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Currently, the concepts of energy saving and energy efficibagg many interpretations since in
different sectors of the national economy different requirements and standards associated with energy
efficiency are applied to machines, technologies and devices. There are also many energy efficiency
indicators as those paing to the implementation of energy saving measures. This study was an attempt to
develop a conceptual scheme of the main energy efficiency indicators in agricultural production. These
indicators were taken from literature sources, reference materéhth@mnergy audit results of the farms in
Leningrad Region. In the most general form, they are presented in three blocksamaerdized indicators
of energy efficiency of products, indicators of energy efficiency of production processes, and indicators
energy saving measures implementation. All indicators are interrelated, but each indicator can have a certain
impact on the energy efficiency. For the ease of practical use, the main indicators are presented in the form
of a conceptual scheme. The maiocks of the conceptual scheme that affect the energy efficiency are
highlighted: the classification of indicatemnergy saving, as a controlling action on energy efficiency, the
use of indicators and key indicators. The proposed conceptual schems &b a comprehensive
assessment of the energy characteristics of agricultural technologies and the selection of the best
technologies in terms of energy saving and high energy efficiency.

Keywords:energy efficiency, energy efficiency indicator, enengiensity, energy saving, conceptual
scheme, agricultural production.
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CRITERION FOR ASSESSING THE ENERGY EFFICIENCY OF TECHNOLOGIES AND
COMPLEXES OF MACHINES AND EQUIPMENT IN AGRFOOD PRODUCTION

E.V. Timofeev, Cand. S¢Engineering); V.N. Sudacknko, Cand. Sc. (Engineering);
A.F. Erk, Cand. Sc. (Engineering); V.A. Razmuk

Institute for Engineering and Environmental Problems in Agricultural Production (IEBR)nch of FSAC
VIM, Saint Petersburg, Russia

All enterprises, both large and small, tend to btes production while reducing the sadbst. In recent
years, increasing attention is paid to improve gheductioncapacityand environmental complianceéAny
technology and relevant machines and equipment are estimated by their energy effigigndlyis end in
view, numerous indicators and criteria are applied. However, a single, uniform assessment criterion is
currently missing. The objective of this work was to analyze the energy supply patterns of agricultural
enterprises in order to obtainch criterion for assessing the energy efficiency of agricultural technologies,
which would ensure environmental safety and sustainability throughout the work. The initial data for the
analysis were obtained from the results of energy surveys. The erdingyesupply system was divided into
the power supply and energy consumption patterns. The sought for criterion may be presented as a set of
assessment criteria of the energy consumption technologies and the coefficient of energy and ecological
compatibilty in the energy supply process. The environmental safety is ensured by lower pollutant
emissions. The amount of emissions is regulated not only by the optimal selection of the generation source
under the decentralized energy supply, but also by the fedudtthe required energy consumption under a
certain technology, i.e. the lowest value of the assessment criterion of the energy consumption technologies.

Key words energy efficiency, assessment criterion, energy and ecological compatibility, pollutant
emission.

For citation: Timofeev E.V., Erk A.F., Sudachenko V,NRazmuk V.A.Criterion for assessing the
energy efficiency of technologies and complexes of machines and equipment-foodggroduction.
Tekhnologii i tekhnicheskie sredstva mekhaniznmwgo proizvodstva produkcii rastenievodstva i
zhivotnovodstva2019. 2(99)16-25 (In Russiai
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ANALYSIS OF LED LIGHTING INFLUENCE ON THE QUALITY INDICATORS OF THE
ELECTRIC POWER SYSTEM

V.P.Kuzmenkq { .Ya. Solenaya, Cand. Sc. (Engineering)
S.V. Soleniy, Cand. Sc. (Engineering) E.S. Kvas
V.F. ShishlakovDSc (Engineering)

Saint Petersburg State University of Aerospastrumentation (SUA|)Saint Petersburg, Russia

At present, most industrial facilities have unsatisfactory or insufficient quality of electrical energy. This
fact can be associated not only with an increase in electrical losses, redistribeiectrafal energy by the
systems and devices for consumption metering and controlling, but also with the violation of equipment
operation modes, electrical energy and even damage to electronic equipment. Harmonics, which increase the
peak voltages, can csal the image distortion and brightness changes. This article describes the main
prospects and problems of using LED light sources in terms of generatingrdgglency current and
voltage harmonics in the network. The data was obtained experimentallg gernbration of current and
voltage harmonics by a fluorescent lamp and its LED analogue. The data obtained clearly showed a slight
difference, which, however, tended to increase, in the predominance dfdudgency voltage harmonics
and a significant gdominance of current harmonics in LED lanip5% more than in luminescent
analogues. The harmonic component of the lighting load was obtained using LED lighting equipment. To
measure the main indicators of the harmonic components of current and valtagegphase analyser of
the parameters of electric networks, quality and quantity of electricity was applied. The article outlines the
problems associated with LED energgving lamps application: the occurrence of impulse noise and
reduction in the qality of electrical energy; a high probability degree of an increase in the number of
accidental failures and an increase in the number of emergency failures and breakdowns of electronic
equipment; accelerated drying of capacitors and aging of electiiitag wesulting in the need to additional
measures to install devices to compensate for current harmonics.

Key words LED lamp; current and voltage harmonics; reduction of power quality; energy efficiency.
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ANALYSIS OF THE APPLICABILITY OF COMMERCIAL PROGRAMS IN TECHNICAL
AND ECONOMIC MODELING OF SOLAR POWER PLANTS
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V.G. Malyshkirt, Cand Sc, (Physics and E.l.TerukoV, DSc (Engineering);
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2 Joint Institute for High Temperatures of the Russian Academy of Sciences (JIHT RAS), Moscow, Russia
% The Hevel Group
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VIM, Saint Petersburg, Russia

The construction of economically justified solar power plants requires taking into account the different
levels of factors: from the balance between ¢femeration and consumption / accumulation capacities,
operation of controllers and local climatic conditions, to regional power grid conditions and operating
conditions, and further to the global characteristics such as the discount rate of the Cehtral Ban
Russian Federation and the tariffs of solar panel manufacturers. Most researcher cannot take into account all
the various factor involved in their practical work. Therefore, mathematical modeling is the only possible
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option for many of them. In cent years there has been a sharp surge in research papers on the simulation of
alternative energy installations. Since the beginning of 2019 more than 17,000 scientific papers have been
published. This article deals with the conducted bibliometric arsatyfssoftware products for alternative

energy systems modeling. The HOMER, RETScreen, PVSyst and TRNSYS programs were found the most
in-demand, with the first two being the most common in the scientific and educational environment, and the
other twoi in engineering. A particularly rapid growth is observed in the number of studies associated with
the Avirtual o installations modeling with the air
under the paradigm of scientific and educational rmoisl

Key words commercial software, technical and economic modeling solar energy plant
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Analysis of the applicability of commercial programs in technical @mhomic modeling of solar power
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One of the problems in the higjuality crop production is the insufficient information awareness

concerning the ongoing technological processes, operation of machines and equipment, and the climatic
conditions.The use of automatiequipment for the remote monitoring of agrocenoses and for the crop
production process management provides all the advantageslioE axecution control of technological
operations. IEEP branch of FSAC VIM is currently developing a software packagenanagement system

of biology-oriented and machideased technologies for crop production. By now the database of an
intelligent control system has been developed. The database accumulates the following data: the weather; the
soil-cover complex; the opation of tractor/implement sysihs on the experimental fielthe agricultural

crops included in the crop rotation; the experimental research techniques and experimental results, etc.

Key words database, automation, weather data, madbasedechnology, crop production
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e P p P ErE——— P = P P P NP Y=Y NPTt B B S=F=r=) B=F=F=t Br=r =) == - -
3anepuoac 040532016 w |24 052018
{MpocwoTp 4 Excel | Pacuer | Nepsas  |Mpegsinyuas| Cegyiougs | Nocnegras | Mofaswms | YaamuTs Bexop |

tdfy. 3 Ocdedz’ j oBjlsjsfsOdzydd DAVI S VANTAGE |

&/ OPr AHAYECKOE NONE

1. faHHbie  2.661x08

e 10X
TeXHUYeCKUe XapaKTepMCTUKU TPAKTOPOB
TArosbii i (Y i| Yactora Macca i =
Kiacc | ampuratenst | Aewratensi | ofbeM,n | packod | BpaueHWs | IKCMSIVATa- | Hbli HOMED |  OHHbIA | MOMEHT Nph
TONAMBA  |KONEHYaro-| UMOHHas, kI Homep HOMMH.
Han Has M HOMWH. | To Bana akcnn.
Kon Tun Mapka Tpou3BoauTesnb. HOMUHANbHAs, | HOMUHANbHAS, akcnn. | Asurarens MOUWHOCTH,
KBT nc. MOWHOCTH, | NP HOMUH. Hu
ri(kBr*y) 3Kcnn.
HOUHOCTH,
MUH-1

22 |Ki it 892 [OAQ "MT3" 14 65.00 89.00 4.75 226 2200 4500 396.0
23 |TycenwuHbiit (AT-75 OAO “"Bonrorpaay 3.0 55.20 75.00 6.30 195 1700 6000 15.0
24 |KonecHblit  [MT3 80 OAO "MT3" 14 58.80 81.60 4.75 226 2200 3600 385.0
25 |KonecHblit  |MT3922.3 Genapyc  |OAO "MT3" 14 70.00 94.00 4.75 217 1800 4300 385.0
26 |KonecHbiit | AxoH Aup 6920 3.0 114.00 155.00 6.80 0 2100 5880 1500.0

1 Konecubiit  [MT3 82.16enapyc _ [OAO "MT3" 14 60.00 82.00 4.75 226 2200 4000 298.0

85 |Konechbiit  [MT3 1523 benapyc  |OAO "MT3" 3.0 114.00 153.00 4.75 227 2100 6000 385.0

2 KonecHblit  |[MT3 1021 benapyc OAO "MT3" 20 77.00 103.00 4.75 229 2100 4635 385.0

»

DUNLTP ANA NPOCHOTNA AAHHBIX.

