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AmHartonuit iBaHoBHY 3aBpakHOB POTUIICS B TOPO-
ne CopounHck OpeHOyprekoit oonactu. C oTanyrueM
okoHUIT OpeHOYPICKUi CETbCKOXO03SHCTBEHHBIN NH-
ctuTyT. B 1969 r. A.W. 3aBpakHOB MOCTYINJI B ACITH-
paHTypy UYelns10MHCKOTO MHCTUTYTA MEXaHU3allUU U
AIIEKTPUPHUKALINH CETBCKOTO XO3SHCTBA M YCIEITHO 3a-

IATHIT KAaHIUIATCKYIO JUCCEPTALTHIO.

ITocne 3amursl guccepranyu A. M. 3aBpaxxHOB ObLT
MpUrIIalieH Ha paboty B Kazaxcrad Bo BHOBb OpraHu-
30BaHHBIN CEITBCKOX031CTBEHHBI UHCTUTYT B Llenu-
Horpane. ViM OGblia co3maHa HaydHasl IIKOJIa, BHECEH
OOJIBIIION BKIIAJl B PA3BUTHE TEOPUU 1 METOHOB IIPO-
EKTHUPOBAHMS MAIIIMH U TEXHOJIOTUYECKUX JIMHUH IS
MIPUTOTOBIIEHUS U pa3fgayd KOPMOB Ha )KUBOTHOBOI-
YeCKUX (pepMax U KOMIUIEKCaX B CHCTEME «UEIOBEK —
MammmHa — XuBoTHOE». C 1969 roma on padoran B Lle-
JUHOTPAICKOM CEIbCKOXO03SIIICTBEHHOM UHCTUTYTE 3a-
BeIyIOMUM Kadeapoi, IPOPEKTOPOM IO HAYYHOH U
yaeOHOU padoTe.

B 1985 rony A.W. 3aBpaxxHoB nepeexai B Muuy-
PHUHCK 1 ObUT Ha3HAYEH Ha JOJDKHOCTB pekropa Ilno-
JTOOBOINHOTO MHCTUTYTA UM. U.B. Muuypuna. B 1990
roay A.M. 3aBpa>kHOB 3aIIUTII JOKTOPCKYIO JUCCEP-
Tanuo. B MuuypuHcke ObUIO CyKIEHO PACKPBITHCA
BBIIAIOIIEMYCSI OPTaHU3aTOPCKOMY TaJIaHTY U BBICO-
KoMy npodeccuoHanu3my AHatonusi IBaHoBHYA.
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6.maz 2019 200a
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npoussodcmeenuix npoueccos 6 AIIK,

akademuxy Poccuiicxoii axademuu Hayx,
[louemnomy padomuuxy evicuieco 00pazosanus,

Jacayscennomy desmeo HayKu u mexHuKu
Poccuiickoii Dedepanuu

B nepuo ero pyKoBOoACTBA MHCTUTYT OBLI MPE00-
pazoBaH B akagemuro (1994), a BIocieacTBUM MOY-
gy ctatyc YauBepcuteta (1998). Anaronuii UBano-
BUY SIBJISUICS. OJTHUM U3 UHULIMATOPOB IpeoOpa3oBa-
HUS ropoga MU4ypuHCK B HAyKOIrpaj, EMy IIPHCBOE-
Ho 3BaHue [ToyeTHOTO rpakTaHuHa MUYypHHCKA.

ITox pyxoBoactBoM A.M. 3aBpakxHOBA BEITIOJIHE-
HO U 3aIIUIIEHO HECKOJIBKO AECSITKOB KaHAUTATCKIX
U JOKTOPCKUX auccepramuii. Anaronuii BanoBuY —
aBTOp 60see 350 HayyHbIX paboOT, NATEHTOB, YUeOHU-
KOB U y4eOHBIX mocobuit. OH — naypeat npemun Jle-
HUHCKOTO KOMCOMOJa, HarpaxaeH OpaeHoM «3Hak
ITouera», Opaenom «Ilouera», Opaenom «3a 3acayru
nepen OreyectBom» IV cremnenu.

Komnexktus ®enepaibHOTO HAYYHOIO arpOUHIKE-
HepHoro IieHTpa BUM cepmeyno mo3apasiseT 100u-
JIsipa v kennaeT akaaeMuky Anatonuto IBanoBuay 3aB-
PaXXHOBY KPEITKOTO 37T0POBBSI, OJIArOMIOIYUHs U JaTTh-
HEWIINX TBOPUECKUX ycIexoB Ha 6iaro Poccuiickoit
Hayku!

Hupextop ®HAIL] BUM

axamemuk PAH L/%/. A 10. U3maiinos
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Pa3pa6oTka U1 060CHOBaHME NapamMeTpPOB EMKOCTHOro farymka
BbiCeBa CEMsiH NPOMnaLUHbIX KyNbTyp

Anatoumnii iBanosny 3aBpaxHos', Sxos IerpoBuu Jlo6auescknii’,
JOKTOP TEXHMUYECKHX HayK, Tpodeccop, JOKTOP TEXHUUYECKUX HAyK, uieH-kopp. PAH;
axamgemuk PAH; Hukura IOpbeBuy ITycToBapos®,

acImpaHT, e-mail: nikita.pustovarov@mail.ru

'MuuypuHCKHii rocy1apcTBEHHBIN arpapHblil yHUBepcUTET, I. MuuypuHck, Poccuiickas ®enepanus;
*denepanbHbI HAYUHBIH arpouHkeHepHbIi neHTp BUM, MockBsa, Poccuiickas denepanus;
*Bcepoccuiickuii HayuHO-HMCCIe0BATeIbCKHIl HHCTHTYT UCTIONb30BAHMS TEXHUKU U He(DTEITPOLYKTOB B Cellb-
cKkoM xo3siicTBe, I. Tam60B, Poccuiickas ®@eaepanus

Pedepar. 1711 co3manus yHUBEpCATBHON CHCTEMBI KOHTPOJIS BHICEBA CEMSH PA3INYHBIX KYIbTYP HEOOXOIUMBI YHUDHUIIH-
poBaHHbIe naTuuku. (Lers ucciedosanus) Pa3paboTaTh JaTUMK BhICEBA EMKOCTHOTO THIIA, TEOPETUUECKH 0OOCHOBAB €ro
KOHCTPYKTHBHBIE [TApAMETPhI 1 MECTO YCTAHOBKHM aT4YMKa Ha cesuike. (Mamepuanvl u memoost). [IpoBenu TeopeTnyeckue
pacyeTsl TpaeKTOPHIA ITOJIETA CEMSH TSI MEXaHMUECKOTO U THEBMATUYECKOTO BBICEBAIOIINX ANMAPATOB C MTOMOIIBIO TIPO-
rpammubix koMiiekcoB Mathcad u MicrosoftExel npu ckopoctu Bpaienus qucka BbiceBaroliero annapata 11,5; 17,5 u
26,0 060pOTOB B MUHYTY. BEITOTHIIN pacyeT 3IeKTPUUECKUX TapaMETPOB pa3padaThIBaeMOTo qaTunka BeiceBa. M3yumm
TPAEKTOPUH C TOMOII[BIO BHICOKOCKOPOCTHO! CheMKH BBICEBA Ha HKCIIEPUMEHTATIBHON YCTAaHOBKE C MOCHeAyIoLeit oopa-
0OTKOH MONMy4eHHBIX BuAeOMaTepranoB. Pa3zpaboTtanm mporpaMMHoe obecredeHue s Ja00PaTOPHBIX MCCIET0BAHMN
ONTUMAJIBHOTO YITIA YCTAHOBKY JIATYMKA, YTOOBI MUHUMU3UPOBATH BpeMs MPOJIETA CEMSH Yepe3 UyBCTBUTEIBHYIO 30HY
JaTYNKA, ¥ KK CIEICTBUE — IIOBBICUTDH PA3PENIAIONIYIO CIOCOOHOCTD ATUMKA. MI3yUmiy HeCKOIbKO BAPHAHTOB YCTAHOBKI
JaTYNKa MO pa3IMYHBIME yTIaMy B fruana3one ot 0 10 67,5 rpamyca, ¢ marom 22,5 rpamyca. (Pesyismamst u 0bcycoernue)
[Momyunmu reoMeTpuyuecKue U SMEKTPUUECKUE TAPAMETPhI pa3pabaThIBAEMOTO JaTUMKA BhiceBa. ONpenenuii ONTHMAITb-
HBIE MECTO U TIOJIOKEHUE YCTAHOBKY JaTunKa. (Bvisoovt) BEISBIIIN, UTO MIMHA TYBCTBUTENBHON 30HBI TaTUYMKA COCTABUT
He MeHee 55 MIITIMETPoB. B xoj1e 1abopaTopHBIX HCCIENOBAHMI TOTYYUIH TaHHBIE, CXOXKHE C PE3yJIbTATAMU PACUETOB.
OtHocuTenpHOE 3HAUeHE K0d(QhUIIMEeHTa CXOMMMOCTH MEXKTY TTOMYUYEHHBIMH KCTIEPUMEHTATIBHO U TEOPETHIECKIMHU TI0-
Ka3aTensMu He TpeBbimaet 0,55 Mpu ycioBUH, YTO JaHHBIE 3HAUEHHS TOMYUYEHBI Ha PACCTOSHUH, KOTOPOE MEHBIIE Pajiu-
yca ceMsH. Paccunranu anexTpuueckue mapaMeTpsl JaTINKa 1 MUHUMAJIBHOE PACCTOSHUE MEXKIY OOKIAIKaMH JaTUNKa,
coctapjstioniee 20 MAITAMETPOB. Y CTAHOBUITH, UTO JUTS HAZEKHON PETHCTPAITMN OTACTBHBIX CEMSH BHICOTA TYBCTBUTEITh-
HOI1 30HBI JOJDKHA OBITh HE MeHee 5 MILIUMETpoB. Co3Aau SKCIEPUMEHTAIBHBIN JATUUK BBICEBA, C TOMOIIBIO KOTOPO-
TO OTPENENIIH ONTUMATBHBIN YTOJI M MECTO YCTAHOBKH JATUMKA. 3AKITIOUMIIH, YTO [JISI MUHUMHU3AIIIN BPEMEHH TIPOIeTa
CeMsIH B UYBCTBHUTEIIHOM 30HE IATYNKA HEOOXOJAUMO YCTAHABINBATD €0 NMEPIEHANKYIIPHO TPACKTOPUH MOJIETA CEMSH.
KiroueBsie c10Ba: oceB, BBICEBAIOIINIT alMapar, YacTOTa BPAIICHHS UCKA BBICEBAIOIIETO amlapaTa, CUCTeMa KOHTPOJIS
BBICEBA CEMSH, EMKOCTHbII TaTYNK BHICEBA CEMSIH.
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MapaMeTpoOB EMKOCTHOTO JJATYMKA BbICEBA CEMSIH ITPOMAIIHBIX KYIBTY P // CenbcKkoX0356cmeeH Hble MAUUHBL U
mexnonoeuu. 2019. T. 13. N2. C. 4-9. DOI 10.22314/2073-7599-2018-13-2-4-9.
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Abstract. The development of a universal control system requires designing unified seed sowing sensors that allow controlling
the sowing of seeds of different crops. (Research purpose) To provide theoretical grounds for the determination of parameters
and installation location of a capacitive seeding sensor. (Materials and methods) In the course of the study, the authors have
made theoretical calculations of the seed travel trajectories in mechanical and pneumatic sowing machines using the Mathcad
and Microsoft Excel software systems, at various sowing machine frequencies: 11.5; 17.5 and 26.0 revolutions per minute as
well as the calculation of the electrical parameters of the designed seeding sensor. Laboratory studies of the trajectory have
been performed at the same rotational speeds of the sowing unit disc using high-speed seeding surveys on an experimental
installation with subsequent processing of the obtained video materials. The optimum installation angle of the sensor has
been experimentally studied from 0 to 67.5 degrees with a pace of 22.5 degrees to minimize the travel time of seeds through
the sensitive area of the sensor, and as a result, to increase the sensor resolution using the developed software. (Results and
discussion) Geometric and electrical parameters of the designed sowing sensor have been obtained, and its optimum location
has been determined. (Conclusions) In the course of laboratory studies, data similar to the calculation results have been
obtained; the relative value of the convergence coefficient between experimentally obtained and theoretical indicators does
not exceed 0,55, provided these values are obtained at a distance less than the radius of seeds. The authors have experimentally
determined the minimum distance between the sensor plates, which amounts to 20 millimetre, and calculated the electrical
parameters of the sensor. They have also stated that the height of the sensitive zone should be at least 5 millimeters for reliable
metering of individual seeds under these conditions. The obtained data allowed designing an experimental seeding sensor to
determine the optimum angle and the sensor installation site. It has been concluded, that in order to minimize the travel time
of seeds in the sensitive area of the sensor, the latter should be installed perpendicularly to the flight trajectory of the seeds.
Keywords: sowing, sowing machine, rotational speed of the disc sowing unit, control system of seeding, capacitive seed
sowing sensor.

I For citation: Zavrazhnov A.1., Lobachevskiy Ya.P., Pustovarov N.Yu. Razrabotka i obosnovanie parametrov
emkostnogo datchika vyseva semyan propashnykh kul'tur [Development and determination of the parameters
of a capacitive seed sowing sensor for row crops]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13.
N2. 4-9. DOI 10.22314/2073-7599-2018-13-2-4-9 ((In Russian).
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OCEB — OJHA U3 BaKHENIINX ArpOTEXHUYECCKUX
I I OTIepannit, OT KOTOPOM HAIIPSIMYIO 3aBHCHUT YPO-
KaHHOCTh CETbCKOXO3IMCTBEHHBIX KYIBTYP.
[MoTepu mpu moceBe 00yCIIOBICHBI TPEKPAIIECHUEM BBI-
CeBa, OTKJIOHEHUSIMHM OT HOPMBI M PABHOMEPHOCTH BbI-
CeBa, a TAKXKE OT CPEeHEHN ITTyONHBI 3aIEIKU CEMSTH.
CILTONIHBIE MTPOCEBBI XapaAKTEPU3YIOTCS OTCYTCTBU-
€M BbICE€BA OIHHUM HUJIN HECKOJIBKUMHU BHICECBAIOIIIIMU
arriapataMy UJin BCeH CESIIIKOU BO BpEMs IBUIKCHU A
ITOCEBHOT0 arperarta, KOTopble 0OHAPYKUBAKOTCS TOJIb-
KO TIOCIIe TIOsIBJIEHUsI BcX0/10B [1-3]. BozaMoyHO ux ycTpa-
HEHHE MEPECEBOM, KOTOPBINA TPeOYyeT JOTIOTTHUTEIb-
HBIX 3aTpaT TpyAa U CPEACTB, HO IIPU ITOM paCTEHUS
OTCTAIOT B PA3BUTHH U CHIDKAETCS yPOKANHOCTD.
CruI01IHBIE TPOCEBBI BOBHUKAIOT MPU MEXaHUYECKUX
IIOJIOMKAX, HEITPABUJIBHON PEryJIMPOBKE, OTCYTCTBUHU
BaKyyMa, OTCYTCTBUH UJIK CBOJ000pa30BaHUH CEMSTH
B OyHKepe, HATUIUU MOCTOPOHHUX MTPEIMETOB B Mac-
ce ceMsTH, 3a0MBaHMH CONTHUKA ITOYBOM U COCTABIISIIOT
mpuMepHo 1,5-4,5% mtomanu 3acestHHOTo 1ot [4].
KoHTpois mpoliecca moceBa ¢ TOMOIIBIO CIeITHATh-
HOM CHCTEMBI, YCTaHABIMBAEMOM Ha IPOIALIHBIX Ce-
SUTKAX, TIO3BOJIUT CHU3UTH MTOTEPH ypoxKasi omarogaps
OTIePaTUBHOMY pearnpoBaHUIO0 MEXaHNU3aTOPA Ha BO3-
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HUKAIONINE TEXHOJIOTMUECKUE U TEXHUUECKHUE OTKA3HI
Y CBOEBPEMEHHOMY UX ycTpaHeHuIo [5-6]. B xone aHa-
JIM3a CUCTEM KOHTPOJIS BBICEBA CEMSTH U MX COCTaBHBIX
JacTei, B TOM YHCJIe JAaTYNKOB BBICEBA, OBLIO TIPUHSI-
TO peIIeHHE O IPOSKTUPOBAHUH TATUMKOB BBICEBA EM-
KOCTHOTO THIIA, KOTOPhIE UMEIOT BBICOKHE pa3pela-
FOIIY IO CIOCOOHOCTD, Iy BCTBUTEIILHOCTD, PA0OTOCIIO-
COOHOCTb B YCIOBUSIX CHITBHON 3aITbIIIEGHHOCTH, HATEK-
HBI ¥ JOCTYITHEI 110 cTOMMOCTH [7-10].

LIEnb nccnepnoBAHNSA — pa3paboTaTh JaTYUK BhICE-
Ba EMKOCTHOI'O THTIA, TEOPETUUECKU 0OOCHOBAB €ro
KOHCTPYKTHUBHBIC TTApaMETPhI 1 MECTO YCTAHOBKH Ha
CesITIKeE.

MATEPUANBI M METOABI. [TpH TpOBEIEHUH PACUETOB
TPaeKTOPUH IIPOJIETA CEMSH UCIIOIH30BAHBI ITapaMe-
TPBI THEBMATUYECKOTO 1 MEXaHIMIECKOTO BRICEBATOIIIE-
ro aImapara ¢ JUCKoM. Paguyc qucka ¢ yuyeTom Tpa-
TMelenJaTbHOTO IMa3a paBeH 102 MM 111 MeXaHUYeCKO-
T'0 BBICEBAIOIIETO amnmapara u 84 MM — JJ1s1 THEBMAaTH-
yeckoro. CKOpOCTh BpallleHUs TUCKA BBHICEBAIOIIETO
armmapara coctasisuia 11,5; 17,5 u 26,0 06/muH.

TeopeTnueckuii pacueT TPaeKTOPHH IOJIETA Ha TIPH-
Mepe CeMsTH CoM 0e3 yueTa CONPOTUBIICHUS BO3IyXa
MPOBOIUIIN 110 (hopMyITe:
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)CZVOX't
e (0
2

rre Vy,— HadalrbHasl CKOPOCTh CEMEHU, M/C;

t — BpeMs, C;

g — yCKOpeHHe CBOOOIHOTO MaaeH s, M/c’.

st Goitee TOYHOTO OIIpeAeTIeHHs TPAEKTOPUH T10-
JIETa CEMSIH HEOOXOIUMO YUUTHIBATD BIIUSHUE CUITBI
COIIPOTHUBIICHUS BO3IyXa, TO3TOMY CHCTEMa ypaBHe-
Huii (1) mpumer BU:

XZVOX't—
2 b))

TZ€ dy ¥ dy — YCKOPEHUS TI0 COOTBETCTBYIOLIMM OCSIM,
>
Mm/c.
Cuiy CONpOTHUBIIEHUS BO3IyXa OIIPEIEIUM I10 (hop-
MYyJIE:

FCOl'lp = CX .p ' V2~ SMPUI’ (3)

rae C, = 0,4 — k03¢ PUIUEHT T0OOBOTO CONMPOTHUBIIC-
HUS (171 ceMSIH Iapoo6pa3Hoit popmel),

p — IIIOTHOCTh BO3yXa, KI/M’;

V' — cKOpOCTb MOJIETa CEMEHH, M/C;

S \uuz — TUTOIIA b TIOTIEPEYUHOT O CEUEHU ST CEMEHH, M.,

ITocne npeobpazoBaHus cucteMa ypaBHeHUH (2) ¢
y4eTOM BBIpakeHu (3) MPUHUMAET BUT;

2 2
Cx-p-VX~SMHH-t
4-m

_CX'p'Vyz'SMMH'tZ g1 )
4 4-m 27
rae Vyu Vy, — CKOpOCTH IBHKEHHS CEMSIH 10 COOTBET-
CTBYIOIIIUM OCSIM, M/C;
m — Macca CeMeHU, K.
Beipakast HAUaJIbHYIO0 CKOPOCTh CEMEHU Uepe3 ua-
CTOTY 00OpPOTOB JIUCKA BBICEBAIOIIIETO anmapara, 1mo-

JIy4UM:

2. 2. 2 . . .
\/mz.m_cx.m.p.V)%.S g
o 900 i 15
4-m
cx-p-Vy2~st-z2 i Q)
- 4-m 2

TJie @ — YTIIOBasi CKOPOCTh, paj/c;
r — paJilyc TUCKA BBICEBAIOIIETO anmapara, M.

B okoHuatenpbHOM BUIE YPaBHCHHUC TeOpCTI/I‘{CCKOﬁ

TPACKTOPHUH MOJIETA CEMEHU MOXKET OBITH IIPEICTABIIC-
HO CJICIYIOIIHUM 00pa3oMm:
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2.2 .2 2 2
2 0T 2 m--rw 2
_(\/m 50 —Cx-m'p-Vy-SMnﬂ.x— 5 )(Cx-p-Vy'SMm-4'm‘g)

128-m°

(6)

B xone 1abopaTOpHBIX HCCIEAOBAHNN TPAEKTOPHHT
OJIETa CEMSIH IPUMEH SN CIIEIUATBHYIO YCTAHOBKY,
pazpaborannyo B 1aboparopun «lcmons3oBanue
MTA» ®I'BHY BHUUTuH.

PE3YNbTATLI M OBCYXAEHUE. B pe3ysbraTe uncieH-
HOT'O 9KCIIEPUMEHTA C UCIIOJIH30BAHNEM BhIPAKEHU S
(6) moTyueHbI TEOPETUUECKHE TPACKTOPUHU TIOJIETA Ce-
MsH COU B 3aBUCUMOCTHU OT YaCTOTHI BpallICHUSA TUC-
Ka MEXaHUYECKOT'0 U THEBMATHUYECKOTO BBICEBAOIIIE-
ro amnmapara (puc. I).

ITpu mpoBereHN Y 3KCIIEPUMEHTOB TPAEKTOPHIO TI0-
JIeTa CEMSH, BBIMABIIUX U3 STUEEK IKCIIEPUMEHTATBHBIX
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Puc. 1. Teopemuueckue mpaexmopuuy noiema cemsmn cou 8 3au-
cuMocCmu Om 4acmomvl 8PaweHUst OUCKA:

a — MEXAHUYeCcKo20 8blCesalowe20 annapama,

b — nnesmamuueckoeo gvicesaioujeco annapama

Fig. 1. The trajectory of seeds depending on the air resistance

a — for a mechanical sowing unit

b — for a pneumatic sowing unit

JIMCKOB, B 3aBUCIMOCTH OT YaCTOTHI UX BPAIIEHUS 13-
y4aJid Ha YCTAHOBKE C UCIIOTB30BAHUEM BEICOKOCKO-
poCTHOH BUieochbeMKH Ha kKaMepy GoPro HEROA4.

TTomyueHHbIe JaHHBIE 00PabOTAIHN C HAIOKEHUEM
TPaeKTOPHUH OTAEIHFHOTO CEMEHU B Pa3HBIE MOMEHTHI
BpeMeHH (puc. 2).

PaboTy Hag BugecomMaTepruaiaMu IPOBOAUIIN HA
OBM 110 criennanbHO pa3paboTaHHOM METOMKE, B pe-
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Puc. 2. Tpaekmopusi omoenvHo2o cemeHu
Fig. 2. Trajectory of a single seed

3yJIbTaTe KOTOPOH ONMPEEIISIN KOOPANHATHI TPAEKTO-
pUH OTAETBHOTO CEMEHU B KOHKPETHBI MOMEHT Bpe-
MEHU Yepe3 UyBCTBUTEIbHEIE TUNIACTUHBI 1aTunKa. Duk-
CaInio KOOPAUHAT OCYIIECTBIISUIN HA CETKE, HAHECCH-
HOM Ha JINCTE C AaroM 3 MM.

3a HyneByto Touky (0; 0) mpuHUMAIKN TOYKY Hava-
JIa BBIMTAJCHUSI CEMEHH U3 STUCHKH TUCKA MU OTPhIBA
CEMEHH OT OTBEPCTHS Ha IUCKE TIOCTIE OTCEUYKU BaKyy-
Ma [PU UCTIOJIF30BAHNU ITHEBMATHYECKOTO BBICEBAIO-
mero anmnapara. JlaHHbIe 0 KOOpAUHATAX TPAEKTOPHH
CEMEHU 3aHOCUJIU B IPOTPaMMY IJIs CTATUCTHUECKON
00paboTku noyryueHHOM mHpopManmu Microsoft Exel.
Ha ocHoBe aHau3a nokaapoBoit 06pabOTKU JAHHBIX
9KCIIEPUMEHTOB TOJIYYeHBI T'papuKH TPAEKTOPUH TTO-
JIeTa CeMsTH B 3aBUCUMOCTH OT YaCTOTHI BpAIleHUsI Me-
XaHWYECKOT'O BhICEBAIOIIETro IUCcKa (puc. 3).

JATEHOCTS NOTeTa ceMeHH, MM
Flight range of seeds, mm
9 12 15 18 21 24 27 30

Distance from the origin, mm
o
K
/

PaccTosmmme o TOMKH oIpLIa, MM

26 of/nam
26 rpm

o175 obham
175 pm

D115 offvmm
115 mpm

Puc. 3. Tpaexmopuu nonema cemsin @ 3a6UCUMOCIIU OM YACHIO-
bl 8PAUEHUST MEXAHUYECKO20 BbICe8AaIowe20 Oucka (dIKcnepu-
MeHmanvuvle OaHHbvle)

Fig. 3. Flight path of seeds depending on the frequency of the seed
disc rotation

B pesynpraTe 00paboTKU TEOPETUIECKUX U IKCITE-
PUMEHTAIBHBIX JAHHBIX PACCUMTAHBI 3HAUEHU I OTHO-
CUTETIbHON CXOAUMOCTU TEOPETUUYECKUX U MPAKTHYE-
CKU TOJYYEHHBIX 3HAUEHUH 10 KaXXI0U TOUKE TPaeK-
TopuH (maba. 1). Ucxomst U3 MOJTyYESHHBIX 3HAUCHU T
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BENMYMHA OTHOCUTENBHON CXOAMMOCTU MEXAY
TEOPETUHMECKUMMW W NMPAKTUYECKUMMN 3HAYEHUSIMM
B KAXAOW TOYKE TPAEKTOPUMN
VALUES OF THE RELATIVE CONVERGENCE
JTaILHOCTE N0JIeTa YacroTa BpameHus aucKa
T T BBICEBAOLIEro anmnapara, 00/MuH
Flight ra’nge of Rotation speed of the seeding disc, rpm
seeds, mm 11,5 17,5 26
0 0 0 0
3 0,406 0,484 0,550
6 0,173 0,352 0,388
9 0,004 0,186 0,210
e 12 0,090 0,192 0,115
15 0,184 0,122 0,033
18 - 0,069 0,077
21 - 0,051 0,099
24 - 0,024 0,112
27 - 0,062 0,131
30 - 0,110 0,120

OBLI clielaH BbIBOA 00 aJIeKBATHOCTH MPEIJI0KEHHOM
TEOPETUYECKON MOJEIIH.

Pa3zpabaTpiBaeMblii 1aTYMK BbICEBA JOJIKEH OBITDH
YHUBEPCAIBHBIM, TO €CTh ITOAXOIUTD JJIsI OIIpe/Ieie-
HUS CEMSTH pa3IuyHoOro pasmepa. CemeHa JTOMMHA 00-
JAIaI0T CAMBIMH OOJIBIITUMHU pa3MepaMu CPEIU CEMSIH
MPONAITHEIX KYJIBTYD, BEICEBaeMBIX B TaMOOBCKOI 00-
nactu. X quaMeTp B MonepevyHuKe MOXKET JTOXOIUTh
1o 15 MMm. COOTBETCTBEHHO, PACCTOSTHUE MEX Y 00-
KJIaJKaM¥ TaTYuKa JOJDKHO oOecreunBaTh Oecripe-
MSITCTBEHHBIN mpoJieT ceMstH. [ToaTomy 3a Tpebyemoe
MUHHUMAaJIBHOE PACCTOSHHE MEX Y OOKIaKaMH ObLIO
MpUHSTO paccTosiHue 20 MM.

Kpowme Toro, mpu yueTe MUHUMAILHOTO PacCTOsI-
HUS MKy IUIACTUHAMU JaTYUK JTOJDKEH 0OecIeqn-
BaTh HAJCKHYIO PETUCTPALINIO CEMSTH CAMOU MaJIeHb-
KO (hpaKIIUH.

EMKoOCTB KOHIEHCATOpA BRIUUCISIOT IO (hopMyIIe:
& €S

d b
rae C — eMKocTh, D;

&y — dIEKTpUYECcKas MocTossHHas, D/m;

&— IUBIIEKTpUYecKasi IPOHUIIAEMOCTh Cpembl, D/M;

S — I0IA b KOHIEHCATOPa, M’

d — paccTosiHre MeX Iy OOKJIaKaMU KOHIEHCATO-
pa, Mm.

OIBITHBIM MyTEM YCTAHOBUJIU, UTO IOCTATOYHBIM
YCIIOBUEM ISl HA/IEXKHOTO CpabaThIBaHUS TaTUYHKA SIB-
JSIeTCSI U3BMEHEHNE eMKOCTU Ha 5%.

B xome pacdeToB MOIy4YniIn CIeAYOINe TapaMme-
TPBI JATYUKA: JUJIMHA YYBCTBUTEIBHON 30HBI — 55 MM
(c yueToM ymnHeHus Ha 55% miist obecredeHus KOH-
TPOJIS B CIIyUYasiX HECBOEBPEMEHHOTO BHITIA/IEHUS Ce-

C= )
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MSIH U3 STYEEK), PACCTOSTHUE MEXKTY TUTacTUHAMU — 20 MM,
BBICOTA YYBCTBUTEIBbHOU 30HBI — 5 MM. [Ipu ciauikom
HU3KOM YCTAaHOBKE TATUYMKA B TIOJIOCTH COIITHUKA €CTh
BEPOSITHOCTh MEXaHUYECKOTO IMMOBPEXKACHUS U 3a0U-
BaHWS MTOYBOU CONTHUKA U, COOTBETCTBEHHO, TaTYU-
ka. [ToaToMy naTumk clieayeT yCTaHABIIMBATH HE HU-
xe 50 MM OT TOUKH OTpHhIBA.

