJOKa. TpaguuMOHHOE MaLLMHHOe
[0€EHME BOCNPUHUMAETCS XXUBOTHBIMM Kak
CTpeccoBbIli pakTop, NPy 3TOM GU3Nono-
rmyeckas peakumsi XMBOTHOrO NPUBOAUT K
MOBbILLEHHOMY BbIAENEHNIO NENKOLMTOB,
ABNSAOLLMXCSH OCHOBHOM Maccom comatu-
YeCKMX KNeToK B MONOKe, yxyaLatoLlen
€ro Ka4yecTBO. Yka3aHHbIn pexum YPI no-
3BOMISIET YMEHbLUNTb BbIGPOC NEVKOLMTOB,
YTO OAET CyLLEeCTBEHHbIN 3PdeKT NoBbI-
LLEHMS Ka4yeCcTBa MOoka. Arpoknboprom
¢ YPI Takxe ocBoeHa GyHKUMSA noaasne-
HWS naToreHoB macTtuta [15].

Arpokmbopru ¢ pacTeHusiMmn B kave-
CTBE XMBOro B GUoOMaLICUCTEME TakxXe
Heo6X0AUMbl N NepCcrnekTUBHbLI. B oT-
JINYME OT XMBOTHbIX, CACTEMHbIE CBOW-

CTBa pPaCTEHUI HEOQOCTATOYHO U3YYEHDI.
B yacTHOCTM, pa3paboTka Teopumn yHK-
LIMOHANbHbIX CUCTEM PACTEHNI TOSTbKO Ha-
ynHaetcs [13]. OTMeTUM, 4TO arpokmbopr
C y4acTMeM pacTeHuii NPUHLMNNANBHO He
OT/INYAETCH OT PACCMOTPEHHbIX MPUMEPOB
arpoknbopProB € XXMBOTHLIMM.

BbiBogpbl

1. B cBa3u ¢ paspaboTkoii Knbopros
OJ151 yesioBeka W XMBOTHbIX BO3HUKAIOT
61oMaLLCUCTEMBI, B KOTOPbIX MOACUCTEMA
«MalnHa» BCTpauBaeTcs B Buonoruye-
CK1e MOACUCTEMBI YENTOBEK U XUnBOEe. B
pesynbTate BO3HMKAET arpoknbopr Kak
6uomatucucTema. Arpokmbopr ¢ y4eTom
3NeMeHToB cuibHOro N B pewatensax
6roMallcUCTEMbI 0Ka3biBAaeTCA B psae
HanpaeneHnii 6onee NPoOAYKTUBHBLIM U
3P DEKTNBHBIM B CMbICNE MONYy4YEeHUSA
cenbxo3npoaykumm 6osbluero obbema u
Jlyyllero Kka4yectea, COAeNCTBYS TEM ca-
MbIM OCHOBHOMY CUCTEMOOOpa3yoLemy
dakTopy bromalLcucTem.

2. B paboTte npencraBieHbl pa3Bu-
BaloLLIME Ha Cryyai arpokmbopra pasae-
Jibl TEOPUN BUOMALLCUCTEM. DTO CIYXUT
OaNlbHENLLMM CTUMYNOM AS1 Pa3BUTUS
3/1eKTPOHHOW MPOMBILLAEHHOCTN, UCKYC-
CTBEHHOrO VMHTENNeKTa 1 MHbopMaTuku,
dopMupyeT BaxHOe None MexaucLm-
MAVHAPHBIX HAYYHO-TEXHUYECKMX UCCTe-
[OBaHW.
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Agrocyhorg as a Biomachine System

V.IL. Chernoivanov, G.K. Tolokonnikov

(VIM)

Summary. The basic type of systems in
the agribusiness are biomachine systems,
which are based on the triad “human-machine-
living”, which have received strict formalization
within the framework of the categorical systems
theory. The “machine” block of the biomachine
system includes solvers with elements of strong
artificial intelligence, it can have invasive im-
plants and non-invasive interfaces to biological
subsystems, which implements the concept
of an agrocyborg. In addition to the theory of
agrocyborgs as biomachine systems, examples
of agrocyborgs for animal husbandry and crop
production are considered.

Keywords: functional and biomachine sys-
tems, categorical systems, agrocyborgs, solv-
ers, artificial and strong artificial intelligence,
mastitis, plant action potentials.
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MHeHue nonb3oBaTens
006 PCM ArpoTpoHMK:

TdkKne CUCtTeéMbl HYXHbI

O6waschb ¢ BnagenbuamMmm arpoMalluH, Mbl
BbISICHUJIN, YTO UX NOAXOA K UCMONb3OBa-
HUIO 3NIEeKTPOHHbIX CUCTEM pas3nuyaeTcs
AnameTpanbHo. Hanpumep, paccmoTpum
PCM ArpoTtpoHuk. Yactb cneyuManucros,
paxe nmes aTy nnatpopmy B CBoeM pacrnops-
XXEeHUU, cUnTaloT ee PyHKUMOHaN U30bITOYHbIM
AN cBoero npeanpuatus. [ipyrasa yactb arpa-
pueB abCconOTHO yBEPEHA B €€ He0OX0AMMOCT!.

Ham ypanocb no6ecepoBartsb ¢ Anb6eptom leop-
rmeem4yemMm AiBa3o0BbIiM, MaBHbIM UH)XXEHEPOM
K(d)X Pynexko O.B. ua PoctoBckoii o6nacTu.
B xo39iicTBE yXe ABa roga 3KcniayaTupyeTcs
TpakTop PocTtcenbmaw 2375, Ha KOTOpbIN
PCM ArpoTpoHuK ycTaHaBnMBaeTcs B 6a30Boi
komnnekTauun. U Anb6ept leoprueeuy yeepeH
B HE0OX0AMMOCTN OCHALLEeHUs arpoMaluuH
CUCTEMaMU MOHUTOPUHra.

— Mbi nogxnto4mnnn PCM ArpoTpoHUK
cpagy. Nonb3yemcst 6a30BbIMY PYHKLN-
AMW: OTCNEXVBaHNE, MPOCMOTP TPeka,
pacxopn TonaMBa U OCTATKU rOproyero
B 6ake, pexuvMbl opuraTens, Temnepa-
Typa paboymx XuUOKOCTEN, CKOPOCTb
OBUXEHUS. ..

— Hackonbko TO4YHO paboTaer
cuctema? Ectb kakue-1o npobsemsbi?

— Bce nokasaTtenu — B npepgenax
HOPMBbI. [10 MECTONONOXEHUNIO XOpOoLLME
pe3ynbTaTthl. Ha TpakTtope CTOUT BbI-
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COKOTOYHbIM AaT4MK, MO3TOMY MO pac-
X0y 1 YPOBHIO TOMMBA TOYHOCTb TOXE
ycTpauBaeT. Hnyero He oTkasbIiBaeT,
CUCTEMA HaaeXHas.

— Y710 Bam naet PCM ArpoTpoHuk
B uenom? Kak Bbl cyuraete, HyY>XHO
/I OCHaLWaTb TeXHUKY MO400HbIMU
cucremamm?

— Bes cuctemMbl MOHUTOPUWHIA GbIIO
Obl Xyxe. 9 6bl He Nonyyan BCen Hyx-
HOW nHpopmauun. A Tak, 9 BUXY, rae
Obln TPAkTOp, a rae He 6bi1, CKOJbKO

OH NO noJit xogun. O,EI,I/IH N3 rmaBHbIX
«CMbICJIOB» NNaTdOPMbl — BO3MOX-
HOCTb BUOETb, e MalwnHa HaxoanTca
B TeKyU.I,I/II7I MOMEHT U CKOJIbKO OHa Ha
[aHHbIA MOMEHT caenana. 3ta uHpop-
Maumsa Heobxoguma ong ganbHenwero
nnaHnpoBaHuU4Aa pa60T. Mmea ToYHble
[aHHble «30EeCb N cenyac», 1 NoHMMalo,
Kyga OTnpaBuUTb TPaAKTOP Aaljiblie U
Kakon o6bem paboT ansa Hero 3anna-
HUpoBaTb. Takne cucTembl 6€3yCIOBHO
HY>KHbI.
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PCM ArpoTpOHMUK:
KOPOTKO O BaXHOM

PCM ArpoTpoHuk — nnatdpopma
arpomeHemXMeHTa, koTopas gaxe B
KOMMAEKTaLMN «Kak eCTb» NO3BONSET
BECTU MOHUTOPUHI arpoMallnH 1 rno-
Jly4aTb OFPOMHbIN 06bEM AAHHBIX B pe-
XNME peasibHOro BPEMEHN U «B 3armncu».
Bceraa MoXHO NPOKOHTPONMPOBaTh, HTO
1 Korga genana camoxogHasi TexHuka —
nepemellanacb 6e3 3a4eCTBOBaHHbIX
opyauvin/apantepoB unu pabortana,
3anpasnsanacb unu cnueana Tonneo,
BbIrpy>asna npoaykT uim crtosna.

JocTynHa ougeHka Npon3BOAUTESb-
HOCTW M BbIPpaboTKMU. HyXHO nuub
ykasaTb TUn 1n paboynii 3axeaT opyams
B GOPTOBOI CUCTEME arpomMalluHbl.
AHanunTtuyeckmin 6nok PCM ArpoTpoHuK
Bbl4MCNNT 0OpaboTaHHY naowanb
C NOMOLLbIO «3NIeMEeHTapHON apud-
MeTukn». B cucteme ectb 1 MOAYysb
NiaHMPOBaHMS, FAE MOXHO 0603HAYUTb
BCe OyayLime onepauun.

[na cneunanncTtoB OrPOMHbIN UH-
Tepec npeacrtasngeT nidopmayuns
0 TOM, KaKk MMeHHO paboTtana arpoma-
wunHa. PCM ArpoTpoHuK oTcnexmnBaeT
6onee 170 napameTpoB pabOoTbl Y3/10B
1 arperaTtoB TpakTopoB, KOMbOaIHOB,
KOCWOK, CAMOXOAHbIX OMNpbICKMBATE-
nemn. 3T1o n napamMmeTpbl GYHKLUMOHNPO-
BaHWsi COOCTBEHHO MaLLMHbl — CKOPOCTb
OBUXEHUNS1, 060POTLI ABMUraTens n ero
3arpyska, ypoBeHb 1 Temnepatypa

oxNaxJatoLLen XnoKoCcTn 1 npoyee, n
napameTpbl PabOoTbl «TEXHONOMMYECKOro
TpakTa», HanpruMep, YactoTa BpaLLleHna
poTopa/6bapabaHoB, LUHEKOB, BEHTUIIS-
TOpa O4YNCTKN, N T.A.

N ecnu «B 3annucu» atn JaHHblIE MO-
3BOJIAIOT NPOBEPUTL, Kak 0TpaboTan ToT
WU UHOW MexaHn3aTop, TO B TEKYLLMIA
MOMEHT BPEMEHN OHN Oal0T BO3MOX-
HOCTb CKOPPEKTMPOBAaThL ero pabory.
B03MOXHO, KTO-TO BO3Pa3unT: BO BPEMS
ce30Ha HUKTO B oduce He cnguT 3a
KOMMbIOTEPOM, BCE CNEeLNanmcTbl padb-
e3xaltoT rno nonsm. Ho PCM ArpoTpoHuK
MO>XXHO YCTAQHOBUTb OaXe Ha CcMapT-

$OH unu nnaHwert. Bbina Obl CBA3b,
a BO3MOXHOCTW 019 KOHTPONS yXe
eCTb.

Mnatdpopmy PCM ArpoTpoHUK
PocTcenbmall ycTaHaBAMBaeT Ha YacTb
CaMOXOAHbIX arpOMaLLNH yXe B 6a30BOW
komnnekTauuun. Ho noykomnnekToBatb
3TOW CUCTEMOMN MOXHO MPaKTUYEeCKMN
BCIO TeXHKMKY Bo3pacTom Ao 10 neT. Ko-
HEYHO, PYHKLIMOHAN MOXET ObITb MEHEE
LUIMPOK, YEM HA COBPEMEHHbIX MOOENSIX,
M3-32 HEBO3MOXHOCTM NOCTaBUTb Te
WU NHBbIE BbICOKOTOYHbIE JATUMKK. TeM
HE MeHee, MHOTne BaxHble QYyHKUMN
OyayT OOCTYMHbI.

TexHuka u o6opypnoBaHue ans cena N2 9 2022
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AHHOTauua. [lpoaHann3npoBaHbl yCI0BUS MPUMEHEHUST U
npuBeAeHbl OCHOBHbIE TPeboBaHUs K NepeaBuXHbIM cucTemMam
ANHAMUYECKOro 0TobpaxeHus MHGopMaLmy BO BPEMS UCTbITAHWU
U [AEMOHCTPALMNOHHbIX 10Ka30B CEJIbCKOXO3SIICTBEHHOM TEXHUKU
B MosieBbix ycnoBusix. [lpennoxeHa KOHCTPYKLNS CUCTEMBI, UC-
nob3yoLasi MaHean PasinyHbIX TUMOB HA OCHOBE CBEPXbSIPKUX
cBeToanoAoB. Pa3paboTaH yrpassitoLLmii KOHTPOJIIED AJ1s CUCTEMbI
ANHaAMUYeCKOro 0TobpaxeHus HGopMawLmm, CriocobHbIN MOAKIIO-
4aTbCs K UBMEPUTESIbHLIM MHPOOPMALMOHHBIM CUCTEMAM, a Takxe
cTaumoHapHbIM 1 MOBU/IbHBbIM KOMIbIOTEPaM.

KnioueBble cnoBa: vcrnbiTaHus, MHGHopMaLms, CPeACTBO N3-
MepeHusi, 0TObpaxeHne NHHOoPMaLU.

MNocTtaHoBKa Npo6nembl

McnbiTaHnsa CenbCKOXO3ANCTBEHHOM TEXHUKN B COOTBET-
CTBUM C HALLMOHANbHbBIMU 1 MEXAYHAPOAHbIMU CTaHAapTaMun
Ha METOAbI UCMbITAHWUIA, a TAKXE ONpeneneHne nokasaTenemn
3P PEKTUBHOCTM 1 pecypcocOepexeHns ABASI0TCS BaXKHbIMN
npouenypamMu, NOMOramLmMMm OnpeaennuTb COOTBETCTBME
rnokasarenen, 3asB/IEHHbIX NMPOVU3BOANTENIEM, PEeasibHbIM
3HayYeHusIM. MNybnryHble MeponpuaTUs (BbICTaBKW, NOKa3bl
M T.A4.) C y4acTUeM HOBbIX 00pPa3LLOB CeNbCKOXO3SMCTBEH-
HbIX MaLLUWH N TPAKTOPOB MpuobpeTaloT 60bLLMIA 3PDEKT,
€CNN Ha HUX OEMOHCTPUPYIOTCH BO3MOXHOCTU TEXHUKM B
noneBbix ycnoBusx [1, 2]. Bo Bcex aTux cnyyasax onas no-
JNly4eHUs CBeAEHUI BbICOKOM TOYHOCTU MPUMEHSAIOTCS
COBpPEMEHHbIE CpeacTBa U3MeEPEHUs!, CMOCOBHbIE MOA-
KJ04aTbCH MO BblAENEHHOMY KaHasy CBA3U K KOMMbIOTEPY
C NpPOrpamMmon pacyéTa nokasaTenen B peasbHOM pexmnme
BpemMeHun [3-5].

Kak npaBuno, 3HayeHus nokasartenen B Npouecce uc-
nblTaHUI OTOOpaxalTcsa Ha paboyemM MeCcTe MHxeHepa-
VCMbITATENSA U HYXHbl MY OJ11 MPUHATUSA PeLLEHNS O Aalb-
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HelilweM xoae ucneliTaHuin. Hanpumep, oblee 3HavyeHne
6ykcoBaHusa ABUXUTENEN, NpeBbiatoLLee nopor B 15% Ha
acdanbte nnm 30% Ha No4YBeHHOM OHE NMpu NPOBEAEHUN
TArOBbIX UCMbITAHUIA, CBUAETENBCTBYET O LOCTUXEHUN MaK-
CYMaibHOM BENUYUHBI TATOBOW HArpy3ku, Bbille KOTOPOM
NPOBOAUTbL UCMbITAHUSE 6ECCMbICEHHO.

[Mpw npoBeaeHnN CpaBHUTENBbHbBIX NN EMOHCTPALMOH-
HbIX MOKA30B OTHOCUTENIbHO BbICOKash CKOPOCTb ABMXEHUNS
NpW BbIMOJIHEHUN TEXHOIOrMYECKOro npoLecca nin HmU3-
KW TeKyLLMIA pacxon Tonamea MOryT AEMOHCTPUPOBATb
NPenMyLLLECTBA KOHKPETHOM MapKM UCTIbITLIBAEMON TEXHUKM.
Pac4yéTt nokasartenem aKOHOMMYECKON 3DPEKTMBHOCTU HA
6a3e 4acoBbIX 9KCMyaTaLMOHHbIX 3aTpaT TakXe BO3MOXEH
B PEXMME peasibHOro BpeMeH Ha 6a3e ByX ornpeaensiemMbix
nokasaTteniein. B aTom cnyyae BO3HMKAET HEOOXOAMMOCTb
ny6NYHOM [EMOHCTPALMN BaXHbIX NoKasaTesieil MallvHbl
0N NPUCYTCTBYIOLLMX HA MEpPONpuUATUM NpeacTtaBuTenen
NPOU3BOANTENS TEXHUKU, UCTIbITATENbHbIX NabopaTopui,
CTYAEHTOB, FOCTEN 1 Ap.

YcTaHoBka rabapuTHBIX 9KPAHOB Ha ABVXYLLMECS MO MOS0
CEeNbCKOXO35MCTBEHHbBIE MALUMHbBI A9 AEMOHCTPALUKN 3pu-
Tenam nokasarener HenpakTUyHa B CUy KOHCTPYKTUBHBIX U
3KCMyaTaUMOHHbIX 0COBeHHOCTeN [6, 7]. O6bIYHO ANs 9TOro
[00CTaTOYHO HEeOONbLLIOro OAHOCTPOYHOro Tabno AsNHON
He 6onee 1 m.

Llenb uccnepoBaHuii — paspabdoTka cucTeMbl MHHOPMN-
pPOBaHMSA OCHOBHbIX MOKa3aTenen B pearibHOM BPEMEHU Npu
WCTbITAHUSAX CEJNIbCKOXO3ANCTBEHHOM TEXHUKMU.

MaTepuansl 1 MeTogbl UCCNEeaoBAHUS

TexHunyeckme n akcnayaTtaunmoHHble TpeboBaHUsS K CU-
cTemMe MHGOPMUPOBaHNSA 06 OCHOBHbIX NMOKasaTensax npu
NCMbITAHUSX CENIbCKOXO3SMCTBEHHOM TEXHNKM ONPEAENSoTCA
cneumoukor akcnyaTaumm v TpeboBaHuaIMM annapaTHOM n
NPOrpaMMHOM COBMECTUMOCTM C COBPEMEHHbLIMU N3MEPU-
TenbHbIMU cucTteMmamm, Hanpumep UM-264 (puc. 1). Heobxo-
OVIMO YUYNTbIBATb, YTO B MOJIEBbLIX YC/IOBUSIX HA SPKOM COJIHLLE
Temneparypa Bo3ayxa MoxeT gocturatb +50 °C. Kpome Toro,
paboTa CenbCKOX03ANCTBEHHOM MalLVHbI CONMPOBOXAAETCS
BMOpauMein 1 NOBbILLEHHOW 3anbIIEHHOCTLIO, CllefoBaTesb-
HO, CUCTeMa AO0JIXKHA MMeTb HeGObLLYIO Maccy, obecneyu-
BaTb BbICOKYID YETKOCTb U 4NTaBeNbHOCTb MHDOPMaLMN B
YCIOBUSIX BbICOKMX TEMMEpPATYpP, APKOro COMHe4YHOro ceeta
1 MOBbILLEHHOM KOHUEHTpauum nbinn. Cuctema nHGopmmpo-
BaHWS [O/MKHA 061a4aTb BO3MOXHOCTbIO MOAKOHEHNS K U3~
MepUTENbHBIM MHPOPMALMOHHBLIM CUCTEMAM MO MPOBOAHOMY
nHTepdeinicy RS232/RS485 nnn 6ecnpoBOgHbIM CETSAM
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Puc. 1.
UameputenbHasa
nHdopmauoHHas
cuctema UM-264

Puc. 2. OGpaTHas cTopoHa CBeTOAMO4HOM NaHenun

GSM, Wi-Fi nnn 433 MI'u, obecneymBaTb NOAAEPXKY MPO-
TOKOJIOB 0OMeHa AaHHbIMU NMPOMBbILLTIEHHBIX YCTPOUCTB
Modbus nnn DCON.

B HanbonbLuel cTeneHn TpeboBaHUSAM, NpeabsBAsSeMbIM
K YCNOBMSIM 3KCrlyaTaumMm cucteMbl MHGOPMUPOBAHUS,
OTBEYalOT CBETOAVOAHbIE NaHenu. CTaHOapTHbIE cBETOAM-
ofHble naHenn nmetot pasmepsbl 320x160 MM 1 copepxaTt
TPEXUBETHbLIE CBEPXbAPKME CBETOAMOALI (pUC. 2). Konuye-
CTBO CBETOAMOO0B B NaHenn (Mo ropn3oHTann n BepTukann)
MOXeT ObiTb cneaytowmm: 32x16, 40x20 nnm 64x32.

Ona otobpaxeHnss OCHOBHbIX NokasaTenei NCnbITbl-
BaeMOV CeNbCKOXO3ANCTBEHHOM TEXHUKN OOCTATOYHO WH-
bOpPMaLIMOHHOIO 3KpaHa, COCTOSLLEr0 U3 TPEX MaHenewn,
nocTaB/IEHHbIX B OAVH psif. Pazamepbl BUAMMOI YacTy akpaHa
cocTtaBaT 1000x160 MM. M3o6paxeHne Ha CBETOAMOAHOM
aKpaHe GopMupyeT ynpaBnsoLwmin KOHTponep. OCHOBHbLIM
HEeJ0CTaTKOM CYLLECTBYIOLLMX KOHTPOJIIEPOB SBMSIETCS UX
bYHKLMOHMPOBAHME Mo 3apaHee Npon1McaHHOMY CLIEHapUIo,
KOTOPBbI 3arpy>aeTcst C MOMOLLbIO CNeunananpoBaHHOrO
NpPOrpaMMHOro obecnevyeHuss 1 BbiNoJIHAETCS B Uuukie [8].
Takas 0co6eHHOCTb PaboTbl KOHTPOIIEPOB 0OYCNoBEHa 06-
NaCTblo NPUMEHEHUSI MIHPOPMALIMOHHbBIX 3KPaHOB B YJIMYHOM
pekname 1 B UHOOPMAaLMOHHbIX Lensx. [na ouHamMmmyeckoro
oTobpaxeHust Hpopmaunm Ha MHGOPMaLIMOHHBIX Tabno,
HanpumMep B aspornopTax, Bok3anax, deaepasbHbiX Tpaccax.
CyLLecTBYIOT crneuvann3vpoBaHHble KOHTPosIepsl, pabo-
TaloLLMe Mo creumnanbHOMY NPOTOKOJTY M UMEIOLLME BbICOKYHO
cToumocTb [9].

Mcxoas n3 BbILLEeN3N0XEHHOr0, OCHOBHOW 3a4a4ei, KOTo-
py0 HEOOXOAMMO BbINOJHUTb AJ151 AOCTUXKEHNS 3asiBNIEHHON
uenu, aenseTtcsa paspaboTka cMcTeMbl MUHHOPMUMPOBAHMS
Ha 6a3e CBETOAMOAHbIX NaHenei, yrnpasasemMblx creymana-
31POBaHHLIM KOHTPOJIIEPOM, CMOCOOHbLIM MOAKIOYATLCS K
M3MepUTENbHbIM CUCTEMAM, MPUMEHSIEMbIM MPY UCMbITAHUSAX
CEeNbCKOX03ANCTBEHHOM TEXHUKWN, N OOHOBSATL BbIBOAUMYIO
MHMOPMaLMIO B PEXUME PEANIBHOIO BPEMEHMN.

PesynsTaThl MCCNeaoBAHUM U O6CYXAEHNE

CraHpapTHas cBeToAMOOHAs NaHe b BbINOIHEHA B MNacCT-
MaccoBoM koprnyce. C n1MueBO CTOPOHbI PACMONOXEHbI
CBETOAMOAbI B BUAE MaTpKLbl, C 0OpaTHOM — NeyaTHas nnata
C 3NEeKTPOHHBIMW KOMMOHEHTaMM (CM. puUC. 2).

MaHenu MOryT UMeTb Pa3nnN4yHoe KONMYECTBO CBETOAMO-
[0B Ha pa3HOe KOJIMYECTBO LIBETOB, BCE OHWN COEAMHSIOTCS

C ynpassioLWmMM KOHTPOIIEPOM Yeped nutepdpernc HUB75
(puc. 3), KOTOPLIN NCNONL3YETCA MOBCEMECTHO 1 COCTOUT U3
nByx Habopos nuHuii LBeTa (R1, G1, B1, R2, G2, B2), nuHuii
ynpaenexna agpecamu (A, B, C, D) n ynpaBasitoLmx AMHUA
(CLK, LAT, OE).

CeeTogmonHas naHenb GakTUyeckn pasgeneHa Ha aBse
YyacTu: BepxHne 16 CTPOK 1 HKHMe 16 CTPOK (ona naHenu
¢ matpuuein 32x64). B BepxHIOIO YaCTb JaHHbIE MOCTynaloT
yepes curHanbl R1, G1 1 B1, B HuxHIo0 — 4yeped R2, G2 n
B2. OgHOBPEMEHHO MOXET CBETUTLCS TOJIbKO O4HA CTPOKa.
[Ons nonHoueHHOro oTobpaxeHns faHHble HeoOX0ANUMO
nepenasatb C 6OMbLION CKOPOCTbIO M OOHOBNSATL AMHA-
MUWYECKN CBEYEHME KaxXOOoW CTPOKM naHenu. [ns Bbibopa
CTPOKM B K0 CBETOANOAHOM NaHeNn yCTaHOBNEH COBN-
roBbIli perncTp ¢ Bolbopom agpeca. Ecnn akpaH coctouT
M3 HECKOJIbKMX psigoB, 06pa3oBaHHbIX CBETOAMOAHbLIMU
naHensMn, Heo6XoAUMO Kaxabli Psf OTAENbHO MOAKIIO-
yaTb kK cobcTBEHHOMY pa3dbémMy HUB75 ynpasnstoLiero
KOHTpoOnnepa.

AnroputMm GOpMMNPOBaHUS U30O6PaKeHNS HA CBETOANOA -
HOW NaHenu cneayoLwmi:

© BbICOKMM YPOBHEM curHana nnHmm LAT coBurosbiii pe-
rMCTP BKJIKOYAETCS HA NPUEM CTPOKM OAHHbIX;

©® B UMKJIE BbICTABNAIOTCA AaHHbIE NO uBeTy (nnHum R1,
G1,B1,R2, G2, B2), koTOpPblE OAHOBPEMEHHO NOMELLAITCS
HU3KUM UMMNYNbCOM nuHMn CLK B cOBUrOBbIE PErNCTPbI;

® agpecHbIMU NnMHUSMU A, B, C, D BbIOBMpatoTCcs CTPOKKU
oTobOpaxeHus.

Puc. 3. Pa3zbEMbl noakioyeHns
cBeTogmopHou naHenu HUB75

TexHuka 1 o6opypoBaHue ans cena N2 9 2022
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Puc. 4. YnpaBnsiowmmn KOHTpoOJIiep CBeToAU0AHOro
3KpaHa

TexHu4eckas xapakTepucTuka

Yucno nHtepdpencos HUB75 2
YacToTta pa3seépTtku, Iy, 100
MHTepdeichl RS323/RS485/ LAN/WiFi
HanpsxeHuve nutaHus, B 5
MoTpebnsemas MOLHOCTb,

10
BT, He Gonee
[abapuTHblE pasmepbl, MM 145x120

Bce curHanbl noctynatT Ha BXOL NepBOM NaHenu, noa-
KJIIOYEHHOW K KOHTposiepy, 1 Yyeped 6ydepHble MUKPO-
CXEMbl TPAHCINPYIOTCS Aasiblle K CAeAYyIoLWMUM NaHENSM.
OyepenHOCTb akTMBALMM CBETOANOA0B 3aBUCUT OT KOH-
KPETHOro UCMOJIHEHNA MOAYJSA U ONpPenenseTcs onbiT-
HbIM MNYTEM C MOMOLLbIO CMELNaIbHOrO NMPOrpamMMHOro
obecneyeHus.

Ona pocTuxeHusa nocTtaB/ieHHON uenu paspaboTaH
yNpaBASoLWUn KOHTPOJISIEP MOOUILHOM CUCTEMbI BU3ya-
nm3aumm Ha 6a3e mukponpoueccopa STM32F407 (puc. 4),
KOTOPbIN MMEET ABa pa3bEmMa OJ9 MOOKIYEHUS CTPOK,
COOpaHHbIX N3 CBETOAMOAHLIX NaHenen. Ansa nonyyeHus
DOMONIHUTENbHbBIX AUCKPETHLIX CUTHANMOB MPenyCMOTPEHbI
yeTblpe BXxogHble NMMHUN. CBA3b C yNpaBAsOLLMM KOMMbIO-
TEPOM WU N3MEPUTESIBHON MHOOPMALMOHHON CUCTEMOWN
ocyuiecTBngeTcs yepes nHrepdericel RS232, RS485, LAN
vnu Wi-Fi [6].

KoHTponnep v CBETOAMOAHbIE MAHENN PAa3MELLEHbI B
nbieenaro3awyEéHHOM Koprnyce, AOCTAaTO4HO MPOYHOM,
4YTOObI BblIAEPXMBATL IKCMyaTaLMiO B MOJIEBLIX YCIOBUSX
(puc. 5).

OCHOBHbIM NPENMYLLLECTBOM Pa3paboTaHHOW CUCTEMbI
MHOOPMNPOBAHNSA ABASETCS BOSMOXHOCTb MFHOBEHHO Bbl-
BOOMTb NOOYI0 MHDOPMALMIO O COCTOSHUM UCMbITbIBAEMOM
MalLLHbI U1 3HAaYeHKre NioOboro napameTpa B Ntodon obnactm
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Puc. 5. MoGunbHasg cuctema oto6paxxeHus uHpopmauumn
NPV UCTbITAHUAX CEeJIbCKOXO3NCTBEHHON TEXHUKMN

Puc. 6. NMporpamma HaCTPOWKU U MPOBEPKU
nHdopmauuoHHOro akpaHa «LED - AktuBatop»

9KpaHa No BHELUHEeN komaHae. B kayecTBe ynpasnsooLwero
YCTPOWCTBA MOXET BbICTYNaTb YAANIEHHLIA KOMMbIOTEP NN
n3mMepuTenbHas nHGopmaLMoHHaa cuctema. [na nepegaym
KOMaHg, Mexay yrnpaeasitolmM KOMMNbIOTEPOM U CUCTEMOM
nHdopMMpoBaHusa paspaboTaH NpoTokon obmMeHa nHpop-
Maupeit Ha 6a3e LWNPOKO pacnpoCcTpaHEHHOro NpPoToKona
DCON.

[ng npoBepku 1 HACTPOMKM CUCTEMbI MIHOOPMUPOBAHUSA
npepHasHadeHa nporpamma «LED - AkTuBaTtop» (puc. 6).
C nomoLLbio 3TOM NporpaMmMbl MOXKHO HAaCTPOUTb CKOPOCTb
obmeHa nHdopmaumeit No NPoBOAHLIM MHTEpdeicam 1 Npo-
TECTUPOBATb BO3MOXHOCTM BbIBOAA TEKCTOBOM MHbOPMaLIMK
B Nto60oM LBeTe. B Hell ecTb 0CcOobbIN pexxnmM TeECTUPOBAHMS,
KOTOPbIV MO3BOJISET ONpPenennTb NoOpsaAoK paboTbl CBETO-
[VOA0B OJ151 CBETOAVNOLAHOM NaHenv ntoboro Tmna v 3arpy3uTb
MONYYEHHbIN aNropuTM B KOHTPOJINIEP CUCTEMBI MHDOPMU-
poBaHusa [10].

[ns npoBepkn BbiIOpaHHOro pelleHns paspaboTaHHas
cuctemMa MHGOPMUPOBAHUS yCTaHaBAMBaNaCh B CTaLMO-
HapHOW nanaTtke Ha kpato nond. MNogxknoyeHne K namepm-
TenbHoW MHPOpPMaLUOHHOM cucteme UIM-264 ocyllecTBns-
nocbk Yyepes3 6ecnpoBoaHyo ¢Ba3b [11]. MU3mepuTtenbHas
MHpopMaLnoHHaa cuctema MIM-264 HacTpamBanach Ha
BblAa4yy MHMOPMALMOHHBIX COOBOLLEHNI MO MITHOBEHHOMY
3HaYeHMI0 CKOPOCTU, ByKCOBaHMS 1 pacxoaa Tonamea C UH-
TepBanom 1 c. MNpumepbl COOBLLUEHNI CUCTEMbI NPUBEAEHbI
Ha puc. 7.
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Puc. 7. Mpumepsbl coobLeHnii uHGopMaLVuOHHOM
CUCTEMbI NPU UCMNbITAHNAX CEJIbCKOXO3NCTBEHHOMN
TEeXHUKU

BbiBOgbI

1. PaspaboTka MHPOPMALIMOHHOM CUCTEMbI ANS BU3ya-
nmsaumm pakTnyeckmx nokasaTesnen CefibCKOXO3MCTBEHHbIX
MaLLVIH NMPW UCMNbITAHUSIX ABSIETCS BAXHOM 3aa4eli, cnocob-
CTBYIOLLEN NOBbILLEHWIO KA4ECTBA CMbITAHUIA CETbCKOXO3A -
CTBEHHOW TEXHUKWN.

2. PazpaboTaH cneunann3mpoBaHHbIi KOHTpOnep Ans
MH(OPMaALNOHHOKW cCUCTEeMbI, 0becrneymBatoLLmii paboTy C U3-
MepPUTENbHLIMY CUCTEMAMM 1 MO3BONSAIOLLINA OPraHN30BaTb
HernpepbIBHOE O0TOOpaxeHne nokasaTtesieil CesibCKOX035AMn-
CTBEHHOW TEXHWUKN B NONEBbLIX YC/IOBUSIX.

3. Pa3zpaboTtaHo nporpaMmmMHoe obecrneyvyeHne ans Ha-
CTPOMKN N TECTUPOBAHUSA OAHHOW MH(POPMALMNOHHON CU-
CTEMBI.
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Visual Display Units for Agricultural Machinery Testing

V.E. Tarkivskiy, N.V. Trubitsin, A.B. Ivanov
(KubNIITiM)

Summary. The conditions of use are analyzed and the main
requirements for mobile systems for dynamic display of information
during tests and demonstrations of agricultural machinery in the field
are given. A system design is proposed that uses panels of various
types based on superbright LEDs. A process controller has been
developed for a system of dynamic information display, capable of
connecting to measuring information systems, stationary and mobile
computers.

Keywords: tests, information, measuring instrument, displaying
information.
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AHHOTauua. [IpegcraBieHbl Matepuasbl UCCAen0BaHWi
MHEBMOruAPaBINYECKOro PacrblIMBaHUs XUAKOCTU LLI€/IeBbIMU
pacnbUIMTeNsIMI 151 LUTAHMOBbIX OMNpbICKMBaTenen. Pe3ynstatamm
ncenenoBaHuii YCTaHOB/IEHO, YTO BbIMOJTHEHNE arPOTEXHUYECKUX
TPeboBaHWI PV OrMpPbLICKMBaHWM 0OBLEKTOB 10 Y1CITy Kanesb Ha 1 cm?
Py pacrbIIMBaHNM XXUAKOCTY BblOpaHHbIM HAKOHEYHVIKOM C Orpese-
JIEHHbIM aB/IEHNEM MOXHO OMPEAEINTL B 1a00PATOPHbIX yYC/I0BUSIX
¢oTorpapupoBaHnem akena pacrbiia v pac4eToM ANCIEPCHOCTU
KareJsib 11 CKOPOCTHOIO PEXUMA ABVIXKEHUS OrPbICKUBATEISI.