BBOA, AAHHBIX | Nepeas lnpe;\amym,anl Cnegymmaalnncnagnnnl YpanuTe | Bbixog

td#. vjnddujmSdj ROLOSCkjtdmisdSd k©OCIst
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vjndsdsedd d IsjadeduimSdy
teOfnls j ded j @ sH Mlse O 9 5 ls dzts

%/ OPF AHVYECKOE NONE
1. AaHHble  2.Bbixoa

T -lofx
Oro 3EMJIEAEJINA
MNMepeyeHb KyNbTyp

s [ B T2
[ Kaptodens |
02 Kanycta
04 Ceekna
05 Tpaesl
Mpudopb! 1 0GopyA0BaHKe
TMepeyeHb C/x KynbTyp

Mei HMisa O B~ Oded L Jtotso Odzdetsets f totsq L ¢
9 tsHMlse O

|

< ¥a

Mepsaa |I’IpeAb|Aym,aﬂ| CneAylomanl nocneAHM] AobasuTe | ¥aanute | Boixog |

tdfm. 5. wjd MCBAsLW2flse jdde jSkd skter EyOmls

& OPrAHWHECKOE NONE

1. flanbie  2.Bbixog
Mone: OpraHuyeckoe none 3a cesoobopoTa: 2017

Mporpamma 3KCnepUMeHTaNbHbIX UCCAER0BAHUA

[ |
MeToaMka uccnepoBaHUA
2 MeToamka MCCNEADBAHWA B

2.1 Mecro HCCNenoBaHui

lllecToe Nnone cepoobopora NPeacTaBNAET CoDOM YYACTOK PasHEPOM 4469 HeTpoB. JlaHHbIA YIACTOK DYAIET YCMOBHO pa3neneH Ha ABa PaBHbIX Yactka pasMepor 34.544
HeTpa Noj, AEa cpoka noceea. Kaxnoe uz noneii Gy er pazaeneHo ewe Ha 3 paBHLIX YacTH pazMepon 11,544

Ha ka#noM u3 noneii pazMepoM 11,544 He1pa GyaeT NpHIMEHEH CEDil CNocod Noceea. Ha NepEoM NoNe - WHWPOKOPAAHLIA OAHOCTROYHBIN, HA BTOPOM - WWPOKOPSAAHLIN
ABYCTPOYHBI, HA TPETLEH - PANOEDI

Ka®xamkiii w2 cnocodog noceea GyAeT NPOBEAEH B BOCLHUKPATHON NOBTOP-HOCTY. Ha HCA YacTu nona W 34,544 MeTpa Oyner aHanoru4Han cxeMa

pa HO G i noceBa & 21 ek, MNepekii CHOK NoceBa HyeT NPOMIBOAUTLCA 04 IONA C.I., BIOPOI CPOKNoceBa 25 wonA ... Moces Gyner
NPOM3BEAEH NPH ABY HOPHax BLICEBa SKT/Ta (Wihpa 1 Ha puc, 2) W 10kTira .

2.2 Cnocofbl NOCEBa CEMAH TPaB

WIMPOKODARHBIR 0AHOCTPOYHBIN - NDCEE OAHON NONOCKA CEHAH THAB C PACCTOAHUEN HEXAYTIONOCKAH 0,74,

1w i AByXC il - NOCEE ABYX CEeMAH TPAE C PACCTOAHWEH HeXaY NByHA 0,055 H M A0 UEHTPOB 0,7m.
PALOBON - NOCEB CEeMAH TPAB PALKAHW C PACCTOAHMEH MEXLY HUM 0,171,
2.3 P, npu

- KONIHHECTBO CTeGned, wi/t2
- BbICOTa CTeGned, W
- Macca crednei, kw2 ;l

Bnepen, Bbixon

tdm. 6. [jltsHdSd {SCMmijteddj dzsOdz dgr & dMfdzj Hise Od

Il " 9atsHT i s dadzts § f sHC dzt yJ dad J ¢
1 OLO HOdzdzer 7 wWodzv j sfi@BPRINEsMIsOo dets?2 yOfls: &
ftesctcOBBdSects S dzi CMO 1 ddb @dzizj € Is iz O dzizdz 2 d daW
fmd milsj 3 E{ tcOo dzj ded W B dttfrpistdze L f tve O dzde’ o358 € SHE
BZONM d dedz’ d3d Is j n dats dzts ¢ d Whegi ) Is dp@eHs @ I jste dilp detO? fmd mis j
ftesHEzSCydd tcOMmisj dzd j © HHej s ®B.OL 59 toasB@jsISfisz o H J MW
fjtejHOYd H Odzdz" ~ ts tigfyj ddaisojiadizfovQ dz Y IO ff sL o tsdzW §
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9" HJj dzd Is dL &OMmMMmdeo O ¢ Dfipdz] A sad)dep: s ddglg s Zdz' IsOIs
ddeV stedz© M EMlsOdztse dzj digw jmH J Hz@ I Yy ¢S S a3 dzj C My Isd m
fdtejHodyjddd d tOB sl jdQifiblsdgddadijfpStsii-misfgtgj H Misd , Iz f
i lsj sHo Odadzr =, O Is0OC g0 o fgts Oty @ dzafiddzr - j J d3ffots el tgdrs,
HOdzdzr = HdzW HOdz! dgj 2" j casd WjdaPdffj. OH Odzdz" | d Is. H

1 0LO0 H Odzdz" ~ ftci HMsO®ODLOj s H OB E2 MistezC Iskzteo
Mo sC Y desmls! Mow L Odgdz'f AsL ez Mg b s HPwedz -, dzj 5B
MsH jtoy O dr HOdzdz' | MY detf s d tc SotOlpe | difisOL O dzdzlz 8
tOMisdilsj dz' detsets C i dzj @ig@F d jof dsfdogifeg@eapt §  fiixf Mls § 3"
tcOB sls j 5@ O dedatic dz - O didd ddfxdels o dzO
sfrisdsdd ftsdj; M/ s Skd skzter EyOmlsekzshdj o
MjotstsBStetslsj ; Bz tes @ &g dz'1~C MY J tod

JRI[JRJLITOARY[HSRE ©)RHY[S

1. [ Okj2yds w.1 ., 1 Of ki @ddelz' ©. f .s,dzj o6 BL o &MY j tod d34
R. A . 1 OL O HOdzdzr 7 st jftes@dyd o datsis jism detdf deOodiz] ded W Is § - ¢
toj QzOyd j 2 f tetsd L odsjHAdAsdediz' Pasthps@dzdzse s f tetsdL o

CtediszB stesydatsG s Octcj GOEB [ Hzd jrodiEdREPISODY d d 9 do Bls:
Mjdz MCtsds AL WwW2flse j .17 Z20W137.. -83. 27(23). uw. 286
291. 6. 1Odkze¢j ¢.[., 1OoHtEkhdd ¢
2. [ Oj2yd¢ .1 ., 1 Offzfytslat dz€ | ¢ . stc ] O OO dzd W ¢ d
HOdzdz" » Hdzv o] sBtcOL Siy@figd ¥ i3id dzOEtsdzdidg sad f dzc ©

H Odzdz" ~ M Zlsdzed € s9 56 BIs j » dghsuladfisSsitend dzéh@ j H Mls o fn G
g9 dHjlsjd Mise ts ts @ 15 frptg) jrodgtdmiitaes@Pyfd d d B Olsj » ded yj M6
HOdzdz" = -~ 2017620732 tdgi DOdPL/d ROdTdzdzse s ftetsdL o
3. JOlkj2yd¢ 8.1 ., 1 ©d fipls jddde | ofs{rofitpldseadfs o ds H Mis o O.
stsdzyj f skOdz dzgOY BsH j dz'8 3 s y@bdzC 9 d OdzOdzdL O
tojLzdz sOIstse Oz ydetsc 57 . 1 £ @Yzg jo d dpj. dizls @ Yoy zh ddz
Ujmdesdzse dd d Isj nded &4 MES o BBY ! frptds] jHdERWO ftetsctcO
B mnOdzedL qtetso Odzdets ¢ 5 to tsidWL Wo jtsCHIddseo daXs fifflstafis H i Tt s diz L tso C

tcOMmisj dzd j o sHMisea O d 7 dwssjlsifsiousjHdEdsve O . .l i to
" 92. -8 12 fjd MCBotLW2Mise j dzdes?  ff tots |
4. 1 0fz2hddz ¢. ¢. , [ Ols j & jusd §§ O 0. H\ O.f s fiy fOd I vjnds
H Odzdz" n ddeW stedzOyd sdedstg F ded upth g 3" Mtcj HMise © (o 1
zq§ 0o dzj dzd v Isd rndzd U MEHBE] L sy BB OOdgdesHelz ¢ yd d te
tcOfisj dzgd j @ sHMIso j Il YdopEBbdsazsa o O. 2009 . - ¢

Isd mdzd ud M<C dd fMtej HMiso 08 . d3j s dofdaed fdptiser O dpdztpe ® Mfdzj H
ftiosdLotsHMisa O ftesH S ydfdse tc® fiyldzl dzd jLoWtWhjfifldsod® dafs i ls d
Ydotslsdetso sHMIBR0O.-142 0 57 . tcOMmisj ded j osuMmlsea j [/ / deth j Y HE
5/ 0j2ydS s.1., 1} Of khddiphdEj.His.o Olstg s2tB@df@ (§2) 8 dz0 dz.
H dzw ¢l mMdMmMisj 3OIsdL Oy.d d d sBtcOB IS d 5962.
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toYrCA ctt1dCsaffpvdsuvf vt 3

vrs 535.24:577. 34 DOI 10.24411/0133%226201910150

veuvt fsavl [ rfc Jfltrrcfrire JluorRyrpuewsfe 1] [u)
tdvuv 1 RE R Jrulr JA[r1srR oI R[?1 [HUR RM

4. ¢. | Oftdzds jGntdz. HA2OEZS; 9.1 . 1 OMm! Cddz
[ -1 t OC k! ¢

Rd&zsdlskls Octetsddy jdzjtedz © d  CtasedujmMSdn ftoss dj i M
WdazdOdz Ag11v M ¢KijbRrREBZBOMES sV

{flduj MoV ¢ dsGidshizd " dd@®sdPhdls ks MtsHjte) OddY §da
flsjfjd' focdshjddy §OHOsM jes dLdkyj ddy, CtkstEoOw
fsHjtey OdzdY G dcdsj destse o ©OMISjddvn foLotdvjls tj Odd
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fteddzvsO o j dzd yqg dz® W dzkz § lsezafde@ls j tg @ dz @An & 3y Us et QO dz' dz' 1)
slsC dztsdzj degd  Ekfmdzsed? ®CkkyOsh j2 Mmejnr s tilddod
LdzOyj dzd? Bl bteduiMédn JOLOR]| Istetso T tfzts ditpch dfddgiste of dgafidr
SffsLdlsdy = ddfhs: jeo, MjdYHtsdi?2 J[Bshdse Giziv Y ¢4 i3hd
COyjfmlsej Bdd&OjteOd d f ftdL ZOCts sflkdujmMSs2 f dsl
SlsHjd d 8 M jClstc Qdylsde & fiHsh @Y Gptdsad.ls dL Mo jsSHJ B H dat
Elstes2mlso O, Wekts®kjkttdyjMSitses OO, Wslkt! dj dj dso,
BiZEC O d odzjh dzj?2 fO®WISd. [OSCmddzd dLdzzyj ddy f§ied
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My J ¢ Ishetstslzy § dzlsdz' 2 MtsMmisOo  MBI(hfatEd Ity dzj @0 Q BOHmAERE)
(HOdz dzj CteOMmdz 2) b BdI5%,6uded,R-ASVNER; B3W; "1 : d filssydB-C O Mo
18%,G - 22%,R-39%,FR-21 %. RL Bj teWw dzd fldyj MSC ks § dslsdsfmls:
cOMisj dzd2 o WOLJj §twedzj dzdlw weplsky@ebdf figiplsfa@imfipds@ W j 16 dzO ixf ditis
o BildujMSs? §dhslksdshisd d WdkSlkktediekzsh j2 Ofiddjlstsc
tcOMmisj dzd?2, o' tcON jdzdz" =  tSH tq OQ LdOupdis [igafdzdefsiy Is tHzyfrpiscftd: SRl
tjCtdj zHso Odzs € df sdf &Gl Odad f faejls siCdzjdedstiz te™ ,  f to
LWWjClkdodesflsd ftedakjdevjdk 7 dhmssyddStse MojlO, o d&Ok

sds yjorj MgsOkzd kkte®, ddimls, §dcdjdlsr, % dkSIlsk
f slsdetsfls! , MijSlte ¢ dsh j ddWw

r dzv ydls d tofts® Oltkds] wL.{ 0.C,2ls! €5 .1 . pMs©OF2 Hidads onadzy s t
sfilsduyd MEts?2 § dztslsdetsmisd dzdMmis! jo tOMmlsj dad 2// ufj ~dgigEsidsic diwly
IS4 mded wd MSE dd Mty HMise O By ~OdzdL Jqtetso Odzdzts G s ftesdL o ts
Ndotslksdziso BOHBe O u.527199) .
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DEVICE FOR MEASURING THE OPTICAL DENSITY OF PLANT LEAVES AND THE
METHOD OF EVALUATING THE STABILITY OF THEIR DEVELOPMENT