H3MeHeHne eMKOCTH, TPOUCXO/ISIIIEe ITPH ITPOJIeTe
CEMSH MOPKOBH (KaK CEMSIH CaMOW MaJIeHbKOH (pak-
uu), corntacHo popmyie (7), coctasimset 0,008 d.
ITpu npuBeAeHHBIX TapaMeTpax U3MEHEHUE EMKOCTHU
Oymet cocTaBIATh 6,6%, UTO SABIAETCS JOCTATOUHBIM
JUTSL HAJIEXKHOW PErucTpalify MPOJIeTa CEMSH uepes
TATYHK.

st oroOpaskeHUs TOCTOBEPHOM MHPOPMAIIUH O
HOPME BBICEBA HCOOXOAUMO MUHUMUZUPOBATH BPEMS
MpoJjieTa CEMEHU Yepe3 UyBCTBUTEILHYIO 30HY TaTUU-
Ka. 17151 3TOro ObLI U3rOTOBJIEH EMKOCTHOW JATUHMK
BBICEBA CeMSH (puc. 4) M IPOBEIEHBI UCCIIEIOBAHMUS,
MTO3BOJISIFOIIIHE CYTUTh 00 ONITUMAJIBHOM yTJIe yCTa-
HOBKU JTaTUYNKA B COIITHUKE.

OnBITH TPOBOMIIN C TATYNKOM BBICEBA, 3aKpe-
IJICHHBIM Ha LITATUBE, TOAKIIOYEHHBIM K IEPCOHATIb-

Puc. 4. 9KCH€puM€HmaJlebllz EeMKOCIMHBIT OAMYUK 8bICEEA CEMSN

Fig. 4. Experimental capacitive seed sowing sensor

HOMY KOMIIBIOTEPY 4epe3 LPT-IOpT ¢ IOMOIIBIO pas3-
paborannoro 10, o6pabaThIBatOMIET0 CUTHAI C 1aT-

NEW TECHNICS AND TECHNOLOGIES

YHMKa BbICEBA U MTO3BOJISIONIETO ONPEACTIUTD MPOTS-
KEHHOCTb UMITYJThCa, BOSHUKAFOIIIETO ITPHU MPOJIETE Ce-
MEHU uepe3 JATUUK C TOUHOCTBIO O OJTHON MUJIJIKCE-
kyHbL. [ToBTOpHOCTSH OMbITa 300-KpaTHAS IS KaXKI0U
KYJBTYPBI U JUTST KAQXIOTO YIIa YCTAHOBKY TaTIUKA.
Vronusmensiau ot 0° 1o 67,5° carom B 22,5° (maoan. 2).

Bricokoe 3HaueHMe KO3 hUIIMeHTa Baprauu 00-
YCIIOBJICHO OOJIBINION pa3HUIIeH GOpMBI, pa3MepoB U
MAacChl CPEJIN CEMSTH OJTHOM KYJIBTYPHI.

BriBogbl

Ha ocHOBaHUU MPOBEACHHBIX UCCIICTOBAHUN MOXK-
HO CZIENIaTh BHIBOJT O COOTBETCTBUU IKCIIEPUMEHTATTb-
HBIX JAHHBIX TEOPETUYECKUM UCCIIEIOBAHUSIM U BO3-
MOXXHOCTH UCIIOTb30BAHHUS MIPEIIOKEHHBIX 3aBUCU-
MOCTEH JIJISl pa3JIUYHBIX PAcUueTOB.

Paszpaboranu 1aTunK BhICEBA CEMSIH EMKOCTHOTO
THIIA, OIIPEIEITHIIN eT0 TTapaMeTPhl M OITUMATBFHOE Me-
CTO €r0 YCTAHOBKH — TIOJIOCTh COIITHUKA, TTOCKOJIBKY
JUUTSE pacueTa TeKYIUX IapaMeTPOB BHICEBA HEOOXOIH-
MO KOHTPOJIUPOBATH MPOIIECC BhICEBA MAKCUMAJIBLHO
OJIN3KO K BBIXOJY CHCTEMBL.

B nanHoMm cinyyae 1JIMHA YyBCTBUTEIBHOM 30HBI, C
y4eTOM 3allaca, HallpuMep Ha 3aCTPEBAHUE CEMEHH B
sTyeiike BhICEBAIOIIETO AUCKA, TOJKHA COCTABIIATH 55 MM,
paccTosiHUE MEX Ty OOKJIaKaMu JaTuuka — 20 MM, BbI-
COTa YYBCTBUTEIBHON 30HBI — 5 MM C YYETOM IJIEKTPU-
YECKUX apaMeTPOB IaTYMKA, BLICOTA YCTAHOBKH — HE
Hke 50 MM OT TOYKH OTpbIBA. [{J1sI MUHUMM3ALINH Bpe-
MEHH MPOJIeTa CEMSTH Uepe3 UyBCTBUTEIIBHYIO 30HY AaT-
YHKa €ro CelyeT yCTaHABIUBATD B ITOJIOCTH COITHUKA
TOPHU30HTAIIHHO.

3ABUCUMOCTbL CPELHEIO BPEMEHM NMPOMNETA CEMSIH PA3MINYHBIX KYNIBTYP OT YI/IA YCTAHOBKM YYBCTBUTENBHOM 30HbI LATYMKA
RELATIONSHIP BETWEEN THE AVERAGE TRAVEL TIME OF SEEDS AND THE INSTALLATION ANGLE THE SENSITIVE ZONE OF THE SENSOR
0° 22,5° 45,0° 67,5°
KyabTypsi Cpennee (Koadppuument| Cpeanee |Kodpdunuent| Cpennee |Koappumuenr| Cpennee |(Koaddunment
Crops BpeMsi, MC | Bapuanuu, % | BpeMsi, MC | Bapuainuu, % | BpeMsi, MC | Bapuanuu, % | Bpemsi, MC | Bapuamuu, %o
Average | Coefficient of | Average | Coefficient of | Average | Coefficient of | Average | Coefficient of
time, ms | variation, % | time,ms | variation, % | time, ms | variation, % | time,ms | variation, %
JLIIOI?““ 14,03 14,23 18,51 6,28 19,92 9,87 22,59 7,53
upine
gy“ypy“ 12,38 9,18 13,99 5,88 18,53 9.71 20,11 7,03
orn
g‘*e“”a 8,95 9,47 11,03 7,44 12,11 11,35 16,04 8,94
eetroot
Cox 11,98 6,97 13,04 6,23 14,53 7,41 17,02 4,93
Soybean
WIEEIEGITR | ) o 13,32 15,69 10,92 17,85 11,17 20,91 7,14
Sunflower
ggg;’x 14,93 17,66 16,62 13,48 18,07 13,86 19,93 14,08
lé/IOPKOBB 8,04 10,14 8,96 9,51 9,46 11,40 10,50 10,61
arrot
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OnpepneneHue pakTopa AUINIEKTPUYECKUX NOTEPD
3epHOBO3YLLUHON CMeCH MNLUEeHULbI

JAmutpuii Anexcanaposuy by iHuKoB,
KaHIUAAT TEXHUYECKUX HAYK, BEAyIINI HAyYHbIN
coTpyaHMK, e-mail: dimml3@inbox.ru

®DenepanbHblil HAYUHBIN arpouHkeHeHpHbI LeHTp BUM, MockBa, Poccuiickas ®@eaepauus

Pedepar. [Toxazanu, yTo 3HEProeMKOCTh IPOLIECCOB TEIIOBOIM 00pabOTKH 3epHA MOCe YOOPKU 3aBICUT KAK OT CTOUMO-
CTH SHEPTOHOCUTENEH, TaK ¥ OT CBA3M BIATH B 3¢pHE. BBIABUIIM, UTO CHU3UTD CEOECTOMMOCTD YKa3aHHBIX TPOLIECCOB MOK-
HO, UCIIOJB3YS ANMEKTPOTEXHOIOTHH, B YACTHOCTH JNIEKTPOMAarHUTHbIE 1ol [1pu pazpaboTke pexuMoB 00paboTKH HEOO-
XOJIUMO YYUTHIBATH BUIbI MIPUMEHIEMBIX NEKTPOTEXHOIOT U, TAKNX KaK MH(PAKPACHBIE MOJIS, OIS CBEPXBBICOKOM Ua-
cTOTHL. (L]ens uccnedosanus) OMpenenuTh 3aBUCUMOCTD KOIQQUIIIEHTa TUANEKTPUIECKUX ITOTEPh 36PHOBO3AYIITHON CMECH
OT BIQXHOCTH TIIIEHUIIBI (B quana3oHe 11-30 mpolieHToB) npu MmIOTHOCTH cros 220-660 KuimorpaMMoB Ha KYOUYeCKHiA
metp. (Mamepuanvt u menoowt) llpueny cxemy 1ab0paTOpHON YCTAHOBKHU. BBIMONHNIN SKCTIepUMEHTAIbHBIE HCCIIEI0BA-
HUS TI0 OTIpeJIeNeHnIo (paKkTopa TMAIEeKTPUYECKHX MOTEPh TICEBAOOKMKEHHOTO CIOS 3epHA TMIIEeHUIIBI. (Pesyivmamel u 06-
cyarcoenue) ITpoBeny ABYX(aKTOPHBINA IKCIEPUMEHT IO ONPE/IENEHNIO BIUSIHUS BIAXKHOCTH U INIOTHOCTH 36pHOBOIT HAChI-
1 Ha (PaKTOP JUINEKTPHIECKUX TIOTEPD, KOTOPBIH MO3BOJISET YyCTAHOBUTD MOTIIOIAEMYIO OT MUKPOBOJIHOBOTO HCTOYHH-
Ka MOIIHOCTb. [10TyunIn uckoMbIe 3aBUCUMOCTH. (Bbi600bt) BhIsBIUIHN, UTO KOAD(UIIMEHT qUATEKTPHIECKUX OTEPh TIPU
BiaxHocTH 3epHa 11-30 mpoueHTos HaxoauTes B quanasone 0,18-0,42 a1 m1oTHOro 3epHOBOTrO €105 660 KMIIorpaMMoB
Ha kyouueckuit Metp; 0,06-0,15 — 17151 nceBmooxmxkeHHoro cios (440 xumorpaMMoB Ha Kyouueckuit metp); 0,1-0,3 — s
B3BeIEeHHOTO (220 KIIOrpaMMOB Ha KyOUUecKuii MeTp). Y CTAaHOBUITH 3aBUCHMOCTh KOA(h(pUIIMEHTA AUIIEKTPUUECKUX T10-
TEPb 36pPHO-BO3AYIIHOTO CJI0S MIIEHULBI OT BAAXKHOCTH 3¢pHA U INIOTHOCTH CII0S, ONUCANIH €€ IOTUHOMUAIBHOM MOJIETIbIO
BTOpO# creneny. [okasany, 4To MCeBAOOKIDKEHIE 3ePHOBOTO CI0s MOBHIIIALT 3P(EKTHBHOCTD BO3ACHCTBUS MUKPOBOJI-
HOBOTO ITOJIf, TaK KaK BCIIEACTBUE CHIDKEHNS KO3 (DHUIMEHTA TMIIEKTPUUYECKHX MOTePh YBEINUUBAETCS ITyONHA MPOHUK-
HOBEHUS 110711 B ClION. PexoMeH10BaMu NPHUMEHATh MUKPOBOJHOBOE IOJIE B INIOTHOM CJI0€ 3¢pHA MPHU AOCYLINBAHUY ITIIIE-
HUIIBI, YMEHbBIIAS BTAXHOCTH ¢ 16 10 14 po1ieHTOB.

KaroueBbie ci1oBa: MIKPOBOJHOBOE TOJIE, TEIIOBast 00paboTKa 3epHa, KOA(DUIMEHT TUIIEKTPHUECKHX TTOTEPh, HAIPS-
JKEHHOCTb I10JI51, MOJIETMPOBAHUE NEKTPOMATHUTHBIX IOJIEH, IICEBI00KMKEHHDIN CII0OM 3epHa.

I dast uutupoBanusi: bynuukos [[.A. Onpenenenne hakTopa IU3JICKTPUUECKUX TOTEPD 36PHOBO3AYIITHOM CMe-
cu mmeHnnsl // Cenvcrkoxossaticmeennvie mawiunst u mexnono2uu. 2019. T. 13. N2. C. 10-14. DOI 10.22314/2073-
7599-2018-13-2-10-14.

Determination of the Dielectric Loss Factor of a Grain-Air Mixture of Wheat

Dmitriy A. Budnikov,
Ph.D.(Eng), key research engineer,
e-mail: dimm13@inbox.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The paper presents the data on the energy intensity of the heat treatment of grain during post-harvest processing
caused by both the cost of energy and the grain moisture content. The development of processing modes using electrical
technologies, in general, and electromagnetic fields, in particular, can make it possible to reduce the cost of these processes.
Heat treatment is applied to the grain of various crops at the stages of drying, disinfection, preparation for feeding, etc.
When developing them, it is necessary to take into account the types of applied electrical technologies, such as, for example,
infrared fields, microwave fields, etc. (Research purpose) To determine the dielectric properties (dielectric loss coefficient)
of a wheat grain-air mixture with a moisture content of 11-30 percents with a layer density of 220-660 kilogram per cubic
meter. (Materials and methods) The authors present a diagram of a laboratory installation, carried out experimental studies
to determine the dielectric loss coefficient of a fluidized bed of wheat grain. (Results and discussion) The authors conducted
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Ci
a two-factor experiment to determine the effect of moisture and density of a grain bulk on the dielectric loss factor,
which determines the power absorbed from the microwave source. As a result, they obtained the studied relationships.
(Conclusions) It was found that the dielectric loss coefficient at a grain moisture content of 11-30 percents is in the range
of 0.18-0.42 for a dense grain bed of 660 kilogram per cubic meter, 0.06-0.15 for a fluidized bed (440 kilogram per cubic
meter); and for a weighted bed (220 kilogram per cubic meter) 0.1-0.3. The authors calculated a dependence of the dielectric
loss coefficient of a wheat grain-and-air layer on the grain moisture content and the layer density, which can be described
by a polynomial model of a second power. The study showed that fluidization of the grain bed increases the efficiency of the
microwave field, as due to a decrease in the dielectric loss coefficient, the depth of field penetration into the layer increases.
It is recommended to use the microwave field in a dense bed of grain when drying wheat, thus reducing moisture from 16
to 14 percent.

Keywords: microwave field, heat treatment of grain, dielectric loss coefficient, field strength, electromagnetic field modeling,
fluidized bed of grain

Il For citation: Budnikov D.A. Opredelenie faktora dielektricheskikh poter' zernovozdushnoy smesi pshenitsy
[Determination Of The Dielectric Loss Factor Of A Grain-Air Mixture Of Wheat]. Sel'skokhozyaystvennye

mashiny i tekhnologii. 2019. Vol. 13. N2. 10-14. DOI 10.22314/2073-7599-2018-13-2-10-14 (In Russian).

JIACCHYECKUE TEIJIOBBIE CIIOCOOBI CYIIIKH 3ep-
Ha OTJIMYAIOTCS BBICOKOI 3HEPTOEMKOCTHIO
(3,5-9,0 MJIX/KT ¢ 51), @ YCTAHOBKY JJIS CYIII-
KU 3epHAa 3a4acTyIo (PM3MYECKH N3HOIIIEHBI 1 HE OTBE-
4aloT COBPEMEHHBIM TPeOOBaHUIM 9Heprocoepexe-
Hus [1-4]. CriocoObl yCOBEPIIEHCTBOBAHNSI KOHCTPYK-
LU 3epPHOCYITUIIOK UCYEPITaHbl, TpeOyeTcs pa3padoT-
Ka TEXHOJIOTUI 1 000pyIoBaHUs, 0OECIECUNBAIOIIETO
BBICOKOTEXHOJIOTUYHY0, JHEProcOeperaromyo CyI-
Ky. [1pu pacxoze TemIoTH B 3pPHOCYLIIIKE yUNUTHIBA-
IOTCS CIIEYIOIINE 3aTPAThI ¥ IIOTEPU TEIUIOTHL: HA HC-
IapeHue BJIar; Ha HAPEB 3e€pHA; C OTXOASAIIUMH ra-
3aMH (C 0OTpaboTaBIINM areHTOM CYIIKH); B OKpyXKa-
IOIIYIO Cpenbl (Uepe3 HarpeThle TOBEPXHOCTH); HA Ha-
I'PEB TPAHCIIOPTHBIX CPEACTB; BCICACTBHE HETIOTHOTO
CrOpaHMs TOILUINBA (OT MEXaHUYECKOTO M XUMHYECKO-
TO HEJIOKOTA).
3arpathl TEIJIOTHI HA UCTIAPEHUE BIIATH OTpees-
IOT 1O (hopMYyIJIE:

0= W(r+4r), @

rae W — BIaXXHOCTB, 0.€.;
r — CKpBITasl TEIJI0Ta IapooOpa3oBaHUS BOIHI,
KJoK/KT,,:

r=2500— (2,3 +0,0014-0)6; @)

6 — TeMnepaTypa 3epHa, °C.

OCHOBHBIE CITOCOOBI CHUKEHUSI 9HEPrOEMKOCTH
CYIIIKH CIIEAYIOIIHUE:

- TOBBIIIEHNE TEMIIEPATYPBI CYIIUIBHOTO ar€HTa U
yBEIIMYEHHUE €TI0 pacxoaa (MHTeHCU(PUKALIH);

- CyIIIKa HETOIOT PEThIM BO3IYXOM B OYHKepax-3ep-
HOXPaHUJIUIIAX;

- ISpMETU3aAlUA U TCPMOUIOJIALMUA CYHINJIKH, Ka-
HAJIOB M BO3/{yXOBOJIOB;

- pereHepanus Teria u3 OTpaboTaHHOI'O TEIJIOHO-
cuTes (CYIIECTBEHHOE CHUKEHHE IHEPI OEMKOCTH; CHU-
JKEHHE CKOPOCTH CYIIKH);
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- HAJIOXKEHUE HEOTHOPOIHBIX JIEKTPUIECKUX TI0-
et (CHYKEHUE TPON3BOTUTEIBHOCTH);

- UCKJTIOYEHUE OXJIaJUTEIIFHBIX YCTPOUCTB U3 Cy-
IIMTBHBIX arperaTos (apaiiapaius);

- IpenBapUTEIbHBIN IOJOT PEB 3epHA (YBEIUUCHUE
9HEPrOEMKOCTH YCTAHOBKH);

- peuUpKyIALKS OTPAaOOTAHHOTO TEMJIOHOCUTEIS
(ycnoxHeHUE KOHCTPYKIIUN);

- IpuMeHeHue 3JieKTpoMaruHuTHeIX BU- u CBY-no-
JieH (TOBBIIIIEHUE TPEOOBAHUM 0€30IaCHOCTH MEPCO-
HaJIa; YBEJTUUCHIE SHEPTOEMKOCTH YCTAHOBKH; YCIIOXK-
HEHUE KOHCTPYKIINH);

- CyIIIKa 030HOBO3IYIITHOHN CMECHIO (TIOBBIIIICHIE
TpeOoBaHMI 6€30MMaCHOCTU NIEPCOHAIIA; YCIOKHEHHE
KOHCTPYKITUY; TIOBBIIIEHHBI N3HOC U3-32 OKUCIICHUS
METAJTNYECKUX YaCTeH).

Juist yBeIuueHUsI NPOU3BOAUTENBHOCTHU CYIINIb-
HOTO 00OPYIOBAHUS YaCTO UCIIONIB3YIOT Pa3phIXJICHHE
06pabaThIBa€MOro CJI0sI TEM UJIM UHBIM CIIOCOOOM (3a-
TOPMOXKEHHBIH, TTaTAIOIIU N, TICEBA00KUKEHHBIHN, BOC-
XOJSIIINM CIIOH ¥ T.11.). OJHUM U3 BAPUAHTOB HHTEHCH-
(hUKaIU TENIIOMACCOTIEPEHOCA B IICEBIO0KIIKEHHOM
CJI0€ MOXET OBITH IPUMEHEHHE 3JICKTPOMArHUTHOTO
TOJIss MUKPOBOJTHOBOT'O AMATIa30HA. DKCIIEPUMEHTATb-
HBIC UCCIICAOBAHMUS TTO3BOJISIOT CYAUTH 00 3(PPeKTuB-
HOCTHU oAgoOHoM koMOuHanui [4, 5]. Hanpumep, aHep-
ro3(p¢heKTUBHOCTD CYIIKH COM 3aBUCHUT OT TOJIIIIMHBI
00pabaThIBAEMOTO CJI05, CKOPOCTH aT€HTa CYIITKH, ET0
TeMIepaTyphl U YIEIbHONH MOIITHOCTU BO3ACHCTBYIO-
IeT0 JIEKTPOMArHuTHOTO ToIts (puc. 1) [5]. DHepro-
3P PEeKTUBHOCTH CYIIKH IPEACTABIISIET COOO0 OTHOIIIE-
HUE TTOJIE3HON MOIITHOCTH, UYIIICH Ha UCTIApEHME Blla-
', K 00IIIell 3aTpaueHHONH MOIITHOCTH. AHAJIN3 TIpHUBe-
JIEHHBIX IPa(UKOB O3BOJISICT CPABHUTH BIUSTHUE Pa3-
JINYHBIX (PAaKTOPOB: TEMIIEPATYPHI aT€HTa CYIITKH
(puc. la), ckopocTH areHTa cymku (puc. 1b), Tronmu-
HBI c1108 (puc. Ic) c MpuMeHEHUEeM MUK POBOITHOBOTO
TTOJIS ITPY Pa3IMYHON YAETBHON MOIITHOCTH (puc. 1d).

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 +N2 + 2019



- __ HOBbIE TEXHONOT M 1 ObOPYJOBAHWUE

IIpu 3TOM yBeNIMYEeHUE YACTBHON MOIITHOCTH 3JICKTPO-
MArHUTHOTO MOJISI OTPAHUYUBAETCS TEXHOJIOTUUECKU-
MH TTapaMeTpaMH IIpoliecca TEII0BOH 00paboTKY.

B o0mem xe ciryuae sHepreTU4ecKue 3aTpaThl Ha
CYIIIKY 3¢pHA B 3aBUCIMOCTH OT COCTOSIHUS CIIOS MIJTH
TEXHOJIOTUHU JJIs HATJISIAHOCTU CPABHEHUS IIPUHSTO
BBIpaKaTh Uyepe3 KPUTEPUH CYIIKH, FIIH KPUTEPUH 3-
(exTuBHOCTH Biarocbema. OH YUHTHIBAET B3aHMO-
CBSI3b UCXOJTHOM M TEKYILEH BIaKHOCTHU B pacyeTe Ha
Maccy CyXOro BeIIeCTBa 3¢pHa, a TaK)Ke KOJTUUECTBO
yaajsieMoit u3 3epHa Biaru. Kpurepuii a¢dexTruBHO-
CTH BJIArOCHEMa B COOTBETCTBUU C TEXHOJIOTHEHN CyIII-
KU 3aBUCHT OT MHOTHX ()aKTOPOB, B TOM UHCJIE OT TEM-
MepaTypsl U CKOPOCTH areHTa CyIIKH, €0 MacCOBOH
TTOJTH, TTPOAOKUTEITBHOCTH CYIIIKH, BJIAXKHOCTH 00pa-
6aTbIBAEMOTr0 MaTepHaia, yaeIbHONH MOIITHOCTH, pac-
CEeMBAaeMOM B MaTepuaje, KOHIIEHTPAIH U IO PHO-
CTH a3POUOHOB, HAIPSKEHHOCTH 3JICKTPUYECKOT O TT0-
75 v T.74. [Ipr 3TOM CcTerneHb BIUSHUS YKa3aHHBIX (ak-
TOPOB pa3IUYHAa JJI Pa3HBIX BUAOB TEXHOJIOTHH CYIII-
ku. Tak, B ciyyae CylIKM B IIAXTHOM CYLIMIIKE OIpe-
TIEJISTIONINM KPUTEPUEM OYIET IMTPOTOIKUTETHHOCTD
CYIIKH (3a CUeT U3MeHEeHU st (HOPMBI CBSI3U BJIaTH), B CIIY-
Yae JKe CYIIKHY B AJIEeMEHTAPHOM CJIO€ YCHITMBAETCS BITH-
STHUE U3MEHEHH I MACCOBOM JIOJIM aT€HTAa CYIIKU U B -
amaszone 0,36-1,35 xr/(m*c) uamensiercs ot 0 10 0,11 [5].
ITpu 3TOM KO3(PPHUITUEHT CYIIKU MPAKTUIESCKU HE 3a-
BUCHUT OT TEMIIEPaTy Pl ar€HTa CYIIKU U MACCOBOM J10-
JIK aTeHTAa CYIIKH IIPU CYIITKE B KUITSIIEM CJI0€. DTO
CBSI32HO C OOJIBIIION TIJIOMIAIBI0 COITPUKOCHOBEHU S
areHTa CyIIKu U o0pabaThiBaeMOTo MaTepHaa, a Tak-
e C TEM, UTO areHT CYIIIKH HE yCIIeBaeT HACBITUTHCS
rmapaMu BjIaru, cojepikaiieiics B oopabaTeiBaeMOM
Marepuae.

His pa3paboTku s3Heprodh ek THBHOIO 060pyI0-
BaHUS U AJITOPUTMOB YIIPABJICHUS 3€PHOCY INHJIBHBIM
000pynoBaHUEM HEOOXOAUMO 3HATD TUIIICKTPHUCCKHE
XapaKTepUCTUKU MaTepuata, HaXOIAIIeTocs B pa3HOM
COCTOSTHUH CITOS (TUTOTHBIMN, TICEBIOOKIKEHHBIH, B3Be-
meHHbIH) [7-9]. OnpeneneHue TaKUX XapaKTEPUCTHUK,
Kak (paKTOp IUIJIEKTPHICCKUX IIOTEPh, CONPSIIKEHO CO
CIIO)KHOCTSIMH, O0YCIIOBJICHHBIMU HEPABHOMEPHOCTBIO
pacIipeiesieHus BIIaTH 10 MaTepualy, HaJTUIueM BO3-
IYIIHBIX TPOMEXKYTKOB, a TaKkKe HEOOXOTUMOCTHIO
o0OecrieyeHn st TpeOyeMOl MIIOTHOCTH CIIOSI.

LIEnb NCCNEQOBAHMSA — OTIPENEIUTh 3aBUCUMOCTD
KO3 GUIIUEHTA TUBIIEKTPUUECKUX ITOTEPh 3€PHO-BO3-
JYIITHOM CMECH OT BJIAXKHOCTH IIIICHUITHI B CJIOSIX pa3-
JTIUYHOU TJIOTHOCTH.

MATEPMANBI M METOABI. VcclieoBaHMe TEIIOBOM
00pabOTKHU 3epHOBOI MACChI, B TOM YHCIIE HAXOSATICH-
Cs1 B TICEBJIOOKMIKCHHOM U KUIISIIEM COCTOSIHUU, TTPO-
BOJMIIN Ha JTabOpaTOpHOU yCTaHOBKE (puc. 2).

JJ1st 9KCIEpUMEHTAIBHOTO OTPeIeNICHUs HaIIPsi-
KEHHOCTH AJIEKTPOMATHUTHOTO ITOJISI B 3¢PHOBOM CJI0€
MIPUMEHSIIN YCTPONUCTBO, KOTOPOE paboTaeT ITo PUH-

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOMMA - Tom 13 + N2+ 2019

NEW TECHNICS AND TECHNOLOGIES

T — =30
E ¥ XL T=401C
,—_'i"=\? "
2 E20T m——
=
=23
g B1I57
23101
=
gd 3T
7o ¢ . t b b {
04 0,5 0,6 0,7 0.8 0.9 10
COOTHOWCHNE RIATH
a Grait moisture ratio
30
= a5deeee Pe=4,3 Br/mp
£ —— Po=1,6 B1/rp
EE'-ZO"— o=0,0 Bt/rp
B
=5 + a
Edg 15 -"“,.1-"
g :‘310 ,.--"'""-I"“. —'—-.-—__.__,.---
5 54 et J
&
C0 I ¥ ¥ } ! |
0.4 0.5 0.6 0.7 0.8 0.9 10
CooTHoluenHe BIarn
b Cirait moisture ratio
18—
16T
e B v=12we
da |21 == V=1Tmic ot -
2 24— V=22mic -
=1 F A
EX-a |
EL
b=l § .
Ty '
== I
g= a4
T ¢ ' ' ! ' {
0,4 0,5 0.6 0,7 0,8 0.9 10
COOTHOMICHHE BAATH
C Grait moisture ratio
9
3
e T
&
E
gz g
22
TN
=2 3
B
5§ 2
£8
5 [I) + + + t + |
0.4 0.5 0.6 0.7 0.8 0.9 10
CU(JIH“IIICHHE BlIaru
d CGirail moistune ratia

Puc. 1. DHepeoadexmugrocmb cywKu 3epHa cou 8 ncego00diCU-
JHCCHHOM CJI0€ ¢ NPUMEHeHUeM daeKmpoMaznumuo2o noii CBY
Fig. 1. Energy efficiency of grain drying in the fluidized bed using
microwave electromagnetic field

LUITY KaJOPUMETPUUYECKOT0 UBMEPUTEIIHHOTO 000PY-
noBaHus [8, 9]. Kanopumerpuyeckuit MeTon usmepe-
HUS OCHOBAH Ha MPeoOpa30BaHUN SHEPTUH IEKTPO-
MarHUTHBIX KojebaHuil B TerioByto. Ilornomenue
SHEPTHUU MOTJIOTUTENIEM, COCTABIISIIOIINM OCHOBHOH
3JIEMEHT IPUOOopa, MOXKHO 3aPErUCTPUPOBATH TNOO
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Puc. 2. Jlabopamopnas ycmano8ka 015 UCCie008aHus Menioeoti
006pabomKu 3epHOB0I MACCHI.

1 — IIK; 2 — 30na CBY-konsexmugnoii obpabomiu,; 3 — Kano-
pumempueckuti 0amuux, 4 — niama 6600a/6v1600d, 5 — 0amuux
memnepamypuvl 3epHo6020 caosi; 6 — ucmoynuk CBY (mache-
mMpoH, ONOK NUMAHUS, 80JH0600); 7 — 0amuux memnepamypol
8030yxa; 8 — eenmunamop; 9 — 6eKmMoOpPHbiL nNpeobpazoeamens
uacmomyl; 10 — nazpesamens,; 11 — mepmopezynsimop

Fig.2. Laboratory installation for the study of heat treatment of
a grain mass: 1 — PC; 2 —microwave convection processing zone;
3 — calorimetric sensor; 4 — input/output board; 5 — grain layer
temperature sensor;, 6 — microwave source (magnetron, power
supply, waveguide); 7 — air temperature sensor; 8 — fan; 9 — vector
frequency converter; 10 — heater; 11 — thermostat

HETIOCPENCTBEHHO 110 JUHAMHUKE €T0 TEMIIEPATY PBI, JTH-
00 KOCBEHHO — IT0 UBMEHEHUIO 00'beMa, TaBIICHU S UITU
NPYTUX XapaKTepUCTHK. B maHHOM ciydae mpoucxo-
JIUT KOHTPOJIb TEMIIEPATYPHI [6].

