


COINPXAHAE
llH$opnratrrKs n ytrpaBnef, Ee

Sneprernmn

. To up o n. c . c . Xan'ro n. /{raanrocrrzrxrecKrde rdccJreAoBaH' r rexsr{trec-
nrro aocTo.sHLTlI RpyTIHBIX HacocHLrX ycTaHOBOK... ...
[ -  -{ l lap6aen, P.A. 3axngon, A.H. KopaKyJloB. l {c i lo;bsoeaHue
rcrlroBLrx HACOCOB B TerrJrclcfiaoxenrzr.r rrpla 406uue uy.x:fllrr4swTwu lwoYazara no-rtilrouax rBepIbIX drrronurx orxogoB
- x''rrau o s. o. X,- tr4rilnas ao o r. cnoco6 onBerleJrer{pr.a 3Heproodrber-
uBHol-o pexlrMa pa6crr,r ycrpoficrn BO3AyrrJHoro oxJia1r4enafl.......".............
{ . \ { ;u:aipap'n, E " K. Taraes, B. E.Fa: iraqxlr f i  ,  x.  FI_ Tonnn os. c 'a6r{--rE3arIr{E pA3psArr6x rrpoqeccon B gnexT{Drqecxux rroJUrK clprrMepuoft sop-r r KopoElior-0 paspflIA... ...
l\Ie up 5 e rco s a. FI. T. pycraM o B . K aonpocy co3Aarrnr{ rur6pra4urrx
nrpfeTlTqecKr4x cI{CTeM... . ..........

lrusopmaqaorrHbre rr reJ[er{o*My',n*arqno'H,,re rex*roJrorn'

I Kpeurou, M.B.Boponon" K ronpocy un$c,pnrara3aqur rpoqecl:a
;a7.:1rf*:,y:{*"fnrylyjg_9_levKrypbr 3uanr{ft v.re6srrx -reKcron.....

i  l t _ r ! r , , , . . . . . . . . . . , , , ,) - \{ a p a c y :r o s . AsroMarr{3r4po BaHH*s i" ffi*tdGpft; d"d;*rrdas c HcreMasllfoerofreJrr'Hof0 llrlTerpupoBafiIroro odyueHtax cryAeHTOB MeAIIr{I,IHCKOTO

1 0

L7

25

38

44

52

6 1

7 l

83

lKyI

nEl
ETlI

tr3:t... "

9 1

96 iETI

1 0 5



5 .

6.

4

papaciatos G. et all. Activity, assay and target elata curation and qualrty in the

chEMB clatabase # J. cornput.2Ot5. T.29.*P. 885-896. tloi: http://dx'doi'orgt

i0. 1007/ sl 0822-01 5-9850-5'
Sr ivas tavaN.e t .a l l .Dropout :as imp lewaytopreventneura lne t rvorks f i 'om"ou.rtioirrg 

/i Machine i*u*i*g Res' 2[tt+' T' 15' P' 1929--1q58'

wan L. et. dl. t;;;;ri"uti"" of neural netr.r.orks using Dropccnnecr. ii

proceeclings of the 3dth Int"rnational Conference on lvlachine Leaming" 20i3' T'

28. P. i058-1066'
g. Nair v., Hinton G. E. Rectified linear units improve restricted boitzmann

machines il In proceedings of tir* l;ltit Inlcrtrati*nal f onference on l*temational

Ccnt-erence on Machine Garning' 2010' P' 807--814'

g. Muxamediy""u o.r. Methodstor solving the pfoblem of the bioiogical

pooulation in the t*o-.*r* lllOP C,onl' Ser]*s: Jit*nal of Fhysies: Co'rt' Series

nl 0 Q|tgl o i i I O r cioi : 1 0. I 08 I I 17 42-659(, I Qfi I 1 I lj 121 {t L'

10. Muxameiliyer-.a D.T. Problems of c0nstructing mociels crf inlellectual analysis or'

statcls of weakly 1]trnnalize,bl. p,oo.*u.u il iOP Conl-. Series: .IouLnal of Physics:

Ltonr. serie, r ii o tzo r 9) 0 1 z 1 0 i doi: 1 0. 1 088 I L'7 42-65e61 121 0 t I I 012102"

i1. Jr4-rrxamcciiyerra il.1" $tructure or fr-rzz,v contrrol moctrule vi'ith neural network

r,,lnternational .fournal of N4echanical anJ Prociuction Engineerii're R111a1ch and

Developrnenr (IiL,{PERD) ISSry -lit: zzaq-a890; IS;N {V): ?249-8001 vol' 9'

Issue2.aprzotl .P'649-658Doi:1'0.24747l i jmpelrdaprZOi965.

H;tt-1n*i.'tit,rtLtlt t it :t;c:le,tl.ttnru'ellt'i:l'-lt ii'ilI] i Ef pi"fi1'f i'

i.rTigulii:lt'tli!:ltil rtN{?ittlr' !111:'n*Frqili'iiJ 
'!:}ppt4r'ai$4l{ !'i

M f-" ltll} { il it! lll'1 ;.l i: 0i1 t:'(lx o !'Li x(-} :l'a i;nl I Ji An

ff,ara nocr-t'rmeuan
04 .10 .2021

yl{i 519.816 
E"3.OX}.HEOEOflBA, A.C"KrtBFi'ebA}IiAr{o*' c,ii.IdcMAtr-r{oB

P0$ACTEIA5IpIAEHTI4CIIIKAumg0P$CtITEJII'H.I'IXCI{CTEMB
CE.I!I,C KOM XO3'{IXCTBE

Pacctr lorperr l lMeTo.u.blpo6acrHoilnpego6pa,sorl{I l :)Kcnep[1M€HT3"'rI6H}]IXAaHH'Jx'c' IHTe3e

crpy*ryTr,r 
" 

nupu**ririr,r".il6'Hneurle$1'{aEull MareMarflqec*]tK tlo4e;ref opocl'Irenbur'rx cucrert

ceubcKot o roggficrsa. tpopurrnttaoraHa npoue'4vpa oueH(I{ TecHor}'I r'e 
-{1pmlr 

cBt3lii Mex'qy BXOAHI"IMII il

BbIX0.qgL'iF1'I nupu,,"'p*,,* TeXfloJIoII'qe..** ,,po.1,,.(}8 opocnTeJiblll'Ix clIcTeM B ce.IIbcKoM xctsxilc.ree

owrcaH x{nrelrr}eKrvanbHo a,rrropr{rus'le*srii ;i'it"o - itu:!{^1::poxcl{M}Ipy}ou{u'.( 3aBucItL'locrei

irplr crpyrrypnoii lrseriT i'Itltt'maqlttt oIIT]4IvI[I3eut{oHH6t\ r',loAeLrer',i rexl]o"ilofl4qeuK}tx lrpoueceol

opocLITeJI]rHLricnc.fel}r.IIaocilogeMeTo[aperyx-gp'{3al].IruTr.lx0lrosapeIIIgHa3aAaqaIlapaMe.r-pl4qgcKo;
unenrr.isucaquu onTl{M}t3aIdItoHIIbL'i MOAeJleil texgolorl4qeoKlL{ npoIIgCCOB opocule;tbHblx c!'{cTel't

flpnne{enr,r pc3ynLTa'TLI MaTeMaTIlirIecKoIo MO[eJII4pQBaHfit opocnTe'Ilblloii CUC'reMrl' gaugroit no',

ttpotr*tt 
fftffi?l|"" 

'*""*1tt*:l"rr*n*nn*,ntu,r"rr,t 
. ,{aHFILI., nper$apltrerl'Hat o6pa6o:*t

onTlrMll3aufioHl-IagI\,IOA9JI5'cTpylt'l}pllajilr4errrn$raxa.{rla,ilapaMe.Ipl43arlltfl'opoa}I.feJrb[IbleallcTel\tb
cgJlbcroe xo:gilc'rso. xJionqarnllK'

1 0



ta
IM

t

i9 .