S.A.Rakutko, DSc (Engineering); A.N. Vaskin
E.N. Rakutko;

Institute for Engineering and Environmental Problems in Agricultural Production (IEBR)nch of FSAC
VIM, Saint Petersburg, Russia

The optical density of a plant leaf depends on the tissue pigments content and deteendhsertfition
degree of the incident radiation, which affects the flux energy absorption. Estimation of pigments content in
plants allows to implement the methods of objective environmental monitoring of the indoor plant lighting
and to identify the impadiactors of various components of the external environment. The purpose of the
work was to design a device for determining the optical density of plant leaves and to substantiate the
assessment method of their developmental stability. The value of flagtaaymmetry of bilateral (mirror)
traits was taken as a measure of the developmental stability. Under deviation of environmental conditions
from the optimum, small random deviaations of biometric parameters are observed in the symmetric
structures of alpnt - leaf halves, opposed leaves, cotyledons, etc. It was found reasoneble to use the optical
dencity of the plant bilateral structures in separate spectral ranges as the bilateral traits. The device consists
of an LED irradiation source, a holdiapwn clamp, an integrating sphere, a photoresistor, a digital
indicator, microprocessor and external memory. The emission maxima of the used LEDs were 470, 525 and
640 nm. The device was tested on vegetable marrow plants (Cucurbita pepo var. Giromontinangeswn
laboratory conditions in February 2018 under light sources with different light quality. The spectral
composition by bands B (blue), G (green), R (red) and FR ¢fad) was as follows: light source 1:-B
25%, G- 24%, R- 48%, FR- 3%; light souce 2: B- 18%, G- 22%, R- 39%, FR- 21%. The optical
dencity of the formed cotyledons was measured in plants in the second true leaf phase. The differences in
optical density and fluctuating asymmetry in separate spectral bands were found to teabyegigfinificant
for plants grown under different light sources. The designed device can be recommended for use in energy
and ecology auditing of indoor plant lighting, for rapid assessment of the effectiveness of applied light
sources, in scientific reaech.

Keywords:indoor plant lighting, leaf, pigments, fluctuating asymmetry, optical density, absorption
spectrum.

For citation: Rakutko E.N., Rakutko S.A., Vaskin A.N. Device for measuring the optical density of
plant leaves and the method of evalugtihe stability of their developmentekhnologii i tekhnicheskie
sredstva mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnova@$®a2(99):58-71
(In Russian).

l 9 jHjdadj fsfdzj Hise Ols j dz' dzsflsd o] 5B
1 tod a3 dzj dzd J sflsdyj M&Bctsmj §L diltys) dadOf OR. | Ob
([R) o bEkfdseodwsn Mo jlssEdy) sfger  fots cHdatxf ¢j Qlgolsy L dz
sftsBr j Istcj Btso Odgd W Jwojo®d®N & ded  dzsifils d o 1 dzj oG
dMmyf sdz L tso Odzd W Ldzj tetgg o ud MCondzd lsg teOMmlsj dad W
BOIs jted Odz! d' 7 tj MzteMse . A O§ K& tc'C 5 B dsjS AslipdgtOF 8 j 2
tOmMmBsistej dd™ § tetsB dzj 3" ( I8 jar3lftg ctasTigmizjitdecyi, spizpatzdy'ts + o 9 dzO
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LIGHT QUALITY FROM DIFFERENT LIGHTING SOURCES IMPACTS THE
DEVELOPMENTAL STABILITY OF RHAPHANUS SATIVUS MICROGREENS

E.N. Rakutko, S.A. Rakutko, DSc (Eng)

Institute for Engineering anBnvironmental Problems in Agricultural Production (IEEP)branch of of
FSAC VIM, Saint Petersburg, Russia

Growing microgreens under the indoor lighting is a solution to the problems of improving the food
safety and energy efficiency in agood prodution, as well as of environment impact control. The purpose
of this study was to quantify the effect of radiation with different light quality on the plant developmental
stability. The study object was the plants of daikon (Raphanus sativus) of Minovasrie in the
juvenile phase. The seeds were sown on October 5, 2018 in three containers, which were exposed to the
radiation with different light quality. The growing was completed on October 16, 2018, on the 8th day after
the shoots emergence, when ffseond true leaves appeared on all plants. The plant mass, plant dry matter
content and hypocotyl length were recorded as biometric indicators. The length and width of the left and
right cotyledons and their optical densities in the blue, green andmgelsravere recorded as bilateral traits.
The developmental stability was estimated by the fluctuating asymmetry index of the bilateral traits of the
cotyledons. The fluctuating nature of the asymmetry of the measured bilateral traits was proved. The plants
grown under the radiation with different light quality had different biometric indicators and the fluctuating
asymmetry index. Thus, the plants grown under the sources with a higher share of green radiation had
smaller wet mass. It was found reasonablaige the fluctuating asymmetry determined by the optical
density of the cotyledons as an informative indicator of the developmental stability of plants. The greater
developmental stability of daikon seedlings, i.e. smaller vahieffuctuating asymmetryywas observed
under the spectrum, which also produced the bigger wet mass of cotyledons.

Keywords indoor plant lighting, cotyledon, pigment, optical density, fluctuating asymmetry,
microgreens, daikan

For citation: Rakutko E.N., Rakutko S.A. Light quigl from different lighting sources impacts the
developmental stability of Rhaphanus Sativus microgre€rekhnologii i tekhnicheskie sredstva
mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovo@&it8. 2(99) 71-85. (In
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OPTIMIZATION OF PHOTON IRRADIANCE OF TOMATO TRANSPLANTS
(LYCOPERSICUM ESCULENTUM MILL.) FOR DIFFERENT LIGHT QUALITY OF

RADIATION
S.A. Rakutko, DSc (Eng); A.P. Mishanov;
A.E. Markova, Cand. Sc (Agriculture); E.N. Rakutko

Institute for Engineering and Environmental Problems in Agricultural Production (IEBER)Nch of FSAC
VIM, Saint Petersburg, Russia

Tomato is one of the mostopular and useful vegetables both in Russia and around the world. The
quality of tomato seedlings is responsible for obtaining a-figllity tomato yields. In many regions
tomatoes are grown under the indoor plant lighting that increases the requirtimentrgy and ecological
compatibility of production. The purpose of this study was to identify and quantify the effect of various
levels of blue radiation in the light source spectrum on the growth and development of tomato seedlings. The
biometric parmeters of 33day-old seedlings grown under various irradiation facilities were considered. The
irradiators were a combination of fluorescent lamps of different spectral composition and additional LED
sources of blue radiation. The share of blue radiationifi the rest part of PARRB (blue ratio) was taken
as the value characterizing the light quality.

In the experiment, the difference in the RB value by the experiment variants was 10%: the numerical value
for spectrum | was 0.6 relative units and $pectrum IIi 0.5 relative units. The photoperiod of the plants
growing was 16 h, with the irradiance of 100, 170, andr84® | -L..mZ The main biometric parameters

of plants were described mathematically on the basis of experimental data. The suificstivity of these
parameters to the differences in the blue radiation range was revealed. The optimum energy intensity for
converting the radiation flux into the leaf dry matter was found: for spectrum I, the minimum value of energy
intensity was @7 mol.g-1 under the irradiance of 14In8no | -I.mZ For spectrum Il, the minimum value

of energy intensity was,62 mol.g1 under the irradiance of 12%no | -L.mZ

Keywords indoor plant lighting, light quality, irradiance, energy and ecology ctibifity .

For citation: Rakutko S.A., Markova A.E., Mishanov A.P., Rakutko E.N. Optimization of photon
irradiance of tomato transplants (Lycopersicum Esculentum Mill.) for different light quality of radiation.
Tekhnologii i tekhnicheskie sredstva mekb@movannogo proizvodstva produkcii rastenievodstva i
zhivotnovodstva2019. 2(99):85-100 (In Russian)
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STUDY OF SOIL DECOMPACTION METHODS IN POTATO CULTVATION
TECHNOLOGIES

A.B. Kalinin', DSc (Engineering) .Z. Tepinsky?, Cand. Sc (Engineering)
A.A. UstroeV, Cand.Sc (Engineering) E.A. Murzaev

YInstitute for Engineering and EnvironmenRidoblems in Agricultural Productich branch of FSAC VIM,

Saint Petersburg, Russia

Feder al state weducational budgetary institution
Universityo, Saint Petersbur g, Russi a

As a rule, the fields tilled by traditional technology have a significant soil compaction at a depth
starting from 25 cm and deeper that hinders the plant root system development and the free water transport.
To eliminate the compaction of the tilled soil layer bottom, the rationattstre of technological tilling
methods is needed. The study objective was to estimate the efficiency of the newceailadetion method,
which makes use of the green manure crops in potato growing crop rotation instead of traditional plough pan
destruabbn with chisel tools. The deompaction methods were estimated by the soil penetration index.
Eijkelkamp penetrologger was applied, which provided the continuous recording of the varied soil resistance
to penetration at the depth of up to 80 cm. Accordinthe experimental study, a significant compaction of
the subsurface soil layer was found at a depth below 25 cm, with the values reaching 5.5 MPa, after the grain
crops preceding the potato had been harvested. Soail cultivation with a combined wepth af 3632 cm
eliminated the main soil compaction, but the presence of some fragments of the plough pan, with the soll
penetration resistance reaching 4.5 MPa, did not allow to reach the potential of the potato variety. After the
first cycle of growinggreen manure crops (oil radish), the plant root system was able to reduce significantly
(up to 22.5 MPa) the soil penetration resistance in the zone, where the plough pan was previously observed,
and to penetrate even deeper, providing a uniform so#étpaion resistance over depth. After the second
growing cycle, the root system of green manure crops destroyed the plough pan completely, providing the
favorable conditions for the unhindered penetration of the root system and moisture into the loweflaye
the soil horizon. In this case, the obtained soil quality and texture allowed to exclude-ghenpitilage
when growing potatoes and to perform all the spring field operations at a single pass of thplgatiatp
combined unit with the minimaime and energy inputs.

