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MNHNCTEPCTBO OBPA3OBAHUA, HAYKW, KYJ/IbTYPbI 1 CIMNIOPTA
PECMNYBJ/IMKN APMEHNA
HALOHA/IbHbIN ATPAPHbLIY YHUBEPCUTET APMEHN

XAXAKAH OABUO PYBEHOBWY

PA3PABOTKA KOHCTPYKUMN N OBOCHOBAHWE MNMAPAMETPOB
3EMJ/IEOEPABATLIBAIOLWEN ®PE3bl C KOJIEB/IFOLWMMCSA HOXOM

ABTOPE®EPAT

AnccepTaunm Ha COMCKaHWe y4yeHoW CTeneHu KaHampara TeXHUYeCcKUx Hayk no
crneynanbHocTn 05.20.01 - “MexaHm3aums cesibCKOX03ANCTBEHHOr0 Npovn3BoACcTBa U
MalluHbl”

EPEBAH 2021



' n.q.n. wypndbunp N, Mbwnpnujwu
" n.q.1n. wypndbiunp MU Snuwwbinjw,
wn.q.p. nngbuwn W Ujpnijwl
' £ Cwhnudjwuh «Ugpnuwywuwpynud» PRC

UwnbUwlununipjwi wwownwwunigniup nbnh Yniubuw 2021 p.-h hniuhuh 25-ht,
d¢.14% hy <wjwuwnwuh wggquiht wgpwpwiht hwdwjuwpwunw (KUUL) gnpdnn
033 «Gynwnunbunipyuu dbptuwjwgnid» Jwutwghwmwlwu funphpnh thuwnnud,
hwugbt' 0009, bpluwu, Stpjwu gi., 74 (| dJwulwobup, 329 juwpw):
WinGuwlununipjuiup Yuwnbih b dwunpwuw; <UUL-h gpunwnwunid:

2021 .- 13-

033

Tema avccepTauymn yTBEPXKAEHA yueHbIM COBETOM HauyoHaIbHOTO arpapHoro
yHVBEpCUTETA APMEHUN.

HayuHblii pykoBoguTens: 0.T.H., npocheccop [AaHven MNeTpoBuy MeTpocsH
OdmumanbHble OMMOHEHTbI:  A.T.H., npodeccop MapkeB ApamancoBuy ToHaNeTsH

K.T.H., AoueHT ApTyp BarnHakosuy ANTYHSAH
Bepnyuwas opraHmnsaums: OAO LLaymsiHckuiA «Arpocepsuc» PA

3awuTa coctontcs 25-ro uwoHA 2021 r. B 1422 4. Ha 3acefaHun cnewnann3mpoBaHHOro
coBeTa 033 «MexaHu3auus CenNbCKOro Xo3sNcTBa» nNpu HauMoHaslbHOM arpapHoM
yHuBepcutete ApmeHun (HAYA), no agpecy: 0009, r. EpesaH, yn. TepbsHa,74 (I
Kopnyc, 329 ayautopus).

C anccepTaumein MOXHO 03HakoMUTbCA B 6nbnmoteke HAYA.

ABTOpedhepat pasocnaH 13-ro mas 2021 r.

YuyeHblin cekpeTapb CneunanmanpoBaHHoro coseta 033,
A0.T.H., npocheccop
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Pbduyh  wpnhwlwinysyniip:  Hninwntnbuwlwt  wpunwnpniwu
wnwouwhbipe futnhpubiphg dbyp Yunit L pwpép pbpph uwwgnudu k, npp
gliuwynpuwwbu wwpdwuwynpyws £ hnnh pbpphnygjwu pwpépwgdwdp: <nnp
ptpphnyejwt  pwpdpwgnwip  fupun Yuwywd £ hnnh  dowldwu  unpwgnyu
wbluuninghwubph ubipnpnwihg W hnnwdowl dbpbuwubph pwunn opgwuubnh
Yuwwnwpbiwgnpdnudhg:

UWu nbuwuyniuhg twhuiwwwunynigniup wbwp £ nwp nnunwghnt pwtinn
opqwuubpny dbpkuwubpht: Spbquiht dbpbuwubpt ne Upwug pwquih Ypw
untindjwd Yndphuwgwsd wgpbquwnubpt  htwpwynpnyeyniu Bu - wwihu  dGy
wugdwt  dwdwlwly nwonnd  ppwlwuwgul] dh pwuh  wbuuninghwlwu
owbipwghuw:

SGhwnuwlwuubph  Ywwwpws  nbuwlwu b ghnwihnpduwlwu
htwnwgnunigyniuubpp gnyg Bu wwihu, np hnnuidowy $ptiqubipu wuthntfuwphubh
Gu dwup hnntiph, YbGpwiht dowlwpnyubpny qpunywé nwonbph dowldwl,
husytiu twl hwuwnmwgnnniu dowlwpnyubph (Gghwyunwgnpbu, wplwdwnhly W wju)
pippwhwlwphg htnn  hnnph dwlydwt  woluwwmwuptbpnd: ULy  wugdwu
dwdwuwl pbppwhwywphg htinn hnnupbgp Jwupwgund b dwdynd £ hnnny
hwuwnwgnnniu duwgnpnubipp:

Uwlwyu hnnwdowydwt dwdwuwl hgnpnipjwt d&d wwhwuep, pwnawihu
nhdwnpnyejwu dEdnipniut nu nhuwdhywlwu pEnujwdnypiniup hwunhuwunud Gu
wju hhduwlwu pbpnuygniuubpp npnup ndjwpwgunwd Bu Upwig wpryniuwybun
ognwgnnéndp:

Wuwhuny Jupbh b wpdwuwgpb, np hnnugpniunh W hnnuidpwydwt
wbfuuninghwlwtu gnpdpupwgh hwdwlwpgswiht' dpwgpbpny  dnnbjwynpdwdp
hnnwdowl dbptuwubph pwuynpwlwt opqwibph Ywuwwpbugnpddwdp hnnh
dowdwu npwlh pwpdpwgnup wpnhwlwu

UWphnwynuitiph wunpuyyp U hlpugmipnipyuitr futipppliipp: Ugfuwnwuph
uwwwnwlu £ dowlt] wwwnwuynn nwuwyny hnnwdowly $pbgh Ywnnigywsdpn,
Yuuwnwpb nmbuwlwu b ghnwihnpduwlwu hbinwgnunnyeyniuubn b jwdwnlyb) upw
Yunnigywdpwjhu wwpwdbwinpbpu ogunwgnpstiiny hnnh dowlydwu
wbfuuninghwlwtu gnpdptpwgubiph  hwdwlwpgswiht' dpwaph  dnnbjwynpdwi
dbipnnutipp, npnup htwpwynpnipintu Yuwt hobgub pwpowht nhdwnpnieniut



nt Junbjwunieh nbuwlwpwp dwiuup: Wn tywwnwyny wnwg Gu pwoyby hbnlyw|
futunhputipp.

e Snynipyniu niubignn, hnnwidawly $pbiqubiph Yuwrnigdwdph Ybpnwdniejut
hpdwt  Ypw  dowlybp wwwnwiynn  nuiwlny  hnqudowydwu  dpligh
Yunnigywdpwiht ufubdwt b dowlb| upw twuwghdp:

e Shuwlwu htilnwgnwinieniuttipny hhduwynpk hnnwlwwwjhtu nwuwyh
nwwnwudwt hwbwfunywu dEdnientut nt quuwuwlubiph Ynawniegyntup:

e  MNMuwupwuwnb| hnnwidowl $pbigh thnpduwlwu udny W ghinwthnpabpny
Hownb| nbuwlwu hGwnwgninnygniuubiph wpryniupubipp:

e Shuwthnpdbpny - npngki - ppligh  pwppwipt nhdwnprigniup - b
wwhwugynn hgnpnipiniup nwppbp hnnwjht wwydwuubpnud:

¢ Sw| nwwnwuynn nwiuwlyny hnnwdpwlhs $pbgh thnpduwlwu udniph
hwidbdwwnwywu wgnpnunbuthlulwu quwhwwnwlwup ghwnwthnpdbiph
wpryntupubiph hhdwu Ypw:

e  thunwpyb hnnwdowly $npbgh nwuwlubph htin hnnh thntuwgnbgnieywu
nhuwdhlywlwl b phahlwlywl gnpdpupwgubpp:

o  <nnwidpwly dptigh pwunn opqwiuubph Yuwnnigywdpwihu
Yuunwpbijwgnpddwdp wwwhnyb] hnnp dywlniypiwt npuyulwlt wuhpwdbon
gnigwiuhoubp:

o Lnnwlwldwu Ppbgh pwiunn opquuubiph Uwfuiwgddwt hwdwp,
wwppbp  hnnwwhwbph hnnh Yunnigyuwdpwiht  funnigjwt,  dGuwuhulwu
Yuwqdh, Snwugh dnpngh bW Mnwuunup gnpdwlhgubph  dGSnueniuttipny
dnntijwynpb| hnnh Yunnigywsdpp:

e <nnh lYwnnigywdph  dnnbiny  hnnwdowly  $ptigh  nwuwlubph
dwybplnypubpht unwuw] Gnwswith hwppnyeniutinny wpywdwntbnpdwghnt
yhtwlp, hnnudpwl dbptuwih pwppwjht nhdwnpnygniut nt Gk pwinn
opquiutbiph owywnhdw| ywpwdbnpbpp:

Lhpuwqnipmipyuiy opglilppp U JEpnnbtbpp’ dbp Ynndhg twiuwgdjws b
wwinpwunywd hnphgnuwlwt wnwugpny nmwwnmwiuynn nwuwlubpny $pbgp b
hnnp  Upw  Swjwjwht  wpnpdwt,  2thdwu  gnpdwlhgubipp,  wdpnyejniup,
funuwynipniup:

Ogwwagnpdyt| tu wbuwywu defuwupyuwh, dwebdwnhlywywu $hghYuwyh,
wnwdgwwunipjwl, wwunhynywiu  nbunypjwlt  wnbsnyegnituutipp,  hnnh
dwlydwu  wbuunnghwywt  gnpdplpwgubph  hwdwlwpgswht  dpwgph



dnnbjwynpdwt dwpbdwnhlulwu ybpnidnipjuit, dwpbdwwnhlwlywu
yhbwlwgpnypjuu nt ghnwthnpdbph ywuwynpdw wbunygjuu dGennubpp:

Qhypuwlpuwtr unpnypap:  <wdwlwpgylp B $pbquyht dbpLuwubpp
nwuwlubph wbuwlubpp, tpwug Yunnigudpwih wnwudtwhwwnynigniubipp,
Uwluwgdyt) | nmwnwuynn nwuwlubpny $pbq: Stuwlwu hbnwgnnngyniuutipny
hhduwynpyb Gu twnwuynn nwtwlyh tnwnwudwy hwéwluniegniup, quujwuwyh
Ynownipiniup, npnup Ywwwhnybt dpbgh wwhwioynn hgnpnipjwu, pwpowiht
nhdwnpnygjwu tduwgnid b Junbjwupnysh nbuwlywpwp dwiuuh Ypdwwnnud:

Stntwwndwywu wbfuuninghwubtph Yppwnnwng dowldb) £ epennwing
w2tuwwnnn pwunn opgqwuh Ypw wpjwowntbnpdwghnu yhdwyh quwhwndwi
dbpnnhlw:  Uowlybp £ hwdwlwpgswiht - dpwgpnd  dnnbjudnpwd  hnnh
dhahywdbuwtuhjulywt  hwwnlynyniuubphg uiuwd  pwlnn  opquulbnp
Yunnigwdpwiht wwpwdbinpbiph jwywplynwip:

Stuwlwunpbu npnoyb) Bu W ghwwihnpatpny  (wywpyyb] wmwnmwuynn
nwuwyubpny $ptgh Ywnnigywdpwiht ni swhwgnpdwlwu wwpwdbwpbpp L
hhduwynpyt b upw nunbuwlwy wpryniuwytinniyeniup:

UWphiuwnyutiph qnpdtwlpt tpwtnulnipyniip U wpnymiiptiiph hpuignidp:
Stuwlwu U thnpduwlwu hbGnwgnunyggniuubpp  huwpwynpnieniu Bu wwihu
Uwfuwgdtp  wwwwuynn  nwuwlubpnd  hnnudowl  $pbiqubp’  hnnh
dhghywidbuwupywywu hwwynyeniwutiph hhdwu Jpw b wwwhnyb] npwug
swhwgnpddwl wnwyb| wpryniuwybun nkdhdubp:

Wiunpuwiiph wypnpughuwti: UinGUwfununigjwu hhduwlwU npnypubpp
qbynigyb| L puuwpyyb Gu 2019p. hniuhuh 27-htu <L Ghunenuubph wqgwght
wlwntidhwih dwpbdwnhlulwu L  wbptplulywu  ghwnneniubiph
pwdwudniupnd, Uqqujht  wgpwpwiht  Swpunwpwghwniyeut  pwlnyuntinp
ghunwlwu funphpnh  thunbpnd b gyninwntnbuwlywy  dpBuwghtunieywu,
wywnndwwnwgdwu U wbluuphywih  owhwgnpddwt  wdphnuph  ghnwlwt
ubidhuwnpubpnud:

LEpwqnipnyayniiiph uipnyniiptiph hpuwywpwlynidp:
Uinbuwlununypjuwu  hhduwlwt npnypubpp hpuwwpwyywd Gu 7 ghwnwlwu
hnnquwdubpnid:

Wiunpuwiiph Junmgywopp b Swduyp: Uinbuwtununipiniup pwnluguwd
E ubpwdnigyniuhg, snpu  gnifuubphg, punhwunyp  Ggpulwgnyeniuubiphg W
wnwownynugniuobphg,  oguwgnpdJwd  gpwlwunipjwu gwulhg' 138



wudwunwing: Wu owpwnpdwd £ 136 Eoh Jpw, pungplyynd £ 41 ulup, 22
winnuwly;:
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Ubpwdnipniunid hhduwdnpgwd | phdwih wpnhwwungegniup b ppdwd
GU wwownwwunipywu ubipywjwgynn hhduwlwu npnypubipp:

Unwopti qipumd ubplwywgyws tu hwpgh npywdpp b hGnwgnuniewu
fuunhpubnp: Ywwnwnbiny hnnwdowy $nbqubiph w2fuwwnwuph
wpryniuwybnnpjwt  hwdbdwunwlwu  Jbppnidngeiniu,  ppbquiht nwuwlubph
wbuwlubph  Yuwnngwdpwiht  wnwuduwhwwyneyniuubiph  ybpndnigniu,
dptbqubph  unnigywdph  hGinwgnuinnieniutbph  hwdwnnin Jepndnginia L
hnnwjht dhowdwiph dnnbjwynpdw hhduwlwu ulgpniupubiph YGpnonyeniu b
hwodh  wnubind  win  ninnpjudp unwgywd  ghnwhbunwgnunulyut
wptuwwnwupubinh wpryntupubpu, punpdb £ nwnwudnn nwuwlubpny $pbgh
Yuwnnigywdpp (gnunh wpunnuwghp N3237A 65-2018) U npw Junnigywdpw)ht
wwpwdbnpbph  nt wpluwwnwupwihu  nbdhdubiph hhduwynpdwu  hwdwp
dlwlbpwyt) Bu hBwnwgnunnyejuwt bwwwnwlubpp U juunhpubpp:

Gphypnpn qiund pbpdwd Bu wnwownlynn wwwnwuynn nwuwlubpny
$pbgh Yunnigwdpwiht ufubdwu (UY.1) nt wotuwwnwuph uygpniupp: Pepjwéd k
twl ufwywnwlubpht' nuuwlyubph hnpuiuwnd L quuywuwyng wipwgdwu
ufubidwt (uy.2):

LY. 1 Unwownyynn $ptigh Yunnigdwdph t

1 = Jupnwuwjht hnfuwugnid, 2 - Jujung, 3 - Ynuwlwt nbnniyunnp,
4 - snpwywynp thnfuwugnud, 5 - uulwnwy, swpdwlut’
hnnwywwtpny wdpwgywsd nuwuwyubpny:



@
@ ;
@

®)

®)






Twuwyh nwnwudwtu nhdbpbugu] hwjwuwpdwt  Juqddwt  hwdwp
Yhpwnby Gup Lwgpwudh tpypnpn ubinh hwdwuwpnup:
4@ryor 2
dt (a¢) dp Ao Q, @
npnbn' T-U hwdwlwnpgh Yhubwhy tubpghwu &, NM-U" hwdwlwpgh  wnunbughw
Fubpghwu, ¢-U' hwdwlwnpgh punhwupwgyws Ynnpnhtwwp, Q-U" hwdwlwpgh
Upw wgnnn punhwupwgywd nidp:
Lwdwlwngh YhubinhYy Eubpghwt npnonwd Gup npuytiu nwuwyh W &nnp 0X
wnwugph 2nipgp wnnynn dwpduh Yhubinpy Lubpghw.
1
T = gmfz(pz,
npwnbn’ m-p nuuwyh b nnh quugwdu &, £-p nwuwlh b dnnh Gpwpnyeyniup:

Lwdwlwngh wnwbughw tubpghwu.
I =mg#,¢cos wt + ca’p? 4)

(3)

npwnbn' ¢-u quuwuwyh Ynannyeniut £, a-u quuwitwyh wdpwgdwt Yawnp
htnwynnpnieiniut £ O Ybnhg:

Ywwwpbind  npnowlh dwpbdwunhlwlwu  gnpdnnnigymitup b
wbinunpbiny unwgywsd dbdngynitubpp Lwgpwudh 2-pn Yupgh hwywuwpdwu
dbo  Yuuwuwup hnnwdowl pdpnith nwiuwlh  nwnwudwu  nhdbipbughw)
hwljwuwpnup hGnlyw| nbupny.

%m#z(p +mg#, coswt + 2ca’p = Q %)
huy nwuwyh nwnwudwu nhptptughw) hwywuwnpnwip hbnbywi wbupny.
b+ 3mgé, c:;t%cazzp _ 3Rm:;2inwt (6)

Unwgyws bpypnpn Yupgh  hwunwnnit gnpdwyhgubpng  qdwihu
nhbtiptughw) hwjwuwpnwp ntuh dwutwyh W punhwunip ndnd:

Lwdwlwngh phy [nénwip.

