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ustLuluNUNRE3UL CLAKULAR APLNRMIUGHIL

Uwnbuwfununipyjwu  pbtdwh  wpnhwwunyeymup:  1990-wlywtu  pwywuubiphg
uluws, unp onuwwlwu hwpwpbpnuygniuubph - dlwynpdwup gnigpupwyg, Uwhuyhu
funphpnuwhts apbipt pninp Bpypubpnud b hwn BYywt dh 2wnp fuunhptbn, npnug dby
wnwuduwlyh Ywpunpynwd £ nbuthyulywt dhongubpny wwwhnyywdnygniute nu
npwug wpryniuwydbun oguwgnpdnudp: Uy fuunphpubpnd wuwydwuwygnpud' <<
gniqughwlwu b pbpdbpwiht wunbunegniutbpnd - udwglp £ hwnlwwbu
wpdwwnwuwnninubph - wpuwnpnggniop, nph ywwndwnp  hhduwlwund  npug

ptppwhwywph dbpbuwubiph pugwlw)niyeniut k:
<woyh wnubiny wpdwwnwwwnipubph ptppwhwywph wnwyb] wofuwnwnwnp

gnpdpupwgubpp’ wythwyn E, np thnpp bpdbpwiht ntnbunygyniuubipnud, npwug

ptppwhwywph hwdwp ognwgnpdynn  wpunwuwhdwijwl pwpdp wpnwnpnnuljwu

dbptuwubpp (Yndpwjubn) gnpduwywunid Yhpwntih sku, hpbiug pwulwpdtpnipiwu b

dbtd pungpydwt (wjungywt, htuswbu twlb wwppbp mbuwlh wpdwnwwwnmubph

ptppwhwywph niwhybpuw] pwiunn opqwitbph pwgwlwnypjwt wwwnéwnny:

Ljwquwgnyu  wpfuwwnnidny b unpwlywu  Swiuubpnd  wpdwwwwinninubph
pippwhwlwp Ywpbh b ppwlwuwgub] Fubpgquiutwnn  dbpbuwubph nu pwunn
opquuubiph unbinddwu, woluwwnmwuph Yugdwybpwdwu pwpbijwydwl, nbfutninghwih
wpryniuwybnngjwt  pwndpwgdwt wpryniupnd,  hwadh wnubing  wunbuniyejwt
hnnwjht b Yihdwjwywt wwjdwuubpp:

Gubind  Jtpp owpwnpdwsdhg' Ywnbh £ wunb), np wpdwnwwuoninubph
ptppwhwywph thnppwswith dbptuwubph U npwig pwunn opquuutiph dowynwdu ni
ubipnpnip << thnpp hnnuiuinputipnud wpnhwlwt fuunhp £ bW muh  dGo
Upwlwynrpyni:

Upluwwmwiuph twywwwlp &Y hbGnmwgnunipyu puunhpubpp: Upfuwwnwuph
uywuwlu £ << gniqughwlwu b $bpdbpwihu nunbungeniutbph  dinpp
hnnulwnpubpnd - wpdwwnwwuninubph pbppwhwdwph thnppwswith  dbpGuwih
dowynid U wpnwnpuywu thnpdwpynud: Wn twwnwyhu hwutbine hwdwp wnwe Gu
puwioybi| hGunwgnuinyeywt htinlyw| fuunhputipp.

. Ybpnwdtp ubpluyndu gnnieinia niubignn wpdwnwwwnninubph pbppwhwywph
dbiptuwubph L npwug pwunn opqwuubipp Yuwnnigywdpwihu
wnwuduwhwwnlnyeniiutpp, npnug  hhdwu  Jpw  npnotp npwitg
Yuwnwpbijwgnpddwu hbnwulwpwjhtu ninnnipniuibpp:

. Uowlyt << gninughwlwu L pbpdbpwiht wunbunyeniuubph  thnpp
hnnulwnnpubpnud wpdwwnwwwunninubph pbppwhwywph  thnppwswth dbpbuwgh
pwunn opquuubiph wbtutninghwlwu ufjubdwubpp:

. Uowlb] wnwowpyywsd pwunn opqwutbiph nt hnnh nidwjhtu thnfuwgnbignigjwu
hwaoywpyp wbunipyntu L npnoki| Yunnigwdpwwnbiuuninghwlwu
wwpwdbwnpbpp:



) Unwouwpyynn wbkfuuninghwlwtu upubdwubph  hpdwtu Jpw  dowlyb) pwunn
opqwuubp, npwug Yhpwndwdp  wpdwwnwwwnninubph  pGppwhwywph
thnppwswith dbpbuw b wywwnpwuwnb] thnpawudniy:

o hpwlwuwgub) ghinwthnpduwlwu hwmwgnunieiniuubp, Yuwnwpb
wpryntupbbiph ytipnwdnipynta, Gownty pwunn opquwuubiph
Yuwnnigywdpwintifutninghwlwu wwpwdbwnnbipp:

o Ywwwpb  doawlws  wpdwwnwwnniqubph pbppwhwdwph  thnppwswith
thnpdwudny  dbpblwing - wpunwnpuwlywu  thnpdwpynudubp b hpduwynpby
ghinwlwt wnwewnpynipintuubph bfuthlwwnumbuwwu wpryniwybwnie)nip:

Lhunmwgnuinieyut opjkljinubpp by dEpnnubpp: <tnwgnunnigjwu opjtlwnubp

Gu hwunhuwgb| dtp Ynndhg twjuwgdws b wwnpwundws wpdwnwwwnninubph
ptippwhwywph thnppwswth thnpdwudny dbptuwu (<< wpunnuwghp N 602U, 2021p.),
<UUL-h  Ugunnunpwlnnpubph b Synindbpbuwubph - wdphnup  jwpnpwnnphwih
hnnwjht fupwdwinp, ghunwthnpébph  hpwlwuwgdwt hwdwp hwwpywsd swihhs-
wbntywwnt  hwdwYwnpgp, hnnh  funnegjwu  npnpdwtu  pYwihtu  gnighsnd TYD-2
funwiswithp, wy| swithhs-unnighy uwppbip:

Skuwlwu hbwnwgninngniubbpp Yuwwnwpbihu oqunwgnpdybp Gu pwpdpwgnyu
dwpebdwwhlwih,  $hghlwih, gdwgpwlwu  Gpypwswihnypjwy,  wbuwlwu
dbjuwupluyh,  unebph nhdwnpnpjwu,  GpYypwgnpdwywu  dGfuwthlwgh
hwdwwwwnwufuwu opbupubpp U dbpnnubpp:

Shunwihnpduwlwu  hbunwgnwngniubpp Juwwnpdlp  Gu oguwgnpdtiing
pwqdwgnnpdnt thnpdbph wwuwynpdwi dbpnnp: Ogunugnpdyb] U twl unwtnwpun
dbipnnubip:

Ghuwlwu unpnyep:

e Cunhwupwgyl] U wpdwwwwwnninubph  pGppwhwywph  depbuwjwgdwu
wbfuuninghwlwtu gnpdpupwgubph hhduwfuunhpubpp b dowyyt] pwpbjwddwt
hbnwulywnpwjhtu ninnnipniuubpp:

o Uowiyyy £ << gnuinughwlywu L $bpdbpwihu  ntunbunygynituiph thnpp
hnnulwnpubpnud wpdwwnwuwunninubph pEppwhwywph thnppwswth depbuw L
ntuhybipuw) pwunn opguwu:

o Uowyby £ pwunn opqwuubtiph wwpwdbwnpbph npnpdwtu W hnnh hbn nidwjhu
thnfuwgnbignigjwu, dbptuwih ninnnyeh Yuwniwinyeuu hwpjwplh nbunyeiniu b
unwgyb) junniguwdpwunbfuuninghwlywu wwpwdbunpbph npnadwt hwaywpywihu
pwuwdalbip:

e Shunwthnpduwlwu  hbnngnuinnieniutpny npnpdl;p £ wpdwwwwunninubiph
pippwhwywph gnpdpupewgn puniewgnnn dh 2wnp gnpdnutbiph dhol ntigntuhnt
Yuwiuywsdnipiniuubn, pun dawyyws Spwagph b dGpennhlwih:

e bwwnwpdbp £ dowldwd  wpdwnwwwnninubph  pippwhwyduwph  thnppwswith
dbptuwgh thnpdwudniph nunbuwlwu wpryniuwybnnygwu hhduwynpnid:



Upfluwwmnwph qgnpétwlwt tywuwlnipyniup:  Upfuwnwiph  gnpduwlwu
Upwlwynieyniup Yunwpywsd nbuwyuu b ghnwthnpduwlwu hbunwgnunnyeniuutinh
wpryntupubiph ogunwgnpdnuiu £ << gjninughwlwu b $bpdbipwht inunbunieniuutiph
thnpp  hnnuwnpubpnd - wpdwwnwwwuninubph - pippwhwdwph  gnpdpupwgubnh
pwpbijwydwu hwdwp:

£L gyninwghwlwu b bpdbpwihu inunbuniyeniuutiph thnpp hnnuyunnpubpnud
wpdwunwuwnninubph pippwhwlwph hwdwp wnwowplywsd thnppwswth dbpbuwu
wwwhnynud £ mbfuuninghwlwu pwpap npwl b nbluthjuntunbuwwu gnigwhaubip,
npnup Ny Bu wwihu Gpwsfuwynpb] npw fudpwpwtwlh wpnwnpnigniup:

Uswldwsd hwoyupyh nbungjui b ghnwthnpduwlwt hGunwgnunnigniiubiph
wpryntupubpp Yupbh £ oquwgnpdt] wbluuninghwwbiu tdwlwwhy dbpbuwubiph
dowlydwu hwdwn:

Uwnbuwhunuwlwt wouwwnwuphtu yGpwpbpnn unuebpt pungpyyt) Gu <UUL-p
Ugpwpwiht  Swpunwpwghnngjwl  Swlnyunbtinh - gininununbuwlwt  dbpbuwubp
wnwplwjh nwnwtwlwu gnpdpupwgnid:

Uojuwwnwuph  wwypnpughwt:  UnbUwfununygjwu  hhduwlwu  npnypubpp
qbymgdt, puuwpydtp L hwdwunpEwu  Gu wpdwtwgh]  nwwinnulu,
wuwhpwuwnubph, «Udwnunpwyunnpubp b gnindbpbuwutn» - wdphnup  ubdhtuwp
funphpnwygniejniobpnud b punujudwd Uthuwnwd (2021-2026p..):

Lhwnmwgnuineyniuuph  wpryniupubph  hpwunwpuynwip:  Unbuwfununigjwu
hpduwywu npnypubpt wpunwgnywsd tu 7 ghunwlwu hnwdnd b 1 gynunh
wpunnuwgpnid:

Uoluwwnwuph Yunnguépp Gy swjwip: UnbUwfununipniuip punlugwd £
ubipwdnipniuhg, 5 qnijuttphg, punhwunp  Ggpulwgnyeniuubphg nu wnwown-
Yniepniuubiphg, oguiwgnpdywd  gpwlwunipwt  gwulhg' 122 wudwunwiny:
Uptuwwnwuph hhduwwt nbpuwnp pwpwnpyws b hwdwupgswiht mwywgpnigjwu 135
Eoh Upw, pungpynud | 47 ulywp L 12 wynwwly:

uchuusuuv£h PNYULHUUNRESNRLLE

Lbpwénipyniunud swpwnpywd b woluwmnwuph wpnhwywunyeniup bW pepduwé Gu
wwotnwwuniejwu ubipywjwgywd hhduwywu npnypubinp:

Unwoht gpfunud ubpyuwjwgywsd £ hhduwfuunph wpnh yhdwlyh ybpndneyniup b
hGwnwgnunugwu twwwnwlubph hhduwynpndp: Ywwnwpyt) B wpdwwnwwnninubph
dbpbuwjwlywu pGppwhwdwph  hhduwlwu  wbfuuninghwutph W Gnwuwlubiph,
Yhpwnynn dbptuwtbph nt pwunn opqwuubph hwdbdwinwlwu Ybpndngmu b
nwuwyuwngnw, twjuwupyt U ghnwlwu hGnwgnuneyntuubph ninnnyejniuutinp:

dbpinidnggnituiph - wprynwupubpnyg wwipgytp £, np << gyniqughwwu L
dpdbpwihu nbunbunigyniiubph  thnpp hnnuiuinpubpnud,  wpdwwnwwwnmubiph
pippwhwlwph  wprynitwybnngjwt pwpdpugdwt hwdwp  ywhwugynd  Gu
Yuwnnigywdpny wwpg U hwuwpwly  depGuwubp,  npnup  Yuwwhnybu
dbmwnwwnwpnipjut, wndtiph, Fubpgbuplwlwu b jnpwywu dwiuubph twgbgnid,
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.1

Updwwwwwninubph  pppwhwywph  thnppwswith  dbpbiwu pwunugwsd |
2ngwtiwlphg (1), npwt dhwgdwsd Ywuquwlutiphg (2), Ywuquwlubpht wdpwgyws
phipwnhp funthhg (9), udbiphl ufuijwnwyhg (3) b Yupgwynphs |Swlhg (4): Ubpbuw
wgpbigwwwynpynuw £ dninnpinyh htiwn Ygnpnh (5) dhengny: Ygnpnu wdpwgywd &
Jwuquwlubpp dhdjwug dhwgunn dnnht (8) dwubklubpny (6), npny Ywpgqudnpynud £
Uwl funthh L uwywnwyh dhole bnwd hbnwynpnigyniup’ Yuiudwsd wwwph swihbiphg:
Ywuguwlubpp 2powtwyhtu hnnwwwynuw 5u dwinbipny (7):