Key words potato, cultivatiortechnology, soil deompaction, green manure.

For citation: Kalinin A.B., Ustroev A.A., Teplinsky I.Z., Murzaev E.A. Study of soilaEmpaction
methods in potato cultivation technologiesTekhnobgii i tekhnicheskie sredstva mekhanizirovannogo
proizvodstva produkcii rastenievodstva i zhivotnovod€949. 2(99):101-109(In Russian)

1o jHjdedj SBEOBBICO ColstErf §ashlkzh,
sdfmlsj B0 foHcEBlsBo Cd IfusOupd Y dfestadzsR s i) G & izt dzs ¢ d d
COolsBY jdv st dBdsdsd cHEAqEEarY | ) L isdesg 69€ dj ¢ 85

©OLodldw, Eflsts2 ydo st d M€l fi)waskz Hig 2 s 2@ d s j dz' dz
dj B 2O edwisdy & f scofHEE , Ehisbg@s] d MHjtyde
fsfdzj Hizs b k¥ Piotsy O2 detsdidsdzj o 52H Ofigdzg B j 57  t©OMls j da
Cbd skter [1,2,3]. sOf]tfieddgda,j dzO ¢ tz@w g,

102



bindsdzsedd d IjrdduyuimMédy MeiHMso O BjrnOddL dtctso Odgdzse s ftotsdL €
tcOMmls jdzd i oatsHMIsoa O d Ydotslsdztsa sHMilse O

Bdzts ¢ sy d dzj dzdzr = or sy ¢ &0y fijlsazy - BOL s fts@ s

fH 4 e d o JsH jfdm j-f b dzfng AR Ldlz § dztsls dzj dzd W fsyer
EBtstesydz' ~ tcOBTIs. SBtcOBOIs" 9 O] BSG 5 fndzts w

{ Mdztso dz" d3q dimispadtb OB W MEd2 ftedj d3 tsf
f it 2§ dztsIsdzj dzd W f sye " ff wwedzw & Is e j L Asts e’ jdzr d3qd
mMdMmilsj d3" lswy j d&zr - 1 dajtctizcH t5{dz@fFg", " | dedets ®) dzO M j dzdz" d3d
BOM d dzdet® C Iststedz’ n d It @ dff sty tads alg' Asd OB syd i3
OGtcj GO , Colstster § v OBtai3fdtgi iz ¥ ds to ¢ ORIAAZO G dg i *dds dzlzdh

P dztslsdzv s h jj otLHJ2Misotfddishdd ' stgh Bic™ O ddOO C B dzd ts
tsls o Gsdiz] digj M dz" | f dzzed fifzswH d MC@or fff dzsh dats § ter - d
stelzH d v, or fsdzdgwv s h ] HEHYdydoepERE sSIC& Mudls
fsyes"r o Mmjdeded?2  j tod tseits CdE» "crdzlz  d dilte sedsdjdg' d2 R L
fnd3. VY dzisIsdgy s h j osLHBRsEY] O MHimistsliglsda® dzy & Ismw
fsyotssBtcOB OIsT 9 O h QA StekzH 06 t] cfCdsuysmoy] d § jtoj My €
sBbkMmdzce dzj dets tsMtse j dedets figlslzizes d d2i8OX MR H 4 O azd v H | W Sto
dr ©OBBYdnm BGtec Odzstots dy Ge@jwpds 2~ ff st~ SHstlsds [ 4 . 5]
H dzts SBiOB OIS 9 O 36 s M Mdztsgfm §f sdk'OL 5 o @deds fnag ¢ sd3B
L dzOydlsj dz' dzts j HOo dzj dzd PG tog ¢ OfiptOY jMaXdzd @ h i $eés| ftetsd
Mesdz yjdedjd&3 15 Hdzgk BtSweaH™ . Pl @B sd O 1§ dsfg. 1) .
f dzslsdzj dzgd¥ § SH Y On tsls dz' Rtc tdipfdeto?s HfdHdsH o  t dS@ jolg iy YO dzd §
ftcd o' ff sdzdzj dzed d tsB tc OB SflstdsCdzdfotadd ~f tso ' ¥ fij ISR 0 d
o zOy detsfisd ftsyer , € t56 HIEO filsl] Idsjpdgz ClfftBiplsis™ o & ) ot
Mmisd 7 j d@fmpls dfudtzts Mlis d . BOIsOtj j2 HdMEtse, tor - dzj dzd .

[ dzw ZmlstcOdzj dad W Z th dzts183@0) diyidy, HHESYCS dzdzd Is § dz! dzts §
sBtcOB OIS 9 O] A3sets Mdztsw tc Afelsucpls j dzelzglzis B - S H daffds OIs € 59
Wstedid tetso Odad j tc Oy d ts dzQfdelz Qi dzOmit(te Iz CHSTALa dzts o dzj dzdzr
sj mndzsdzse d ud M<E dn ftod s OH d J tor Sigatftlsg dits Xz" = dzOf
ftoj Hf SsMOHByYdzets?2 d d3j ) HEzBtde QiBdEdS20O BP0 B t4dCidc radzts i Is d .
sjrndzsdzsedd oL Hj dzr 9 O

Kjdz s dZzOMmistswh dr 2 W
wodw i sYjdCO 4wy r '
sjmndesdzteduj MEsE s ftcd = e B
fsysr, LOCdz yoOsh jetsf = =R
COwlstst § dz' dzts O3 i o stsB
Ckdz skt ) MicOo dzj ded d &
My sk tOL ek j ddw [t "i
dmfsd 5o Oddj ddUAdL | & dgf & S6% % 0,
[ OjtedOdzr d 3 IsBHT ] ¢ Oy

CCMmY J tod d3d dels Odz! dz" J 1Qﬁﬁ E]QZ&HS
dL zyoj d&3r = BJndZBdZBGdﬂ.}_Blsjr] ﬂ@ao
ftotso sH d dzd fy¢ ) u’JtGdistndg}Sde,OLW@
2018 GBHO 9 ljtsisq’Latsti@Ez@

%
CodCtejlsdzscts nBLY2Mbo R 0 ot 4 )
5B &ZOMisd o mJSBBBBB%%Ei%%W@%@@

fnd d3j dedzts @ 5% .C OtelstsW j dz

dzd 6 5 0 O dzdz’ 2
‘908N 2 OCEjC
mlsoj Od IsjtedzOlsd o
P&RBI" hHycd L 50 O
LR éﬁiﬁﬂz Is dzj dzd W
E l)gg)v%ﬁ;b o
9

103



ISSN 01315226 1 | B t6j Is U ) S-He0 C déncmfdz wlktsts dzO dz.
RGC1. 19 Jrqg. 2(99)

BOMdzd wdBOWstetstc OMiszh Ow 1 dztsdz] ISipigviyls sW dzd v f sSdzv 1
MdHjtcOdz dzgOwW CEkZdz! sktcO.f sMmdzj L OHJ dz€ d. fAd)H J thetXls@sLe O d
ddH] OIS o Mj o Odzw f =S¥ s~ dztff fislE)POH CAS Yo ' sMmisOJ
COlstsW j dzw Ftotsy Ow Mz H stz B ted - ¢ THAc dz'or  t©OMIsj d
COyifMmMbeaj] LOdWIstsEets ff OO’ jH oDzt flaOd v 14 dz'ff ji tclz fig dits
yd<sdzj Mmdpjdac@demnwe o j MdzBAcj oo @tgdplejsde), dz@ §|  dMmindzj Hise
CSGHO ALY 2Mmlse s dzy  f ldotsf mds'izHf jJdizsdzd § OO ©  ff to
sfdzs o dz" n Ckdz skzts. Y Jptg JLH dzd §) iz sislaj dits 2 ff sslinjdafg J e Ols Iz
fsMijo0O twjH! €O BOMdzd ydow | tsHfttdtRGS2US OffpisRd d1 3 s |
s¢Ctsdyoddw vyojlksjddw d (EBtegEtzsd Odgdsing ij dgnfdz J tc © dz!
(ted fm. 2) . RA3j dzdzts o o | dglssOddfdd tn@LHej ddOfiv dzts ¢
tcOMmisj dzd?2 Mdzj HiEjls I J @@ lsd a dzts3 {f wzf o 5 iz f smdzj L
dL d3d dz' yd dzd § d LOHjEC(zjtcw S YtesC @.c5C 0 dzj
dzO y © dzfp w ftetsyd M tSG'tGIZBdZJ dzo[w fr]IsJdecjl) d
dZzd mis: jo. e ,

tdh. 4. ushssvdd] {5sj 63 d
dzj Hj dzd f sMdzi LOHJjdz¢d Mmd

. "c0 4oh ¢ ISHERE NG ) Y %o dkB
. 2. H! €O Ofmdz dZO Odz
tdm [ngzdz.l |s|ztGd§ mezd COte ISlSdeZq‘E"] (?qq SH.ISL HJ] d&z" 9 Od

f Otc © u’1sfnd24 olsstotsg s yqdec
RL d3j dz' uj dad J tcOfls d BHdrd ®OB 50 Godyhizts sls dzd y O az!
o f sdzdgw dztsfyd ) f sRtsh 1 s TigWinOjdepEsEHs - datslylg Bdswdsd MMl
COLCO (tedf. 3) , dzdelrdff tSd@ s "djiLolld dz'p) ded W MdHJ 60O
sjndtsdzsedyj msize s j OQEE?2 d'nl &M e Jed ¥ o dad
ftesdLotsHdlsj d dzsfls! ¢ (BOEDE HIOBHGE ey OV HBL
cOMmisdlsj dz' dz A sMisOlsS 5o
Ckdz sdo Olsstetsd, s dzOh j dac
tor pdzdlsj dz' dzr o3q O O &d <
sBjMfjuyde O h dds sBtcOB IsC |
Gz ddg2Z5 2@z ( f dzzy dzlz ® {f
OL N Ojls Cwtdzj o OW fdflsj
ZOf tzj dzdv L Of Ofytse tsfj dadzj 2

3 { Mdzts o dz" o3 fs¢OL O

) - : - nOtGOQISJtdeIZBh 1 dzts Is oz
tdfm. 3. RrRL®GJd Ujddy ﬁJdHNJtGOQVLSJsgqutsUj) dzsacpﬁgﬁgqﬁlsj q
L Odzd t]’tratss H J dzdz" J§ tc O

[ Odz' dzj 2 M Ow LOHJdZ‘l § Bds o Ul ded2t 1’[6] fnlzﬁ;fr
GOMmMmr  or § tsdzdg™ dzO ! hg%t@t&‘;dzwﬁﬁsd%sc%li fewrL+  d3j
so j tsiftsfy f dzslsdzgsfmilsd § sys ' .