KnioueBble cnoBa: ¢akes pacrbisia XuaKkocTu, Pasmep Kanesib,
AaBJIEHNE 1 Pacxos XuakocTu, poTorpapupoBaHue.

MNocTtaHoBka Npo6énemsbl

MocTtaHoBneHnem lMNpaButenbctBa Poccuiickon depne-
pauum Ne 996 ot 25 aBrycta 2017 . ocoboe 3Ha4eHme oTBe-
[EHO peLLeHnto NpobneM MogepHU3auum TEXHOIOMMIA BO3-
DeNbIBaHNS CENbCKOXO3ANCTBEHHbIX KYIbTYP M MOBbILLEHNIO
X YPOXaMHOCTU. Mpn 9TOM BaXKHYIO pONb UFpaeT 3alimTa
pacTeHuii 0T KoMrJiekca BpeamTenen, 6one3Hen n COpHSKOB.
B 3Tux ycnoBmusix COBEPLUEHCTBOBAHNE METOLOB OLLEHKU
DYHKLMOHNPOBAHNA PacnbIMTENE paboyen XXnaKkocTn npu
peanu3aunmn paunoHanbHbIX TEXHOOMMIA ONPbICKUBAHUS
pacTeHui ¢ COBMIOAEHNEM arpoOTEXHNYECKNX TPeboBaHWI
npuobpeTtaeT BaxHoe 3HayeHne. K Takmum TpeboBaHUsAM
OTHOCATCSA pa3Mepbl M YMCo kanenb Ha 1 cM? nnowaam 0ob-
ekTa 06paboTkm. ONTrMasibHOE KOIMYECTBO 1 pa3Mep Karnesib
obecneunBaloTCs BbIGOPOM PACMbIINTENS U CO30ABAEMbIM
DaBneHnem paboyer XXUaKocTu.

TexHuKa u o6opynosaHue ans cena N2 9 2022

OnpbiCKMBaHME PacTeHUM O YHUHTOXEHUSI COPHSIKOB,
a Takxe 3alnTbl OT BpeauTenen n 6onesHen yawe BCero
OCYLLECTBSETCH LENIEBLIMU PACMLUINTENSMU LUTAHTOBbIX
onpbIiCkMBaTEeeN CoOrlacHO PEKOMEHAALMAM, N3NTOXEHHbLIM
B crieumarnbHbIX kaTanorax. [lns nnockoCTpynHOro pacrbi-
JINTENBbHOIr0 HAaKOHEYHMKA B Tabnuvuax NpuBeaeHbl 3Ha4YEeHMs
nasnenui (6ap), Npon3BoOAUTENIBHOCTM OAHOW Hacaaku
(am3/MuH), pacxopa paboyein xuakoctu (amd/ra) ons cko-
pOCTU ABUXeHUS onpbickmBaTens 4-35 km/4. Kpome Toro,
yKasblBaETCH LBeTOBasd Koanposka kateropun MM/ kanensb,
MKM: camMmble menkme ~ 50, o4eHb Menkme — meHee 136,
menkue — 136-177, cpegHne — 177-218, kpynHble — 218-
349, o4eHb kpynHble — 349-428, caMble KpynHble — 428-622,
KpaliHe kpyrnHble — 6onee 622 [1-3].

Conna, KoTopble CO34al0T Kanjau MeHbLUE CPEeHUX,
00ObIYHO PEKOMEHAYIOT ANS NMOCNEBCX0A0BbLIX 06paboToK,
TpeObyoLmMx NONHOro OXBaTa LeneBoi 30Hbl. B gaHHOM cny-
Yyae NpPUMeHsIEMbIe XMIAKOCTIN BKITIOYaloT B cebsi repbuunapl,
MHCEKTULMOBI N GYHIMUMABI.

Conna, co3gatowme kanam oT cpegHero pasmepa no
KpaiHe KpyrnHoro, obecneynBaioT MeHee TLIATENbHOE Mo-
KPbITVUE, HO 3HAYNTENbHO Y/YULLIEHHbII KOHTPOJIb CHOCA.
JaHHble conna B OCHOBHOM MCMOJIb3YIOT AJ11 CUCTEMHOIO U
[OBCXO0BOI0 NPUMEHeHUs repbunumnaos.

Tpebyemble KpUTepUM pa3MepoB Kanesb Aas npumMe-
HEeHUs NecTULNAOB OCHOBHbIM CMOCOOOM OMPbLICKMBAHUSA
obbekToB 06paboTku cneaywowme. MegmaHHO-MacCoOBbIe
nnameTpsbl (MM/) kanens npu 3almTHOM 06paboTke GpyHrn-
uMaaMm 1 MHCEKTULUMaAMM No NMNCTbAM UMEIOT Npeaerbl 226-
325 MKM. [Mpur NoYBEHHOM 006pPabOoTKe CUCTEMHbIM NECTULM-
[oM nHtepaan Tpebyembix MM, kanenb yBenuyeH ¢ 326 0o
400 mkm. Mpy npuMeHeHUn repdbuumMaoB ois TMCTBEHHOM
nocneBcxoaoBo 06paboTKM KOHTAKTHbIM NecTULMOOoM
npenenst MM/, kanenb coctaBnsiioT 226-325 MKM, CUCTEM-
HbIM NecTuumnaom — 226-400 mkMm. NouBeHHasa repbuunaHas
06paboTka CMCTEMHBIM NECTULNAOM TpebyeT yBEeIMYEHHO-
ro omanaszoHa MM/J, kanenb — 401-500 mkm n 6onee. Mpu
obpaboTke PyHrMuMaamMm Y1NCNo kKanesb MMeeT npenesb
ot 50 oo 70 wt/cm?, nHcektumaos — ot 20 o 30, repbuum-
noB — o1 20 0o 40 wt/cm.

Pa3smep kanenb BANSET Ha JOCTUXEHVE Hanbonee addek-
TUBHOrO pesysbTaTta Npu UCMosib30BaHUN onpeaeneHHoro
xuMmkaTa ans obpaboTkM pacTeHUn B 30HE MOKPLITUS UK
OMpbICKMBAHUS BHE LIENIEBON 30HbI. [TonyyeHne TpebyemMblix
pa3MepoB 1 Yncna kanenb Ha 06bekTax 06paboTkum B peasib-
HbIX YC/I0BUSIX BeCbMa nNpobnemaTtnyHo. Noatomy nccneno-
BaHMe 3aKOHOMEPHOCTU pacnbUIMBaHUS XUAOKOCTU Liene-
BbIMWU pacnblINTENAMU OJ1 TEXHONOrMYECKOro npouecca
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ONPbICKNBAHUSA PACTEHUI akTyaslbHO N ABNAETCH 3a4a4en
nccneaoBaHui.

Llenb uccnepoBaHuii — CCreaoBaHne 3aKOHOMEPHOCTU
pacnblNVBaHNS XUOKOCTU LWEeNeBbIMM pacnbNTeENIMn ang
TEXHOJIOrM4YeCcKOoro npouecca ornpbiICKMBaAHUA.

MCITepMdan n MeTogbl nccnegoBaHud

Mpu NnpoBeAEHUN UCCNEA0BAHUI MPUMEHSINOCHL 060pPYa0-
BaHMe ans ¢oTtorpadurpoBaHma dakena pacnbiiaXugkocTu,
o6LLKMIN BUA, KOTOPOro npueeaeH Ha puc. 1 [4].

doToannapat yctaHaBnMBanm Ha CTeHA0BOM 060pya0Ba-
HUWN 1 COEAMHSANM C KOMMbIOTEPOM kabenem. OnTuyeckas ocb
umMdpoBoro potoannapara Hanpasnanack NepneHanKynspHo
NI0CKOCTM pakena pacnbiia XUAKOCTU 1 9KpaHa, pacnoso-
XEHHOr0 3a pacnblnutenem. Maken pacnbinaXXMoKoCTV OCBe-
AN NCTOYHMKaMM CBETA, yCTaHOBNEHHbIMU Nog, yriiom 30°.

doTorpadurpoBaHne dakena pacnbiNgemMoin XuaKkocTu
npv NOCTOSIHHOM €€ AaBNEeHUN OCYLLECTBASAN undpOoBbIM
doToannapaTom, n3obpaxeHns nepenaBasvcb Ha KOMIMbIO-
Tep. O6pa3oBaHHbIE BHELLIHVMMU FpaHrLaMmn dakena pacnbiia
yM1bl ONPEAEnsNNCH MPOrpaMMOi 1 BbICBEYNBAINCH HA 9KPa-
He MOHMTOpa KoMMbloTepa No Nosay4eHHOMY KOHTPACTHOMY
n306paxeHuto.

PesynbraTtbl nccnegoBaHmii u oé6cyxaeHmne

BbinonHeHne arpoTexHnyeckmnx TpeboBaHuin No guc-
NEePCHOCTUN Kanenb Npu NPUMMEHEHUU LLENIEBLIX pacnblin-
Tenemn XnaKocTn 3aBUCUT OT TUNa NPUMEHAeMOoro conna u
DABNEHUS XUAKOCTU ON5 NOAYYEHUS KIIaCCOBbIX Pa3MepoB
Kane’sb 1 NX KOJINYECTBA, CO34aBaEMbIX B €AMHNLYY BDEMEHU
NMPUMEHUTESNIBHO K CKOPOCTU OBUXEHUSA OMNPbICKMBATENS.
[Mpy NnpuMeHeHnn WwenesbiXx pacnbinTenen XnoKocTu
co3JaeTcs noamaucnepcHas cucTema Kanesnb npy apobne-
HUM BeepoobpPa3HON MNEHKN XMUOKOCTU (NIOCKOW C ABYX
CTOPOH), BbITEKAIOLLEN U3 WENEBOro conna. PaspyweHne
NnieHkn — cneacTeue pasBuTUS B HElM KonebaTenbHbIX Npo-
LLeCCOB, BO3HMKHOBEHWE KOTOPbIX 00YCIOBIEHO BHELLUHUMW U
BHYTPEHHMMU dakTopamu. K BHELLIHMM pakTopam OTHOCATCH
aspoaMHaMn4eckmne Cuibl, KOTOpble CTpeMaTca gedopmu-
poBaTb 1 pa3opBaTthb MJIEHKY, K BHYTPEHHNM — BO3MYLLEHUS,
00YCNOBNEHHbIE KAYECTBOM M3rOTOBJIEHNS PACTILIINTENS, Er0
BUOPaLMSMUN, KOHCTPYKTUBHBbIMY OCOBEHHOCTSAMU U T.M. [5].

Ha npouecc pacnaga nieHku BansaioT Takxke dusnye-
CKne CBOMCTBA NPUMEHAEMON XNAKOCTU U OKPYXKaloLlen
cpenbl. BA3KOCTb XXMOKOCTN OKka3biBaeT CTabunmsnpytoLLee
BO3OENCTBME, 3aTPyOHAS pasBUTME BOJIHOBbLIX SBEHUN, a
cneposaTesibHO, 1 pacnbiMBaHue. MNpuv yBenmyeHnm nosepx-
HOCTHOrO HaTsXeHus HabnoaaeTcs 3amMefneHne pacnaza
cTpyu xuakocTu [5]. Pacnag nnockoi nneHkn Ha kanam ooy-
CJIOBJIEH BO3HUKHOBEHNEM Ha HEWN OTAENbHbIX Nepdopaumi
1 06pa30BaHVEM MEPNEHONKYIIPHO HANPaBAEHUIO NOTOKa
HEYCTOMYMBbIX BOJIH (aMManTyaa KOTOPbIX BO3paCTaeT npu
yoaneHun oT KPOMKW conna), NPMBOASILLMX K pacnagy nieH-
k1 Ha kannu [5]. CTpys, BbiITEKaOLLAsa U3 LWEeNeBoro conna,
vMetoLLas BeepoobpasHyo dopMy, Obiia nosyyeHa noayam-
nupuyeckm metoaoM [5]. Cxema pacyeTa naeHOK XUaKoCTu
npeacTaBfiieHa Ha puc. 2.

Puc. 1. O6wuii BUO 060pynoBaHns

ansa dotorpadpupoBaHua pakena pacnbiyia XuaKocTu:
1 — undpoBoii annapart; 2 — OCBETUTENMN;

3 — akpaH; 4 - TK

Puc. 2. Cxema njieHKu XugKocTu,
BbITEKaloLei U3 WweneBoro conna (pacnbiiMtesnb
CO LiesieBbiM COMJIOM 3eJIeHOro koga ugerta, LU — 015)

[MneHka BbITEKAET N3 y3KOW Wenn conna AaANHON do,
LINPUHON ho. TonuwmrHa nNneHkn 6 NSMeHAeTcsa ¢ pac-
CTOSIH/EM 7 OT Ha4ana KoopAMHAT No 3aKoHy & =k, / 7 (k, -
3MMNUPUYECKN MapaMeTp, MM?2, 3aBUCALLMIA OT OTHOLLIEHUS
d,/ h,), 1 — k03bPrUMEHT pacxoaa WeNesoro conna) —
puc. 3.

Mpw npegnonoxexHnn [5-71, 4To Ha 6ONbLLEN YACTU KOH-
Typa NAeHKN yroa Mexay KacaTenbHOW K KOHTYPY 1 pagamyc-
BEKTOPOM 7 HEBENUK (CM. pUC. 2), N3BECTHO cneayouiee
YPaBHEHWE KOHTYPa NJIEHKN:

2y =1-cos(a - ap) + Bcos(a — ag)* /2 (D
rae v = 0,50,u?ks;

U= u\2Ap / p,, — CKOPOCTb MIEHKMN XNAKOCTN BAOSb

no6oM NMMHUK ToKa, M/C;
Ap — pa3HOCTb AaBneHun XXnakocTtu, la;
Py — MNOTHOCTb XUAKOCTU, Kr/Mm>3.
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Yron o (cm. puc. 2) onpegenanv no dopmyne

Q @)
2uk,

a0=7z'/2—

roe Q — pacxop, XnakocTu, Am3/MUH.

PaccTosHve a oT Hayana KOHTypa MeHKN A0 MI0CKOCTH
LLleNneBoro connia onpeaensioT U3 BulpaxeHns 2a = dytgo,,.

Onuny Hepacnaslerocsa yyacTtka nnedku [ = r?/k,
npu p,./pe> 0,17-10% onpenensioT no ypasHeHuio [5]

[=9,73-10%(p, / py)"° (We) ™' (3)

e Pg— NNOTHOCTL BO3AyXa, Kr/M3.

B ypaBHeHun (3) 3HayeHue yncna Bebepa HaxooaT no
dopmyne

W, = p,e2k? / o, (4)

roe o — NOBEPXHOCTHOE HaTSXEHUE XNOKOCTU, H/M.

Peaynbrathl MccnenoBaHuii MOryT ObiTb MOSIOXEHbI B
OCHOBY ONpefeneHns paunuoHanibHOW TEXHONOMMU LUTaH-
roBOro OMNpbICKMBATENS CO LLENEBbIMU PACMbLIIUTENSMU
XNOKOCTW. [ns BbINOSHEHNS TPeBOBaHMI MO YNCTY Kanesb
Ha 1 cM? noBepxHOCTU 0O6bekTa 06pPabOTKM AOCTATOYHO
CBEeAEHNI O APOBNEHNN TONLUNHBI MNEHKM XUOKOCTU MO
ocu dakena pacnbiia Ha Kaniav 1 oONpeaeneHns ux Yncna B
eanHuLy BpeMeHu. OueHka KnacCoBbIX PAa3MEPOB Kanesb
NoAMANCHEPCHOrO a9P030J1s MPY 3TOM MOXET MPOBOAUTHLCS
Ha 06pasyioLLel AVHE 3NEMEHTAPHbIX Y4aCTKOB ds NneHKM
B nabopaTtopHbIx ycnosusix [8-10]. M3o6paxeHne nneHkun
XUAKOCTU OIS PA3/INYHbIX PEXMMOB U YCNOBUIA YHKLMO-
HUPOBAHUSA LLENIEBLIX PACMBLIINTENEN MOXHO MONYYUTb C
nomoLupsio dotorpadurposaHus ee LMdPOBbIM poToannapa-
TOM C nepepadert n3obpaxeHns Ha MOHUTOP KOMMbloTepa.
OnpepeneHvie yrnoB dakena pacnbina XapakTePHO TOJIbKO
DNl KQYecTBa M3roTOBNEHUS pacnbinnTenei. MonyyeHHble
npv 3TOM CBEAEHWSI O ANCAEPCHOCTU Kaneb ABASIOTCH Xa-
pakTeEPUCTMKaMK pacnbUINTENEN.

B kauyecTBe npymepa peanvsaumm pe3ynsTaToB UCCNeao-
BaHWN MOXHO MPUBECTU PACYET UCMOJIb30BAHUS LLIEIEBOTO
conna LU-015 ¢ naBneHunem xunaokoctu 4 MlMNa 1 pacxoaom
0,68 om3/MuH, npu ckopocTn ee aswxeHus 23,35 m/c, Ko-
adduumenTe x, = 222,58 1 c obpasyerca 729688,8 kanenb.
Mpu paboyei ckopocTn ABUXeHUs onpbickuBaTtens 10
1 20 KM/4 Takune ycnoBusi obecnedat Ha 1 cm?obpabaTbiBae-
MO MOBEPXHOCTU 68,4 1 24,2 kannm cOOTBETCTBEHHO. Pac-
X0/, paboyein xnakocTu npv atom coctasmt 10,21 5,1 omd/ra.

BbiBOAbI

1. Pe3ynbTatbl NPOBEOEHHbIX NCCELOBAHUI NOKa3anu,
4YTO PEKOMEHAALIMN MO PALMOHAJIbHBIM TEXHOMOM MM NpUMe-
HEHWS LeneBbIX PACNbIUTENEN XUAKOCTM A5 BbINOSIHEHNS
arpoTeXHNYEeCKMX TPeOOBaHMIA MO YMCITY Kanesb Ha 00bekTax
06paboTKM MOXHO MOJIYYNTb B aBOPaTOPHbLIX YCNOBUSX
doTorpadumpoBaHmem dakena pacnbiia n pac4eToM CKO-
POCTHOrO pexvmMa ABUXEHNS ONMPbICKUBATENS.

2. Ha npouecc pacnaga nneHku BAvaioT Gusnyeckme
CBOMCTBA NPUMEHSEMOMN XNOKOCTU U OKPY>XXaIOLLLEN cpeabl.
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BSA3KOCTb XWAKOCTU OKasbiBaeT cTabunmaupylouiee Bo3-
NelnicTBue, 3aTPyaHAA PasBUTME BOSIHOBbIX SBJIEHWUIA N pac-
nbinvBaHue. MNpu yBennyeHnr noBepPXHOCTHOrO HaTAXEHUS
HabnofaeTcs 3aMeneHme pacnaga CTpym XnoKocTu.
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Fluid Slot Atomizer in Plant Spraying Technology

I.M. Kireev, Z.M. Koval, F.A. Zimin

(Novokubansk branch of Federal State Budgetary Scientific Institution
“Rosinformagrotekh” [KubNIITiM])

M.V. Danilov
(Federal State Budgetary Educational Institution of Higher Education
«Stavropol State Agrarian University»)

Summary. Materials of researches of pneumohydraulic atomi-
zation of liquid by slot atomizers for boom sprayers are presented.
The results of the research have established that the fulfillment of
agrotechnical requirements when spraying objects in terms of the
number of droplets per 1 cm? when spraying a liquid with a selected
tip with a certain pressure can be determined in laboratory conditions
by photographing the spray cone and calculating the dispersion of
droplets for the high-speed mode of the sprayer.

Keywords: liquid spray jet, droplet size, fluid pressure and flow
rate, photographing.
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AHHOTauUsA. PaccmMoTpeHbl BOMpPOoChl
pasBUTUS OTE4YeCTBEHHOro cafoBoACTBa
rMoCpesACcTBOM MPUMEHEHUSI COBPEMEHHbIX
TEXHOJIOMMI, B TOM Yucne LmppoBssbix. [pes-
CTaBJ/IeHbl MIHHOBALIMEHHbIe CUCTEeMbI yrpaB-
JIeHUS «YMHBIV caz» Ha OCHOBE VICKYCCTBEH-
HOro VHTEeJIIeKTa AJ1sl CaA0B MPOMbILLIEH-
Horo tuna ®rb0Yy BO Mu4vypuHckoro AY,
DIrbHY «CeBepo-Kaska3ckuii penepasibHbiii
Hay4HbIV LLeHTP canoBOACTBA, BUHOIPAa-
aapcTBa, BUHoaenus», ®UL| «[NoYBeHHbIV
WHCTUTYT uMmeHun [okyyaeBa», IHCTUTyTa
KocmMmum4eckmx ncenegoBaHuii PAH, ®HAL]
BUIM v apyrux BeayLmx Hay4yHbIX LLeHTPOB
Y BY30B CTpaHsbl. [loka3aHbl NpenmyLLecTsa
MCMO/Ib30BaHNST LNPPOBBLIX TEXHOIOMMI B
canoBoACTBe, a Takxe TpeboBaHus Ass 9¢-
(EKTVBHOIO BblpaLLMBaHNsi OCHOBHbIX BUOB
rJ1040BO-SroAHbIX KY/IbTYP.

KniouyeBble cnoBa: cesibCckoe X0-
39/CcTBO, €an0BOACTBO, LMppoBu3aLms,
«YMHbIVi» caf, UCKYCCTBEHHbINA VHTEIEKT,
MHPOPMaLMOHHbLIE TEXHOJIOTUM.

MNocTtaHoBKa Npo6nemsl

[MoYBEHHbIE N KNTMMATMYECKME YCI0-
BUS pspa cyobektoB Poccuiickon de-
[epaLumm COOTBETCTBYIOT TDEOOBAHUAM
3P DEKTUBHOIO BhbipalMBaHUS OCHOB-
HbIX BUOOB MJI0OOBO-SArOAHbLIX KY/bTYP
(abnoHsa, rpywa, cnmea, cMoOpoanHa

TexHuka u o6opynosatue ans cena N2 9 2022

M T.4.), 0QHaKo Oas1 Cepbe3HOro npo-
pblBa B OTEYECTBEHHOM CaA0BOACTBE
TpebyeTcs yBENMYEHNE UHTEHCUBHBbIX
cafoB, JalolWmx NPOAYKLUMIO BbICOKOro
KayecTBa, KOHKYPEHTOCMNOCOOHYIO Ha
MMPOBOM pbiHke. OgHOM 13 Hanbonee
LLMPOKO pacnpoCTPaHEHHbIX MI0AOBbIX
KynbTyp siBnsetcs a650Hs. MNpomblLl-
JIEHHOE NPON3BOACTBO 160K HAaNAKEHO
B 22 cTpaHax mupa. [1].

CoBpeMeHHOe cenbCckoe X03saM-
CTBO HaxoAMTCS Ha NMOpoOre BTOPOW
«3enéHol pesonouun». BHeapeHue un
MCrMoJsib30BaHne LUMPPOBbLIX U NHPOP-
MaLMNOHHbIX TEXHONOIMNIM, B TOM 4ucne
B CAAOBOACTBE, AOJIKHO MPUBECTU K
3HAYUTENIBHOMY POCTY YPOXaMHOCTU U
NPOAOBOJILCTBEHHOM MMMNOPTOHE3ABM-
CUMOCTW CTPaHbI.

Pa3BuTne MHTEHCUBHOIrO capno-
BOACTBA nNpeaycMmaTtpmBaeT npume-
HEHME NPOrpPeCCUBHbIX TEXHONOIUNA
BblpallMBaHUS MAOAOBbLIX KYNbTyp.
Mpn NpaBuNbLHOM opraHn3aunm 3Ko-
HOMUYeckas adpdEeKTUBHOCTb yyacTka
OyneT B HECKOJIbKO pas3 Bhille, YeM
npv NCNOAb30BaHUM TPAAULMOHHON
TEXHONOrMN. 3a NOCNEOHIO NATUNETKY
CeNbx03TOBAPONPOU3BOANTENN YBENN-
Yunn NIOLWaaAM cangoB NoYTU B 2 pasa,
HapacTMB TEM CaMblM TOBAPHOE NPOnN3-
BOOCTBO MNJ1040BO-Ar0AHOM NPOAYKLMN.
B 2021 r. cagoBoapbl cobpanu 1,4 MiH T
N1040BO-ArogHOM Nnpoaykuum, B 2022 .
NAaHUPYIOT NONYYUTb 5 MAH T MIOA0B
M Arof, 4to Ha 7% 6Gonblue npenbiay-
Lero — Takme umdpbl 03BYUN MUHUCTP
cenbckoro xo3saiicTea Poccuiickoii Pe-
nepauun Imntpuin MNatpylwes Ha Mex-
AyHapoaHoli BbicTaBke «Pro a6noko»
[2]. BTOM 5 pernoHos Poccum no cbopy
ypoxas sowwnn KpacHooapckuii kpam,
BopoHexckas n Jlinneukas obnactu,
KabapauHo-Bankapckasa Pecnybnuka
n Pecny6nuka Kpbim [3].

B aTon cBA3M pag noanporpamm:
«CenbCKOX039NCTBEHHAsS TEXHMKA U
obopyaoBaHue», «Pa3BmuTne NUTOMHN-

KOBOACTBA U Ca0BOACTBA», «Passutme
BWUHOrpaaapcTBa, BKoYas MMTOMHUKO-
BOACTBO» [4], U BEAOMCTBEHHbIN NPOEKT
«LUnppoBoe cenbckoe xo039McTBO» [5]
npenycmatpmsatoT pa3paboTky 1 npo-
N3BOACTBO COBPEMEHHbLIX POOOTU3NPO-
BaHHbIX TEXHMYECKUX CPEACTB B CaJ0BO-
Aro4HOM NHAYCTPUN, UNDPOBLIX peLle-
HWUI, BHEAPEHNE MHTEPHETA BELLEN,
YTO AOJHKHO MPUBECTU K TPOEKPATHOMY
MOBBILLEHUIO MPOU3BOANTENBHOCTU TPY-
0a, YBENMYEHNIO YPOXANHOCTU, YMEHb-
LLIEHNIO TEXHOMEHHOro BO3AENCTBUS HA
OKpPY>KaloLLylo cpeny 1 Yyenoseka.

[Mpn aTOM B 4acTn pa3BMTUS aBTO-
MaTU3NPOBAHHbIX NPOLECCOB B Cafo-
BOACTBE HEOOXOAMMO OTMETUTb, YTO
cneunann3mpoBaHHble MalUWHbl A
NMMTOMHUKOBOACTBA U CaAOBOACTBA
B Poccum cepuinHO He BhbiMyckaloTCs,
POCCUINCKME arpapumn UCnob3yioT po-
60T3MPOBaHHYIO 3aPYOEXKHYIO TEXHUKY U
TEXHONormm (No gaHHsLIM EBpokomuccun,
70-80% CenbCKOXO3AMCTBEHHbIX MALLVH
OCHaLLeHbl 3apybexXHbIMY AaT4MKaMn n
cucTtemamm aBTtomaTtukm). Ecnm camo-
yrnpasnsiemMble KoMOaliHbl 3PPEKTUBHO
youpaloT ypoxkai 3epHOBbIX, KapTodens
1N MHOTMMX OBOLLHbIX 1 TPaBsiHbIX pacTe-
HUI, TO uUMGPOBOE pa3BUTUE B CaL0BO-
ArOAHOM MPOMBILWIEHHOCTN TOJbLKO
Ha4MHaeT HabupaTb 060poThI [3].

CornacHo pacnopsixeHuto MNMpasu-
TenbctBa Poccuum Ne 1403-p oT 2 nioHs
2022 r. MuHcenbxo3om Poccum Beigene-
Hbl CPEACTBA HAa BHEAPEHME LIMDPOBbIX
TEXHONOTNI B arpoOnpOMbILLIEHHOM
komnnekce Poccun. [nsg noBblILLEHUSA
TOYHOCTM OLEHOK YypOXasa TEXHONOrMKN
MCKYCCTBEHHOIO UHTENIEKTA B MEPBYIO
oyepenpb BHeapaT B [lepMckoM kpae
n Pecnybnuke TaTapcTaH, a Takxe
BopoHexckon, Kypckon, bBpsaHckom,
Tynbckon, Hmxeropoackom n Mockos-
CKOW 0bnacTsix.

MpakTnka cagoBoaCcTBa nokasana,
4YTO OCHOBOW A0ATONETHUX N BbICOKO-
NPOAYKTUBHBIX CaA0B ABASETCA npa-
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BUJIbHbIM BbIGOP 30HAJIbHBIX TEXHOJIOTUIA
BO3[€/bIBAHNS NM0O0BbLIX HACKAEHWN,
KOTOpble BKAOYaloT B cebs [6]:

©® ONTMMM3ALNIO PASMELLLEHUS M0~
LOBbIX KyNbTyp C Y4€TOM arpoakoso-
rM4eCckKoro noTeHumana 3eMenbHbIX
pPEeCcypcoB;

® OLEHKY MOYBEHHbIX YCNOBUI "
onpeneneHnst HanMMyYns UM OTCyTCTBUSA
JIMMUTUPYIOLLIMX MOYBEHHBIX HGakTOPOB
ONs1 BO3AENbIBAHUS MIOO0BbIX Hacax-
LEHUI;

@ noabop ons obcnenyemon Teppu-
TOPUN MNOAOBbIX KyNLTYP C HAMGOoNbLLEN
NOTEeHUMaNbHOM NPOAYKTUBHOCTLIO;

® noabop BbICOKOMPOAYKTUBHbIX
NPUBOIMHO-MOABOHbLIX KOMOUHALNA,
Hanbosee ananTUPOBaHHBIX K 334aHHbIM
NMOYBEHHO-KIMMATUYECKMM YCIOBUAM
BO3€E/IbIBAHNS;

® pa3paboTKy 3/1EMEHTOB TEXHO-
JIOMMN yrpasieHns NPOAYyKTUBHOCTbLIO
NAOA0BLIMY HACAKAEHUSAMU C YHETOM
30HasIbHOM cneunduku;

© BHEIPEHME B NMPaKTUKY LMDPOBbIX
TEXHOJIOM VA,

Cneumdurika NPOMBILLIEHHOrO cafo-
BOACTBA 3HAYUTENIbHO YCNOXHSAET BHe-
apeHne adPEKTUBHBIX yNPaBIEHYECKNX
pEeLUeHNI Ha KaXA0M TEXHOIOrMYECKOM
aTane, YTo Aenaet 0COOBEHHO akTy-
aNbHbIM BHEAPEHME TakuxX LnppPOBbIX
TEXHOMOrMNn, Kak [7]:

® MOHUTOPWHI YCNOBUA 1 napa-
MeTpOB NPOLEeCCOoB (N04yBa, KAMmar,
penbed, nocagkm n op.);

© udpoBOE MOOENNPOBAHNE MECT-
HOCTU, penbeda 1 COCTaBNEHNE 3JEK-
TPOHHbIX KapT YpOXanHOCTU (Konunye-
CTBO M MJIOTHOCTb MJI0A0B);

® BbICOKOTOYHOE NO3MUMOHNPOBA-
HVE CeNbCKOXO35IICTBEHHbIX arperaTos
B 6ECNNIOTHOM pexumMe Npu 3aknagke
NniaHTaumin 1 yxoae 3a HacaxaeHUaMm
(06paboTka NoYBbI, CKalLMBaHWE TPaBbl
B MeXAypsabsX, yxon 3a npuCTBOJb-
HbIMW MOJsI0CaMu, KOHTYpHas obpeska
nap.);

® yrnpasneHne NpoAyKLMOHHbIMU
npoueccamMmm CafgoBbIX KynbTyp Ha
OCHOBE aBTOMaTU3MPOBAHHbLIX CUCTEM
yrnpaBieHnUs U TEXHOJIOMNI TOYHOTO
3emMnenenus;

® npyMeHeHne 6ecnuNoTHbIX neTa-
TeNbHbIX annapaToB Ans UndpoBoro
MOHUTOPWHIA HACAXOEHU 1N YPOXKaW-
HOCTW KYNbTYp;

® ncnonb3oBaHue poboTU3NPO-
BAHHbIX TEXHOJIOTMI NPU BbINOJIHEHUN
TEXHOJIOMMYECKNX MPOLLECCOB;

©® naeHTndurKaums n nacnopTrsaums
COpPTOB C MCMN0JIb30BAHNEM BU3YasTbHbIX
(rpadunyeckux) napameTpos;

© COCTOSIHME NIMCTOBOM MOBEPXHOCTU
1 pa3Mep KPOHbI JEPEBLEB;

® nepepaya n xpaHeHve nHpopma-
unn;

® peanmsaumsa ynpaBieH4YeCcKnx
peLueHnii poboTM3NPOBAHHBIMU TEXHU-
4YeCkMMU cCpeacTBaMu.

OTa cucTtemMa NO3BONGET aHanu-
31MpPOBaTb NMOYBEHHO-KIMMATUYECKNE
YCJIOBUSI HA OCHOBE OOJbLUMX AAHHbIX,
onpenensiTb MECTOMOJIOXEHNE 1 ONTU-
MasibHble 05 BblpalMBaHUS KYNbTypbl
YCJ/I0BUS, OCYLLECTBATbL TPAMOTHOE
BHECEHME OPraHN4yeCckmx U MUHepab-
HbIX YyO0OPEHUi, NPoBOANTbL NPOdU-
NaKkTnyeckne mMeponpusaTtus no 6opoude
C BpeauTensaMm n 6onesHsaMu, a Takxke
3KOHOMMUYECKNE pacyeThbl peHTabenb-
HOCTW NPOU3BOACTBA N NOTPEOHOCTU
HacefieHUsa pernoHa (cTpaHbl, Kpas,
pervoHa) [8], 4To No3BonseT cokpa-
TUTb py4Hol Tpya Ha 80 %, yBennunTb
ypOXanHocTb Ha 70 %, NOBbICUTbL 3(-
beKTMBHOCTb NMPOU3BOACTBA Ha 60%,
NPOM3BOANTENLHOCTbL Tpyaa Ha 50%,
CHU3UTb BpeaHOe BO3OeNCTBME Ha
okpyxatoLuyto cpeny Ha 40% v ap. [9].

Lndposbie TexHONOrMM B cago-
BOACTBE — OCHOBa nepexoja Ha npo-
M3BOACTBEHHYIO KOHLLEMUMIO «YMHbIN
capf», B KOTOpon apdeKTnBHbIE yripaB-
JNIeHYeCKne peLleHns NPUHUMAKOTCS Ha
OCHOBE MHOTOKPUTEPUAIBLHOIO aHann3a
MHOIFOMEPHbIX MaCCUBOB MH(OpMaLLN
06 06bekTax NPoM3BOACTBEHHOIO MPo-
uecca (no4sa, pacTeHus, arpoKynbTyp-
Hbl€ MALUUHbI U AP.) N UCMONb30BaHUN
3aKOHOMEPHOCTEN UX B3aUMOAENCTBUS.

Llenb uccnepoBaHuii — 0600LL1EHNE
MHdOopMaUMM 0 BHEAPEHUN U NPaKTUYe-
CKOM MCMOIb30BaHUM LMPPOBLIX peLLe-
HWIA, B TOM 4ncrie poboTU3NPOBAHHbIX
TEXHNYECKUX CPeACTB B CAA0BOACTBE.

MaTepuanbl u MeTofbI

nccnepoBaHud

Mpwn npoBegeHnn nccnenoBaHum
MCNonb30BaHbl [0CyaapcTBEHHasa Npo-
rpamMmma pasBuTKMS CENbCKOrO XO3ANCTBA
N PErynnpoBaHus PbIHKOB CEJIbCKOXO-
39MNCTBEHHOM NPOAYKLMN, CbIPbS M MPO-

[oBonbCTBUS, DepepanbHas HayyHO-
TexXHM4yeckas nporpamMmma pasBuUTus
cenbckoro xo3ancTea Ha 2017-2030
rogbl (PHTM), nHdopmaums o6 MHHO-
BaLMOHHbIX pa3paboTkax BeayLmx Ha-
YUHbIX M 06pa30oBaTesbHbIX yYpexaeHni
MwvHo6pHaykn Poccum, MuHcenbxosa
Poccuu v gpyrnx opraHmaaumn.