Ugpbqunt wofuwwnnud £ htnlyw| uygpnitipny. swpddwi dwdwwl funthp (9) L
ujwywnwlyp (3), vwhdwudwd funpnipjudp pwnytiny hnnh dby, wjw| pwpph
wpdwwnwwnninubpp, 2nowluw 5-6ud jwjunyejwu hnnh htwn dhwuht, pwupdpwgunid b
wmbnwihnfunwd £ nuwownh dwybplnyp: Gpluhun ubwyh wbupny funthp dwnwynwd &
wpdwunwunnny wnu punhwungp quugdwsdhg wnwtdtwgubing, puly uyuwdunwy'
wpdwwwuwnigp  hnnhg  wugwwnbine hwdwp:  Updwnwwwnnh  swihbphg Yufuuwd'
Yeunguannhs Bl ogntejwda, thnthnfudnud & funthh (9) U uluiduwnuwh (3) hnnh b
funpwgdwu swihp, huy Juugquwlubpp dhdjuwug dhwgunn dnnh dwublubpny (6)
Yuwpgwynpynwd £ owhwgnpdwlwt pungpydw jwitnteniun:

Wuwhuny, wfuwwnwuph dwdwuwy funthp b udbphly ujwywnwyp ubndnu,
funwgunud GU hnnwobipnp, npp 6ugndp dendnpbt hnfuwugnd £ wpdwwnwunnht,
pwunbin hnnh L wpdwwnwwwnnh dholt bnwé Ywwbpp: Lwjpwwsd hnnwsobnup,
pwunn opquuubpny pwpdpwuwiny, gynw £ hp twhuyhu wbnp, huly wquundwsd
wpdwwnwunninp dunwd £ hnnh dwybpunypht:
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Unwowpyws dbpbuwjh  hhduwlwt  wnwuduwhwwlneniup  hnnh  Ypw
nwpwdnpjwu  dby, wunundwl wnwugph Ywdwjwlwiu wnbnwywpdwdp, udbbphy
ujuwdwnwlwynp pwunn opgqwuh wgnbgnupuu  dbuwuhqih  thnhnfungggniuu
Ywfudwd gpnhp (a) b ninquishg hwpeniginiund phipniejw(B) wulntiubphg:

Ywuwnwpyb] £ wpdwnwwnninutph pippwhwduph  thnppwswith  dbpGuwgh
pwunn opquwuubph  wwpwdbwnpbph  hpduwydnpnud:  Npnodbp £ wnwowpyynn
funthwuyuywnwlwynp  wojuwwmwupwiht opquuh pungpldwt  wjunyniup(uy.2.)
hbulyw| wpunwhwynnyeudp '

2 +A, )
-U funthh L ufwywnwyh pungpydwt jwunyeyniut £, -’
wdbuwdbtd  swihh  wpdwwnwunnh  wpwdwghdp, AU
wnwugpwjhu 2tnquwdnieyntup b dbpbuwgh swpptnny ng 6hawn swpdnwdip hwouh o
utdnipniup: =2 — =
2 A — ) wpunwhwjnnigjudp, www  hwodh wnubind  (1)}-p, npnpynud &
uluwywnwyh wpwdwghdp'

D=a+ (d 429&2'6.\ )2: (2)
Funthp U .t = '
d maeA2,

4a§in2a

D=a+

LY.2. tunthwuljwywnwlwynp pwunn opgquth hwadwplwihtu ufubidw:



+I\

+I\

+/\

@

®)

(6)



(6) ' =02 , =2002, '

c=0,03, > 0,32 , > 0,33 :
=0,3350,35 : () C= i
, V=42 =
0,36 0,38 :
4
r o= W+ («H\I/) , )]
0- ' AKCDGB , -
/AN
_% 20+ + )
nNT2 2 7
- . 2.
4-
= ] C)
Lo :
4
- - =
F 48 9)



Cwisyh wnubny (7)-(9) pwuwdslbpp' Yunwuwup.

[4Brahra_(3ra_3hx)2]tg‘/’ra_hr2a %
4Lg P

sin%(a+q)1+q)2)+fcos%(a—q)1—q)2)cosa.

