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NHdopManinoHHO-KOMMYHHKAIIMOHHBIE U XMMHYECKHE TeXHOJIOTHH
MPHTH 78.15.00; 78.01.21 https://doi.org/10.58805/kazutb.v.1.18-69

ABTOMATM3AIINASA IMTPOIIECCA JIUHEAPU3AIIMA HEJTMHEMHON MOJIEJIN,
O CBIBAEMOM OBBIKHOBEHHBIMM JIN®®EPEHIIUAJIBHBIMHA YPABHEHUSIMUA

A.T. Ma3zakosa?, l11.A. [:xomaprtoBa?, T.JK. Ma3zakos'?, I.3. 3usaréexoBa'?,
A.T. locanasiuena’

"MuctuTyT MHGOPMAIIMOHHBIX U BeraucIuTeNbHbIX TexHooruit KH MHBO PK, Anwmarsl, Ka3axcras,
’Kazaxckuii HaumonanpHblii yHUBEpCcUTET UM. anb-Papadu, . Anmars, KazaxcraH,
SVuusepcurer « Typan», r. Anmarsl, Kasaxcras,
jomartova@mail.ru

B crarbe nccienoBana BO3MOXHOCTb aBTOMAaTU3MPOBAHHOM JIMHEapU3alluy HETMHEWHBIX MOJIE-
nei. Ha ocHOBe JInHEeapu30BaHHBIX MOJEJIEN MOKHO UCCIEA0BATh B JaJIbHEUIIIEM TAKUE CBOMCTBA
HCXOIHOM MOJIENIN KaK YCTOWYMBOCTb U yIPaBIIsIeMOCTh. Ha 0CHOBE NpUMEHEHUS KOMIIBIOTEPHOU
anreOpbl pa3paboTaH KOHCTPYKTHUBHBIN aJITOPUTM JIMHEAPU3ALUU CUCTEMbI HETMHEHHBIX OOBIKHO-
BEHHBIX Iu(epeHnalbHbIX ypaBHeHUH. Pazpaborano nporpammuoe obecneuenne Ha MatLab.
D¢ hexkTUBHOCTH MPEITI0KEHHOTO AJITOPUTMA MTPOIEMOHCTPUPOBAaHA HA TIPUKJIIAIHBIX 3a/1a4ax.

KuroueBsble cjioBa: 00bIKHOBeHHOE T PepeHInanbHOe ypaBHEHNE, KOMIIBIOTEpHAS anreopa,
YCTOMUMBOCTD, yIpaBisieMocTs, MatLab.

KAPATIAMBIM JUO®O®EPEHIUAIABIK TEHJEYJIEPMEH CUMIATTAJIATBIH Cbl-
3BIKTBIK EMEC MOJIEJIBAIH ChI3BIKTBIK MPOLECIH ABTOMATTAH/IBIPY

A.T. Ma3zakosa?, l11.A. [:xomaprtoBa?, T.JK. Ma3zakos'?, I.3. 3usatéexoBa'?,
A.T. locanasiuena®
'Kazakcran PecnyOiukacs! FputbIM %oHE KOFaphl O11IM MUHUCTPIIITT AKITapaTThIK JKOHE
€CeNTeyilll TEXHOJIOTUSIIAp MHCTUTYTHI, AnMatsl, KazakcTas,
2on-Mdapabu areiHarsl Kasak yiTTeIK yHHBEpCcuTeTI, AnMarsl, KazakcraH,
3«Typan» ynusepcureti, Anmarsl, Kazakcras,
jomartova@mail.ru

Makanaja ChI3BIKTHIK €MeC MOJIENbJEpPIl aBTOMATTAHIBIPBUIFAH CBHI3BIKTHIK €Ty MYMKIiH/Ii-
ri 3eprrenreH. ChI3BIKTHIK MOJIENbACp HeTi3iHae Oonamakra TYPaKTBUIBIK TIeH 0acKapy CHSKTHI
OacTankpl MOJENB/IH KacHEeTTepiH 3epTrreyre Oonaabl. Kommbroreprik anreOpaHbl KojjaHy He-
Ti31HJIE CBI3BIKTBIK eMec KapamnaibiM auddepeHnanIbiK TeHISYIep KYHECIH ChI3BIKTaHIBIPYIbIH
KOHCTPYKTHBTI ainroputwmi xkacaniasl. MATLAB-Ta O6armapiamansik jkacakrama yacaibl. Y Chl-
HBUTFaH aJTOPUTMHIH THIMJIUIITT KOJIAaHOABI €CeNTep/Ie KOPCETiITeH.