Bo3MorkHa peanu3anus HArpy3KHu (3epHOBOTO CII0ST)
Kak ITpY TIOJTHOM, TaK ¥ MTPH YaCTHYHOM 3aITOTHEHUH
o6bema 30HbI CBYU-koHBekTUBHON 00paboTku [10].
ObecnieueHre COCTOSHUS TICEBIOOKIHKEHHOTO JINO0
B3BEIIEHHOT'O CIIOS OCYIIIECTBIISETCS TOCPEICTBOM ITPO-
JIyBaHM S Yepe3 CJI0i Bo3ayxa ¢ TpedyeMoi CKOPOCTBIO
oT BeHTIIsITOpa. CKOPOCTh TOTOKA BO3AyXa PEryiTH-
pyeTcs uepe3 BeKTOPHBIH MpeoOpa3oBaTeb YaCTOTHL.

MOITHOCTB, TIOTJIONIEHHYIO B eTMHUIIE 00heMa JTH-
INEKTPHUKA, OTIPEEIIUM 110 hopMYyJIe:

P=2xnfe " E, 3)

rae P — norjoleHHas MOIIHOCTD, BT/M3;

f—dJacToTa 3MeKTpOMarHUTHOTO mMoJs, I'11;

&0 — AURJIEKTpUYECKas MPOHUIIAEMOCTh BaKyyMa
(8,854-10 "% d/m);

&" — (haKTOp TUIICKTPHICCKUX TTOTEPH;

E — Hanmpsi)KEHHOCTD 3JIEKTPUUECKOro moJis, B/m.

M3mepeHue HanpsIKEHHOCTH 3JIEKTPOMAarHUTHOTO
TI0JIS B CITOE MaTepualia KOHTPOJIUPYETCS YCTPOUCTBOM,
pa3paboTaHHBIM U IpenCcTaBIeHHBIM paHee [6]. Koad-
(ULIMEHT TU3JICKTPUUECKUX ITOTEPh OIPEIEISIOT aHa-
JIMTHYECKH I10 3aBUCUMOCTH:

c,p,AT
5,56-10 "E-f- 7
e ¢, — TeIIOeMKOCTh MaTepuaia, k[ x/kr°C;

Py — IIIOTHOCTH CYXOT'0 BElIeCTBA 06pasia, Kr/m';
AT —HarpeB MaTepualia B mpolecce usmepenus, °C.

"n_—

g'=

@
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KoHTpoab TeMIiepaTypbl B 36pHOBKE OCYIIECTBIIS-
€TCsI BCTPOEHHOM TepMOTNIapOu.

PE3YNbLTATLI M OBCY X AEHUE. HammpsokeHHOCTS 371ek-
TPOMATHUTHOTO MOJIS B 3¢ PHO-BO3YIIHOM CMECH ITIIIe-
HUIIBI U3MEPUITH B CIOSIX PA3JIMYHON INIOTHOCTH:
220 kr/M’, 4TO XapaKTepHO JJIs B3BEIIEHHOTO CIIOS;
440 kT/™M> — IUTSI ICEBIOOKIKEHHOTO 1 660 KT/M° — 1st
OOBIYHOTO TIOTHOTO clos (puc. 3). 3aBUCHMOCTD KO-
a¢dpULIHEeHTA TUIIEKTPUICCKIX IOTEPD 15 3epHA TPU
BrrakHocTH 11-30% MOXeT OBITH OITHCcaHa MTOJTUHOMHU-
aJIbHOW MOJIEIIBIO.
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Puc. 3. 3asucumocmov kod3ppuyuenma Oousnexmpuueckux no-
mepb 0M NLOMHOCIU CNOSL U GIANCHOCHIU 3ePHA NUUEHULbL

Fig.3. Dependence of the dielectric loss coefficient on the wheat
grain bed density and moisture content

OO0mmas nuHaMUKa (GaKTOpa TUIIEKTPUIECKUX TTO0-
Teph IS 3epHA MIIEHUITbI, HA KOTOPOE BO3IEHCTBYET
anexkTpoMaruuTHoe nmoye CBY uacrotoii 2,45 1, coxpa-
HSIETCS JUUTSl pa3HbIX 3HAYEHU N MIJIOTHOCTU MaTepuaa.
Ho ypoBHu 3T0r0 K03hdHuiineHTa 3aMeTHO pa3InyatoT-
cst. Tak, 11t TUIOTHOTO CI1Os KO3 (DUITMEHT AUINEKTPH-
YECKUX MTOTEPh u3MeHseTcs B Auanasone 0,18-0,42; ns
rceBA0OXKMKeHHOTO citosg — 0,06-0,15; A1 B3BELIEHHO-
ro — 0,1-0,3. 3aBUCUMOCTD JUIIEKTPUUECKUX CBOMCTB
MOXET OBITh OIMCAHA ITOJIMHOMUAJIBHON MOEIIBIO.

JocToBepHOCTD TAHHBIX I pa3HbIX YPOBHEH MIIOT-
HOCTH CYIIIECTBEHHO OTJINYAETCS, TAK KaK B IJIOTHOM CJIO€
MOTPENIHOCTE 00YCITOBJIEHA TTPIMEHSIEMBIMH JaTIIKA-
MU, a TAK)KE HAJTMIMEM BO3YITHBIX TPOMEKYTKOB B CJIOE;
IS IICEBA00KUKEHHOI'O M B3BELLICHHOT'O CJIOEB, IOMHMO
yKa3aHHBIX, J0OABJISIOTCA IOTEPHU, OOYCIOBJIEHHBIE Te-
TIJIOBBIM B3aUMOJICHCTBHEM BO3yXa C 3€PHOBBIM CIIOEM
u natynkoM. KauecTBo uaMepeHuit MOXHO MOBBICUTH, €C-
JIM UCTIOJTh30BATh JATYMKH, HA KOTOPBIE HE IEHCTBYET MU-
KPOBOJIHOBOE TOJIe, HATIPIMED, O TOBOJIOKOHHBIE, UITH
MEXaHWYEeCKH BO3/IEHCTBYS Ha ciIoW. B masipHeleM He-
00XOMMO COCTaBUTh ypaBHEHUE IHEPTreTUUECKOTO Oa-
JIaHCa Y IPOBECTH OLIEHKY 9HEPTOEMKOCTH BJIArocheMa ¢
Y4eTOM 3HEPI'uH, UAYIIEH Ha CO3/IaHle COOTBETCTBYIO-
IIeH ITOTHOCTH CJI0ST, PACXOAYEMOH Ha AJIEKTPOMATHUT-
HOE BO3/ICHCTBUE, IepeMellleHrue MaTeprana 1 T.1.
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BuiBogbl

1. KoapurueHT AUITEKTPUIECKUX TTOTEPH TIPHU
BiaxxHoctu 3epHa 11-30% Haxoautcs B quanasone 0,18-
0,42 17151 IIIOTHOTO 3epHOBOTO ci1o (660 Kr/v’); 0,06-
0,15 — g5 ICeBOOOKMKEHHOTO ci1os (440 Kr/M3); 0,1-
0,3 — 1715 B3BemeHHoro (220 kr/m’).

2. 3aBHCHMOCTD KO3 PUIIeHTa UK TPUUSCKUX
MOTEPh 3¢PHO-BO3AYIITHOTO CIIOS MIIEHUITBI MOXKET OBITh
OmnHUCaHa MOJIMHOMHUAIBHON MOJIETBIO BTOPO CTETICHH.

3. I1pu BeIOOpE Iy Teit MHTEHCU(UKAITUT U 00ecTIe-
YEeHU I FHEProcOepeKeHUS CIeyeT PYKOBOICTBOBATD-

NEW TECHNICS AND TECHNOLOGIES

Cs1 KJTIOUEBBIMU TPEOOBAHUSIMU TEXHOJIOTUYECKUX ITPO-
1IECCOB U SKOHOMHUYECKUMU KPUTEPUSIMU dPPEeKTUB-
HOCTH ITPOU3BOICTBA.

4. TlceBnooOXM>KEHNE 3€PHOBOIO CJIOS TTOBBIIIAET
3¢ (HeKTUBHOCTD MPUMEHEHHU S MUK POBOTHOBOT'O TIOJIS,
IIPU 3TOM BCJIEICTBUE CHUKEHU S KO3 PUIIUEHTA TU-
ANEKTPUUECKHUX TTOTEPh YBEITUUUBACTCS [IYOHHA ITPO-
HUKHOBEHMS TTOJIS B CITOM.

5. MUKPOBOJIHOBOE NOJIE CIIEAYET IPUMEHSTH B
ITOTHOM CJIO€ 3€pHA MPH TOCYIINBAHUU MIIEHUIIBI,
yMEHbIIIas BIaXXHOCTH ¢ 16 1o 14%.
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User-Centred Design and Multi-Actor Approach
in Agricultural Innovations — Case: Combi Drill Design

Hannu Haapala,
hannu.haapala@agrinnotech.com

Agrinnotech, Seindjoki, Finland

Abstract. The author has shown that modern technologies do not always meet the expectations of farmers, and this may
adversely affect the pace of innovation. It has been confirmed that the developers of agricultural equipment do not clearly
understand the context of the use of products and identified the need to use a multi-factor approach: therefore, partners
possessing specific knowledge in different areas should join efforts in project activities at all stages of innovation. (Research
purpose) To prove that a user-centered design and a multi-factor approach in the development of agricultural machinery
increase their efficiency and accelerate the introduction of innovations. (Materials and methods) It is shown that Finnish
research and development projects of agricultural machinery design involve numerous participants and end users. For
example, the seven-metre-wide combi drill ‘Junkkari W700° was designed by the Finnish manufacturer Junkkari Oy in
close cooperation with end-users and researchers. As a result of the innovation process several benefits have been realized.
The drill is easy to operate and service. The users appreciate the straight-forward construction and moderate cost of the
drill as compared to competing pneumatic drills. The need for hydraulics is minimized and the row spacing and coulter
design has been optimized so that economical tractors with moderate drawbar power can be used. The ISOBUS-based
control electronics was designed to be fitted either in the existing tractor or, if ISOBUS is missing, with an optional cable-
set and terminal. That enables the users to easily integrate the drill in existing machine chains, having either modern or older
tractors, without extra tractor investments. Much attention was put on quality, e.g. individual feeders for every coulter
give accurate dosage of seed and fertilizer. The prototyping together with end-users and researchers enabled Junkkari to
speed up the innovation process. (Results and discussion) Several benefits proved to have been realized. First of all, the
drill is easy to operate and service. The users appreciate the straight-forward construction and moderate cost of the drill
as compared to competing pneumatic drills. The need for hydraulics is minimized and the row spacing and coulter design
has been optimized so that economical tractors with moderate drawbar power can be used. The ISOBUS-based control
electronics as well as an optional cable-set and terminal were designed to be fitted either in the existing tractor. That enables
the users to easily integrate the drill in existing machine types, having either modern or older tractors, without extra tractor
investments. The design quality was approved, e.g. individual feeders for every coulter give accurate metering of seeds
and fertilizers. (Conclusions) The author proves that user-centered design and multi-factor approach methodologies have
benefits both for the users and manufacturers. Swift innovation process saves resources and minimizes the need for excess
iterations in the innovation process.

Keywords: agriculture, farm machinery designing, innovation introduction, user-centred design, multi-factor approach,
combined drill.
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MNpuMeHeHne OpueHTUPOBAHHOW Ha MOJIb30BaTeNIsi KOHCTPYKLMU U
MHOrocpakToOpHoOro nogxoaa npu BHeApeHUM UHHOBaLMA Ha Npumepe
NPOEeKTUPOBaHUSA KOMOGMHUPOBAHHOW CEANKM

Xanny Xaanaaa,
hannu.haapala@agrinnotech.com

Agrinnotech, Ceitasitoku, OuHISHINS

Pedepart. [Tokazamu, 4To COBpeMEHHBIE TEXHOJIOTUH HE BCETIA COOTBETCTBYIOT OKUIAHIAM (PepMEpOB, a 3TO OTPUIIATENb-
HO CKa3bIBaeTCsl He TeMIIaX BHeJpeHWs WHHOBalmil. [loaTBepamn, yTo pa3pabOTUMKH CENbXO3TEXHUKH HEIOCTATOYHO
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YETKO MOHUMAIOT KOHTEKCT MCIIOJIB30BAHUS MPOAYKTOB. BHIABUIM HEOOXOAUMOCTh MCIIONB30BAHUS MHOTO(AKTOPHOTO
MOJX0/a; MapTHEpaM, 00JIaJal0IIUM CIICIUATIbHBIMU 3HAHUSMHU B Pa3HbIX 00JIACTSIX, CIeIyeT O0bEIUHATh YCUITHS B TIPO-
€KTHOH JIeATEITbHOCT! Ha BCEX 3Tanax BHEAPEHHs nHHoBAIWMA. (LJens uccredosanus) Jloka3ath, 4To OpUEHTHPOBAHHAS HA
TIOJIb30BATENsl KOHCTPYKIMS U MHOTO(hAKTOPHBIN TOAXO0 MPH Pa3pabOoTKe CeTbCKOXO03CTBEHHBIX MAIIIMH MOBBIIIAIOT UX
9(hpeKTUBHOCTH U YCKOPSIOT BHENPEHNE MHHOBAIMH. (Mamepuanst u memodst) Ilokazanm, 9To B PUHCKAX HCCISTOBAHMISIX
¥ pa3paboTKax KOHCTPYKIMH CEITbCKOXO03SHCTBEHHBIX MAIIIMH B TPOLECC OBLIN BKIFOUEHBI MHOTOUHCIICHHBIE YIACTHUKH U
KOHEUHBIE TToNTb30BaTeu. Hampumep, komOuHnpoBaHHYyI0 cesmky Junkkari W700 ¢ mupuHO#t 3axBaTa 7 MeTpOB GUHCKHI
npousBoauTenb Junkkari paspabortan B TECHOM COTpPYIHHYECTBE MHKEHEPOB U epMepoB. (Pesyavmamst u ocyiicoenie)
IMoarBepauiy, 4TO TAKOM MOIXO]] IOMOTAET PEan30BaTh HECKOJILKO ITPEUMYIIECTB, PRI BCErO MPOCTOTY U YA0OCTBO
B OKCILTyaTallu 1 0OCTyKUBAHUHU CESIIKH, & TAKKE YMEPEHHYIO CTOMMOCTD [0 CPABHEHHIO C THEBMATHYCCKUMH aHaJIoTa-
mu. [ToTpeOHOCTh B THAPABIMKE CBEICHA K MUHUMYMY, @ MEKIYPSIHOE PACCTOSHUE U KOHCTPYKI[MS COITHUKOB OTITUMHU-
3UPOBAHbI, UTO TO3BOJIAET UCIIOIB30BATh IKOHOMUYHbBIE TPAKTOPBI ¢ YMEPEHHOH TAroi. [1pn arperaTUpoBaHUM C TPaK-
TOpaMu TpenycMoTpeHsl Kak cucteMa ISOBUS, Tak u TOTOMHUTENBHBIA KOMIUIEKT Kalenel U BHIBOJOB. YCTAHOBHIIH,
410 (hepMephl MOTYT JIETKO MHTETPUPOBATh CESUIKY B CYIIECTBYIOIINE TUITBI MAIIMH, UCIIOJIb3YSI COBPEMEHHBIE UITH CTa-
pbIe TPAKTOPBI, O€3 JOTONHUTENBHBIX 3aTPAT HA HOBBIE TPAKTOPBI. [1oATBEpININ Ka4eCTBO KOHCTPYKIINH, HATIPUMED,
WHMBUIYaTIbHBIE 103aTOPBI [T KAXKIAOTO CONTHMKA 00ECTeurBalOT TOUHYIO JO3UPOBKY CEMSH M YI0O0peHuid. (Bb1600b1)
Jlokasany, 4TO OPMEHTHPOBAHHAS HA MOJIb30BATE/sI KOHCTPYKLMS U MHOTO(GAKTOPHBIN ITOAX0 MMEIOT IPEUMYIIECTBA
Kax Juist pepMepoB, Tak U I MAIIMHOCTpouTeneil. ONpeeNniiu, YTo COKpaIlleH!e KOIHYECTBA 3TANOB BHEAPEHHUS HHHO-
BaIUi YCKOPUT UHHOBAILIMOHHBII IIPOLIECC U CIKOHOMUT PECYPCHI.

Karouesbie cioBa: cenbckoe X0351HCTBO, pa3paboTKa CeNbCKOX03SHCTBEHHBIX MAIIINH, BHEPEHUE MHHOBAIUI, OPUEHTHPO-
BAaHHAS HA MOJIb30BATEIISI KOHCTPYKIIUS, MHOTO(GAKTOPHBIN TOX0]], KOMOMHUPOBAHHAS CESUIKA.

I Ias uurnpoBanus: Xaamnana X. [IpuMeHeHHEe OPUEHTHPOBAHHON Ha MOJIb30BATE I KOHCTPYKIIUU K MHOTO-
(hakTOPHOTO MOAXOAA IIPH BHEPEHUU HHHOBAIMN HA IPUMEPE MPOSKTUPOBAHUSI KOMOMHUPOBAHHOM CeslI-
ku I/ Cenvckoxoszsaiicmeennvie mawiunol u mexuono2uu. 2019. T. 13. N2. C. 15-19. DOI 10.22314/2073-7599-2018-
13-2-15-19.

istinguished pioneer of innovation research, tise (Fig. 2) [4]. Innovation in agriculture often stops
Dr. Joseph Schumpeter, made a widely utilized at the adoption phase. Dissemination and embedding
definition of innovation already in the 1930’s.  so that true innovation is not realized.
According to Schumpeter, true innovations need to
give distinct benefits for their users and, simultaneously,
they need to be widely adopted [1, 2].

Current innovation research models innovations
as repetitive circles where the solutions develop itera-
tively. There are driving forces and obstacles for inno-
vation. The changing innovation environment has var-
ious effects on the innovation process (Fig. 1) [3].

The Spiral of Innovation illustrates the phases of
innovation from the initial idea to embedding in prac-

And so forth

Second cyele Fig. 2. The Spiral of Innovation

The reasons for poor adoption are traditionally re-
Innovation , garded as economical. Higher cost and uncertain bene-
processes ‘ fits are considered to the main reasons why new solu-
tions are not purchased. However, according to recent
research, there are other important obstacles for adop-
tion. Usability issues in products or services cause the
users to get bad experiences using new technologies [5].
Bad experiences are communicated effectively in the so-
Fig. 1. The dynamic process of innovation development ciety. This causes mistrust on new solutions as a whole [6].
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Consequently, in agriculture, the adoption of new
technologies is considered slower than wanted [6]. This
is best seen in radical innovations such as Precision
Agriculture [6-8]. Incremental modifications of exist-
ing technologies are easier to accept. On the other
hand, innovations on component level are easier to
adopt than those in system level (Fig. 3) [3].

S:sterln Minimum/zero ;ontrolle::l’,
el tillage "::ﬁ:s;in Precision
Improved harvest F:: logical farming
technolo, coogica ical farmin
BY production Vertical farming
systems
New types of
Newsnt | ools nareen
products :wses'l LED lights
: ew soi
New seed variety cultivation
devices
Component
Level
Incremental ————e Radical
Modification (new in the world)

Fig 3. Agricultural incremental and radical innovations (modified
Henderson-Clark Model)

If not widely adopted the innovations do not give
their full potential. If the process is totally aborted,
all the investments in R&D are done in vain, and the
projected benefits of the new solutions are not realized
[6, 8-10]. To avoid these losses, it is important that the
developed products are accepted by their users. Users
are in an important role.

According to recent research, an important buy-
ing criterion of new solutions in agriculture is usabil-
ity [6]. Jacob Nielsen states that usable products have
a good combination of ease-of-use, learnability, and
efficiency [11]. They also operate with few errors. Fi-
nally, they are subjectively pleasing.

The technologies need first to be purchased, and
then used in a proper manner so that their benefits are
realized, so that the users return to buy again (Fig. 4) [6].

User-Centred Design (UCD) is a methodology for
designing usable technologies and services. It is wide-
ly utilized to ensure better end-user acceptance. In-
clusion of end-users in innovation makes the products
more suitable for the users’ variable situations. The
UCD also builds the users’ trust on the solutions. Even-
tually, UCD reduces need for iteration in the process,
thus speeding up the innovation [6, 12]

Multi-Actor Approach (MAA) brings different
kinds of people together to develop solutions. Best re-
sults are achieved when the participants have long
enough cognitive distances. MAA speeds up the in-
novation processes as the products have been assessed
from several angles [3]. The probability for reaching
a winning product arise.

THE RESEARCH PURPOSE is to prove that the User-Ori-
ented Design and the Multi-Factor Approach applied
in the designing of agricultural machinery increase
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Lavalof tachnology

Acceplability of technology

Purchaseof technalogy

Application of technology

Innovation Haapala 2012

Fig. 4. User-Centred Design as a tool to enhance innovation

their efficiency and accelerate the introduction of in-
novations.

MAaTERIALS AND METHODS. Two research projects on
agricultural innovations, ‘Speeding up innovation in
agriculture” and ‘AgriSpin” were initiated. A case-study
of designing a new type of combi drill was done.

"Speeding up innovation in agriculture” (2011-2012)
was funded by the of the Organisation for Economic
Co-operation and Development. The research was
done as a web-based questionnaire (N=41) and per-
sonal interviews of selected experts (N=10). Webropol™
software was used for the questionnaire. The respond-
ents’ competence profile was variable. They were strong
in engineering, research and practical use of technol-
ogies at the farm level. Weeknessess were found in
skills in marketing and sales. Neither they were famil-
iar with teaching of design.

The questionnaire had three parts: assessing the
current PF technology, the application rate of PF tech-
nology, and the acceptability as a challenge in PF. Fur-
thermore, the responders were asked to tell what they
thought about the applicability of UCD as a method-
ology to enhance innovation in agricultural engineer-
ing. The experts also gave their opinions and visions
of the most important research and development top-
ics of UCD in agricultural engineering. Finally, they
rated the importance and urgency of UCD and PF re-
lated actions in research policy.

"‘AgriSpin” (2015-2017), was funded by EU research
and innovation program Horizon 2020. The objective
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of AgriSpin was to systematically explore innovation
intermediaries’ practices and support services in ag-
riculture and rural development across Europe. The
overall goal was to help create a stimulating environ-
ment for innovations.

The Cross Visit Methodology including thorough
analysis of 50 innovation cases in Europe was applied
and improved during the project. The Spiral of Inno-
vation was used to illustrate the cases and to commu-
nicate them to wider audience. In Final Symposiums
relevant stakeholders were informed about the find-
ings, and challenged for developing the local innova-
tion environment of agriculture.

The inclusion of end-users and multiple actors has
been used in Finnish R&D of agricultural machines.
As an example, the 7 m wide combi drill ‘Junkkari
W700° was designed by the Finnish manufacturer
Junkkari Oy in close cooperation with end-users and

Fig. 5. User-Centred testing of the 7 m wide Junkkari W700™
combine drill for seed and fertilizer

researchers. The prototypes were assessed by multi-
ple users with different drilling circumstances (Fig. 5).
In 2018 there were 5 machines tested in Finland and
one in Estonia [13]. An expert group was established
that assisted Junkkari along the design process.

ResuLts anD Discussion. Speeding up innovation
in agriculture” concluded that designers tend to have
inadequate understanding of the use-context of the
products [6, 8]. It was recommended e.g. that educa-
tion of engineers, designers, marketers and end-users
needs to include UCD methodologies. This is in line
with the findings of Knierim et al. and Nielsen who
see user-interaction as a basic tool for designing bet-
ter usable products [3, 11].

The "‘AgriSpin’ concluded that the social part of ag-
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ricultural innovations should be better understood to
be able to support them efficiently [3]. A recommen-
dation was made that MA A should be used during the
innovation process to tackle the challenges better. In
MAA partners with complementary types of knowl-
edge — scientific, practical and other — join forces in
project activities from beginning to end. The analysed
50 cases revealed that the use of MAA produced in-
novative results [14]. The theories of the importance
of the social process in innovations got confirmed [3].

The case-study, the design of ‘Junkkari W700’ com-
bidrill, revealed benefits of increased user-interaction.
The users tell that the drill is easy to operate and ser-
vice. The users appreciate the straight-forward con-
struction and moderate cost of the drill as compared
to competing pneumatic drills. This was realized
through the introduction of a novel type of mechani-
cal material transport. The need for hydraulics was
minimized and the row spacing and coulter design was
optimized so that economical tractors with moderate
drawpower can be used. The ISOBUS-based control
electronics was designed to be fitted either in the ex-
isting tractor or, if ISOBUS is missing, with an option-
al cable-set and terminal. That enables the users to
easily integrate the drill in existing machine chains,
having either modern or older tractors, without extra
tractor investments. Much attention was put on the
quality of the drilling work. Individual feeders were
installed for every coulter as to give accurate dosage
of seed and fertilizer. The prototyping together with
end-users and researchers gave Junkkari the possibil-
ity to speed up the innovation process. The results sup-
ported the theories of Nielsen on the importance of
usability design [11].

ConcLusions. As a conclusion, the UCD and MAA
methodologies have benefits both for the users and
manufacturers. The resulting swift innovation process
saves resources and minimizes the need for excess it-
erations in the innovation process.
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Methane Production From Industrial Hemp
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Abstract. Due to the increasing shortage of fossil fuels, the use of alternative energy sources is becoming even more
popular. In Latvia, maize is predominantly used for the production of biogas, and other crops are being studied for this
purpose. (Research purpose) To study the productivity of industrial hemp varieties (Cannabis sativa L.) and the possibility
of obtaining biogas from hemp. (Materials and methods) Field experiments on hemp productivity were carried out on
sod calcareous, heavy dusty sand clay soils in 2012-2014. Ten industrial varieties of hemp — 'Bialobrzeskie', 'Futura 75,
'Fedora 17, 'Santhica 27', '‘Beniko', 'Ferimon', 'Epsilon 68', 'Tygra', 'Wojko', and 'Uso 31' — were sown with a seeding rate
of 50 kilogram per hectare at the background of fertilizers: nitrogen — 120, phosphoric oxide — 90, potassium oxide —
150 kilogram per hectare. Hemp was sown on 10-square meter plots in mid-May, in triplicate. Hemp was harvested at
the beginning of seed ripening phase. The whole crop of green mass was calculated on a completely dry matter. The
fermentation process for the production of biogas, the average yield of methane, and other parameters were studied in
the Laboratory of Bioenergetics of the Latvia University of Life Sciences and Technologies, using small-sized bioreactors.
(Results and discussion) The dry matter yield of hemp obtained in the agro-climatic conditions of Latvia averaged 13.32-
17.78 tons per hectare. For an average of three years (2012-2014), higher yields of dry matter were obtained from the
varieties of 'Futura 75' (17.76 tons per hectare) and "Tygra’ (16.31 tons per hectare). The average amount of methane
obtained from the 'Uso 31' leaves was 0.365 litre from one gramme of dry organic matter, which is a very good result as
compared to other energy crops, for example, corn silage (0.319-0.330 litre from one gramme of dry organic matter in
Latvia). (Conclusions) The research has demonstrated that hemp can be successfully used to produce biogas, and hemp
leaves are the most suitable starting material.

Keywords: industrial hemp (Cannabis sativa L.), productivity, methane, biogas, bioreactor.

I For citation: Adamovics A.M., Ivanovs S.A., Dubrovskis V.S. Methane production from industrial hemp.
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npOVISBOp,CTBO MeTaHa U3 I'IpOMbILIJﬂeHHOﬁ KOHOIMn
Anexcanap MuxaiijjoBuu AxamMoBuuc, Cemen Aradonouu MBaHoBc,
JIOKTOP CEJIbCKOXO35UCTBEHHBIX HAYK, JIOKTOP MH)KEHEPHBIX HAYK;
adamovics.aleksandrs@llu.lv; Busmne Cranucnaosuy Jlyoposckuc,

JIOKTOP MH)XEHEPHBIX HAYK
JlaTBUMCKUI YHUBEPCUTET €CTECTBEHHBIX HAyK U TeXHOJIOTUH, T. Enrasa, JlaTBus

Pedepar. U3-32 pactymieil HeXBaTKU MUCKOMAEMOT'0 TOIIMBA UCHIOIB30BAHUE ATTbTEPHATUBHBIX HCTOUHUKOB SHEPTUH CTa-
HOBHTCS Bce Oojiee momymsapHeIM. B JlaTBum xykypy3a sSBISeTCS JOMUHUPYIONIEH KYIbTYPOH, MCTIONB3yeMOH s Mpo-
M3BOJICTBA OKMOTa3a, OJHAKO BEIYTCS TAKXKE UCCIEIOBAHMUS 1O UCIIOIb30BAHUIO APYTUX SHEPTOKYIbTYD. (Lers uccredo-
sanus) VI3ydnTh MPOAYKTUBHOCTH COPTOB MPOMBINIIEHHOW KOHOMHM (Cannabis sativa L.) 1 BO3KHOCTH TIONYYEHUS U3
Hee Ouorasza. (Mamepuansl u memoosi) T1o7eBble ONBITHI IO W3YYEHHIO MPOAYKTUBHOCTU KOHOILIM MPOBOAWIN B 2012-
2014 rr. Ha MWIOAOPOIHBIX JEPHOBO-KAPOOHATHBIX, CPEAHETSDKEIBIX TOUBaX. [lecaTh MPOMBIIILICHHBIX COPTOB KOHOIUTH —
Bialobrzeskie, Futura 75, Fedora 17, Santhica 27, Beniko, Ferimon, Epsilon 68, Tygra, Wojko u Uso 31 BbiceBamu ¢ HOp-
MOii BbIceBa ceMsH 50 KMIOrpaMMOB Ha IeKTap Ha (oHe ymoopeHuit: azota — 120, oxcuma pocdopa — 90, oxcuaa Kamus —
150 xmwrorpaMMoB Ha rekTap. KOHOTITIO cestiii B cepeiHe Masi, Ha YUETHBIX IEITHKAX MIoma b0 10 KBagpaTHRIX METPOB,
B TPEXKPATHOW MOBTOPHOCTH. Y poxail youpanu B Havyane (a3bl co3peBaHus ceMsH. Beio 3eneHyo Maccy mepecunTay Ha
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abcomoTHO cyxoe BelecTBo. [Ipornecc OposkeHus 1 IPOU3BOICTBA OMOTa3a, CPEIHII BBIXO] METaHA U IPyTHe apame-
TpPBI U3y4an B 1abopatopun OnodseHepeTuku JIaTBMHCKOro yHUBEPCUTETA €CTECTBEHHBIX HAYK U TEXHOJIOTHIA, HCTIOIb3YS
MajorabapuTHble OHOPeakTOpBI. (Pesynvmamet u 00cyxcoenue) YPoxKaiHOCTh CYXOTO BEIIECTBa KOHOIUTH, MONYYEHHO-
r0o B arpOKIMMATHIECKHX ycnoBusx Jlateum, B cpenHeM coctaBiiia 13,32-17,78 ToHHBI ¢ rekTapa. B cpemneM 3a Tpu ro-
na (2012-2014 r.) Gornee BBICOKHE YPOXKAH CYXOTO BEIIECTBA MONYIIIH OT copToB Futura 75 — 17,76 TOHHBI ¢ TekTapa u
Tygra— 16,31 ToHHBI ¢ rekTapa. CpeHee KOIMYECTBO METaHa, MojyueHHoro u3 uctheB Uso 31 coctasuio 0,365 nutpa Ha
TpaMM CYXOTO OPraHMIECKOTO BEIIECTBA. XOPOIIHI Pe3yIbTAT O CPABHEHHUIO C IPYTUMHU SHEPreTUUECKUMU KYIIbTyPAMH,
HATpUMep KyKypY3HbIM CHJIIOCOM, MTOKa3ateb koToporo B JIarBuu paseH 0,319-0,330 mutpa Ha rpaMM CyXoro opraHuye-
CKOTO BelecTBa. (Bbl600b1) Pe3ynbTaThl MCCIeMOBAHMIA TIOKA3aTd, YTO KOHOILTIO, 0COOEHHO €e TUCThA, C YCIIEXOM MOXKHO
UCIIONTh30BATh I MPOU3BOACTBA OHUOTa3a.