104



vinrndesdzsedd d drnddyimMéd] MeiHMisoa O B -~OdedL Jtotso Odzdetscts ftotsq L ¢
tcOfMmlis j dzd j & SH M O d Ydotsslsdztseo sHMise O
LW

Is
syg dat Iz Wi Slsdo datsisd o s Qldndfigly o dzdd fiolgr o2
Isj mdesdzse dud M dn ftodj BshYf | t6@dlkfzd6 dzdzgzdzf ¥ H Odzdz" -
ftesosHdds 5 Ctoedlsj ted® dsfigtfj thodr ' tsutsefOtifefSiaidgisdaf €  OC j Is't
[ i ssHdS O BftejHjdzj ZEXCcHISCHRLDBATITILA 12 [ 9]
Mtsslse jIsMmise dd M 201 4y L z 20®AIST d BMEZYHj dzd j
RMyrlsOdedw Mj dzz MEtsatLW2iise fogedatzr @z' ldsQ I jdzd SHdtetso j H j
[dits tftejH]djddy EMndtoCdRy jdodfids]s@daf2 .dzr =~ dMmmdzj H
[ dzw st H]dzj ded W Iso gz@u el s dz' dzf ByakOMmMmde ddati ts
dmf sdz’ L s Odzinw ff j dzj Is toc tfdmims'cjjde  Efl§ Gied fiklagmpj fif C7iz®.
ltedB St sBd My jude O sls O dadjfitej & o dzlfiridsjOHsfigfl<ndseddrjj dy ¢
tjedmlsteOyds ftesyj MMO ~dutcdfs dzij dedf"isld §  to stof bedi s ls
fsyer 2O CcdzzBddzz Hts 180 HRA3.80 M Mdy" dts Hiftsdls | tc © O dzt
odL zOdz' dzts? ddeW sted3Oyd d it HsE@®RAE ~d o9 Pd Odzls ts o
Mtsr cOdzj dzd § d ) st j oPisdf pdas® | jf Odg'Ols dz f dzts s dzj dzd v
Emistets?2 Miseo O. J HOdz' dzff BY g figls O dizif & BCEPW d Cd dL o3
dLodzj COjIsfqw d tsBtcOB O o O jolups d filgj] f sSdgefw: ¥ o fmj n
M ydodzdL dteso Odzdzsc s  tc OL Y wftytsidijddgjots Q)
ontsHWh jets o MsMmisOe f jdzi stcsdzdztse jtcO® [ 8] .
vOBd&ZdYyO 1
ulsOldmisdujMSdj FOwOClk,jtwdfisdSd Isojthnihisd

Is
9

1 sC OL O LzzB ddz® dL d3j g dzd 2,
1 OLdodast 816 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80
& SeBEOBEEE m, MPa 3 | 53| 56| 5 | 47 | 43 | 34 | 28
i tdsser 7). U MPl085134]121[095]093]071]059] 043

V, % 28,4 | 252 | 21,6 | 18,9 | 19,8 | 16,7 | 17,3 | 155

ssBddzdeso g mMMPa | 03| 04 | 08 | 38 | 45 | 32 | 26 | 26
fsystssBteOB Ol G, MP|004]| 006|012/ 0,56| 0,73 | 0,55] 0,37 | 0,33

OctejcOls V, % 14,2 | 13,8 | 150| 148 | 16,2 | 17,1 | 14,1 | 12,8
. _ m, MPa 2 23 | 25 2 2,2 2 2,3 2
Il smdzj  jteots 5
6" ON o Odzq W ua, MP|040]| 044| 0,42]| 0,36| 0,44| 0,29 | 0,37 | 0,28
V, % 20,1 | 19,3| 16,8 | 18,2 | 20,1 | 14,6 | 16,3 | 14,2

m, MPa 09 | 18 2 15| 13| 19| 22| 19

b o bBEE — s 160,29 031 | 024 020 0,32 034 | 032

9" tcOh do Odad v

V, % 17,3 | 16,3 | 15,4 | 16,2 | 15,6 | 16,6 | 15,4 | 16,8
s Do obpaboTku q) dzo dzq L 'U' ‘B CEZ .I‘LJ' dZer :
. e . fMmedHjljd Misekjls, vyt o
3 no4eoobpabatbiBaloWMi U- ‘IS "L{E) r U— IS fr] dZJ_ |Z B ‘[S tG g q q‘ tQJ_

arperar

MNocne nepeoro uMKNa (-: O t.G IS tS W J. dZB L J, tG dZB 8 r : g IZ dZ'I [
BbIPalUMBaHWA CHAEPATOB dzq, )l J_ 2 5 f[] d3 dZO B dZB H @J_ IS fr] W
Mocne sTopore Uvkna |Z U‘ dZB ls dZJ dzq' J. U‘ B H U‘ O : -tS ls dZB G- -lS

BbIPaLUMBAHUA CHAEPATOR

Teeppoctb no4sbl, MMNa

2

o

0 20 40 60 80 100

FnybuHa uamepeHHi, cm g B IS BtQB G ‘S H ‘S:IB HOV IS J-thgi 5IS, @g
1 dzts Is dzj dz SISL Btsy dzts
(dn 5. oo gndgmns: i RERRRE § Bdj €
G dzlz

Bddz dLd3jtejdd?2 fted II
5BOBGICd fHyd ! e &R @S " g

105

(%('J'I'detss;dzdcj



ISSN 01315226 1 | S t6 Is d U ) S-He0 € dénefdmfIiz Wlktsts dzO dz.
RGC1. 19 Jrqg. 2(99)

fpdzsd ftye j dzdzetse s G st delOindzleeQ H jfdsj deff o d st dafe eizls B) 6 dzj
slsmizlsmisodf s € OFTELT J O OF ddedz tdysonls sv dzd j fsyo "
[ BtcOBBISC O fsye - CBe d tzd e so @ pdetsdsd W H dzw i
OcCtj COlstsds dz@B 2¢ dijs d iz € tStdef @2 Mdflsj & € Otclstsy j
EZMmistc ©dzd Is - ts ) dzts o dats § otz oz dzd Hd MW * MdHJ Ol
O diedo L isd o totsdzd § dets® jj diafias ¢ o dz@csde d s dzls ©
Ctedzj o 82 MdMmlsj d3r  tcOflsjQifdin O dizxfH dzCE itk j dadsddoy difj d Is O dz
sMlsOlsSso ey des?2 G sHELSER cdpjjts B edgHegdEdm s 's Yls
fsyoe - HerBHdIs HB L dzQoQjLddefsy j dzd §  [f1sQ,0 | dzgets ? B d
fsLotsdzdls f tsddsiis! 8 tojs@dd d3®e Olsj dzif dstis?j dzqzP@dy ' it
Neteds@els s j v, ¢ stodsj o Ot HbpsQ dgP,] & Bis fsdeds@ s s d Mo
5B ZOH O] Is dd L S 52 O dydEfBdCE OY M52 Miso j dzdz” &5 5B
mMf smtse detsmils & . Cdzyj dzstcOydwv OBRBJOCO o o,
rdzv  kfmisteOdsd dzdv § J o s dgtflg dzpfded’j Is §f §@as" 5B jL L Ot
By dets §jtedsHdudts §tEmEm dls §OksEgUasp 2 0tted
or ndzj dedj GYsdzj 2 Iswy j-dzrdaBdiz Misdr kg REsEOBELN d & to
cdkB S st T ddlsj dzv &&q , ) o) shpsBtz dgdd o §tcOCIsd !
focosHdls! BOB 560 D tc © dzbsasdhiply O ts W L dzOyd Is j c
[HBZOSEE kOCOW BKOBSEESE®AdIEYEsOnkE Rl 0 myjl
L dzOydlsj dz dzr 7 L Olste Ols ) ot Holgj taelsrfifo, I tdgjtsadla jolds H d Is fyw
dMf sd L so Oded W Bish dzHa v Is | iztc G s g s of ez OB j da
or fsdzdzg j sfpw M KROds?2 KOG EEEd dfsd dgoffi)r ¢ f tetsd i
ftod LiIstsds dzj ftcdoBHdstsH ©Oo dzj dzdfizz e szt © Mistcdaw §
odzzlstej dzdzj 2 Mtk Clbter OfREAOE s d} 5i[letdsits ffitetffils 5w dzo
fMtsL HOdzd d o dgj M ded 7 dzj H j Hzitf dzttfotzffiPdzj LOHJjdzC d M
BzOCE s todWIsmlso ks h 8 bfis®@y ks fsto ' sod tef dzsfls
ool ddd §sddscts yduddd sk -l dusddapjd Sfgf & Mt
s jteOyd?2 fts o tzj itz a®LdiFOdR’ | B ZOC Y tod ™
Mjd MSAtcLY2Mise jdadzr @ HAzS Edz §Ete  tedstyls Pls ) t6j H ¢
fesdMotsHdls: oL otcOls {dshiydrjdaiises@sdzdits fi) S CA@{LWO d2d |
dietHdsBEz MthistsYdds CRBREQYUQP ded Jf todsH datdsejtyf dzts 2 t

fjL 5dz0. I 5OCtd Mgtz jurOde) i kel uddgs20 j kb j &Y j ©Ols I
&) BsHdBshls! Bodjj yOpSEGs JfttsHisaose Pede . 15 st |
Cdkke S S S ddlsj dj 2 . fsolstteds 2 §sMmjo MdH ] teOd

O OLdL jLbd kOkss oEdy jodtzm Onzlsojjtdids ifssc 5§ O
fesysr fYMmdzi §Jjtotsct fudCods® db’ e Qfjdeoj@ded ¥ daj HJ &
fdHj O §COL Od,  yis@hisy s @&j 4 Qo thafth Isi el O .

e Ofls j dzq 2 s e &z0 L dzOyd sitbdass L ififdidLdges? B sE! BT
Iso j toH sMls! fsye ", d MY ts@fls zdzd Wie(d tc s Bd'dg] L dg &3 (
BdtsdggmMcdd todmMktemr . usd 3§ Bgp ded § stigdes g ®Odz! dg' = €
MdMmlsj 8O MdH,j cOd ds?2 MEEES skek {§(wpa’, S dzOmr h Ow
BOMdzd ydzets2) MBsc &0 L de@ 1 g 15)Js etesaithisl dgfilzd 7 B 56 OL O dzts
Mlsjfjded b delsd ddy § ®yass da ¢ st dgidkzsen j§ sa@ddz) s dz
slsdj YOdkzOMm! § dzlzy dzOv 1 €100 @ ' dizd § © Oded WBiEAs ' d L d3j oz
¢ dzz B Y j dzj J Wt 3d telgd H | 1Rty dis Bj Rl Iskte. 0

106



vindsdzsedd d bjrdduyimMédy MciHMisoa O BB -~O0dedL qtotseo Odzdetsets ftotsq L ¢
tcOMmls jdzd i oatsHMIsoa O d Ydotslsdztsa sHMilse O