Ronp = [Tre]

. (10)
siny
Lwayh wnubiny twl hnnh funtwynipniup, unwinhl duadwdp U wnh hubipghwih
nwdny wwjdwuwynpywsd nhdwnpnygniuutinp Ynpnadh hGuinlyw
wpunwhwjnnipniuubpny.

w
R = BphLppgte(a + @p) [1+]: (1)
2
N [4Bphp — (B, —Bp) ]tgcpp — 4h2 §
h=P 4gp,siny
x sinasin (a+q@4) [1 + w1 (12)
cus¢1c052§(a+¢1+(p2) 100l

npnbn' A —n funthh Jpwnd wbnwipnfudnn hnnh pwpépnyeggniut , p— 1 hnnh
funnieyniup, V-U' depbiwgh swpddwl wpwgnueniup, W-u' hnnh funuwynyeniup:
Stnunnbny Rugn » Ryws.Re » Ry midbiph wpdtipubipp (4)-nud” npnpynud - funthh
pupuwiht nhdwnpnigniup.
[4]31'c>hla - (Bla - Bru)z] tgp, — hp
4tgo, %
sin%(a + @ + @) + fecos(a — @, — @,)cosa N

R=[o]'t-B, +

x| [l siny
pV2sinasin (a+@;) W wi,
cus¢1c052§(a+¢1+(p2) [1 + 100]] + Bh,th,pgtg(a + (pl) [1 + 100]' (13)

Unwgwd (13)  wpunwhwpnnigywt  Jbppndnyeynithg hbinbnd E,  np
wpdwwnwwnninubph - pbppwhwywph  thnppwswith  deptuwih  funthwynp pwunn
opquip pwpuwiht nhdwnpngniup Yufudws £ funihh wwpwdbuptiphg (L, By, ta),
dowlydwu funpnieniuhg (h), pwpddwi wpwgnienithg, huswbu twl hnnh $hahlw-
dbfuwuhYwluwt hwnbnyeniuttiphg (o], [td, @1, @2, p, W,f):

Cuw Bpyuhuwn ubwyh L hnnh dinfuwgnbgniejwt tnbuwywu hbunwwgnnneniubph'
hhduwynpyby b wpdwwnwwunniutiph pippwhwywph thnppwswih diptuwgh funthwynp
pwunn opgwuh Gplpwswihwlwu ywpwdbnpbpp:

Stnunptiny (13) pwlwéslnd Ly, = 0,384, By, =0,354d, t=0,00054, [o] = 1,44~
106 Mw, [1] =2 10* Mw, @, = 27°, @, =40°, p = 1100 Yg/l® W =16 %,f = 0,576,
funthh pwpwjhtu nhdwnpniginiup unwgynud £ 0,214470:

Ywwwnyb & wnwownyyws uljwduwnwlwynp pwunn opguwuh U hnnh
thnfuwgnbgnigjwu Yhubdwinhlwlwu  punyewgptph  nwnwWuwuhpnigyniu:
Yhubdwunhyulwu hwnwgnunniejwt hwodwplubpp uwnwpdb b pun uly.5-h ufubidwgh
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1

X = Vet + rsinasin(3sino)t + rcosacoscot,
Y = rsin(3cosasina)t —rsinacosoot, 14
Z = —fcos(3sina)t,

' Ved| .-
, r-
,ooa- ! , (B
, — OX
. WVti = VvR+ve2+v],
Vt = + ZVeGorCsinasinpcosootj® —cosasincoly) + a)2r2 : (15)
cosav = % - Ve+tor(sinasinpcostot-cosasintot)
v V/r+2Ve&r(sinasinficos&tt-cosasin&t+)+&2r2
o)r{sin(icosacosa)t+sinasina)t
cospv = A = Jrisin( ) )
fl lv2+2Ve(or(sinasinpcos(otl-cosasin(otl)+(o2r2
\% -torcosBcostot
COoSyv = - =-

iV2+2Vetor(sinasinpcostotl-cosasintotl)+to2r2

u



Uhwywnwyh dwybipunyeny hnnh dwuthlyubiph swpddwt wpwqugdwu dnnnin
t = t; ywhpu npnaynud k.
a,, = Jaj +aj +aja, = w'n (17)
Upwgniejwl nuinnnugyncup punyewgpnn nipnnpn. Ynupunwubpp Ynpnoybu'
cosa, = :TX = —(sinasinfsinwt + cosacoswt),

cosf, = :TY = —(sinBcosasinwt + sinacoswt), (18)
1

a .
cosy, = f = —cosBsinwt:

Unwgywd (16) L (18) hwywuwpnuiubpny npnaynud Gu ujuwdwnwlyp jnipwpwsginip
Ybwnh pwpdiwu wpwgnipjwu b wpwqugdwt yalnnpubpn:

Unwgywsd hwywuwnpnwiutiph gnpduwlwu Yhpwnnigyniup pny) Yuw dhon punpb;
dbptuwgh  owpddwt  wpwgnigntip,  wgpnnbjuuhlwlwt  wwhwlugubphu
hwdwwwunwufuwu b wuynpnun pippwhwywp hpwlwuwgubnt hwdwn:

Skuwlwu hbwnwgnuniejniuutipny unwgybi| o wpdwwnwwwnninubpp
ptippwhwywph thnppwswith dbpbuwh ujuwdwnwuynp pwunn opgwuh wuljniiwihu
wpwgnijwi npnadwt hbnlyw] wpunwhwjnnyeniup.

W= I‘:I]:lZlUCOSa . (1 9)
T 414BR

Npwnbn’ v — p ujwywnwlyh dwpnin gnpdwy wpwgngniut £, v =" hwdpupwg
owpddwl wpwgneyniup,  -p' uyujwnwyh ywnndwu wnwugph hbnwdnpnigyniup
hnnnu pwnywsd ubqubunp dwupnujwu Yelwpnupg, M-p' uwjwnwyh quugwdn,
r—p ujwduwnwyh swnwdhnp, m—p ujwdwnwyph pwinn  Jdwlbpbnypeh  hbin
thnfuwgnbignyejuu  dby gutuynn hnnp sbpnph  Juipljwuwlwu  quugywédn, o -U'
ujuwywnwlh gpnhh wulyniup:

Jdbpoht wpwnwhwjnnigjwt Yhpwndwdp Yuwnngyb) £ ujudwnwluwynp putinn
opquup  wulniuwht  wpwgnewu  hndinfungequwu gpwdhyp' Yuiujwsd gpnhp
wuyniuhg(uy.6):

Ywwnwpywd nmbuwuu hbnmwgnuniyeyniuubpny wwpgyb| E, np ginpdw 2wnwynh
Ypw uvywywnwlyh qunwdsl dwybpunyep, hubpghwih  dndbuwnp, huswbu  uwl
ujwywnwlyh  pupwgph  funpnignitp,  wgpnnbfuthwywt  wwhwugubphu
hwdwwywunwufuwunn  hwdpupwg wpddwt  wpwgnigniuubph  nhwpnud  (thnpp
wpwgnieniuttn), gpbipt wanbignieniu sk ennunw:  Snpdwt wnwynh  Ypw
hphduwlywund wgnnud £ ujuwywnwlyh gpnhh wulniop:

Lbwnwgnunyp £ dninpinyp hbnn wgpbguunwdnpwsé  thnppwswith
wpdwwnwunnwhwt dbpkuwh swpddwu Yuyniwnyggniup bW wwpqyby, np dnnnpinlh
htiwn wgpbgwnwynpynn jnipwpwusnip gynindtipbuw pwpddwt npnawlyh wpwgnieiwi
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Tonaneran Anyw lNapresosHa
Pa3spaGoTia 1 060CHOBAHIIe TAPAMETPOB MAJIOraGapUTHOIl KOPHEII0/{HO-yG0poHO
MAIIIHBI

[JvccepTauma Ha couckaHne y4eHol CTemneHn KaHAMAaTa TEXHUYECKNX HayK Mo
cneuymanbHoctn 05.20.01 «k MEXAHU3ALIUA CEJNIbCKOTO XO38CTBA»
3awmra coctontea 10 urona 2026r. B 12%° yacos, Ha 3acefaHumn CreLUaIM3UPOBaHHOTO
coseta 033 KomuTteT no BbicLeMy 0Opa30BaHUIO U HayKe MO MPUCYHAEHNIO YYeHbIX
cTeneHeid npu HaunoHanbHom arpapHom yHusepcutete Apmerun (agpec: Epesan 0009,
yn. AboeaAHa 74).

Jucceprauponnas  paGoTa  mocBsmeHa — paspaboTKy — KOpHeKIyOHeyGOpoduHOM
ManoraGapyuTHOM MaWnHy, i paboTH Ha HeGOMBIINX IUIOUAAAX KPECTBAHCKUX U
depMepCKIX XO3AUCTBAX, KOTOPBIH GUIb YHUBEPCATbHBIN, IMENb VIIPOILEHHBIN KOHCTPYKLIN,
BBICOKYIO HaZI&XKHOCTE U 5PPEKTUBHOCTD, CHU3IIIL SHEPTreTHYECKUE U MaTepHalbHbIe 3aTPaTH.