,n
)R

)fr
M ,

DI

{.3.Oxyn6o6oena, A.C.Ka6nnrAxanon, C.ii.}fcuarulon

Kumlo( xf':mairnrn cyropuilr anwMJrapr{Hu po6acr nAenrasnxaqrffrJiam

SxcnepnueHrall MaanyuorJrapull po6acr Kafrra rmrarn ycyJrJrapu, c'rplr(rypaHr,r cuurs3 KHJrr{ff
Ba KI{IUJIoK XfXamrU Cyfopr{Iu T}r3rrMJrapr4HHHr MareMaTlrK MoAeJUrapr{Hr.I napaMeTpr{K
ugennt$ura4rrnau ).cyJaap!4 xlpu6 quKr.ura.,S{. KprunoK x-ixallruga c}/roprarn rr43r{Mirap?r
TexHoJIorI,IK xapaEunapunnHr Knpnru Ba quruflr [apaMerpnapu lpracugaru r6rrrrrtur na 6ornarum
IItaruII{HI{ 6axonaru raprn6u pacwrfrnaumupurgu. Cyropum rr4enMJrapnril{Hr rexnoJron{K
xapadnnaprutll olrmMaJrJrartrTr.rpum MoAeJrrapHHr{ Trr3prMJur nqerm([uraw.aJraruAa ra4pn6ld
Gor.nu4runinapxu raxratrrra irureJrJreKTyaJr-arropuTr.ifr,rr gH,qaIrryB raecuipnaHran, TruroHonm*rr
peryntp!fiarlr.fflJlau ,vcyJrlr &cocHlla cyropilm rH3HhinapHHrrHr rexHoJron{K r€pagH,rapH}ur
orrrpIMaJLJrarIrrHpuIII MoAenrIapHHI,t napaMerpfir( aHnMarrr MyaMMocrr x,a;r idld-B!rH.{tr. flaxra err{ruT4pltm
xapadHu,{a $ofigalanrxa4n'an cyropr4m rr.rzrrwvur4 MareMa'naK Mo.{eJrJrarurr{prlrn HarlDr€urapr{
KeJtlTlpI4rIfaH.

Ka"'rur cp:aap: 3KgfiepurvreHTaJr MatqyMorJ:rap, ,uacrla6rcx r{rruroB 6epuu, onr}rManJrarlr.Tlrprilu
MoAeJllI, crpyKT]'paBlll"r ugeuTltrpaxaluullJrlrrn, rlapaMerpJtaln"rvputn, cyropuru Tr,r3l,[uJrap?r, (l,ImJIoK
xfxanurn, naxra.

Ch.Z. Okhunboboeva, AS. Ksbildjanov, S.Y.Ismailov

Robust identification of irrigation systems in agriculture

Methods for robust preprocessing of experimental data, slructure s5.rrthesis and parametric
identification of mathematical models of agricultural irrigation systems are considered. The procedwe for
assessing the closeness and the form of connection i:etween the input and output parameters of
technological prooesses of irrigation systems in agriculture has been formalized. An intellectually-
algorithmic approach to the choice of approximating dependencies ili the structural identification of
optimization modeis of technoiogical processes of inigation systems is described. On the basis of
Tikhonov's rogularization method, the problem of parametric identification of optimizatiou models c'f
technological processes crf irrigation systems was solved. The results of mathematical modeling of the
inigation system used for the process of growing cotton are presented.

Keywords: experimental data, preprocessing, optimization model, strucfural identification,
paramelerization, irrigation systems, agriculfure, cotton.

Bsegeufie. O4nuu rtr sib$erruBribD( rr)ryeft pemenrar Epo6JieM paIIHoHaJIr,HoI'o
I{CnO,'Ib3OBaIililI BO.{}IbIX I4 3eMerbHtIX peCypCOB B BOAI{OM I4 SeJIbCKOM XO3tfiCtUe,
rroBbrrueHl{.f ypoxafiHocTE ceJrbcK0xo3rffcTBerlrll{x K-vnsTyp .rrBJt.seTcfi [p]lMeHeHr{e
MeTOIOB II CpeAcTB MaTeMarllqecKoro MOAeJIHpOBaHLI-R B OrrI]IMpI3aiU{pi fi ynpaBJIeHI'Iu
TexlronoruqecKlrMlr qpoqeccaMu opocnTem,rrbrx cIIcTeM.