KuroueBbie ciioBa: npomsbiiienHas koHotis (Cannabis sativa L.), IpogyKTUBHOCTD, METaH, OMOTa3, 6OpeakTop.

I Jast unTupoBanus: A xamosuuc A.M., UBanosc C.A., [lyoposckuc B.C. I[Ipon3BoncTBo MeTaHa U3 ITPOMBIIII-
nerHol koHoru // Cenbcrkoxozsiicmeennsie mawunol u mexnonoeuu. 2019. T. 13. N2. C. 20-26. DOI 10.22314/2073-

7599-2018-13-2-20-26.

oldest home-grown and most versatile plants, and

it has been cultivated over a long time period. In
19th century, its cultivation thereof in Europe declined,
while recently, it has attracted interest again [1]. Nowadays,
industrial hemp has become important as a crop used
for biomass production. Environmental concern and
recent shortage of wood fibre have renewed utilisation
of hemp for wide range of industrial products, including
textiles, paper, and composite wood products [2].

Analyses of the latest trends in hemp cultivation
and use as well as experimental results allow concluding
that hemp cultivation and processing in Latvia are
very perspective, since this plant is fast-growing and
suitable for Latvia’s agro-climatic conditions.

Recently in Latvia, the number of industrial hemp
growers and the area of cultivated land both have
increased, and, in line with the data provided by the
Association of Industrial Hemp of Latvia, hemp
plantations in 2018 occupied approximately 1100 ha,
showing growing interest in this agricultural sphere.

The amount of biogas obtained from various raw
materials differs [3, 4]. Several researchers, when
studying similar raw materials, have come to different
conclusions, and the results depend upon substrate,
conditions under which anaerobe process takes place,
microorganisms content, and other factors [5, 6]. One
of the key factors influencing the production of biogas
is the content of organic matter, especially the content
of three main organics matter [7, 8] groups: carbohydrates,
proteins, and lipids.

Biogas may be produced from various waste, e.g.,
pig manure — with yielding of 0.34-0.68 m*/kg dry
organic matter (DOM), cattle manure (0.2-0.4 m*/kg
DOM), poultry manure (0.37-0.64 m*/kg DOM), dairy
produce waste (0.62 m*/kg DOM), and sewage sludge
(0.2-0.6 m*/kg DOM).

Various kinds of straw can also be one of the raw
materials used to produce biogas. Usually, they are

Industrial hemp (Cannabis sativa L.) is one of the
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used as bedding in livestock and poultry housings, and
together with manure it is a cheap material.

Also freshly mown grass may be used for biogas
production. Grasses vary, and the biogas yielded from
them will differ as well. Theoretically, legumes should
produce more biogas compared to grasses. Moreover,
soil in which and climatic conditions under which grass
has grown are of great significance. The average content
of grass dry matter comprises 12-25%, the content of
DOM - 85-93%.

Unfortunately, literature sources only sometimes
indicate the particular grass used, and thus, the data
taken mainly from German researches, not always are
suitable for use under Latvia’s conditions. As it can be
seen in tables, data are contradictory, and in several
cases, it seems that authors have mistaken biogas for
methane. In Latvia, the potential of biogas production
from various grasses has been studied only in few
researches, and biogas yield from hemp has been
investigated only once. Moreover, information acquired
in foreign researches is very poor [9-15]. Currently,
Lund University in Sweden is conducting a hemp
research; within the framework of it, rather good results
have been acquired, and it has been concluded that
industrial hemp grown under climatic conditions of
south Sweden (Skone) is one of the energy plants that
is the most suitable for biogas production

THE RESEARCH PURPOSE is to investigate the productivity
of industrial hemp varieties (Cannabis sativa L.) and
the possibility of obtaining biogas from it.

MAaTERIALS AND METHODS. Field trials were carried
out in the Study and Research Farm “Peterlauki” (56°53'
N, 23°71' E) of the Latvia University of Life Sciences
and Technologies in 2012-2014. Ten industrial hemp
(Cannabis sativa L.) cultivars — ‘Bialobrzeskie’, ‘Futura
75, ‘Fedora 17°, ‘Santhica 27’, ‘Beniko’, ‘Ferimon’,
‘Epsilon 68’, ‘Tygra’, “‘Wojko’ and ‘Uso 31’ — were sown
in the sod calcareous soil Luvisols (according to FAO
classification); granulometric composition: heavy dusty
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sand clay. Soil agrochemical parameters: pH KCl1 6.7
(LVSISO 10390: 2006); organic matter content: 21 g/kg
(by Tyurin method, LV ST ZM 80-91), the phosphorus
(P) and potassium (K) level - 52 mg/kg and 128 mg/kg,
respectively (according to Egner-Rhym method, LV
ST ZM 82-97). Total seeding rate comprised 50 kg/ha.
The plots were fertilised as follows: N — 120, P,Os—90,
K,O — 150 kg/ha. Hemp was sown in 10 m” plots by
using the plot sowing machine “Wintersteiger”, triplicate,
in the middle of May. Hemp was harvested using the
small mower “MF-70” when first matured seed appeared
(Fig. 1). Biometrical indices of hemp seedlings, the
height and stem diameter in the middle of harvesting
time, the amount of green and dry above-ground mass,
and fibre content were evaluated.

Fig. 1. Field trials of hemp at the research and study farm
‘Peterlauki’ of the Latvia University of life sciences and technologies

The research was conducted with industrial hemp
(Cannabis sativa L.) that was taken from trial plots.
The samples were tested with analyses necessary for
successful anaerobic fermentation (AF) process —
complete dry matter, ash, and organic dry matter were
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measured. Basing on the results of the analyses, the
necessary quantity of hemp was calculated (100 g),
which, afterwards, was filled in the bioreactors B2, B3
and B4 together with yeast (2000 g) and water (1500 g).
The remaining biogas potential of yeast was verified
by fermenting it in the bioreactor B1. Substrate formation
proportions were equal in all bioreactors: 2000 g of
yeast, 100 g of hemp to be fermented, and 1500 g of
warm water. Hemp was chopped — the length of pieces
in coarse chopping was 1-2 cm, while fine chopping
that was made with electric chopper produced 1-5 mm
pieces. Each substance was carefully weighted before
filling it in bioreactors. Fermentation took place within
single filling regime till biogas was not forming anymore.
Each day, all parameters necessary to control the
process — gas amount and content, pH, pressure,
temperature in room and bioreactors — were registered
in a research journal. Also, digestate was weighted and
the content thereof was analysed. Substrate in bioreactors
was mixed with a specific devise operated by a mobile
perforator. (Note: the quantity of yeast depended on
the condition that such a quantity can be taken out of
a continuously working bioreactor, thus ensuring equal
conditions in all bioreactors. The condition that there
was sufficiently much yeast, notably speeded up the
start of a stable AF process.

Biogas researches were conducted with industrial
hemp cultivars ‘Futura 75’ and ‘Uso 31".

The amount of biogas obtained was researched
using a laboratory device consisting of four 5 1 bioreactors
(Fig. 2). Each bioreactor was equipped with the temperature
maintenance and gas collection devices and an automatic
registration apparatus. pH and pressure were controlled
visually, afterwards registering parameters thereof in
computer. Observations were made at 38+1°C temperature
under a single filling regime.

Fig. 2. A laboratory device consisting of four 5 | bioreactors

With the aim to speed up the start of the process,
the yeast for 51bioreactors was taken from a working
bioreactor. Microbiological yeast was fermented with
cattle manure that was added in each bioreactor (15%
of total substrate). For substrate and dry matter of
each substance, ash and organic dry matter were cleared

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N2 + 2019



HOBbIE TEXHONOT M 1 ObOPYAOBAHUE

Slliclfseigffv?suiﬁ%ﬁﬁ?} " giggfggﬁgjgﬁeﬁrfgf;g BIowASS DAY MATEA TELD FrOW DFFERENT HOUSTRAL e

*0. » TU. , *0. CULTIVARS, T/HA -

for temperature. Biogas content was measured periodicall .

by fin(fing out the iontent of CH,, CO,, OS and HZS?I - Hemp c‘,ﬂtwars 2012 | 2013 | 2014 | Average
Complete dry matter was measured with the dry | Bialobrzeskie LN R O

matter weights “Shimazu” at the temperature of 120°C, | Futura 75 21.33 | 1714 | 14.81 17.76

the content of organic dry matter was determined by | Fedora 17 18.23 | 1332 | 12.78 14.78

drying the samples under a particular programme at | Santhica 27 1739 | 1157 | 13.47 14.14

550°C in thc? oven “Nabertherm”. Gas content was [ o 1997 | 1330 | 11.96 14.84

measured with gas analyser “GA 20007, thus finding -

out the content of methane, oxygen, carbon dioxide, Ferimon 18.59 | 1309 | 1293 14.87

and hydrogen sulphide in biogas, as well as the pressure | Epsilon 68 1289 | 1847 | 1447 15.28

and normal gas volume. Weighting was made with the | Tygra 20.87 | 14.66 | 13.40 16.31

weights “Kern FKB 16KO2”; pH was measured with | Wojko 1991 | 14.83 | 11.79 15.51

the pH meter “PP-50” with accessories (stgtionery). Uso 31 1738 | 11.40 | 11.98 13.59
A mean hemp sample was taken, and its content  [SES—_—. 1778 | 1407 | 1332 | 15.06

was studied basing on standardised methodologies in ;

compliance with ISO 6496:1999 in the Bioenergetics | Z5P 0:05 variety hll

Laboratory of Latvia University of Life Sciences and | LSD 0.05 year 1.92

Technologies. Mean sample and yeast of each raw | LSD 0.05 interaction

material group were investigated to determine full dry ;’:;Yeen variety and 4.03

matter, organic dry matter, and the content of main
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Table 2

Table 2

ANALYSIS OF RAW MATERIAL
Rawl/digester pH TS*, % TS*, g Ash,% | DOM*, % | DOM*,g | Weight, g wgzﬁl ¢

9

Inoculum, BI-1 7.29 3.40 68.0 23.1 76.89 52.29 3500 52.29

Coarse Uso 31, B1-2 7.19 63.97 63.97 7.15 92.85 59.4 3600 111.69

Fine Uso 31, B1-3 7.22 55.13 55.13 7.51 92.49 50.99 3600 103.28

Uso 31 leaves, Bl-4 7.25 62.96 62.9 16.1 83.84 52.79 3600 105.08

*Abbreviations: TS — total solids; DOM — dry organic matter

elements; moreover, each sample was weighted carefully
and the yeast mixed with the rest of the mass. The
same yeast was used for all four samples — digestate
from the continuously working bioreactor. The bioreactors
of 0.71 were filled with 20 g of hemp and 0.5 1 of yeast
(weight was registered with a 0.2 g precision). All
bioreactors (altered standard containers) were connected
with gas accumulation bags and taps, placed in the
oven under the temperature of 38%£0.5°C. The amount
and content of gas produced were measured every day;
bioreactors were shaken with the same frequency thus
mixing the substrate and reducing the floating layer.
Results and discussion. The yield of hemp dry matter
(DM) obtained in the field trials under agro-climatic
conditions of Latvia was 13.32-17.78 t/ha (15.06 t/ha on
average). Cultivation year and selected variety notably
affected hemp biomass yield (Table I). In 2012, depending
on the variety, a notably higher yield of absolute DM
biomass (on average 17.78 t/ha) was obtained from the
cultivars ‘Futura 75’ (21.33 t/ha), ‘Tygra’ (20.87 t/ha),
‘Beniko’ (19.27 t/ha), and “Wojko’ (19.91 t/ha). On
average in three years (2012-2014), relatively higher
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DM yields were obtained from varieties ‘Futura 75
(17.76 t/ha) and ‘“Tygra’ (16.31 t/ha).

Statistical assessment showed that meteorological
conditions present during the growing season influenced
the total volume of dry biomass yield.

The measurements obtained were summarised in
tables and served as a base to calculate the potential
for producing biogas and methane in each bioreactor.
Calculations were made bearing in mind also the volume
of gas produced in the control bioreactor (the one from
which yeast was taken) (Table 2).

Hemp cultivar ‘Uso 31’ was taken from the trial
field on 24 August 2013, on a very dry and sunny day,
and on 4 September 2013, it was filled in a bioreactor.
This condition as well as the condition that this hemp
was stored in suitable premises may explain the
comparatively high content of dry matter and dry
organic matter. Anaerobe fermentation lasted for 53
days. The results of digestate analyses are shown in
Table 3.

In all bioreactors, gas was appearing evenly, already
within the first days, except the control bioreactor,
which contained only yeast and water. In this reactor,
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Table 3
RESULTS OF DIGESTATE ANALYSES
Raw / digester pH TS*, % TS*, g Ash, % DOM*, % DOM*, g Weight, g

Inoculum, Bl1-1 7.32 2.18 66.17 25.62 74.38 49.22 3028
Coarse Uso 31, B1-2 7.41 2.62 79.38 23.01 76.99 61.12 3030
Fine Uso 31, B1-3 7.36 2.41 75.19 21.58 78.42 58.96 3120
Uso 31 leaves, B1-4 7.48 2.56 81.10 28.14 71.86 58.28 3168
*Abbreviations: TS — total solids; DOM — dry organic matter

only a small amount of gas was produced, which means
that yeast contained a very small quantity of not
decomposed organic matter that is consumed by
bacteria. Biogas and methane yields produced in all
bioreactors are shown in Table 4.

The highest amount of biogas and methane was
produced in the bioreactor B1-4, which fermented
chopped leaves. This may be explained by the fact that

Table 4

Bl0GAS AND METHANE PRODUCED FROM HEMP cULTIVAR ‘USO 31’

Rawl/digester Biogas, 1 llgingg?\,/I ?I/Igeglg)l;\e,[’
Inoculum, BI-1 0.6 0.011 0.003
Coarse Uso 31, B1-2 22.93 0.376 0.195
Fine Uso 31, B1-3 22.58 0.431 0.230
Uso 31 leaves, Bl-4 30.32 0.563 0.334

subtracted from the total volume acquired in each
bioreactor). Also, the average indicators of each group
were calculated. The results of raw material analyses
were summarised in Table 5.

Asitcan beseen in Table 5, hemp has high contents
of dry matter (41.62-62.96%) and organic dry matter.
This may be explained by the fact that hemp was
harvested in dry weather and kept in dry premises
before chopping. The results of digestate analyses are
presented in Table 6.

The biogas and methane volumes yielded from the
coarse-chopped ‘Futura 75 are presented in Table 7.

The biogas and methane volumes yielded from the
fine-chopped hemp cultivar ‘Futura 75’ are shown in
Table 8.

The biogas and methane yields obtained from the
fine-chopped ‘Uso 31’ are summarised in 7able 9.

RESULTS OF RAW MATERIAL ANALYSES

Raw/digester pHsubs. | TS*,% | TS*,g | Ash,% | DOM*,% | DOM*,g | Weight, g Dggf[%," .
Coarse Futura 75, R2-4 731 41.62 8.32 9.1 90.9 7.57 520 16.33
Inoculum, R1, R16 7.29 2.35 1175 25.44 74.6 876 500 8.76
Fine Futura 75, R5-8 7.32 43.39 8.68 45 95.5 8.29 520 17.05
Fine Uso 31, R9-12 7.28 55.13 11.03 751 92.5 10.20 520 18.96
Uso 31 leaves, R13-15 7.25 62.96 12.59 16.16 83.8 10.56 520 19.32

*Abbreviations: TS — total solids; DOM — dry organic matter

AVERAGE RESULTS OF DIGESTATE ANALYSES

Rawl/digester pH substr. TS*, % TS*, g Ash, % DOM*,% DOM*, g Weight, g
Coarse Futura 75, R2-4 7.17 3.58 18.19 23.76 76.24 13.87 508.23.1
Inoculum, R1, R16 7.45 2.30 11.47 26.48 73.52 8.44 498.9
Fine Futura 75, R5-8 7.08 3.24 16.56 22.03 71.97 12.91 511.1
Fine USO 31, R9-12 7.06 3.06 15.61 21.37 78.73 12.29 510.0
USO 31 leaves, R13-15 7.29 3.39 17.3 29.26 70.74 12.24 510.2

*Abbreviations: TS — total solids; DOM — dry organic matter

hemp stems contain comparatively more cellulose and
lignin, which is difficult to degrade by bacteria.
When calculating the volumes of biogas and methane
obtained, also the biogas and methane produced from
control yeast were taken into account (they were

The biogas and methane yields obtained from
chopped ‘Uso 31’ leaves are shown in Table 10.

The average biogas and methane volumes yielded
from various hemps are summarised in 7able 11. The
results suggest that the highest amount of methane
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BI0GAS AND METHANE YIELDS FROM THE COARSE-CHOPPED HEMP
CULTIVAR ‘FuTURA 75

Rawl/digester Biogas, 1 Hgi]o)ggi’,l I]\I/Igeglgf\‘f[’
Coarse Futura 75, R2 2.8 0.370 0.177
Coarse Futura 75, R3 2.7 0.357 0.172
Coarse Futura 75, R4 29 0.383 0.185
Inoculum, R1 0.1 0.011 0.002

BIOGAS AND METHANE YIELDS FROM THE FINE-CHOPPED HEMP CULTIVAR

‘Futura 75’

Rawl/digester Biogas, 1 Bli))ggi,/[llg ll\l/éegl(?)lll\sl,
Fine Futura 75, R5 4.0 0.481 0.245
Fine Futura 75, R6 4.0 0.482 0.246
Fine Futura 75, R7 39 0.470 0.240
Fine Futura 75, R8 4.1 0.530 0.270
Inoculum, R1 0.1 0.011 0.002

Table 9

BI0GAS AND METHANE YIELDS FROM THE COARSE-CHOPPED HEMP
cuLTivar ‘Uso 31’

Rawl/digester Biogas, 1 Bi]o)g(:;?\,/[llg I]\I/éegg;&’
Fine Uso 31, R9 4.5 0.441 0.226
Fine Uso 31, R10 4.1 0.402 0.205
Fine Uso 31, R11 4.3 0.422 0.216
Fine Uso 31, R12 4.3 0.421 0.215
Inoculum, R1 0.1 0.011 0.002

was obtained from chopped ‘Uso 31’ leaves, which may
be due to the fact that they contained more juice and
less cellulose and lignin compared to stems. Comparison
to same-fineness hemp cultivars ‘Futura 75’ and ‘Uso 31’
demonstrated that ‘Futura 75’ produced more methane.

NEW TECHNICS AND TECHNOLOGIES

Table 10

Bi0GAS AND METHANE YIELDS FROM THE HEMP CULTIVAR ‘USO 31’
LEAVES
Raw/digester Biogas, | e inggi,/Illg ll\éeg'glll\sl’
Leaves Uso 31, R13 6.7 0.634 0.375
Leaves Uso 31, R14 6.3 0.507 0.354
Leaves Uso 31, R15 6.5 0.616 0.365
Inoculum, R1 0.1 0.011 0.002

The average amount of methane obtained from
‘Uso 31’ leaves (0.365 0.010 I/g DOM)) is a very good
result as compared to other energy crops, for example,
maize silage (0.319-0.330 I/lg DOM in Latvia). Studies
on ‘Futura 75 resulted in 0.234-0.290 1/g DOM of
methane. Research on the influence of harvesting time
on the methane output allowed concluding that this
influence is insignificant — only slightly smaller than
that on the hemp harvested in October [14]. A more
notable effect was left by pre-processing, and, if samples
were chopped into 1-2 mm pieces, a total of 0.290 1/g
DOM of methane was obtained.

CoNcLUSIONS

1. Under agro-climatic conditions of Latvia, varieties
of industrial hemp provide on average 15.0 t/ha of dry
matter yield. The highest biomass yield during trial
years was obtained from the cultivars ‘Futura 75’ and
“Tygra’ 17.76 t/ha and 16.31 t/ha respectively. According
to the data, a conclusion can be drawn that the growing
season and the selected industrial hemp variety had a
significant (p<0.05) effect on hemp yield.

2. The research suggests that the biomass of hemp
grown in Latvia provides high methane extraction;
therefore it can be used for biogas production.

3. A larger methane outcome was obtained from
finely chopped hemp stalks and leaves.

4. Influence of hemp harvesting time of two weeks
on the methane output is insignificant.

Table 11

AVERAGE BIOGAS AND METHANE VOLUMES YIELDED FROM HEMP
Methane, 1
. . . 3 > Methane,
Raw/digester Biogas, 1 Biogas, /g DOM Methane, % (without D
> > > inoculum) 1/g DOM added
Inoculum 0.1 0.011 20.3 0.02 0.002
Coarse Futura 75, R2-4 2.8 0.370 438.21 1.33 0.177£0.007
Fine Futura 75, R5-8 4.0 0.482 51.03 2.036 0.246+0.023
Fine USO 31, R9-12 4.3 0.422 51.18 2.206 0.216%0.011
Uso 31 leaves, R13-15 6.5 0.616 59.25 3.852 0.365%0.01
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Use of Biochar-peat Mixture to Reduce Odour from Animal Farms

Maarit Hellstedt,
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Abstract. Odour from agriculture causes local nuisance to the neighborhood. Litter and cover materials can be used in
animal housing and in storage of manure to reduce the odour problem. The use of biochar as a covering for animal
manures is a new innovation and enhances the possibility to minimize the emissions from animal farms. (Research purpose)
To study the possibility of using a mixture of biochar and peat as a manure covering, in order to reduce the intensity of
odor on livestock farms. (Materials and methods) The potential of a mixture of biochar and peat for the odour control was
tested in a laboratory study. A 10 cm layer of fresh mink manure was placed on the bottom of a 5 liter test bucket and the
manure was covered with biochar-peat mixture (mixed in 50/50 ratio by volume) using five different covering thicknesses.
Uncovered manure was used as a reference. The odour emission was measured with an olfactometric method that is based
on odour sensation of a person. Also the character of the odour was described. (Results and discussion) The results show
that a biochar-peat covering of at least 3 cm is able to considerably reduce the odour from the manure. The character of
the odour was at first peat-like for all covered buckets but with thin coverings it was changed to more manure-like after
2 days. The odour from buckets with thicker covers remained peat-like during the whole testing period. (Conclusion) It
is recommended to apply a biochar-peat covering to neutralize ammonia and the unpleasant manure odour on livestock
farms. The author has shown that the frequency of use and the thickness of a covering layer depend on the ambient
temperature; therefore, it is not necessary to cover manure in winter.

Keywords: emission, neutralization of unplesant odour, annoyance, biochar, peat, animal husbandry.
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Mcnonb3oBaHue cmecu 6uoyrna n Topda
ANSA CHUWXEHUA MHTEHCUBHOCTMU 3arnaxa oT XXMBOTHOBOAYECKUX hepm

Maapur Xe/utmrear,
maarit.hellstedt@luke.fi

HWucTUTYyT TpUpOaHBIX pecypcoB (JIyke), DUHITHITT

Pedepar. HenpusTHBIH 3amax OT CeNbCKOXO3AHCTBEHHBIX )XKMBOTHOBOMUECKUX MPEATPUATHIA TOCTABIAET OpEeNeHHbIe
HeyJ100CTBa PACIONIOKEHHBIM MOOINU30CTH JKUIBIM M MPOM3BOJACTBEHHBIM 00beKTaM. UTOOBI YMEHBIIUTH MPOOIEMYy C
3aI1axoM, B )XMBOTHOBOJYCCKUX INOMCIICHUAX U IPU XPAHCHUM HAaBO3a MOTL'YT OBITH HCITOJIb30BAHEI IJI YKPBITUA pas-
JIMYHBIE MATEPHAIIBI, BKITFOUAS MOACTHIOUHBIE. (L]ens uccredosarus) V3yunTh BO3MOKHOCTH MCIIOIB30BAHUS CMECH OHO-
yris u Top(ba B Ka4€CTBC MPUCHIIIKUA IJI1 HaABO3a, YTOOBI CHU3UTh MHTEHCUBHOCTH 3aIaxa Ha 3BCPOBOAYECKUX (bepMax.
(Mamepuanvt u memoost) B 1abopaTOpHBIX YCIOBHSAX UCCIETOBAIM CBOWCTBA CMecH OMOYTIA M Topda I HeHTpan3a-
1 3anaxa. CBexuii HaBo3 OT HOPOK cioeM 10 CAaHTUMETPOB MOMECTHIIM Ha JAHO S-TUTPOBOTO TECTOBOTO Pe3epByapa.
[Mokpsumm ero cMeckio 6uoyrist u Topda (B cootnormennu 50/50 mo o6bvemy). Mcmonp30Baiu 5 BApHaHTOB TOMIIHHBI 110~
KpbITHS. HeMOKPHITHII CMEChI0 HABO3 TIPUHSITH 33 KOHTPOJIBHBIN oOpa3ell. IHTeHCHBHOCTD 3amaxa OIpesieNsiii 000Hs-
TeNbHBIM MeTofoM. Omucanu xapakTep 3anaxa. (Pesyasmamol u 0ocyscoenue) BHIIBUIHN, 9TO MOKPHITHE HABO3a CMECHIO
Ouoyris u Topda TOMMUHON He MeHee 3 CAHTHIMETPOB CIIOCOOHO 3HAUMTENBHO YMEHBIINTD 3amax. XapakTep 3arnaxa Obut
CHavaya TopQomnogoOHBIM BO BCeX TIOKPBITHIX CMECHIO pe3epBYyapax, HO MPH TOHKOM TIOKPBITHHU Yepe3 2 JHs OH CTaHO-
BIUICA OoJee MOXOKMM Ha 3amax HaBo3a. 3alax OT pe3epByapoB C MOKPHITHEM OOINbIIEeH TOMIIMHBI 0CTaBaNCs Topdomo-
JOOHBIM B TEUEHHUE BCETO MEpHOa UcciienoBaHust. (Bvigoosl) PexoMeH10BaIM TPHUMEHATh MPHUCHITIKY U3 OHOYIIIS U Topda
JIIA HeﬁTpanmauI/m aMMHaKa 1 HEIPUATHOI'O 3aliaXxa OT HaBO3a Ha 3Bep0(bepMax. HOKaBEUII/I, 4TO 4aCTOTA MPUMECHCHUS U
TOJIIMHA CJIOSI CMECH 3aBUCAT OT TEMIIEPATYPhI OKPYKAIOIIEH Cpe/Ibl, 3MMOM IPUCHINIATH HABO3 He TpeOyeTcs.
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griculture is the most significant source of
AAmmonia emission that causes e.g. odour

problems and loss of Nitrogen from agricultural
systems. Manure is the main source of odour [1]. Odour
causes local nuisance to the neighborhood. Litter and
cover materials can be used in animal housing and in
storage of manure to reduce both the odour problem
and to tighten the nutrient cycles.

According to previous studies different covering
materials can be used to reduce odour from manure
storages (Table). According to a farm-scale study, that
contains a fine lightweight powder that improves the
density of the covering layer, was the most effective
one [2]. Their results refer to that a dense surface cov-
er reduces odour remarkably. In an laboratory study
all other coverings tested reduced odour emissions sig-
nificantly but thin layers of wood chips and wheat
straw which were ineffective to reduce odour emis-
sions [3].

THE EFFECT OF DIFFERENT COVERING MATERIALS
ON THE EMISSION OF AMMONIA AND ODOUR
Layer Reduction of odour, %
Covering material thickness, e laboratory-
T scale scale
Chopped straw 50-150 83.8 -
70 - 0
Chopped wheat straw 140 B 61
. 70 - 73
Maize stalks 140 B 90
Perlite (Pegiilit M) 100 93 -
Perlite (Pegiilit R) 100 30 -
. 70 - 30
Wood chips 140 B 55
70 - 75
Expanded clay 140 B 69
. 3 - 51
Vegetable oil 9 B 5
Tent roof - 81.9 -

Peat is known as an effective cover material, but its
use as a non-renewable resource is questionable where-
as renewable biochar could have some additional ben-
efits regarding e.g. the end-use of manure [4-6]. Bio-
char has the potential to bind nitrogen on its surfaces
and slow the diffusion of gases from manure to the at-
mosphere [7]. The use of biochar as a litter for fur an-
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imal manure, as described in this paper, is a new in-
novation and possibility to minimize the emissions
from fur animal farms. In a field study biochar was
spread under the cages on a fur farm. The researchers
noticed that it was possible to considerably reduce the
odour if biochar was spread approximately every 10th
day [8].

THE RESEARCH PURPOSE is to estimate the potential
of a mixture of biochar and peat to reduce the odour
from fur farms. The study was an experimental part
of a project developing a novel way of recycling nutri-
ents from fur farms.

MateriaLs AND MEeTHODS. The potential of a mix-
ture of biochar and peat for the odour control on farms
was tested in a laboratory study. The test was carried
out in the beginning of April 2018. The average tem-
perature of the test chamber was 17.8°C £2.9 and the
average relative humidity 36.5% *5.7. Mink manure
was chosen to be used because of the common opin-
ion that mink manure is more annoying than other
manures. The mink manure used was fresh. It was col-
lected directly from the farm on the same morning that
the test was initiated. A 10 cm layer of manure was
placed on the bottom of a 5 liter test bucket. The ma-
nure was covered with biochar-peat mixture (mixed in
50/50 ratio by volume) using five different covering
thicknessesi.e. 0.5cm; 1;2; 3 and 5 cm. On top of these
there was also a test bucket with 10 cm layer of mature
compost of mixed fur manure (both mink and fox ma-
nure) included. Uncovered manure was used as a ref-
erence. Test buckets were covered with lids. The tests
were performed in three replicates.

The odour emission was measured with an olfacto-
metric method that is based on odour sensation of a
person. Human nose is recognized to the best odour
measuring devise because odour is a very subjective
concept [9]. A Nasal Ranger field olfactometer was
used (Fig. 1). The inset picture shows the dilution dial
located at the air intake of the unit, which is unseen by
the odor assessor during use (100% carbon filtered air
blank positions are marked with arrows) [10]. Accord-
ing to a comparison test values obtained by field and
laboratory olfactometry are consistent [11, 12]. The
odour was expressed as odour concentration. The meas-
uring range used for the dilution was from 2 to 500. In
addition also the character of the odour was described.