Tyiiin ce3mep: kapamaiibiM auddepeHIUAIIBIK TSHICY, KOMIBIOTEPIIIK anredpa, Typak-
TBUTBIK, Oackapy, MatLab.
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AUTOMATION OF THE LINEARIZATION PROCESS OF A NONLINEAR MODEL
DESCRIBED BY ORDINARY DIFFERENTIAL EQUATIONS

A.T. Mazakova?, Sh.A. Jomartova?, T.Zh. Mazakov'?, G.Z. Ziyatbekova'?,
A.T. Dossanaliyeva®
RSE Institute of Information and Computational Technologies MSHE RK CS, Almaty, Kazakhstan,
2Al-Farabi Kazakh National University, Almaty, Kazakhstan,
3Turan University, Almaty, Kazakhstan,
jomartova@mail.ru

The paper investigates the possibility of automated linearization of nonlinear models. On the
basis of linearized models it is possible to investigate further such properties of the initial model as
stability and controllability. Based on the application of computer algebra, a constructive algorithm
for linearizing a system of nonlinear ordinary differential equations is developed. The software
in MatLab has been developed. The effectiveness of the proposed algorithm is demonstrated on

applied problems.

Keywords: ordinary differential equation, computer algebra, stability, controllability, MatLab.

BBenenue. MccnenoBanne MHOTHX poOOTO-
TEXHUYECKUX, IKOHOMUYECKUX CUCTEM IPUBO-
JUT K TOCTPOEHUIO MaTeMaTHYECKUX MOJeIeH,
OINMCHIBAEMBIX HEIMHEHHBIMU OOBIKHOBEHHbI-
MU AuddepeHunaIbHbIMA ypaBHEHUAMU. J{71s1
HEJIMHEWHBIX CUCTEM JI0 HACTOSILEr0 BpEMEHU
HE CYIECTBYET YHUBEPCAJIbHBIX IOIXO/I0B.
N3yuenne nogoOHBIX MaTeMaTUYECKUX MoJie-
nei TpedyeT 00s3aTeNbHOTO yueTa BU/Ia Hellu-
HelHocTei [ 1-4].

Marepuansl u Metoabl. Ilocmanoska
3a0auyu. B oOmieM Buae HelMWHEHHAs MOIENb
MOJKET OBITh MPEACTaBIIEHA KaK CUCTEMa OOBIK-
HOBEHHBIX JAU(PPepeHInanbHbIX YypaBHEHUN

[5-6]:

21;1 = lg.0.0+B(D)u )

rme 0 — BEKTOp MmapaMeTpoB pa3sMEepHOCTH |,
q(t) — BEKTOp MEepEMEHHBIX MOJIENIN pa3MEepHO-
CTH N, U(t) — BXOABI MOJIENH, 3aJAr0IIUE CIIO-
co0b! ynpasnenust, Bpems t€[0,7]. T — 3agano.
[Ipeanonaraercs, uro BekTop-QpyHKIwus fq,0,7)
oTpeserieHa U HeMpephIBHA BMECTE CO CBOUMH
YaCTHBIMU TIPOU3BOIHBIMH IIO ¢.

K cucreme ypaBuenuii (1) nobasnstorcs Ha-
YaJIbHbIE YCIIOBHUS:

q(0)=q, (2)

Ha ynpasnenne narotcsi orpaHUdeHHs

u(t)e U={u(?): u, (t)e C[[0,TT;
“L=u ()<L, i=(m), e[0T} (3)

[Ipu wuccrnenoBaHumM ClEQYIONIMX CBONCTB
Matemaruueckoi moxenu (1)-(3) xak ympas-
JIIEMOCTb, YCTOMUYMBOCTh YacCTO MPUMEHSIETCS
MeTo JuHeapuzauuu [7-11].

Henuneitnoit momenu (1) cOOTBETCTBYeT
TUHeapu3oBaHHas cuctema auddepeHmaib-
HBIX YPaBHEHUN:

q =A(0,6)g+B(t)u 4)

q(0)=q, )

rae A(0,t) — n*n — maTpuLa 3eMeHTbl KOTOPOH
3aBUCAT OT BEKTOpA MapaMeTpoB U BPEMEHHU

te[0,T].
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Marpuna A(6,t) onpenensiercst u3 (1) crue-
TYIOIIUM 00pa3oM:

A0,0) = g, 0,0) (6)
dq
B (6) Bextop-dynkius ¢(¢) (pa3mepHOCTH
n) te[0,T], npeanonaraeTcst 3aJaHHONW UCXOMS
13 TpeOOBaHUI K MOCTABICHHOM 3a/1aue.
Jnis 3amaun ymnpaBisieMOCTH ¢°(f) MOXKET
OBITh 3aJ]aHa CIIETYIOIINM 00pa3oM:

q'(t) = const = q, t€[0,T] (7

IJI€ B KAUECTBE ¢, 3a/Ia€TCS HKENAEMOE KOHEY-
HOe cocTosiHue cucTemsl (1).

3aaya ynpaBiIsieMOCTH: CYILECTBYET JIU
ynpasiieHue u(f), yIOBIETBOPSIOLIEE YCIOBUIO
(3) u mepeBogsiiee cuctemy (4) U3 HAYAIBHOTO
cocTosiHus (5) B *xKeaeMoe KOHEYHOEe COCTOs-
Hue (7) 3a 3agannoe Bpems T.