P=P+ P )
npwnbn’ @-p dwutwlh ndnuiu b, @-p punhwung pdnwu

Uwutwlyh [ndnudp guintbint hwdwp tpwuwlybup.

k2 = 67:;2 www Yunwuwup k :%\/% ®)
npwntin k-u hwdwlupgh wquun nwnwunwubph hwbwlungent £, juiujws
nwnwiynn nwuwyh Yunnigwdpwiht ywpwdbnpbnhg:
Lwywuwpdwl dwutiwyh ndndp Yhup.
¢, = Asinkt + Bcoskt (9)
10




npwnbn' A-U U B-U hwuwnwwnnd dednipyniubip GU, npnup npnonud Bup hwdwlwpgh
uljgpuwlwu wwydwuubphg, Gppt = 0,9, = 0L @y =w e £:
Lwdwlwngh punhwunip nwdnudp niuh hbnlbyw| inbupp.

3R 0 Sinwt
p, = Emassinat (10)
Wuwhuny hwywuwpdw punhwunip nsnwip unwgyt) b hbnlyw) nbupny.
wl K 3R Sinwt (1)
Q= " sinkt + iz

Unwgywd hwjwuwpdwt wnwohl wunwdp hptuhg ubpluwjwgund k
nwuwyh wqwwu nwnwundubpp, npnup wnwowunwd  BU quuwuwlyubiph
wnwdqwlwu mdbph 2unphhy, phuy Gpypnpn wunwdp' nwuwlh Yupdwu
nhdwnpnygjwu hwdwgnp nidh dbdnyenut £, npp wnwewunwd £ hnnh Yupdwu
nhdwnpnyegjwu thnthnfuwlwu jhubint hnbwupny:

bpbgh nwuwyh mwnwunwubiph hwdwp wuhpwdtion £, np quuuwuwyubpp
niublwu wjuwhup Ynoinnenit, nputugh hnnh nhdwnpngjwt tjwquagnytu Ry
wpdbiph nbwpnwd Upwip hwdwwwwwuuwtwpwp dqytu b ubnddbu: LJwd
wuwydwuhg npnadb  quywiuwyh Ynowngegniup'

Ry (12)

’

y
npunbn' y-p nuuwyh nwnwudwt wdyhnnmu b

Ywwnwpyws ghnwhbnwgnunwluwu wofuwwnwuph hpdwt Ypw dowyys,
twpuwgdyt) b wwwnpwuwingb b rnwnwiuynn nuuwyny $pbgh thnpduwluwu udnwy:

Gppnpn qifumid pbpwd Gu ghwnwthnpduwlwiu  hbnwgnnnyeyniuutiph
wpryniuptbipp b npwug bppndniejniap: <Gnwgnunggniuubiph bwwwmwlu £ bnb
Spwapbp L dowlb Jdbpnnubp' npnobine htnlyw) wwpwdbupbph  owwnhdw
dbdnueyniutbipp’ $pbiquuht edpniyh ninpnn dndbunp' M, $pbiquipu pdpndjh
wuinuwnwiphyp' n, wgpbigwunh hwdpupwg wpwgnejniup’ ¥, huswybu uwbe Spbigh
pwpowihti nidh' B, npppnn dndbuwnh’ M, L hgnprigjwt N thnthnfudwt
ophuwswihnyeiniup hnnh funtwynieniuhg W, dwydwi funpnipyniuhg 8, pdpniyh
wwnunwpyhg n Jufuwés:

Shkuwlwu hbwmwgnunnieiniiubph hhdwu Ypw
Uwhuwgdwynuumpniyunpuwjuwt  hwoqwplubpn dhwlydbp b ywwpwundbp k
wmwwnwuynn nwuwlubpny $pbg:  Lwpnpwwinp  nwownwiht - ghwnwihnpdbipp
Yuwuwwpyb) Gu dowldws Spwgpht hwdwwwwnwufuwy Ynnwph dwpgh Uyniup
hwdwjuph  Ynwnw)p  gninh - Utnpuwdwtu  Ywpwwybnwuh  bpdbpwht
muwnbunipwu nwannu:

11
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13
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Lbwnbwpwp ppbgh pdpniyph qwwpydwsd (owyunhdwy) dbdnieginiup, npp
Yupnn £ ww) b Eubpgbnpluwlwu b qgquih wgpnnbiuthlwlwt wpryniup, wbnp £
(hup np>=180...250wyw/p:

<nnwdowl dpbigh wuowpd nwuwlyubpn pdpniih (y1) b nwwnwuynn
(pwpdwlwt) nwuwlubpn pdpniyh (y2) npnpnn dndGunp Jujudwsdniygniup
pUpnyh wwinwnwpdtphg (X1) ww/n W hnnh thtuptigdwU funpnigyniuhg (X2) ud
nwnwuwuppnginiup Ywwwpytb) £ ghnwthnpabph wwuwynpdwt wnbunieywt
dbipnnubtipny: (ddpniyh ninpnn dndGunp uupwgpdwu hwdwp punpygt E Bpypnpn
Ywpgh dwpbtdwwnhlwlwu dnnb:

<nnwdpwl ! "M
pdpnijh wwnnwnwplyhg (Xi) U thfupbgdwt funnyeniuhg (Xo) Ywfudwdnieywl
ntigptiuhnt hwjwuwpnwip niuh hGnbyw) wnbupp.

yi = 75,72 - 26,5X1 +14,46X; — 5,13X% Xa + 12,33X:? + 2,46X2? (14)

Swpdwlwu nwuwlyubpny pdpniyh ninpnn dndGunp (y2) Yufudwdniepywt
nbignpbupnt  hwjwuwpnwp pdpnyh  ninpnn dndbunhg (X)) U thfupbgdwt
funpnieyntuhg (X2} ntuh hbwnlyw) wmbupp.

y2 = 58,33 - 29,79X: +9,625X> - 0,6875X1 Xa + 18,12X:2 + 1,75X2? (15)

Unwgywd nbgptiupnt  hwjwuwpnwitbpnd  Yunmgyl, Gu wupwpd
nwuwlubpny (y1) b pupdwlwi nwuwlubpny (y2) pdpniyubph ninpnn dndbuwnubph
wpryntupubiph Ynpbiph hwdwfpunwdpp (uy. 9, 10), npnup hpkughg ubpljujwgunad Gu
Epuwnpbdnudh Ynphip:

L. 9 Uupwpd nwuwlubtpny hnnuidowly dptigh pdpniyh ninpnn dndbuwnh (yi)
Ypw pUpniyh wyunwnweybinh (Xi) W hnnh thfupbgdwu funpnigjuwi (X2)
wqnbgnipjwu Ynptph hwdwfunwipp
15



X (1

L. 10 Swpdwlwu nwuwlubpny hnnwdowl pbgh pdpniyh ninpnn dndbunp
(y2) Upw pdpniyh winnunwipdtnh (X2) W hnnh tfupbgdwt funpnipju (X2)
wgnbtignieyuu Ynpbiph hwdwfunwpp:

, yi- bi=-26,5 ( )
=14,46 ( )y - bi=-29,79,  =9,625,

SOILDWORKS
, ANSYS Workbench

ANSYS Workbench Solidworks

11-
16
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wnwybjwgnyu nhdwnpnigint, hushg hbnn nhdwnpngniup tjwgnud £ dhtush
hwonpn nuuwyh dnunpp: Wuwhuny unpdw| jwpdwu gpwdhyhg hbinlind k, np
$nbigh pwunn opqwup Yuwnnigywdph pwpbjwydwt twywwnwlyny wuhpwdton k
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Xamaran [lasug Py6enosuy

Paspa6oTka KOHCTpyKUMM U 0GocHOBaHUe NapameTpoB 3emneobpabaTbiBatoLueii
tbpesbl ¢ KONebGNIOWUMCA HOXOM

PE3IOME

OpHoif M3 NpUOPUTETHBLIX HACyLHbIX 33Ja4  CEeNbCKOXO3ANCTBEHHOrO
NPOU3BOACTBA ABNAETCA MONYUEHUE YCTOWUNBOIO U BbICOKOIO YPOMan CENIbXO3KyNbTYp,
4TO, rnaBHbiM 0DOpa3oM, ODYCNOBNEHO MOBbIWEHUEM MIOJOPOAHOCTU MOuBbl. A
NOBbILLEHNE MIOAOPOAHOCTU MOYBbI HAMPAMYIO 3aBUCUT OT BHELPEHWA HOBEMLIMX
TexHonorui obpaboTkM MOYBbI M C  yCOBEPLUEHCTBOBaHMEM pabouux opraHos
3emneobpabatbiBatoLLMX MaLLIUH.

B sTom acnexte npepnoyteHue OTAAETCA POTALMOHHbIM paboyum opraHam,
KoTopble B NpoLlecce OfHOro 3arycka arperata MOryT MOArOTOBUTb MOYBY COMMAcHO
arpotexHuueckum TpeboBaHUAM. Ppe3oBble MalUWHbI BECbMa MNEPCNeKTUBHbI AfA
KOMOUHMPOBaHHbIX  3emneobpabaTbiBarOLLMX  MALLMHOArPeraTos, MNpU  MOMOLLM
KOTOPbIX MOMHO BbINOIHATH HECKONBKO ONepaLuii BO BPEMA OLHOro Nycka arperata Ha
none.