To start with the odour measurements the lids were
taken off one by one and the measurements were made
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Fig. 2. Arrangement for the measurement; lids were used on the
buckets between measurements (left), the olfactometer placed
tightly on the bucket during measurement (right)

right after the lid was taken off (Fig. 2). The inset pic-
ture shows the dilution dial located at the air intake of
the unit, which is unseen by the odor assessor during
use (100% carbon filtered air blank positions are marked
with arrows) [12]. The measurements were performed
right after the test buckets were ready, and after 1,2 d
5and 6 days from the beginning of the test. On days 5
and 6 the measurements were done also 1 hour after
the lids were removed.

ResuLTs AND Discussion. On the first measuring
session the fresh manure was still cold and the odour
measured was low. On the other measuring sessions
the temperature of the manure had settled to the tem-
perature of the chamber. According to the results a
cover of 5 cm was able to prevent the odour from mink
manure for the whole measuring period (Fig. 3) . The
effect of 3 cm cover was able to reduce the annoying
odour for 2 days. The effect of thinner coverings last-
ed only for one day.

The character of the odour was at first peat-like for
all covered buckets but with thin coverings (0.5 cm and
1 cm) the odour was changed to more manure-like af-
ter 2 days as that of 2 cm covering remained peat-like
until the 5th day. The odour from buckets with thicker
coverings was peat-like during the whole test period of
6 days. The measured odour from mature fur manure
compost was low and had no annoying odour at all. The
characterization of the odour from the compost was
during all the sessions decomposed and peat-like.
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Fig. 3. Odour concentration measured from the covered and
uncovered mink manure and also from the mature composted fur
manure during the test period

The m ambient easurement on days 5 and 6 as the
lids had been open for one hour showed reduction of
odour on thin coverings and uncovered manure com-
pared with the results of the just opened buckets (Fig. 4).
The character of the odour was not changed due to
opening the lids.

600
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Thickness of the covering manure

Dilution
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Fig. 4. Odour concentration measured from the covered and
uncovered mink manure on days 5 (above) and 6 (below) just
after the lids had been opened and 1 hour later

ConcLusions. Biochar-peat covering reduced odour
more the thicker the layer was. To reduce odour from
fur manure a layer of 3 cm should be used and the add-
ing of covering should be repeated every week. The rel-
atively low humidity or ambient temperature in the test
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chamber did not affect the results just like farm tests
performed in Denmark [13]. On the other hand com-
parison of these emission values with other published
odour emission values is difficult, due to the fact that
there are only a few measurements done with fur ani-
mals and none of them focuses on manure storages.
The results, however, correspond to the measure-
ments on gaseous emissions on fur farms in Finland
which showed that a covering was able to reduce gas-

ECOLOGY

eous emissions and the beneficial effect of surface ap-
plied cover lasted for 7-10 days [14]. The results con-
firm also the observations of the field study [§] on the
possibility to reduce odour from fur farms by using
biochar. During cold periods as the temperature of the
manure is very low or as the manure is frozen the odour
level is much lower and covering of manure is not nec-
essarily needed.
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Nitrogen Fertilization of Grass Leys: Yield Production and Risk
of Nitrogen Leaching
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Abstract. The soil surface balance of nitrogen (N), calculated as the difference between N inputs and output, is a principal
agri-environmental indicator that provides information on the potential loss of N to surface or groundwater. (Research
purpose) Determination of relevant models of yield response to N fertilization could prove helpful in minimizing N
balance and simultaneously maintaining high-yield production. (Materials and methods) The authors used meta-analysis
to quantitatively summarize 40 N fertilization experiments on perennial grass leys in Finland and assessed the effect
of inorganic N fertilization on grass yields and N balances, and further estimated potential to reduce N input and N
balances. The relationship was estimated by using the COUP model (a coupled heat and mass transfer model for ‘soil-
plant-atmosphere’ systems) and by reviewing the 12 Nordic studies on N leaching experiments involving lysimeters and
drained field plots. (Results and discussion) It was found that the optimal N content in mineral soils is 230 kilograms per
hectare, in organic — 190. In the first case, the economic effect of nitrogen introduction is 206 euro per hectare, in the second
one — 62. (Conclusions) The developed yield response models can serve to construct a dynamic tool for growers to adjust N
applications for maximizing economic profitability. The authors proved that the values predicted by the COUP model for
N leaching losses after the application of mineral N fertilizer to perennial grass leys were in accordance with the low values
measured, which ranged from 1.2 to 10-15 kilograms per hectar a year in Finland and in the Nordic-Baltic countries. It was
also revealed that a possible risk of N leaching losses when using only inorganic N fertilization seems less crucial due to its
low level and weak association with N balances.

Keywords: yield; grass leys; nitrogen balance; nitrogen leaching; meta-analysis; coupled heat and mass transfer model.
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BHeceHue a30THbIX yAO6PEHMIN Ha Niyrax u nactéumuiax:
YPOXXaHOCTb U PUCK a30THOrO BblilLefla4ymBaHus

Enena Baikawma', Tanuo Cauo';
elena.valkama@luke.fi; Ierpu Kanyunen';
Kartpu Pankunen’; Diiaa Typroaa'
IeprTy Bupkaspsn';

"MucTuTyT Npupoansix pecypcos Ounnauauu (Jlyke), uHASHANS
*DUHCKUI HHCTUTYT OKpYKaromeil cpebl, UHIAHAMSA

Pedepar. bananc cogepxanud a30Ta B BEpXHEM CII0O€ TTOYBbI, PACCUMTAHHBIN KaK Pa3HULA MEXAY KOIMYECTBOM BHECEH-
HOTO M OCTATOYHOTO a30Ta, CUMTAETCS OCHOBHBIM arpO3KOJIOTHIECKUM MOKa3aTelneM, KOTOPBIH IIPe0CTaBIsSeT HHPOopMa-
LIMIO O BO3MOXHOM BBIHOCE a30Ta C TOBEPXHOCTHBIMU WM TPYHTOBBIMU BoaMH. (Lens uccrnedosanus) OnpenenTs MOAEIN
3aBHUCHMOCTH YPOJKaHHOCTH 3€NEHOH MacChl OT KONMYECTBA BHECEHHOTO a30THOTO YA0OpEeHH s, KOTOPBIE MOTYT OBITh HC-
TM0JIB30BAHBI 11 MUHUMU3ALIUK OaaHca a30Ta 1 OAHOBPEMEHHOIO MOAAEPKaHUs BRICOKOTO Ypoxasi TpaB. (Mamepuanst
u memoosl) Ha ocHOBe MeTa-aHAIM3a OCYIIECTBIUIN KOJIMYECTBEHHYIO OLIEHKY Pe3yibTaToB 40 OIBITOB MO a30THOM MOJ-
KOpPMKE MHOTOJIETHUX TPaBAHBIX yroauii B OuHisHANN. V3ydnin BIMsHAE HEOPTaHUYECKOTO a30THOTO yAOOpEHHUs Ha
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ypokail TpaB 1 OajlaHC a30Ta, a TAKXe MEPCIEeKTHBBI CHIDKEHUS NOTpebIeHus a3ota 1 Oananca azorta. [is oneHku uc-
TIOJIb30BAITH COTIPSKEHHYIO MOJIENb TETNIOMACcCONepeHoca TS CUCTEM «I104Ba — pacTeHue — atMocdepar. OcymectBunu 12
HKCNIEPUMEHTOB I10 BBIILENAYMBAHUIO a30Ta B CEBEPHBIX MupoTax. [IpoBeny nusumeTpudeckue uccienopanus. M3yumnn
OCYIIIEHHBIE YYACTKH JIYTOB ¥ MACTOMII. (Pesyvmanivt u 06¢cyscoerue) Y CTAHOBUIIN, YTO ONITUMAIBHOE COIEpKaHHUE a30Ta
B MUHEPAJIBbHBIX NIOYBAX cocTaBiseT 230 KUIorpaMMoB Ha TeKTap, B opranndyeckux — 190. B nepBoM ciyuae 3koHOMHYe-
ckuit 3¢ ekt OT BHeCeHHs a30Ta paBeH 206 eBpo Ha TeKTap, BO BTOpoM — 62. (Buisodst) PazpaboTaan MozeM BIUSHUS Ha
YPOKAIHOCTD TPaB, KOTOPBIE CETBbXO3MPOU3BOIUTENN MOTYT HCIIONB30BATH B KAUECTBE JMHAMUYECKOTO MHCTPYMEHTA IS
PeryIupoBaHHs HOPMBI BHECEHHS a30Ta, YTOOBI IMOMYYUTh MAKCUMANBHBIH SKOHOMIYeckuii 3ddext. [Tokazanu, uro 3Ha-
YEeHMS, TPOTHO3MPYEMBbIE C TOMOLIBIO COTNPSKEHHOH MOZIENN TETIOMACCONEPEHOCa AT OLEHKHU IOTePhb a30Ta BCIE/ICTBUE
BBILIETAYMBAHHUS TTOCIIE BHECEHHSI MUHEPAIBHOTO a30THOTO YA00peHNs Ha MHOTOIIETHHE TPABSIHBIE YTOAbS, COOTBETCTBO-
BaJTM HU3KUM (DaKTUUECKUM IIOKA3aTeNaM, IIOTYYEHHBIM B X0/I€ UCCIENOBAHUS, KOTOPbIE BaphupoBaiuch oT 1,2 go 10-15
KAJIOTPaMMOB Ha TeKTap B rox B OUHISHINN U B CEBEPHBIX OANTHICKUX CTpaHaX. BBIIBUIIN, UTO BOSMOXKHBIN PHCK TI0-
Tepb a30Ta BCJEACTBUE BHILIETAYUBAHUS IPH HCIIOIb30BAHUU TOJIBKO HEOPTAHUYECKOTO YIOOPEHUS MPEACTABISETCS Me-
Hee KPUTHYHBIM U3-32 HU3KOTO YPOBHS 3TOT0 3JIEMEHTA U €T0 Claboii CBA3M ¢ HanaHCOM a30Ta.

KiroueBbie ci1oBa: ypoxkaifHOCTh; TpaBsHbIE YTO/Ibs; a30THBINA OaaHc; BHIIENaYnBaHUE a30Ta; METa-aHAIU3; CONPSIKEH-
Has MOJIENTb TeINIOMACCOIIEpeHOca.

I Jdast uutupoBanus: Bankama E., Pankunen K., Bupkaspsu I1., Cano T., Kanyusnen I1., Typtona 3. Buece-
HHe a30THBIX YIOOpEHU Ha JTyrax ¥ NacTOUINAX: YpOKaWHOCTH M PUCK a30THOTO BhItenaunBanus // Cenbcko-

xo3aiicmeennvle mawunsl u mexunono2uu. 2019. T. 13. N2. C. 31-39 DOI 10.22314/2073-7599-2018-13-2-31-39.

receive substantial amounts of N fertilizer, which

may lead to high N balances of up to 130 kgha ' yr'
[1]. Reducing N inputs should prove to be an effective
environmental practice that directly affects soil N
balances, as demonstrated for spring cereals [2]. More-
over, adjusting N input according to yield response
models causes no economic loss.

Soil surface N balance is a principal agri-environ-
mental indicator that provides information on the
potential loss of N to surface or groundwater. However,
the link between N balance and N leaching loss from
grass leys as well as from cereals measured at field and
catchment scales is often complex and may vary widely
across different soils, crops, N sources and managements
[1, 3, 4]. For grasses, in only a few studies on sandy
soils, did researchers calculate the regressions for
ungrazed [5] and grazed [6] grassland fertilized with
both inorganic N fertilizers and slurry. According to
the regressions, for example, an average European N
balance of 65 kg ha ' yr' [7] would correspond to an
N leaching loss of 18 kgha ' yr' [5] or 30 kg ha ' yr'
[6]. Although these losses seem adequate for slurry
applications, they may represent overestimations when
applying only inorganic fertilizer to ungrazed grassland.

THE RESEARCH PURPOSE is to explore the relationships
between N rates and grass yield responses, N balances,
and N leaching loss, after applying only inorganic N
fertilizer to ungrazed perennial grass leys.

MaTteriALs AND METHODS. For this purpose, we
summarized 40 relevant Finnish field experiments
conducted on mineral and organic soils during the last
five decades and estimated the potential to reduce N
balances without sacrificing yield. We further estimated

In the Nordic-Baltic countries, grass leys usually
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N leachinglosses from N balances by using the COUP
model and by reviewing the 12 Nordic studies on N
leaching experiments involving lysimeters and drained
field plots.

The database of grass yield response to inorganic
N fertilization consisted of published and unpublished
reports of experiments conducted at MTT Agrifood
Research Finland (Jokioinen, Finland) and other Re-
search Stations. The main grass species were timothy
(Phleum pratense L.), meadow fescue (Festuca pratensis
L.), cocksfoot grasses (Dactylis glomerata), and a
mixture of them. In addition, two studies included tall
fescue (F. arundinacea) and bromegrass (Bromus inermis).

Altogether 40 experiments took place between 1957
and 2004 at 17 sites on clay — 11 studies, coarse-textured
mineral soils — 21 studies and organic soils — 8 studies
(Fig. ). A total of 28 studies reported ranges of soil pH,
determined in water suspension, from 4.7 to 7, and of
the precise soil organic matter (SOM) content in topsoil,
from 2.5 to 45.7%. Four studies reported SOM content
as a class (“medium”, 3-6%, or “rich”, 6-12%), while the
remaining eight studies failed to report it. Fertilizer P
(mean 40 kgha ') and K (mean 100 kg ha™') were applied
according to the existing recommendations in order to
provide sufficient amounts for grass growth. The an-
nual application of N ranged from 50 to 600 kg ha .

Response and explanatory variables

As response variables, the database for the meta-
analysis included the total DM of the grass leys (kg
ha™') and N balance (kg ha™' yr'). We calculated the
soil surface N balance as described in [8]:

N balance (kg ha™ yr') =N input (kg ha 'yr') —
— N output (kg ha™'yr™), )]

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N2 + 2019



3Konorug

Renntinrms (1) \
.

Magrinks (4]
-

Finland Russia
I Laukaa (2)
i - 1ahm?ﬁl\1 n
." -
4 ik {20
k) Jestiaed (3) .
¥ Pkl (1}
A "Hakda ) .
™
£ Jokiginan (4] Hetmaonla (1)
g Menicirmn (2% .
r;;f};:. : . b1 v.mm@hwsi"-;!""")?g
”:'Zi‘ /3 il Hoh-nhlll.lffj';‘.. haa BON
- T = 1

w2

" | Estonia

Fig. 1. Location of 40 Finnish N fertilization experiments on
grass leys (number of experiments in parenthesis)

where N input was N applied as inorganic fertilizers;
N output was the N content in the harvested yield.
We calculated N output as follows:

N output (kg ha™) = Protein (Yo)la x
x DM Yield (kg ha—1)/100 (%), )

where a is a coefficient equal to 6.25.

From the output we excluded any N lost to the
environment through the volatilization of ammonia
or denitrification, or leaching, as well as from N input
asymbiotic N fixation and atmospheric deposition, the
latter in Finland amounting to 4-6 kg ha™' [9]. A negative
N balance thus roughly indicates depletion of the soil
N stocks, whereas a positive balance correlates to
accumulation that can increase the risk of losses to the
environment.

Effect size calculation

Meta-analysis and the Meta Win 2.0 statistical
program served to analyze the effects of N fertilization
on grass yield and N balance [10]. For yield data, we
used the response ratio (the ratio of mean outcome in
the experimental group to that in the control group)
as an index of the effect size [11]. We calculated a
separate estimate of the natural logarithm of the
response ratio for each site, N rates and randomly
selected grass species as:

Inr= ln(X)KN/XPK): 3

where Xpxn and Xpx represent yield means for PKN and
PK (i.e., the control) treatments, respectively, averaged
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over the duration of an experiment. Spxyn and Spk are
the corresponding standard deviations, and npxn and
npg are the sample sizes equal to the duration of an
experiment in years. To measure the effect of explanatory
variables on yield response and to exclude the effect
of increasing N rates, we selected one N rate, between
117 and 208 kg N ha™' with a mean of 158 kg N ha ',
per study to ensure statistical independence of In r.

We then back-transformed log response ratios and
reported them in the text as percentage changes from
the control:

Yieldresponse(%o)=[exp(Inr)-1]x100. 4

We considered responses due to N fertilizer to be
significantly different from the control if their 95% CIs
did not overlap with zero.

Yield response models

Data for yield response models of mineral soils were
available from 23 early and 9 recent experiments, from
which we randomly selected one grass species or grass
mixture and one N rate per study to ensure statistical
independence of In r. However, due to the small number
of studies on organic soils (five early and three recent
studies), we selected one grass species or grass mixture
and two to three N rates per study, resulting in 20
observations.

We tested possible sources of variation prior to
building a model. To develop a model, we pooled
experiments in which variances in the yield response
showed no significant difference from those predicted
by sampling error alone. We used a two-dimensional
Gaussian function to describe the relationship between
rising N rates, Nyyield and yield response:

Inr = ae “{[(Noyield — xo)lb]* + [(N - yo)lc]*},  (5)

where In r is the yield response;

Nyyield is the control yield without added N;

N is N rates;

band carestandard deviations of x and y, respectively;

Xy and y, is the center of the model;

a is amplitude.

We ran the models using the SigmaPlot 12.0 program
(SYSTAT Software, San Jose, CA, USA) with weights
defined by the reciprocal of the sample variance. The
Shapiro-Wilk test served to determine whether the
weighted residuals (observed yield increase —estimated
yield increase) of the model were normally distributed
(SYSTAT Software).

Calculation of economically optimal N rates (Ny)

The following calculation served to derive the
grower’s profit from the application of N [12]:

Profit € ha™') =

=[Yield increase due to N fertilization (kg ha™) x

x DM vyield value (€ kg )] - [Applied N (kg ha ™) x

x N fertilizer price (€ kg™)]. ©6)
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We considered the profit from the application of N
optimized when the difference between the extra income
due to the yield increase and the cost of the N fertilizer
was at its peak value. The average value of the yield
increase term originated from the two-dimensional
Gaussian function (Eq. 5). In calculating examples of
Nop, we set the average Noyields to 3900 and 4500 kg
ha' for mineral and organic soils, respectively, and
the high Nyyields to 6000 and 8000 kg ha™', respectively.
We calculated examples of N,y for the prices of N
fertilizer (1 € kg™') and the DM yield values of grass
leys (0.1 € kg "), thus yielding a fertilizer N-to-yield
price ratio of ten.

Linear regression analysis

We used a simple linear regression to examine the
relationship between N rates and N balances:

Ny =yo taN,

where Ny, is the N balance (kgha ' y);

N is the N fertilizer rate (kg ha™);

Vo 1s the intercept parameter;

a is the slope parameter.

We derived data from 21 early and 7 recent studies
on mineral soils and 4 early and 3 recent studies on
organic soils. To avoid bias, we randomly selected one
grass species and one N rate per study for the linear
regressions, and the average annual N balance for the
duration of an experiment served as a dependent
variable. We also tested the data for normal distribution
and equal variance.

COUP model

Precipitation is one of the main drivers of N leaching.
However, field experiments typically represent a limited
combination of weather conditions, soils and cultivation
practices; therefore, we used climatic data from several
years as the driving force to simulate a larger set of N
leaching values. The mathematical model COUP is a
dynamic, process-based model for calculating water
and heat flux as well as combined carbon (C) and N
cycles in soil profiles [13]. In the present study, we
applied the model by using data on the measured
physical and chemical soil properties of two practical
grass fields (fields 7 and 8) under cattle husbandry [14].
In total, we simulated 96 combinations of weather
conditions and cultivation practices. Instead of a
hydrological or agricultural year (from autumn to
autumn), we used a calendar year to allow sufficient
time for N leaching. The physical and chemical conditions
on the field were always the same in the beginning of
the simulation, and differences in simulated N leaching
resulted from different rainfalls and temperatures
throughout the year.

Due to a lack of runoff water collectors in the
practical grass fields, we calibrated the model against
measurements of soil mineral N concentrations in
spring and autumn, as well as crop N uptake. Rankinen

™)
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et al. [14] previously described the original calibration.

The modeled cases included first-year grass, one
year from the middle of the rotation, and the ploughing
year (after three years’ of grass rotation). We then
modeled N leaching and N balances to obtain the
theoretical upper and lower limits for their relationship
by changing the fertilization amounts in steps of 20 kg
N ha'. The simulations covered the range of the N
balance from —100 to 150 kg ha™'. We simulated a set
of individual cases by using one-year datasets for the
entire five-year period. We therefore did not include
simulated N accumulation in the soil, but started all
annual simulations from the observed physical and
chemical properties of the soil.

RESULTS AND DISCUSSION

Yield response models

We developed the models separately for mineral
and organic soils, and since Nyyield substantially
affected the yield responses, we included it as an
independent variable along with N rates (Table 1). The
coefficients of determination (R?) indicated that the
N rate and Nyyields together accounted for 80-95% of
the variation in the yield response of grass leys.

PARAMETERS AND FITTINGS OF THE WEIGHTED MODELS DESCRIBING THE
RELATIONSHIP BETWEEN YIELD WITHOUT ADDED N (NoYIELD, KG HA™'),
N RATE (N, KG HA™") AND YIELD RESPONSE (LN F) ON MINERAL AND
ORGANIC SOILS

Soil In r = ae**{[(Nyyield — xo)Ib]* + [(N - yo)lc]*}
oi

type a Xo b Yo ¢ R? t:;t n
Mineral | 3010 [-62253/16429| 466 | 383 | 0.80 | 28 32
Organic | 135 -35349/12067| 345 | 214 | 0.95 | 87 | 20

Bold numbers indicate P < 0.0001;

n indicates number of experiments for mineral soils and number
of observations for organic soils. For back-transformation of In r,
see Equation 4.

The models are valid for N rates >50 kg ha(mineral soils) and N
rates >75 kg ha’(organic soils).

The models estimated that the yield response to N
rates decreased considerably with increasing Nyyield
(Fig. 2). On mineral soils, for example, the largest yield
response over that of the control dropped from 318%
(In r = 1.43) to 70% (In r = 0.54) while increasing the
Nyyield from 2000 to 6000 kg ha ' (Fig. 2a). Respectively,
on organic soils, the largest response dropped from
200% (In r = 1.1) to 23% (In r = 0.21) while increasing
the Nyyield from 2000 to 8000 kg ha™'.

N balance

We performed the linear regression analysis between
rising N rates and N balance (Fig. 3, Table 2). The
coefficient of determination (R?) indicated that 86-88%
of the variation in the N balance stemmed from its
relationship with the N rates. On mineral soils, an
increase of 10 kg N ha ' associated with an average
increase of 4.8 (4.1-5.6) kg ha™' yr'' in the N balance,
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and on organic soils, with an average increase of 6.4
(3.4-9.4) kg ha' yr'!, respectively. According to the
regressions, adding no N fertilizer yielded an N balance
equal on average to —53 (<71 to —-35) kg ha' yr' on
mineral soils and to —123 (203 to —42) kg ha' yr ' on
organic soils. We expected a zero N balance at average
N rates of 110 and 192 kg ha ' in mineral and organic
soils, respectively.

Mineral soils

Total yield response (Inr)

a
W Eady
O Recent
¥ Outliers

Fig. 2. Total yield response of grass leys (Inr) in relation to the N
fertilizer rate and control yield without added N (Nyyield) on (a)
mineral and (b) organic soils in early (1950s-1970s) and recent
(1990s-2000s) studies. Each symbol represents the average yield
response for the duration of an experiment; n represents the
number of experiments in (a) and the number of observations in
(b). For back-transformation of In r, see Equation (4)
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Fig. 3. The relationship between increasing N fertilizer rates
and N balances on (a) mineral and (b) organic soils in early
(1950s-1970s) and recent (2000s) studies (each symbol
represents the average annual N balance for the duration of an
experiment, n represents the number of experiments)

Observed and simulated N leaching loss from mineral
soils

The review of published Nordic studies showed that
the smallest observed annual N leaching loss was
1.2 kg ha™' from clay soil and the largest value was
13 kg ha' from sand soil (Fig. 4a). Within the range of
observations, N leaching showed no clear relationship
with N balances. For example, a large range of N
balances (e.g., —80 to 105 kg ha™' yr'') across several
experiments yielded annual N leaching losses as low

Table 2

PARAMETERS AND FITTINGS OF THE LINEAR REGRESSION, NBAL = Y, + AN DESCRIBING THE RELATIONSHIP BETWEEN THE N FERTILIZER RATE
(N, kG HA™") AND N BALANCE (NBAL, KG HA™' Y™') ON MINERAL AND ORGANIC SOILS
: . 95% Cls 5
Soil type Coefficients t P R F test P n
Low Up
Yo =53 —-6.1 R 71 =35
Mineral 0.88 194 D 28
a 0.48 13.9 R 0.41 0.56
) Yo -123 -39 < -203 -42
Organic 0.86 31 ot 7
a 0.64 5.5 G 0.34 0.94
*P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001; CIs, confidence intervals; n, number of experiments
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Fig. 4. Leaching losses:

a — values of N leaching losses and N balances measured after
the application of mineral N fertilizer to perennial grass leys in
Nordic experiments; b — simulated N leaching losses on mineral
soils in relation to N balances for different years of grass
production (The observed values in (a) were averaged over the
duration of an experiment )
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as2-4kgha™ (Fig. 4a). On the other hand, with a narrow
range for the N balance (e.g., 10-20 kg ha™' yr'), N
leaching losses varied from 2.2 to 6.0 kgha ™' yr'.

Simulated N leaching loss for the first year of grass
production increased slowly, by 0.6 kg ha™' yr', with
an N balance rising from —100 to 100 kgha™ yr™' (Fig. 4b).
During production years, the N leaching loss was low
(2.4kgha ' yr') for the range of N balances. In contrast,
for thelast year of grass production involving autumn
ploughing and bare soil over the following winter,
simulated N leaching increased from 5.6 to 12.5
kg ha' yr' when N balances rose from —100 to
100 kg ha ' yr'. An N input of 110 kg ha' would then
yield a zero N balance and an N leaching loss of
8.4 kg ha' yr'. In the driest year, however, when the
simulated runoff from fields was about 210 mm,
simulated N leaching during the ploughing year was
low (about 2.7 kg ha™ yr™') regardless of rising N
balances.

Regarding organic soils under grass leys, we were
unable to simulate N leaching losses after the application
of mineral N fertilizer or to survey articles published
in Nordic countries due to lack of data and experiments.

Estimates of Nopt , respective N balance and N
leaching loss

We estimated N, separately for average and high
Nyyields and compared them to the Finnish Agri-
Environmental Programme’s maximum permissible
N rates (Npa,) [15]. For both mineral and organic soils,
Nopt clearly depends on Nyyields: to maximize profit,
a field with high Nyyields requires only 20-40% of the
N fertilizer needed for a field with average Nyyields,
resulting in negative N balances (7Table 3).

For the average Nyyields in mineral soils, estimates
demonstrated that at a fertilizer N-to-yield price ratio
of ten, N, is equivalent to the permitted Ny, (230 kg ha™)
for soils rich in SOM, yielding an N balance of 57 kgha ' yr™!
and a simulated N leachingloss of 2.4-10.6 kgha ' yr.
In contrast, the application of permitted Ny, to fields

Table 3

ESTIMATES OF YIELD INCREASE, GROWERS’ PROFIT, N BALANCE AND N LEACHING LOSSES AFTER THE APPLICATION OF N,JPT OR Numx TO MINERAL
AND ORGANIC SOILS WITH AVERAGE AND HIGH NOYIELDS
Mineral soils Organic soils
Estimates Nopt® Nopax ™ Nopt Ninax
230 50 230 190 75 190
. l 3900 6000 6000 4500 8000 8000
Noyield (kgha™) (average) (high) (high) (average) (high) (high)
Yield increase due to N (kg ha™) 4400 2100 3400 2500 800 1400
Profit from N fertilizer (€ ha ')*** 206 159 106 62 6 —48
N balance (kg ha™' yr™) 57 -29 57 -1 75 -1
Simulated N leaching losses (kg ha™ yr™) *#** 2.4-10.6 2.4-7.5 2.4-10.6 Not simulated
*Nopi> €conomically optimal N rates (kg ha ™).
**N .. the Finnish Agri-Environmental Programme’s maximum permissible N rates (kg ha ).
***The prices of N fertilizer (1 € kg ') and the DM yield values of grass leys (0.1 € kg ). Fertilizer N-to-yield price ratio of ten.
****The low and upper values indicate production and ploughing years, respectively.
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with the high Nyyields would be uneconomically high
and could be therefore reduced to 50 kg ha™'. However,
despite the considerably lower N rate and N balance
attained, and even negative values for the latter, the
simulated annual N leaching loss would decrease by
only 3.1 kgha™.

Similarly, in organic soils with average N,yields,
Nopiis equivalent to Ny, (i€., 190 kg ha™), resulting in
an N balance of about zero. Again, in fields with high
Nyyields, N rates could be reduced up to 75 kg ha ',
since the application of N, to such fields would pose
a financial burden on growers. This practice would
reduce the N balance to — 75 kg ha' yr''. For organic
soils, we were unable to assess the associated environ-
mental impact.

Yield response

From the growers’ point of view, fertilizer applications
should be based on relevant yield response models and
be economically justified. However, year-to-year, site-
specific and climatic variability leads to numerous
response curves as well as uncertainty in estimating
N, To overcome these challenges, we applied meta-
analysis in the present study to test the sources of
variation and to improve the robustness and reliability
of the yield response curves. They were fitted to average
grass yield increases over the duration of an experiment
and to a large number of experiments on different soils
located at 17 sites with growth periods ranging from
130 to 175 days. In our previous meta-analysis of cereals,
the Nyyield was a major factor governing the magnitude
of the yield response to N fertilization [2]. In this study
we included the Nyyields as a continuous variable that
enabled improvement of the models’ reliability
(R*=0.80-0.95).

Although SOM is broadly recognized as an important
parameter affecting soil quality and crop yield, large
dataset analyses of cereals have shown either its weak
correlation with Nyyield[2] or no statistically significant
correlations at all [16]. The latter result agreed with
that of the present study on grass leys. We suggest that
the variations in Nyyield observed in the present study
were determined largely by unaccounted factors such
ase.g., soil structure. Soil structure can influence crop
yields by affecting root growth and distribution, soil
aeration, water availability, as well as soil microbial
activity and nutrient cycling.

