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AN AUTOMATED DECISION MAKING SYSTEM FOR
RECONFIGURATION OF THE ORE GRINDING SYSTEM STRUCTURE

The problems of ensuring the reliability and efficiency of the ore grinding
technological system functioning by the introduction of redundant links between the
grinding aggregates are considered. The result of simulation experiments with a computer
model of the ore grinding technological system is determined, the best structure of the
redundant links between the grinding aggregates on the basis of which, an automated
decision-making system for the reconfiguration of the system structure is developed.
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Uowyyty | pwgdwwwpwdtnpwywu dwwnphgubiph punygwagpbiph npnpdwt wingwg
hwidwlwpgh woluwwnwupwhu dhowdwynp:

Unwtgpuyhti pwnbp. Jbp Swnwjnieniu, njuiutiph dbwswihtip, wngwug API:

Pwqdwwwpwdbunpwlwu dwwnphgubph punyewgnbph npnadwt hwdwp dowly-
gt £ wngwug hwdwlwng [1,2] wmbntlwwndwywu wpnpwlwu wbluuninghwubph
[3,4] bW ywpwdibnpwlwu dwwnphgubiph punyewgntiph hwoydwu dbennutiph [5-7]
Yppwndwdp: Cwppwyh hhduwlwu Eou niuph htwnlyw| wkupp (uy. 1):

API Explorer Matrices (Demo) About

Online Computational
Service
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LY. 1. <wppwyh hhdtwlwb top
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Wu wwpniwwynd £ deuinth pwdhtu (Uy. 2), npinbinhg Ywpbih £ puwnpb
htwnlyw| pwdhuutipg npuk dkyp.

1. hwppwynwW wnlw dnnnyubph L $niuyghwubph thwpwgpnuyejwu top
(API Explorer),

2. dwuwphgubph, wn pYnd’ puqiwwwpwdbnpwlwiu dwnphgubph hbun
gnpdnnniejnLuttip Ywwwnbnt hwdwp twjuwwnmbuws top (Matrices),

3.  hwdwlwpgh uyupwgpniejwu top (About):

API Explorer Matrices (Demo) About

LY. 2. <hdtwlywts bop dltymit

Unnniutiph b $niuyghwubiph ufwpwgpnigjwu Eou niuh htinnlyw) wnbupp
(uy" 3):

Modules Functions for "matrices” module (demo)

e matrices s matrices.diff

e calculus
Calculates the n-th order derivatives of the provided matrix elements.
Derivatives are calculated for all variables in the polynomials.
API Function : matrices.diff(matrix: array of arrays, order: integer)
URL : http://devel.pythonanywhere.com/api/matrices/diff
HTTP Method : POST
Content-type : application/json

Functions As input it takes the matrix and the order of the needed derivatives.

o diff Returns matrix of calculated derivatives for each variable.

o det

e transpose

e trace

e charpol = matrices.det

e inverse

e eigenvals Calculates determinant of the given matrix using Berkowitz's algorithm.

e eigenvects

. ar API Function : matrices.det(matrix: array of arrays)
URL : http://devel.pythonanywhere.com/api/matrices/det
HTTP Method = POST
Content-type : application/json

UYy. 3. Unnnyubinh b pnitiyghwtiinh bywpwagpniyeywi kop
Eop pwnyugws £ 3 pwduhg.
1. dnnnyubiph gwuyp (uy. 4 w),

2. punpdwd dnnnyh $niuyghwubph gwuyp (uy. 4 p),
3. $niuyghwubiph dwupwdwut twpwagpnyejwu pwdhup (UYy. 4 q):
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Modules Functions

e matrices e diff

e calculus . :ﬂ
- ranspose
e trace

e charpol

e inverse

e eigenvals
e eigenvects

* e

w) Unnnrutiph gwuyp p) dniuyghwubiph gwuyp

m matrices.charpoly

Calculates characteristic polynomial of the given matrix.

API Function : matrices.charpoly(matrix: array of arrays)

URL : http://devel.pythonanywhere.com/api/matrices/charpoly
HTTP Method i POST

Content-type : application/json

As input it takes the matrix.

Returns calculated characteristic polynomial.