B Hactosllee BpemAa cbpesoBble MalUMHbI MPUMEHAIOTCA Takie AnA
npeanoceBHoit 06paboTKK NOYBbLI, 0OPABOTKU MEMPALOBLIX NPOCTPAHCTE CaAo0B.

HecmoTps Ha MHOroneTHee cyllecTBoBaHWe (Ppe3OBbLIX MalLWH, TEMMbl MX
LUMPOKOMACLLTabHOrO BHELPEHUA MOKa HU3KU MO MPUYMHE CROKHOCTU CTPYKTYpbl,
3HEProEMKOCTU 1 HEBBICOKOW HAAEMHOCTU.

B pasnnuHbix cpepax TEXHUKN LLUNPOKO UCTIONBb3YIOTCA MALLMHBI U YCTAHOBKN C
NPUMEHEHMEM TYCEHWYHOU TexHWKM. OAHAKO OHW MOKa He HaLUNW NMPUMEHEHWA B
npouecce 06paboTKkM NOUBbI — MO NPUYMHE OTCYTCTBUA NOJOOHON TEXHUKKM U paboyero
opraHa. CospaHue TakUx MallMH ABNAETCA KpaiiHe aKTyalbHbIM BOTPOCOM.

LUenbto paboTbl ABnseTcA paspaboTka CTPYKTypbl 3emneobpabaTtbiBatolueit
thpesbl ¢ KONEONIOLLIMMCA HOMamu, ONMTUMU3NPOBATL €e CTPYKTYPHble napameTpbl
nyTeM MOAENMUPOBAHUA KOMMBIOTEPHLIX NPOrPaMM  TEXHOMOTMYECKUX MPOLECcCoB
3eMneobpaboTku, KOTopble [aflyT BO3MOMHOCTb CHU3UTb TATOBOE COMPOTUBIEHWE U
YAENbHbIN Pacxof, roproyero.

B npeambyne obocHoBaHbl akTya/bHOCTb TEMbl, W MPUBEAEHbl OCHOBHbIE
npeacTasiAemble NONOKEHWNA 3aLLUTbI.

24



B nepsoii 2nase npepcrasnenbl NocTaHOBKA BONPOCA U 334a4N UCCIEA0BAHNA.
C  nposegeHvem  cpaBHMTENbHOTO  aHanusa  3hpeKTUBHOCTU pabotbl
3emneobpabatbisatoLLmx pes, aHanm3a CTPYKTYyPHbIX OCOBEHHOCTEN TUMOB (hPe3oBbIxX
HOMell, KPaTKOro aHanan3a MCCeoBaHuil CTPYKTYpbl (Ppe3 U OCHOBHbIX MPUHLMIOB
MOJENMPOBAHUA TMOYBEHHOW Cpefbl, W C YY4ETOM MOMyYEHHbIX pe3ynbTaTos
NPOBEAEHHbIX B 3TOM HampaBleHUM Hay4yHO-UCCNenoBaTeNbCkux paboT, BbibpaHa
CTPYKTYpa (hpesbl C CaMOKONEONIOWMMICA HOMaMKN (NLeH3nA n3obpeterna Ne 3237A
5-2018), u ana obocHOBaHWA ee CTPYKTYPHbIX NapameTpoB U paboumx perMMOB
cchopMynMpoBaHb! LLEAW 1 3a8a4n UCCiefoBaHuA.

Bo Bmopoii enase npuBepeHbl CTpyKTypHas cxema  ppesbl ¢
camokonebnolwmmnca Homamm (Puc. 1 n Puc. 2) u npunumn paborbi.

B mpempeii 2nase nznomeHbl Lenb, NporpavMma U MeTOAbl NabopaTopHbIX W
NPOU3BOACTBEHHbIX  HAy4YHO-3KCMEpUMEHTANIbHLIX  uccneposanuii.  [lpusenensbi
pesynbTaTbl Hay4HO-3KCMEPUMEHTaNbHBIX UccnefoBaHuii, ux aHanus. WccneposaHua
6biMM HaleneHbl Ha NpPOEKTUpoBaHWe W pa3paboTKy MeTofoB [AJ1A OnpefeneHuA
ONTUMATBbHLIX BEVYMH CIEOYIOWMX MapameTpoB: KPYTALMIA MOMEHT (hpe3oBoro
6apabaHa — My, 4ncno obopoTos cpesosoro 6apabaHa — n, napannenbHas CKOpPOCTb
arperata - Vj, a TakKe 3aKOHOMEPHOCTb U3MEHEeHWA TAroBoil cwibl chpesbl P,
KpyTAwero momeHnta My, n mouiHocTM N B 3aBUCHMOCTM OT BA@KHOCTM nousbl W,
rnybuHbl obpaboTku 3, uncna obopotos bapabaHa.