Oguaro ilpr4Menenfie flepeqltoirenrlbrx MeroAoB }ra ilpaxTnKo Bcrpeqaer ptA
Tp)'.{HOCTefi BHrrlrCJU.neJrbHOrO XApaKTepa. ocnOBlrrre Tpy.{HOcTr,r ilprr nocrpoeEr{r
MaTeMATT{qecKLrx MoAeJrefi saKJnoqaroTcfi B qyBcTBaTeJrbHocTfi SoJIbruflHcTBa MeToAoB
rrapaMeTpr4qecKofi lrAerffrribHKarlfln K rreoAHopo.{HOcTII Br"r6opK}r 3KclepprMeHTaJrbHr'D(

.4aHHr,rx r,r HeKoppeKTHocrr{ 3aAarrfi napaMerpl{tlecKofi n{eH1r4(buKaqr{u. flpeoloJreHue

AaHrrFlx rpyAHocrefi 3aKJrroqaercx B rrpril{eHeHuu podacrrrofi flpelo6pa6orKrr
sK0neplrMeHTaJrbirbrx IIaHHBTX u MeroAoB perlrJnrplBarlar4 npu pefireHrdl4 3allaqll
uapaMeTpr{rrecKorl H/ier{Tr,r+r,rKarluu [ 1, 2].

Mcrogurca peurenrrs. flocrpoeurae MarsMarlfrrecKlrx Mo.{eJrefi opocllrreJlbrlblx
cEcTeM B CeJILCKOM XO3fiftCTEe MOXeT OCyntreCTB}ITf,C{ B ESCKOJIbKO 3Ta[OB.

Hn neproM sTane npol{3ro4pTrcfl orIeHKa recr{olsr H (bopMbr cBssu Mex{.qy
BXoAI{bIMr[ LI BE,IXOAHIilMIf lrApaMe'fparvrul TeXHonClIIlrrIeCKOro IIpOEeCca. B COO',rse:rC'rBItE
c Mero;1l{Krifi, onrcanroft B pa6ore [3], raga'ra cBo"4fiTcs K orrpexenenlrro svurbr)
Jrr{sefiEocTrr rrJrra He.ilr.rHeffHocTr,r cBs3rl MexAy BXoAHLTMTT r{ tsFrxollrruM}I UapaN{eTpaMLr.
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Ilplt groM B ypaBneurre Marerlrarraqecxofi r{oAe.tIn tsrcrfio'rarorc.fl ToJrbKo
3HaqI{IvILIe BXO.4HbIO IrApaMeTpl,I TeXlIOJIOruqeCKOr0 qpO{eCCa, OnpeIeneHHLIe iia
rrepBoM 5Tale.

B 3a,4a-'{y crpyrrypnoft agerrrurpurarpau Bxonr,rr orrpeAenerrne Br{Aa
omro(pamopurrx (byurunonanbnrrx saegcr,rMocrefi f,(*,,o); t =ln no
sKclrepl4MerffaJ{bHrlM AaHHbIM. Perrenr,re stoft sagaur Moxer 6rrTr ocyruecrBreHo rrc
cne/{ytCIuleMy amopnruy [5] :

1) Br'r'nicnflIorcN cpeAur4e apnSlrre'rnuecKIre, reoMerpr{qecKpre a rup,
M0llfiqe0Kr{e 3Ha{reI{I4X IIIS X Vt v:

KA

tft

D(,

t{t

+1.
'(A

)B'

VIT4

I r  *X ,
*r,=-a-i xrrou = 

{J' 
' .t, i  x.op,,

r ,  -L u

y * = rt;!, v,"uu =,[rE v,n,,

=ZJt-xt .
I

a .  I v& 1  t . t 2

2 'v ,  -  v .
7 ------L)---!--L-

h *  l z

(s)

(6)

OB

cc

LM,

IIE

LfrI

(4)

BO

toB

flo nrrrmcnennLrM *"rp", f".o* tr"o, Ha puo. 1, nu6o rtrrrepnoiiapoBagl,IeM
onpeAenflIorc.rr coorBercrr;yrolr{r4e r.rM snaqeHna i[ylrxqwlt: ],tlt yz* w ys8.