In light of the present results, current fertilizer
recommendations, which are based on the grower’s
yield expectation (i.e., the higher the expected yield,
the higher the N fertilization), do not lead to optimal
N management. Indeed, the N,, permitted by FAEP
on a field without consideration of its Nyyield and
responsiveness may be unnecessarily high and lead to
excessive N inputs and thus to economic losses for a
grower. According to the models, on low responsive
fields the application of permitted N, would lead to
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a yield increase of 1000 kg ha™' less than on highly
responsive fields, regardless of the soil type. Thus, the
yield response models developed in the present study
can contribute to the construction of a dynamic tool
for growers to more effectively adjust N applications
in order to maximize economic profitability. However,
such a tool would require growers to estimate the
magnitude of Nyyields from his fields by, for example,
leaving some representative areas unfertilized for a
few years.

N balance and N leaching loss

This study showed that N rates explained a large
part of the variation (86-88%) in N balances for grass
leys, which agrees with the results of our previous study
on cereals [2], and the effect of N fertilization on N
balance was consistent across the studies. The results
also indicate that for grass production on mineral soils,
as with wheat production, an increase of 10 kg ha™' in
fertilization associated with about 5 kg ha™' increase
in the N balances [2].

On organic soils, the application of N, permitted
by the FAEP (i.e., 190 kg ha '), the N balance would
be approximately zero. On mineral soils, the larger
Npax (230 kg N ha ') would result in an N balance of
57 kgha ' yr', slightly exceeding the average national
N balance of 50 kg ha™' yr' [9]. In particular, growers
could reduce N inputs on mineral soils with high
Nyyields considerably, down to 50 kg ha™', and the N
balance down to — 29 kg ha™' yr' with no economic
loss. Similarly, the respective cases for spring wheat
production have the potential to reduce N inputs from
120 to 45 kg ha' and the N balance from 33 to —
5kgha yr' with no economic loss [2].

The values predicted by the COUP model for N
leaching losses after the application of mineral N
fertilizer to perennial grass leys were in accordance
with the low values measured, which ranged from 1.2
to 10-15 kg ha™' yr' in Finland [5] and in the Nordic-
Baltic countries[17, 18]. Numerous studies demonstrated
that N leaching losses from perennial grassland are
inherently smaller than those from arable land, since
N uptake covers a longer period and the soil normally
remains untilled for at least three years, thereby reducing
N leaching [19-21].

Even with wide variation across management regimes
and years, a recent Danish study of grasslands under
different grazing, cutting and manure treatments found
that N surpluses related only weakly to N leaching
and accounted for only 5% of the variation, thus
revealing the huge capacity of soils to accumulate large
N inputs [3]. The model in the present study predicted
a weak relationship between N leaching losses and N
balances on mineral soils, but only for inorganic N
input. Even in a ploughing year, when N leaching losses
were expected to rise due to mineralization and the
accumulation of inorganic N in the soil [22], simulated
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N losses rose by only 6.9 kgha™' yr', when N balances
rose considerably by 200 kg ha ™' yr'.

Assessments have shown that, along with the low
N leaching loss, also the volatilization of ammonia
and nitrous oxide from grass leys on mineral soils with
the recommended rates of mineral N fertilizers have
been low, about 1 and 1.5-4 kg ha™' yr', respectively
[9, 23]. This indicates that an N balance of 57 kgha ' yr'
contributes to a residual soil N pool that amounts to
about40-50 kgha ' yr'. In grasslands, the largest pool
of N is SOM, and since the net N mineralization rate
is generally low, the residence time of N in SOM in
most undisturbed grasslands would be decades or even
centuries [24].

However, the ploughing of grass leys receiving
mineral fertilizer with the subsequent cultivation of
spring cereals may either return N leaching losses to
the pre-ley levels [25] or slightly raise it by 3kgha ' yr!
during the two to three years after ploughing [26]. In
the cereal phase of grass-arable rotation, the under-
sowing of non-legume catch crops, such as ryegrass,
is considered an effective strategy for avoiding N losses
[27]. A recent meta-analysis confirmed that using catch
crops in spring cereal production reduced N leaching
losses by 50% across the range of soils and weather
conditions in the Nordic countries [28].

Along with commercial fertilizers, the use of animal
manure on grasslands is commonplace. On a catchment
scale, N balances in areas that received manure applications

ECOLOGY

are often higher than those that received only mineral
fertilizer [1]. In addition to the quantity of N applied,
N losses from manure depend on several other factors,
such as the timing and method of application, particularly
in relation to subsequent rainfall [20]. In contrast to
inorganic N input, the application of slurry can lead
to higher N leaching losses of up to 60-190 kg ha™' [3,
5]. In grazed pasture, the potential for N leaching
increases more than five-fold that of mowed pastures
[29], since a large proportion (between 60-90%) of the
N ingested returns to the soil pasture system as urine
and manure.

ConcLusions. In grass ley production, N fertilizer
management should aim for N,, as determined by
Nyyields. Otherwise, N input may be unnecessarily
high, leading to economic losses for growers. We
propose that unaccounted factors, such as soil structure,
largely caused the variations in Nyyield observed in the
field experiments summarized in the present study.
Growers are therefore encouraged to estimate the
magnitude of Nyyields directly from their fields by, for
example, leaving some representative areas unfertilized
for a few years. On mineral soils, however, concerns
about the risk of N leaching losses when using only
inorganic N fertilization seems less crucial due to its
low level and weak association with N balances. Further
research is needed to explore the relationship between
N balances and N leaching on organic soils.
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Pedepar. nTencudukarms npon3Bo/CTBa, POCT MApKa MAIIKH C JBUTATEISIME BHYTPEHHETO CTOPAHHUS, & TAKKE YBEIIIe-
HUE IKCIUTyaTAIIMOHHON MacChl TPAHCTIOPTHO-TEXHOJIOTHMUECKUX CPE/ICTB C KaJKIBIM TOI0M BCe OOIbIIe 000CTPSIOT IKOJIO0-
TUYECKYIO CUTyaIuio B Mupe. (Lfens ucciedosanust) BeIIBUTE OCHOBHBIE (PAKTOPBI BO3AEHCTBUS TPAHCIIOPTHO-TEXHOTOTHYE-
CKHX CPENICTB Ha OKPYKAIONIYIO CpeAy M MPOOJIEMBI, CBI3aHHbIE C UX YTHIM3AIMEH, a TAKKE C YTUTH3AIMeH aBTOMOOUITH-
HBIX U TPAKTOPHBIX MHUH. (Mamepuans u memoodsr) OBOOIIUIN MaTepuabl, OMyOIMKOBAHHBIE B IEPUOANYECKON TEUATH,
a TaKXKe Pe3yIbTATHl MCIBITAHUH TPAHCIIOPTHO-TEXHOIOTNYECKUX CPEICTB — CTEHIOBBIX, TIOIMTOHHBIX M IKCIDTyaTaI[uOH-
HBIX. (Pesyibmamst u 00cyscoenue) BoisBumM mpo0OiieMy pa3pyIlaromero BO3AEHCTBHS KOJIECHOTO JBUKUTENS Ha OTIOPHYIO
MIOBEPXHOCTh JOPOTH, MOYBHI M TTOYBEHHBIN MOKPOB. [1poBen 3aMephl 1O/ MATHOM KOHTAKTa HECKOJNBKUX THIIOB J[BU-
xuteneid. Onpeeniny BeMMIMHb! HAMPSKEHHO-1e(OPMIPOBAHHOTO COCTOSHNUS TTOUBBI OT BO3/IGHCTBUS ITUX IBHKUTEIEH
B BHJIE PACIPEACTICHNS JMI0p HOPMAIbHBIX HAMpPsUKeHUH. M3yunnu BIusHIE KOHCTPYKTUBHBIX OCOOEHHOCTEH TpaHCIop-
THO-TEXHOJIOTUYECKUX CPECTB MPH MX KPUBOIMHEHHOM BIKEHIN HA pa3Mep KOJIer U pa3pyIleHue MouBkL. Brimemmm xa-
PaKTepHBbIE 30HBI Clle/a. 3AKITFOUIIIN, YTO 3UMOH YPOBEHb IKOJIOTHYECKOTO 3aT PI3HEHHUS 3aBUCHT OT COCTOSTHHS IOPOKHOTO
TOKPBITAS ¥ MCTIONB30BAHMS XUMUUYECKUX PEareHTOB JUI OOPBHOBI ¢ TOI0NMenoM. PaccMOTpenn BO3MOXHOCTh UCIIOB30-
BAHHS 3IEKTPOTUIPABINIECKON TEXHOIOTUH TIPU YTUITH3ALUHI TPAHCIIOPTHO-TEXHOIOTUYECKHX CpelcTB. OTMETHIIN HE0O-
XOJUMOCTh (DOPMHUPOBAHUS HOPMATHBHO-TIPABOBBIX TOKYMEHTOB TIPU CO3IAHUH, IKCILUTYATAIMK U YTUIU3ALNN TPAHCIIOP-
THO-TEXHOIIOTUYECKUX CPENICTB C YIETOM 3apyOEKHOTO OTBITA IO OPTaHU3AINH CHCTEMBI IKOJOTHYECKOTO YIIPABICHUS, a
TaKXKe IKOJOTHYECKOTO ayIUTa U MAPKUPOBKH, MOPSIKA OL[EHKH SKOJOTHYHOCTH MPOM3BOJICTBEHHBIX CUCTEM U TIPOAYKIIUU
Ha BCEX CTAMAX KU3HEHHOTO INKIA. (Boigoosr) [IpencraBunu ocHOBHBIE (DAKTOPHI BO3MEHCTBUS TPAHCIIOPTHO-TEXHOJIO-
TUYECKUX CPEJICTBA HA OKPYKAIOIIYIO Cpelly B MEPHO] )KU3HEHHOTO IIMKJIA, BIUIOTH JIO MOJHOMN yTuin3aluu. Jlokasanm He-
00X0IUMOCTh 0e30MacHOM U HEpProcoeperaroniei HMeKTPOrHAPABIMIECCKON TEXHOIOTHH YTUIIM3AIMU 3IEKTPOHHBIX KOM-
TIOHEHT W aKKyMYJSATOPHBIX OaTapeil TpaHCIIOPTHO-TEXHOIOTHUECKUX CPEICTB, Oa3MpyIomIeiics Ha N30MpaTeIbHOM paspy-
IICHUY TUIACTUKOBBIX KOPITYCOB U BBIAENCHUH YUCTHIX OJIATOPOIHBIX, PEAKO3EMETbHBIX U APYTUX METAIUIOB U UX CIIABOB.
KimoueBbie citoBa: sxomormdeckast 6e30MacHOCTb, YTUITI3AIMS, aBTOMOOHITB, TT0UBA, OKPYKAIOMIAs Cpea, TOYBEHHBIH IT0-
KPOB, 3JIEKTPOTHIPABIMYECKAS TEXHOJIOTUSL.
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mexnoaoeuu. 2019. T. 13. N2. C. 40-47. DOI 10.22314/2073-7599-2018-13-2-40-47.
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Abstract. Intensified production, an increased fleet of vehicles with internal combustion engines, as well as increased
operational mass of transport and technological vehicles continuously aggravate the environmental situation in the world
every year. (Research purpose) To identify the main impacts made by the transport and technological vehicles on the
environment and the problems associated with their disposal, as well as with the disposal of automobile and tractor tires.
(Materials and methods) The authors have generalized the materials published in periodicals, as well as the results of bench,
field and operational tests of the transport and technological vehicles. (Results and discussion) The authors have identified
the problem of the destructive impact of the wheeled movers on the supporting road surface, the soil and the soil cover.
Measurements have been taken under the contact area of several mover types and the values of the stress-strained state of
the soil affected by these movers have been determined in the form of the distribution of normal stress diagrams. The authors
have also studied the influence of the design features of transport and technological vehicles performing curvilinear motion
on the track size and soil destruction and identified characteristic patterns of the track. Conclusion has been made that
in winter the level of environmental pollution depends on the road surface condition and the use of chemical reagents for
deicing. The authors have considered a possibility of using electrical-and-hydraulic technology for the disposal of transport
and technological vehicles and stressed the need to form regulatory documents for the designing, operation and disposal of
transport and technological vehicles, taking into account foreign experience in organizing the environmental management
system, as well as environmental auditing and labeling, the procedure for assessing the environmental performance of
production systems and products at all life cycle stages. (Conclusions) The paper presents the main impact factors of the
transport and technological vehicles on the environment during their life cycle up to full disposal. The authors have proved
the need for a safe and energy-saving electro-hydraulic technology for the disposal of electronic components and batteries
of transport and technological vehicles based on selective destruction of plastic casings and the separation of pure noble,

rare-earth and other metals and their alloys.

Keywords: ecological safety, disposal, automobile, soil, environment, soil cover, electrical-and-hydraulic technology.

I For citation: Godzhaev Z.A., Avramov D.V,, Martynov N.V., Belousov B.N., Dobromirov V.N. Ekologicheskaya
bezopasnost' transportno-tekhnologicheskikh sredstv [Ecological safety of transport and technological
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HTEeHCU(UKALIMS TPOU3BOACTBA, POCT MapKa

I / I MAIIUH C IBUTATEISIMU BHYTPEHHETO Cropa-

HUSI, a TAKXKe yBEJIMUEHUE SKCILTyaTallMOHHOM

MAacChl TPAHCHIOPTHO-TeXHOMornueckux cpeacts (TTC)

C Ka)KJIBIM T'OJTOM BCe OOJIbIIIe 060CTPSIOT SKOJIOTUYe-
CKYIO CUTYallUIO B MHpE.

LIEnb nCCNEROBAHNS — BBISIBUTH OCHOBHBIE (DaKTO-
pol BozaelicTBus TTC Ha OKpyXaIoIIyIo Cpeay U Mpo-
Oirembl, cBs3aHHbIe ¢ yTrum3anueir TTC, ocobeHHo aB-
TOMOOUJIBHBIX U TPAKTOPHBIX IINH, B COOTBETCTBUH C
COBPEMEHHBIMH TPEOOBAHUSIMU.

MATEPMANBI M METOABI. Miciob30BaHBI MaTepHa-
JIBI, OITYOJIMKOBAHHBIE B IEPUOINYECKOM IIeYaTH, U pe-
3yJILTATHI, MOJIyYEHHBIE aBTOPCKUM KOJIJIEKTUBOM.
[Ipumensemas METOIMKA COCTOsIIA B 00001LIEHU Y, Ma-
TeMaTHUYIECKON 00paboOTKe Pe3yIbTaTOB PACUETHBIX U
3KCIEPUMEHTAIBHBIX UCCIAEIOBAHUI — CTEHIOBBIX, I10-
JIUTOHHBIX U 9KCILTYaTAI[MOHHBIX UCIIBITAHUI MOOHMITB-
HBIX PHEPTETUUECKUX U TPAHCITIOPTHO-TEXHOIOTHYE-
CKHUX CPEACTB, & TAKXXE CYLIECTBYIOIINX HOPMATUBOB
U CTAHIaPTOB B IIPEIMETHON 00JIaCcTH.

PE3YNbTATBI M OBCYXXAEHME. OCHOBHOI pe3yIbTaT

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONIOMM « Tom 13 +N2 + 2019

HCCIIEAOBAHUS — IPOTHO3 U3MEHEHU S CTPYKTYPBI KaH-
[IEPOTCHHBIX PHCKOB MAaCCOBOM aBTOMOOMIIM3AIINY B
JOJITOCPOYHOM TIEPCIIEKTHBE.

O01mas YuCIeHHOCTh COBPEMEHHOT 0 aBTonapka PD
nocturaet 49 MITH eJl., YTO COCTaBJIsIeT HEMHOTUM 60-
nee 6% MHUPOBOTO MOKa3aTeNsl. DTO 5-¢ MECTO B MUPE
nociie CLIA (252 man en.), Kurast (109 moH en.), SAmo-
Huu (76 mnH en.) u l'epmanun (50 mnH en.) [1]. B mon-
rOCpPOYHOM IepcrekTuBe k 2035 . 0011ast YUCIeHHOCTh
B HaIllell cTpaHe MOXeT TOCTUTHYTH 180 MITH ef.

B pe3ymnprare aHann3a HayYHO-TEXHUIECKUX  HOP-
MaTHUBHO-ITPABOBBIX MATEPUAIIOB OIPENIEIIEHbI CIIEy-
IOIIME ACTIEKTHI TAHHOM MPOOJIEMBI.

Ocnosgnvte gpakmopot sosoeiicmeus TTC na okpy-
AHcarowyIo cpeoy

K ocHOBHBIM (paKTOpaM HETATUBHOT'O BO3/ICHCTBUS
TTC B cucreme «uenoBek — TTC — okpyxatomas cpe-
Jla» Yalle BCEro OTHOCAT: BHIOPOCHI OTpabOTaHHBIX T'a-
30B (OI') mBuTaTe s U BHYTPESHHUH 1 BHEIITHUMA IITYM
OCHOBHBIX arperaToB aBTOMOOMIIS; 3HAUUTEIILHO pe-
XKe — pa3pylIaroliee BO3AeHCTBIE IBIKUTEIS Ha J10-
pOTY U TPYHT, YTUIIU3AIIIIO aBTOMOOHIIEH U CTIeIuab-
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HBIX )xunkocteil. [Iporeccy yrunusanuu BEIBEJCHHBIX
13 9KCILTyaTaIlui aBTOMOOMIIEH B COBPEMEHHOU MUPO-
BOM NMPaKTUKE TaKXKe yIeIsIeTCs BCE BO3pacTarollee
BHUMaHME. CBSI3aHO 3TO HE TOJBKO C 00ECIICUCHUEM
9KOJIOTMYECKOH YNCTOTHI YTHIIH3AIINH, HO ¥ C TI100aTh-
HBIMH ITPOOJIEMaMK PECyPCoOCOepeKeH s IIPU TUTaHT-
CKUX 00BeMax IIPOMEBITIIEHHOT0 Tpon3BoicTBa. B Poc-
cuu ipobiteMa obocTpeHa erie TeM, 9To B 90-x romax
MPOIUIOrO BeKa B HAIILY CTPAHY XJIBIHYJ MMOTOK IOJIe-
pxaaubix TTC, nHOTIA MTOTHOCTHIO BEIPAOOTABIIIIX
cBoil pecypc. [ToaTomMy B ociiefHNE TOAbI 3HAUUTEIb-
HO YBEJIUYUIIOCH KOJTUYECTBO AaBTOMOOYIIEH, BEIBOIH-
MBIX U3 3KcIuTyatanui. Hampumep, s MocKBEHI exe-
TOJIHBIN MTOKa3aTens npesbinaet 130 Toic. aBTOMOOMITEN.

TTC cTaHOBATCS MPUYMHOM MPAKTUYECKHU BCEX TJ1O0-
OaJIBHBIX IKOJIOTUYECKUX ITPOOIIEM, CTOSIIIIUX TIEPE
COBPEMEHHBIM UeIIOBEUECTBOM: 3aT PSI3HEHMS OKPYXKa-
IOIIIeH Cpelbl, TapHUKOBOTO 3¢ (eKTa, nerpagainuu
MTOYB, HAKOIJIEHUS OTXO/IOB, COKPAIICHHS TeHOPOHAA
6urocdeps! ¥ MPoUero.

Bovibpocvl ompabomanHblX 2a308 0s8ucamelis

ExeromgHo Bo BceM Mupe aBTOMOOMIIN BBIOpachIBa-
10T B BO3AyX Oosee 4 MipA T AByokucH yriiepoaa (CO,).
K 2030 r. 3Ta undpa MoxeT BeIpacTu 10 7 MIPA T U
MPUBECTH K ITOBBIIIEHUIO CpEHEN TeMIIepaTyphl BO3-
JTyxa Hamel niaaHeTs! Ha 4°C 1o cpaBHEHMIO C TOWH-
IyCTPUATBHBIM YpOBHEM. ExkerogHble TpaHCIOPTHEIE
BBIOpOCHI B aTMOc(hepy Poccun cocTaBiasioT 0KoJio
35 MITH T BpeaHbIX BemecTs (58% 3Toro KomnyecTna
npuxoautcs Ha TTC). OTpaboTraHHbIe ra3bl ABUTATE-
neit BHyTpenHero cropanus (IBC) cogepkar 6oiee
200 TOKCUYHBIX BEIIECTB.

Hawubonee kaHIIepOT€HHBI OKCUABI yTIEPOa, a30-
Ta ¥ CEPBI, CaXKa, allbIETUbl, COSIMHEHNS CBUHLIA U
IpyTUX TOKEIBIX MeTaJuioB [1]. BriOpoc 3arps3Hsiio-
IIIUX BEIIECTB C OTPAOOTAaHHBIMHU Ta3aMU periaMeH-
Tupyertcst Hopmamu I[Ipasui 96 EOK OOH.

3akoHOJaTeNbHBIE TPEOOBAHUS 11O BEIOpOCAM BpeI-
HBIX BEIIECTB OIPEIEISIOT 3KOJIOTHYECKUH KJIacc aB-
Tomobuis (Hanpumep, EBpo-2, EBpo-3, EBpo-4, EB-
po-5, EBpo-6), KOTOPBI XapaKTEepU3yeT COMepKAHIIE
BpeaHbIX BerecTB B OI' paboTaroiiero aBToMoouis
(puc. 1).

Hogoe nccnenosanmue B yansepcurere TopoHTO TI0-
Kazajo, uto Tskenbie TTC cranu OCHOBHBIM UCTOY-
HUKOM BBIOPOCOB YTIIEKHCIIOTO Ta3a M 0COOEHHO CaXH
u NO,.

B ITapuske u npuropoaax yxe yCTaHOBJIEH 3aIlpeT
Ha Bbe3 1715 Beex TTC, mocraBiieHHbIX Ha yueT 110 30
ceHTsA0ps 1997 1., a B IECHTpaIBHYIO YaCTh TOpoAa 3a-
MPENIeHO Bbe3KaTh aBTOOycaM M Ipy30BUKaM, 3ape-
TUCTPUPOBAHHBIM 10 OKTS0ps 2001 .

Bonpocs! cHIKeHU S BHIOPOCOB B aTMOc(hepy Bpe-
HBIX BEIIECTB U TeIIa, ONTUMHU3ALUU PACXOAA TOILIIU-
Ba JJOCTATOYHO OCBEIIAIOTCS B TEXHMYECKOHN 1 HAyU-
HOH TTepaType. DTU MPOILECCH CBSI3aHBI B IIEPBYIO
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ECOLOGY

a
oK. 67%
ok. 14%
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| NOy
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b

oK. 71%

Puc. 1. Cocmag svixnonuvix 2azos:

a — 6ensunosvix [[BC; b — ouzenvnvix J[BC
Fig. 1. The composition of exhaust gases.
a — gasoline engines, b — diesel engines

ouepenb ¢ KoHCTpyKiuei [IBC, a¢dhekTHBHOCTE KOTO-
poii orpanuuena KIT/I nukna Kapuo. Tonsko ocHa-
eHue OOIBIIEeT py3HBIX aBTOMOOMIIEH CHIIOBEIMU yCTa-
HOBKaMU Ha Ta30MOTOPHOM TOILJIUBE MTO3BOJIUT CHU-
3UTh COIEPKAHUE KAHIIEPOTEHOB B OTPabOTAHHBIX ra-
3ax: NO —npumepHo B 1,7 paza, CO—-B 1,25 pa3a, yrie-
BOJIOPOA0B — B 1,4 pa3a, a Tak)ke UCKJTFOUUTH HAJTUUHE
OKWICIIOB CepHI U CBUHIIA.

Kpowme noka3zarerneit BBIOpPOCOB B aTMOChepy Bpea-
HBIX BEIIIECTB B COCTaBE OTPA0OTaHHBIX Fa30B BAXKHOE
3HaYEHNE UMEIOT a0CONIOTHBIE MTOKA3aTelIn CyMMap-
HBIX BEHIOPOCOB B OKPYKAIOIIYIO CPEY BCEX BUIOB KaH-
LIEPOTeHHBIX BEUIECTB OTAEIbHBIM aBTOMOOWIIEM 1 aB-
TOMOOUITBHBIM TAPKOM CTPaHbI 32 ONPE/ICTICHHBIN Te-
pHOII, HATTPIMED, 32 BECh CPOK CITYKOBI TPAHCIIOPTHO-
ro cpenctBa. Hannyue Takux TaHHBIX ITO3BOJISIET Olle-
HUTD BIUSHUE ABTOTPAHCIIOPTA HA CPETHUI yPOBEHB
3arpsA3HEHUS KAHIIEPOTeHAMH CelIbCKOXO3HCTBEH-
HBIX, JIECHBIX, JIYTOBBIX YTOIUI U BOJOEMOB, a TaKXe
PaioHOB COCPEOTOUECHHOT O HAXOXKIEHU S HACETICHHU .
DTOT BOIPOC CErOJHS OTHOCUTCS K HAUMEHEee U3y YeH-
HBIM B (DYHKIIMOHUPOBAHUY CUCTEMBI «YEJIOBEK — aB-
TOMOOMUITB — Cpe/ia», HO TIOTIBITKY €r0 PEeIIeHUs TTpe/l-
MIPUHUMAJNCH U panee (maob.. 1). Hampumep, pe3yib-
TaTHI OLIEHKH [TOKA3aTeNeH TSI BCEro IapKa IPy30BBIX
aBTOMOOUIIEH U KosnecHbIX cenbxo3matnd CCCP o
cocTosiHMIO Ha 1987 I. MOATBEPXK1aI0T HEOOXOAUMOCTD
pacIIupeHus UCCIIeIOBaHUH 110 BHEIPEHUIO B KOH-
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BPELHBIE BbIEPOCHI MAPKA KONECHBIX MALIMH
B OKPYXAtowWyto cPEQY B CCCP (1984-1990 rr.)
HARMFUL EMISSIONS OF WHEELED VEHICLES INTO THE ENVIRONMENT
Cpennmuii aGCOTIOTHBII MOKA3aTe b
Absolute average
5 2 <
? o = o] %
EZS 6 2 2=
it =28
ITapameTpsl g \g E & g Eus =
g2%g g3 é
Parameters =t E % = 2 =

F2E ®= 0 .
287 259
ZoEE g2EZ
B2 uE 2 975
ER25° s €=
5 = = 5
g < <

Pesuna (1nHbI)

Rubber (tires) 734,35 1,150

Macno

0Oil 859,30 1,349

AnTHbpPU3

Antifreeze 202,05 0,317

Csunen (AKB)

Lead (battery) 801,00 1,258

DuUnbTphI

Filters 244,75 0,334

O0JIOMKH, CTEKTIO00M

Debris, broken glass LRl 2,401

Acbect

Asbestos 49,10 0,077

CauHell

Lead 61,25 0,096

NO 6126,70 9,619

co 24 508,80 38,479

VrieBogopoibt

Hydrocarbons 3675,80 5,770

OKHCITBI CePhI

Sulfur oxides 183,32 0,288

crpykumto TTC 3ko0ruuecku JpyKeCTBEHHBIX MaTe-
puaos [1, 2].

Paspywarowee 6o30eticmeue na nougy ogusicume-
aa TTC

[IpobGema pa3pymaronero Bo3AeHCTBUS JBIKH-
tenss TTC Ha MOYBY M TOYBEHHBIH ITOKPOB TPEOyeT
CEPBE3HOr0 PELIECHUS.

Tax, nocne npoxona TpexocHoro TTC cymmapHblii
cJell MOXKHO pa3AeNIUuTh Ha TPU 30HBI (puc. 2): [ —30Ha
OIHOKPATHOI'0 YIUIOTHEHU I KOJIECOM cpeaHel ocu; [T —
30HA TPEXKPATHOI' O YIUIOTHEHU I KOJIECAMHU NEPEIHEN,
cpenHen u 3aaHel ocel; /1 — 30Ha ABYXKpPATHOTO
VILIOTHEHU S KOJIECAMH IIEPENHEN U 3aJHEN OCEl.

[Tpu newxennu TTC o rpyHTOBBIM JOpOTaM, MaIll-
HE ¥ I0OYBAM C pACTUTEIbHBIM TIOKPOBOM IIPU HEPALIU-
OHAJIBHOU Pab0Te CUCTEMBI «IBUTATENb — TPAHCMUC-
CHSI — IBUKUTEIBY IIPOUCXOIUT CYIIIECTBEHHOE Pa3py-
IIEHHE TTIOYBBI U PACTUTENIBLHOTO MOoKpoBa (puc. 2) [3].
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a — npsamonunetinoe dgudicenue, b — Kpugonuneinoe osudxicenue;
¢ — enybuna paspyuenus npu Hecosnadenuu koneu (1, I, ITI — 30-
HbL PA3IUHO20 YNIOMHEHUs NOY6bl ), d — cpe3 epyHma 8 pe3yib-

mame UHMEHCUBHO20 OYKCO8AHUS Kolleca

Fig. 2. Soil destruction after the passage of a wheeled vehicle:

a — rectilinear motion; b — curvilinear motion, ¢ — destruction
depth when a track is mismatched (I, II, III — zones of various
soil compaction),; d — a soil cut as a result of intensive slipping

of a wheel

J1s1 OLIeHKHU 3KOJIOTMYEeCcKoro yiepba, 1o MHEHHIO
CHENNAIUCTOB, CIEAYeT UCXOAUTh U3 pa3mMepoB (TIIy-
OUHBI ¥ LU PUHBI) KOJICH U CTETIEHH YIUIOTHEHUS IIOYUBHI.

UT0OBI 3KCIIEPUMEHTATEHO OIIEHUTH CTETICHb BO3ICH-
CTBUS HA NTOYBY PA3IMYHBIX JBUKUTEICH IPU IOCTOSIH-
HOU BEPTUKAJIBHOW HArPy3Ke, IPOBEIU 3aMEPBI IO IS T-
HOM KOHTAaKTa HECKOJIbKUX TUTIOB JIBIKUTENEH (puc. 3).

MuHuManpHas BeIMYMHA HOPMAJIbHOIO HaIlpsiKe-
HHUS COOTBETCTBYET MOIYTYCEHUYHOMY ABUKUTEIIO C
pe3UHOAPMUPOBAHHON I'yCEHULIEH TPEYTOABHOIO TH-
Ta, TAe B SII0Pe HATIPSDKEHUN ((KEJITOTO IIBETA) OTCYT-
CTBYIOT SIPKO BBIPa)KEHHbBIE TUKU.
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Puc. 3. Pacnpedenenue sniop HOPMATbHbIX HANPANCEHULI 8 NOUBE
100 PA3IUYHLIMU 6UOAMU O8UIICUMEIeli NPU OOUHAKOBOT WUPUILE
cneoa:

1 — nneemoronecuwiii osudxcumenv 750/65R26; 2 — nueemokonec-
uotti osudicumens 600/55R26,5; 3 — eycenuunviii 08udicumern;
4 — CMEHHbIT NONY2YCEHUUHBII OBUICUMETb MPEY20TbHO20 MUNA
¢ Pe3UHOAPMUPOBAHHOIL 2y ceHuyeli

Fig. 3. Distribution of normal stress plots in soil under different
types of thrusters with the same track width

1 — pneumatic wheeled mover 750/65 R26; 2 — pneumatic wheeled
mover 600/55R26.5; 3 — a track-laying propulsion; 4 — a rep-
laceable half-track mover of a triangular type with a rubber-
caterpillar track

Hauxynmuii BapuaHT IEMOHCTPUPYET KOJIECO MEHB-
mero auaMetpa 600/55R 26,5 (cunss smiopa).