MocpedcTBOM — MPOEKTHO-KOHCTPYKTOPCKUX — pacyeToB, MNPOAENaHHbIX  Ha
OCHOBaHUM TEOPETUYECKUX WCCNefoBaHuii, paspaboTaHa M usrotosneHa cppesa c
camoKonebnowummnca  Hoxamn. JlabopaTopHble nonesble OMbITbl NPOBeAEHbl, B
COOTBETCTBUMM C pa3paboTaHHOIl MporpamMMoil, npoeeieHbl Ha none depmepcKoro
xo3aiictsa AHywaeaHa HKapanetana B cene Kotalik obwwmnbl AxkyHk Kotalikckoid
obnactu.

B yemsepmoii 2n1ase npuBefeHbl pe3ynbTaTbl NPOU3BOACTBEHHbIX NCMbITAHWNI
tbpesbl € ropusoHTaNbHOM OCblo M KOMebmoWwMMea Hoxamn M obocHoBaHMe
3KOHOMMYECKOH 30pheKTUBHOCTY.

Mpu roposoii 3arpyske tpesbl 82 ra rof,0san 3KOHOMMYECKaA 3PPEKTUBHOCTL
coctasnaet 47830 ppam.
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Davit Ruben Khazhakyan

Development of Structure for Rotary Soil-Tiller with Vibratory Blade
and )ustification of its Parameters

SUMMARY

One of the prior issues of agricultural production is the production of
sustainable and high yield from the agricultural crops, which is mainly related to the
increase of soil fertility. The increase of soil fertility is intrinsically connected with the
contribution of innovative soil tilling technologies and with the perfection of the
working parts in the soil tilling machines.

From this perspective the rotary working parts are of high preference, which
are able to prepare soil during a single aggregate process in consistent with the agro-
technical requirements. Rotary tillers have a great perspective for the establishment
of combined tilling machine units with the help of which it is possible to implement
several operations in the field within a single aggregate (unit) process.

The rotary tillers are currently used also for the pre-sowing activities in soil
tillage and for the cultivation of inter-row spaces in the gardens. Despite the over-
years availability of the rotary tillers the rates of their large-scale investments are still
rather low due to structural complexity, high energy consumption and low exploitation
reliability.

In different technical fields machines and equipment with vibration devices are
widely used. Anyhow, the soil cultivation process hasn’t found such application yet due
to lack of appropriate technique and working parts. Thus, the design of such kind of
machines is an urgent issue.

The aim of the current work is to design the structure of rotary soil-tiller with
vibratory blades, to upgrade its structural parameters by simulating the technological
soil tillage processes through computer softwares, which will enable to decrease the
traction force and specific fuel consumption.

The relevance of the study subject is grounded in the introductary part and the
key provisions of defense are also presented in the mentioned part.

In the first chapter the issue statement and research objectives are
introduced. Making comparative analysis on the work efficiency of the rotary soil-
tillers, on the structural peculiarities of the rotary tillers’ blade types, as well as brief
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research analyses of the tiller’s structure and also taking into account the main
simulation principles of the soil medium in view of the results obtained from the
scientific research activities implemented in the mentioned direction, a structure for
rotary tiller with self-vibrating blades (Invention patent N3237A E-2018) has been
selected; then the research goal and objectives have been defined to justify its
structural parameters and working regimes.

In the second chapter the design diagram (Figuresl and 2) of the
recommended rotary tiller with self-vibrating blades and its working principles are
presented.

In the third chapter the goals, plans and methods of the laboratory and
scientific experimental research are described. The results and analysis of the scientific
experimental research are presented in this part. The aim of the investigations is to
plan and develop certain methods in order to determine the optimal values of the
following parameters: the torsion moment of the rotary tiller’s drum M,, rotation
number of the tiller’s drum n, the forward (translational) velocity of the aggregate
{unit}) V, as well as the changing regularities of the tiller’s traction force P, torsion
moment M, and power N, depending on soil humidity W, tillage depth d and drum’s
rotation numbers.

Based on the theoretical research a rotary soil-tiller with self-vibrating blades
has been designed and developed through design and construction calculations. The
laboratory field experiments have been conducted in accordance with the developed
program in the farm field belonging to Anushavan Karapetyan, which is located in the
Kotayk village at the community of Akunq in the Kotayk region (marz).

In the fourth chapter the results of production tests of a horizontal axis soil-
tiller with vibratory blades and a justification of economic efficiency are presented.

With an annual load of 82 hectares of rotary tiller, the annual economic
efficiency is 47830 AMD.

27