2) Buur,rcnnrorcs 3Haqenr{fi HeBfi3oK
(  l +  - l  l +  I  l *  _  |  l *  _ l
|  €t =lh - l ' 'e l i  €z: l ! t  -) ' , ,u,, i ,  €z=l! ,  -V*r, l ;  4: l !z -y*l :
) '
I  |  +  -  |  |  *  -  l .  _  |  +  

|L tt 
= 

llz 
- !,,o.,,1i €a =l)': - y,d; tt =lls * !,op.*1.

(7)
3) Brr6upaercfi 3xaqenff€ 6.io = 

T#4.
4) llo uonyqeHHoMy MlIlMMa[LHoMy 3ua{IcHrxro 6.io Irpofi3Bo,4ur:cx ru6op

Er,rAa lbyl|ruaonamuoft 3aB?rcrlrMocru B coorBercrBrrr c ilpaBr.rJroM,
cacreMarn3tlpoBarrrLrM s'ra6n. 2.

IIa'rerneproM sTan€ pelrragrcs 3agaqa napaMerpwrscroft 44errru$uNaqnn
MareMaTurrccro;i Ivto4eJlllt, B xoAe Koropofi nononb3ylorcq noryqeHHbre 3HarreHrr{
rIerITpoB KJraccoB.

Ta6rnua I
JIBI IIO O Hr.frc nsTu oueHoK 14

lt! (Dopuu BlrrrrrcJreur,r.fi
orIeHoK a6cuuce

Ooprrarr BbrrIlIcJIsHr{rI
OIIEIIOK OP,iIPIHAT

flpuueuarre

1
I 2 J i.t

I 1 n t

E, =l lx, ,'  
n , 4  "

i  . t  - ,

,r=*Er, Cpegnee apu$ueru'recroe Ar{r
l-ro KJlacca; ??g*Hr{cJro
9KcrIepI{MeIITaJrbI{Brx AaHHLIX B
/-u lcuacce

2 xf i=(x! ;zs+*f t ,u)
/2

vf t=Qlt"+yi l ' ts)
/2

I{enrp crurda; x!r'?s, x!;7s,
yff''u,ylr.,r- 25% pr 7s%
KBaHTT,TJIH NIfr /-ro fiJlacca
COOT.BETCTBEHHO

-') xlt = (xth * xi1r,,)f Z Yr?t= (Yru*yth)/2 Ileurp pr*Maxa ggx l-ro rclracca
4 xff = xn,.)

k - int(rylz)
!ff = !no;

k - int(qlT)
MeAraana lns /-ro rnacca; int
- 3HaK OIIepaurII{ oKpy$rer{nrr
B cropolry Onurmafrtlrero rteflorc)

5
x,i'

1 F t- "- F *,,,
y t , j  ' '

- n 5

!, i '
1 \z \ a=- ) u., ,
n, ?" "'

Cpe4nee aprn(prvrernuecroe 5 0olo
na6nm4ennft ;.i 1 : int{0.25n );
nt = int(A.75nl
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5u.qa.ra napaMerplfiesrofi lrAerrrxibuKallufl peffaercfl o'Ilt{Irlvl pr3

nemmefrnoro nporpaluMl'IpoBar{I'Ifl B cneg}Tol{eft noc:ranonre :

FiaT = p@) +" il"ll; -) min ,'  
"  "z ae{l

1 . v  1
rge p(a)=:t U,*F,)t - i$ynruur HeBfl3K1I Mexg,v 3gcrlefltlMegrturl'IrblMl4 /t E