PesynbTaTthl uccnegoBaHUiM

n o6CcyxpeHue

YyeHble PIFEOY BO «MwuuypuHcknia
FAY», ®reQyY BO «TamboBCckuiA [TY»,
®dreoy BO «Mry nmenu M.B. Jlomo-
HocoBa», Pre0yY BO MDOTU, UL nn-
TaHuUsa n 6uoTexHonoruum, NMHcTutyTa
Menuko-6uonornyecknx npodnem PAH,
TI'Y umenn lepxaBvHa n opyrux Beay-
LLMX HAYYHbIX LLEHTPOB 1 BY30B CTPAHbI
paboTaloT Haf, yCOBEPLLUEHCTBOBAHMEM
CUCTEMBI ypaBieHus «YMHbI cag» Ha
OCHOBE UCKYCCTBEHHOIO UHTENNEKTA
0715 caf0B NPOMBbILLIIEHHOMO TUNA.

lMepBytO NMUAOTHYIO KOHLUEMLNIO
«YMHOro caga» npeacTtaBun yYeHble
MwnuypuHckoro lFAY. MNMpoekTom npeny-
CcMaTpuBanoCb CO34aHUE MOJUTOHa
C YCTaHOBKOW, BkJtoyatoLein B cebs
MUWKPOCKOMNYECKNE JATUYNKM (CEHCOPbI
M YUMbl) KOHTAKTHOrO 1 GECKOHTaKTHOr O
nencTeus. YctaHoBka 06ecrneqnBaeT He-
MPEPbLIBHbI KOMMIEKCHBI MOHUTOPUHI
Ha MECTHOM YpPOBHE, YTO MO3BONFET
cneauTb 3a COCTOSIHUEM KaXKA0ro nioaa
(caxxeHua nnn gepeBa) Ha NPOTAXKEHNN
BCEr0 XM3HEHHOrO UVKNA, YYNTbIBATb
noTpebHOCTM BO Bjare, anemMeHTax
MUTaHWS, BbISBNIATb HanM4me 6onesHen,
BO30OyauTenen n supycos. LLinpokoe
1ncnonb3oBaHMe PobOTU3MPOBAHHbIX
MOOGUNbHbLIX NAATGOPM U MaHUNYNS-
TOPOB MCK/TIOYAET y4acTue YenoBeka B
OOJIbLUMHCTBE TEXHOJIOMMYECKMX One-
pauuii. O6MeH AaHHbIMU, yrpaBieHne
JIOKaJIbHbIMY CUCTEMaMN MOHUTOPUHT,
a Takke NPon3BOACTBEHHLIMU MPOLLEC-
camn OGyaeT OCyLlecTBNATbLCS Ha 6ase
MHTEPHETA BELLEN NYTEM MCMNOSIb30Ba-
HUS UCKYCCTBEHHOTrO nHTennekta [10].

MHorve poccummnckue KomnaHuu
cTannm akKTUBHO MCMOMb30BaTb LUP-
POBbIE TEXHONOTNN B MPOMBbILLIEHHOM
MacwTabe. AHann3 CHUMKOB KapThl
NDVI (kapTa nokasatenen Koanm4ecTsa
HOTOCUHTETUYECKN aKTUBHOM Bromac-
Cbl — PACCYNTBIBAETCS NO CIYTHUKOBbLIM
CHVIMKaM 1 3aBUCUT OT TOr0, Kak pacTte-
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HUS OTPaXaloT 1 MOrIoLWAl0T CBETOBbIE
BOJIHbl PA3HOW O/IVHbI) LECATKOB ThICAY
rekTapoB CaL0B UCMOJb3YeTCs AN Noa-
cyeTa Kom4ecTBa pacTeHUI U NIOAOB,
4YTO NMO3BONSET CBOEBPEMEHHO peLlaTh
npo6aemMbl BCNaLluku, NiIOXMx BCXOO0B,
CPOKOB BHECEHWS yA00PEHNiM, HegocTa-
TOYHOCTW 3€JIEHOM MaCChbl, ONpenensTb
oyarn pacrnpocTpaHeHus 60ne3Hen un
BpeauTenen, NnporHo3npoBaTtb C O0-
CTaTO4YHO BbICOKOW CTEMEHbIO TOYHOCTU
ypoxai, naaHnpoBaTb YOOpoUHbIe pa-
60Tbl, TPAHCMOPTHLIE YCNYrKX, CKNaf-
CKne MOLLHOCTU U T.4. (puc. 1) [11].
®reHY «CeBepo-KaBkasckuii ¢e-
OeparnbHbIl HAYy4YHbIN LEeHTP cafoBOa-
CTBa, BUHOrpagapcTea, BUHOOENNSA»,
UL, «[MOYBEHHbII NHCTUTYT UMEHMN
JokydaeBa» 1 HCTUTYT KOCMUYECKUX
nccneposannn PAH (MKW PAH) B co-
BMECTHbIX MCCeA0BaHNAX MPUMEHUIN
KOCMWNYECKOE 30HONPOBAHUE 3EMEb,
3aHATbIX cagamu, Ana onpepeneHus
MnepcrneKkTuBbl X NCNOJIb30BAHNSA MO
CTEerneHu onTumasnbHoCTU. Ha ocHoBe
pe3ynLTaTtoB UCCIef0BaHU CO34aHbI
penbedHble kKapTbl TeppuTopun Kpac-
Hopapckoro kpas u CeBepHoro KaBkasa
(no 13 nokasaTtensim) Mo BbICOTE Haf,
YPOBHEM MOPS, KPYTUIHE 1 3KCNO3NLLMN
cksioHa. [NpnmMeHsiemasd B uccnenosaHu-
[x reorpaduyeckas MHGopMaLoHHas
cucTtema crnocobCcTBYeT MPUHATUIO
NPaBUJIbHOIO PELLEHNS O TOM, B KaKom
TOoYKe caga (mong) MOXHO NOAYyYUTb
OONbLUNI UM MEHbLUMIA YypoXan, Kak
MUHUMN3NPOBATb PUCKU CHUXEHUS

Puc. 1. CooTHOLLUEHUEe 0TOOpaXkeHui
NDVI B Be6-nnatdpopme OneSoil

1 peasnibHOe COCTOSIHME pacTeHui

Ha none
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NPOAYKTUBHOCTU KYJIbTYP U COPTOB B
ycnoBusx konebaHus knnumMaTa u name-
HeHVs cpeabl BbipalmBaHus [8].

HayyHasa rpynna genaptameHTa
aHann3a OaHHbIX U MalMHHOro 00Yy-
yeHuss PMHAHCOBOroO yHMBEpcUTeTa
npuv MNpasutensctee Poccuu n otoena
VHTENNEeKTyann3auumn, asTomaTmaaumm
1 poboTU3aLnn CENMbCKOXO3ANCTBEH-
Horo npoussoacTtea ®reHY OHAL]
B/M B TexHonornyeckom naptHepcTee
¢ Microsoft B 2021 r. 3anycTuam npo-
eKT yMHoro pobota anisi cbopa ypoxas
A610K.

HelipoceTeBow anropmtm poboTta
cnocobeH obHapyxuBaTb 6onee 97%
1 cobupatb 0o 90% nnoaos, Npu 3Tom
00N «JIOXHbIX cpabaTtbiBaHWUi», Korga
cucTemMa npuHumMaeT 3a 9610k0 PpoHo-
Bbli 00bEKT, cocTaBnseT Bcero 3,5%.
MoBbiWeHMe kadyecTBa 0O6HapyXeHUs
naonoB CTano BO3MOXHO Gnarogaps
MCMONb30BaHMIO NPOrPECCUBHbIX aro-
PUTMOB UCKYCCTBEHHOI0 MHTENEKTA,
B YACTHOCTM, ryOOKMX CBEPXTOYHbIX
HENPOHHBIX CEeTEN, KOTOPbIE COYeTalT
B cebe cnocoBHOCTM K pacno3HaBaHMIO
006BLEKTOB MO LBETY, TEKCTYPE 1 HopMe.
Ona oby4yeHus HelpoceTel Ncnonb-
3oBanocb obnako Microsoft Azure, 4to
NO3BOJINI0 3HAYUTENBHO YCKOPUTL 3TOT
NpOLLECC, a TaKXe CHU3UTb CTOMMOCTb
pa3paboTKy MO CPABHEHMIO C UCMOb30-
BaHNEeM JI0KasIbHbIX MOLLHOCTE.

CospaHHbIli cneumanuctamm OHALL
BWM pob6oT npegHasHayeH ans pabo-
Tbl B MIHTEHCUBHbIX cagax C KpoHaMu

BbicoTOn 1,5-2 M. Mpu nomMoLLM MaHK-
NynsTOPOB, OCHALLEHHbIX 3axBaTamu,
OH HauynHaeT cOop NJIOLOB C BEPXHErO
apyca. CpegHee Bpems cbopa 0oHOro
nnoga coctasnset 10 ¢, 3a 1 4 poboT
MoXeT cobpatb Ao 288 kr (puc. 2).

B panbHenwem yyeHble NnaHnpyoT
pa3paboTaTb aHaNOrMyHble anropuTMbl
ona cbopa rpyw n tomatoB. Kpome
TOro, paccmaTpuBaeTCcsl BO3MOXHOCTb
NCMNONb30BaHMsS YCTPONCTBA AN MO-
HUTOPWHIra YpoXamHOCTN 1 pacnosHa-
BaHUS OCHOBHbIX 60NEe3Hel KynbTyp.
MnaHvpyemas ueHa poboTa B cpeiHEM
B 7 pas HUXe, 4eM Yy 3apybexHbIX aHa-
JIOrOB, @ OKYNaeMOCTb [J151 EBPOMNENCKMX
XO35IMCTB COCTaBNsieT okono rona [12].

YueHble MuyypuHckoro M AY cosme-
CTHO €O CKONMKOBCKMM MHCTUTYTOM
HaykKu 1 TexHonoruin paspabortanu
NpUIoXeHe, NO3BOJNISIOLLLEE METOAOM
ONTUYECKOWN OLLEHKM ONpeaennTb Te-
Kyliee cocTosiHMe gepeBa — npoaHa-
NM3NpPoBaTb, kak GOPMUPYETCH KPOHa,
yBUOETb NPOBIEMHbIE YHaCTKW, BbIIBUTH
3ab6oneBaHna U METOAbl UX NEeYEHUS.
Mo MHeHMIO cneunanncToB, pas3paboT-
Ka umeeT GonbluMe NepcrnekTUBbl Ha
pbiHKEe, 0COOEHHO Ha (POHE eXeroaHoro
YBENNYEHS NIOLLAAen, 3aHATbIX MHOMO-
NETHUMW MNOLAOBLIMU HACaXOAEHUAMMU.
MpumeHeHne HoBOW pa3paboTku B ca-
[OBOAYECKMX XO3ANCTBAX MiaHNPyeTCs
HayaTb B 2022 1. [13].

Elle ooHy MHOroneTHiol nccneno-
BaTesIbCKylo paboTy Mo BblpalLMBaHUIO
A6JOHEBbLIX CaZI0B PA3/IMYHON CTEMEHN

Puc. 2. Po6oT gna c6opa ypoxasa 96510k
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VHTEHCUBHOCTW NPEACTaBUIIM YYEHbIE
MwuypuHckoro TAY. Ona ynyyweHns
340POBbSA U KIOHANbHOrO0 Pa3MHO-
XEHWUS KIOHOBbLIX NOABOEB 6/I0Hb U
MepCneKTUBHbIX COPTOB 3EMSHUKN
Obl/IM 32N10XKEHbI U YCMNELLHO BbIPALLEHbI
MaTEpPUHCKME PACTEHUs, 4TO MPUBENO
K co3paHuio 6onee 20 HN3KOPOCHbIX
KJIOHOBbIX MOABOEB C PA3/INYHLIMMU
TemMnamm pocTa, afanTUpoBaHHbIX BO
MHOIMX PErmoHax.

OpHako, CormacHO NPUHSTLIM NPaBu-
nlam, HeOBXOAMMO PEryNSAPHO KOHTPON-
poOBaTb COCTOSIHNE HACAKAEHWIA U HANU-
yme NepBUYHbIX MaTEPUHCKUX PpacTeHUI
BbIpaLLMBaEMbIX KynsTyp. 1515 3TOro 6binm
BHEAPEHbI aBTOMATU3NPOBAHHbIE U LND-
pPOBbIE TEXHOMOMMN Ha 3Tane TepMmoTe-
panun, pelsarowmm GakTopom KOTOpPOro
ABNSANIOCb COXPaHEHME B TEYEHNE BCErO
nepruoaa pexvuMoB YBAXHEHUSs!, OCBe-
LLEHVS 1 TeMnepaTypbl B TEpMOKamMepe,
ONTUMabHbIX AJ151 POCTa PaCTEHUIA.

[ByxceKkunoHHas TensoBas kamepa
C U30JIMPOBAHHbLIM CIOEM MO4BbI MO-
3BONIFET CTAbMIIBHO perynupoBaTth ee
Temnepartypy 6e3 AONONHUTENIbHOIO
NMOCTOSIHHOIO OXJ1AaXAEHUSA BOLOW, 4TO
3HAYUTENIbHO CHMXAET €e CTOUMOCTb
M 3aTpaTbl HAa UMPKYNaumio. YCTaHOB-
Ka 0ATYMKOB KOHTPOS BAAXHOCTU U
NMOAK/IOYEHME K HUM PaCnblINTENbHOM
CUCTEMbI MO3BONSET aBTOMATU3NPOBATh
NPOLECC OPOLUEHUS, YCTPAHAS Heo0-
XOAMMOCTb B MOCTOSIHHOM KOHTPOJE 1n
PYYHOM MOJSIMBE, YTO OYEHb BaXHO Npu
COXpaHeHUn cTabunbHOCTU pexmnma
B HEOOJIbLUMX 0ObemMax Cnos NMoYBbl B
KOPHEBOW 30HE pacTeHuin. MoHuTop
NO3BOJISIET KOHTPOJIMPOBATL NPOLECCHI
Pa3MHOXEHUNS 1 YKOPEHEHUS PACTEHNI
nyTemM ycTaHOBKW HEOOXoauMbIX AaT-
4YMKOB TemMMepaTypbl, OCBELLEHHOCTH,
CBETOBbIX CMIEKTPOB, CUrHANN3NPYHOLLINX
O COCTOSIHUWM OKpYyXaloleln cpeabl,
dukcmpysa CoCTOSHNE pacCTeHUN Mo
onpeaeneHHbIM anropmuTMam.

OpHMM 3 Hambornee akTyasibHbIX Ha-
nNpaBneHni pasBnTUS LMOPOBbLIX TEXHO-
JI0rvin B CENIbCKOM XO3SMCTBE SABMSETCA
MCMOJIb30BaHNE MOOUIIbHBIX TEXHOJO-
rnii, KOTOpble MO3BONSIOT cneumanu-
cTaM obMeHmBaTbcsa MHGOpMaLmen, a
TaKKe CHU3UTb cebecToMMOCTb MPOoaYK-
UMM NyTEM ONTMMM3ALMN NPOLECCOB,
yCTPaHEHUs1 HEMPOU3BOACTBEHHbIX 3a-
TPpaT 1 COKPALLEHNS MPOU3BOACTBEHHbIX

n3pepxek 6narogaps ynobcTey cBa3u
1 nepegavym coobLeHWIA, ynpaBieHnto
QHANNTUYECKMMU AAHHLIMUW, CO30AHUNIO
LMPPOBLIX KAPT, BOSMOXHOCTU NPO-
rpaMMnpPOBaHNS APOHOB U T.0,.

depmepam, arpoHoMam, KOHCYb-
TaHTaM CTAHOBATCHA OOCTYMHbI HOBbIE
MOOWUIbHbIE OHNANH-NPUNOXEHUSA C
KOopAMHATaMu NoNg, CBEAEHUAMU O
NOCaXeHHbIX KyNbTypax, AaHHbIMU O
NPOLUbIX YPOXasX 1 pekoMeHaaunsaMm
Mo BbIMNOJIHEHMIO MOCNeayLMX onepa-
LM C y4ETOM aHanM3a MHOMMX TEKYLLIMX
dakTopoB. MNprnoxeHns KOMOUHUPYIOT
JaHHble C JATYMKOB CENIbCKOXO035M-
CTBEHHOW TEXHUKN, APOHOB, CMYTHUKOB
W OPYrvX BHELLHWX AaHHbIX. [porpamma
nomoraeT onpeaennTb ONTUManbHOe
BpeMS 09 nNocagku, BHECEHUSA ya0-
6peHus, menmopaumm, cbopa ypoxas,
NPOCYNTaTb JIOMMCTUYECKME NOKa3aTenum
(BpemMs Norpy3kn n oocTaBku rpyaa,
TEMMEPATYPHbIA PEXUM XPaHEHUS U
06paboTkM NPOAYKLUMK).

B nHTepHeTe paboTaloT Hayu-
Hble, oby4aloLime, TOProBble OHMANH-
nnowankn Ang cagoBOAOB, Takume
kak Antonovsad.ru, Botanichka.ru,
Gardenia.ru, Greeninfo n gp. Ludpposasn
nnatgopma Terraview npegocTaBnseT
BMHOIrpagapsiM MHTENEKTyabHbIE AaH-
HbI€ B PEXVME OHNAaWH AN9 YCTPaHeHns
nocnencTBuii He6NaronpUSTHbLIX NO-
rOAHbIX ABNEHUN (3aTONNeHne, 3acyxa,
3amMopo3kn 1 ap.). NMporpamma «Hasu-
raTop nonen» npegHazHaveHa ans na-
panienbHOro BOXAEHWS CENTbCKOX0351-
CTBEHHO TEXHUKM 6€3 [ONOSTHUTENBHO-
ro obopynosaHus. lNMonesoi HaBUraTop
no3eonsgeT ¢pepmMepy yBEPEHHO ABU-
raTbCsl BAOJIb NapasniefbHbIX JOPOXEK
no MNoJsio, NCNOJSIb30BaTb TEXHONOMMN
TOYHOrO 3eMeaenns axe B YCNOBUAX
NJ0OXON BUAMMOCTW. [paHunLpbl, TMHUN
HaBeOeHus, NPensaTCTBUSA Ha gucnnee
OTMEYaKTCs 3HAKaMM U COXPAHSIOTCS
Ha kapTe. Nporpammsbl Agrio, Plantix
CO3[aHbl HA OCHOBE MCKYCCTBEHHOIO
WHTENNeKTa, No 3arpy>xeHHon ¢oTo-
rpaduu BeIBASIOT COPHYIO PaCTUTENb-
HOCTb, BpeauTesnei, 60ne3Hn pacTeHui,
npeanaralT peLleHne, pekoMeHaaLmMn
W MOMOLL KOHCYNbTaHTa [14].

Kpome Toro, nnaHupyeTcs 3any-
CcTUTb paboTy peecTpa denepanbHOi
COOCTBEHHOCTU arponpoOMbILLIIEHHOIO
Komriekca Poccum, KOTOpbIn NO3BONUT

006bEeANHUTL PA3PO3HEHHbIE CBEAEHNS,
YNpPOCTUTb aHaNNTU4YecKkylo paboTy B
0Tpac/iv 1 onepaTMBHO NPUHUMATb He-
006X0AMMBbIE PELLEHNS.

BeiBOogbI

1. Ana panbHenwero nepexona pas-
BUTUSA OTEYECTBEHHOro CamoBOACTBa
B MHTEeNNeKTyasbHoe NpPon3BOACTBO
«YMHbIN cag» TpebyeTcs TexHonormnye-
CKO€e NepeBOOopY>XeHNE BCEM LLenoYKn
OpraHn3auUMoHHON CTPYKTYPbl OTPACcu,
HayMHasa ¢ rocnognepXxku, coBep-
LLEHCTBOBaHUSA pecypcocbeperaroLumx
TEXHOJIOrMIN; OCHACTUTb OTPac/b CO-
BPEMEHHbIM aBTOMaTU3MPOBAHHbLIM U
LMPpPOoBbLIM 060PYA0BAHNEM, UCTONBL3YS
3NEeKTPOHHbIE CUCTEMbI YNPaBAeHUs 1
KOHTPONSA 060pYya0BaHNA GECNNIOTHbI-
MW neTaTesibHbIMW anmnaparamm, gat-
YMKaMn MOHUTOPUHIa U KOHCaNAuHra,
pPO6OTOTEXHUYECKUMU CUCTEMAMMN,
digital-anemeHtamn 1 T.4.; obecneyunTb
NMpPOLIECC Pa3BUTUSI BbICOKOKBaNU@UL-
POBaHHLIMW KagpamMu U HayKOEeMKUMM
TEXHONOrNAMU.

2. BHeapeHne MoaepHU3NPOBaHHbIX
TEXHOJIOTNM B Cafl0OBOACTBE MO3BOJINT
BbICTPOUTb ONTUMaJIbHYIO CUCTEMY
BblpalLMBaHus, nepepadboTkm, peanm-
3aunmn, TPAHCMOPTUPOBKN, XPaHEHUS
M1040BO-AroAHOM NPOAYKLWA, PEryJsiv-
pOoBaThb NPOM3BOACTBEHHbIE MPOLECChI B
ONTUMaJibHbIE CPOKMU C HAUMEHbLUVNMMW
M30ep>XXKaMu, UCMoNb30BaTb MaLLMHbI 1
MeXaHN3Mbl, COBMECTUMbIE C MHpOpPMa-
LLMOHHBIMW CUCTEMAMM U MPOrPaMMHbIM
obecrneyeHneM, NCKITIYaoLLIMIM MHOMMe
onepauuu py4yHoro Tpyaa.
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New Digital Solutions
in the Development of Domestic
Horticulture

0.V. Kondratieva, A.D. Fedorov,

0.V. Slinko, V.A. Voytyuk

(Rosinformagrotekh)

Summary. The issues of development
of domestic horticulture through the use of
modern technologies, including digital ones,
are considered. Innovative control systems
“Smart Garden” based on artificial intelli-
gence for industrial-type gardens have been
presented by Michurinsk SAU, North Cauca-
sian Federal Scientific Center for Horticulture,
Viticulture, Winemaking, Dokuchaev Soil
Science Institute, Space Research Institute,
VIM and other leading scientific centers and
universities of the country. The advantages of
using digital technologies in horticulture are
shown, as well as the requirements for the
effective cultivation of the main types of fruit
and berry crops.

Keywords: agriculture, gardening, digi-
talization, smart garden, artificial intelligence,
information technology.
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AHHOTaAUMA. PaccMoOTpeHbl coBpe-
MEeHHbIe pecypco- v sHeprocbeperaroLyme
TeXHOJIOrnu AJisl NPeAnpusTuil rno nepe-
paboTke msca, MoJsioka, Pblbbl, MaC/INYHOIO
U M/10400BOLLYHOIO ChipPbsi, MPOU3BOACTBY
caxapa, KoTopble MOryT ObiTb PEKOMEHA0-
BaHbl KaK epcreKkTUBHbIE NPy aKkTyann3aLumm
MHOOPMaLNOHHO-TEXHNYECKMX CNpPaBoYy-
HukoB rno HAT B cpepe AlIK. lNokaszaHa mx
9KOHOMMYEeckKasl n akosiorm4eckasi appekx-
TUBHOCTb.

KniouyeBble cnoBa: Hauayywve no-
CTYrHbIE TEXHOI0MNK, NuLLeBas v repepa-
6arbiBaroLLas 0TPacn rMPOMbILLIEHHOCTH,
akonorn4eckasi 6e30MacHoOCTb, 3HepProsg-
¢ekTuBHOCTb, pecypcocbepexeHue.

MNocTtaHoBka Npo6énemsl

Mnwesas n nepepabaTbiBatoLwas
MPOMBbILLJIEHHOCTb SBASIETCA CTpaTeru-
Yeckn BaXHOW COCTaBNSIOLLEN SKOHO-
MUk Poccuu v BKIIoYaEeT B cebsl bonee
30 oTpacnen, B paMkax KOTOpPbIX BEOyT
0eaATeNIbHOCTb 0KOMo 32 ThiC. npea-
NMPUSTUIA Pa3fINYHbIX OpraHn3aLMOHHO-
npaBoBbIX GOpPM 1 MacLTaboB NPoun3-
BoAcCTBa. B paspese akosornyeckom
6e30nacHOCTU A9 HUX XapaKTepHbI
BbIOPOCHLI B aTMOcdepy okcuaa yrne-
poda, oMokcuaa cepbl, TBEPObIX Be-
LEeCTB U oKcmaa asoTa, 3arpsi3HeHue
BOJI0EMOB XJIOPUAAMU, OPraHNYEeCKUMN
BewecTBamMmu, cynbdpatammn. Exeron-
HO B NMULWEBOI N nepepabdaTbiBato-
el NPOMBbILLJIEHHOCTU CKarnvuBaeTcs
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lNepcneKkTuUBHbIE HOUNYYLLKUE AOCTYMHbIE
TexHonoruu B cpepe nepepaborTkm
CeNIbCKOXO3IUCTBEHHOrO Chipbs

0KkoJ10 20 MJTH T OTX040B NPOM3BOACTBA
n notpebnexus [1].

MepcnekTnBHbIE TEXHONOIMN MPEA-
CTaBNSAOT COOOMN TEXHONOrNYECcKMe
nPoOLEecchl, TexHU4Yeckme cnocobsl,
MeToAbl, KOTOPble MOTYT B ByayLiem
npenocTaBuUTb PS4 NMPENMYLLECTB C
9KOHOMUWYECKON UM 3KONOrM4eCKOom
TOUKM 3PEHMS: SKOHOMUSI SHEPIU, BOARHI,
CbIPbEBbLIX PECYPCOB, NPEAO0TBPALLEHNE
(CokpalleHue) aMnuccum B OKpyxato-
Lyl cpeny, CHmkeHne obpaszoBaHus
0oTX040B 1 Ap. B xone pelweHus 3apay
Nno NPenoTBPALLEHNIO N CHUXKEHUIO He-
raTMBHOIO NPOMBILLSIEHHOrO BO34EN-
CTBUS HA OKPYXKAIOLLIO Cpeay B MUPOBOA
npakTuke NPU3HaHO 3PPEKTUBHBIM UC-
NMoJIb30BaHWE 3KONIOrM4EeCKOro HOPMMPO-
BaHMS C YYETOM KOHLIEMLMM HaUyHLLINX
LOCTyMHbIX TexHonorun (ganee — HAT)
[2]. B Poccuiickoin depepauum yxe
OCyLLIeCTB/IeHa MacLuTabHas pa3padboTka
HOPMAaTMBHO-MNPABOBOK 6a3bl, KOTOPas
obecneynBaeT Nepexos, NPOMbILLIEHHO-
CTU Ha MPUHUMMNbBI HAWYHLLMX OCTYMHbIX
TexHonorun. OgHUM N3 3TanoB JAHHOIO
npouecca Ctaso co3gaHne n yTBepx-
neHne B 2015-2017 rr. oTpacnesbix
MHDOPMALMOHHO-TEXHUYECKMX Cnpa-
BOYHWKOB MO HAWYYLUMM AOCTYMHbLIM
TexHonoruam (nanee - UTCHAT), B ToM
yncne onsi HeKOTopbIX OTpacnen nuLle-
BOV 1 NepepadaTbiBaoLLEN MPOMbILLIEH-
HocTu [3]. Mcxoasa v Toro, 4To 3a npo-
Lweawmin nepnos BpeMeH Npon3oLLn
OonpeaeneHHble N3MEHEHUST B TEXHUKO-
TexHonornyeckom obecnedeHun AlK,
a TaKkke C y4eTOM HaKOMJIEHHOro onbiTa
BHeapeHust HAT 1 ncnonb3oBaHus pas-
paboTaHHbIX CNPaBOYHUKOB Ha3pena
HeOo6X0AMMOCTb B UX OOHOBNEHUN,
akTyanuzaunmm. PacnopsxxeHnem [lpa-
BUTENbCcTBa Poccuiickon denepaumm
oT 10 nmoHsa 2022 r. Ne 1537-p akTyanu-
3auma UTC HAT B cdepe nuweson u
nepepabdaTtbiBalOLLLEN NMPOMBbILLIIEHHO-
CTW O0J/KHa OyaeT OCyL,eCTBAATLCS

B 2023-2024 rr. [4] nyTem pa3paboTku
HOBbIX U/ NEePEecMoTPa OTAENbHbIX Pa3-
OE10B YXXE VMEIOLLMXCS CNPaBOYHMKOB,
B TOM 4uMCle pasnena, kacawouierocs
NepcnekTUBHbIX TEXHOOMIA.

Ctatba 1 ®3-219 naet cnenyio-
wee onpenenenuve: «Haunyywas po-
CTynHasi TEXHOIOTUSA — TeXHOJOrns
npon3BoACTBa NPOAyKUuMK (TOBaApOB),
BbIMOJIHEHUS PabOT, Oka3aHUSA YCIyr,
onpenensemMasi Ha OCHOBE COBPEMEH-
HbIX AOCTUXEHUA HAYKN N TEXHUKWN,
WU HaWUNy4yLLEero cCo4YeTaHns KpUTepmes
OOCTUXEHUS LLeNell oxpaHbl OKPY-
XaloLlen cpeabl NPy YCIoBUM Hannins
TEXHUYECKON BO3MOXHOCTU €e npu-
MeHeHus» [5]. Takum obpasom, HOT
Hanpae/eHbl, Npexae Bcero, Ha obe-
creyeHne oxpaHbl OKpY>KatloLLen cpeasl,
cBefeHne K MUHUMYMY HeraTuBHbIX
nocnencTBMii NPOM3BOACTBEHHbIX NPO-
LLeCCOB, B TOM YNCIE MYTEM MOBbILLEHNS
QHEpPro- n pecypcoaddeKkTnBHOCTH,
cokpaLlleHnsa noTpebneHns Npupoa-
HbIX PECYPCOB M MOBbILEHUNS YPOBHS
BOBJIEHYEHMS OTXO40B NPOM3BOACTBA
M notTpebneHns B XO039NCTBEHHbIN
060pOT B KA4eCTBE OOMONIHUTENbHbIX
WCTOYHUKOB CbIpbs. 3a4a4n NOBbILLE-
HUS 3PP EKTUBHOCTU NMPOM3BOACTBA U
pecypcocOepexeHns Ha CeroaHsLLHNN
neHb obpeTaloT 0cobylo 3HAYMMOCTb.
PbIHOK 1 KOHTpOJIMpPYIOLWLME OpraHn3a-
UMM OUKTYIOT CBOM MpaBuia, NnoaToMy
Jaxe camMoe COBPEMEHHOEe npeanpu-
ATME HAXOAUTCS B HEMPEPBLIBHOM TMO-
ncke onTMMM3aunm TEXHONOMMYECKOro
npotiecca.

Kputepun oTHeceHus o6bEKTOB,
OKa3blBaOLWMX 3HAYUTENbHOE Hera-
TUBHOE BO3AENCTBME HA OKPYXAIOLLYIO
cpeny 1 OTHOCHAUWMXCS K obnacTam
NPUMEHEHNS HAUNYYLINX OOCTYMHbIX
TexHonoru, K o6bekTam | kareropum,
BrepBble OblIM yCTaHOBEHbI MOCTaHOB-
neHvem lNpaButenscteBa Poccuiickon
depnepaunn ot 28 ceHTabpsa 2015 r.
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Ne 1029 1 o6HOBNEHbI NOCTAHOBIE-
Huem oT 31 nekabpsa 2020 Ne 2398 [7].

B HacTosilee Bpems U3 npeanpu-
ATUI NULLEBOW OTpacnn B 3Ty KaTero-
pUIo BKJIlOYEHbI 06beKTbI Mo nepepabdoT-
K€ M KOHCEePBMPOBAHMIO MsICA B HaCTW,
Kacaloulleics BbinosHeHUa paboTt no
yOO0I0 XNBOTHbIX HA MSACOKOMOUHaTaXx,
MACOXNaf00b0MHAX; NPON3BOACTBY
MSICONPOAYKTOB, PACTUTENbHbIX U XU-
BOTHbIX MACEe/ N XUPOB, NMPOAYKLMN
n3 kaptodens, GPyKTOB U OBOLLEN,
MOJIOYHOW MPOAYKLUU, NPOAYKLNN
M3 CaxapHoOl CBEKIbI, PbiObl 1 MOpe-
npoaykToB. cknioyeHnemM aBnaTCS
006beKTbl AaHHbIX HanpaBneHnin aes-
TENbHOCTU, OCYLLECTBASIOLWME COPOCHI
3arps3HsAOWMX BEeWeCcTB B COCTaBe
CTOYHbIX BOA, B LLEHTPANM30BaAHHbIE
CUCTEMbI BOAOOTBEAEHUS NN BOOHbIE
06bEKTbI C UCMOJIb30BAHMEM JlIOKab-
HbIX O4YMCTHbIX coopyxeHuin (JTIOC),
Ha KOTOpbIX 06ecneymBaeTCs O4MCTKa
CTO4YHbIX BOJ, B COOTBETCTBUM C BOOHbBIM
3aKOHOAATENLCTBOM UM 3aKOHOAATESb-
CTBOM B 00/1aCTI OXPaHbl OKPYXatoLLEein
cpenbl.

B caxapHOM NpOMbIWAEHHOCTN
nencrteme HOT pacnpocTpaHsaeTcs Ha
NPeanpuUsaTUs C NPOEKTHOM MPON3BOAM-
TenbHocTbio 300 T roToBOM NPOAYKLMN
B CYTKM (CpefHekBapTalbHbI NokKa-
3aTenb) n 6onee, nnu 1500 T rotoBoM
NPOAYKLMN B CYTKM NMPU OCYLLLECTBIEHNN

yKa3aHHOW neaTenbHOCTU He Bonee
180 gpHeri B roay [7].

Llenb nccneposaHuini — aHanuns
NnepcnekTnBHbIX TEXHOJIOTNYECKUX n
TEXHUYECKNX peLLeHni ans npons3soma-
CTBa NULLEBOW NPOAYKLUMN, NMEIOLLNX
NPUPOLAOOXPaHHY, PECYPCO- U 3HEP-
rocbeperatouytio 3pPeKTUBHOCTb,
paspaboTka NpeanoXeHnin no nx BKIIO-
yeHuio B UTC HAT B cdhepe nuwiesoi
1 nepepabaTbiBaOLLLEN NMPOMbILLIEH-
HOCTW.

MGTepMCIJ'IbI n MeTogbl

nccnepgoBaHud

Mpn npoBeaeHnn nccnenoBaHun
ncnonb3oBanuck gaHHble UTC 43-2017
«YBOW XMBOTHbIX HA MACOKOMOMHaTax,
MSACO0XNano00onHax, NoO6oYHbIE NPo-
OyKTbl XnBoTHOBOACTBa», UTC 44-2017
«[Mpon3BOACTBO NMPOAYKTOB MUTAHUSA» U
NTC 45-2017 «MNpon3BoacTBO HaANUT-
KOB, MOJIOKa 1 MOJIOYHOW NMpoayKLnn»,
EBponeincknx cnpaBoyHukos HAOT
(BREF — BAT reference documents)
B chepe nepepaboTkn CENbCKOXO-
39MCTBEHHOIO Chipbs, UCClea0BaHUN
oTpacnesbix HAW, poccuinckmnx n 3a-
PYOEXHBLIX KOMMAHUA, 3aHMMAaIOLLMXCS
pa3paboTKOoM TEXHOOM A U MPOU3BOA -
cTBOM 060pyOoBaHUS 415 NULLEBON U
nepepabartbiBatoLleln otpacnen ArK.

MccnepoBaHna npoBOoAUINChE Me-
TOAaMU MHPOPMALNMOHHOIO aHanu-

3a M CUHTEe3a, 3KCnepTu3bl, MHPOpP-
MaLMNOHHO-aHANNTNYECKOrO MOHUTO-
puHra.

PesynbraTbl nccnepoBaHum

U 06CyXpeHne

Haunyywmne goCTynHbIE TEXHONO-
rMn Ong HanpaBieHU nesaTenbHO-
CTU NpeanpuaTuia | kateropun 6binn
oTo6paHbl 1 BKOYEHbI B MHDOPMa-
LWOHHO-TEXHUYECKME CNPABOYHUKM:
NTC 43-2017 «YBOW XMBOTHbIX Ha
MSACOKOMOUMHaTaxX, MACOX1aa000MHAX,
noOOYHbIE MPOAYKTbI XMBOTHOBOACTBA>,
NTC 44-2017 «[Mpon3BoacTBO NPOayK-
TOB nuTaHus» n UTC 45-2017 «Mpouns-
BOZCTBO HANUTKOB, MOJSIOKA M MOSIOYHOM
npoaykumm» [7].