Bo BBefieHmM pabOTHI NPeACTABIEHO COCTOSHWE DPACCMATpUBAEMOM 3afadyu 4eM U
060CHOBaHa aKTYaIBHOCTE TEMEL.

B mepeoii riaBe NpoBefeH aHATMTHYECKHUN 0630p HAYYHO-HCCIEZOBATENLCKUX pador,
TIOCBAIEHHBIX COCTOSHUIO 3a/jadl: TEXHOJIOTHH U TEXHUYIECKUX CPEZCTE MEXaHU3HPOBAHHON
yOOpKM  KODHEIUIOZOB. PaccMOTpeH  WIMpOKWMM  CHEKTP  TEXHONOTHYECKHX  CXEM
KOPHEIIOZOYGOPOYHEIX MAIMH ¥ X paboumX OpraHOB, HCIHOAB3yeMbIX B cTpaHax CHI' u
3apyGeKoM, IIpOBeleHa UX CpaBHUTENbHAsA oueHKa. [IpoBefieH aHanus ocoGEHHOCTEH HX
KOHCTPYKIMH, & TAKXKe OCOOEHHOCTeH IapaMeTpoB paboumMx OpraHOB, C YUETOM YCIOBUN
yOOpKM ¥ IIPeABABISEMBIX arpoTeXHudYeckuxX TpeCopanmii. Ha ocHopanwu sToro GhHLIM
cpOpMyIHPOBAHEI LIE/Ib U 3aa4l UCCIeTOBAaHNH.

Bo Bropoii riaBe IIpefcTaBI€HA TEXHOJOTUYECKAS CXEMa KOPHEIUIOAOYOOPOYHOU
MAaLIMHEI, Ha OCHOBAaHIY KOTOPOH pa3paboTaHa TeOpHs pacieTa IapaMeTpoB pabounX OpraHoB
C YUeTOM TEXHOJNOTUYECKUX TpeGoBaHmii Kk yGopke m ypaxkaiinoctu. Jlns opraHusaimu
o deKTUBHON YOOpKU KOpPHEKTYyGHOM Macchl, paspaboTaHa KOHCTPYKLSI MajorabapuTHON
MAWWHEL, IIPOCTOM KOHCTPYKLIMY, HH3KOM CTOMMOCTH W MAaJbIMU OKCILIyaTAlOHHBIMU
3aTpaTaMu.

OO0OCHOBaHBI TApaMeTpbl PaCouMX SIEMEHTOB MAalorabapUTHON MalmHbl I yOOpKH
KOPHEIUIOOB, M3YUEHBl KHHEMaTHYecKUe XapaKTePHCTHKH B3aUMOJCHCTBHS IIpeyIaraeMoro
JIACKOBOT'O pabotero oprafa ¢ Io4BoOA.

HccreioBana yCTOWMMBOCTD IBIKEHHSI MaTOTabapiTHON MaITIHEL /TS Y COPKH KOPHETUIOIOB,
arperupoBaHHON ¢ MOTOGIIOKOM.

B Tperbeii IWIaBe U3IOKEHB IPOTpaMMa M METOJHKA IIPOBEICHHS JKCIIEPUMEHTATHHBIX
HcCIeI0BaHU, pa3paboTaHHOU MasoraGapUTHOM KOpHEKITyOHEYOOPOUHON MAllIHEL

B derBeproii rIiaBe WM3NOXKEHBI PE3YNBTATEl SKCHEPHMEHTANBHBIX — HCCIC/IOBAHMIA,
IIPOBEJICHHBIX HA pa3paGoTaHHOM MamorabapuTHON KOpHeKTyGHeyOOPOIHOM MaIlHHEIL.
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OKCIIepUMEHTaMl yCTaHOBIEHb! 3aKOHOMEPHOCTH M3MEHEHUA TATOBOTO COIIPOTHBIECHUA
paspaboOTaHHOIN MAIIMHBI B 3aBHCHMOCTH OT YIJIOB aTaKU IMCKA M YCTAHOBKHM CTOMKI.
VcTaHOB IEHBI KauecTBEHHBIE [TOKA3aTeIN MaJIorabapiTHOM MallIlHbI YGOPKH KOPHEKTyOHet:
KOJIMYECTBO  COCTABIAIONINX  KOPDHEIIONIOIIOYBEHHOH  Macchl B IIpOLIEHTaX IO
HEIIOBPEXKIeHHBIM MOPKOBSM.