1ry' l=l

MeToAOB

(8)l

;

t

naiiAesnuua no MoAe.nlI fi rnauenuNnau tsbrxo"{Hono ilapaMerpa; ll"lli =fro' -
-c

crra6nlrngrop; e>0- naparureTp pery${p}I3aq,Ill, 3HaqeHI{e KoToporo ollpeAeJrseTct

Ea ocr{oBe rfi'spauX0flIIoro trrupnrr*u; () * o6:rac:rl A0[yc'r[IMbIK perneUld'
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3ar.irroqenue. Ocyrqec'rBrteHn&il afiroprrrMusar1rrrfi, orrl{cau}Iblx B6IIIT sTarIoB

culryeSa MaTeMaTIfJtecKlIX lrtogeneft opoclfrenbHbD( cI{cTeM no3BonteT

aBToMarr{34poBarL npoqe4ypbr Bbr6opa cyuecrBeul{Frx BxoAIrbD( fiapaMerpoB,

srpyKTypuofi u napauerpuueclcofi H"qexrlra[r4xar$4r{'
flporpanuHarr peaJru3aryu parpaooTaHHLrx aIropl4rMoB [o3BoJI]IJra lloJrfrlrrb

ldiilei,taTl{qecryrc IvfoiIeJIE opOomenr:rofi cHcTgMi'I, saAeftcregnamroft noA

B6rparquBarl1,re xJlonrlarufiKa, KoTopat orBeqaer oo]roBrlrrM rpe6onanuru:

TOMIIAKTHOCTII I{ A,.UEKB&THOCTI,T.

Taxra:r,r o6pasou, MoxHo c4eJrarb BI{B0A, rrro paccMorpel{rlaf MeroA[IKa'

:HroptITMLr rr uporpaMMrrrle cpe.qcrna ee pearrl3allrfi rlo3BoJrtrot etf$ertlrBHo petuarr

3aAarly cugte3a MareMilrffqecKrx uoAeneii opoclrleJlrlubrx cl4creM B OeJILcKoM

rogtfftctne.
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x.K.MlxAMEArtEBA

nccJ[sAoBAIII,IE ACIIMnTOTI,IIIECKOTO UOBEAEHIIfl PEIIIEI{Ufr
SAJIATI KPOCC-AII(DOY3HOHHI'trX CI{CTEM

B uacrorudefi crarle uccrregoBaHr,r Bonpocbl rno6a.nlnofi pa3peml{Moc'rll 3axat$l

Guo.,ronrqecrofi norymryu rtrna Koluoropou*4,lrmepa !r KaqecrBerlurle cBoficrBa pemeHH{ 3afrawlfi&

ocHoBe aBroMOAeJ{bHoro aHaJrH3a. Facbuorpeuu l-{oAenII AB}x lcoHK}?Irp}ro[$o\ norrynrrglrl c AsoilHofi
.se.rumefiIlof an$Qyrueii. flpe.uJrox<entr Ilo.ryoArlllr{e HaqarbHbre npr.t6nuxenna 4nn 6r,rc'rpocxo}UrMoro

EreFaUIrOHH6ru npoqecga. O$ocHOsaHO, qTO MoI{eJIIIpoBaIII{e t1pOIlecCOB pgcTa 4llccarraTl{BHblx

cfp}'hf/p B peaKlllloHl'Io.gu$$y:uorrrr'rx cl{cTel\lax BHoc'IT BKnaA B pa3B|'LTI4e TeopeTr.IqocKLD(

flpe4araBJleHlrfi o rononna:rnoii oprannsaqrau nony,rrquft .

lKnrooresrre ciloBa: rpocc-ara$$ysilx, 6uo;torn'Ieclofl nouyirs{m, napa6orllqecKa;I cllc'r-eMa

reaerurnnefinsx ypaorrenraft, Ha{&rr6Hoe npr.r6nuxenae, qI4crteIIHoQ peDreHrEe, ureparll1oHHblft [Ipouecc'

aaTO[1O.i{eJILFIbIe p glIIeHI'Ig.
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