[ToMnMO TeXHONOrnm, KoTopbie
Y>KE BOLLIJIN B MEPEeYeHb UCMOJIb3yEMbIX
HAT, eCcTb psg, TEXHONOrMYeCcknx pas-
pPaboTOK — NEPCMEKTMBHbIX TEXHOSIOT U,
KOTOPbIE NOKA HE MMEIOT LUMPOKOrO Npu-
MEHEHUS, HO NPEeACTaBAAT UHTEPEC
LN fanbHENLIEro pasBUTUS NULLLEBON
MPOMBbILLJIEHHOCTU B YaCTW 3KOJIOr13a-
LMK NPON3BOACTBA.

B tabnuue npencrtaBneHbl 3apy-
OeXHble TEXHOSIOrMN, KOTOPble MOTyT
OblTb PEKOMEH0BAHbl B KAYECTBE
MEePCNEKTUBHbIX AN MEPEUYNCTEH-
Hbix ob6nactenn npumeHeHna HAT npu
akTyanmsaauum COOTBETCTBYIOLLUX
UTC HAOT.

MepcnekTUBHbIE TEXHOJIOMU OIS NPeanpPUaTUiA No nepepaboTke cenbXo3npoaykuuv B paspese HOT

TexHonormsa ‘ OnucaHue ‘ OKONIOrM4ECKUIA U IKOHOMU4YEecKuii apdekt
Y60ii U nepBuyHada nepepaboTka cKoTa U NTULLbI
Mcnonb3oBaHue MpeobpasytoT opraHMyYeckre BeLwecTBa, a3oT U docdop B | TexHonormna TpedbyeT HU3KOro aHepronoTpe-
610peakTopoB C CTOYHbIX BOAAX B G1MOMacey, NpUrofHyto A5 NpOn3BOACTBA | 6/1eHMs, CMOCOOCTBYET YaCTUYHOMY yaaNeHuIo
reTepoTPodHLIMMU 3Heprum (Hanpumep, 6uoamsens). BHyTpn GropeakTopa  asoTa n docdopa U3 CTOYHbIX BOA.
MUVKPOBOZOPOCAMN | KYNIbTUBUPOBAHME reTepoTPOMHLIX MUKPOBOAOPOCNEe Npo- | CornacHo gaHHbIM MccnepoBatenei, npu
MPY O4YMCTKE CTOYHBIX | MICXOAMT MOJ AECTBMEM CONHeYHOro ceetamn CO,, MpnaToM  06paboTke CTOYHbIX BOA GOMHM MTULLI U CBU-
BoA, [8] 06pagyeTcs broMacca MMKPOBOAOPOCEN, cocToswas n3 | Helt apdekTnBHocTb yaanernus XMK, N-TKN
AMNNAO0B, XMPHBIX KUCAOT, 6ENKOB 1 MMrMEHTOoB. Xumude- \n P-PO,% cocTasuna cooTBeTCTBEHHO 97,6;
CKWI1 COCTaB MMKPOBOAOPOCNEBOr0 Una crneaytowmii: 6enok | 85,5 n 92,4%. Kpome toro, Habntoganach
(32 %), nunuapl (15 %), yrnesogp! (16 %), MUHepasbHble | MPOAYKTUBHOCTbL MMKPOBOAOPOCNEBOrO Una
BewecTsa (22 %) v Bnara (15 %). Mn ¢ Takum coctaBoM | 0,27 kr/m® B CyTKn
cyMTaeTCsl NOTeHUMabHbIM MCTOYHMKOM OOHOKIIETOYHbIX
6enkoB 1 Macen ans buonepepadaTbiBaOLLMX 3aBOA0B
VMcnonb3oBaHue Mukpo6Hble ToMMBHbIE 3NeMeHTbl (MTJ) — yCTPOICTBA, | DKOOrnYeckne npenmyLLLecTsa aHHON Tex-
MUKPOOHBIX TOMSIMB- | KOTOPbIE UCMOMb3YIOT 6akTepun B Ka4eCTBe KaTtanna3aTopa | HoorMm — Npon3BoACTBO BO30OHOBSEMO
HbIX 3/1IEMEHTOB NpY | 15 Npeobpa3oBaHNs OPraHNYECKIX BELLLECTB B aIeKTpuYe- | aHeprum, cHmxeHne cogepxanus XMK, BriK,
OYMCTKE CTOYHBIX BOZ, | CTBO. MMKPOOBHbI TONNBHBIV 351eMEHT 0ObIYHO COCTOUT U3 | B3BELLUEHHbIX BELECTB M 06Wwero a3oTa B
[8] OBYX Kamep: aHa3poOHO aHOAHOW 1 a3p0BHO KaTOAHOM, | CTOYHBLIX Bogax. MakcumarnbHas reHepupye-
pasfeneHHbIX MOHOMPOBOASLWMMM cenapaTtopamu (Mpo- | Masi MNIOTHOCTb MOLLHOCTM COCTaBSIET OKOJO
TOHOOOMeHHas meMbpana, NOM) 700 MBT/Mm?

TexHuka 1 o6opypoBaHue ans cena N2 9 2022
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lpoaonxeHue TabanLbl

TexHonorus

OnucaHue

DKOJIOTMYECKUi1 M IKOHOMUYECKUi apdekT

CynepoxnaxgeHue
MSICHOW NPOAYKLIN

(8]

MeTopn oxnaxaeHuns, xapakTepusyoLWMNCcs NOHXEHNEM
Temneparypbl NPOAYKTa YyTb HUXE TOYKM €0 3amMep3aHus.
TexHonorus cynepoxnaxaeHus codeTaeT B cebe Gnaronpu-
ATHOE BO3OENCTBUE HU3KNX TEMMNEPATYP C NpeBpaLLeHneM
4acTu BOAbI B Nief, 4TO AeNaeT NpoayKUMIO MEHEE NoaBep-
XEHHOW npoueccam nopuun. CynepoxnaxaeHue 3aHMMaeT
MPOMEXYTO4YHOE MOoJIoXKeHne Mexny O6bIHHbIM oxJiaxnoe-
HMEM 1 3aMOPO3KOM.

Paboure TeMnepatypbl — H4yTb HUXE TEMMNEPATYPbl 3aMep-
3aHNA NPOAYKTOB: HANpUMep, Oag >Xapkoro N3 CBUHUHbI —
-2 °C, BsineHom kopenkn — -3,5, CBMHbIX HOXeK — -1,1 °C

TexHonorus TpedbyeT MeHbLLMX 3aTpaT 3Heprum
Nno CpaBHeHUo ¢ 3amMopo3koii. MoTpebneHne
3HEPrnM, He0BXOAMMOW AJ15 CYNEPOXNAAKAEHUS,
COCTaBISIET MPUMEPHO TPETL OT SHEPT N, HEOD-
XOOMMOV NS TPAANLMOHHOMO 3aMOPaXUBAHKS.
Pacxopn xnapareHTa npesbiwaet 1 kr N, Ha 1 kr
nepepabdaTbiBaeMOro NpoayKTa.
OTHOCUTENBHO KOPOTKWUIA NEPUOL, BHEOPEHUS
B CYLLECTBYIOLLME NPON3BOACTBEHHbIE JIMHUN.
MpoanesaeT CPOK roAHOCTU MSICHOMO NPOAYKTa
B 1,4-4 pa3a no CpaBHEHMIO C TPAANLMNOHHBIMUA
METOAAMN OXNAXAEHUS Msca

l'opoTtepmanbHoe
CXMXKEHME NOOOYHBIX
npoaykTos [8]

MaopoTepmanbHoe cxmkeHmne (FTC) npeactaensieT cobo
METOZ, Pa3NIOXEHS 1 BaNlopu3aLim GMoMacehl, CPaBHMBbIIA
C rasudukaumei 1 NMponmM3om. 3T NPOLECC, B KOTOPOM
ncnonbayetcs ropsyas (300-400 °C) ckoHaeHcpoBaHHas
BoAa nof aaeneHvem (40-200 6ap) ans npeobpasoBaHus
6romMacchl B TEPMUYECKM CTabUNIbHbI HEPTENPOIYKT,
TaKXe M3BECTHbIN kKak BMoHedTb, KOTopas MOXET ObITb
TepMoKaTannTUYeCcKkn ynyyleHa oo yrneBogopOaHbIX
TOM/IMBHBIX CMECEA.

'TC yckopsieT eCTECTBEHHOE Pa3/IOXEHNE OPraHNYecKoro
BelllecTBa ¢ 06pa3oBaHNEM YrMeEBOLOPOLOB C BbICOKOWA
006aBNeHHON CTOMMOCTbIO (6MOHEedTb) N3 OTHOCUTENBHO
BNaXHOWN GriomMacchl B MPUCYTCTBUN KaTanu3aTopa v Bo-
[0poja 3a HECKONBbKO MUHYT. TUMMYHBIA NPOAYKT MOXET
copepxaTb 10-73 macc.% 6uockipoit HedTH, 8-20 macc. %
razau 0,2-0,5 macc.% nonykokca. MonyyeHHas GMoHedTb
COOEPXUT MEHbLLIE KUCTTOPOAA, YeM BUOHEdTb, NONyHEHHas
nyTem nuponmaa

MpeumylecTBa aTOro MeToaa nepes, Tpaau-
LIMOHHbBIM NMPOSIM30M: MeHbLLEe NoTpebneHve
aHeprum (NOCKoNbKy HET HEOBXOAMMOCTM
CyLLKW); nyywiee pasneneHve 6uoHedpTn 1 Bo-
OHoli dasbl; 6oHedTb MMeeT Bosee HU3Koe
coaepxaHvie O,, cepbl 11 BOAbl MO CPABHEHMIO
C NNPONN3HON HEPTLIO. B KOHKpPETHOM cnyyae
MCMonb30BaHNS GUOMacChl BOJOPOC/EN B Ka-
YECTBE CbIpbsi AKONIOrMYECKME NMPEVMYLLECTBA
3aK/I04al0TCS B CNEAYIOLEM: COKpaLleHne
KONIMYECTBA OTXOL0B; 3HEPro3(PdEKTUBHOCTb
85-90%; obpaboTka BMomacchl pas3nnNyHoOro
NPOWCXOXAEHUS (HAaNpuUMep, 0TX04bl GONHYK
MOryT 6bITb 06aBNEHbI K OTXOAAM MOJIOYHOMO
3aB04a)

MepepaboTka Mmosnoka

Wcnonb3oBaHuve
CUCTEMbI BBITECHEHUS
(AMrTHr-cncTeMmBbl)
npuv o4ncTke o6opy-
noBaHua [9-12]

CucTeMbl BbITECHEHUS MEXaHNYECKU O4MNLWAKT TEXHOOIMN -
yeckoe 000py0BaHME C NMOMOLLIbIO CreLMasbHbIX CKPEOKOB,
MX yCcTaHoBKa He TpebyeT 6osblUMX 3aTpaT BPEMEHU n
6bICTp0 OKynaeTcsd 3a CHET 3KOHOMUKM NpPpoAyKUKn 1 BOAObI.
Cuctema naeansHoO BNCbIBAETCS B 663pa3bopHYI0 O4MCTKY
TpybonpoBoAa OT NPOAYKTa, OCTaBLLErocs B Tpybax nocne
npPoOM3BOACTBEHHOrO npouecca. Ewé ogHum npenmy-
LLEeCTBOM NPMMEHEHNA CUCTEMbI ABIAETCA COKpalleHne
C/IMBAEMOI B OYMCTHbIE COOPYXEHUS XNOKOCTH, obecne-
YMBaloLLEE SKOHOMMIO 3IIEKTPOSHEPT N 1 BOLbI.
|-|O,D,O6Hble CUCTEMbI N3roTaBMBatoT KoMnaHus «Knsenb-
MaHH», 3aBog, 000 «[poTemon» n gp.

Mpu paboTe ¢ BA3KMMU NpoaykTamu (CMeTaHa,
MOrypT), ICNONb3YS «KIACCUYECKYI0» METOANKY
MOWKM, NpeanpuaTus TepstoT 4o 70% rotoBoro
npoaykTa, NMUrrMHroBasi CUCTEMA YCTPAHSIET 3Ty
npobnemy. Ee npumMeHeHWe yBENMYMBAET BbIXOL,
rOTOBOr0 NPOAYKTA 3@ CHET MAKCMMAaJIbHOI0 ero
N3BNIEYEHMS N3 TEXHOOMMYECKOro 0bopynosa-
HYSI; YNy4LLIAEeT ero Ka4ecTBo (OTCYTCTBYET pas-
MbIBaHWE); CHUXKAET NOTpebeHre BOAbI NyTEM
COKpaLLEHNS 3arpsi3HEHIA 1 ee BO3BpaTa npu
obpaTHOM xofie ckpebka, Tonkatesns; obecneyn-
BaeT BO3MOXHOCTb OMNepaTMBHOrO ynpaBneHus
napTusMmn NpoayKTa 1 nogaym 6e3 cMmelLaHHo!
dasbl; yMeHblIaeT 06bemM 00OpasyloLmxcs
CTOYHbIX BOZ,

MprMeHeHne 3aMKHy-
TbIX CUCTEM BOO-
notpebnexus (3CB)
[13]

3amkHyTble cucTembl BogonoTpebneHus (3CB) BkntoyatoT B
cebs: TEXHONOrMYeCcKnin UMK BOA0MCNOb30BaHus (TLB);
060pOoTHYI0 cucTemy BogonotpedneHus (OCB). OcHoBHas
uenb co3gannsa TLB — MMHMManbHbI 3abop cBexen Bobl
3a CYET BO3BpaTa TEXHONOMMYECKNX CTOYHbBIX BOA, B OJMH 13
TEXHONOMMYECKNX NPOLIECCOB MPOU3BOACTBA, UCMOJIb30Ba-
HWSI O4YULLLEEHHOW CTOYHON BOABI B MPON3BOACTBE, YHaCTUYHO-
ro cbpoca CTOYHbIX BOA, Ha O4UCTHbIE COOpYXeHMsl. Cxema
OCB oauHakoBa ans BCex NpeanpusaTuii n otTnndaeTcs
TOJSIbKO 06 BEMAMM LIMPKYINPYEMOiA BOAbI 1 060pYA0BaHN-
eM, 151 KOTOPOro e€ UCMoJb3YIoT

OcHoBHbIM HepgocTaTkoM 3CB aBnseTcs Hako-
neHne MMHepPanbHbIX N OPraHUYECKNX BELLIECTB
B LMPKYyMpyemoii Boge. s npeaynpexneHuns
3TOro NpeaycMaTprBaeTCsl YaCTUYHbIN cOpoC
€€ Ha OYNCTHbIE COOPYXEHUS N MOMOSIHEHNE
CUCTEMbI MPUPOLHON NN TEXHUYECKON BOOON.
BHeapeHme noaobHbIX CXEM BO3MOXHO TONBKO
Ha 3KOHOMMYeCKM 3P DEKTUBHbBIX, CAMOOKYNae-
MbIX, 6€30TXOHbIX U MaNIOOTXOAHbIX Npen-
NPUATUAX C KOMMNIEKCHOM NepepadboTKo Chipbs.
JomxHa 6bITb NpegycMoTpeHa o6padoTka 060-
POTHOW CUCTEMbI BOOOCHAOXEHMS KayCTUKOM C
LieNbI0 YCTPaHeHMs CNn3eobpa3oBaHuns He pexe
O[IHOrO pasa B KBapTar

TexHuka u o6opynosatue ans cena N2 9 2022
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DKOJIOTMYECKUI M IKOHOMUYECKU apdekT

[MprmeHeHne MoKpo-
ro NblIeynoBUTENS
(ckpy6bepa) npu
NpPOV3BOACTBE CYXOro
mMonoka [14, 15]

CyLLIeCTBEHHbIE MOTEepPU CYXOro MoJioka (0COGEHHO 06e3Xu-
peHHoro, a Tem 6onee cbiIBOPOTKN) Hanbonee ahpdeKTUBHO
NMKBUOMPOBATb 3@ CYET NMPUMEHEHS MOKPOIO Mbley10Bu-
Tens (ckpyboepa). B kauecTse opoLuatoLLei XuaKocT Hau-
6onee LenecoobpasHo NCMoJb30BaTb NPOAYKT, KOTOPbIN B
nansHeiwem 6yaeT NoaBEPrHYT CryLLEHUIO U CYLLKe

Ckpyb6ep obecneunBaeT He TOJIbKO MakCu-
MasibHOe nbineynaenveaHune (0o 99,5%), HO 1
[OMONHUTENBHOE MCMApeHNe BOAb! B KONMYe-
cTBe, cocTtasnsioem okono 30-50% ot npoms-
BOAMTESIbHOCTU CYLUWIIBHOW YCTAHOBKM (MO UC-
napeHHow Bnare). Temneparypa oTpaboTaHHOro
B CYLLWJIKE TENIOHOCUTENS CHUXAETCH ¢ 75-90
00 55-57 °C. Yem 6onbLue nepenan remnepartyp,
Tem 60sbLUYO UCNapUTENbHYI CMOCOOHOCTb
nmeeT ckpyboep.

Mpw Hannymm ckpyb6epa NPON3BOAUTENBHOCTb
CYLUMJIKM MO FOTOBOMY MPOAYKTY MOXET ObiTb
yBenunyeHa Ha 6,5-7%. Mpu paboTe cylumnkm
(MPY MMHUMANLHOM NOCTYMJIEHNN CbIPbS) OKO-
50 1000 4 B rof KOMYECTBO AOMONHUTENBHO
NOJIy4EHHOrO CYyXOro MOJIOKa COCTaBUT NpPU-
MEpHO 58 T

MnopooBoLHAs NPOMBbILLIIEHHOCTb

Peunpkynauvs Boapl
Ha aTane MOWKM
cBexXecpe3aHHbIX
oBoLLEe nocne obpa-
6otkn O,/UV [16]

MpombiBHas BOAA U3 PELMPKYNSILUMOHHOro 6aka cHavana
06pabaTbiBaE€TCS 030HOM, KOTOPbIV YHUYTOXAET MUKPO-
OpraHn3mMbl NyTEM OKUCNEHUS XN3HEHHO BAXHbIX KOMIMO-
HEHTOB KJIETOK, MPEA0TBPALLAS TEM CaMbIM POCT MUKPOOOB,
N OKMCNSIET OPraHnyeckne BeLLeCTBA, PACTBOPEHHbIE B
NpoMbIBOYHOM Bofe. 3atem obpaboTka YD-nsnyyeHvem,
KOTOpas yaoanseT OCTaBLUMIACA PACTBOPEHHLIA O30H B
BOAE, NPefoTBpaLLas Noboe NOBPEXAEeHNE MUHUMASIbHO
06paboTaHHbIX OBOLLEN 1 AONOIHUTENBHO CTEPUINIYET
CTOYHbIE BOAbI.

MotpebneHne aHeprum Ansa nosy4yeHns 03oHa 1 3P dexTmB-
HOro pacTBopeHus B Boae coctaensaeT 4,59 MIx Ha 1 m®
030HMPOBAHHOV BOAbI. HE06X0AMMbIV FUTMEHUYECKIIA YPO-
BEHb MPOMbIBHOW BOAbI NoAAepxmBancs B TedeHne 90 MuH.
VHBecTuLmMmM B nonHyio cuctemy O, /UV (reHepatop 030Ha,
rMAPOKNHETUYECKNA CMECUTENb, KOHTAKTHAs KONOHHA,
paspyLunTesnb 030Ha B Bo3ayxe, YP-cructema, MOHUTOPUHI
030Ha) An1a 06paboTkn 4 M3/4 C KOHLLEHTpaLUVein 030Ha
12 ppm CO BpeMeHeM yaepXnBaHns 2,5 MUH MOryT CO-
cTaBnaTb 0kosio 70 ThiC. €BPO

YMeHbluaeTcs noTpebneHne BOAbl NPUMEPHO
Ha 22%. O6bpaboTka 030HOM 3P deKTMBHA
0191 MOCNEAYIOLLEN OUYMNCTKM CTOYHBIX BOA, OHA
oKkuncnsieT 60MbLUIY0 YaCTb OPraHUYEeCcKnX Be-
LLeCTB, YMeHbLIaa cogepxanune B Hux XMNK Ha
35%. He Tpebyetcs nobaBneHne XMmMm4eckmx
npenapaToB. YBeNMyeHne sHepronotpebneHuns
13-3a 0bpaboTkm O,/UV komneHcupyeTca 3a
CYET CHUXXEHNS NOTPEONEHNS SNEKTPOIHEPI N,
CBSI3aHHOI 0 C nofayer TEXHONOrM4eCKom BOAbI
(nepekayka BOAbl, €€ 04NCTKA U OXJ1IaXOEHME),
N CHDXEHUSI SHEPrOonoTPedneHns Npu 04NCTKE
CTOYHbIX BoA. O6paboTka 030HOM U ybTpa-
G1ONEeTOBLIM N3NYYEHNEM TaKXe OKa3blBaeT
NONIOXMUTENBHOE BNIUSHME HA Pa3/I0XEHUE
necTMuMaoB. B skcnepyMeHTanbHOM UCMbITa-
HUW KOHLLEHTpauus optodeHnndeHona beina
CHMXEHa [0 3HadYeHuiA Huke 0,1 mr/n

Mcnonb3oBaHue He-
TpanbHON SNEKTPONN-
30BaHHOWN OKUCNSIO-
wen sogpl (NEOW)
01 MOVIKM canaToB
[16]

[MprMeHeHne ansg MONKM canaToB HEUTPaSIbLHON SN1EKTPO-
NM30BaHHOM okmcnstowen soabl (NEOW), nonyyaemonm
3N1eKTPOJSIM30M pa3baBieHHOro pacTeBopa conn. Adpdek-
TMBHbLIM KOMNoHeHTOM NEOW gaBnsieTca xnopHoBaTucTas
kucnota (HCIO). HCIO npoHMKAET B KNETOYHYIO CTEHKY
MUKPOOPraHM3MOB 1 KaK CUJIbHbI OKUCANTENb pPaspyLua-
€T MembpaHHble TPAHCMOPTHbIE BENKK, B PE3YNbTaTe Yero
HapyLLaeTcs CMHTE3 Genka BHYTPU KIETKM

CBoAMTCS K MUHUMYMY NPUMEHEHWE XJlopa.
Bropasnoxenne HCIO B rugpokcug, HaTpus.
He TpebyeTcsa 06paboTka CTOYHbIX BOM, aKTu-
BMPOBaHHbIM yrnieM. OHM MOryT nofaBaTbCs
HeNnocpeCTBEHHO HAa MYHULMNANbHYIO CTaHLMIO
O4UCTKM

CaxapHasi NpOMbILLJIEHHOCTb

Peunpkynauus sopl
[16]

[ToBTOPHOE 1CMNOIL30BaHWE BOAbI 4J19 O4UCTKM, NPO-
MbIBKM, OXJTaxaeHust. CIMBHYKO BOJY MOXHO NMOBTOPHO
1cnosb30BaTh NpumepHo 20 pas, 06bIYHO TOJLKO Noce
NPOMEXYTOYHOW O4MCTKUN Yepes3 OTCTOMHUKK. 13-3a 06-
pa3oBaHVsi COEAVHEHWIA OPraHNYeCKUX KUCTIOT HEOOXO-
nvMa koppekuusi pH B cTouHol Boae, kpome brosnornye-
CKOW OYUCTKN.

CHmxeHne KonmyecTBa TPaBMMPOBAHHbBIX KOPHEMIOA0B
Npw TPaHCMOPTUPOBKE YMEHBLLAET BbiLLie1a4MBaHNe Cca-
Xapa B TPAHCMOPTHYI0 BoAY M ypoBeHb XIMK CTOYHbIX BOA,
KoHaeHcar co ctagmii BbinapmBaHUs v KpUCTannsawmm
MOXHO 4aCTU4YHO MCMOJIb30BaTb B KAYECTBE TEXHOJIOMM4Ye-
CKOW BOAbI

ObecneymBaeT CHIKEHME NOTPEBNEHUS YNCTON
BOObl 1 3arpa3HeHnsa CTO4YHbIX BOA,. CHmxeHue
3aTpart, CBA3aHHbIX C OYUCTKOWM CTOYHbIX BOL.
MoxHOo mobutbcs pacxona Boabl Huxe 0,2 m®
Ha 1T 06paboTaHHOW CBEKJIbI

TexHuka 1 o6opypoBaHue ans cena N2 9 2022
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OKONOrM4ecKuin u AKoHoMu4eckuii apdexT

CHUXeHne 3arpssHe-
HWSI CaxapHOW CBEKIIbI
MOYBON, KAMHSMM
[16]

O6paboTka cBeksbl TPpedyeT 6ONbLUNX 3aTpaT SHEPrun

1 BoAbl. [Mpy NCNOIL30BAHUN COBPEMEHHBIX KOMOANHOB
MOXHO LOCTWYb 5%-HOW 3arpsiBHEHHOCTN KOPHENMN0A0B
NOYBOI NPAKTUYECKN NPY MOObLIX MOrOAHbIX YCIOBUSIX.
CenekumoHHoe ynydiieHne GOopMbl CaxapHOW CBEKJIbI
(MUHMMU3aumsa 60po3akM) 0b6ecneyrnBaeT MeHbLLEE NPU-
JIMNaHMe NnoyBbl

YMeHbLLEHME KONMYEeCTBa OTXOA0B 1 noTpebne-
HWS BOLbI Y BHEPTUM, CHKEHME 3arPA3HEHHO-
CTV CTOYHBIX BOZ,

MacnoxupoBasi NPOMbILLIEHHOCTb

AkcTpakums

C UCMONb30BaHNEM
2-meTun-
TeTparnapodypaHa
(MeTHF) [16]

MpencTtaensieTcst MHOrooGeLLatoLLel anbTepHaTUBO
rekcaHy ans aKCTpakLumm pactutenbHolx macen. MeTHF,
NPOV3BOANMbIN N3 BUOMACCHI, TaKOW Kak KyKypy3Hble
noyaTku, XXMbIX CaxapHOro TPOCTHMKA UK Lesyxa OBCca,
MOXET OblTb CUHTE3UPOBAH M3 IEBYJIMHOBOI KUCNOTbI U
dypdypona, nosydeHHoro n3 caxapos C5 1 C6 uenntono-
3bl, 1 pa3naraeTcst Ha COJHLE 1 BO3yXe

FABNsieTCH OOHNM N3 «3EMIEHBIX» PACTBOPUTENEN
Ha B1oNIorMYeckoli OCHoBe

VMcnonb3oBaHne
3TaHOsa B KA4eCcTBe
pactBoputens [16]

OHeproadPeKTUBHAA «3e/1eHas TEXHONOrMs» IKCTparn-
POBaHUS MACINYHbIX MAaTEPUANIOB CEMSIH MOACOSTHEYHMKA
6noaTaHonom

Mo3BONSET 3HAYUTENBHO YNYHLLUTbL KAQ4ECTBO
NPOAYKLMM U3 PanCoBOro Macna 1 parncoBoro
KOHLeHTpaTa. Kpome TOoro, HanpaeieHa Ha Bbl-
[eNeHNe HOBbIX 3BNEKAEMbIX BELLLECTB KOTOPbIE
paHee Henb3s ObINo NONYYUTb U3 CEMSIH parnca,
TaKMX Kak BTOPUYHbIE KOMMOHEHTbI PACTEHWUI
nnu 6enkoBble Gpakumm

CBepxkpuTnyeckas
9KCTpaKkums [16]

MpoLecc NponcxoanT B 3aKpbITON CUCTEME. DKCTPAKT
OTAENSIOT OT YIMEKMNCIOro rasa B Be CTaauu: cHavana
rpaBMTaLMOHHO, 3aTeM LeHTpudyrmposaHmem. lNocne
3TOr0 YIJIEKNCIbIN ra3 CHOBA OXNaXAAI0T AJ15 CKMXKEHUA U
peLVKIMpyioT

JaHHbIn MeTon Oka3biBaeT MeHee BpeaHoe
BO3[ENCTBME Ha aKTVBHbIE BELLLECTBA MO CpaBs-
HEHMVIO C MeTodamMu, UCMOJb3YIOLWLMMU TEMO U
(nnu) xumMmnyeckure BeLlecTsa

PbiGonepepabaTbiBaloLLas NpomMbiLLsie

HHOCTb

YpoaneHue xvpa u
BHYTPEHHMX OPraHoB
C MOMOLLIbIO Bakyyma
[16]

Mcnonb3oBaHne BakyyMHOr0 0TCOCa BMECTO BOAb! /15t
yIaneHns Xnpa v BHyTPEHHOCTEN 13 PbiObl

YMeHbLUEHHbI pacxon, BoAbl. CHuXeHne 3a-
rPSIBHEHNS CTOYHbIX BOA. MuHMMMN3auus oT-
X0[0B, T.e. NOOOYHbIE MPOAYKTHI MOrYT ObITh
NpoAaHbl Ansi NPOU3BOACTBA PbIGHON MyKM.
JocTuraercsa CHUXEHWE Harpy3ku 3arpsas-
Haowmx BewecTs Ha 30-50%. SHeprosaTpartsl
BbILLE, YEM NPU TPAAULMOHHOM yaaneHuu
rofioBbl MyTEM pa3pesaHnss 1 NPOMbIBAHNUSA
BHYTPEHHOCTEMN

Mcnonb3oBaHue oT-
$unbTPOBaHHBIX 060-
POTHbIX CTO4HbIX BOS,
NS npegsapuTenb-
HOrO OMoNlackMBaHNS
pbI6bI [16]

CTOuHbIE BOAbI OT HYeLlyn GUNbTPYIOTCS U BO3BpaLLaoTCs
NSt NpeBapuTENbHOrO OMNoackBaHUS PbiObl

OkoHomusa Boapbl A0 70%

Cyxasi TpaHCcnopTu-

BmMecTo 1cnonb3oBaHUS TPaAHCMOPTHO BoAbl npu dune-

CHUXeHMe 3arpa3HeHnst CTOYHbIX BOA, Ha 29-

poBKa Xupa, TUPOBAHUN, CHATUM LLKYPbI U YOANEHUN XUPa U BHYTPEH- | 52%. MnHuMmn3aums 0TXo40B, T.e. cobrpaeTcst
BHYTPEHHOCTEM, KOXM | HOCTEN MOXHO NGO YCTAaHOBUTb KOHBEEP MO KaxXaoh | 60Mblioe KONMYeCTBO TOBAPHOro NoGOYHOro
n dune [16] JIMHWERN, MO0 0aMH PUNLTPYIOLLIMIA KOHBENEP MOXET NPOAYKTa, KOTOPbIA MOXET ObITb MCMOJIb30BaH
o6cnyxmBaTh BCE MaLUMHbI 0715 TPOU3BOACTBA PLIOHON MyKU
BbiBOgbI

1. B Poccuum obnactb NpUMeHeHus
MCNOJIb3YyEMbIX N MepcrnekTnBHbIX HAT
ONS NULLEBOW 1 nepepabaTtbiBatoLLen
oTpacnen AlNK pacnpocTpaHsaeTcs
Ha NpeanpuaTUs: no nepepaboTke n
KOHCEPBUPOBAHMIO MSAICA B 4aCTU, Ka-
CaloLLLENCS BbINOJIHEHNS pabOoT o yooto
XMBOTHbIX Ha MSICOKOMOMHaTax, Ms-

TexHuka u o6opynosatue ans cena N2 9 2022

Ccox1ago0060iHAX; NPOM3BOACTBY MSCO-
MPOAYKTOB, PACTUTESNbHbIX N XXMBOTHbIX
Macesn 1 XMpoB, NPOAYKLUNN N3 KapTo-
densa, GpyKToB 1N OBOLLEN, MOSIOYHOM
npoaykunmn, NPOAyKLMN N3 caxapHom
CBeKJ1bl, pblObl 1 MOPENPOAYKTOB.

2. NepcnekTnBHbiM HAT ona npen-
MPUATNIA MACHOW NPOMBbILLIEHHOCTU 5B~
NAOTCS: UCMONb30BaHNe BLUOPEeakTopoB

C retepoTpOdHBIMU MUKPOBOOOPOCAS-
MU AJ151 Npeobpa3oBaHNsa OPraHNYeCcKmnx
BELLLECTB N3 CTOYHbIX BOA B 6MOAN3END;
npeobpasoBaHMe OpraHNYeCcKnx Be-
LLLEeCTB B 9N1eKTPUYECTBO C MOMOLLbIO
MWKPOOHBIX TOMJNBHbLIX 3NIEMEHTOB;
rmopoTepMasibHoOe CXuxeHne nobou-
HbIX NPOAYKTOB rnepepaboTky Msaca n
cynepoxnaxzaeHne MACHOW NPOAYKLUNN.
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3. B MONOYHOM NPOMBILLINIEHHOCTH
0151 3HAYUTENIbHOINO YMEHbLLIEHNS 00b-
ema notpebneHns Boabl 1 06pa3oBaHms
CTOYHbIX BOA, MEPCNEKTMBHO UCMOJb30-
BaHME CUCTEM BbITECHEHUS (MUITUHT-
CUCTEMBbI) MPY 04NCTKE 0OOPYA0BAHNS 1
3aMKHYTbIX CUCTEM BOLONOTPEDONEHNS.

4. [NepCnekTBHBbIMY TEXHONOMMAMN
0151 N10400BOLLHOM NPOMBILLIIEHHOCTHU
B kayecTBe HAT 3a py6exxoM npusHaHbl
TexHosIorMm 06paboTKN peumnpKynsaun-
OHHOI BOAbl HA 3Tane MOWKWN CBEXe-
CpEe3aHHbIX OBOLLEN 030HOM U yNnbTpa-
duroneTom (ymeHbLLaeTca notTpebdnexHmne
BO[bl MPUMEPHO Ha 22%, copepxaHue
XMK B cTO4YHbIX BOogax — Ha 35%); npu
MCMONb30BaHUM HENTPASIbHOM 3NEKTPO-
NIN30BAHHOMN OKUCNAOLWEN BOAbI ONA
MOWKM CanaTtoB CBOAUTCH K MUHUMYMY
NpYMEHeHne xopa.

5. B uenax cHmxeHust notpebneHuns
BObl M QHEPIru, 3arpA3HEHHOCTI CTOY-
HblX BOZ Ha MpeanpuaTuax caxapHom
NPOMbILLAEHHOCTN NEPCMNEKTUBHO UC-
NOMb30BaHME CUCTEM PELMPKYNaLMn
BOAbI, @ TaKXe Ha atane ybopkn npu-
MEHEHNE COBPEMEHHON BbICOKO3®-
HEKTUBHOMN TEXHUKN N CENEKLUMNOHHOE
ynyyweHne Gopmbl caxapHOM CBEKIIbI
(MUHMMM3aunsa 60pO3aKKY).

6. B MacnoxvpoBor npoOMbILLIEH-
HOCTM B kadyecTtBe HAOT nepcnekTneHO
MCMONb30BaTh MNPU 3KCTPAKUUM Macna
pacTBopuUTENM Ha BMONOrMYEeCcKO OCHO-
Be (2-MeTunTeTparnapodypaH, aTaHon)
WM CBEPXKPUTUYECKMIA ANOKCU, yrie-
poaa, ABASAIOLWMECS anbTePHATUBOMN
9KOJIOrM4eckn Heb6e30MnacHOMy rekcaHy.

7. YpaneHuve xumpa u BHYTPEHHUX
OpraHoB C NMOMOLbIO BakyymMma npu
nepepaboTke pbibbl 1 MOPENPOAYKTOB
MO3BOJISET CHU3UTb HArpy3Ky 3arpss-
HAoLWwmx BewecTB Ha 30-50%, a ncnonb-
30BaHVe 0TOUILTPOBaHHBLIX 0O0POTHbIX
CTOYHbIX BOA A5 NPEeABAPUTENBHOIO
0ononacknBaHus pblbbl — COKOHOMUTb
0o 70% Boapl.
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Summary. Modern resource- and
energy-saving technologies for enterprises
processing meat, milk, fish, oilseeds and
fruit and vegetable raw materials, sugar
production, which can be recommended as
promising when updating information and
technical manuals on BAT in the field of agri-
culture, are considered. Their economic and
environmental efficiency is shown.
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AHHOTauwms. [pyBeaeH aHan3 v NPeacTaBeHbl NPeaI0OXeHNs
1151 [MOBBILLEHWS YPOBHSI TEXHUYECKOIro 0OC/IYXXVBaHWS NPy peasi-
3auumm 3akoHa 297-®3 cT. 11 3a cyYeT yyyLIeHVs KOHTPOENPUroa-
HOCTU 1 IPUCOCOBIEHHOCTU K ANarHOCTUPOBAHMIO PECypcoorpe-
JENISIoLMX Y3/I0B OTEHECTBEHHOM 3HEPrOHACHILLEHHOM TEXHUKU.