COMmisdlsj & dz 7 ©MsOS Sh ki - f &olgas s his d O SHC
foyus’ Lot jls o’ fEdaste s HsiHdL iy @i s woteosets] € s
9 9jterndzi 38 Mmdzsj du @y @yuddisc O I83@ ddd dsd3sd ded d3O di3d dizddsd |
ftosctcj o O dadydednm Mmdztsj af ¢ tgj fdodidddaj dzdL €52
sjf s oo sHdsMisd fsUo'otsHf) Bid hdd
CoddujMsotsd StecOddUjMSHeEt o Jh j Ok ds sBIsj '
I seEt dOddudi StdoddylhE tEd db Qi dglsd O q f
Myshoehlsakjls OttshjzhsOhker&stedL ouds] » dMot
fsye", ubt sBiMmfjude @islsyejy fetnfisds ydeesdstd ¢ § o]
COL k" j dzd® Jjd SISO E®sY j v L jtdser T Sbkd |
B~ Oded U MEsd3 oatsL HJ 2 MisdadPdi ( RBye Gige ted@asEELHOO | Is W
MjfOwOYdY ot otej " b ebsteREdd ddj 1§ B0l s/sds@s)
Cslstcses HSABBHWIS HEts 5, 5 J
2 . ] BtcOBESISCO ftsyoer Ctsd
Octej cOISE dzeB 2 ¢ difrs d kL o3t0d
EhlsteOdzdls'  thdse dzsj [k dzt
SHdOSB doOdkzdyd) BsMlsOlS o
GHJ] bojHBMIS! Ytsys’" HBSA B
(10, dzj Isf cftodesddsfls' & 1] Oc
o W sk dydOd Mkl SOkl j d
df. 7. (OMmlsqld dr j BhkdESq 5 M) "8& "1 2 Udg ¥B2
S A . d4.J. 1 , Llskzter (ted
Gelo RN S HNRE W e 2L
0 ZOdkdL tjLbEd SOIEs %{@'ﬁg‘f%ﬁ”&z&z@ Yo a1 g ¥ BHED
fsys’ fthmdi sbkotsct BEPCHd €4V BEh o odggwizMEzso 4"
d il  § 5C 0L Oz, ylsts B & Bl bow NSy 4 fESEE LR
NdHjOd d & Cko skte §SBGEAGAs MWHNSYSBhg HOL Y.
f delz ¥ delz ® fsushol, 0291 Myt YU J kdbat
B OGSy tod W Isdz j b iy s S 98 B i J udo Of s SO
B Mt fwishlise j dzdzts s i Gh W Qs P b SBbBE]
Ctds 052 Mdhisjd d oWdY B 2 Q&I Gy WIRFSH I &
fsyoe j dedzs ¢ ts Gtstethsdsto.'“GFSJ”J?qJ .‘I{%‘;;glﬂg”‘sgﬁ?’s
I iktd mMezyoj tsjBffEEREne d KhEy BOBE
Memisswddj d httkzSlket® §EShflsd Ut&‘%ﬁs‘%ﬁsrégoFb‘SWc
feLodvsls ftd oL Hj &CHBEERY © SOATRIEC Spn® aielj ¢ Ols
e ds udls'  fese jujddj OSEELPHEnEFd Byl d 1t dal o
fsHeltsoaCd d o' ftdzdwlIls! o jfm! ydedz o j fyj dadzj

t

IRI[JRJLITOARY [ HSRE ) R[S

1. s Odzq dzq dz 0. 1., vinjsRedsG des ¢ @, o . g 5§ 7 dad ug S
vitteilsdud MEdd ¢t HY tsipgjdCQidzedd dfetis® Olsafiap G iyt dfietsdL o
fodjdr ©OydsdoOd ds?2 6)dimsiEdhisosd cde HES §is dzso SH
fsyo ' o sjndsdse qv&OHwaLls.j dzy z@ded™w ROPCI . I
fjd MCAtsLW2Mise jdzdgr 2 2016 L-ABulsk @O /]

107



ISSN 01315226 1 | S t6 Is d U ) S-He0 € dénefdmfIiz Wlktsts dzO dz.
RGC1. 19 Jrqg. 2(99)

2 uMmMsesjoa ¢. ¢. , sOdzddAf dg ot o yj 8 ZHIteWlo.yj g jISBHT
1.1, RMMdzj His9 Odzd J tf titcjtstdf Gold itptsdzts? syd dz€ d i dzts Is
Ckdz sdexEBEOSte’ - dzd Isj dfwvsyo * H dAf tc d Bsdzd Is st d dze |
sBtcOg SIsSC sMOHBC COfstsY o BB tcOMOIST oldxFoh dd / Odhtd &
steec Odzd g ME tsd3 /Ly Jddtiaedh G @zt fiffin o d . 2016. 1WB#OBE 23. -
sBitolzH ts9 OdzQl8. 1 dey. 24 PAzO7.u Mistetsjo . ¢., sOdzddeddz ¢
3. Kalinin A., Teplinsky I, Ustroev A. ¢ &zOdzdL ydWwtetse ™ = dL d3j edIsj
Substantiation of tillage methods aimed asff tcj H j dzj dad W f OtcOd3j Istets o
rational usage of water resources // Proceedingss s s v dag Jv' - dats bzt ¢ dlg[j = dzd y4 M ¢
of 17th International Scientific Conferencdntc j HMisoa © d3j -~ Odzd L d te 59 O dzdzts
AEngineering for rur dflicsde9 g dp mentcd®mlis) dzf g a Ba
2018. Vol. 17. pp. 392 399. ¥ d o 5ls dzts o2@18.1 87oa 0191 28.

4. Kalinin A. B., Teplinsky I. Z., Ustroev A. A., 8. RusanovV.A. Methods for determining the
Kudryavtsev P. P. Selection and substantiatiaifects of soil compaction produced by traffic

of cultivator adjustment parameters foand indices of efficiency for reducing these
differential soil treatment on potato based on treffects. Soil and Tillage ResearchVolume 40,

rheology state of soil horizons /IOP Issues3i 4, Januaryl997,Page239-250

Conference Series: Materials Science aril¢.f .1 Oz pf sdz' L s9 Odzed] MmdMmls
Engineering 2019. 516(1). pp. -b. DOl: Mat hcad ftd fHttseojHjddd

10.1088/1758B99X/516/1/012025 BinOdkdL Oydd fj d MC ot
5. [sBOYjoamMSd2 .1 ., (uisodocotsipso0 o .fRj.IStHJY] MS
ud st sy yddmClej ~n desdzse d up M dJ  Affldgctils ' 11V g1
OB BlsT r Tdzdlsj dz' dzSEE s dzte D5 ts O DES 2060 . u )
Stc @A MS AL WI2IMise j dedz §j  BON d dz qd
kjRdtskesedd. 2016. 5 w. 17

REFERENCES

1. Kalinin A.B., Ustroev A.A. Teoreticheskieorganic farming]. Tekhnika i oborudovanie dlya
predposylki i prakticheskie priemy ratsional'nosela. 2018. No. 6: 2224. (In Russian)

sistemy obrabotki pochvy v tekhnologiyaki8. Kalinin A., Teplinsky |[., Ustroev A.
vozdelyvaniya sel'skokhozyaistvennylul'tur Substantiation of tillage methods aimed at
[Theoretical background and practices afational usage of water resources. Proc. 17th Int.
rational soil tillage as a part of farm cropSc i . Condr.i nigg nfgarner ur al (o
cultivation technologies]. Tekhnologii iJelgava. 2018. Vol. 17: 392399. (In English)
tekhnicheskie sredstva mekhanizirovannogé Kalinin A. B., Teplinsky I. Z., Ustroev A. A.,
proizvodstva produktsii rastenievodstva Kudryavtsev P. P. Selection and substantiation
zhivotnovodstva. 2016. No. 90: /8. (In of cultivator adjustment parameters for

Russian) differential soil treatment on potato leason the
2. Ustroev A.A., Kalinin A.B., Kudryavtsev P.P.rheology state of soil horizonOP Conf. Ser:
Issledovanie propashnogo kul'tivatoraMaterials Science and Engineering2019.

glubokorykhlitelya dlya obrabotki posadok516(1): t 6. (In English) DOI: 10.088/1757
kartofelya v  organicheskom  zemledeliB99X/516/1/012025 (In English)
[Investigation of a rowrop deep tillage 5. Lobachevskii Ya.P., Starovoitov S.I.
cultivator for processing potatplantations in Teoreticheskie i tekhnologicheskie aspekty

108


https://elibrary.ru/item.asp?id=35104819
https://elibrary.ru/item.asp?id=35104819
https://elibrary.ru/item.asp?id=35104819
https://elibrary.ru/item.asp?id=35104819
https://elibrary.ru/contents.asp?id=35104813
https://elibrary.ru/contents.asp?id=35104813
https://elibrary.ru/contents.asp?id=35104813&selid=35104819
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://elibrary.ru/contents.asp?id=34845328
https://elibrary.ru/contents.asp?id=34845328
https://elibrary.ru/contents.asp?id=34845328
https://elibrary.ru/contents.asp?id=34845328
https://elibrary.ru/contents.asp?id=34845328&selid=32847430
https://www.sciencedirect.com/science/article/pii/S0167198796010501#!
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987/40/3
https://www.sciencedirect.com/science/journal/01671987/40/3
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist

vindsdzsedd d bjrdduyimMédy MciHMisoa O BB -~O0dedL qtotseo Odzdetsets ftotsq L ¢
tcOMmls jdzd i oatsHMIsoa O d Ydotslsdztsa sHMilse O

raboty rykhlitel'nogo rabochego organa [ekhnologii [ tekhnicheskie sredstva
Theoretical and technological aspects of rippenekhanizirovannogo proizvodstva produkcii
wooking tools operation]. rastenievodstva i zhivotnovodstva. 2018. 4(97):
Sel'skokhozyaisennye mashiny i tekhnologii. 19-28. (In Russian)

2016. No. 5: 1723. (In Russian) 8. RusanovV.A. Methods for determining the
6. Kudryavtsev P.P. Metody i sredstvaffects of soil compaction produced by traffic
operativnoi otsenki plotnosti slozheniya pochvand indices of efficiency for reducing these
pri monitoringe raboty effects.Soil and Tillage Researci997.No. 3
pochvoobrabatyvayushchikh agregato¥: 239-250. (In English)

[Methods and tools for the rapid assessment 8f Valge A.M. Ispol'zovanie sistem Excel i
soil bulk density by monitoring the tillage Mathcad pri provedenii issledovanii po
machines operation]. APK Rossii. 2016. Volmekhanizatsii sel'skokhozyaistvennogo
23. No. 4: 83840. (In Russian) proizvodstva (Metodicheskoe posobie) [Use of
7. Ustroev A.A., Kalinin A.B., Murzaev E.A. Excel and Mathcad systems in the studies
Analiz tsifrovykh izmeritel'nykh sistem dlyaassociated with mechanisation ofriagltural
opredeleniya parametrov pochvennogproduction (Textbook). Saint Petersburg: GNU
sostoyanig [Analysis of digital measurementSZNIIMESH Rossel'khozakademii, 2013: 200.
systems to determine the soil state parameter@h Russian)

L [ $31.316.022:5774 DOI 10.24411/0135226201910155
fovrfouvrRyY [ fSRUIWRIcCYore L J 1 fwff3 Tt JURIJ [1RC
FRLVOSRYVLILFIL L2t 00 o3 ) dtodzapfaviefit 4 oo

1ot ofrovtopi®Lfr1d1RrRE

1-R. [ X0OHB ttigthiodz. HZOEZSC ;6. ] . wjtejlo, COdzH. Is] n dz.