SIpKO BBIpa)XE€HHBIN MUK 3MI0Pbl HOPMAJIbHBIX Ha-
NPSOKEHUM OT BO3AEUCTBUS I'YCEHUYHOT'O JBHXKUTEILS
(o1 OMOPHBIMHU KATKaMU) OOBSICHSIETCS] HAJTUIUEM pe-
30HAaHCHBIX KOJIEOAHM TPYHTO3alleNa ¥ TyCEHUIHOTO
JIBIKUTENS C 0OBOIOM.

I'myGmHa TpOHNKHOBEHU S YILTOTHSIOIETO BO3/IeH-
ctBus ot asmxuteiaeit TTC moxeTt nocturath 1 M u
Ooree.

HccnenoBaHusIMU YCTAHOBIIEHO, UTO IPU KPUBO-
nuHeliHOM nBvkeHnu TTC pa3pymaroT mouBy 60J1b-
I11e, YeM IIPU MPSIMOTMHEHOM IBYOKeHUH [1, 2, 4].

[Ipu xpuBonuueitnom nmwxenuu TTC mupuna xo-
JIEW YBEIIMINBAETCS B 3aBUCHUMOCTH OT pauyca IMOBO-
pota, Bo3pacTtaeT cyMMapHas IUIOLaab B3auMOeH-
ctBust TTC c onopHoii moBepxHocTHIO. [Ipy 3TOM 1BU-
KUTENb YIJIOTHSET U CABUTACT IPYHT JONOJIHUTEIb-
HO B OOKOBOM HAIlpaBJICHUH, YBEIUUUBASI pa3pyIIaio-
mee BosneticTeue (puc. 3, 4) [1-3, 5-7].

MOo3KHO BBIAEIUTH YETHIPE XapaKTEPHBIE 30HHI Clle-
Jla C pa3IMIHBIM XapaKTEPOM B3aNMOICHCTBHUSI KOJIEC-
Horo nemxutens TTC ¢ nehopMupyeMbIM rpyHTOM: [
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Puc. 4. Cxema nosopoma mpexocrozo TC ¢ pasiuynvimu cxema-
MU PYNe8020 YNPAGIeHUsL:

a — ynpaensemvle Koleca Ha nepgoii ocu, b — ynpasnsemvle koneca
Ha nepeoHeti u 3a0Hell 0CSX,; ¢ — YNpasisemvie Koneca Ha nepeoHell
u cpeoneti 0csx

Fig. 4. Rotation scheme of a 3-axis vehicle with different steering
schemes:

a — with controlled front-axle wheels on the first axis; b — with
controlled front- and rear-axle wheels; ¢ — with controlled front-
and middle-axle wheels

— 30Ha OJJHOKPATHOTI'O YILIOTHEHUS I'PYHTA KOJIECOM
nepenaHeit ocu; /1 —30Ha IepekphITHS CIeA0B (TTOBTOP-
HOE YIIJIOTHEHHE MTOYBBI KOJIECOM 3aJHEH OCU 4acTu
KOJIeH, OCTaBIIIEHCS OT KoJieca IiepeaHeit ocu); 111 —30-
Ha OJHOKPATHOTO YIUIOTHEHUsI TPyHTa KOJIECOM 3a]1-
Heil ocu; [V —30Ha 60OKOBOTO YIIMPEHUS U CIBUTA T PYH-
Ta (puc. 5).

PR F

Puc. 5. Kones u 30Hbl ee 00paz06arusi Nocie NPoxood 08yXoCH020
agmomoous

Fig. 5. Track and its formation areas after the passage of a two-
axle vehicle

VerpaHeHue 3TUX MOBPEXKICHHH, 0COOSHHO TTOYBHI
Y TIOYBEHHOTO ITOKPOBA B arpoiianamagdrax, a Takxke
nmaHamadTax NpuOPeKHBIX 30H MPUPOIHBIX U UCKYC-
CTBEHHBIX BOJIOEMOB €CTECTBEHHBIM ITyTEM TPEOYET OT
MIPUPOIBI JITUTEIBHOIO BPEMEHH MJIN MPAKTUYECKH
HEBO3MOXXHO. BusiHNE KOHCTPYKTUBHBIX OCOOEHHO-
creit TTC Ha paspyiieHue NouBbl HEOOXOIUMO YUU-
THIBATh IPH TPOEKTUPOBAHUU TPAHCTIOPTHBIX CPEACTB
JUTSI CHIELIMAIM3UPOBAHHBIX OTpacieil, HAapuMmep, je-
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conepepabaThIBAOIEH TPOMBIIIIIIEHHOCTH, CEThCKO-
IO XO3SIMCTBA, AJIs F€0JIOrOpa3BeJOYHON AesTEIBHO-
cty, He(Tera3oq00bIBarOIIEl OTpaciu.

O1eHUTD HETaTUBHBIN BKJIaJ IPOAYKTOB U3HOCA
achaIbTOBOT0 JOPOKHOTO TOKPHITH S, IIIMH U aBTOMO-
OMITBHBIX (PPUKIIMOHHBIX MATEPUAJIOB B 00IIEM 00be-
M€ COIepKaHUs TBEPIBIX BEIIECTB B BO3IYXE JOCTA-
TouHO mpobeMaTraHO [1]. [To maHHBIM 3apyOeKHBIX
CIIEI[UATUCTOB, U3 IIUH B IPOIECCE UX U3HOCA BBIJIC-
TsieTCsl OOJBIIe HEKOTOPBIX KAHIIEPOTEHHBIX BEIIIECTB,
YeM U3 BBIXJIONHBIX ra30B ABUTaTeN . B yacTHOCTH, B
cocraBe 001ero o0beMa BpeTHbIX aBTOMOOMIIBHBIX
BBIOPOCOB BKJIA IPOAYKTOB H3HOCA IIIUH MOXKET JI0-
CTUTATh MO TBepAbIM yacTuuam 30%, a mo N-HUTpo-
3aMHHaM ¥ OeH3zarmupeny — 55% [4, 5]. JonycTumsbie
HOPMBI COJIEPXKAHUS B JOPOKHOM IBIIIN ar PeCCUBHBIX
MIPOIYKTOB U3HOCA aBTOKOMITOHEHTOB, KaK ¥ XUMHUe-
CKHX PEaKTHBOB, UCIOJIb3YEMbIX B TEXHOJIOTHYECKUX
MIpoIeccax 3UMHETO COACPIKAHUS JOPOT, OCEHAOIIIX
Ha IOpOTrax ¥ CMBIBAEeMBIX JOKIEBBIMU U TAJIBIMU BO-
JIaMU B MPUIOPOXKHYIO TTOUYBY U BOJOEMBI, OTAEIIHHO
HE periIaMeHTHPOBaHbI.

Ocob6enHocts Bo3aelicTBus kosec TTC Ha gopory
C TBEPIBIM MIOKPBITUEM COCTOUT B TOM, YTO UX IITUHBI
HUMEIOT Pa3BUTHIE TPYHTO3ALIEBI C OOJIBIINM PACCTO-
STHIEM MEXK Ty IarmkaMu u rryooxum (20-30 Mm) Bria-
nuHaMH (puc. 6). [loBBIIIEHHOE JaBIIEHNUE B KOHTAKTE
LIAITKY C IOPOTO CTOCOOCTBYET Pa3pylICHUIO JOPOXK-
Horo nojioTHa [4]. Kpome Toro, Ha Kparo MIaIku, 0co-
OeHHO B 00J1aCTH 3aJHEN I'PaHUIbI KOHTAKTA, HAOJIO0-
JlaeTCs THTEHCUBHOE OYKCOBAHUE T PYHTO3AIIETIOB ITPH
paboTe Ha PBIXJIOM IPYHTE WITH TToUBe [3].

Puc. 6. Paspywenue 00podictoii nogepxHocmu npoguiem sl
Fig. 6. Destruction of the road surface by a tire section

OrpoMHoOe BIMSIHIE Ha pa3pylIeHHe TOPOKHOTO
MOJIOTHA U TIOYBBI OKA3BIBAET U TEIJIOBASI HATPYIKEH-
HOCTH IuH [1].

Ipu ABMKEHUH 1O TPYHTOBBIM IOPOTAM ITPOSIBIISI-
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eTcs 3 PEeKT raIonMpoBaHUsl (MHTEHCHBHBIE TPOIOITh-
HO-YTJIOBBIE KOJIEOAHM ), UTO OTPUIIATETIHHO CKa3bIBa-
eTcs Ha pusndeckoM coctossHuu Bogutens TTC.

IMocne nnuTenbHOM SKCIIyaTalluu TPyHTOBBIE JI0-
pOTH TIPUOOPETAIOT CHHYCOUAATBLHBIHN TTPOGUITH CO
CpeaHel BhICOTOM HepoBHOCTEM okoj1o 300 MM U 11J1H-
Hott 3-5 M. [Bmwxkenune TTC ¢ mpuemMaeMbIMU CKOPO-
CTSIMHU TIO TAKOM IOPOTe OKa3bIBAETCS HEBO3ZMOXKHBIM
13-32 HEIOMMYCTUMBIX YCKOPEHHU Ha pabodyeM MecTe
BouTelns — 6osee 3g. [Ipuxonurcs exxeroqHo UCIpaB-
JIATh JOPOTY CPe3aHUeM 10 IPYHTA: 0KoyIo 38-40 M’
Ha | KM JOpOry npu IHUPUHE MOJIOTHA 4 M.

Ha 3nauntenpHoit yactu Tepputopun Poccun Han-
Goee CII0KHBIM U OTBETCTBEHHBIM B pabOTe JOPOXK-
HO-3KCIUTyaTallMOHHBIX OPTaHU3aINi OCTAETCS 3UM-
HUil nepuof. YPOBEHb HKOJIOTUUECKOT0 3aTr PSI3BHEHUS
B 9TO BpeMS BO MHOTOM OITPE/IENSIETCSI COCTOSTHHUEM JTI0-
POXHOTO MOKPBITUS U UCTIOJIb30BAHUEM XUMUUECKUX
peareHToB AJ1s1 60pHOEI C TOIOJIEIOM.

HaxkorureHne XuMI4ecKux peareHToB B TPUAOPOK-
HO MOJIOCE MTPOUCXOUT HE B IOBEPXHOCTHOM CJIOE 110~
YBEI, a Ha TITyOnHe 10 60 cM, YacTo JocTUTas TPYHTO-
BBIX BOJI. HacTh coieif ocTaeTcst Ha MOKPBITUU U C OPBI3-
ramu ot kojiec TTC BMecTe ¢ MBUIBIO M CHET'OM TIepe-
HOCHUTCS BETPOM Ha 3HAUUTEIBHOE pacCTOsTHHE. Takum
00pa3oM, MPOTUBOTOJIOJIEIHBIC PEAreHTHI ITOTATAI0T
Ha MIPUIOPOKHYIO PACTUTENBHOCTD, & MOCIIe TAsTHUS
CHETa MPOHUKAIOT B IOYBY U C TPYHTOBBIMU U TaJIbI-
MH BOJAMH TTEPEHOCATCS B BOJOEMBI, YHUUTOXAS UX
(dropy u payHy.

OmBIT CKaHAWHABCKUX CTPAH B chepe 3SMMHET0 Co-
JeprKaHus TOPOT IEMOHCTPUPYET BO3MOKHOCTh YMEHbB-
[IeHN 1 00HEMOB IMTPUMEHEHUSI XUMUUECKHUX PEareHTOB
myTeM OoJiee MUPOKOTO MCIIOIB30BAHMS MUHEPAITb-
HBIX (DPUKITUOHHBIX MATEPUAJIOB (KPYITHO3EPHUCTOTO
MeCKa, METKO3EPHUCTOTO MeOHS ¥ TPAHUTHOMN KPOIII-
KU pa3MepoM He Oosee 6-8 MM), a TaKKe B pe3ysIbTa-
T€ MPUMEHEHU I TEXHOJIOTMIECKON OTIepAIIUH «PBIXJIe-
Hue Hakata». OgHaKO MOJHOTO OTKa3a OT UCTIOIb30-
BAHUS XUMUYECKUX PEAreHTOB ITOKA HE MPEIBUIUTCS.

Oxonoeuveckas besonacnocmo TTC ¢ yuemom e2o
NOHO20 JHCUSHEHHO20 YUKIA

IIpomnsBoncTBO, akcIuTyaTanus u yrunmusanus TTC
CO3/IAIOT JOTIOTHUTEIbHBIE SKOJIOTHUECKHE MTPOOIIe-
Mbl. CunuTaercs, HAIPUMEDP, YTO Ha CO3aHUE U IKC-
myatanuto napka TTC, cozgannoro k 2000 r., 66110
3aTPAuEHo (C yIETOM YaCTUUYHOI'O BO3BpATa SHEPIUU
MIpU yTAIIA3AIUN) 0K0JIO 3,31% cyMMapHOTO 3HEpro-
MMpou3BoJIcTBa cTpaHsl [1]. I3BecTHA OlleHKa yAeb-
HBIX DHEPro3arpaT Ha IPOU3BOACTBO, IKCILTYATAIIUIO,
pemonT u yrunuzanuto TTC. TTo HUM MOkKHO TOCTPO-
WUTh SHEPreTUUECKUN OaaHC A5 MPOTHO3UPYEMOTO
Ha OJKaMIIIIe TOIbI TapKa B KojinuecTBe 1,57 MITH yc-
noBHBIX TTC rpy3ononbeMHOCTBIO 4,8 T IPU MOJTHON
Mmacce 10,42 T (ma6a. 2). Eciu yCIIOBHO CUUTATH, 4YTO
BECh aBTOMOOWIIBHBIH TApK CHOPMHUPOBAH 32 IPe/Iiie-
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LE e Table 2
OHEPrETUYECKMIA BAJTAHC XXM3HEHHOIO LIMKJIA
ANsi NPOrHO3UPYEMOro NAPKA TTC
ENERGY BALANCE OF LIFE CYCLE FOR THE FORECAST VEHICLE FLEET
AOCOTIOTHBIE
IHEPro3aTpaThl
o o= Absolute
5 2 power inputs
=
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= = = =
I == 5 3
5228 - | g%
3aTpate SEZS 4= =2
Cost items =i zﬂi % g E=
=3 15 = E =
em 22| 2o :
225%| ZZ | 24
a2 PNe?? I
= = = Y-
s © g =%
-] 2y
> & | 5= 3.2
= 2%
® O
=l
Lo TeEIeRms 118,12 | ~101,83 | ~159,80
Production
gxcmy.m““ 1 PeMOHT ~142,47 | -800,68 | —1257,00
peration and repair
S]STI/IJ'II/BaHI/IH (BO3BpAT 3HEPT UML) +4,24 +23.83 +37.40
isposal (energy recovery)
[e ~ | 878,68 | ~1379.40
Balance

crBytomue 10 et u 3a nocnenyromue 10 geT Oyaet mosi-
HOCTBIO CITUCAH, TO MOXKHO CPAaBHUTH OOIIUIL S3HEPTO-
OajaHC ero JXM3HEHHOTO IIUKJIA C KOIMYECTBOM JHEp-
TUU, IPOU3BEICHHON B cTpane 3a 3Tu 20 JIeT, Hanpu-
Mep 3a nepuos 1980-2000 rr. YuuTeiBasi npou3BeIeH-
Hbie 3a 1980-1990 rr. 17025 mipa kBT-u 1 1aHHbBIE 110
no6br4e aneprun 3a 2000 1., moryduM o0Immii pe3yis-
TaT — 41675 mapn kB14 [2, 4]. Takum o6pa3om, Ha co-
3manue u 3kcruryaranuio napka TTC, chopmupoBan-
HoTO K 2000 1., 3aTpadeHo (C y4eTOM YaCTUYHOTO BO3-
BpaTa dHEPruu MpH yTuinszauuun) okoio 3,31% cym-
MapHOT0 SHEPTOITPON3BOCTBA CTPAHEL.

[pu onieHKe sHEPro3aTpPaT pACCMATPUBAIOT CHUCTE-
MY, B COCTaB KOTOPOU BXOMST MATH MTOJACUCTEM: TTOTY-
YeHHEe KOHCTPYKITMOHHBIX MATEPUAIIOB; U3T OTOBJIEHUE
Jeraneid, cOOpKa y3JIOB U MAIINHBI B IIEJIOM; €€ 9KC-
TuTyaTanus; nepepadbotka (pa3dbopka, BOCCTaHOBIIE-
HHe, PEIUKIINPOBAHNUE); YTHINU3ALUs (3aXOpOHEHHE
OCTaTKOB)

3a pybexxoMm pa3paboTaHa cepus ctaHaapTos ISO
14000, KOTOpBIE PETTAMEHTUPYIOT OPTaHU3AIINIO CH-
CTEMBI 9KOJIOTHTYECKOTO YIIPaBISHUS, IKOJTOTUUECKUN
ayIUT U MAPKUPOBKY, HOPSAIOK OLIEHKU HKOJIOTUYHO-
CTHU ITPOU3BOJICTBEHHBIX CUCTEM U TTPOAYKITUH HA BCEX
CTaUSX )KU3HEHHOTO IMKJIa. TpeOoBaHMUS ITUX CTaH-
naptoB B oTHomeHuU nepepadbotku TTC mo oxonua-
HHH €T0 9KCIUTyaTaIu gononuset qupektusa YC 97/¢337/02
«TpancopTHbIe CpenCTBa, BBILIEANINE U3 IKCILTyaTa-
AN, DTH TOKYMEHTBI, BO-TIEPBBIX, PACITUPSIOT 10~
HSITUE «IKOJIOTHYeCKast 0€30MaCHOCTb aBTOMOOUIISI»
Ha BECh €T'0 )KU3HEHHBIH ITUKJI, BO-BTOPBIX, CBS3BIBA-
IOT €r0 He TOJBKO C TPAJUIIMOHHBIMU MTOKA3aTEIsIMH
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(BBIOpOCOM BpEIHBIX BEIIECTB C OTPAOOTAHHBIMU Ta-
3aMM, IIIYMOM), HO U C TOTpeOIeHNeM TPUPOTHBIX pe-
CYpCOB, 3HEpTUH, BO3/IEHICTBUEM Ha CPely OTCITYKUB-
IIeTO aBTOMOOUJISI. DKOJIOTUYECKYI0 O€30ITaCHOCTh
TTC onieHUBAIOT € YYETOM BCEX ITANOB KU3HEHHOTO
LIUKJIA; yPOBEHb PELUKINPYEMBIX MATEPHAJIOB B KOH-
crpykuuu TTC nomxen ObITh He HUXKe 90% 10 Macce.
B Poccuu u ctpanax CHI B 2011 1. yTBepkIeH TeXHU-
YECKUI perJaMeHT TaMOXXEeHHOr o coro3a «O TpeboBa-
HUSX K KOJIECHBIM TPAHCIIOPTHBIM CPEICTBAM T10 00e-
CIIEYCHUIO UX Oe3omacHoM yrunuzauun» (Recycling
safety requirements for road vehicles).

Takxum 06pazom, axe ¢ y4eTOM MPeIoIaraeMoro
MOYTH YETHIPEXKPATHOTO YBEIIMUCHUSI YUCTICHHOCTH aB-
ToMobubHOTO TIapka PD x 2035 r. mpobiieMa 3arpsi3-
HEHUsI BO3AYIIHON Cpelbl OTPAOOTaHHBIMU Fa3aMu B
3HAUUTETLHOU Mepe MOXET OBITh pellieHa, YeTo Hellb3s
CKa3aTh 00 OCTAJIBHBIX IKOJIOTUUECKUX MTPOOIIeMax, Co3-
JIABA€MBIX aBTOMOOMIBFHBIM TPAHCIOPTOM, B aCTHO-
CTH 0 3arpsSI3HEHNH ATMOC(EPHI, TIOUB U BOAOEMOB TBEP-
JIBIMU 9aCTUI[AMH MTPOAYKTOB U3HOCA aBTOKOMIIOHEH-
TOB U JOPOKHBIMHI XUMUYECKIMH pearecHTaMu.

B Takoii cutyanuu ais 3ppekTUBHOM yTUIN3AIITU
TBEPIBIX OTXOJIOB YK€ CETOMHS HEOOXOIUMO CO3TTaHHe
HOBBIX TEXHOJIOTHH [ APOOIeHNST PE3UHOTEXHUYE-
CKHX U3JIENTUN, TPUILIICKC-CTEKIO00s ¥ OTACTICHHS Kap-
KacHBIX MaTepuaioB. Eciu Metaninueckre KOMIO-
HEHTHI (CTajlb, YyT'YH, ATIOMUHUH U T.I1.) pa30ouparoT
Y UCTIONB3YIOT KaK METAJIIIONIOM, TO IITUHBI, CTEKI000H
(0cOOGEHHO TPUILIEKC-CTEKIJI0) 00pa3y0T OTPOMHBIE
cBanku. Taxk, B CILIA exerogHo BEIOPACHIBAIOT OKOJIO
300 MJIH IIWH, BBIOBIBIIMX U3 IKCIIyaTalluu, 3 MIIP/I
IIWH CBAJICHBI B KYYU OKOJIO KPYIHBIX TOPOIOB. DTO
BBI3BAHO OTCYTCTBHEM SKOHOMHYHBIX M 0€30TMaCHBIX
MIPOMBIIIJICHHBIX TEXHOJIOT U 115 epepaboOTKH IITNH
Y TPUILIEKC-CTeKII0005. Heobxomumo cozmanme Ho-
BOIA, HATIPUMED, IEKTPOTUIPABINIESCKON TEXHOIO-
TUU 7151 TPOOJICHUS PE3NHOTEXHUUCCKUX U3ICTTUH,
TPHUILIEKC-CTEKII0005 U OT/ENIEHN T KAPKACHBIX MaTEPHAJIOB.

Paszpaboranu nabopaTopHble YCTAHOBKH JJISI YTH-
JTU3AIIAH I H, CTEKIIO00sI ¥ 3JIEKTPOHHBIX KOMITOHEH-
TOB aBTOMOOUJIS, & TAKIKE TEXHOJIOT MU UX TPUMEHEHHU I
IUTSL ApOOICHUS PE3MHOTEXHUUECKUX U3ACITUIN, TPH-
TJTIEKC CTEKI000s U OT/IeNIeHUs] KAPKACHBIX MaTepHa-
n0B. PaboTa mogo0HOM MpOMBIIIIIEHHON YCTAHOBKH OC-
HOBAaHa Ha JJIEKTPOTUIpaBIIIecKoM 3 dekTe, KoTo-
pBIif MO3BOJISIET OKA3bIBATh U30UPATEIBHOE BO3ICH-
CTBHE Ha 00pabaTeIBaeMbIil MaTeprall, pa3pyas OqiH
(pe3uHy WK CTEKJIO) U He 3aTparuBasi Ipyroi (kapkac-
HBIE U3, B YACTHOCTU KOPJ aBTOMOOUIBHBIX IITHH).
Pa3zpymieHHbIH MaTepyal ueT Ha BTOPUYHOE UCTIONb-
30BaHME. DICKTPOrUIPABIUUECKASI TEXHOIOTUS YTH-
JIU3AIMIH 3JIEKTPOHHBIX KOMIIOHEHTOB, 6a3upyromasi-
sl Ha U30UpaTeNbHOM pa3pyIIeHUH IIACTUKOBBIX KOP-
MTyCOB, IMTO3BOJIUT BBIICTUTH YUCThIE OJITATOPOIHEIE, Pel-
KO3eMeITbHbIE U APYTHe METAJIIbI U UX CILIABBI.
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BbiBoabl. O0ecnieueHne 3K0I0TMUYECKOM O€30I1aCHO-
CTH HUCITOJIb30BAaHMST ABTOMOOUIIS — 3TO KOMILJIEKC Mep
10 COBEPINEHCTBOBAHUIO KOHCTPYKIIMH aBTOMOOMIIS,
MIPUEMOB €T0 UCIIOIb30BaHUS, CIIOCOOOB YTUIIU3AIIUH,
METOJIOB M CPEACTB 0OecTieueHmsI 6€30MMacHOTO CoepKa-
HUS IOPOT, PeriIaMEHTUPYIOIINX 3aKOHOIATEIbHBIX aK-
TOB U IIEJIOTO psAfa IPYyTruX (PaKTOPOB, 3aTPArUBAIONITNX
B3aMMOOTHOIIIEHUS YeJIOBEKA M OKPYXKATOIIEH Cpebl.
YenemnHoe penieHne Takoi MHOTOIUTAHOBOM MPOOIeMBbl
BO3MOJKHO JIMIIb HA OCHOBE CUCTEMHOT'O IIOAX0A.

O11eHKY 9KOJIOTUeCcKoii 6€301acHOCTH aBTOMOOU-
JISI CTIEYET ITPOBOIUTH C YIETOM BCEX ITAITIOB €TI0 K13~
HEHHOT'0 IIUKJIa, YPOBEHb PELIUKIMPYEMbIX MaTepra-
JIOB TOJKEH OBITH He Hrke 90% 1o Macce. Beiopoc 3a-
TPS3HSIONTUX BEIIECTB C OTPAOOTaHHBIMHU T'a3aMH — B
cooTBeTcTBUM ¢ HOpMamu [Ipasui 96 ESK OOH.

3KOJiorn4 ECOLOGY y

ITporHo3sl H3MEHEHHS YUCIICHHOCTH TapKa aBTo-
MOOHUITBHBIX TPAHCIIOPTHBIX CPEICTB U BHEJIPEHHU I UH-
HOBAIIMOHHBIX PEIICHUH B KOHCTPYKITUIO aBTOMOOU-
JIel Tar0T OCHOBAaHUE MPEATOJIaraTh, 4YTo B I0JATOCPOY-
HOU TIePCTIEKTUBE OCHOBHOM aKIICHT B 0OeCIIeUeHIH
9KOJIOrMYECKOI 0€30IacHOCTH aBTOMOOMIIEH 13 00J1a-
CTH CHMDKEHMSI TOKCHYHOCTHU OTPaOOTaHHBIX Fa30B IIe-
peMecTHTCs B chepy MUHUMHU3AIIUY TPOAYKTOB €CTe-
CTBEHHOT'0 NU3HOCA aBTOKOMITOHEHTOB 1 UX YTHIIM3ALIUH.

INepBOOUEpETHBIMU MEPOIIPUSATHIMHI B PEIICHUH
3aj71a4 YTUIIM3AIMU TOJIKHO CTaTh CO3aHNE HOBBIX
TEXHOJIOTHH [Tl APOOIIEHUS PE3MHOTEXHIIECKUX U3-
JETUN, TPUILICKC CTEKIIO00s, OTACIICHHS KapKaCHBIX
MaTepHaIoB, yTUIIU3AINHT 3JIEKTPOHHBIX TPUOOPOB U
AKKyMYJISITOPHBIX OaTtapeit, 6a3upyromuxcst Ha n30u-
paTeNbHOM pa3pyIIeHUH KOMIIOHEHTOB 3THX KOHCTPYKIIUH.
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Pedepar. ABToOMaTH3AIMS CENTBCKOXO3SACTBEHHON TEXHUKU PU3BAHA PEIIATh KOHKPETHBIE MPAKTHYECKHE 33124k KOHTPOIIb 1
MOAACPKAHME KQUECTBA BBIIIOJIHEHUS TEXHOJIOTMYCCKOT'0 MMPOLECCA, MOBBIIECHUE TPOU3BOAUTEIILHOCTH TPpYyAd, YBEIMUCHUE YPO-
KAFHOCTH CEMbCKOXO3AMCTBEHHBIX KYIBTYP. METO/ «TOYHOTO 3eMITEIEHs IKOHOMUUECKH 1IeNIeCO0OPa3eH, TaK KaK CocoOCTBY-
T 3KOHOMHUHU TEXHOIIOTHUYECKOTO MATePHaia, CHIKEHHIO OTPUIIATEILHOTO BO3MEHCTBHS HA OKPYKAIONIYIO CPEY U IIPOM3BOJIH-
Myto nipoaykimio. (Iems uccredosanus) PaccMOTpeTh 1 MPOAHATM3MPOBATE OCHOBHBIE ACTIEKTHI, HEOOXOIUMBIE TPH pa3paboT-
Ke JITOPUTMOB M TIPOTPAMMHOTO 00ECTIeUeHIs CUCTEM YIPaBIIeHNUs IBIKEHHEM POOOTH3MPOBAHHOTO arperata JuIs MaXOTHBIX
pabot. (Mamepuanst u memodsr) YIpaBlieHHEe TEXHONOTHYECKUM TIPOLIECCOM BKITIOYAET PYKOBOJICTBO IBUKEHUEM T10 3a[aHHOM
TPACKTOPHH, BO3MOKHOCTh M3MEHEHHsSI CKOPOCTH JBUKEHHUS B 3aBUCUMOCTH OT 3arpy3KH JIBUTATENs, epeKiIiouas rnepenauy B
TPAaHCMUCCUU. Ou3HK0-MeXaHUUECKHe CBOICTBA arperarta CymeCTBEHHO OTIMYAIOTCA HEOAHOPOAHOCTBIO U 3aBUCAT OT OT'OIHBIX
YCIIOBUIY; AITOPUTM YIPABJIEHNS POOOTH3UPOBAHHBIM MOOUIBHBIM ATPEraTOM TOJDKEH B MAKCHMAITbHOM CTETIeHH YYUTHIBATh Ba-
pHAIMK BHEITHUX BO3JEUCTBHIN CIIETHBIX CBOKCTB U CONPOTHUBIICHUN JIBUKEHUIO B CTATYCE CIyYailHbIX BeMuuH. (Pesymvmanivt
u obcyscoenue) Pa3paboTamy IMUTAIIMOHHYIO MOJIENb, PEICTABISIONIYIO ABHKEHAE POOOTH3HPOBAHHOTO arperata. BriOpamm
IUKTHYHYIO TPACKTOPHIO MEPEMEIIEHHUS arperata, COCTOSIIYIO U3 IBYX BUIOB YUACTKOB: MIPAMOJIHHEHHBIX, HA KOTOPBIX IPOWC-
XOIUT 00PabOTKA MOUBBI, U YIACTKOB Pa3BOPOTA, [JI¢ ArPEraT COBEPIIAET Pa3BOPOT 110 KPUBOIMHEHHON TPAeKTOPHH BOKPYT He-
KOTOPOTO IIeHTpa. (Bbisodsr) BHenpeHHe poOOTH3MPOBAHHBIX TEXHONOTHI B 3eMITE/IENHE OBBINIAET TEXHUYECKHE, TEXHOTIOTHYE-
CKHE, TPOU3BOICTBEHHO-3KOHOMUYECKHE MTOKA3ATENH CEIbCKOXO3MHCTBEHHBIX arPEraToB Py IPOBEICHUH HONEBBIX padOT, YBe-
JTMYMBAET IPOU3BOJUTENBHOCTD TPY/IA, COKPAIIAET CPOKH TIPOBENCHHS PaboT, CIIOCOOCTBYET PALMOHATBHOMY HCIOJb30BAHUIO
OMO3HEPTETHYECKUX PECYPCOB, TIOBBIMIAET YPOKANHOCTD M CHIDKAET SKOJMIOTHYECKYIO HATPY3KY Ha OKPYXKAIOIIYIO CPefy.
Kurouesble ciioBa: po60t, poOOTU3NPOBAHHAS CHCTEMA, IUCTAHIIMOHHBIN KOHTPOIIb, IPOTPAMMHOE 00eCIIeUeH e, aBTOMA-
TH3AI[HS TEXHOJIOTHUECKUX TTPOIIECCOB.
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Abstract. Automation of agricultural machinery is aimed at solving specific practical tasks: control and maintenance of
the technological process quality, increasing labor productivity as well as crop yields. The method of "precision farming" is
economically expedient, since it is a direct saving of technological material, as well as it helps reducing the negative impact
on the environment and farm produce. (Research purpose) The research purpose is to review and analyze the main aspects
required to develop the algorithms and software for motion control systems for a robotic tillage unit. (Materials and methods)
To implement process control, it is necessary to control the direction of travel along a specified path, change the speed of
movement depending on the engine load, switching the transmission gears. Physical-and-mechanical characteristics of the
unit are rather heterogeneous and depend on weather conditions. Therefore, the algorithm for controlling the power of the
robotic mobile unit must take into account, as much as possible, variations in the external effects of drawbar properties
and the motion resistance, as a random factor. (Results and discussion) The authors have developed an imitation model
representing the movement of a robotic unit. For the simulation, use has been made of a cyclic trajectory of the unit
movement, consisting of two types of sections: the rectilinear ones reflecting the soil tillage pattern, and the turn areas
where the unit makes a turn along a curvilinear trajectory around a certain center. (Conclusions) The implementation
of robotic technologies in agricultural production result in increased technical, technological, production and economic
indicators of agricultural units in field work, increased labor productivity, reduced time required for fieldworks, more
rational use of bioenergy resources, increased yields of agricultural crops and reduced environmental impacts.