KnioueBble cnoBa: CYETYMK-UHANKATOP, SHEProHaChILLEeHHas
TexHWKa, MOAepPHU3aLms, KOHTPONENPUrOAHOCTb, MPUCTOCOOIEH-
HOCTb K ANArHOCTUPOBAHUIO.

MNocTtaHoBKa Npo6nembl

MpuHATLIM 1 BcTynUBLWINIA B cuny 03.07.2022 depe-
panbHbI 3akoH oT 02.07.2021 Ne 297-D3 «O caMOXOOHbIX
MalLVHaxX 1 Opyrux Buaax TeXHukm» (ganee — 3akoH 297-M3),
YCTaHaBAMBAIOLLMI MPABOBbLIE N OPraHM3auNOHHbIE OCHOBBI
DEeSATeNIbHOCTM B 061aCTU TEXHUYECKOrO COCTOSIHUS U 3KC-
niayataumm caMmoXOoOHbIX MalUVH U OPYrnX BUOOB TEXHUKU,
B TOM YMCJIE CBA3AHHbIE C A0MYCKOM K 3KCryaTauum camo-
XOOHbIX MaLLVH [ 1], TpebyeT, No HallemMy MHEHWIO, OeTanbHOM
npopaboTkn s ero 9hPeKTUBHOrO NPUMEHEHUS.

B ycnoBusix COBPEMEHHbBIX TEXHUKO-3KOHOMUYECKMX
dopM B3anMOLENCTBUA MeXAy BnafesbLeM 1N NPOnN3Boau-
TeNeM NpUMeHeHne JAHHOro 3aKoHa NPUBEAET K KOPEHHOM
onTUMM3auUM CUCTEMbI OOCNTYXXMBAHUS Y PEMOHTA C YYETOM
JOKTpUHbBI NPOA0BONILCTBEHHOM 6e3onacHOCTY Poccuiickom
depepaummn, Ctpaternm pas3BnuTns CebCKOX03AMCTBEHHOIO
mMawumHocTpoeHma Poccun go 2030 roga, npuopuTeToB Ha-
NMPaBAeHNs HAY4HO-TEXHNYECKOr0 Pa3BUTUSI OTEHECTBEHHOIO
TPaKTOPOCTPOeHus [2, 3].

TexHuKa u o6opynosaHue ans cena N2 9 2022

B pamkax npmH1MMaemoro 3akoHa A0JKHbl ObITb 06ecne-
YyeHbl TEXHNYECKOE COMPOBOXAEHWE TEXHMKN, [LOCTOBEPHbIN
KOHTPOJIb COCTOSIHUSA U COBNIOAEHNSA NpaBM 3KCnyaTauum,
YTO NO3BOINT C BbICOKOW A0S1EN BEPOATHOCTU XapakTepmn3o-
BaTb 6a30Bble 3KCMJIyaTaLMOHHbIE NOKa3aTeNnu HaaEXHOCTH,
BblpaXaeMble B KO3PDULIMEHTAX FOTOBHOCTU N TEXHNYECKO-
ro MCMNoJIb30BaHWS, a TakKe MUHMMU3NPOBATL CTOMMOCTb
BNIAAEHUS.

B HacTosLee BpeMsi Ha 9dPEKTMBHOCTb M CBOEBPEMEH-
HOCTb CEPBUCHOIo 06CNYyXUBaHNS OKa3biBAKOT BAUSIHME
cnenyloLme HeraTvBHbIE HaKToPbI:

® OTCYTCTBME B SKCMJTyaTaALMOHHbLIX JOKYMEHTax npou3-
BoauTenen kputepues (Hanpumep, no PTM 70.0001246 [4])
1 aKkTyanbHOM MHPOPMaLMKM MO ONpeaesieHnto NPeaesibHOro
COCTOSIHUS Y3J10B, arperaTtoB, paboymx XnaoKkocTe;

® OTCYTCTBME B 3KCMJyaTaUUOHHbIX AOKYMEHTaX PEeKo-
MEHAYEMbIX N YTBEPXIAEHHbIX METOAMK U OLLEHKM TPYA0EM-
KOCTU MPOBEAEHUS ANArHOCTMPOBaHUS s onpeaeneHuns
HOMMWHabHbIX, ONYCTUMbIX, NPeAesibHbIX NapamMeTpoB
TEXHNYECKOro COCTOSIHUSA; He NpUBEOEHbI BO3MOXHbIE MPU-
Mepbl HEUCMPaABHOCTEN N MEeTOAbl X YCTPAHEHMS, AaHHbIE N0
perynnpoBkamM C OMMCaHNEM MCMOIb30BAaHUS peKOMeHaye-
MO0 KoMriiekca 06opyaoBaHus, NPUOOPOB, MUHCTPYMEHTOB,
npucnocobneHnii cornacHo pekomengaunm FOCT 27388
(nn.5.1,5.9,5.10) [5];

® npekpaLlleHne LeHTpain3oBaHHOrO KPYNHOCEpPUIiHOroO
NpPoV3BOACTBA OTEYECTBEHHbIX CPEACTB M 000pYyA0BaHNS ANs
ANarHoCTMPOBAHNS, B TOM YACTIE PECYPCHOrO, OCYLLECTBASE-
moro B cootBeTcTBum ¢ FOCT 20793 (n. 5.8, 5.9) [6];

® OTCYTCTBUE CUCTEM KOHTPOS TUMOB paboT (TpaHC-
NMOPTHbIE, CEJNIbCKOXO3ANCTBEHHbIE, MPOMBbILUNIEHHbIE) ANS
OLLEHKN YPOBHS 3arpy3ku pecypcoornpenensowmx y3nos
M arperaros.

Tak, FOCT 27.003-2016 [7] TpakTyeT, 4TO OnNncaHue Kpu-
TEpPMEB 0TKA30B U NPeESbHbIX COCTOSIHUI A0NIXHO obecne-
yMBaTb MPOCTOTY OOHAPYXXeHNs pakTa 0TKa3a nnm nepexona B
npeaenbHOe COCTOSIHME BU3YaslbHbIM MYTEM U C MOMOLLBIO
npeayCcMOTPEHHbIX CPeACTB TEXHNYECKOro AMarHocTMpoBa-
HUS (KOHTPONSA TEXHMYECKOrO COCTOSAHNS). [INs npakTn4eckom
peanusauum npouecca anarHoctmposaHma B FOCT 26656-85
[8] npencTaBneHbl BapuaHTbl PELLEHMS 3a4a4M 06ecneyeHns
NPUCNOCOBNEHHOCTU K ANArHOCTUPOBAHMIO.

Mcxons n3 HeobxoamMmocTu obecrnedyeHns TpeboBaHni
ctatbk 11 3akoHa 297-P3 3aBogaM-N3roToBUTENSIM HEOD-
X0OMMO BbipaboTaTb HOPMbI, MPaBUa 1 NpoLeaypbl TEXHNYe -
CKOro 06CcnyXmnBaHms 1 PEMOHTA BblMyCKaeMOWN NPOAyKLIMK, B
COOTBETCTBUM C KOTOPbIMU B TEHEHNE XXUSHEHHOTO LKA 9KC-
nayatauumn 6yayT 0KasblBaTbCS YCYrU MO €e TEXHUYECKOMY
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00CNyXX1BaHMIO VI PEMOHTY A1 06ecneyeHns Haanexaulero
TEXHMUYECKOro COCTOSAHUS 1 6€30NacHOCTU.

Lenb uccnepnoBaHum — aHanM3 COCTOSIHUS BOMNpoca n
BO3MOXHOCTU ncnonb3oBaHus gelicteyowmx FOCT n HTA
Ons BbIpabOTKM HOPM, MpaBuil U CTPpaTermm TeXHNYECKOro
06CnyXnBaHUst U PEMOHTA 3HEProHACbILLEHHOM TEXHUKM.

MGTepMCIHbI n MeTogbl UccriegoBsaHunda

Mpn NpoBeAeHNN NCCNeaoBaHU B KQYECTBE UCXOOHbIX
[aHHbIX UCMONIb30BaHa MHGOpPMaLMS, NONy4YeHHAs NYTEM
cbopa 1 06006LeHMS AaHHbIX C CaliTOB Hay4HbIX 1 06pa3oBa-
TenNbHbIX opraHn3auunii MuHobpHaykn Poccum, accoumanmm
Poccneumall, yctaHaBnvBaroLLas CTpaTermyeckme OpueHTn-
pbl Pa3BUTUSA CTPaHbI U OTpacnn. Kpome Toro, npu aHannae
NprYMeHsaNachb CNpPaBoYHas U HOPMATMBHO-TEXHUYECKas O0-
KymeHTauus, paspabotaHHas TOCHUTU pns obecnevyeHns
3P DEKTUBHOIO NCNONB30BAHKS AHEPrOHACHILLEHHOM TEXHNKN
(Ha npumepe TpakTopoB K-701 n nx moaenern) B yCnoBusx
npeanpuaTnin, Bxoaawmx B cuctemy BO «Cenbxo3TexHuka»,
npu peannsaunm «KomMnieKCHOM CUCTEMblI TEXHNYECKOIO
ob6CnyXnBaHUst 1 PEMOHTA MaLUVH B CENIbCKOM XO35MCTBE»
[9]. B nccnepoBaHnun Obinv MCNONbL30OBaHbI Matepuansl,
NoJIyYeHHblE B pamMKax BblMONHeEHUS aTanoB Tem HUP n
HWNOKP B ®IrBHY ®HAL, BUM. NccnenoBaHus npoBoAVANCH
C MCMNONb30BAHVUEM aHANIMTUYECKOTO, CPABHUTENBHOIO U
MHPOPMALMOHHO-I0MNYeCcKOro aHanmsa nHpopmaumm, a
Takke Ha OCHOBE MOJIyYEHHbIX JAHHbIX B XOAE NpOBeaeHus
9KCMNEeprMEHTOB.

PeByﬂdeTbI MCCﬂeﬂOBGHMﬁ

M o6cyxpeHmne

CepBUCHbIE CNyX0Obl ANEPOB HanpaeBieHbl, Npexae
BCero, Ha obecneyeHne 3KcrnayaTauMoHHOM HaOEXHOCTU
3a CYET NpoBeAEeHNs TEXHUYECKOro 0OCIY>XXMBAHNA U He-
06X0AMMOro arperatHoro peMoHTa B rapaHTUNHbBIA nepu-
oA aKkcnyataumn. B nocTrapaHTUMHbIN XU3HEHHbIN LMK
TexHuKa, kak NpaBuio, o6CNyXnBaeTCsl, PEMOHTUPYETCS U
yTUnn3upyeTtcst 6e3 TEXHNHECKOrO CONPOBOXAEHWS ANTIEPOB
3aBoga-npou3soautens. oaTBepXAeHMEM aKTyaslbHOCTU
paccMmaTpuBaemMoro Bonpoca fBnseTcsa 70T pakT, 4TO BO
MHOIOM pellallWmmM apryMmeHToM B BbIOOpe TeXHUKU (B
TOM yucne 3apybexHoro NnpoM3BOACTBA) SBASIOTCSH BO3-

MOXHOCTb ONMEPATUBHOIO CEPBUCHOrO COMPOBOXAEHUSA C
MCMNONIb30BAHMEM MEPEABUXKHbBIX CEPBUCHbBIX aBTOMOOU-
JeN, OCHALLEHHbIX KOMMIEKTOM 060pYyA0BaHNSA U OCHACTKU
ONS ANArHOCTUPOBAHUS U TEXHUYECKOro 06CnyXnBaHUS,
a TakXe Halnyne pernoHajibHbIX LLEHTPOB MO PEMOHTY
KOMMOHEHTOB, OCHALLLEHHbIX CTALMOHAPHBIM KOHTPOJIbHO-
OVarHOCTUYECKNUM, TEXHOJIONMYECKUM 060pyaoBaHNEM
(cm. pucyHok) [10].

Mpwn ocywecTBneHnn fO06pPOBOILHON cepTudukaLmm
ycnyr cepBUCHbIX Npepnpusatin (OCY GrsHY dHALL BUM)
BbISIBJIEHO, YTO MMelOLWMecs Ha 6anaHce KOHTPOJIbHO-
JuarHocTnyeckoe o6opyaoBaHME U MHXEHepHas UHbpa-
CTPYKTypa BO MHOMMX Ciy4yasx HaxogaTcs 3a npegenamMmu
CPOKOB CNy>X0bl, YTO HE BCeraa No3BOJISIET MOJIHOLEHHO
1 0OBbEKTMBHO NMPOBOAUTbL KOHTPOJIb KA4eCTBa PEMOHTA
arperatoB TEXHUKW HOBbIX MOKONIEHUI, UMEIOLLIMX OTANYHbIE
XapakTePUCTUKM (MOLLHOCTb, AABMIEHME, PACX0a, allrOpUTM
CUCTEM ynpaBfieHns 1 4p.), a Takke NPOU3BOOUTb BXOAHOWN
KOHTPOJIb MOCTYNAIOLLMX 3AMACHbIX YACTEN.

Tak, N0 JaHHBLIM 3KOHOMMWCTOB, ec/i1 B lo6OM NMpon3s-
BOACTBE HaxoauTtcs 6onee 50 % NOSHOCTBIO aMOPTU3NPO-
BaHHbIX MaLUVH 1 060py00BaHMS, Takoe NPON3BOACTBO 6e3
9KOHOMMYECKOr0 aHann3a Npu3HaeTCs AerpanrpoBaBLLMM
1 obbaBnseTcs 6baHkpotom [11].

[na noBbILIEHNS NPUBAEKATENbHOCTU CEPBUCHbIX YCIYT,
OCYLLECTBSAEMbIX LLEHTPAIM30BAHHO, HEOOX0AMMa MOOEPHU-
3aums PEMOHTHO-06cnyxmBatoLen 6a3bl (POB) ¢ pelueHvem
OCTPbIX HAKOMUBLUMXCA MPoOnem, Taknx kKak oObHoBneHue
YTBEPXAEHHOMO K MCMOSIb30BAHMIO TEXHOIOMMYECKOro 060-
pyZAoBaHus; 06y4eHne 1 NOBbILLEHNE KBaNMPUKaLMK U NPO-
M3BOOUTENBHOCTN NepcoHana.

MeponpusaTis no o6HOBNEHUIO KOHTPOJIbHO-ANArHO-
cTuyeckoro obopynoBaHusa Lenecoobpa3Ho BECTU CO-
BMECTHO C OMJIEPCKON U CEPBUCHOM CETbIO NPEeanpUAaTUn-
M3roToBUTENEN N0 0603HAYEHNIO NOTPEOHON HOMEHKNATYPbI
nopa ctaHaapThbl U TpeboBaHus 6a30BOr0 NPeanpUsATUS.

[Mpn aHanuse B Lensx Nnoncka NPeeMCTBEHHOCTU N UC-
nonb3oBaHMs KOMMIEKCHOM CUCTEMbI TEXHUYECKOro 06Chy-
XVBAHUSA N PEMOHTA MALLUVIH B CEJIbCKOM XO39CTBE MOXHO
BbIAENNTb TPU OCHOBHbIE CcTpaTeruu (tadn. 1).

Mpwv ananuse MOCT [6] BbISBAEHO, YTO Yallle BCEro B UH-
CTPYKLMM NO 3KCMyaTaLlmm PErNaMeHTUPYIOTCA PEMOHTHO-

a 6

YyacTku LeHTpa no PeMOHTY KOMMOHEHTOB:

a — BOCCTaHOB/EHUs aeTaneit; 6 — ucnbltaHus rmapoarperatos U TPaHCMUCCUIA;

B — 0OKATKM 1 UCMbITAHUS OM3EbHbIX ABUraTenemn
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Ta6nuua 1. Crpaterumn (C) cuctemMbl TEXHUYECKOro
006CNY)XMBAHNS U PEMOHTA CEeJIbCKOXO3ACTBEHHOW
TexHuku [9]

Homep
OnucaHue peanusaumm
cTpatermu
c Mocne BO3HNKHOBEHNSI OTKA30B /191 YCTPAHEHUS
1 VX MOCNeacTBUn
c OcHoBaHbl Ha AaHHbIX HApPaboTKM CUNOBON yCTa-
2 HOBKU
Mo pakTnyeckomy COCTOSHMIO, ONPeaenIeMomMy C
c MOMOLLbIO MEPUOANYECKOr0 AMArHOCTUPOBAHUS,
8 nokasaHuii 6OPTOBbIX CUCTEM HEMPEPLIBHOTO
KOHTpONIS

obcnyxuBatoLLMe BO3AENCTBMS TEXHNYECKOrO 06CTYy>XKMBaHMS
TPakTOPOB 1 pekoMeHayeTcs ctpaterus C,, koTopas xapak-
TEPUIYETCA XECTKUM LUMKIOM nepuognyHocTun: 125, 500,
1000 MOTO-4 C LONYCTUMbIM OTKITIOHEHEM = 10% (TO1, TO2) n
+5% (TOS). KAOoCTOMHCTBaM pEKOMEHYEMOV NPON3BOAUTE-
NeM TEXHVIKM MCroJib3yeMon cTpaternm C, 0THOCUTCS Haslnumne
pa3paboTok HTM, yTBEPXAEHHbIX TEXHUKO-3KOHOMMUYECKMX
0060CHOBaHN NPY NPOBEAEHMM PErTaMEHTHbIX PabOoT, a Takke
paspaboTaHHbI KOMMIEKC KOHTPOJIbHO-AMArHOCTUYECKOr O U
CcepBUCHOro 06opyaoBaHus (Ha npumepe Tpaktopos K-700A,
K-701):

©® PYKOBOASALLMIA TexXHUYecknin matepuan (PTM) onpeae-
nan obLme KpUTepmmn NpenesbHbIX 1 JONMYCTUMbIX NapamMeT-
poB ansenbHbix asuratenen (PTM 10.16.0001.0008-89),
TPaKTOPOB 1 UX COCTaBHbIX YacTen (PTM 70.0001.246-84);

® gaHHble PTM saBnsnnucb ocHoBaHuem ansa paspabdo-
TOK pykoBoAcCTB no tekywemy (PT 70.00001.059-84) u
KanutanbHOMY peMoHTy amseneni (TK 70.0001.037-83,
TK 70.0001.048-83), ruppaBnmyeckmnx cuctem (TK-
70.0001.018-81), TonnmeHoI annapaTtypsbl (TK-70.0001.
107-80), waccu TpaktopoB (TK70.0001.071-85);

® PT n TK onpepnenanu nepeyeHb 4aCTHbIX KPUTEPUEB,
ABNAOLIMXCA 060CHOBaHMEM OJ19 pa3paboTky KoMmiekca
MCNbITATENIbHOIO, KOHTPOJIbHO-AMArHOCTUYECKOro 060pyao-
BaHus (KW), oprocHactkm uexos (OPIM), obopyanoBaHus ons
BOCCTaHoBNeHus getanen (OB4);

® ObinK paspaboTaHbl HOPMbI pacxona Asns onpeaeneHns
noTpebHOCTN B MaTepuanax n MeTnaax Ha OCYyLLLECTBIIEHNE
Tekyuwiero (MT) u kanutanbHoro (MK) peMoHTOB;

©® pekoMeH4auum no NoBbIWEHNIO 3DDEKTUBHOCTU MUC-
nonb3oBaHmsa PTM, PT, TK obecnednBann pykosoasiime
nokymeHTbl (PL), koTopble Oblnn HanpaBneHbl HA NOBbILLEe-
HMEe KayecTBa peMoHTa 1 obecrnevyeHne ero ctabuibHOCTH,
YTOYHSIIN CNOCOObI 1 CPeacTBa KOHTPOS, TPYAOEMKOCTb U
KBanuduKaumio nepcoHana;

® MapLIPYTHbIE TEXHOMOIMU LLEEHTPAIM30BAHHOIO TEX-
HMYECKOro 06CNy>XMBaHUS, MOSCHAOLWME NocnenoBaTeb-
HOCTb BbIMOJIHEHUS perfiaMeHTHbIX paboT C yka3aHuem
peKoMeHOyeMOoro TexXHOJI0Ornyeckoro obopynoBaHms ans
Yy4aCTKOB MOWIKU, ANArHOCTUKW, TEXHUYECKOrO 0OCyXmBa-
HUS, TEKYLLEro PEMOHTA, 0OCNYXMBaHUSA aKKyMyISTOPOB,
TOMIMBHOW annapartypsbl, FTMAPOCUCTEM, LUMHOMOHTAXHOrO,
CBapO4YHOro u ap.
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K HepocTatkam npuMeHeHus ctpaterumn C, Ha coBpe-
MEHHOM 3Tane pPasBUTUS PEMOHTHO-00CYXMBaloLLel 6a3bl
MO>XHO OTHECTU:

® yBe/NnYeHMe pacxoda 3anacHbIX YacTel, a Takke He-
obxoamnmMocTb obecnedyeHns GpopmanbHOro noaxona, He
yumTbIBaAOLLErO GAKTUHECKUI YPOBEHD NCMOIb30BAHNSA OT-
OeNbHbIX CUCTEM MPU TPAHCMOPTHbIX, CENIbCKOXO3ANCTBEH-
HbIX, MPOMBbILLMIEHHbIX PaboTax, YTO MPUBOAUT K CHUXKEHUIO
nokasarteniein HageXHOCTU N MOBbLILLIAET TEXHONIOrMYeckme
puUCckK HecobnoaeHNs arpoCpPOKOB NpU NPOBEeAeHMN No-
neBbIxX paborT;

© 111591 9 DEKTUBHOMO UCMOSIb30BaHUs HeobxoaMMa rmy6o-
Kasi MOZLePHM3aLMS UMEIOLLLENCSH PEMOHTHO-00CITYXMBAIOLLLE
0asbl.

AHanuns paspaboTok BeayLmx dpupm EBponsl n CLLA no-
Ka3bIBaET, YTO B HACTOsILL,ee Bpems B 061aCTV AMArHOCTUPO-
BaHNS Pa3BMBAOTCS OBE YETKME TEHAEHUUN: NPUMEHEHNE
OOPTOBbLIX CUCTEM ANArHOCTMPOBAHUS U OpraHn3auuns anc-
TaHUMOHHOIO ANArHOCTUPOBAHNS.

Ha Haw B3rnsag, Hanbonee NpMMeHMMa K COBPEMEHHbIM
TpeboBaHUAM 1 pa3paboTkam B 06/1aCTV CeNnbXxo3MallMHO-
cTpoeHus cTpaterusa C,, KoTopas ans o6ecrneveHns KOHTPOSA
HOPMUPYEMbIX NOKa3aTeNEN MaLLNHOUCMOb30BaHUS Tpe-
OyeT COBEpPLUEHCTBOBAHMS METO0B KOHTPOJIS TEXHUYECKMX
napameTpOB MaLLWH 3a CHET pa3paboTKM HOBbLIX AMArHOCTU-
yeckux cpeacTs [12, 13].

Takoxe ans ycrnewHoro npumerHeHuns ctpaterum C, Heoo-
XO4MMbl MEPONPUATUS MO KOPPEKTUPOBKE NOAX0A0B B3aUMO-
[EeNCTBMS Mexay NPoM3BOANTENSIMN TEXHUKN M MPON3BOaUTE-
NSIMU Y3/10B U arperatos B MHGOPMaLIMOHHOM obecrneyeHnn
KOHe4YHoro notpebutens. C pa3snutnemM MHGOPMaLNOHHO-
KOMMYHUKALIMOHHBIX CUCTEM ANg peannsauum 3agadu rno
MHOOPMALMOHHOMY 006ECMNEYEHMI0 XXNSHEHHOTO LMKIa B
BbICOKOTEXHOIOMMYECKNX NMPOM3BOACTBAX LUMPOKO NCMONb3Y-
totca CALS-TexHonorum n FMEA-anann3 [14-18]. Ncxoas na
BbICOKOW aKTyanbHOCTM 3a4a4 No NPaKTUYeCKon peannsaumm
CALS-texHonoruii 1 FMEA-aHann3a, noaroToBAeHbl 3Kkcne-
pPUMEHTaIbHbIE 06pPa3Lbl CHETYMKOB-UHOMKATOPOB, KOTOPbIE
MOryT OblTb UCMOJIb30BAHbI AN UHAMBUAYANIbHOrO KOHTPONSA
COCTOSIHNS OTAENbHBIX Y3/10B M arperaTtoB QHEPrOHACHILLLEHHbIX
TpakTopoB B uenom [19, 20].

[MpoBeOeHHbIE MOCTAHOBOYHbIE OMbIThl MOKa3ann BO3-
MOXHOCTb MUCMOJIb30BaHNS pa3paboTaHHbIX CYHETYMKOB-
VHAMKATOPOB A1 ONPeaeneHns UCXOAHbIX AaHHbIX O TEXHU-
4eCKOM COCTOSAHUN SHEPIrOHACLILLLEHHOW TEXHMKW. [loka3aHa
BO3MOXHOCTb NpeaynpexaeHns 0 Heob6xoaMMOCTV NpoBeae-
HWS BHEMIAHOBOI0 TEXHMYECKOro 00CnyXmnBaHus (Tabn. 2).

Mo pesynbTaTamMm NPOBEAEHHOIrO UCCNEA0BAHMS BbisiBIE-
HO, 4TO C y4eTOM AeicTByoLwmx cTpateruii C,n C, B o6nactm
TEXHNYECKOro 06CNY>XMBAHUS 1 PEMOHTA Ha NPEANPUATUAX
CyLLecTBYyeT Heob6Xx0aMMOCTb B pa3paboTke COBPEMEHHOIro
BCTPOEHHOro 60PTOBOr0 KOHTPOJIbHO-ANArHOCTUYECKOro
060opynoBaHMs, 4TO NOBbLICUT 3PPEKTUBHOCTb BNIaEHNS TEX-
HWKOW, ACT AOMNOSHUTENbHBIE KOHKYPEHTHbIE MPENMYLLIECTBA
3a CYET MHPOPMALIMOHHOK 06ecne4YeHHOCTN N MUHUMK3A-
Lm0 GUHAHCOBbLIX M BDEMEHHbIX 3aTpaT Ha €€ noaaepxaHve
B MICMPaBHOM COCTOSIHUN.



TEXHONOTHH, MALIHHDLI H OBOPY/LOBAHKE ANA ANK

Ta6nuua 2. NMepeyeHb NapaMeTPOB BO3MOXXHOIO UCMOJIb30BaHUSA

paGpaﬁOTaHthX 3KCnepnmMeHTaJibHbIX C4ETYUKOB-UHOAUKATOPOB AJI1 AUarHOCTUPOBaHUSA arperatoB TEXHUKU

HasHauyeHwne cyeTynka-
nHamkaTopa

KoHTponupyemble napameTpbl, onvcaHue padboTbl

®doTo

TecToBas ouUeHka 00LLero
TEXHNYECKOIro COCTOAHUA KO-
pobKuM nepemMeHbl nepeaad ¢
rmapaBin4ecknm ynpasieHn-
€M 10 BPeMEHM BOCCTaHOBJIe-
HWA 0aBNEHNA B MEXaHU3ME
nepekstoYeHns nepegay

OnpepneneHne BpeMeH BOCCTAHOBEHWS [ABNEHUS B TNAPaBINYECKOM
cucteme ynpasnenus KMM;

onpeneneHne CoOOTBETCTBUS M3MEPEHHbIX 3HAYEHNA HOMUHAJbHbIM,
[0MnyckaeMbIM U NpeaesibHbIM Ha3HaYEHHbIM;

B CJTy4ae NPEBbILLEHNS A0MYCKAEMbIX Y MPeAENbHbIX 3HAYEHWI CUrHaI-
3upyeT 06 3TOM onepaTopy

KoHTponb nepenaToyHbIX OT-
HOLLIEHMI TPAHCMUCCUN

CBoeBpeMeHHOoe npeynpexaeHve onepaTopa 00 M3MEeHeHUN 3a10XeH-
HbIX B KOHCTPYKLMIO NepenaTtoyHbIX OTHOLLEHWUI nepepnad, 4To NO3BONIAET
KOHTPONMPOBATb YPOBEHb OYKCOBAHNSA PECYPCOONPEAENIOLLMNX Y3/10B —
rMapoMexaHN4eckon KopobKm NepeMeHbl nepenay SHeproHachILLEeHHbIX
TPaKTOPOB;

KOHTPOJb HeO6XO,£I,VIMOCTVI noakKt4YeHna MOCTa,

onpepgeneHne /J,eVICTBI/ITeﬂbeIX nepenaroyHbIx OTHOLLEHUI Pa3INYHbIX
BanoB, B TOM 4ucne I'VI,EI,pOCTaTVI‘-IeCKOVI TpaHCMMUCcCcunn, MexaHn3ma oT-
60pa MOLLHOCTY;

OI'IepaTI/IBHbIVI KOHTPOJIb UBMEHEHUNA TEXHUYECKOro COCTOAHUSA, YTO MO-
3BOJIAET AMArHOCTY NoJiy4aTb MCXOOHYIO VIHd)OpMaLI,VIIO angdonpeneneHna
1 MPOrHO3MPOBaHKs pecypca

MopcyeT konnyecTra BKIO-
YEHUI N BPEMEHU UCTMONb30-
BaHWS nepegay

YyeT KonmyecTBa BKIKOYEHNIN 1 BDEMEHW NCMOJIb30BAHUS KaXA0M nepe-
naywn. Mpun 3TOM Ha NaHenn onepaTopa BbIBOAATCS 3HAYEHUSA:
Konuyectsa (pexum 1)/ BpeMeHV NCNoNb30BaHNs (pexmm 2) TpakTopa
Ha YeTblpex nepegayax;

06LLero Konm4ecTsa BKAOYEHUI (pexum 1)/ 06LLero BpEMeHU NCMNosb-
30BaHUS (pPexum 2) TpakTopa;

3Ha4YeHUa B MPOLEHTAX Ha KaxAayl nepenadvy: Ha BKIKYEHNS
(pexum 1)/Bpemsi UICNOJSIb30BaHUS (Pexum 2)

BX0OQHOW KOHTPOSIb U TECTO-
BOE OnpefeneHne aHep-
reTM4ecKknx nokasarenemn

OueHka crefytoLLmx napameTpoB:
YCKOPEHME KOMIEHYaTOro Basa Ha X0JoCTeix 060poTax npu pasroHe/
TOPMOXeHUW ABuratens;

OMN3ebHOro ABuratens 9bPEeKTUBHAA MOLLHOCTb ABUraTeNs;
aBTOMaTnyeckoe CobMoeHe BHELLHUX YCNOBUIA NPOBeaAeHUs n3me-
peHnn

KOHTpOnb TEXHNYECKOrO C60p NepBUYHbIX AAHHbBIX O TEXHUYECKOM COCTOSIHUM KMHEMATUYeCKn

COCTOSIHUS BaNOB, NOfA-
LLUMMHNKOB, HACOCOB MO
aMnanMTyaHo-ba30BoOMy
meTony

CBSI3aHHbIX Y3/10B KOPOOKM NMepemeHbl nepenad, rnaBHON nepeaaymn
BeOyLMX MOCTOB, ABUraTens;

OLEHKa MUHMMAaSbHbIX Y MakCUMasbHbIX 3Ha4eHnii Gruexunin npu Gec-
KOHTaKTHOM U3MepeHnM PaccTosHMS, N3HOCOB, NEPEKOCoB, NPOrnboB
BPALLAIOLLNXCS 3NIEMEHTOB, PaavanbHOMr0 3a30pa B MOALWMMHUKAX;
oueHKa No aMnIMTyaHO-ba30BOMY METOAY HEPaBHOMEPHOCTU (Nynbca-
LS JABMIEHUIA) B HAMOPHbLIX MarncTpansax ruapocmcteM Kopobku nepe-
MeHbI nepeaay, rmaponpruBoAa CUCTEMbI HABECKM;

npeobpazoBaHne Moy4YeHHbIX pe3ynbTaToB B 6e3pasdMepHbIin KO3d-
duumeHT &, KOTOPbI XapakTepnayeT 0bLLee TEXHNYECKOe COCTOSHME U
NMo3BOJISIET TOKANN30BaTh HEUCNPABHOCTb

OueHka pabouyeit Temnepa-
Typbl Y3/10B 1 arperaTos

Mo3BONSET N0KaNN30BaTh HEUMCMPABHOCTA, aHOMaJslbHbIE NMEePErpeBb
NPV MOHUTOPUHIE:

TeKyLLeli, MOPOroBoW pasHuLbI TEMNepaTyp;

CKOPOCTY U3MEHEHVWS TeMMePaTyp B NATU KOHTPOJbHbIX TOUKaX 1 6onee
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BaxHbIM BONpocom peanusanmm 3akoHa 297-d3 (cT. 11,
n. 2) ABnsieTcs paspabdorka:

©® pekoMeHpauni, MeToank AN COBEPLUEHCTBOBAHMUS
CEPBMCHOr0 06CNYXMBAHWS SHEPIrOHACHILLLEHHON TEXHWUKN;

® CEepBMICHOro 060pYaA0BaHMS Y KOMMIEKTOB CYETYMKOB-
WHAMKATOPOB BOPTOBOr0 AMArHOCTUPOBAHUSA AN onepa-
TUBHOW OLLEHKM TEXHUYECKOrO COCTOSIHUS KOHEYHbIM MO-
Tpebutenew;

©® PEMOHTHOW JOKYMEHTaLMM MO NMPOBEAEHNIO TEKYLLLETO
N KanuTasbHOro PEMOHTOB C yka3aHWEM PEKOMEHIYEMOro
0060pya0BaHVA 419 NPOBEAEHWS BbIMONIHEHWS PabOT 1 OLLEH-
K1 KQ4eCcTBa PEMOHTA;

© HOPMaTMBOB TPyAO3aTpaT Ha NPOBEAEHME Onepauni
TEXHUYECKOrO 06CNYXNBaHUSA, MPOBEAEHUSA CEPBUCHbIX
paborT.

© NoAxX040B MO KnaccudurkaLlmm rpynn oTka3oB € ykasa-
HUEM TPYAOEMKOCTU UX YCTPAHEHWS; @ TakXe cepTuduum-
pOBaHWeE YCyr No TEXHNYECKOMY 0OCNY>XXKMBAHMWIO M PEMOHTY
CEJIbCKOXO3ANCTBEHHOWN TEXHUKN.
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01 02.07.2021 Ne 297-d3 He0OX0AMMO COBEPLUEHCTBOBATb
CUCTEMY TEXHMYECKOrO 0OCNYXMBaAHUS U PEMOHTA NMyTEM
MOBbILLEHWS YPOBHS KOHTPOJIENPUrOAHOCTU, MPUCTNOCOBIEH-
HOCTU K ANArHOCTUPOBaHUIO BbIMYyCKaeMOWM TEXHUKMU C Npu-
mMeHeHnem CALS-TexHonoruii n FMEA-aHannaa.

Mpwn aToM 6€3 eAnHOo NMPUHATON CUCTEMbI KpUTE-
pneB 3KOHOMUYeCKON 3DDEKTUBHOCTU 1 peanuaaunm
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peLUeHnii N0 NPUCNOCOBNEHHOCTN K ANAarHOCTUPOBAHMIO.
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Increasing the Level of Maintenance

of Energy-saturated Equipment

Yu.V. Kataev, M.N. Kostomakhin, N.A. Petrishchev,
A.S. Sayapin, K.K. Molibozhenko

(VIM)

Summary. An analysis is given and proposals are presented
to improve the maintenance level in the implementation of the law
297-FZ, Art. 11 by improving the testability and suitability for diag-
nostics of resource-determining nodes of domestic energy-saturated
equipment.

Keywords: counter-indicator, energy-saturated equipment,
modernization, testability, suitability for diagnostics.
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AHHOTaAuMSA. V3yyeHbl ¢pu3nko-mexa-
HUYecKue CBOVICTBa, BJ1arOeMKOCTb, aAre3vs
K r0AJ10XKKe MJ1IeHOK Pas/INyHbIX KOMMIO3u-
Unii 1aKkoKpaco4Hbix marepuasnios (JIKM).
YcTaHoB/IEHO, YHTO 9Masiv, HAHECEHHbLIE 10
cso0 pocarnpyroLmx rpyHToB Ha Mo-
BEPXHOCTU METasIIoB, MNPOSsIB/ASIOT JIyHLLINE
3almnTHble cBovicTBa. CUCTeMbl MOKPbITU
¢ pocoatupyroLmmm rpyHTamm obnagarT
BbICOKOVI CIMJ/IOLLIHOCTbHIO, J1YHLUMMU PU3NKO-
MexaHn4eCKUMU CBOVICTBaMU, aare3ven C
MOBEPXHOCTbIO 3aLUNLLAEMOro OT KOPPO3nu
meTasna.