RdzMIs Plettcldss  dzy j dzd tcdzr =  { Csdzseduyui MSdr ftesBdzj o5 ij dz@ M
WddzdOdz A 11UV Al 04 jIsElicB @S I sMmdw

[ dzw 1 CMY jtod d3j dals Odz! detsG s sftcj Hj dzj ded W mMeweiLd Is w
fsyostsBtcOB OIS 908N jes ORBGEYJEe SEEPEZOAH § OBOWRJ OO
Yyomkstsls O, Csdzd ud Mlses d Hdzd dzO o sdzdz" , stci Bzj Isfmw  d3dzts
sO¢ 52 LOHOYd o Emdzse dw A or MsC 52 Misj fjded dzj st tcj
L WWiClsde detsfyls tc @L tdrBotgjlaEhdj dalgtised tsd Odzadw Isdfftser n Yot
stce Odzts o .

KJ dz dgmmdzj s®p @RFBISCO &BOIj BOISdyd ME¢dr &BsHJ dzj 2, |
swetsosets Mtsfteslsdodzj dzdWw HJ 2O ydzsegts §fsystsseteOB OlsT ¢
Ctsdzj B Odzd 2 .

[BiSlstsds dMmMmdzj Hise Odzd 2 weg dzv j Isfyw Isjrdzsdzse d ud M< d 2
sBtcOBtSIsCd Yo r .

lteJ HB] Issd3 dMMmdzj His9 Odzd 2 w9 dzv dzd LOC sdesd3j tedzts M ls
HJdzOdzd ydzr =  syostsBtcOB OIsr 9 O h dn ttOBtsydnr tuEhbdsdsr od
Hickedmr §OOdjIstcse jets Ctsdzj BOdzd 2.

109


https://www.sciencedirect.com/science/article/pii/S0167198796010501#!
https://www.sciencedirect.com/science/journal/01671987
https://www.sciencedirect.com/science/journal/01671987/40/3
https://www.sciencedirect.com/science/journal/01671987/40/3

ISSN 01315226 1 | S t6 Is d U ) S-He0 € dénefdmfIiz Wlktsts dzO dz.
RGC1. 19 Jrqg. 2(99)

lted ftetseojHjddd dmmdzj Hise Odzad 2 ftod &34 dav dzd iy’ B Ists
sfdzseo Odzdz" | dz2O0 dLbEyjdedd WdLrdudimMédr L OSCBdsdi] tedesMlis ;
1LCMf jtoed d3j delsOdz! dz' | dMMmizj HEBQazs B tEBGB OldZj W@ isqg datc OB sy
sBtsBh jdzdj St jted g dzlsOdz! dz" = H Odzdz" = .

1 Okydzgzs detseodL dzz tcOBtslsT MsMlisOo dzv s ls tcOL te OB 5ls O dzdz" |
MowLd bwegttotsets Mtsfteslsdodzj dzdv HJdzOBd Yydzsc 5 J st Pedssfts B
jets CtsdzjBOded?2 (OB dzdlszHO, fjtedtsH, YOMstslksO, ¢ tsddyj

l MOl j ftedeojHjdr GmMdesode § ~OLOCIjtedMmisded ¢ tsdzj
odHO d fOLOR) stetso Ctsdzj BOdzd?2 bvetsotets Mtst tesldd o dzj dad
tcOMmyjlsder | Wstocdiszdzr HdzW BftejHjdzjdedY § OtcOd3j steso € tsdzj

t OLtcOBtsSlsOdzdz" | BOIj BOIdyYUj MSdd BsHjdzd HsLotsdvel
HddzOdizd ydzr » fsyotstsBtcOBOIsr 9 O h R t©OBBYdr tcc Odzsa
sBjMfjudls: el jCldody 2 OkOdkdL d fscdsL L Of zOddtsts

sdzt yjor j: MmitlejozO0lsdyd Ms ow BSH § dzt f OtcOd3j Ister ¢ st
sBteOBtSISCO ftsys', HJqZOBJyYdr 2 ©OBBYd?2 tcc Odz.
[ &% ydlsdietso @QdgdOB B 5tetse 1 . R. , djtecjjo ¢. 1. [ Olsj o3

Msfteslsdodzj dzdV HJ OB ydesects fsyossBtcOB OIS 9 O h jes toC
[l vjrandsdzsedd d Isjmrdzduyd MS&dd MejHMisSa O BB ~O0dzdL Jtetso O0
dy doslsdzso BAMB e OC1A9AITI ) .

MATHEMATICAL MODELS SHOWING RELATION BETWEEN THE TRACTION
RESISTANCE OF A DYNAMIC SOIETILLING TOOL AND ITS VIBRATION PARAMETERS

N.l. Dzhabborov, DSc (Engineering); A.V. Sergeev, Cand. Sc. (Engineering)

Institute for Engineering and Environmental Problems in Agricultural Production (IEBR)nch of FSAC
VIM, Saint Petersburg, Russia

To determine experimentally the relationship betwten traction resistances of dynamic gdling
tools with their vibration parameters, such as amplitude, period, frequency, quantity and the wavelength,
requires much time and resources. The efficient designing of the new tilling tools and the upgfréaing
standard ones depend on the correct problem solving under the conditions of elevated vibration uncertainty.
The study objective was to create the relevant mathematical models. The study target was the practice of
ploughless surface soil tillage. Theudy focus was the regularities in variation of traction resistance
parameters of satilling tools. The mathematical modeling methods, based on the study of physical
regularities occurring during the tillage process, were applied. The experimentsrgn assessment of the
working tools with the experimental data analysis and synthesis were conducted. The scientific novelty of
the work was the created mathematic models, which allow establishing the relationship between the average
traction resistancef dynamic soiltilling tools with their vibration parameters (amplitude, period, frequency,
guantity and the wavelength). The article presents the main characteristics of the vibration processes,
schemes for determining the variation type and parametah® draction resistance of the stiling tool
and the estimated formulas for determining the variation parameters of the traction resistance. The created
models allow establishing the relationship between the traction resistance of the dynatilmgdibols
and their vibration parameters. They also provide a-fased analysis and forecast of their planned
performance.
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MATHEMATICAL MODELS SHOWING RELATION BETWEEN THE VIBRATION OF A
DYNAMIC SOIL-TILLING TOOL AND ITS TRAVELLING SPEED

N.I. Dzhabborov, DSc (Engineering) G.A. Semenova
A.V. Sageev, Cand. Sc. (Engineering)

Institute for Engineering and Environmental Problems in Agricultural Production (IEERNnch of FSAC
VIM, Saint Petersburg, Russia

To determine the vibration parameters of dynamictdbilg tools depending on their travelling speed
as a part of a setllling unit in the experiment is a complex and the@nsuming process. The amplitude,
period, frequencyquantity and wavelength of traction resistance were considered as vibration parameters of
a dynamic tillage tool. Mathematical modeling allows, with the least effort, to establish a relation between
the variations of traction resistance parameters oflthgd tools and their travelling speed. The study aim
was to create the relevant mathematical models. The study target was the practice of ploughless surface soil
tillage. The study focus was the regularities in variation of traction resistance paravhetéfslling tools.
In the study the mathematical modeling methods, based on the study of physical regularities occurring during
the tillage process, were applied. The experiments on energy assessment of the tillage tools with the
experimental data alyasis and synthesis were conducted. The scientific novelty of the work was the created
mathematic models, which allow establishing the relationship between the variations of the traction
resistance of the tillage tools and their travelling speed. Theyalwide a facbased analysis and forecast
of their planned performance.

Key words mathematical model, travelling speed, vibration parameters, traction resistance, soil tillage,
dynamic tillage tool.

For citation: Dzhabborov N.I., Sergeev A.\Semenova G.A. Mathematical models showing relation
between the vibration of a dynamic stiling tool and its travelling speed@.ekhnologii i tekhnicheskie
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THE CHANGES IN THE MINERAL PART OF THEOIL WITH REGARD TO BUSINESS USE
L.V. Yakovleva, DSc (Agriculture), E.A. Nikolaeva

Feder al State Budget I nstitution ALeningrad res
Leningrad RegionRussia

The mineral part of the soil plays an important role in its fertility. The-teng application of mineral
fertilizers increases the chemical weathering of minerals. This reduces the soil fertility. The purpose of the
study was to investigate tlefect of mineral fertilizers and lime on the mineral part of the soil in-teng
field experiments. The study objects were the soils of the contrasting variants of -gerlangeld
experiment. Morphological, mesomorphological , micromorphological agsigo-chemical methods of soil
examination were applied. In agricultural use, the capacity of cationic exchange of the arable horizon was
reduced by 2 times compared to the organogenic horizon of the initial forest soil. In the arable horizon, the
capaciy of cation exchange depended on the organic matter content and the parametetisasiealsadance.

In subarable horizons, the mineral soil components and the presence of a dusty and silty fraction became
more important. The arable soils do not havedtwial horizon and any signs of the eluvial process; soil
aggregates have a more complex structure. The connection of humus with the mineral part of the soil (brown
films on the grains of the skeleton) increases. The decomposition degree of plant iasrgasss. There is

a compaction of the soil, a significant reduction in the volume of pores, the surface of minerals is more
weathered. Changes in the abiakse balance strongly affect the chemical weathering of soil minerals. High
rates of lime protedhe minerals from weathering.

Key words skeletal part of soil, liming, mineral fertilizer, fertility
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Itsdzjj or Oy jdes Y j dzj te@indetej H § tzj dsded N dBQUgE dzdz’ -

Bq dzj €O dz' dzF = Ljtoj dz. GlosW ddeted daPp dz 8@ Isfw  w W W

Ccdstesd dsds o O to d Odizis@f -diaizdzs oddjAslz’ dzts Bz \
GBS essehls) 2 dso ssd? Bisf Ofgsdg) 2 d fgstgd L sdels  fMsa
e kmlsS d. fsHLBRIMsses cotedL sdsO

I fke! & odOd desds ¢ tosfa sy ¢ q(UBIENSl]) G dzj o' 6
¢ s dzls to 5 dzj a3 OB dstjOdzd  ff Ge@u g ls j wzkzdids | 2 desE s

Codzdyjflsots BIStstih s jsHdtsd HLGD BB B tctdh IsH 5§ 6o j H
-2 &d3. | EZHteBtWoh j2Mmij widzfisdedz) datsfr opjBeig) e M@ df
fsyed B' dz B dRZOWEY j dz2 offpl =Xty odsd CtetisHs to b Hzgl @ dzd J d3  d
O o yjdsd ¢l susdds Il rEesidizd? d dLej MisS se Odzg
Ctdzdud Msets " dzd d ¢ dz@ods? Mists Ofige Oo dijtsdrcp®j dzdds ¢ ts
o h jdzjy Ohddd CtedL RSOz CHOsd PEdL sh dzd  dL
Csdzd yj mise ts f offj =latsiCte 7 dith@pls@fdzd yj MS 52, d o di3d dzj tcO
B3 dzj tOdz! dz' = L j to] da. VLiilsOdzts 9 dzj dz fmMizh j Mise j dadz" |
RfMdzj Hise Odzd W -7 d B Wi B dEY dzdzts 2 MY s ts B dasdpdsydz’ s |
Mets2Mmlse fsys o yj das@ed Gdzls®D j toth PO Is( s O8 dzd Y-

vsOBd&ZdYyoO 3
RLBJ dzj ded § t OCydd ftsye’r ftod Hdzdlsj dz' detsd3 o dzj M
&ZzO wOL &zd ydzr = ktetsodz"mn dL o j MIsC s Odzed v