Keywords: robot, robotic system, remote control, software, automation of technological processes.
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ab0Ta 3HEPreTUYECKOro CPEACTBA pOOOTU3UPO-

BaHHOTO arperara, Kak U TpakTopa, MIpOuCXo-

JIUT IIPU TECHOM B3aUMOJECHUCTBUHU C TOUYBOM
(rpyntoMm). Ero pusuko-mexaHnueckue CBOMCTBA Mpo-
SIBJISTIOTCSI B BUJIE CIICTTHBIX CBOMCTB IBUKUTEIICH U B
BUJIC COIPOTUBJICHUI AEUCTBUIO pabOUYUX arperaToB
MAaIITHBI-OPYAUSI, KOTOPBIE OTIIUYAIOTCS OOIBITIM
pasHooOpa3ueM. AITOPUTM yIIPaBIIEHU S SHEPreTHYe-
CKHUM CPEICTBOM pOOOTU3UPOBAHHOTO MOOHMIBHOTO
arperara JOJI)KEH B MAKCUMAJIbHOI CTENIEHU yUUThI-
BAaTh BapUAIlUH BHEUTHUX BO3ACHCTBUI CIIETHBIX CBOIICTB
U CONTPOTUBJICHUH TBMKEHUIO Kak ciy4aitHere [1]. B
COCTAB YIIPABICHUS SHEPTeTUUECKUM CPEACTBOM JOJIK-
HBI OBITH BKJTFOUEHBI COOTBETCTBRYIOIIME AaTanku. [1pu
ITACCUBHBIX pabounx opraHax, HalpuMep, IIpH Mep-
BUYHOM 06pabOTKe MOYBHI, 3aTPATHI JHEPTUU HA JIBU-
JKEHHE BO MHOTOM 3aBHCAT OT TITyOUHBI 00pabOTKH TTO-
YBBI U CTENIEHU CMEILeHUs pabodyero opraHa B CTOpO-
HY HEBCIIAXaHHOTO TTOJISI. DTHU MapaMeTpsl HEOOXOIH-
MO BKJIIOUUTH B AJITOPUTM YIIPABIEHUS SHEpreTHIe-
CKUM CPEJICTBOM.

Takum oOpa3om, alTOPUTM YIIpaBIEHUS] POOOTH-
3UPOBAHHBIM arperaToM IOJDKEH:

- OIIPENIENNTh IO HABUTATOPy CBOE MECTOIIOIOXKE-
HUe (ILUUPUHY, JOJATOTY, BBICOTY), CPABHUTH €0 C 3a-
JIAHHOU TpaeKTOpuel ABUKEHUS, B CIIy4ae OTKJIOHE-
HHUS BBIYUCIIUTD PACXOXKIEHUE U TIOJATh CUTHAJI HA PY-
JIEBOE yIIpaBJICHUE JIJI YCTPAHEHUSI HECOOTBETCTBUIA;

- YIPaBIISTh TOIBEMOM-OITYCKaHHUEM pabodIux op-
FaHOB IMAXOTHOIO arperaTa B COOTBETCTBUU C 3aJaH-
HBIMH KOOPANHATAMU;

- peryaupoBaTh INyOHHYy NaxoThl B COOTBETCTBUU
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C 3aJ1aHHOI MpOrpaMMo IO CUTHAJIAM JaTYUKa TI1y-
OUHEL;

- UBMEPATH U PEryIupoBaTh CKOPOCTh IBUKECHUS B
COOTBETCTBUU C TEXHOJIOTUUYECKON HOPMOI;

- HE TOIyCKAaTh MPOOYKCOBKH JTBUKUTEIICH;

- UBMEPSITh U PETYIUPOBATH TATOBYIO HATPY3KY HA
3HEPIreTUYECKOE CPEACTBO U3MEHEHUEM IIePEIaTOUHO-
IO OTHOLIEHUS OT MEPBUYHOTO BaJla K BTOPUUHOMY;

- PEryJIUpOBaTh MOJIOKEHUE IIJIyra B TOPU3OHTAIIb-
HOH IJIOCKOCTY U3MEHEHHMEM YaCTOThI BPALCHUS OJI-
HOT'0 WJIM IBYX ONOPHBIX TPUBOAHBIX KOJIEC IO CUTHA-
JIaM JaTYUKOB JIABJICHHUS TIOJICBOM TOCKH Ha Kpait 60-
po3abL;

- 3aIIUCHIBATH Ha (PIIEI-ITaMATh U IepeaaBaTh JUC-
MEeTYEepy MECTONOIOKEHUE arperaTta v napaMeTpbl TeX-
HOJIOTMYECKOTO MMPOLECCa.

LIEnb NCCNEQOBAHMSA — pACCMOTPETH U ITPOAHAITH-
3UPOBATh OCHOBHBIE ACTIEKThI, HEOOXOUMBIE ITPH Pa3-
paboTKe aJITOPUTMOB B ITPOTPAMMHOTO 00eCITeIeHU ST
CHCTEM yIIPaBJIeHUS IBI)KEHUEM pOOOTU3HUPOBAHHO-
ro arperara Jijisi IaXOTHBIX PadoT.

MATEPWANBI M METOABI. [TpUHST 32 OCHOBY IpUH-
LU TPUOPUTETHOCTH PELIEHUS TIOCTABIEHHBIX 3a/1a4.
BHauaie pemaroT 3aa4y onpeaeIeHusi MECTOIOJIONKE-
HUS arperata u COOTBETCTBUS €r0 MOJIOXKEHU S 3aJaH-
HOH TPAaeKTOPHUU. 3aTeM pacCMaTPUBAIOT 3aa9y MOI-
JiepKaHU TITyOUHBI BCMAIIKY, PacXo/a TOIIIINBA, CKO-
poctu aBmkeHus U T.1. [2]. PoOoTu3npoBaHHbIN arpe-
rat — JMHAMHUYeCcKas CUCTeMa, Ha KOTOPYIO JIEUCTBY-
10T, C OTHOM CTOPOHBI, CUJIBI CONIPOTHUBIICHUSI IBHKE-
HUIO, a C IPYTO# — ABMKYIAS CUIIA. DT BO3IECHCTBHS
U BBI3bIBAIOT U3MEHEHMSI CKOPOCTH arperara:
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ﬂ_PK_ZPC
d m

t ar
rae Py — ABUXKYIIAS CUJIa arperara;

ZPC — CyMMa BCEX CUJI COITPOTHUBJICHU S,

m,, — TOCTYMAaTEIbHO-ABIKYIIIas Macca arperara,
IIPUBEAECHHAS K LICHTPY Macc.

B ciydae pa3rona, TOpMOXXe€HH S U U3MEHEHM S Ha-
npaBJICHUS ABUXXCHUA HGO6XOILI/IMO YUYUTBIBATH HHECP-
LIMOHHOCTH arperara.

VpaBHeHUe ISl pa3roHa U TOPMOKEHUS arperara
HMEET BUI;

t t

M)

V=Ve " +V, [1-¢ " |, 2)
m
F)IeT :A;
DY
v o

Vo, Vyer —COOTBETCTBEHHO HAa4aJIbHAS U yCTAHOBHB-
masicst CKOpOCTb arperara;

Ty — IOCTOsIHHAs BPEMEHU, XapaKTepUu3ytomnas 3a-
Ma3gbIBAHNE OTKJIOHEHU S CKOPOCTH arperara OTHOCH-
TEIIbHO OTKJIOHEHUS CUJI COTTPOTUBIICHUS TBHKCHUIO
Y ABIDKYIIMX CUJI (3aBUCUT OT arperara, CUjl COnpo-
TUBJICHUS U TSATOBBIX TIOKA3aTeNekt).

ITpu ycTaHOBUBLIEMCS IBU>KEHUM arperata Ha ro-
HE HEOOXOIMMO U3MEPSATh NEHCTBUTEIBHYIO U TEOpe-
THYECKYIO CKOPOCTH JBIIKEHUS.

JeicTBUTENBHYIO CKOPOCTH IBUKEHUS BEIAAET Ha-
BUTATOP. TeOpeTUIECKYIO CKOPOCTH U3MEPSIOT IO 1aT-
YUKaAM, PETUCTPUPYIOLIUM YaCTOTY BpAalLCHUSI BE1Yy-
KX KoJiec. I3MepAa1oT yTh, IPOUAEHHBIN KOJIeCaMu
3a eNMHULY BpeMeHH. M3-3a mpoOyKCOBKU TeOpeTH-
YyecKasi CKOPOCThb OKa3bIBAETCsI OOJIbIIIE AEHCTBUTEIb-
noii. Korga sra senmmumnna 6omsie 10-15%, To B anro-
pUTME yIpaBleHUs IBUXEHUEM ITPeaycMaTpUBaeTCs
BKJTIOUEHUE MePEIHETO BEAYIIEro MocTa (IIpH €ro Ha-
JIMYUH) UITU CHUKEHUE CKOPOCTH IBUKEHUSI; €CITU CKO-
pOCTH BpalleHus MpaBoro M JIEBOTroO Kojieca OTanYa-
FOTCS TIPU ABDKEHUU HA TIPSIMOTUHEHHOM y4acTKe, TO
BKJItoUaercs auddepennuai [3].

IIpu pa3BopoTe arperara ynpapieHHE OCYIIECT-
BIISIETCSI COTJIACHO CTPYKTYPHOI cxeme (puc. 1).

IIpu mogxone k KoHIy 60PO3abI IO KOMaH e pado-
Yye OpraHbl HOAHUMAIOTCS. 3aTEM PblYaroM MePeKIIo-
YEeHU S IEPEXO/ISIT Ha IEPBYIO (MOHMKEHHYIO) Iepeaauy
Y OTCIICKUBAIOT BEIOPAHHYIO TPASKTOPUIO TIOBOPOTA
B 3aBUCUMOCTH OT IJIMHBI [IJIYTa, PACCYUTAHHYIO U IIPO-
BEpPEHHYIO paHee 10 BBIX0/1a Ha cieayromuii ron. Cee-
PSIOT KOOPAMHATHI U OITYCKAIOT pabouyue oprausr [4].

Juis MomenupoBaHUs BRIOpAIU UMKJIUYHYIO Tpa-
EKTOPHIO TIEPEMEIIIEHU ST aTperaTa, COCTOSIIYIO U3 IBYX
BUJIOB YUACTKOB: IPSIMOJIMHEMHBIX, HA KOTOPBIX MTPO-
ncxoauT oOpaboTKa MOYBHI, M YYaCTKOB Pa3BopoTa,
[JIe arperaT COBEPIIAET Pa3BOPOT IO KPUBOJIMHEHHON
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Boamywatouiee
BoapelicTane
Disturbing impact

WcnonHuTenbHblit MexaHnam
Actuating mechanism

OBbekt

BOXzeHus! arperata

The object of automatic | driving unit
BHepreTUeckoe CPEACTED
TuApOLIMHAD Mydpra Energy unit
Hydrocylinder nosopora
| > Turn cluch
Tpaxrop Mnyr 6:;2;’:3
Tractc
ractor 1 Plough New furrow
TuApoLMAMHAD Mydpra
Hydrocylinder nosopora
— > Tum cluch
Mpomexy-
Coneroua TouHoe perie
Solenoid Auxiliary
[ relay [*=—1 onpeaenurens Crapas
3 MecTononoxeHws Gopoana
onoTHuKk Locator old furrow
L| side
vave L] Mpovexy- | g
Conenona TouHoe pene
S0lenoid | Auxiliary
relay

Puc.1. CmpykmypHas cxema ynpaenenusi pooomusupo8anbim
azpeeamom npu pazeopomax

Fig. 1. Block diagram of the robotic unit controlling when making
turns

TPAaeKTOPUH BOKPYT HEKOTOPOTo LieHTpa [3].
TpaekTopuIo ¥ UCHOTB3YyEMYIO TUIOMIAIb B CO3/1a-

HUU MOMPOTPAMMBI PACCUUTHIBAIOT 1O (hopMyIam:
MUHUMaJbHBIN paiiyc MOBOPOTA arperara:

Ryin = Letga + BI2, 3

rne L — mpomonpHas 6a3a TpakTopa;

0. — yTOJI IOBOPOTA YIPABIISIEMBIX KOJIEC;

B — paccTosiHUE MEXTY OCSIMU TTOBOPOTHHIX HATI(h
KOJIECHOTO TPaKTOpa.

IIupuHa NOBOPOTHOM MOJOCH! £, ¥ MyTh OAHOTO
pasBopoTta S, 1j14 neTyieBoro noBopora Ha 180°, coot-
BETCTBEHHO, PABHBIL:

E,=2.8R+0,5B,; S, = 6R +2I.

ITapameTp / COOTBETCTBYET JJIMHE BbI€3/1a arpera-
Ta 710 TPaHULIBI PA3BOPOTA U 3ABUCUT OT THUIIA U KOH-
CTPYKIIUU Oopyauii [6].

s BEIOTHEHU S pabOT HEOOXOMUMO BEIOPATH HAM-
OoJee IKOHOMUYHBIH CIIOCOO JABUKEHU I MAIIMHHO-TPaK-
TOPHOTO arperara. J{J1st 3Toro HCroab3yeTcst OLleHOYHBIH
MOKa3aTelb Crocoda IBIXeHUS — Ko puuueHT pado-
YUX XOJOB ¢, x, KOTOPBII oIpesenseTcs o Gopmyiie:

, 35,
p.x s

2.5, +28,
rae XS, — cyMMapHas JJI1uHa pabo4uX XOI0B, M; Sy —
cyMMapHasl JUTMHA XOJIOCTBIX XOJIOB, M.

CyMMapHYIO JJIMHY pabOYUX XOI0B OIPEACIAIOT
o hopmyiie:

o
28,=7— ©)

p.x
e F—niomaas 06pabaTbiBaeMOro yuyacTka, M7 B, -
PACCTOSTHUE MEKIY PAOOUNMHM XOJAMH, M.

@
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TEXHWKA 019 ObPABOTKW MOYBbI

Hauano paoel
Start of work

Mepeiity Ha 1 nepepavy, CHIAMTL
CKOPOCTS 710 CKOPOCTH PasBopoTOB
Change to 1 gear, reduce speed
to uturn speed

Her
V=V passopora-? No
V=V turning - 2

3anepxka 1 cex
1 second delay

Yes

ToaHATS paGouvte oprans!
To raise the working bodies

Her
PaGoMe OpraHs! HaxoRATCA No

8 3ajaHHOM
The working bodies are in a given position? J

Tla
Yes

HauaTh paseopoT No 3a7aHHOii TpaeKTopUM
(13 6a3bl AaHHbIX)
Start a reversal on a given trajectory
(from the database)

——

HagurauuoHHoe onpezienetme coero
MeCTONONOXeHWs! (LIUpUHa, AONTOTa, BhicoTa)
Navigational determination of your location
(width, longitude, height)

BLIMACTUTENbHbIE PACXOXAESHIS U NOAAYE
curvana Ha

flepeMmeLLIEHY M PaBoUX OpraHOB.

Compute the discrepancies and supply the

control signal to the displacement control of the

working bodies

.

CoBnapaer ¢ sanaHHoi TpaexTopueit
ABIKeHNS
Coincides with the specified trajectory

T |
Yes l

Her YNPaBNSIOLLIEo CUTHaNa Ha pynesoe
No
Pa3sopor ebinonten

ynpasnenue
The reversal is made ]

Compute the divergence and flow control
Her
No
Ja
Yes

signal to the steering
MePexop Ha OCHOBHYIO MPOTPaMMy paBoTs!
Transition to the main programme of work

Puc. 2. Aneopumm ynpasienus pooomusupO8aHHvIM azpe2amom
npu pazeopomax
Fig. 2. Control algorithm of the robotic unit when making turns

CyMMapHast IJIMHA XOJIOCThIX XOI0B ONpeAeseT-
¢ IO clieAyIoei hopMmyie:

s =YS,n. (6)

rae 2SSy — IJIMHA XOJIOCTOTO XO/a MPH i-OM MTOBOPO-
T€, M; 1; — KOJIMYECTBO i-BIX IIOBOPOTOB.

Ipu ABMXKEHUM arperata 4YeJTHOUHBIM CIIOCOOOM
K03 PULIMEHT pabouero Xoaa ¢, x PACCUUTHIBAIOT 110
dbopmyire:

— LF
L. +6R+2]

KoadduuueHt ¢, cyliecCTBEHHO 3aBUCUT OT AJIU-
HBI TOHA L, M MU PUHBI 3aroHoB C, Ha KOTOPHIE pa3e-
Js110T 1toste. IloaToMy KaXJoit IiTHe TOHA TOJKHA CO-
OTBETCTBOBATH OIIPE/ICIIEHHAS OTITUMAThHAS ITUPUHA
3aroHa, obecrneunBaromias HauOONBIIYIO MTPOU3BOIH-
TEeTBHOCTH arperara [7].

OnTumabHas MM PUHA 3aT0HA TSI TBHKECHHS BCBAT
WA Bpa3Ball:

C,=y20L; - B, +8-R?) ®

rae L, — 1yiHa roHa; R — HAMMEHBIIUN panyc MOBO-
poTa; B, — pabouas IIMpHHa 3aXBaTa.

Pox ™)
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PE3YNbTATbI M OBCYXAEHUE. i1 06paboTKu aHa-
JUTUYECKUX BBIKJIAI0K pa3paboTasy MOAIPOrpaMMy,
CO3AIOIIYI0 UMUTAIIMOHHYIO MOZEIb ABMIKEHUS PO-
6oTuzupoBa"HHOro arperarta [8-10].

[Iporpamma moka3bpIBaeT IBMKEHHE YCIOBHOM TOU-
KU (arperata) o TpaeKTOpUU, COCTOSLIEH U3 ABYX TU-
IIOB YYAaCTKOB: HpHMOHHHCﬁHLIX, Ha KOTOPBIX IIPOUC-
XomuT 00paboTKa MOYBHI, U YYACTKOB Pa3BOPOTA, T/Ie
arperar COBepIIaeT pa3BOpOT 10 KPUBOJIUHEUHON Tpa-
€KTOPUHU BOKPYT HEKOTOPOTO IIEHTpa.

Bo BpeMs pa3BopoTa mporpaMma He BeJEeT OJCUET
npoiaeHHoro nyTu. TojIbKO Korga arperaT BCTaHET
Ha HavyaJjo CJIeayFolel OI0ChI IBIKEHU S, IO KOMaH-
Jie orepaTopa MpoAO0IKaeTCs TOJCUET IPOHAEHHOTO
MTyTH ¥ BBITIIOJHEHUE ITPOTPAMMBI 110 BHECEHHIO YO-
6pennit. O0mas qpuHa roHoB nojis 100 m pazbura Ha
10 yyactkoB aiuHoM o 10 M Ha Ka)kJ0OM TOHE MPH U~
puHe yyactka 7,2 MeTpa.

& Form1 - o X

2y Ve W“ Rmin = 20,0811366877282 M.
My ammoro passopora Sx = 128.486820126365m
(Stsip Wickh Ep)

My ororo passopora Sx
(The path of one tum 5x)

i
]

Cymapran x0nos S
(Total length of working strokes SrSumm)
Kommectso nosocotos n = 1
(Mumiber of tums n)

Cyrvapran ana xonoc oo x0208 ShSumm256,573640252735%
(Total idie length ShSumm)

Kosmauuptent paBown xonos Frh = 0,205589553515023

(Stroke ratio Firh)

Koz®ausienT paBouero ¥Oa NpH ASIKEHA
arperara afom FitiCH = 0.4,
ol h h ethod FrhCH)

Werpvesa sarova Copt = 83,9763324580434
(Pen width Copt)

[
| Pacver (Calculation)

[ ]

Turm maneuver: in progress

Puc. 3. Iloonpozpamma 0ns co30anusi UMUMAYUOHHOT MOOeU
08UDICEHUSE POOOMUUPOBAHHO20 azpe2ama

Fig. 3. The subprogram to develop an imitating model of the
robotic unit movement

BbiBoabl. B HacTosImee BpeMsi He CyIIECTBYET Ka-
KOH-TN6O0 CUCTEMBI, HaIEKHO OCYLECTBIIAIONIEH To-
3UIIMOHNPOBAHNUE ¥ BOXKIEHUE CETHCKOXO03HCTBEHHO-
ro arperara B pa3jWYHbBIX YCIIOBUSX IKCILTyaTaIUH,
YTO 3HAYUTEIBHO YCIOKHSET IIporpaMMHoOe obecrie-
YeHHE U CHIDKAET HaIe)KHOCTh M O€30IIaCHOCTh po0o-
TU3UPOBAHHON TEXHOJIOTUH.

MoOGuIBHBI pOOOTU3NPOBAHHBINA arperar ceib-
CKOXO351ICTBEHHOTO Ha3HAYEHU I ITPEJICTABIISAET COOOM
ABTOHOMHOE MEXaHU3MPOBAHHOE CPEJICTBO MTOBBIIIIEH-
HOI1 ortacHOoCcTHU. [TosTOMY TpeGOBaHUS K ABMIKEHUIO
arperara, cCaMOAMarHOCTUKE SHEPreTHYECKUX, TEXHO-
JIOTUYECKHX M 9KCIUTYaTAIlMOHHBIX TAPaMETPOB OYCHb
BBICOKHE.
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HALUWM ABTOPAM

NOTICE FOR AUTHORS

TPEBEOBAHMA K ODPOPMNAEHUIO CTATEMN

XKypran «CeiibcKoX03s1iicTBeHHbIe MALIHHBI H TEXHOJIOTHID
BxoauT B [lepedens n3aanuii, pekoMeH10BaHHbIX BAK PO
IUIA TyONUKaLUK TPYJOB COMCKATENeH YUeHbIX CTeIIeHe!

KaHaugaTa i JOKTOpa HayK.

Kyphaun BkitoueH B cucteMy Poccuiickoro najexca nurtu-
poBaHus U B MeXIyHAPOIHYIO HHPOPMAIIMOHHYIO CHCTE-
My IO CENbCKOMY X0351icTBY A GRIS. DIeKTpOHHbIE Bep-
CHUM JKypHaJsia pa3MelatoTcs Ha caiite Poccuiickoit yHUBeEp-
CalIbHOM HAYYHOM SMIEKTPOHHON OMOIMOTEKH.

CTaTLH, HalpaBJiss€Mas B )XypHaJI IJIs ny6m/n<au1/11/1, HOOJIK-
Ha COOTBETCTBOBATh OCHOBHOW TEMATHKE XypHaja.

CTaTBI/I, TIOCTYIIMBIIKME B PCAAKIIUIO, IPOXOIAT JIBOMHOE Clie-
10€ PCUCH3UPOBAHMC. OTpI/ILIaTeJ'ILHaH PCUCH3USA ABJIACT-
Cs OCHOBAHHUEM JIs OTKas3a B ny6nm<au1/11/1.

Penaxius mpuHIMAET PyKOIHMCH 1 9JIEKTPOHHBIE BEPCUH CTa-
Teil, HabpaHHble B Word mpudTom 14 nt. yepe3 1,5 unrep-
BaJia, He 0oJiee 12 cTpaHu.

[IpuBeneHHbIE B CTaThe POPMYJIBI JOIDKHBI HIMETh MOSICHE-
HUS 1 paciumppoBKY BCEX BXOASIINX B HUX BEIMUUH C YKa-
3anueM enuHul u3mepenus B CHA. I'paduueckue matepua-
JIBI JIOJDKHBI OBITh IIPUITOKEHBI B BUJIE OT/ICIbHBIX (haiiIoB:
dororpaduu — jpg unu tif ¢ paspeutennem 300 dpi, rpadu-
KM, TUarpaMMBbI — B eps WK ai. Bee rpaduueckue matepu-
aJIbl, PUCYHKH U (hoTOrpadvu TOJIKHBI OBITH IPOHYMEPO-
BaHbI, [TOJIIUCAHBI U UMETh CCBUIKY B TEKCTE.

ITpocThie BHYTPUCTPOUHBIE U OJTHOCTPOUHBIE (POPMYIIBI
JIOJDKHBI OBITH HAOPaHBI CHMBOJIAMHU B PEIaKTOPE (hOpMYIT
Microsoft Word 6e3 ucrionip30BaHus CIEIUAILHBIX PEIaK-
TopoB. He nomyckaercst HaGop: yacTh (hOpMyJIbI CAMBOJIA-
MH, a 4acTh B peaakrope Gopmyir. Ecian popmyibt 3aum-
CTBOBAHbBI U3 PYTHX HCTOYHHKOB, TO HE CJIyeT IPHBOAUTH
B HHX NOJPOOHBIX BBIBOJIOB: AaBTOPHI (POPMYII 3TO yiKe clie-
JIAJIA, OBTOPATH UX He ciaeayeT. CchblIKM HAa 0003HAYEHHS
(opmy obs3aTenbHbl. CTaThsl JOIKHA CONEPkKATH He 00-
see 10 popmyi, 3-4 uimocrpanun, 3-4 Ta0HIBI, pa3Mep

Ta0auI He OoJiee 1/2 crpaHuIb.

B kax10# cTaThe TOJIKHBI ObITh YKA3aHBI CICAYIOLINE JaH-
HBIE:

- Ha3gaHue cmamol,

- pamunus, ums u omuecmso asmopa (08);

- e-mail agmopa, kKonmaxmmwiii meneqor;

- Mecmo pabomvl asmopa(0s) (abopesuamypul He 0onycka-
H0mces ), NOYmosblii aopec;

- YUeHas cmeneHb, YYeHoe 36aHue demopd,

- pecpepam (o6wvem 200-250 cnog);

- KJI0Yegble Cl08d;

- bubnuozpaguuecKkuil Cnucox.

Cratblo cJ1elyeT CTPYKTYpHPOBaTh, 0053aTeIbHO YKa3aB clle-
JYIOLIHE Pa3/Ieibl:

- Beedenue (akmyanvnocms);

- Ilenv uccneoosanuti,

- Mamepuanvt u memoowi;

- Pe3ynomamot u 00cysicoenue;

- Bvisoowl.

Cricku mutepatypsl (10 10 ucTouHHKOB 32 nocieAHue 5 J1eT)
crrenyeT oopmirats mo FOCT P 7.05-2008.

Pedepar

Pedepat — 310 caMocTOATENbHBIN 3aKOHYEHHBIN MAaTEpHATL.
BBonHas yacts MuHNMasbHA. HyXHO KOPOTKO M €MKO OT-
PAa3UTh AKTYAJIIBHOCTD U LIENIb UCCIENOBAHUN, YCIOBUS U
CXEMBI 9KCIIEPUMEHTOB, IIPUBECTH MTOJTyYEHHbIE PE3YJIbTa-
ThI (C 003aTeTTHHBIM APTYMEHTUPOBAHUEM HA OCHOBAHUU
1 poBoro MaTepuaia), chopMyIUPOBATH BBIBOIBI.

Oobvem peghepama — 200-250 cnos.

Henp34 ncnonabp3oBaTh a00peBUATYPEI U CIIOKHBIE SJIEMEH-
ThI popMATUPOBAHUS (HAIPUMED, BEPXHUE M HU)KHUE UH-

TICKCBI).

Ha anrimiickmii siI3bIK cJIeJlyeT nepeBecTH:
- Ha38anue cmamyl;

- mecmo pabomel asmopa (08),

- pehepam u knouesvie c108a;

- bubuoepaguueckuti CHUCOK.
ManuHHBIH HepeBoj] HeomyCTHM!

PYKOHI/ICL CTaTbu JOJIKHA OBITh IoATIIMCaHa JINIYHO aBTOpa-
MU. ABTOp HECCT IOPUANYCCKYIO U UHYIO OTBETCTBEHHOCTD

3a COACPKAHUEC CTAThU.

HecooTBeTcTBHE CTATBHU XOTS OBl OJJTHOMY U3 TIEPEUUCIIEH-
HBIX YCIIOBHI MOET CIY)KUTh OCHOBAHUEM IJIsI OTKA3a B
MyOIMKALIH.

CE/IbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONOT I « Tom 13 + N2+ 2019
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noAnNMCcarbCca
Ha XypHan?

BHUMAHMIO YMTATENER!

NMoanucky Ha sTopoe nonyroaue 2019 r. moXxuo othopMmuTh
Ao 20 HIOHA BKNIOYMMTENbHO
B MOUYTOBLIX OT/ECNICHMAX CBA3M
no karanory arenrcrsa «POCNEYATDb»
Noanucuoii unpexc 35825

XYPHAI
«CE/IbCKOX03AACTBEHHBIE MALUHALI H TEXHOJIOTHH-
BKJIKOYEH B NEPEYEHb BAK

Pepaxymna xypHana:
Ten.: 8 (499) 174-88-11, 8 (499) 174-89-01

www.vimsmit.com e-mail: smit@vim.ru