) dniulghwyh uhwpwgpniejwu pwdhtp
UYy. 4. Lhwpwagnpnuyaywt Eoh puwdhtiibipp

Snipwpwuginip niuyghwih hwdwp wnpynud £ punhwunyp ufupwagpnientu,
wjunthtimb gpynw £ wuniup, wpgnudunubpu hpbug nphwtipnyd, $niulghwih
URL-u Web API-ny nhdbiint hwdwp, HTTP wpdwuwgpnipjwu dbpnnp hwpgnud
hpwywuwgubnt hwdwp W hwpgdwu dwpdup Ynnwynpdwu duwswihp (LY. 4 g):
Unjw U twlb wpgnuiGunubph pwgwwpnieniup W dniuyghwih wotuwwnwuph
ybpwnwpaynn wpryntuph ufupwgnpnieiniup: Lajwd Uywpwgpnyjwu Yeplnwd
Ywpnn E (hub) hnnd (uy. 3-nwd demo hnnuip) punpdwd dnnnyh hwdwp' bwfuw-
nbujwd wyfuwwnmwupwihu dhowydwjph Eoh Yypw:

Unnnuubpny woluwwnwuph hwdwp dowywé Gu ogunynnh hwwnnwy wwp-
qbgwé hunbtipdtjuutip, npnup hutwpwynpnieyniu Gu wwihu bp nhunwpysh dp-
ongny dnunpwagpb wnyjwiubp W hppwywuwgub) hwodwpyubp: Ywiujwd Yhpwnynn
dnnnihg b npw $niuyghwihg’ dnunpwijht nuiawtinh Ywadp nhuwdhy thnfugnud E:

LY. 5-nud wwwnybipdwsd £ dwuinphgubipny wofuwwmwuph top: Wyu bonud hw-
uwubh Gu hwppwynw hpwywuwgywd Jwinphgutiph $niuyghwubpp:
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Matrices

Rows 1 </ columns 1 < Function [2] [ calculate

Alpha By Vladimir Poghosyan (vlad.jit@gmail.com)

LY. 5. Uwnpphgtipny wippuwpwtiph bop

Uwuwnphgh swihtiph thnthnfudwt hwdwp bwjuwnbuwd dnunpwgpdwt -

wnbpnut (uy. 6) ginthntubiing wipdbpubpp' hinthnfuynud £ dwwnphgh wniwppbiph dnwn-
pwgpiwt hwdwp twjuwwnmbujws gnpdhph dninpwagpdwu nuownbph Ywnnig-

Yuwdpp (uy. 7):

Rows |1 +| Columns |1

UYy. 6. Uwiphgh swihnnulwnysywt thnihnfudwb gnpdhptlinp

F=1[...]
fo][o] = O[] = fo[2] =
f{1][0] = fl1][1] = fi][2] =
ff2][0] = fl2][1] = fl2][2] =

LY. 7. 3x3 dunpphgh dnuppuwgndwt htpinplyup

Uwuwnphgh swithtph dnunpwgpdwt nwioinbipt niubt hwnndy wnhwy, npp pny
sh mwihu wudwybip wpdbpubph, ophtwl' gpnjwyw, pwgwuwlwu Ywd ny wd-
pnn9 RULph W updynjubiph dnuinpwgpnd:

Ununpwgnynn dwwnphgh wiwppbipp Yupnn Bu (hubg huswbu pybn, wjuwbu
£l wuwihwnhy wbuptipny wpunwhwjnniyeniiubp: Hwug dnunpwgpdwt duwswithp
hwdpuyund £ gnjnieyniu niubignn hwoynnuiwu hwdwlwpgbipnd dnunpwgpdw
Guwswihtiph utié dwupt: Ununpwgpdwt tupwlw uphdynjubinpu nt pnyjwunnbih gnp-
onnniejntutbpu Gu.

" «+» gnudwpnidp,

u «-» hu,I'UnLI.IE,
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" «*» pwqiwwwwnlynidp,
u «/» pwdwbmdn,

=« Jwd «**» wunhbwu pwpépwgnidp,

= «sqrt(x)» pwnwyniuh wpdwunp,

= «exp(X)» bpuwnubuwp,
= «sin(x)», «cos(x)», «tan(x)», «ctan(x)» tnwulyniuwswihwywu dniuyghw-

ubipp,

= «log(x,b)» |Inquphdp, npwntin b-u |nquiphedh hhdpu t, nph pugwlw-
JnipjwU nbwpnd wju hwdwnpynw £ e,

= «a-Z» |[winhuwwwn thnppwwinwn uhdynjubipp, npnup hwunbu Gu quipu
npwtu thnthnfuwywuubin:

X+y~2+1
2-X

P
X*¥y~2-2%x 5
4+3*xn~2 7*Ex*y
Y x*y

LY. 8. Unuppugnjwé pwquuwwwpwdbipnpwlwt dupnphgp
Uuhpwdbtion dninpwjhtu wndjuiubpp (pwgubiing htinn (uy. 8) npnpdwu Gu-
pwlw punipwghpp Ywpnn £ punpdb) gnpdhpubiph Jwhwuwynd nbnulwyqws

$niuyghwubiph gwuyhg

(uly. 9):

Function

yAr2-2%x Trace

Derivatives

Transpose

. Characteristic polynomial
3¥xn2 Inverse
Eigenvalues

Uly. 9. Uunpphgh pnitilighwititiph guiilyp
Swuynud wnyw pninp niuyghwubipp uywpwagpywsd Gu dnnnyubph ne dniuy-
ghwubiph Uywpwgpniejwu Lonud:

bniuyghwih puwn

pnijwu wpryntupnd gnpdhputiph Jwhwuwynwd Yupnn

U wybwuw] Ywd wwlwub] puinpdwsd $niuyghwih hwdwp wuhpwdbon wpgni-
dtuwnubph dnunpwgpdwu nwownbipp:

LY. 10-nid ywwnybipdwsd Gu Gpynt wwppbip gnpdhpubph Jwhwuwlyubpp:
LY. 10 w-nwd wnlw £ wéwugjwih Yupgh dnunpwagpdwt nwsowp, nph wnpdbpt wu-
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hpwdbionn £ dniuyghwubiph gwuyhg punpywd wédwugdwu Iniuyghwih hwdwp,
huy p-nud wju pwgwywnuw k, pwuh np punpywd npnsh pniuyghwt, pugh dwwn-
nhghg, niph2 dntnpwihtu wywpwdbwpbp sh ywhwugnud:

Rows 3 +| Columns 3 +| Order of derivative 1 | Function | Derivatives [#] | caleulate

w) Uwwnphgh wwpptiph wéwugjwiutiph hwaywnyp

Rows 3 +{ Columns 3 + Function Determinant E Calculate

p) Uwwphgh npngsh hwadwnyp

L. 10. npdhptitinh Juwhwhbwlh nhtwdhly thnipnfunwdp

Pninp wuhpwdbon dnunpwiht wwpwdbiwpbipp dnuwnpwagptiinig htivn utin-
dbny gnpdphubip Jwhwuwyh «Calculate» Ynbwlp' hwdwlwpgp Yulup Yuwnwnby
wwhwugynn hwowpyubipp: huswbu dninpwiht ywpwdbnpbph nbwpntd, wju-
wnbn Wi nwppbp $niuyghwubph YyEpwnwpdpws wpnyniupubp wpunwwwunybp-
Ynwd GU wmwppbip nbGupbipny:

LY. 11-nud ubpyuywgywsd £ hpwphg wnwppbpynn wipryniupubph wpunwwwn-
ytipnuwdp:

Rows 3 | Columns [3 | Function |Transpose [-] [ calculate
FE iy

X+y~r2+1 XA 2258 )

2-x 4+3%xA2 7y

X y x*y
Result:

T

i YA+ T XD X
KAV 20 3%xA2 + 4
5 ZExty x*y

w) Uwwnphgh npwtuwynuwgdwl wpryntupp

Rows 3 +| Columns 3 + Function [Ci istic pol "B ‘ Calculate ‘
B ]
X+y~r2+1 Xyl D:=iDEi 5
2-x g 3peiygnag, T/l ta
x Y x*y

Result:

Characteristic polynomial = A”3 + AM2*(-3*x"2 -
XA2FY & A2 + X*YA3 - O¥xkyAD 4 GExky 4 3%
ks SR BT ST 0 ) T IS 5 G AR iR i oy B g

X X

b Gy ) B Gl S G B A R 6 G T B S G i 2B
4) - 3FxA4¥y - 11¥xABEYA3 4 13%xA3¥y + 15%xA3 +
AEXBYAZE X5V 208 ety

Y
X
* %
i e
SEAS i
w o<

p) Uwwnphgh punipwanhy pwquwunwdh hwpjwnlyp
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Rows 3 +| Columns 3 +| Function Eigenvalues 3 [Calculate

Eo g
12 -51 4
6 167 -68
-4 24 -41
Result:

A1 = 156.136684061969 - ©.e-20*I

A = -34.1966750014692 + ©.e-19*I

A3 = 16.0599909395004 - ©.e-21*I

¢) Uwwphgh utithwlwu pytinh hwaywnlyp
LY. 11. Swppbp pnitlyghwiliph wpnynipbtiph wppwwwinlybpndp
Gqpwlwgnipyniu: Lpywjwgyt| b pwqdwwwpwdbnpwlywu dwwnphgubph

puntewapbph npnadwu wngwug Jwpbdwwnhyuwlwu hwppwyh wluwnwupwhu
dhowdwipp: Wu huwpwynpnyeintu £ wwihu ognynnhtu wywnpgbgywsd hunbpdb)-
uny wngwug dhowydwypnud npnoti| pwqdwwwpwdbnpwlwu dwwnphgubph punt-
pwgntipp: <wppwyh Ywpunp wnwybnugniiutphg £ npw htonnpbu hunbigpdwu
huwpwynpnipjniut wy| hwdwwpgbipht' 2unphpy Jowyywsd wngwug dpwgpwjhu
huwnbipdtijup (Web API):
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B.A. IIOI'OCSIH, P.A. MAHYKSH

PABOYAS CPEJIA OHJIAMTH CUCTEMBI OIPEJIEJIEHUSI
XAPAKTEPUCTUK MHOI'OITAPAMETPUYECKHUX MATPUI]L

PazpaboTana pabouast cpena OHIaWH CHCTEMBI ONPEACTICHUS XapaKTEPUCTHK MHOTO-

MapaMeTPUIECKIX MaTPHIL.

Kntroueswvie cnosa: Web ciyx6a, popmatsl qanHsx, oHnaitH API, MHOTOMapamer-

pPHUYECKUE MAaTPUIIBL.
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V.A. POGHOSYAN, R.A. MANUKYAN

THE WORKING ENVIRONMENT OF THE ONLINE SYSTEM FOR
DETERMINING THE CHARACTERISTICS OF MULTIPARAMETERIC
MATRICES

The working environment of the online computing system for determining the
characteristics of multiparameter matrices is developed.
Keywords: Web service, data formats, online API, multiparameter matrices.
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GruuLhd curduuyuv NNPNSHh YuNUYUrUUL <UvULYUreh
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<hdp punnwutiin wyunndwwn junwywpdwu hwdwlwnpgbph (W4<) Gijpwiht wgnw-
upwtubiph wwpwdbwpbph punpnyejwu wpdwnubph wbnunpdwu dbennp, Yuwnnigyb) §
Gpywupy 2wpdwlwu nnpninh twfuwgddwu U htnwgnndwu hwdwp gpw$bhlwywu hu-
wbipdbju LabVIEW Spwgpwynpdwu dhowywypnud: Ywnwywpdwu npwyp hwogh wnubint
Uwwuwnwyny npwtiu uwhdwuwthwynd pungpyyt £ U4<-h nmwnwunnuywuntpjut gnigu-
Uhop:

Unwugpuyghti puwntp. wjnndwwn Yunwywpdwt hwdwlwpg, ypbéwyh nwpwdniegjut,
thnfuwugdwt $niuyghw, wnwwmwunnulwunypjwu gnigwuhy, wpdwwubph nbnunpdwu
dbipnn:

dwldwuwlwyhg wnbfuuhlwh qupgqugdwup gqngpupwg wywnndwwn Yw-
nwywpdwu hwdwluwpgbph (W4<) fuunhputipph néndp wybh wwngq § nwnunid,
pwup np hudtubpwlwu Spwapwynpdwu (tgniubp MATLAB-h L LabVIEW-h [1]
dhongny htwpwynp £ |nidby pwpn fuunhpubn:

Upfuwwnwupp uyphpyws E Gplwupy swpdwlwu nnpninp (6CMNY) Yunwywnp-
dwu hwdwywpgh twjuwgddwu hwdwp unbndwd gpwdphlwywu hunbipdbjupu,
nph dhongny Yupbith £ wpwg U pwwn wwipg hpwlwtwgub) Gplwupy qupdwlwu
nnpnnh hGwnwgnunudp: LY. 1-nd pbipdwé | Gplwupy gwpdwywu nnpnwn, npp Yuw-
nwywpynid £t MyRIO uwnwywpdwu uwpph dhongny: LEpyuwjwgywsd & Gpywupy
owndwlwu nnpnuinph Gpypwswihwlwu nbiupp hwppnyejwu dbe (LY. 2): Uju niup
BEpynt wquinniejwt wunhtwu:
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