#te] Hdzj
[ sLO dLoeojMmisd o Hdv Ztctso dzV
Atsdz EZHtsB ZHB G
0 0,25 0,5 1,0 15 2,0 2,5 1 & 0,5=
0,16 /0,16
l jL EHtsg 4,23 4,47 4,68 5,13 o] 5,47 5,37 4,89
5,02** 5,38 6,20 6,13 6,55 6,52 6,78 6,04
dtcd Hdzd ] 4,02 4,28 4,46 5,26 ' 5,10 5,21 4,72
4,53 5,34 5,57 6,04 6,48 6,28 6,89 5,85
} sor h jdzq 3,98 4,12 4,33 4,68 ' 5,13 5,34 4,60
4,41 5,22 5,07 5,97 6,78 6,41 6,61 5,74
I T msCdq 368 | 412 | 426 | 448 | & 4,63 | 5,16 4,39
428 | 525 | 510 | 577 | 6,42 | 6,44 | 6,55 5,66
vte] Hdzj J
’ L'zateffg &Wt‘ 398 | 425 | 443 | 489 | & | 508 | 527
1 4,56 5,30 5,49 5,98 6,53 6,41 6,72
141 0, 5+
0,21/0,21
181 0,5 Hdw MtcOoadzj dgdw yOMmilsdg = MtejHdzeds = 0, 38
["dBCO BS§rkO = 2,96% / 0, 94%

Y od i3] wOdd jug Mzl P&UTY (Bys' HE (SolsSedses dLojmlst
L dzO 3] @ lsfndizj o dzj fj dedv dLoe jMmlsd (BBLOLY'T 2018¢.)
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OCkdodL dielzjIs f ety figfr dzj § EnAsteHz & dgts ifls ¢ 5k
B3q dzj e Odts o . ) osd MR B HEHEH H j P do b I§ B o5j ey tod W |
dzO0d d3d dzj J biss2yde " -, 1 j dgtsg #2803 @dfidetsdzd Isd ud M¢

ZOdetsd hjj S sddyuj Dk tshodPdPds s szl o s &2

Bddej tOdzse. 1tod ! lstd CylQtstsrOtzd L Owd s j dp'sdas j 9 16 j

ZOfted d3d t6, Ytod ¢ tsolststcdasfiBlzidte @dp'mds’'Cise Oz §B tej ded v ,
fsolsttedsets dLojMmisSso Oded W

vOBd&ZdYO 4
lJdzdyddz0 cdHtetsdzdlsduy MEB2 CdmMslksdsmisgdOddy j tco ™ 2
(BeCo/ 1006 ftsyer), 2018 ¢.

dtcj Hdz]
[ BLO dLeojMmlsd o Htdv Ztctso dz
EHsB 6]
Asdz ZHBGB 18t 0, 55
0 0,25 0,5 1,0 15 2,0 2,5
1JL EHtsB 232 1,99 1.85 0,90 1,28 0,56 0,84 1,40
dtcj Hdzd 1 2,83 2,45 2.66 1,34 1,47 1,06 0,77 1,81
1 sor hjdzq 3,43 2,53 2.50 1,53 1,16 0,56 0,91 1,80
Irms¢di 347 | 2,78 | 3.05 | 1,9 | 1,62 | 1,19 | 1,15 2,19
] Hdz §
Ztoctso dav
dLe jMmlsC g 3,01 2,43 2.52 1,42 1,38 0,84 0,92
11 0, 5=
18t 0,5 Hdhv MteOodzj dzdw yYOMmlsde » Mtey
JhdBCO BYrIsO = 4, 07%
RLo9J Mls! 9 HESL § O, dBj| figd dzddv  odBdhdjjizte1@sr! tedg’ dzd 2
mMizh j Mise j dadats fded ¥ Odzff 59 Is sriAScdsdzz ¢ L © § MIsC 59 Odad ¥

Cdmeslsdshls! f§sys’ L O figidy fysv) datbded v S d s s
W qlsslssC fdyde A L dzj &3) e b s sdn  ( lsiDeddsd yO 5) .
fsHodyder | CodfdjCfr. 1sysO® dzO o Otcd Odzls OF
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vsOBd&ZdYO 5
1l Jdzd yddzO BB d3j dedets? S dMmdzslsdesMmisd ftsye" Hdzdlsj dz! dztsG s
36 S 9. /210U BG ,G .

B Hdzj
r sL O drLoejfMmlsd o HEdw Ztctso dz
EHsB 6]
Atsdz ZHESB Ler 0, 5=
0 0,25 0,5 1,0 1,5 2,0 25
1 4L EHBB 0,160 | 0,118 | 0,051 | 0,041 | 0,055 | 0,041 | 0,038 0,073
dteJ Hdzd ] 0,354 | 0,118 | 0,064 | 0,046 | 0,047 | 0,055 | 0,061 0,109
1 sor M jdsq 0563 | 0,185 | 0,113 | 0,049 | 0,060 | 0,043 | 0,045 0,155
I mMsSd3 0,466 | 0,203 | 0,104 | 0,046 | 0,060 | 0,042 | 0,045 0,141
dtcj Hdzj J
Ftotso dgw (
dr e jMmlsSt® g386| 0,156 | 0,083 | 0,046 | 0,055 | 0,045 | 0,047
181 0, 5=
18t 0,5 HdY MOodzj dzedwvw yoOmlsdzr = MtejHdedm = 0, 19
[hdBC O H§A47%O

RMrtHd] MtsHjtey Odd iMsH [p g B@d jo cfaaBiemoO Mmded ) OJ
Hdzdlsjdz' dz & ©fr lsse B Wt Uy sk, j29%. daj j Lo dzd W Is

o dzj nj dedv e Oded U M o & dizjrteeds jdae2? Y BBEBJ J§f sye " .

vsOBd&dYO 6
RLd3jdgj dzdj MtsH jtoy OdedW ckzdskmMO o ftsyej Htod HdAzdlsj d
COL &Zdyde & bosod s dLojMmsSse Odd™ ( %) ,

[ BLO drLeaiMmlsd o HBdYAR 1 ¢G b tcj Hdzj |
Ftctso dzv
Asdz EHtsB 0 10 25 bHse ®]
141 0, 5=
1JL EHBGB 1,20 1,82 1,89 1,64
416 Hdzd ] 1,23 2,03 2,31 1,86
It ¢ d3 1,31 1,94 2,19 1,81
dtcj Hdzj J
Iztetsade(
gL e f”LSQ_E 1.25 103 213
18t 0, 5=
184t 0,5 Hd&Y MOodzj dzedv yoOmlsdzr = MtejHdedm = 0, 18
10 thmdtse Odzd f sdzlz y §f tledgo B H O Is | ¢ O dztsBots dzj j dd
d3ts y dzts Zlseo jtoy HOIs | alsas) Is towf dedlslzf diz' dzt§j d L d3j dzj dzd

ftod d3j daj dzd Bd dzj L Odz! s o " . ZHrSBipdzidadBe Oded v 1 . ]
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METHODOLOGY FOR CHOOSING THE FARM POWER IN CROP TECHNOLOGIES BY
ECOLOGICAL, ENERGY AND ECONOMIC CRITERIA

R.A. Kashbulgayanow and.Sc. (Engineering); A.V. Lipkan
A.N. Panasiuk, DSc (Engineering);

Feder al State Budget Scientific Institution AFar
El ectrification for Agriculturedo, Blagoveshchensk

The authors indicate the need to estimate the effectiveness of the technical support of perspective crop
production not only by economic and power criteria, but also by the ecological crit¢herevel of impact
on soil. Therefore, the task to develapsessment methodology of environmental efficiency of machine
tractor unit performance in crop production technologies is quite topical. The assessment was based on the
total absolute yield losses associated with the violation oftagtmical terms andé compacting effect of
machinetractor unit wheels or tracks on soil. To choose the drawbar category of the wheel and caterpillar
tractors, the multiplicative models of multiple regression were applied, which considered the cumulative
effect of ecological operational, technological and power factors. Calculation results showed that the
smallest total loss of soybean crop was obtained when the madGt@ unit with DF75 tractor (drawbar
category 3.0) was applied in cultivation, sowing and harrowirggatjpns. In the 20th century in Soviet
Russia, this tractor was taken as the reference, when calculating the past Systems of Technologies and
Machines. This fact supported the accuracy of the methodology described in the article. The methodology
allows doosing the bestuited tractor model within the machitractor unit in a certain drawbar category
by the level of total yield loss caused by the violation of dgobnical terms and by the manmade load on
agrocenosis, with the latter being determinedhgyindex of compacting effect on soil of the tractor wheels
or tracks.

Keywords methodology, mover, tractor, technology, compacting effect, crop productivity, ecological
efficiency.

For citation: Kashbulgayanov R.A., Panasiuk A.N., Lipkan A.V. Msthlogy for choosing the farm
power in crop technologies by ecological, energy and economic critekhnologii i tekhnicheskie sredstva
mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovo@8i@. 2(99):139-148 (In
Russian)
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EXPERIMENTAL MODEL OF THE SYSTEM FOR SOWING THE GREEN MANURE SEEDS
ON THE FORMED SURFACE

A.B. Kalinin', DSc (Engineéng); A.A. UstroeV, Cand. Sc (Engineering)
.Z. Teplinskij?, Cand.Sc (Engineering) E.A. Murzaev

YInstitute for Engineering and Environmental Problems in Agricultural Produictimanch of FSAC VIM,

Saint Petersburg, Russia

Feder al state educational budget ary iState Agrariant i o n
Universityo, Saint Petersburg, Russi a

One of the problems in the row crop cultivation by existing technologies, potato included, is the impact
of erosion processes on the crop plantations. The main way to reduce the erosion intensity is to improve
further the technological methods, machined aquipment for potato cultivation, which would provide the
run-off control and topsoil protection from the wind erosion. The most promising method in this respect is to
make a formed soil surface more erosiegistant by sowing the green manure cropstélirty the ridges
with the bar rollers. To implement this technological method the-sfatee-art pneumatic sowing modules
are recommended, which can be installed on different agricultural units. The use of standard deflectors
(breaker plates) in suctystems increases the risk of higher suoiform seeding on the ridge under the
influence of external factors. An original distributing device was designed, consisting of a frame, which
followed the profile of the ridge surface, and two diffusers. Thisceesontroled the parameters governing
the precise distribution of green manure séetise geometric parameters of a diffuser, namely, its height
and the level angle to the formed soil surface.

Key words potato cultivation, formed soil surface, erosiprocess, green manure crops, sowing,
distributing device

For citation: Kalinin A.B., Ustroev A.A., Murzaev E.A., Teplinskij I.Z. Experimental model of the
system for sowing the green manure seeds on the formed surtdeologii i tekhnicheskie sredstva
mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovo@8i@. 2(99):148157 (In
Russian)
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