KnioueBble cnoBa: Koppo3uis, IpoT1BO-
KOPPO3VOHHAas 3aLumTa, CUCTemMa rnoKPbITUN,
J1aKOKpacoYyHble mMarepuasbl, agre3us,
CI/IOLLHOCTb r1eHKu JIKM.

MNocTtaHoBKa Npo6nemsl

B HacTosillee Bpemsa 6onee 80%
BCEX MeTajIMyeckux na3genuin awm-
LaloT OT KOPPO3UKN NaKoKPaCoYHbIMU
nokpbiTuamu (JIKIT) [1].

3awuTHble coricTea JIKI 06ycnos-
JIeHbl 06pa3oBaHNEM Ha NMOBEPXHOCTU
M3O0eNnsa CryIOLHON MIeHKM, KoTopas
M30JINPYyeT NOBEPXHOCTb MeTanna oT
OKpYyXaloLlen cpeabl, NPeENATCTBYET
NPOHUKHOBEHWIO YEPES HEE PA3JTNYHBIX
peareHToB K MOAJIOXKE U TEM CaMbIM
npenoxpaHsaeT MeTana OT KOppo3uun
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[2], no3TOMY CMAOLWHOCTL MOKPbLITUS
SABNSETCHA OOHOM N3 BXKHENLLMX Xapak-
TEPUCTUK.

BaxHyto ponb B obecneyeHnmn 3a-
wmTHbIX cBoncTs JIKI nrpatoT cocTtaBbl
N1aKkoKpacoyHblx matepuanos (JIKM) n
CUCTEeMbl UX NOKPbITUIA. AHaNn3 anpu-
OpPHOM MHMOPMaLMM MOKa3bIBAET, YTO
Hanbonbllee pacnpocTpaHeHne o
MOBbILLEHNS 3aLWMUTHbIX cBOMCTB JIKM
nony4unu rpyHtoskm Mp-0119, r-020,
F®-021, Mp-031, NP-0142, NP-020
[3], obecneunBatoe amansim BbiCO-
KYIO aAaresvio K metanny, NPOYHOCTb U
39NaCTUYHOCTb Ha N3rnob.

dopmMmumpoBaHMe Ha NOBEPXHOCTU
N30 CUCTEMbI MOKPLITU OCYLLECT-
BNISIETCSA B C/leaytoLLein nocneaoBaTteib-
HOCTM: O4MCTKA OT OKaSIMHBI U MPOAYKTOB
KOPPO3um (B CBAPHbIX COEOUHEHNSX — OT
Lunaka n HapoOCTOB HaMMABAEHHOIO Me-
Tanna), o6es3xvpuBaHnue, HaHeCeHne
docdhaTtHOro cnos un wnaTieBku, nNo-
KpbITUE TPYHTOBKOW C MOCNenyoLei
CYLLUKOI B €CTECTBEHHbIX YC/TOBUSIX LN
B creumasnbHbIX KaMmepax, okpacka ama-
J1blO B OOVIH UV HECKOJIbKO CIOEB [4].

B cenbCKoxXo3sMCTBEHHOM Mallu-
HOCTPOEHMN B DONBLUMHCTBE Clly4aes
OrpaHN4YMBalOTCS HAaHECEeHMEM Ha Mo-
BEPXHOCTb 301N OAHOr 0 CJI0si FpyHTa
1 OOHOrO WM OBYX CJI0EB aMasn, Koraa
obuas TosLLMHA NOKPbLITUIN COCTaBNseT
He meHee 18-20 mkm [5]. YcTaHOBREHO,
410 0Kk0s10 80% 3aWUTHOrO AENCTBUSA
JIKIN obecneynBaeTcs CNOEM FPYHTOB-
KM, HECMOTPS Ha TO, YTO ee TosWMHa
cocTasnaet meHee 20% oOT obOLLeln ToN-
wuHbl JIKI [6].

3awnTtHble ceoncTBa JIKI noBbl-
WwalTCsa C YBENNYEHUEM aare3nn.
MN3BecTHO, 4TO Npu pochaTnpoBaHnmn
NOBEPXHOCTU N3OENNSA CYLLECTBEHHO
yBenunymeaeTcs aareams JIKIM k nognox-
ke. 3Tomy crnocobcTByeT obpaszoBaHme
XeMocopOLUMOHHOro ¢pocdaTHOro no-
KPbITUS HA MOBEPXHOCTU CTanu, KOTO-

poe camMo ABNSIETCS O0MOSHUTENbHbBIM
3aWMTHbBIM CNOeMm [7].

Mo aToli npnynHe ocobas ponb
oTBoAuTCa dochaTtupoBaHMIO NOa-
noxku. docdaTtmpyloume pacTeBopsl
NO3BONSAOT NONYYNTb aAre3noHHbIe
Kpuctannudyeckne docdaTtHbie cnou
mMaccown 2,5-2,8 r/m2, npurogHsle ons
JanbHenLero okpawmneaHms Npu CooT-
BETCTBYIOLMX pexumax [7, 8]. docda-
TUPOBAHNE MOXET CYLLIECTBEHHO BANATb
Kak Ha agreauto JIKI, Tak 1 Ha 3alLmTHbIE
CBOICTBA KOMMIEKCHOI0 MOKPbITUS.
docdartHas nneHka, npeacTaBnsioLas
coboit pasnuyHble pocdaTHbie coeamn-
HEHWS C METaIJIOM, YCTOMYMBA B CYyXOn
aTMocdepe, CMa304HbIX Macnax, 6eH-
31He, KepoCUHe.

B nocnegHee Bpems B HaLLEN CTpaHe
Havanu ynenaTb 60MblIOe BHUMaHME
MeToaam n cpencrtesam pocdarnposa-
HMSA NOBEPXHOCTEN MeTaNon3nennin B
MalLMHOCTpoeHun [7, 8]. Tak, B paboTe
[7] nokasaHa apPHEKTUBHOCTb HOBOIrO
nokosieHnst docdaTrpyoLmx pacTBo-
poB Ha 6a3e kKoHueHTpaToB KP-15 n
Kd-16, meowmx nokasaTenu 3awmr-
HbIX CBOWCTB B 1,5-2 pa3sa Bbille, YEM
Yy NMPUMEHSEMbBIX B MPOMbILLIEHHOCTU
dochaTnpyoLLmMx KOMNO3SULNIA.

B cenbCcKkoxo3acTBEHHOM Mallun-
HOCTPOEHUN B OCHOBHOM MPUMEHSIOT
rpyHToBKM [P-0119, IP-020 n rp-021
[9], pexe — deHondopManbaerugHyo
rpyHToBKY ®J1-03K 1 docdaTtmpyto-
wyto BJ1-02. MpyHTOBKM Mapku D Ha-
psay C NONOXUTENbHLIMU KayecTBamMu
UMEIOT 1 PAf He[OCTaTKOB: HEBBICOKAS
aTMOCHEPOCTOMNKOCTb, HU3Kas nepe-
TUPAEMOCTb MUIMEHTOB, NMOBbILLIEHHAA
LEePOXOBATOCTb BbICOXLUEN MIEHKN.
LLlepoxoBaToCTb BeAeT K 00pa3oBaHuIo
HEPaABHOMEPHOW TOJIWMHbLI MIEHKN
amanu, cnocobcTByeT 0H6pasoBaHuMI0
MUKPOBMaAuH, SBASIOWNXCA B NO-
CnefylLuEeM LeHTpaMn KOHLEHTpauumn
Bnarun, NpuUBOAALLNX K Pa3pyLIEeHUNIO
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nneHkn JIKI v nosBneHmio o4aros Kop-
po3uun metanna [10]. MNpun xpaHeHun
rPYHTOBOK 06pa3ytoTcs TPYaHOPACTBO-
pumMble 0cagku, ocegalolme Ha gHe
Tapsbl.

JIKTT Ha NOBEPXHOCTAX U3aennin
[OMKHbI NOTHOCTBIO MOAABUTL BO3MOX-
Hble npouecchl Koppo3uun. OHM JoMX-
Hbl ObITb YCTOWYMBLI K BO3AENCTBUIO
aTMOCOHEPHBbIX 0CaAKOB, COTHEYHOM
paauaumn, konebaHnsam Temnepartypbl,
NPV STOM COXPaHSATb CBOM CBOMCTBA Npun
MOBbLILUEHHOW BAAXHOCTU (BMAOTb 40
100%) n GbITb YCTOMYMBLIMU B aTMOC-
depe, 3arpsI3HEHHOV NPOMBILLIEHHBIMMN
rasamMm n nblnblo, COOTBETCTBOBATL TPE-
6oBaHuaM ctaHgapToB [11, 12].

Ha ocHOBaHMN N3NOXEHHOrO MOX-
HO YTBEPXAATb, 4TO UCCNIE00BaHUS NO
MOBbILLIEHNIO 3aLMTHLIX CBOMCTB JIKM
LN OKPACKN CENbCKOXO3ANCTBEHHOMN
TEXHUKN SIBASIOTCS aKTyaslbHbIMU 1 BOC-
TpeboBaHHbIMU.

Llenb nccnepoBaHus — NOBbILLEHME
3aLUNTHbBIX, aAre3MOHHbIX CBOWCTB U
criowHocTm nneHku JIKN 3a cyet ontu-
MMN3aLMN CUCTEMbI MOKPLITUIA.

MaTepuansl u MeTogbl

nccnenoBaHus

MpyHToBKa PJ1-03K Ha ocHoBe de-
HONOANKNAHbLIX CMON C D,OGaBJ'IeHI/IeM
CUKKaTMBa npegHasHa4dyeHa gna rpyH-
TOBaHWS NMOBEPXHOCTEN U3 YEPHbIX
MeTaJioB, MeHbIX N TUTAHOBbIX Cria-
BOB, a TakXe AgepeBAHHbIX MOBEPXHO-
cTen.

MpyHTOBKA MP-021 — AN 06paboTKM
MeTannMyeckmnx n aepeBaHHbIX MOBEPX-
HOCTEel MOoA MOKPbLITUS Pa3nUyYHbIMU
aManamu, a Takxe s BPEMEHHON

3alnTbl OT KOPPO3UMN METANINYECKNX
KOHCTPYKLNIA.

pyHTOBKA BJ1-02 NnpuMeHsieTcs ans
MeTa/IN4eCcKnX NOBEPXHOCTEN nepes,
HaHeceHueMm JIKM, a Takxe BMecTO
docdhaTnpoBaHms 1 OKCUONPOBAHUS.

Omanb neHtadTanesasa MNd-180 -
CcMecb nieHkoobpaayoLero neHtad-
TaneBoro naka, Kpacsero NUrMeHTa,
HanonHutenen, no6aBok U pacTBO-
puTens, NPUMeEHsIeTCs A8 OKpacku
n3penuii, paboTalLLmMx Ha OTKPLITOM
BO3[yXxe.

Axkpunosas amanb AC-182 nsrortas-
JINBAETCSA Ha aNKUAHO-aKPUIOBOM J1ake
c pobaBneHnemM cukkaTtuea. MNpegHa-
3HayeHa /19 OKPacku TPakTopoB, Cellb-
X03MallnH, 060pya0BaHUS U OPYTrnX
METaNINYECKMX U3OENNIA.

TonwmHa 1 CNAOWHOCTb MIEHKN
onpeaensaoT cnocobHocTb JIKM 3a-
WMWwaTh OT KOPPO3NUUN NMOBEPXHOCTHN
METaNINYECKNX KOHCTPYKLMIA. TonwmHa
NJEHKM BO MHOIOM 3aBVICUT OT BA3KOCTU
JIKM. B paboTe oHa onpefensnach ¢ no-
MOLLIbIO BUCKO3MMETpa B3-4. 3amepsl
npoBoavnAnck ans rpyHToBok ®J1-03K
n rd-021, a Takke docohaTnpyioLLei
rpyHToBku BJ1-02, amaneii neHtadTa-
nesowt Nd-180 n akpunosoii AC-182
no metoamke [13].

OnpepneneHve BNaroeMKoCTH Mo-
KPbITUA OCYLLECTBAANN NO METOANKE,
npueeneHHon B pabote [14]. Bnaro-
nornoLeHne onpenensnu no dGopmyne

AM, — AM,
AM,

B= -100%,

roe AMy, AM> — macca nneHku JIKM
[0 VI MOC/E 3KCNepuMeHTa, r.

Ta6auua 1. 3aBUCUMOCTb TOJILLMHBI BbicoxXwwen nneHku JIKM oT ero Ba3KocTu

Ba3kocTb TonWMHA BbICOXLLETO MOKPLITUSA, MKM

no B3-4,c ®J1-03K rd-021 BJ1-02 Md-180 AC-182
6-10 6-8 7-8 6-8 6-9 6-9
11-15 9-11 9-10 9-10 10-15 10-15
16-20 13-17 11-15 14-16 16-17 16-18
21-25 18-20 15-18 16-18 19-19 17-19
26-30 22-24 18-21 20-22 20-21 20-22
MpumeyaHua:

1. Cnocob HaHeceHus — okyHaHuem obpasua, Bbigepxka 20-25 ¢, BbITaCKMBaHue
co ckopocTbio 0,2 M/c, Bbliaepxka Ha Bo3ayxe npu Temnepatype +16-20 °C B TeyeHune 48 u.

2. Tpebyemoi Ba3kOCTN obueanuch nobasneHnem B JIKM pacTBOpUTENS CONbBEHT.

3. TonwmHa nneHkn namepsinace TonwmHomepom CoF CONDTROL.

OnpepeneHve dun3nko-mexa-
HUYECKUX CBOMCTB MJIEHOK KOMMNO3U-
unnn JIKM npoBoavnun B cneayoouemn
rnocnenoBaTtenbHOCTU. NpMeHANNCH
KOMMO3ULNK FPYHTOBOK 1 aManemn no
LeCTu BapunaHTam:

rd-021 +MNd-188; d-021+AC-182;
®J1-03K + MdP-188; PDJI-03K + AC-182;
BJ1-02 + N®-188;  MNd-182 + AC-182.

Mocne HaHeceHunsa JIKM metoaoom
OKYHaHuUsi 06pasupbl BbIAEPXMBANIN NPU
KOMHATHOW TeMnepaTtype B TEYEHMue
10 cyTOK. DU3NKO-MEXaHNYECKNE CBOMN-
cTBa nieHok komnoanumin JIKM onpeae-
NS 0O 1 NocIe copepkaHusa 06pasuoB
B Kamepe BiaxHocTu IM-4.

MpoyHOCTb Npu yoape u nsrmbde, aa-
re3viio onpeaensan Nno MeToauke, onu-
caHHoW B paboTtax [14, 15]. B kamepe
BNAXHOCTU -4 06pasLbl BbiAEPXMBaNN
B TeyeHue 30 CyTOK B C/IeAyIoLLEM PEXM-
Me: 12 4 BbIAEPXKN NMpKY TeMnepartype
40 °C 1 OTHOCUTEJIBHOWN BAAXHOCTU
98-100 %, 12 4 — NPV KOMHATHOW TEM-
nepaType 1 OTHOCUTENBHOM BNaXXHOCTH
40-50 %.

PesynbraTbl nccnepoBaHum

U 06CyXpeHne

Pe3ynbtaThl UI3MEPEHUs TOJLLMHbI
BbICOXLUEW MneHKn rpyHToBok MJ1-03K,
rd-021, BJ1-02 n amanen MNd-180,
AC-182, HaHeCeHHbIX NPU PasINYHbIX
3HAYEHUSAX UX BA3KOCTW, NPMBEAEHbI B
Tabn. 1.

AHanus pesynLTaToB, NPUBEAEHHbIX
BTabn. 1, NoKa3bIBAET, YTO 3aBNCUMOCTb
TONLLUMHBI NJIEHKN HAHOCKMbIX COCTaBOB
MOXHO OMnK1caTb ypaBHEHMEM PErPeCCUn
BMaa

c=a+b p,

O — TOJNWMHA MJIEHKM HAHOCUMbIX
COCTaBOB, MKM;

Ll — BS3KOCTb COCTABOB, C;

awn b — koapdULUMEHTLI ypaBHEHMS.

Pe3ynbTathbl BClOMOraTesibHbIX pac-
4YeTOoB AJ19 onpeaeneHns KoapbuLneH-
TOB aun b ypaBHeHUs, 3aBUCUMOCTU TOJI-
WMHbI nneHku PJ1-03K oT e€ BA3KOCTU
npueeaeHbl B Tabs. 2.
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Ta6Gnuua 2. BcnomoraresbHble pacyeTbl

Nem/m pc | p2 | Gmwm | pu-j 5-6 (- gy (6-87 (u-@)8-8) -8 | & mrm
1 8 64 7 -10 -7,8 100 60,84 78 56 6,97
2 13 169 10 -5 -4,8 25 23,04 24 130 9,96
3 18 324 15 0 0,2 0 0,04 0 270 14,96
4 23 529 19 5 4,2 25 17,64 21 437 18,96
5 28 784 23 10 8,2 100 67,24 82 644 22,95
> 90 1870 74 0 0 250 168,8 205 1537 73,8

KoadduumneHT koppenaumn: Torpa NOKPbITUM C rpyHTOM BJ1-02 Ha noBepx-

Z(u—ﬁ)(é—g)

=J2(ﬂ—ﬁ)2-2(5—5_)2

_ 25 _ 9979

7250 -168,8

Ownbka KoapdurumeHTa Koppens-
unn:

s _\/1—72 _\/1-0,99792
"N n-2 5—1

Kputepuin cyLeCTBEHHOCTN KO3®-
durumeHTa Kkoppenaumn:

=0,0372.

10,9979
0,0372

=26,84>1,,.4, (7=0,95;v=3)

=3,18.

Koppensuusd, T.e. TecHOoTa CBA3U
Mexay NnepeMeHHbIMN, BbiCOKas, Toraa
cucTeMa HOPMaJibHbIX YPaBHEHUI NS
BblYNCNEHNA HEN3BECTHbIX KO3 DU-
LMEHTOB BbIpa3nUTCA B Cleaylouem
BMAE:

o =0,0281 + 0,8219u.
MpaBUNbHOCTb PACHETOB NPOBEPSIN
paBeHCTBOM:

251' = 251.

74=73,8,
rAe 0, — pacyeTHOe 3Ha4YeHWe Bbi-
XOZ0B MO MOJIY4HEHHOMY YPaBHEHUIO

HOCTM 0GnapaloT Nnyyllen agresvein, Tak
KaK MeXay rPpyHTOM U 3alinlaeMbIM
MeTanioMm obpasyeTcs XeMOCOPOLMOH-
HbIA cnon B3anmogencTeus pocdatos
c meTannom. Ana ganbHenwmnx nccne-
noBaHuin Bbibupaem cuctemsl JIKI ¢
rpyHTamum BJ1-02 n ®J1-03K, obnagato-
LLME NyYLrMimn GUsnkKo-MexaHM4eckumMmin

perpeccun. CBOWICTBaMMU.
OTHocuTenbHas ownbka cocTaBuUT [vrpockonuyHocTb JIKIM BO MHOrom
onpeaensieTcs HannymeMm B nieHke Mu-
74-73,8 o o
e=—"-100% =0,27%, KPO- 1 Makporop. Mx Hannuve obneryaer
74

YTO HAXOLAMTCS B AOMYCTUMbIX Npeaenax
OLUNOKN BbIHUCIEHUIA.

AHaNOrMyHoO Nosy4yeHol ypaBHEHUS
3aBMCUMOCTU TONLWMHBI NAEHKU APY-
rux ndy4aembix JIKM oT nx Ba3KoCcTun
(Tabn. 3). Mo ypaBHEHMAM MOXHO onpe-
0ennTb Heobxoammyio BA3KoCTb JIKM
ONS NONYYEHUS 3alMTHOrO NOKPbLITUS
TpebyeMOo TONLLMHBI.

Pesynbrathl nccnepoBaHnin Gu3mnko-
MEXaHUYECKUX N 3aLUTHbBIX CBONCTB
NOKPbITUIA NpeacTasneHsl B Tab. 4.

M3 naHHbIX Tabn. 4 BUAHO, Y4TO FPYH-
Tbl N0 PU3NKO-MEXaHNYECKUM CBOW-
CTBaM pPaHXMpyloTCca cnenylowmm oob-

[OCTYyN 3N1EKTPONUTA K rpaHunLLE «MeTal-
nieHKa» 1 yckopsieT HabyxaHune nieHKu,
a Takke cnocobCcTBYET BO3MOXHOCTU
pas3BUTUA KOPPO3NOHHbBIX NPOLLECCOB
Ha noBepxHocTn meTanna. OcobeHHO
OMacHbl OTKPbITbIE CKBO3HbIE MOPbI B
nneHke. B aTom ciyvyae BO3MOXHO BO3-
HUKHOBEHME KOHTaKTa 3/1eKTponuTa
C MeTa/IIoM cpasy nocne nonagaHus
Bflarn Ha OKpaLUEeHHYI0 NOBEPXHOCTbL B
cuny ee nepemeLLeHns no o6pasoBas-
wmmea kanunnspam. Noatomy nokasa-
TeNb BNaroeMKOCTU CUCTEM MOKPLITUA
TaKKe ABNSAeTCS OCHOBHbLIM NPU OLLEHKe
kayecTtBa nneHkn JIKM. 310 npeano-
JNIOXEHMe O0Ka3blBaeTCs pesyfibTataMmu

Sa +90b =74 pasom: BJ1-02 > ®J1-03K > Td-021. 310  nccnenoBaHMs BNaroeMKOCTU CUCTEM
90a +1870b = 1537. MOXHO 0ObSACHUTb TeMm, 4To cucTembl JIKI B BOgHOM cpene (Tabn. 5) [16].
Ta6nuua 3. YpaBHEeHUS 3aBUCUMOCTMU TOJILLMHBI NieHoK JIKM oT ux Ba3kocTtu
OLwn6Ka Ko- 3HaueHune kpuTe- | Cymma 3HaveHui
JIKN YpaBHeHWe perpeccumu Koadguunent adPpuumeHTa pus CTbioneHTa BbIXON0B &%
Koppenauuu, r A
koppensumn, S, | pacuet. | Tabn. | X5 6;
B1-03K o =0,0281+0,8219u 0,9979 0,0372 26,84 74 73,8 0,27
r-021 o =1,4326+0,7174u 0,9364 0,2026 4,62 66 7,7 8,68
BJ/1-02 o =2,2370+0,7943 1 0,9865 0,0422 12,32 318 73 75,1 3,61
MNd-188 o =25702+0, 8048# 0,9758 0,1262 7,74 75 85,3 13,71
AC-182 o =2,4579+0,8171u 0,9707 0,1388 7,00 76 85,8 12,94
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Ta6nuua 4. D3nko-mexaHu4eckme U 3alnUTHbie CBOWCTBA NOKPbLITUIA [Mpwv NIOTHOM OOAHOPOOHOM CTPYKTY-
pe NOKPbITUS MPOHUKHOBEHNE 3NEKTPO-

Pusnko-MexaHu4eckue Mpynt BN1-02 MpyHT ®-021 TbyHT ®J1-03K JIUTa K NOAJIOXKKE 3HAYUTENbHO TOPMO-
CBOWCTBa MNd-188 | AC-182 | MNd-188 | AC-182  MD-188 | AC-182
3UTCS, XOTS MOJIHOCTbIO n3bexartb ero
/Jlo conepxkaHmst 06pasLoB C MOKPbLITUEM B KaMepe BiaxHOCTu -4 HEBO3MOXHO. B 3TOM Cliy4ae mocTy-
Mpo4HOCTL: nieHne 31eKTPosinTa K NOBEPXHOCTHN
npv yoape, H-cm 500 500 500 500 500 500 MeTasiia OCYLLEeCTBASeTCH No Mexa-
narnbe, Mm 7 7 9 10 8 8 HU3MY aKTUBUPOBaHHOW Andy3nm ero
Apgresus, 6annbl 4 3 3 3 3 3 B MaTepuan nokpbITUS U HaCTUYHOIO
Mocne conepsxarusi 06pa3LioB C MOKPLITUEM B kKamepe BraxHocTu -4 RACIBYPCLVIIBILEN
Ha 3awuTHble CBOMCTBA MNOKPbLITUNA
[Mpoy4HOCTb:

BNINSIET U 1X aare3uvs k metanny. OHa
npv yaape, H-cm 400 400 300 350 350 400 NPensaTCTBYEeT BO3HUKHOBEHUIO Ha
naruée, Mm 10 10 15 15 10 10 MOBEPXHOCTY MeTanna HOBOW dasbl —

Aaresvsi, 6anbl 3 2 2 1 2 1 «MeTann-anekTponnT». Yem Bbille

lpOTMBOKOPPO3NOHHbIE CBOKCTBA, 6asibl apresus JIKIM, Tem nyywe 3awmTHblE
Jlo copepxanns 06- CBOICTBA MJIEHKU, T.€. BblLLE CMJIOLL-
pasLoB C NOKPLITUEM B HOCTb, Clej0BaTe/IbHO, HUXE BNa-
Kamepe BnaxHocTu -4 8 8 8 8 8 8 roeMKoCcTb nneHku cuctembl JIKM
Mocne copepxaHs 06- (cMm. prcyHOK). PesynbTaThl KOppenmpy-
pasLoB C NOKPbLITUEM B 0T C JaHHbIMY Tabn. 4. Mexay anresnen
Kamepe BnaxHocTtu -4 7 8 6 6 7 7 1 rurpockonuyHocTbio JIKI cywecT-

Ta6nuua 5. UccnepoeaHue Bnaroemkoctu cuctem JIKIM B cpeae, umutupyitowein atmocdepy CBUHapHUKA
(cpegHue 3HaYeHuns)

Macca, r
Bpewmst Homep [0 9KCrnepuMeHTa nocse aKCnepmMMeHTa Bnaroem-
oKenosn- ob6pasua meToro obpasua 3aLUMTHOrO obpasua 3aLUMTHOrO KOCTH
ummn, Yy obpasua, M nnexHkun, %
C nokpbITHeM, M, nokpbITMA, AM, | ¢ nokpbITeM, M, | nokpeiTus, AM,
Cuctema BJ1-2 + [1P-188
24 1 47,21005 50,18305 2,97300 53,23095 3,04790 2,52
72 2 47,36150 49,10960 1,79810 50,95065 1,84105 2,39
120 3 47,38435 50,72935 3,34500 52,58390 1,85455 3,14
168 4 47,25835 50,27335 3,01500 53,39750 3,12415 3,62
240 5 47,27900 49,62005 2,34105 52,05710 2,43705 4,10
360 6 46,45135 51,19245 2,74110 53,04650 2,85405 4,12
Cuctema BJ1-2 + AC-182
24 7 47,30560 49,14025 1,83165 50,99170 1,85145 1,08
72 8 47,20935 49,40025 2,19090 51,64595 2,24570 2,50
120 9 46,98960 48,94275 1,95315 51,00490 2,01215 3,02
168 10 46,98950 49,80275 2,81325 52,72290 2,92015 3,80
240 11 47,36400 50,17050 2,68600 52,96610 2,79560 4,08
360 12 47,34045 50,50750 3,16705 53,80345 3,29595 4,07
Cuctema @J1-03k + 1P-188
24 13 47,34065 49,82590 2,48525 52,36430 2,53840 2,14
72 14 47,23015 49,78020 2,50005 52,38400 2,60380 4,15
120 15 47,20175 49,82550 2,62365 52,57035 2,74485 4,62
168 16 47,26235 49,98020 2,71785 52,16590 2,85700 5,12
240 17 46,44000 48,93590 2,49590 51,57160 2,63570 5,60
360 18 47,20930 49,80350 2,59420 52,54300 2,73950 5,60
Cuctema ®J1-03k + AC-182
24 19 47,23525 49,50705 2,27180 51,82955 2,32250 2,23
72 20 46,98960 49,16060 2,17650 51,42200 2,26140 3,90
120 21 47,33015 49,89060 2,54045 52,53450 2,64390 4,17
168 22 46,62025 49,06065 2,14040 51,30505 2,24440 4,86
240 23 46,45135 48,89230 2,44095 51,45890 2,56660 5,12
360 24 47,27800 49,00270 1,74900 50,84120 1,83850 5,12
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BYET npsmMasa CBA3b: YEM Bbllle aare3nd,
TeM MeHbLLE T’MrpoCKONMMYHOCTb MJIEHKWN.

Mony4eHHble B 1a6opaTOPHbIX YCI10-
BUSIX pe3yNbTaThl MPOBEPSIN HA NMPOU3-
BOACTBE (Tabn. 6).

N3meHeHue

BbiBOAbI BJ1aroeMKOCTH

1. o pe3dynbratamM NPOBEAEHHbIX cuctem JIKM B anekTponure,
MCCNEeAOBaHNM MOXHO CAeNaTb BbIBOA, UMUTUPYIOLLLEEM
4YTO 9Masiv, HAHECEHHbIE MO CJot0 PocC- atmocdepy
daTUpyoLLX FTPYHTOB Ha MOBEPXHOCTU >XMBOTHOBOAY€ECKUX
METaJINOB, NPOSBAKIOT JydLUME 3aLUAT- noMeLLeHuil, BO BPeMEHMU:
Hble CBOWCTBA. 1-BJ1-2+NP-188;

2. Cuctembl NOKpbITUIA ¢ docdaTn- 2 -BJ-2+ AC-182;
pylOLMMU FpyHTaMm 061a0atoT nyyLuen 3 - ®J1-03k + MNP-188;
azresnein ¢ NoBepxXHOCTbIO 3alumLiae- 4 — PJ1-03k + AC-182

MOro OT KOppo3un MeTanna.

Ta6nuua 6. Pe3aynbTaTthl NPOM3BOACTBEHHbIX UCTbITaHMii cuctem JIKM,
KOHTaKTUPYIOLWMX C KOpMaMu

3. dochaTtupyoLmii rpyHT obecne-

ymBaeT Gosee NIOTHYIO U OOHOPOAHYIO
CvcTtema Mpenens OTHOCUTENbHAS OLEHKA YEPES CPOK SKCNYaTaLMM, MECUL! | crpykTypy MOKPLITUS M TOPMOSUT MPO-

NOKPbITUIA OLLeHKM 3 \ 6 \ 12 \ 18 \ 24

HUKHOBEHME 3NTIEKTPONINTA K NOOJIOXKKE,

Llexoparvisribie CBOACTBa, 6anbl 4TO OBBACHSIETCS 0BPA3OBAHMEM XEMO-
EE:; : 233_'118828 0-1 1 1 1 8; 8; COPBLMOHHOrO CI0St B3aMMOAENCTBIS
’ ’ TOB C METAJIJIOM M -
®N1-03 + Nd-188 1 1 1 0.7 0,7 iopi,ilaMip;HfOM?A nosﬂ*;‘:g;?q)a
®J1-03k + AC-182 1 1 1 0,7 0,7
[®-021 + NP-188 1 1 1 0,7 0,7
[-021 + AC-182 1 1 1 0.7 0.7 Crmcok
CreneHb pa3pyLLeHys py OrpeaeeHY KOPPO3UNOHHbIX CBOKCTB MOKPbITVM, 6asibl UCMOJb3OBAHHDIX NCTOUHNKOB
BJ/1-2 + Nd-188 0-1 1 1 1 1 1 1. BoiwoB H.B. Paspab6oTka HOBOro
BN-2 + AC-182 1 1 1 ,4 1 1 cpencTtea aongd 3almnTbl CeJIbCKOX03AMNCTBEH-
®J1-03k + NMd-188 1 1 0,8 0,8 0,8 HbIX MalWH Npu xpaHeHun / H.B. BbiwoB.,
®J1-03k + AC-182 1 1 0,8 0,8 0,8 C.H. Bopbives, U.A. Ycnenckuit, .B. ®anees
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rP-021 + AC-182 1 1 0,9 0,9 0,3

39NCTBEHHbIX MALLNH KOHCEPBALIMOHHBIMM Ma-
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Improving the Protective Properties

of Paints and Varnishes by Optimizing
the Coating System

I.V. Fadeev

(I.Ya. Yakovlev Chuvash State Pedagogical
University)

I.A. Uspenskiy, E.I. Stepanova,

N.I. Khaylov

(Ryazan State Agrotechnological University
named after P.A.Kostychev)

Summary. The physical and mechanical
properties, moisture capacity, adhesion to
the substrate of films of various compositions
of paints and varnishes have been studied. It
has been established that enamels applied
over a layer of phosphating primers on the
surface of metals exhibit the best protective
properties. Coating systems with phosphating
primers have high continuity, better physical
and mechanical properties, and adhesion
to the surface of the metal being protected
from corrosion.

Keywords: corrosion, anticorrosion pro-
tection, coating system, paints and varnishes,
adhesion, continuity of the paintwork film.

Pegpepam

Llenb uccnepoBaHuii — NOBbLILLEHNE 3ALLMTHbIX, Ar€3NOHHbBIX CBOMCTB 1 CNIOWHOCTY naeHkn JIKI 3a cyeT onTumMmsaumm CUCTEMBbI
nokpbITUiA. 3alwmTHble ceoicTBa JIKI 00ycnoBneHbl TEM, YTO Ha MOBEPXHOCTU N3AeNMs 06pa3yeTcs CroLLHas nyieHKka, kKotopas u3onpyeT
NMOBEPXHOCTb MeTassia OT OKPYXaloLLel cpeabl, NPENATCTBYET NPOHMKHOBEHMIO YEPE3 HEE PA3SIUYHbIX PEAreHTOB K MOA0XKE U TEM CaMblM
NpeaoxpaHaeT MeTan oT kopposun. MNpun dochaTrpoBaHM MOBEPXHOCTN N3AENNSA CYLLLECTBEHHO yBennymBaeTcs aareauvs JIKIM k noanoxke
6naropapsi 06pa3oBaHNI0 XeMOCOPBLMOHHOI0 docdaTHOro NOKPLITUS Ha MOBEPXHOCTU CTanu, KOTOPOE CamMo SABASIETCS AOMNONHUTESb-
HbIM 3aLMTHBLIM crioem. PochaTupytoLLe pacTBOPLI MO3BOJIAT NOMYHNTb aAre3noHHbIE KpucTannnuyeckme pocoaTHbie ClIoM MacCoi
2,5-2,8 r/m?, npurogHble Ans fanbHenero okpatumsanms. PocdartHas nneHka ycTonymea B Cyxo atmocdepe, CMa304HbIX Macax, OeH-
3uHe, kepocuHe. OnpenenexHve GU3nko-MexaHM4eckrx CBOMCTB NMIeHok komnosuumii JIKM npoBoamnm no wecTu BapraHTamMm KoMnoau-
LMW rPYHTOBOK 1 aManeii. lNMocne HaHeceHus JIKM meTogom okyHaHus 06pasubl BblAEPXNUBaIM NPy KOMHATHOW TeMnepaType B TeYeHne
10 cyTok. Pu3nKo-mMexaHn4eckme CBOMCTBA (MPOYHOCTL NpY yaape n narube, aaresnto) rnieHok komnosuumii JIKM onpepensnv oo n
nocrne BblaepXky 06pasLoB B kamepe BnaxHocTu -4 (30 cyTok, pexum Bbiaepxkn — 124 npu temnepatype 40 °C 1 0THOCUTENBbHOM Bax-
HocTh 98-100%, 12 4 — Npy KOMHATHOW TeMMNepaTtype 1 OTHOCUTENbHOW BnaxxHOCTU 40-50 %). MiccnepoBaHus nokasanu, YTo aMmanu,
HaHeCeHHble MO cnoto GochaTUPyOLLMX FPYHTOB HA MOBEPXHOCTU METaNIOB, MPOSBASIOT fyyllve 3aWmnTHble CBOMCTBA. CMCTEMBI NO-
KpbITUIA ¢ pocdaTnpyowmmMm rpyHTamm obnagatoT nydlleit aaresveit ¢ 3awmiLaemMoil moBePXHOCTbIO, 06ecneynBatoT 6osee NiIoTHYO U
OZAHOPOHYIO CTPYKTYPY MOKPBLITUS 1 TOPMO3SAT MPOHUKHOBEHME 91IEKTPONNTA K MOLANTOXKE.