ITpoBesienrie  SKCIepUMEHTATBHBIX  HCCIEZOBAaHHMH ¢  INIpEMEeHEHHEM  MeTOZOB
IJIaHUPOBAaHUA OKCIIEPHMEHTOB, IIO3BOAMJIO IIONYYHUTH JIeHCTBUTENBHYIO 3aBHCHMOCTB
TIapaMeTpOB ONTHMH3ALMH, OT BEIGpaHHBIX (aKTOPOB. AHAIHN30M STHX 3aBUCHMOCTEHN B BHTE
PErpecCHOHHBIX YpaBHEHUI MOTydIeHbI IPYIIIBI IPadHYeCcKIX 3aBUCHMOCTEH, TIO3BOJIAIONIIX
YCTaHOBUTH BEIMYMHBI ONTHMAIBHBIX (HaKTOPOB, OOSCIEUHBAIONINX MUHHMAIBHOE TATOBOE
CONPOTHBICHNE MAlIKHEI, ¢ 06ecIIeTeHIeM BEICOKMX TEXHOIOTHIECKIX KadeCTB.

PesynpraTamMm — IIpoBeJIeHHBIX — TeOpeTHYECKO-SKCIIEPHMEHTAIBHBIX  KCCJe/IOBAaHMH
OIIpefie/IeHBl OIITHMaJbHblE IIapaMeTpsl paboumMx OpraHOB paspaCoTaHHON yBGOpodHO
MalTHHEI.

B ngroii rnaBe ompejeneHa rojoBas SKOHOMHYecKash 3(QEeKTUBHOCTH IIPUMEHEHHS
MasorabapuTHON KOpHEKITy CHEyOOPOUHbIE MAITIUHBL.

Anush Pargev Tonapetyan
Development and justification of the parameters of a small-sized root crop
harvesting machine
Thesis For the Phd of Techincal sciences, speciality 05.20.01 “Mechanization of
Agriculture”
Defense will be held on 10 July, 2026 at 129, at the session of Spezialized Council on
033 of Higher Education and Science Commitee in the National Agrarian University of
Armenia (address: Yerevan, 0009, Abovyan str. 74).

The thesis is devoted to the design development and justification of parameters of root crop
harvester tools in the unit with the motor cultivator which provides high processing performances
while operating on peasant homesteads and farms with small surface areas.

The Introduction of the work introduces the state of the considered problem which justifies
the theme actuality.

Chapter 1 presents the carried out analytical review of research works devoted to the
problem state: technologies and technical means of mechanized harvesting of root crops. This
part considers the wide range of flow charts of root crop harvesters and their tools used in the
CIS countries and abroad, including their comparative assessment. The specificities of their
design is analyzed, as well as of their tool parameters taking into account the harvesting
conditions and qualifying agro technical standards. This serves as basis for formulating the
research aim and objectives.

Chapter 2 brings the flow chart of the root harvesting machine based on which the design
theory of tool parameters is developed subject to the technological requirements to harvesting
and yielding.
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For effective organization of root-tuber mass harvesting we developed the design of mini-
harvester with simple design being low-cost and with low-operating-costs.

The parameters ofthe working elements of a small-sized machine for harvesting root crops
are substantiated, and the kinematic characteristics of the interaction of the proposed disk
working element with the soil are studied. The stability of movement of a small-sized machine
for harvesting root crops, aggregated with a walk-behind tractor, was investigated.

Chapter 3 states the aim, objectives and technique of carrying out the experimental
investigations, on the developed mini root crop harvester.

Chapter 4 presents the results of experimental studies conducted on the developed mini root
crop harvester.

The experiments justified the regularities of variations of the developed machine depending
on the angle of attack of the disk and the installation of the rack. The performances of the mini
machine designed for root crop harvesting were specified, including the amount of carrot-soil mass
components in percents by the undamaged carrots.

The experimental studies, supported by the application of experimental design methods,
allowed obtaining true dependency of optimization parameters on the selected factors. By
analyzing theses dependencies, obtained in the form of regression equations, we plotted groups of
graphical dependencies which helped specify the values of optimal factors ensuring the minimal
drawbar resistance of the machine alongside with high processing performances.

Based on the results of the carried out theoretical and experimental studies we specified the
optimal parameters of tools of the developed root crop harvester.

Chapter 5 determines the annual economic efficiency of using the small-sized root and
tuber harvesting machine.
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