Abstract

The purpose of the research is to improve the protective, adhesive properties and continuity of the paintwork film by optimizing the
coating system. The protective properties of paintwork are due to the fact that a continuous film is formed on the surface of the product,
which isolates the metal surface from the environment, prevents the penetration of various reagents through it to the substrate and thereby
protects the metal from corrosion. When phosphating the surface of the product, the adhesion of the paintwork to the substrate increases
significantly due to the formation of a chemisorption phosphate coating on the surface of the steel, which itself is an additional protective layer.
Phosphating solutions make it possible to obtain adhesive crystalline phosphate layers weighing 2.5-2.8 g/m?, suitable for further staining.
Phosphate film is stable in dry atmosphere, lubricating oils, gasoline, kerosene. Determination of physical and mechanical properties of films
of compositions of paint and varnish materials was carried out according to six options for the composition of primers and enamels. After
applying the coatings by dipping, the samples were kept at room temperature for 10 days. The physical and mechanical properties (strength
atimpact and bending, adhesion) of the films of the compositions of paint and varnish materials were determined before and after exposure
of the samples in the G-4 humidity chamber (30 days, exposure mode - 12 hours exposure at a temperature of 40°C and a relative humidity
0f 98-100%, 12 hours - at room temperature and relative humidity 40-50%). Studies have shown that enamels applied over a layer of phos-
phating primers on metal surfaces exhibit the best protective properties. Coating systems with phosphating primers have better adhesion to
the surface to be protected, provide a denser and more uniform coating structure and inhibit the penetration of electrolyte to the substrate.
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AHHOTaums. [lpoBeneHbl nccienoBa-
HUWST MO OLEHKE CBOVICTB 371EKTPOMAarHUTHbIX
nosien, ncrnoib3yemsix npu obeasapa-
XUBaHUN 3epHa U CeMsIH. YCTaHOBJ/I€HbI
MPUYNHHO-CIEACTBEHHbIE CBS3U MEXAY He-
MOHOXPOMAaTUYHOCTHIO M0JIS M HeaoCTaTkaMm
CBEPXBbICOKOYACTOTHOIO U APYrnx MeToA0B
obe33apaxuBaHus. [1is y4dLiero pesynbtara
MPeI0XKEHO UCI0/Ib30BaTb MOHOXPOMAaTU4e-
ckme pabo4ume riosis, MPeVMyLLEeCTBa KOTOPbIX
npoAeMOHCTPUPOBaHbI Ha MPUMepe HOBO-
ro mMeroga pe3oHaHCHO-HN3KOYaCTOTHOIroO
obe33apaxviBaHusl. BbirnoHeH aHann3 as1ek-
TPUYECKOU 1 MarHUTHOV COCTaBJISIIOLLMX [10J151
B BbIXO4HOM YCTPOWCTBE, M0 pe3yabraraM
KOTOPOIro rnpeanoxeHo apGdekTMBHOE TEXHU-
4eckoe peLleHe Ha OCHOBE 3J1EKTPUYECKO
cocrasnisioLe. [[peBocxoaCcTBO yCTPOKMCTBAa
C 3J1IEKTPUYECKOV COCTaBASIOLWEN nepes
COJIEHOUZOM OATBEPXAEHO IKCIEePUMEH-
TaJIbHO.

KnioueBble cnoBa: 3/1eKTpOMarHUTHbIE
WN3JTy4EeHUS], BbICLUNE rapMOHUKU, MOHOXPO-
MaTUYHOCTb, PE30HaHCHO-HN3KO4YaCTOTHOEe
obe3zapaxuBaHue, 371eKTpu4eckasl u mar-
HUTHasl COCTaBISIIOLNE, BbIXOAHOE YCTPO-
CTBO.

MNocTtaHoBKa Npo6énemsbl

B HacTosllee BpeMs B KayecTBe
anbTepHaTUBblI XIMNYECKOMY NPOTPaB-
nuBaHuio B AlK npnMeHsaoT BO34en-
CTBUE 3JIEKTPOMATrHUTHBIX U3Ny4EHUN
(BMW) pasHbIX HaCTOTHbIX AMAaNnas3oHOB U
CBOWCTB: OT MOCTOSIHHbIX 3NIEKTPUHECKMX
M MarHUTHbIX MOJIEN A0 PEHTFEHOBCKNX
n ramma-nydein [1]. @akt ncnonb3o-
BaHWSA CTOJMb pasHbix OMW ona ogHom
Lenn — yny4lleHns Ka4eCcTBa CEMSH U
3epHa BO MHOIrOM rOBOPUT O Cly4aliHOM
XapakTepe nx BbiIbopa, OTCYTCTBUN HET-
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AHanNUTUYECKAs OLEeHKA U YYET CBOMCTB
3NIeKTPOMArHUTHbLIX Nonen
B YCTPOMUCTBAX Arpoo6e33apaXXMBaHuUS

Koro 6modursnyeckoro 060CHOBaHUSA 1
Kputepmes 3P EKTUBHOCTU ON19 CTOJb
BAXXHOrO pe3ynbTara, Kak YHUHTOXEHNE
NMaToOreHHbIX NHPEKLNI.

HekoTopbiM 0OLWMM CBONCTBOM
nepemMeHHbIx OMU, ncnonb3lyemblix Npu
arpoobe3sapaxuBaHunu, BNSETCS He-
MOHOXPOMATUYHOCTb CNEKTPA, T.€. OHU
He MOryT OblTb NpPeacTaBieHbl OQHOWN
3NEeKTPOMarHUTHOM BONHOM. VX cnekTp B
O0/IbLLUMHCTBE C/ly4aeB COCTOUT U3 MHO-
XecTBa rapMOHUK U KOMOMHAUNOHHbIX
COCTaBASIOLMX, NPOAYLMPYEMbIX HENN-
HelHbIM 060PYA0BaHNEM U BbIXOAHBIMU
npeobpasoBaTensaMu: MarHeTpoHamu,
PTYTHBIMW Fra30pa3psaHbIMU TaMnamMm
M T.0. OTO HArNagHO UANMKOCTPUPYeT
npUMeEpP WNPOKO pacnpoCTpaHEHHOMN
6akTepuumngHoi namnel OPT-125 [2]
(puc. 1).

Kak 1 ocHoBHasi YacToTa, NoboYHbIE
npoaykTbl AMW okasbiBalOT BNINAHME HA
pe3ynbTat 06e33apaxuBaHnsi, 0a4HaKO
OTKJIMK XKMBbIX KNTIETOK Ha NoA06HOE BO3-
LencTBue TPYOHO Yy4eCTb TEOPETUHECKM,
NOCKOJIbky 6Modusmka nNposBneHns
PasHbIX 4YaCTOT HEOAHO3HavHa. [1oaTo-
My nccnenoBaHua anekTpodpusnye-
CKMX MEeTOA0B MPOBOAAT MO MPUHLUMNY

«YEpHOro fwuka». Tak, Hanpumep, Ha
CEeMEHa MNweHnLbl NoJalT BHELWHME
Bo3aencTeua — SMU n oueHmBatoT OT-
KWK MaTepuana rno Takum napameTpam,
KaKk 3apaxE&HHOCTb, nabopaTtopHas
BCXOXECTb, 3HEPINA NPOPACTaHUS U Ap.

Mopo6HbIN noaxon, 6e3ycroBHO,
AMNMPUYEH N OAET NNLLb HEKOTOPbIE
YaCcTHble pe3ynbTaThl, Kak Npasuio,
ycTynatoume XmMm4eckomMy npoTpan-
JIMBAHUIO MO CTENeHU NnoaaBneHus
duTonatoreHoB. Hepenko TpebyoTcs
6osblUMe BbAEPXKN MO BPEMEHM (3KC-
no3nums), OCTUraroLWme HECKOTbKNX
yacos [3], 4To ManonpurogHoO Ass BbiCO-
KOMPOW3BOOUTESbHbIX MOTOYHbIX TEXHO-
norunn. Henb3s npnaHaTb 3OPEKTUBHBDI-
MW 1 MHOIO3TarnHble KOMOMHMPOBAHHbIE
MeTonbl [4], CANWKOM OANTENbHbIE N
3aTpaTtHble B pean3auun.

Bonbwen cMCTEMHOCTbLIO U, CO-
OTBETCTBEHHO, Pe3y/ibTaTUBHOCTbIO
obnagaeT Hay4yHbI NOAXO4 HA OCHOBE
OCMBbIC/IEHUSI BHYTPEHHMX MPOLLECCOB,
NPOUCXOAALNX B «4EPHOM SLLMKE» —
6ruomaTepuasne. 3To NPUBOOUT, MO CYTH,
K MOCTPOEHMIo 6nodunamyeckoit Mmogenm
VHIMOMPOBaHMSA, YTO BO3MOXHO, ecnun
0TKa3aTbCs OT CMNekTpasbHO H6oraTbix

Puc. 1. Cnektp 6akTepuuupgHoii ynstpaduonertooii namnbl APT-125
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OMW n ncnonb3oBaTb MOHOXPOMATU-
yeckne. Vix HeobxoaMMble CBOICTBA B
3TOM Cily4ae MoryT ObiTb 060CHOBAHbI
TEopeTMHEeCKN Ha YPOBHE KJ€TOYHbIX
B3aMMOLENCTBUM, NPOBEPEHbI N YyTOY-
HEeHbl 9KCNepuMeHTanbHO. Mo Takomy
nyTn pa3dpaboTaH MHHOBALLMOHHLIN
MeTOo[, PE30OHAHCHO-HNU3KOYACTOTHOrO
(PHY) o6e33apaxmBaHus [5].

Momunmo 6ruodpursnyeckoro o60cHoO-
BaHWs, HeobXxoa4MMa rpaMoTHas TEXHU-
yeckas peanmsaums HangeHHbIX MONEN.
OTO KacaeTcs reHepaumu 1 Noasoaa K
MaTtepuany 31eKTPOMarHUTHOM SHEPrnn
C Y4ETOM 3/1EKTPUYHECKON N MArHUTHOM
COCTaB/IAIOLLMX, KOTOPble N0-pPasHoOMY
nposiBnsoT ceba B 6uodunsmnyeckmx
B3aMMOAENCTBUSAX, YTO NOONEXMUT aHa-
JIN3Y N Y4ETY B TEXHNYECKNX PELLEHUSIX.

Mcxona n3 M3N0XEHHOro, pan
CBOICTB 00e33apaxuBaroLlmx nonemn
M BOMPOCHI MX KOHCTPYKTUBHOIO BO-
NJIOLLEHNS CreayeT cynTaTb Hambonee
aKkTyasnbHbIMU )19 peLleHNst NpobeMbl
3bPEKTUBHOCTU «3ENEHBIX» arpoTex-
HONOrMin. 3T0 NO3BONAET CHPOPMYIUPO-
BaTb LLe/Ib HACTOSILLEr0 UCCNef0BaHNS.

Llenb nccnepgoBaHus — npoBecTu
CPaBHUTENbHbIN aHaNM3 NCMNOosb3yeMblX
npv 06e33apakKnBaHNM SNEKTPOMArHUT-
HbIX NOJIEN, NoKadaTb NPENMYLLECTBA
MOHOXPOMATUYECKNX PE3OHAHCHO-
HMU3KOYaCTOTHBIX MOJIEN N NPEOIOXUTb
adppeKTUBHbIE YCTpPOMCTBA AN UX
peanusaumu.

MCITepMdan n MeTogbl

nccnegoBaHMM

MccnepoBaHusa 6a3npoBanuchb Ha
dur3nke BOSIH U KonebdaHuii, aHanmae
NMPOCTPAHCTBEHHOr0 pacnpeneneHuns
COCTaBSAOWMX 31EKTPOMArHUTHOIO
nons, TEOPETUYECKMX 3aBUCUMOCTAX
CUN 3NeKTPOMarHUTHOW Npupoasl,
daKTOpHOM aHanm3e 3NEKTPOHHOro ”
apyroro o6opynoBaHus, paccMoTpe-
HMWN CUIOBbIX B3aUMOOENCTBUIN MeXAy
rMapaTUpPoOBaHHBIMM MOHAMN 1 COCTaB-
NoWMMY padoyero nons, npopadoTtke
3DPEKTUBHBIX TEXHUHECKNX PELUEHUI.

MaTtepunanom ons vccnenoBaHun
NOCAYXWUN HAKOMEHHbIE 3KCNePUMEH-
TasbHble AaHHble N0 pa3HbIM MeToaam
anekTpodpuanyeckomn obpabotku [1, 6],
Hay4HblE€ CBEOEHUS O rnapPaTMPOBAHHbIX
MIOHaxX 1 UX POJSI B METAO0IM3ME MUKPO-
opraHnamMoB, buodpunanyeckas Moaesb

PE30HAHCHO-HNU3KOYAaCTOTHOIO UHIU-
6uposaHus [5], obuwue ceorictea CBY
1 opyroro obopynoBanus [6, 7].

OcCHOBHOI MeTopn, uccnenoBaHus —
baKTOPHbI aHaNM3 KPUTUYHbIX O
obessapaxunBaHus ceoictes IMIN. Oco-
60€ BHYMaHWE yAeNneHO X HEMOHOXPO-
MaTUYHOCTU Kak obLemy dpakTopy, npu-
cyLiemMy 60nbLLIMHCTBY 06e33apaxuBa-
towmx OMU (3a ucknoveHnem nasepa).
3aKOHOMEPHOCTU NPOSIBJIEHUS 3TOr0
dakTopa B npoLecce 06e33apaknBaHns
ABNSAOTCHA NPEOMETOM UCCNENOBAHNS.

HemMoHOXxpomMaTuyHocTb AMMW,
06bIYHO He MpuHMMaemas BO BHUMa-
HMe B NpuknagHoi obnactmn obessa-
paxuBaloLWMX 9/1eKTPOTEXHOJIOTUNA,
nUrpaeT KJlo4eBYlO posib B 61Modur3smke
NPOTEKAIOLLMX NPOLLECCOB N pe3yfbra-
Tax obessapaxuvBaHus. CnekrpanbHO
oborauéHHble AMU xapakTepuayTcs
«pasMasaHHbIM» LIMPOKOMOOCHbIM
nerictenem Ha buomarepuan, He Umes
TOYHOW «MULLIEHN>» B BUAE dutonarore-
HOB. /13-3a 9TOro BO3HMKaET HEOOXO-
OUMOCTb B [JIUTENIbHbIX 9KCMO3ULMSIX,
CHUXAOLLIMX MPOU3BOAUTESNIbHOCTb, MO-
TPeBHOCTb B 6O/bLUNX HANPSXEHHOCTSAX
nonemn, Ha co3gaHne KOTOpPbIX HEMPO-
OYKTVUBHO TPaTUTCS 3NEeKTPO3HepPrus.
B koHe4yHOM uTOre He ynaetcs [obuTb-
CS1 BBICOKOIrO COOTHOLLIEHMS MOSE3HOr0
addekTa K 3aTparam.

Mpepnaraemass MeToavka packpbl-
BaeT NPUYMHHO-CNEeACTBEHHbIE CBA3N
MeXay HEMOHOXPOMaTUYHOCTbI0 OMIA
N HeJoCcTaTkaMy U3BECTHbIX METO/OB.
OHa Takxe OxBaTbiBAeT BOMPOCHI (-
dEeKTUBHONM peanndaumm MOHOXpoMa-
TUYECKUX U3NYHEHUIA B TEXHUYECKUNX
cpeacTBax. OTo npegonpenenseT eé

HOBU3HY 1 aKTyaJibHOCTb OJ15 HOBbIX pe-
LLIEHWI HA OCHOBE MOHOXpPOMaTN4EeCKnX
paboymx nonemn.

PesynbraTbl nccnepoBaHum

U 06CyXpeHne

O6wwue nocneacTems BO3AENCTBUSA
obeszapaxunsaoimx dMN B nx ceasn
CO CnekTpasbHbiIMXW OCOOEHHOCTAMM
rnokasaHbl Ha puc. 2. B BepxHel 4a-
CTV pUCYHKa npencTaBfieHbl MeToAbl,
onepupyloLLIMe HEMOHOXPOMATUYECKM -
Mu OMW, cnekTp KOTOPbIX COOEPXUT
rapmonukn f, - f . rae f, - onopHas
yacToTa (nepBas rapmMoHuka). Nopsaox
M YeTHOCTb FrapMOHMK onpeaensieTcs
pasnoxeHnem B psg Pypbe KOHKPET-
HOrO HErapMOHMYECKOrO CUrHana ot
HenuHenHoro obopynoBaHua. C po-
CTOM MnopsaKa N aMmnanTyaa rapMoHMK
crnagaeT, HO OCTaEéTcs 3Ha4YMMon ans
onodpunsnyecknux B3anMoaencTBuii.
KoHeuHbI cnekTp Takxe oborawjatoT
KOMOWHALMOHHbIE YaCTOThI.

Kaxpaa rapMoHuka — caMoCTOoS -
TeNbHOE 3N1EKTPOMAarH1THoE konebaHve
C FTMNOTETUYECKNM BIIUSTHUEM Ha XUBbIE
KNeTku MUKPOopraHnamoB. M3 runortes
Takoro poaa Hanborsee 4OCTOBEPHbLI Te,
KOTOpblE onuparTcs Ha 6a3oBble 3a-
KOHbI (PyHOAMEHTasIbHbIX HayK: TEOPUIO
KOnebaHui n pe3oHaHca, B YaCTHOCTU.
3aKoHbl pe30HaHca CrpaBeavBbl, B TOM
yucne, ons KNeTo4YHbIX G03N1EMEHTOB:
nnasmaTnyecknx MemopaH, cnvpanemn
AHK, rmgpatmpoBaHHbix MOHOB. Kak
MHOroMepHble kosiebaTesibHble CUCTe-
Mbl 3TU SNEMEHTbI CMOCOOHbBI OCLWJI-
IMpoBaTb Ha COOCTBEHHbLIX YAaCTOTax B
XUOKUX KNETOYHbIX Cpeaax npu npwuio-
XEeHWNW BHELLHEN BO30yXaaloLer cusbl.

Puc. 2. CnekTpanbHble 0COOEHHOCTU Pa3HbIX METOAOB 00e33apaXXnBaHus

N UX BIMTHUEe Ha pe3ynbTaT
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Yncno ynomsiHyTeix 6103/1EMEHTOB
€CTECTBEHHbIM 06Pa30M OrpaHUYEHO
Mo YCJ/IOBUSIM KJIETOYHOIr0 CTPOEHMS,
NO3TOMY OFPaHNYEHO N YACTIO BHELLHUX
3N1EKTPOMArHUTHBIX HaCTOT, CMOCOBOHbIX
K BO30YXIEHMIO X pe3oHaHca. B cnek-
Tpe HEMOHOXpomaTudecknx AMN moxeTt
NPUCYTCTBOBATb OAHA WM HECKOJIbKO
rapMoOHUK C TakumMm cBoncTBaMu. OHM
BbIMOJIHAIOT BCIO NMONEe3Hylo paboTy,
paspyLlas KineTo4yHble 6M03NEMEHTHI
BbICOKOAMMAUTYAHBIMW BbIHY>XAEHHbI-
MW KonebaHnsiMK, YTO BEOET K HEBO3-
MOXHOCTU CYLLLECTBOBAHUSA KJIETKM Kak
>KMBOTO LLEe/IOCTHOrO OpraHn3ma.

Lpyrue cnekTpasnbHble COCTaBSIO-
LMEe He HecyT MONe3HOM Harpysku, a
B psife cnyyaeB BpeaHbl. Yucno bec-
MOME3HbIX FAPMOHNK MHOIOKPATHO npe-
BbILLIAET eANHUNYHbIE UHTNOMpYoLLMe,
a 3HAYUT, LOMUHMPYET Napas3nTHbIN
cnektp MW, He NpuBHOCALMIA NO-
Ne3HbIX 9PPEKTOB, KPOME HEKOTOPO-
ro Harpesa maTtepuana. B koHe4yHOM
UTOre 9TO SIBASETCHA NEePBONPUYNHON
3HEpPro3aTtpaTtHOCTU N HU3KOW NPomn3-
BOOUTENIbHOCTN U3BECTHbIX METOLOB
(puc. 2).

Y10 KacaeTca TensoBoro adpdekta
MWKPOBOJIH, €ro UCMosb30BaHNE B Ka-
4eCTBE OCHOBHOro dakTopa CTepunim-
3aumm TpebyeT BLICOKUX TeMrepaTyp U
YpesBblHaHO OOMbLLIMX 3HEPrO3aTPaT.
Tak, B npombILLieHHbIX MK-ycTaHoBKax
onsHarpesa 1 kr 3epHa Ha 100 °C Heo6-
X0OMMO 0k010 50 kBT-4 anekTpoaHeprum
[8]. MopobHas obpaboTka, KPOME Toro,
HepaBHOMepHa [8] n HegonycTMa ans
CEMSH.

BosBpallasicb K HETEMNIOBLIM B3au-
MOJENCTBUSM, HEOOXOOUMO OTMETUTD,
4YTO HapPSAy C UHMMOVPYIOLLMIN B OOLLIEM
CMEeKTPE He NCKITIOYEHbBI Y CTUMYNNPYIO-
LLE FAPMOHUKIN, MPUCYTCTBUE KOTOPbIX
YCUIMBAET METAb0NN3M 1 POCT MUKPOO-
HbIX KNETOK. OTO YpeBaTo AaIbHENLLMM
yxXyoleHem pesynsrata 06e3zapaxm-
BaHMs, BMIOTb A0 MOJIHOTO ero oTCyT-
CcTBUS Unn obpartHoro addekTa.

0O6006LW,a5, MOXHO caenaTb Bbl-
BOZ, YTO pe3ynbTaT BO3OENCTBUA He-
MOHOXpoMaTuiecknx MU sasucut
OT C/ly4aliHOrO COYETaHUS rapMOHKK:
VHTMOUPYIOLLNX, CTUMYNNPYIOLLNX, UH-
NP DEPEHTHBLIX. ATO HE MOXET ObITb
OCHOBOW BbICOKOIrO U XOPOLIO NpoO-
rHO3MPYeEMOro 06e33apaxmnBaioLLErO
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addekTa, a Takke BeAET K MOBbILLEHHbLIM
3HeprosarpaTtam 1 HU3KOM NPou3BOau-
TenbHocTn CBY, MIKn opyrx n3BecTHbIX
MeTOoO0B (CM. puC. 2).

Bo n3bexaHune ykazaHHbIX Hea0-
CTaTKOB MnpepiaraeTcs MCcrnosib3oBaTb
MOHOXpoMaTunyeckme paboyne nons.
Mmn, B yacTtHOCTK, onepupyeT 3a-
naTeHTOBaAHHbIN MEeTOo4, PE30HAHCHO-
Hu3ko4acToTHoro (PHY) obeszapaxu-
BaHUA (peLleHne O Bblgadye naTeHTa oT
25.07.2022 no 3asiBke Ne 2021118919).
OH oCHoOBaH Ha pa3paboTaHHOW BLUodpu-
3u14eckor mogenm [5], cornacHo KOTopom
0COBbIMY MOHOYACTOTAMU BO3MOXHO
BO30YXEHNEe Pe30HAHCHbIX KonebaHni
rmapaTUpPoOBaHHbIX NOHOB MUKPOOHbLIX
KJIETOYHbIX Cpen, YTO MHAKTUBUPYET
TpaHcMeMOpaHHbIi NepeHoC U UHTEH-
CUBHO NOJaBNsSeT MeETAb0NN3M rpnbKOB
n Gaktepwii. Mpn 3TOM MHIMBUpPYOLME
ABMIEHMS BMIOTb [0 KJIETOYHOM CMepTU
pas3BMBaAIOTCS TAaBMHOOOPA3HO, a Ans Ux
3anycka A0oCTaTo4YHO CEKYHIHbIX 9KCMO-
3nunin PHY-nons [5]. Bnarogaps atomy
M OTCYTCTBUIO MApa3mTHOro cnekTpa
rapMOHUK AOCTUralOTCS MHHOBALMOHHbIE
NpPenMyLLLECTBA, MOKa3aHHbIE Ha PUC. 2.

K pononHuUTenbHbIM JOCTOMHCTBAM
meTtona PHY oTHoOCcuTCS HEcnoXHoe
obopynoBaHmne, KOTOPOE B 31EKTPOHHOW
YyacTu npeacTasnseT cobon HM3kova-
CTOTHbIE CUHYCOMOANIbHbIE FEHEPATOPbI
M YCUSIUTENN MOLLHOCTM 3BYKOBOW 4Ya-
CcTOThbl. Hanbonbluee 3HaYeHne umeer
BbIXOZAHOE YCTPOWCTBO, rae Npoucxoant
dopMmnpoBaHue 1 nogayda Kk matepuany
3/1EKTPOMArHUTHOr O Mons.

B npexHux onbiTax B Ka4eCTBe Bbl-
XO[AHOro yCTPOWMCTBA UCMNONb30BAsICS
coneHoup 6e3 cepaedHuka [5], 4TO
BMNoJIHe 0OOCHOBAHO €ro JIMHemHo-
CTblO, OTCYTCTBMEM A0MONHUTESbHbIX
NCKaXeHU Ha nNepemMarHmynBaHue
cTanu 1 cobngeHnemM 3a cHeT 3TOro
MOHOXpOMaTUYHOCTU nons. OgHako, kak
nokasanu ganbHenLme nccnenoBaHuns,
Takasi KOHCTPYKLUMS HEe onTuManbHa
Nno PaBHOMEPHOCTU U MHTEHCUBHOCTM
obe33apaxmBaroLLero BO34encTaus.

Mo dapapeto-Makceenny nwoboe
3N1IEKTPOMArHUTHOE MnoJfie COCTOUT 13
OBYX COCTaBNSOWNX: MArHUTHON 1
3N1IEKTPUYECKON. ABNSACbL CBONCTBOM
NPOCTpPaHCTBa M B3aMMHO Mopoxgas
Apyr Apyra, oHW Hen3bexHOo NpucyT-
CTBYIOT BHYTPU CONleHOMAa, BNUSS Ha

Puc. 3. 9nektpunyeckasa

M MarHUTHasq cocTasnsiowue
pabouero nons coneHomnpa

N ABUXEHNe 3epPHOBOM YaCcTULbl

napasmnTHYIO MUKPOGIOPY HaxoasLle-
rocs tTam 3epHa. Cneumnduka cuno-
BbIX B3AMMOOEVCTBUI C 3/IeMEHTaMM
MUKPOOHbIX KNETOYHbIX Cpen, Hy>KaaeTcsl
B OTAEJIbHOM aHannae.

Ha puc. 3 npencrtasneHo pacnpe-
OeneHne CUIOBbIX IMHUIA 1 BEKTOPOB
9NIEKTPUYECKOr0 MarHUTHOrO Monemn
BHYTPW CONEHOMAQ, a Takxe BekTopa
[OBUKEHMS 3epHOBO YaCTULbl B BEPTU-
KasIlbHOM MOTOKeE.

Mo BekTOpy V Takxe OBUXYTCSA
rmapatnpoBaHHble MOoHbI K, Na*, Mg*,
Ca", Cl- n gpyrue, npuHagnexawme
LMTO30J1t0 U BHEKIETOYHOMY MaTPUKCY
MUKPOOBHBIX KNeTok. iMesi COBCTBEHHbIN
3/IeKTPUYECKUIA 3apsi, OHU CNOCOOHbI
BCTyNaTb B CUJIOBblE B3aVMMOLENCTBUS
C, COCTaBASIOLLWIMI MO/ MO BEKTOPaM
EwB.

OT MarHMTHOM COCTaBNAIOLLLEN TEO-
peTuyeckn BO3MOXHa cuna JlopeHua:

(1)

roe g — 3apsg HacTuupl (rmapaTrupo-
BAHHOIO MOHa);

V — CKOPOCTb YaCTuLbl;

B - moaynb BekTOpa MarHUTHOM
VHOYKUWW;

o — Yron Mexay BEKTOPOM B v an-
paBneHneM ABMXKEHUS.

F=qg-v-B-sina,



INEKTPOTEXHONOIHH, 3NEKTPOOBOPY/LOBAHKE H IHEPTOGHAB)KEHHE ANK

na paccmatpmBaemMoro cny4as
v =V no moaynio (cm. puc. 3), BekTo-
pbl ﬁ, vV obpasytoT yron o = 180° nnn
a = 0° npy NPOTMBOMNOJIOXHOM Hanpas-
JNIEHUM MarHMTHOro nons. Torga no dop-
myne (1):sin a = 0, cuna JlopeHua F=0.

CTporo roBops, yron o MOXeT He-
CKOJIbKO OT/INYATbLCHA OT YKA3aHHOro
B KaXAbli MOMEHT BPEMEHU 3a CHET
COOCTBEHHOrO NepemMeLleHnss MOHOB
B KJIETOYHbIX cpedax U He abConoTHO
NPSMOIMHENHOIO ABUXEHUST 3€PHOBKMN
B NoToKe. Ho 3T dnykTyaumm cnyvamHol
M HE3HAYUTENbHbI; B CYNnepnosnumm c
OCHOBHbIM OBUXEHUEM MO BEKTOPY
OHU He CNOCOOHbI CYLLLECTBEHHO NOB/M-
iTb HA YroN . 1 pe3ynbrart F=0.

BekTop £, nepneHankynsapHbIii Bek-
TOopYy V(CM. puvc. 3), BbI3bIBAET CUITY NPS-
MOIO 9/1IEKTPUYECKOro BO3AENCTBUS Ha
3apsKeHHble r’MapPaTUPOBAHHbLIE NOHbI
NoNepeYyHo X OBMXKEHUIO. YKa3aHHas
cuna Nepmoamnyeckoro xapakrepa B
OTCyTCTBUE Cuibl JIopeHua aBnseTcs
OCHOBHOW A5 BO3OYXAEHUSA NOHHbIX
OCUMNNALUMA N ganbHEeNWnX NHrmoun-
pyroLmx npoueccos [5].

M3BEeCTHO, 4TO 91EKTPUYECKOE None
cofleHonga, B OT/IMYME OT OOHOPOAHO-
ro MarHUTHOro, HepaBHOMepPHO. Ero
Hanps>xéHHocTb E onpepenseTcs Bbl-
paxeHuem [9]:

E=rm-ruy-p-H (2)

roe v — pagunyc oencTeuns;

M, — MarHmTHasi NoCTOsiHHas;

U — MarHuTHas NPoOHNLLAEMOCTb Cep-
fe4yHvika (1 =1 ana sosayxa);

H — HanpsXéHHOCTb MarHUTHOIro
nons.

N3 dpopmynbl (2) BbITEKAET, 4TO
npv OOHOM N TON Xe HanpPAXEHHOCTU
MarHUTHOro nona H HanpaxeéHHOCTb
anekTpuyeckoro nona E nuHeiHo pa-
CTET OT Hynesow npu » = 0 (B UEHTpeE)
[0 MaKCMManbHOM Npu ¥ = Tmax(B6J'IVI3VI
npoBoAHUKOB 06MOTKkK). Cnepnosa-
TeNbHO, Ha 3ePHOBKY U HacensoLwme eé
duTonaToreHbl OyaeT AencTeoBaTh pas-
Hoe Bo30yxaatoulee E-none: Hynesoe B
LLEHTpEe NoTokKa 1 yBeNM4MBatoLeecs K
ero nepudgepumn (cMm. puc. 3).

Takum ob6pas3om, cColeHOUA He
voeaneH Onga pelaeMon 3agayun: ero
OCHOBHOE MarHUTHOE MoJjie He NPoun3-
BOAUT nonesHo pabotsl (F=0), a anek-
Tpuyeckoe cnabo n HepaBHOMEPHO.

CpaBHUTEsbHbIE NOKa3aTesn BbIXOAHbIX 00e33apaXvBaloLnX YCTPOMACTB

CHuxXeHne 3apaxEHHOCTN KoadpdpurumeHt
Twn BbIXOOHOIO MoTpebnsemas
o obpabaTbiBaeMoro 3D DEKTUBHOCTHU
yCTpOMCTBa MOLLHOCTb, BT
MaTtepuana, pas obe33apaxmBaHus
onekTpuyeckoe
p 3,1 30 280
YCTPOWCTBO
ConeHownp, 1,8 410 16,6

COOTBETCTBEHHO, CTpafaloT CpeaHss
MHTEHCMBHOCTb 1 paBHOMEPHOCTbL 06e3-
3apaxmBaloLL,ero Bo3genctaums. [oato-
MY HY>Hbl VHble, 60Jlee COBEpPLUEHHbIE
peLueHns, NyTn K KOTOPbIM MPOUCTEKAIOT
13 HaCTOSILLLEro aHann3a.

[MepBbI NyTb — UCMNOSIL30BaTh Mar-
HUTHOE NOoJie C BEKTOPOM b, nepneH-
OVKYNSPHBIM BEKTOPY 7 Dnst BO3OYX-
nenust cunbl JlopeHua (1). B 06bl4HOM
coNleHoue 9TO Hepeanusyemo n3-3a
KOHCTPYKTUBHON OCOGEHHOCTU OBU-
XXEHMS NOToKa 3epHa BAOJIb CUTOBbIX
JINHWIA MarHWTHOrO nons (cm. puc. 3).
B3anmMHasa nepneHankynsipHOCTb Bek-
TOPOB BO3MOXHa B 60Niee C/IOXHbIX
YCTPOWCTBAx, Taknx, Hanpumep, kak
MHOrOMOJIIOCHbIE 3NIEKTPOMArHUTbI Ha
6a3e CTaTOPOB aCMHXPOHHbIX ABUraTe-
nen [7]. Ana HuX, ogHaKo, xapakTepHa
HENMMHENHOCTb MarHUTHOW Uenu, 4To
C03aET NpobiieMbl C MOHOXPOMATUY-
HOCTbIO paboyero nons.

BTopoi nyTb — akueHTUpOBaHHOE
MCNONIb30BaHNE 3NEKTPUYECKOM CO-

Puc. 4. MpyHunn co3pgaHua

M UCNOJIb30BaHUSA 3JIEKTPUYECKOro
noJifl B BbIXOAHOM YCTPOMUCTBE:

1, 2 — TOKONPOBOASALLME MAACTUHbI

CTaBNSIOLLEN 3N1EKTPOMArHUTHOMO NOJIS,
Tak HasbiBaemoro E-nonga. ns aToro
npeaiiaraeTcs NPOCTOE peLleHune, no-
Ka3aHHoe Ha puc. 4.

Mexay AByX TOKOMPOBOAALLMX Nna-
CTuH 1, 2, Ha KOTOpbIE MOAAHO CUHY-
coupanbHoe HanpskeHne, obpasyeTcs
npakTU4eck 0OAHOPOAHOE (3a UckKItoye-
HMEM KpaeBoro apdekra) MOHOXpoMa-
Tnyeckoe E-none, KOTOPoOe 0QNHAKOBO
BO3AENCTBYET HA MAPa3UTHYID MUKPO-
dnopy noboi 3epHOBKK HE3ABUCUMO
OT €€ NOJIOXKEHUSA B NOTOKE (CM. puc. 4).
Taknum o6pasom, anekTpuyeckasi co-
cTaBnsowas addEeKTMBHO BbIMOIHAET
bYHKUMIO BO3OYXKAEHWS MHTMOUPYIOLLNX
NMPOLLECCOB; MAarHUTHAsA — HE3HAYNUTESb-
Ha, NPaKTUYECKOM POV HE UTPaeT 1 Ha
puc. 4 He nokasaHa.

MpenBaputenbHas akcnepumMeH-
TanbHaa npoBepka noareepauna ad-
GEeKTUBHOCTL ncnonb3oBaHma E-nona
B YCTPOMCTBE NO puc. 4. B 0AMHAKOBbIX
YCIOBUSIX MOTOYHOIO 06€33apaxmBaHNs
npu npoundsoantenbHoctn 400 Kr/u,
OJHOM 1 TOM Xe paboyem maTepuane —
3epHe MNLeHuLpbl, YKa3daHHOe YCTPOi-
CTBO MPEB3OLLISIO CONIEHOMA, NO CNeayto-
LM rokasartensam (Cm. Tabnuuy).

KoadppununmeHt adpPekTMBHOCTU
o6e33apaxmnBaHna — KOMMIEKCHbIN
KPUTEPWUIA, OTPaXKaIOLLNIA COOTHOLLEHWE
MoJsie3HbIX NOKa3aTenen — NPomM3BO-
OUTENbHOCTN 1N 00e33apaxmBaloLLLEro
addekTak 3aTpaTHbIM — NOTPpednaemon
anekTpuyeckon mowHocTtn [10]. Xa-
pakTepnays adPeKTUBHOCTb TOro NN
MHOro obe33apaxuBatloLLLero ycTpo-
CTBa, B AAHHOM CJly4ae OH AEMOHCTPU-
pyeT NPeBOCXOACTBO 3/IEKTPUYECKOrO
YCTPOWCTBA Nepen coneHonaom bonee
4YeM Ha NopsaoK (CM. Tabnuuy).

Takxe cnenyeT OTMETUTb Apyrue
npenMylLLLecTsa HOBOro yCTPOMCTBA:
NPOCTOTA KOHCTPYKLMN (HET MOTO4YHbIX
Y3/10B, HE HY>XHA CUCTEMA OXTIAXOEHNS),
HaOEXHOCTb, KOMMNAKTHOCTb, Manas
METaNNIOEMKOCTb MO AOPOrOCTOSALLEN
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Meau, YTO CHUXaeT cebecToMMOCTb.
Takvm 06pa3oM, YCTPOMCTBO HA OCHO-
Be E-nong, peannsyowee meton PHY,
cnenyeT cuMTatbh Hanbosiee nepcnek-
TUBHbIM o5 AlNK.

BbiBOAbI

1. MpumeHsieMble Npu arpoobessa-
pPaXuBaHUN 3NEKTPOMArHUTHbIE NONS
OT/INYHAKTCSA HEMOHOXPOMATUYHOCTbBIO U
LUMPOKMM CNEKTPOM rapMOHUK. AHann-
TUYECKN YCTAHOBJIEHO, YTO 3TO BEAET K
HeJ0CTaTOYHOMY 06€33apaxMBaloOLLLEMY
addekTy, 60NbLIMM SHEpro3aTpaTam 1
HU3KOM NMPON3BOAUTENIBHOCTU N3BECT-
HbIX METO0B.

2. [nga nyywero peaynbrarta uene-
co006pa3HoO MCNob30BaTb MOHOXPO-
MaTuyeckme paboume noss, napameTpbl
KOTOPbIX HAYYHO 0BOCHOBAHLI. Nmn
onepupyeT HOBbI METO, PE3OHAHCHO-
HM3KOYaCTOTHOro o6e33apaxmBaHus,
obnapaloLmini MTHHOBALMOHHbLIMW Mpe-
MMyLLEeCTBaMU nepen n3BeCTHbIMU,
NPU3HaHHbI N306pEeTEHNEM.

3. AHanNn3 3NMeKTPUYECKOn 1 mar-
HUTHOI COCTaBNALLMX paboyero nosns
B BbIXOQHOM YCTPOWCTBE nokasan
NPENMYLLIECTBA 3NIEKTPUHECKON COCTaB-
nsoLwen ons Bo30yXaeHs UHrMoupyio-
LLMX NMpoL,eccoB. HoBoOe yCTPOMCTBO Ha
ocHoBe E-nons npu aKkcnepuMeHTasnb-
HOM NPOBEPKE 3HAYUTESNIbHO NPEB3OLLIIO
cofieHoua,
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Analytical Assessment

and Consideration of the Propetties
of Electromagnetic Fields

in Agro-disinfection Devices

A.l. Pakhomov

(Donskoy Agrarian Research Center)

Summary. Studies have been carried
out to assess the properties of electromag-
netic fields used in the disinfection of grain
and seeds. Cause-and-effect relationships
between the non-monochromaticity of the
field and the shortcomings of microwave
and other methods of disinfection have been
established. For a better result, itis proposed
to use monochromatic working fields, the
advantages of which are demonstrated by
the example of a new method of resonant
low-frequency disinfection. An analysis of
the electric and magnetic components of
the field in the output device was performed,
based on the results of which an effective
technical solution based on the electric
component was proposed. The superio-
rity of a device with an electrical component
over a solenoid has been experimentally
confirmed.

Keywords: electromagnetic radia-
tion, higher harmonics, monochromaticity,
resonant low-frequency disinfection, elec-
trical and magnetic components, output
device.
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AHHOTaAUMA. VI3y4eHO COCTOsIHNE Ha-
J10ro0610XKEHNsI CeJIbCKOXO3SICTBEHHbIX
opraHu3auwii B KpacHosipckom kpae. lNpea-
cTaBJIeHO pacripesnesneHne cybbeKkToB XO0-
35/ICTBOBaHVSI PErMOHa B 3aBUCUMOCTU OT
UX pasmMepoB B paspese PEexuMoB Haioro-
006/10)KEHUNST 1 OTPac/IeBON Crneunaan3anmm,
Ha OCHOBaHWUM KOTOPOro AaHa oueHka 3¢-
DEKTUBHOCTM [EATENILHOCTY MPEANPUSTUN,
B TOM 4YUCJI€ C Yy4ETOM YPOBHSI HaJl0oroBOW
HarpysKku.

KntoueBble cnosa: ce/ib.CKOX035VICTBEH-
Hble opraHudauuy, HaJaoroBasi Harpyska,
crieymann3daumsi, 3¢eKTBHOCTb.

MNocTaHoBka npo6énemsl

CenbCKoX03aMCTBEHHOE NPON3BO4-
CTBO MMeET crneundunyeckmne 0CobeHHo-
CTW, 324aCTYI0 ABNAACH HN3KOA0XOAHbIM
W YObITOYHBLIM, YTO HEMOCPEACTBEHHO
BNNSET Ha YPOBEHb HANIOrOBOWN Ha-
rpy3ku. Mpu aTom oueHka apdekTns-
HOCTW Pa3BUTUSA CENBbCKOrO XO35MCTBa
pernoHa B LLe/NOM HeLOCTaTO4HO UH-
dopmaTnBHa, Tak kak nobon cydbbekT
XO39MCTBOBaHNSA DYHKLMOHUPYET Mo,
BO34encTBnemM psga GakTtopos, B 3a-
BUCMMOCTM OT CBOMX pa3mMepoB U OT-
pacneBor HanpaeneHHOCTU. [ToaTomy
1 YPOBEHb HANOrOBOW HAarpy3kn MOXeT
CYLLECTBEHHO BapblUpPOBATHLCH.

Ha KpynHble CENbCKOXO3ANCTBEH-
Hble opraHusauum npuxoamTcsa 6o-
nee 60 % Bcero BanoBOro NpPoOn3BOa-
ctBa KpacHospckoro kpas. 3a 2017-
2021 rr. npoOn3BOACTBO CENIbXO3NPOAYK-
LM A@HHBIMW CYObEKTaMU YBENIMHYUITOCH
¢ 39114,5 no 64991,04 mnH pyb., unm

DOI: 10.33267/2072-9642-2022-9-45-48

3aBMCUMOCTb HAJNIOrOBOM HArPY3KM
CeNIbCKOXO3IMCTBEHHbIX OPraHU3aLum
OT UX pasMepoB

Ha 66,1 %. Cpeamn cenbCKOX03ANCTBEH-
HbIX TOBApPOMNPON3BOAUTENEN OHU SIB-
NAI0TCS OCHOBHbIMW MaTeNbLLNKAMU
Hanoros, COOPOB 1 CTPAxXOBbIX B3HOCOB.
3a paccmatpuBaeMblii nepuon, cymma
yKa3aHHbIX nnaTexer B 6104XKeT 1 BHEe-
Olo0KeTHbIE POHAbI YBENNYUIACH MOYTU
Ha 70 % (po 9303,3 mnH py6.) [1, 3].

B pervoHe HameTnnacb TeHOEHUMS
K COKPALLLEHUIO YMCa CeNbCKOXO35M-
CTBEHHbIX OpraHu3aumii, 4To xapak-
TEPHO 4719 CTpaHbl B LenoM. Tak, ecnm
B 2017 r. B permoHe Hac4u1TbIBaNoChb
295 x034MCTBYIOWMX CYObLEKTOB, TO
B 2021 . ux ctano yxe 216. Mpn atom
[onst yObITOYHBIX OpraHn3aunin cokpa-
Tunacek ¢ 22,7 0o 8,8 %.

OpHUM 13 HanpaBneHUin Mo pea-
nu3aumm rocygapCcTBeHHON arpap-
HOWM MONNTUKM BbICTYNalOT HANOrOBblE
WHCTPYMEHTbl. 3aKOHO4ATENLCTBOM
npenycMoTpeHbl 0COObIE (NIbrOTHLIE)
PEXMMbI HANOr00610XEHS, KOTOPLIMU
MOIYT MOMb30BaTbCS N XO3ANCTBYIOLLME
cyObekTbl B chepe CeNnbCKOro xo3si-
CTBa: cUCTeEMa HanoroobyoXeHns ans
CEeNbCKOXO3A9NCTBEHHbLIX TOBAPOMNpPO-
n3BoauTenen (e4nHbln CesibCKOX035 M-
CTBeHHbI Hanor (ECXH), ynpolieHHas
cuctema Hanoroob6noxenusa (YCH),
naTeHTHas cucTemMa HanoroobnoXxeHus)
[2, 5]. Mpwn aTom, Kak Noka3bliBaeT Npak-
TUKa, NbrOTHbIE PEXUMBI HaNloroo610-
XEHUS MPUMEHSIOT B OCHOBHOM MEJKME
npennpuaTus, 4To obecneyrBaeT UM
6051ee HN3KNIN YPOBEHb HANOroBOW Ha-
rPy3KM 1 J,OCTATOYHO BbICOKME NMoKasa-
Tenn peHtabenbHocTu. B TO xe Bpems
KPYMHble OpraHn3aumm 3a cHeT AMBep-
cudukaumm Npon3BoACTBa, BONbLUINX
060pPOTOB N POCTA MHBECTULLMOHHBIX
3aTpar ABASIOTCA OCHOBHbIMU NaaTesNb-
LMKaMm Hanoroe, COOPOB U CTPaxXOBbIX
B3HOCOB. OTO NPUBOAUT K AOCTATOYHO
BbICOKOMY YPOBHIO Ha/loroBoro 6peme-
HU N HU3KON 3 dekTnBHOCTU. K TOMy
Xe dunckanbHOe MOKPbITUE B TaKUX

X035CTBaxX 3a4acTyl0 HE MPEeBbILLAET
50 %.

OTO CBUAETENBbCTBYET O TOM, HTO
M3yYeHue BIUAHUSA Pa3sMepoB OpraHn-
3aumn Ha YPOBEHb HaJIOrOBOW HArpy3ku
ABNAETCS aKTyaslbHbIM 15 fasibHenLe-
ro COBEpPLLUEHCTBOBAHMS Mep rocyaap-
CTBEHHOW NOJAEPXKMN.

Llenb nccnepoBaHnsa — oueHUTb
COCTOSIHME HaNoroo610XXEHWS CENbCKO-
XO3AMNCTBEHHbIX OPraHn3aunii B pErmoHe
1 BbISBUTb BANSHUE UX Pa3MepoB Ha
YPOBEHb HANIOrOBOW Harpy3Ku.

MaTepuanbl u MeTogbl

nccnenoBaHMA

Mpwv NpoBeAeHUN NcceqoBaHNs NC-
NMosb30Ba/IMCb HOPMAaTUBHO-MNPaBOBbLIE
N 3aKOHOOaTeJIbHblEe aKTbl B obnactu
Hanoroo6/10XEHNS CENbCKOXO3AM-
CTBEHHbIX TOBaApONpOuU3BOAUTESIEN.
MHdopmaLnoHHyo 6a3y nccnegosa-
HUA COCTaBuUIN OCDI/ILI,I/IaJ'IbeIe JaHHble
MWHUCTEPCTBA CEIbCKOro X03sMCcTBa
n Toproenu KpacHosipckoro kpas.
B paboTe ncnonb3oBanmcb abCTpakTHO-
NIOrM4eCcKnin, MoHorpadu4eckuin n cta-
TUCTUYECKU MeTO4bl UCCeaoBaHUA.

PesynbTaTtbl uccnegoBaHUiM

n o6CcyXxpeHue

B CcTpyKType Hanorosbix nnarexemn
CEeNbCKOXO3ANCTBEHHbIX OpraHmsa-
unn KpacHosipckoro kpas 3a 2021 r.
npeob6nagatoT Hanor Ha o6aBNeHHYO
CTOMMOCTb — 57 % 1 cTpaxoBble B3HO-
cbl — 27,6. Ha Hanor Ha oxoapl dusnye-
cKkmx nuu, npuxogutcsa 13,5, Ha eguHbIN
CEebCKOX03AMCTBEHHbIV Hanor — 0,9 %.
HecmoTpsa Ha pOCT HaNOroBbIX niaTe-
Xer, Hanorosasi Harpy3ka Ha CeJlbCKO-
X03AMCTBEHHbIE OpraHn3aLmn Kpas 3a
nepuopn uccnenoBaHns cokpaTunach c
14,1 po 13,6 % (puc. 1).

B cooTtBeTcTBUN ¢ DepepanbHbiM
3akoHOM «O pa3BuUTUKM MaNoro 1 cpen-
Hero npepnpuHnmMmaTtenscTea B Poc-
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Puc. 1. lnvHaMmuka HaNoroBom Harpy3Ku
Ha CeJIbCKOXO3IMCTBEHHbIE OpraHu3auum
KpacHosapckoro kpas, %

Puc. 2. PacnpeneneHue cesibCKOX039MCTBEHHbIX OpraHn3auun
KpacHosipckoro kpasi C y4eTOM PeXXMOB Ha1oroo6,10)KeHunsa
B 2021 r., en.

cuiickon ®epepaummn» opraHmsaumm
no CpenHecnMCcOYHOM YNCNEHHOCTN

Ta6nuua 1. PacnpepeneHue cesibCKOX035CTBEHHbIX OpraH1M3aLuii permoHa
B 3aBMCUMOCTMU OT PeX1Ma Haloroo610)keHns U OTPACIEBO crieuvanusauum

46

PabOTHVKOB [EeNISTCA Ha Masible (B TOM MokaszaTtenm ‘ OCH ‘ ECXH ‘ YCH ‘ UToro
yncne MUKPONPEeanpuUaTUs) N cpegHue MukponpeanpusTus
[4]. B cOOTBETCTBUU C OAHHbLIM KPW-
Mpon3BoacTBO NPOAYKLMM PACTEHNEBOACTBA 9 64 12 85
TEPUEM NMPOBEAEM pacnpeneneHne B p p 0 0 0 0
XO3SACTBYIOWMX CYGbEKTOB Kpas C TOM ymncie cobcTBeHHas nepepadboTka
Y4ETOM PEXMMOB HANOroo6IoxXeHus Ha | [TPOV3BOAICTBO MPOAYKLIMN XMBOTHOBOACTBA 1 11 1 13
MUKPONPEAnpUSTUS, Manble, cpeaHne n | B TOM qucne cobeTeeHHas nepepaboTka 0 0 0 0
KpyrHble npeonpuatms. MNpu aTom He- | Mpon3BoACTBO NPOAYKLMM PacTEHUEBOACTBA U 0 7 0 7
06X04MMO OTMETUTb, YTO N3 NEpPeYHs | XMBOTHOBOACTBA
NPeanpuaTUii GbIIM UCKKOYEHbI TPU | B ToM Yncne cobeTBeHHas nepepaboTka 0 0 0 0
opraHusauuu, nMmerLme aHomasnbHO Manbie npeanpustus (3a UCKITIOYEHNEM MUKPOMPELNPUSTA)
Ee I'IOK2833T611I/I HANIOTOBOW HA~ | nh613804CTBO NPOAYKLMM PACTEHNEBOACTBA 16 17 2 35
rpy3ku (puc. 2).
Py (p ) B TOM uncne cobecTBeHHas nepepaboTka 2 0 3
B pervoHe npeobnagaloT MUKPO- n 3 5 0 3
NPEANPUSITIR, CPEAHECTNCOUHAS YNC- POV3BOACTBO NPOAYKLMM XMBOTHOBOACTBA
NIEHHOCTb COTPYAHWKOB B KOTOpbIx | B TOM 4Mcne CoBCTBeHHas nepepaboTka 0 1 0 1
meHee 15 yenosek. Takmx opraHusauuii | [POM3BOACTBO NPOAYKLMM pacTeHMeBOACTBA U 3 15 1 19
B 2021 . HacunTbiBanockb 105. Manbix | XVBOTHOBOACTBA
npennpuatuii (16-100 yenosek) okaza- | B Tom 4mcne cobcTBeHHas nepepaboTka 1 2 0 3
nock 62, cpeaHux (101-250 yenosek) — CpeaHue npeanpustys
24 n kpynHbix (Oonee 250 4enoBek) —22. | Mpou3BoACTBO NPOAYKLMU PACTEHEBOACTBA 3 2 0 5
MpeobnazfaiowyM PeXMMOM Hano- | g 1oy yucne coBCTBEHHAS NepepaboTka 1 1 0 2
roob5I0XeHNs B Kpae cpeaun paccmo-
"~ Mpon3BoACTBO NPOAYKLIMM XXKMBOTHOBOACTBA 5 5 0 10
TPpeHHbIX 213 CenbCKOXO3SMCTBEHHbIX 5 6 6 5 0 0 5
. TOM Ymcn TBEHHas N TK
opraHusauunn asnaetca ECXH, ero 0 cne cobeTserHan nepepaboTka
npUMeHsiioT 139 x038icTB, 1nn 65 % MNMpon3BoacTBO NPOAYKLMM pacTEHNEBOACTBA U 5 7 0 9
oT obLero konmyecTra. Cpegn MMKpO-, KMBOTHOBOACTBA
Maibix 1 CPEAHNX MPeanNpUATUiA AaHHas | B TOM Yucne cobeTBeHHas nepepaboTka 1 6 0 7
CUCTEeMa TakXe ABNFeTCA npesanu- KpynHbie npeanpustus
pytoLlen. B 1o e Bpems kpynHble npen- | [pon3BoACTBO NPOAYKLUMN PacTEHMEBOACTBA 1 0 0 1
NpYATUSA B OCHOBHOM NprmeHsioT OCH — | B tom uncne cob6eTeHHas nepepaboTka 0 0 0 0
o)
73 % o 0buero konm4ecTsa. MpPOn3BOACTBO NPOAYKLIMM XXMBOTHOBOACTBA 6 2 0 8
Paonpve,u,eneHme HCTIEHHOCT Ce{'b' B Tom uncne cobcTBeHHas nepepaboTka 3 2 0 5
CKOXO3SIMCTBEHHbIX OpraHn3aunii B MDON3BEOACTEO HDO ACTEHNEBONCTEA
M3BOACTBO M KumMn TEeHNeBOACTBA U
3aBUCUMOCTW OT HANIOrOBOrO pexuma P A poAyku p A 9 4 0 13
. XVMBOTHOBOACTBA
1 OTpacfieBoli cneuvanmsaunn npea- B 5 6 5 3 0 9
CTABNEHO B Ta6. 1. TOM ymncie cobcTBeHHas nepepaboTtka

TexHuka u o6opynosatue ans cena N2 9 2022
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MukponpeanpmnaTns B OCHOBHOM
MCMOJIb3YIOT NIbIOTHLIE PEXUMbI HANO-
roo6noxexus (ECXH, YCH) v cneupann-
31PYIOTCH HA MPOU3BOACTBE NPOAYKLMN
pacTteHneBoacTea — 85 xo3amncte n3 105.
Mpon3BoACTBOM NPOAYKLMN XMUBOTHO-
BOZCTBA 30€Cb 3aHATO 13 opraHmnsaumi,
a COBMELLAT NPOU3BOACTBO MO ABYM
oTpacnaMm — Bcero 7. CoOCTBEHHYIO
nepepaboTKy MUKPOMPEeAnpuUaTns
Kpas HE OCYLLECTBASIOT.

Manbie npeanpmuaTma (3a UCKIO-
YEHNEM MUKPONPeanpuaTun) Takxe
NPenMyLLECTBEHHO HaxoasaTcs Ha ECXH
1 NMPOU3BOAAT NPOAYKLMIO pacTeHune-
BOACTBA. Takxe 34eCb 3HayuTenbHas
4aCTb XO3KMCTB 3aHMMAETCS NPOM3BOLA-
CTBOM MPOAYKUMM pacTEHMEBOACTBA U
XXMBOTHOBOACTBA — 24 % 06Lero Koam-
yecTBa. Cpeam manbix NPeanpusaTnin 7,
nnn 11 %, oCcyLLEeCTBASAIOT COOCTBEHHYIO
nepepaboTkKy.

CpegnHue npeanpusaTnsa npuMeHs-
10T OCH n ECXH - 10 n 14 opraHusa-
LU COOTBETCTBEHHO. bonbliaga 4yacTtb
3TUX XO3ANCTB CneunannanpyeTcsa Ha
NPOn3BOACTBE NPOAYKLMN XNBOTHO-
BoacTea — 10 opraHmaaunii, pacteHme-
BOACTBA U XmMBoTHoBoACTBa — 9. ons
XO3SINCTB, OCYLLECTBNAOLNX COOCTBEH-
Hyt0o NepepaboTky, cocTaBnseT 46 %.

KpynHble npeonpuaTtusa npeu-
MyLLEeCTBEHHO HaxopaTca Ha OCH
(16 opraHmnsauuii ns 22). bénblias
4acTb 3aHMMAETCHd NPON3BOACTBOM
NPOAYKLMN pacTEHMEBOACTBA U XU-
BOTHOBOACTBA — 13 X039MCTB, U3 H1X 9
OCYLLECTBNSAIOT COOCTBEHHYIO Nnepe-
paboTky.

lMpoBenem oueHKy ahOEKTUBHOCTU
3KOHOMMYECKOWN OEeATENbHOCTU CeJlb-
CKOXO3AMCTBEHHbIX OpraHn3auuin Kpas
B pa3pese nx pa3Mepos (Tabn. 2).

Haunbonbluaa 0ons yobITOYHbIX XO-
39NCTB B permoHe 3adpumkcupoBaHa
cpeam MUKPO- 1 MarnbIx NPEeANpPUATUIA —
9,51 9,7 % cooTBETCTBEHHO. [1pn aTOM
HaVMeHbLUee KOJIMYECTBO YObITOUYHbIX
opraHuM3auuin NpuxoguTCca Ha rpynny
KPYMHbIX Nnpeanpusatuiin — 4,5 %.

HanmeHbLniA ypoBEHb HaNoroBom
Harpy3ky NpuUXoamMTCS Ha MUKPONpPea-
npusaTms u coctaBnsaeT 6,1 %. Mo manbim
npeanpuaTUSaM 3TOT NokasaTeb Takxke
HUXE CpefHEeKpPaeBoro 3Ha4YeHusa —
10 %. YpOBEHb HanoroBowm Harpy3ku no
CpPeOHUM N KPYMNHbIM NPeanpusaTuam

Ta6nuua 2. 3P PEeKTUBHOCTb CEJIbCKOXO3ANCTBEHHbIX OpraHu3auui

KpacHospckoro kpas

Knaccudwukaums npeanpuaTtnin no pasmepy
MNokazarenn masnble cpen-
MUKpPO- (6€e3 MUKpO- e KpYyMHble
npeanpusaTunin)
Yucno opraHmsaumi 105 62 24 22
Jonsa ybbITO4YHbIX OpraHu3aumii, % 9,5 9,7 8,3 4.5
YpoBeHb HaNoroBO Harpy3Kku B Cpea-
HEeM Ha OfHy opraHusaumio, % 6,1 10 17,8 17,1
YnnayeHo Hanoroe, cOOpPOB 1 cTpa-
XOBbIX B3HOCOB B CPEAHEM Ha OfHY
opraHusaumio, Teic. py6. 1654 17317 87822,9 | 269589,3
Jons B 00uemM o6beMe ynnaveHHbIX
Hanoros, COOPOB M CTPAXOBbLIX B3HO-
coB, % 1,9 11,5 22,7 63,9
Mosy4eHo YncTol NpUbLIIN B CpeaHeMm
Ha OJHY OpraHmM3aumio, Teic. py6. 9680,2 49067 122901,7 354465,6
Jons B 06Leli yncto npubsbinu, % 6,9 20,5 19,6 53
CpepnHeronoBasi Y4CNEHHOCTb pa-
OOTHMKOB, 3aHATbIX B CE/IbCKOX03SI1A-
CTBEHHOM NPON3BOACTBE 612 2700,3 4050,8 | 10895,4
CyMMa BbIpyYKM B CPeAHEM Ha OZIHOTrO
paboTHUKA, 3aHATOr 0 B CEJIbCKOX0351-
CTBEHHOM MPOU3BOACTBE, ThiC. PyD. 4651,9 3972,6 2924,0 | 3175,8
PeHTabenbHOCTL 3aTpaT, %:
6e3 yyeTa cybcuanii 32,1 30,9 24 18,6
C y4eTom cybcuamnii 43 41,2 30,7 28,4
KoadduumeHT puckanbHoro
NoKpbITUSA 1,6 0,76 0,33 0,43

NpakTUYeCcKn He OTNIMYAEeTCs N COCTaB-
naeT cooTBeTCTBEHHO 17,51 17,1 %.

Mpuv aTOM HaMboNbLLWIM 06BEM yrina-
YeHHbIX Hanoros, cOOPOB 1 CTPAXOBbIX
B3HOCOB MPUXOANTCS Ha KPYMHbIE Npea-
npuaTua n coctaesnseT 63,9 %. Jonsa B
obLen YncTo NpubbiNn 30eCb Takxe
MakcumanbHaa — 53 %. Kpome TOrO0,
Ha KPYMHblE NPeanpuUsaTUS NPUXOANTCA
60 % oT 06Lwero Yncna paboTHUKOB,
3aHATbIX B CENIbCKOXO3ANCTBEHHOM NPO-
M3BOAOCTBE Kpas.

Y10 kacaeTcs apPekTUBHOCTM UC-
MoJIb30BaHMS MMEIOLMXCS PeCcypCcoB,
TO OHa MakCuMMasbHas B MUKPONpea-
npusaTuax. Tak, peHTabenbHOCTbL 3aTpaT
3aecb paBHa 32,1 % 6e3 yyeta cybcu-
ann n 43 % — ¢ yueTom cyocunamnia.

B kaxpon nocnepyoowen rpyn-
ne NpeanpusaTUini ¢ yBenM4eHneM umx
pa3mepoB peHTabenbHOCTbL 3aTpaTt
YMEHbLLAETCS U B KPYMHbIX COCTaBNAET
18,6% 6e3 yyeTa cybcuamin n 28,4% —

Cc yyeTom cybcupnin. 3To CBA3aAHO
C TEM, YTO B JAHHOW rpynne X03sMCcTB
NPON3BOACTBEHHbIE 3aTPAThI BbILLE, YHEM
B 6osiee menknx opraHmsanmax. Coot-
BETCTBEHHO, KO3DOUUNEHT durCKasb-
HOrO MOKPLITUS B MUKPOMNPEANPUSTUSAX
BbllLE, YeM B OCTaJIbHbIX XO3ANCTBaXxX.
3a 2021 r. o6bem Mosly4eHHOM ro-
CYLApCTBEHHONW MOALEpPXKN 30eChb
B 1,6 pa3a npeBbICUI CYMMY HaJIOrOBbIX
naaTexen.

BbiBOAbI

1. B KpacHosipckom kpae npeobna-
[al0T Masible NpeanpusTus (B TOM Yncie
MUKpOMpennpusaTus), cneumanman-
pyIOLLIMECS HA MPOV3BOACTBE NPOAYKLNN
pacTeHMeBOACTBa U MPENMYLLECTBEHHO
MCMOJIb3YIOLLME NbrOTHbIE PEXUMbI Ha-
noroo6noxeHus (ECXH, YCH). YposeHb
Ha/OroBOM Harpys3km 3TUX XO3ANCTB
HUXEe CPedHero 3Ha4YeHus Mo Kpato, Ux
[0NS B yMia4yeHHbIX Hanorax, céopax u
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CTPaxoBbIX B3HOCAX COCTaB/IIET BCErO
13,4 %.

2. CpepHue 1 KpyrHble NpeanpuaTms
yaule npumeHsatoT OCH, cneumannanpy-
I0TCS KakK Ha MPON3BOACTBE MPOAYKLINN
XNBOTHOBO/ACTBA, TaK U Ha COYETaAHUN
npon3BoACTBa NPOAYKLMN pacTeHune-
BOACTBA M XMBOTHOBOACTBA, a Takxe
MMeIT COOCTBEHHYIO nepepaboTky.
Jons aTux cybbekToB B 0OLLMX HANO-
roBbIX rnyartexax cocrtasngaet 86,6 %,
a B 00OLLen yucton npubbinn — 72,6 %.
Mpwn aTOM peHTabenbHOCTbL 3aTpaT B
3TUX OPraHn3auUsIX HXE, YHeM B MasibixX
npeanpuaTusx.

3. Hanbonblumin 06bemM ynnadeHHbIX
Hasioros, COOPOB N CTPaxXOBbIX B3HOCOB
NPUXoanTCS Ha KPYMHblE NPeanpusaTus
1 coctaBnseTt 63,9 %. [donsa B obLuein
YNCTOM NPUOBLINN 34ECh TakKe Makcu-
mManbHasa — 53 %. Kpome Toro, Ha kpyn-
Hble NpeanpuaTus npuxoamtcsa 60 % ot

obLero yncna paboTHMKOB, 3aHATLIX B
CEeNbCKOX03IMCTBEHHOM NPOV3BOACTBE
Kpasi.
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Dependence of Tax Burden of Agricul-

tural Organizations on Their Size

L.A. Ovsyanko, E.I. Kovalenko

(Kras SAU)

Summary. The state of taxation of ag-
ricultural organizations in the Krasnoyarsk
Territory has been studied. The distribution
of economic entities in the region depend-
ing on their size in the context of taxation
regimes and industry specialization is pre-
sented, on the basis of which an assessment
of the efficiency of enterprises, including
taking into account the level of tax burden,
is given.

Keywords: agricultural organizations, tax
burden, specialization, efficiency.

/ Mudopmaumna

B Poccumn npoponxaercs cO0p ce30HHbIX OBOLL e

Ha cerogHsawWwWHMIA oeHb B opra-
HU30BAHHOM CEKTOpPE Y>X€e MONYyY4EHO
2,2 MJIH T NPOAYKLMN OTKPbLITOrO rPyH-
Ta, 4yTo Ha 1,6 % 6onblue nokasaTens
npoLunioro roga. TpaauuMOHHLIMA NN-
[epamu rno nponsBoACTBY FPYHTOBbIX
oBoOLLEN aBnsitoTCcA AcTpaxaHckas, Bon-
rorpaackasi, MockoBckas, Poctosckas,
CapatoBckasi, BopoHexckas obnactu,
KpacHopmapckuin n CTaBponosibCKnNi
Kpas, a Takke pecnybnmkn CeBepHoro
KaBkasa.

Kpome Toro, B aTomM rogy poccuii-
ckue arpapuu cobpann 1,12 MaH T
TENNUYHbIX oBOoweln (+8%). B Tom
yucne 654,2 Toic. T orypuoB (+7,4%)
1 451 Tbic. T TOMATOB (+7,7%).

B pecaTky BeoyLwmnx perMoHoB B
3TOM cermeHTe BXoaaT Jluneukas,
MockoBckasi, Bonrorpaackas, Kanyx-
ckasi, HoBocnbupckas obnactu, Kpac-
Hopapckuii n CTaBpONONbCKUIA Kpas,

TexHuka u o6opynosatue ans cena N2 9 2022

pecnybnukmn KapadyaeBo-Yepkeccus,
TatapctaH n bawkopTtocTtaH. Pa3Bu-
TVe OBOLLEBOACTBA 32KPbITOrO rpyHTa
B Poccum akTMBHO NOOAepXnBaeTcs
rocygapcteomM. ng npeanpuaTtuni
oTpacnu NnpeayCcMOTPEHbl NIbFOTHbIE
VIHBECTULIMOHHbIE KPEOUTbI U «CTUMY-

nupywouwme» cybecuauun. Kpome toro,
C 9TOro roga AencTByeT MeXaHu3m
KOMMeHcaumn 4acTu 3aTpaTt Ha CTPOU-
TENbCTBO TEMINYHbBIX KOMMJIEKCOB B
pervoHax JanbHero Boctoka.

Mpecc-cnyx6a MuHcenbxo3a Poccumn



®opym n BbicTaBKa No rny6oKoi nepepaboTke 3epHa U caxapHoOI CBeKbl,
NPOMbILLIEHHON 6GnoTexHONOrMN N 6Mo3KOHOMUKE «PINHTEK»

[PONHTEK

OPYM N 3KCNO No I'J'Iy6OKOI/I rlepepa6OT|<e 3epHa n OVIO3KOHOMUKE

AR N

+7 (495) 585-5167 | info@graintek.ru | www.graintek.ru

®opym 1 BbicTaBKa - yHMKaNbHOe cneuvannsmpoBaHHoe cobbiTue
otpacnu B Poccum n CHI, npoiniger 16-17 Hoa6pa 2022 ropa
B otene Xonugen NHH JlecHaa, MockBa

B dpokyce ODopyma — npakTnueckmne acnekTbl ryboKon nepepaboTkm
3epHa 1 caxapHOW CBEKJIbl KaK A1 MPON3BOACTBA MPOAYKTOB
MUTaHUA N KOPMOB, TaK U BUOTEXHONOTMYECKNX NMPOLYKTOB

C BbICOKOW flo6aBNeHHOM CTOMMOCTbIO. ByaeT ob6cyxaatbca
NPOU3BOACTBO HATUBHbIX 1 MOAUPULMPOBAHHBIX KPaxMasos,
CMPOIMOB, OPraHNYECKUX KNCTOT, AMUHOKUCTIOT (IN3UH, TPEOHMH, \
TpunTodaH, BaJINH), caxapo3amMeHutenen (CopouT, KCunur,

MaHHWT) N APYTrMX XMMUYECKNX BELLECTB.

18 HOAGpA 2022 roga npongeT cemuHap «fpanHIKcnepT»,
MOCBALLEHHbIN MPaKTUYECKUM BOMPOCaM 3anycka

1 3KCnyaTaumm 3aBofaa rnybokor nepepaboTku 3epHa.

CemunHap NpoBOANTCA ANA TEXHNYECKUX CNEeLannCTOB,

KOTOpble OTBEYaOT 3a NPOM3BOACTBEHHDIN NpoLecc -
1 BbICOKOE KauyeCTBO KOHEUYHOW NpoayKL K.

Bo3moXKHOCTUN AnA peKnambl

®opyM 1 BbicTaBKa «[P3MHTEK» NPUBNIEYET B KauecTBe
YUYACTHUKOB BNIaAeNbLEB U TOM-MeHEeLXepPOB KOMMAHWIA,
yTo 06eCcneunT BaMm, Kak NapTHepPY, YHNKaNbHble BO3MOX-
HOCTW AN1A BCTPEYN C HOBbIMU KnreHTamu. bonblion
BbICTaBOYHbIV 3an 6yaeT yaobHbIM MeCTOM ANA pas-
MeLLEeHNs CTeHa Ballel KomnaHun. Beibop ogHoro

N3 NAaPTHEePCKMX NAKETOB NO3BONUT Bam 3asBUTb

0 CBOEV KOMMaHUK, MPOAYKUNN 1 YCIyrax,

N CTaTb INAEPOM ObICTPOPACTYLLErO PbIHKA ,
rny6oKou nepepaboTKn 3epHa 1 MPOMbILL- ‘
NIEHHOW BMOTEXHONOTNN.

MapTHepbl Oopyma npoLwnbix net >

- . 3 ~

L ——

@BUHLER =5+ GCEMSAN " GBS A
= P TAMEKOM W
—_— PILLER The miracles of sci

Biscmmasis 4 PETKUS
b HAVER & BOECKER
V nexicC novozymes' L,J DPIGROUP \y Flottweg ‘,

PASSION FOR DRYING
DEEPLY PROCESSED INGREDIENTS Reparstonfachnulogy

N P K EKOLOGIA

Rethink Tomorrow



ALRO
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BECMIATHbDbIWV e ey ATPOCATOH.
4 7 6 2022 .
BIAET 7% 0OXOAA Ha BUICTREKY
npeagbaBuTe euner Ha

HABbBbICTABKY cTonke on-line perncrpaumu.

AGROSALON Roceuomn moemman
nocewieHnsa BbiICTaBKMH.