Omnpenenenue [12]. Cucrema (1) Ha3bIBaeT-
Csl JIOKaJbHO HYJb-yNpaBIIEMOH Ha OTpe3Ke
te[0,7], ecnu cymecTByeT — O OKpPECTHOCTh
TOYKH ¢,, TaKas 4TO JJs J0OOT0 BEKTOpa
q,€R" lgq, — g, | < 3 nainercsa takoe mormy-
CTHMOE ynpasieHue u, (f)€ U, 4to cymecTByeT
peenue (1) y1oBiaeTBopsoLIee YCIOBUIM

q(0)=q,uq(T)=gq,

Jist 3a1a4m yCTOMUMBOCTH ¢*(f) MOXKET OBITh
3anana B Buze (7), TI€ B KA4ECTBE ¢, 3a1a€TCs
MOJIO)KEHUE PABHOBECHUS] MCXOIHOM CHCTEMbI
(1), uccnenyemoe Ha CBOMCTBO €€ yCTONYH-
BOCTH.

PaCCMOTpI/IM CJ'IG,I[yIOI_I_IyIO HCHHHeﬁHyIO
cUCTEMY
dq
= 8
] f (@), (8)

rae QyHKIUs

s (q,)

=0,A=
f(q,) =0, o

Teopema JIsimyHoBa 00 yCTOMYMBOCTH 1O
nepsomy npudau:keHuo. Eciu Bce coocTBeH-
HBIC 3HAYCHUS MAaTPUIBI A IMEIOT OTPUIIATENIb-
HbI€ BEILLECTBEHHBbIE YacTH, TO IOJIOKEHUE
paBHOBecus ¢, cucteMbl (8) http://w.ict.nsc.
ru/books/textbooks/akhmerov/ode unicode/m-
44/m-44.html — eql >KCTIOHEHIIMATBHO yCTOM-
guBo [13].

[Toctpoenue Bpyunyto marpuisl A(0,f) BbI-
3bIBACT OOJIBIINE TPYAHOCTH YK€ IPH pazMep-
HOCTU n Oonbiie 3. A B ciaydae 3aBUCUMOCTH
BekTop-pynkmu f(g,0,7) ot mapamerpos 0 npu
pa3MepHOCTH n OosbIIe 3 TPaKTUIECKH HEBO3-
MOJKHO.

Kak 0b1710 0OTMEUEHO BO BBEIEHUU MPOLIECC
[IOCTPOEHUS JIMHEApU30BaHHOW Monenn (4)
JUTSl ICXOTHOW HEJIMHEMHOU cucTembl Buja (1)
JIOCTAaTOYHO TPYIOEMKUN U NPU Pa3MEPHOCTH
n Oosnbire 3 MpakTUYECKH He peanu3yem. Tak-
e IIPU MOCTPOEHUU JIMHEAPU30BaHHON Mojie-
JIM TIPUCYTCTBYET «UEIIOBEYECKUI (PaKTop», HE
rapaHTHUPYIOMIMNA MPABHJILHOCTD BBIYHUCICHUS
apuMeTHYeCKUX BBIpAKCHUU. B 3TOU CBs3M
3ajlaya aBTOMAaTU3allMK Ipolecca JIMHeapu3a-
UM UCXOIHON HEIWHEMHOU MOIEIH SBIACTCS
AKTyaJIbHOU.

Jns mocTpoeHus JIMHEApU30BAaHHOM MOJie-
nu (5) mpemaraercsi UCIOJIb30BAHUE CUCTEM
KOMITbIOTEpHOM anredpsl. B npennaraemoii pa-
0oTe ucmoib3oBaHa cuctema MatLab [14-16].

[TosiBnenue B 20-M Beke HOBOTO HaIpaBiie-
HUSI MAaTEMaTUYECKOM HAyKU — KOMIIBIOTEPHOM
anredppl — MO3BOJIMIIO ABTOMATU3UPOBATH IIPO-
LIECC TOJIYYEHHS] YPABHEHUN MaTeMaTH4€CKON
MOJIENIM JMHAMMYECKHX CHCTEM Ha OCHOBE
cucteM aHanuTuueckux BbluuciieHuit (CAB)
[17].

CAB cHavana mnpenocTaBisiid OCHOBHOM
HaObop mpoueayp oOpaboTku anreOpamye-
CKUX BBIPaXEHMI: BBIUMCIIEHHE, [10JICTAHOBKA,
ynpouenue, auddepenunposanue. 3aremMm Ha
MX OCHOBE OBLTH PeaTM30BaHbI O0JIee CIIOKHBIC
olepaluu: pa3ioKeHue B ps/ibl, KAHOHU3ALUS


http://w.ict.nsc
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BBIPAYKEHUI, MHTETPUPOBAHNUE B YAaCTHBIX CIIy-
yasx. C pa3HOOOPa3HBIMHU MTAKETaMU OHU TPH-
MEHSIOTCSI BO MHOTHX OOJIAaCTsX — OT PEUICHHUs
3a1a4 HeOEeCHOM MEXaHUKHU JI0 TEOPETUUECKHX
Hccaea0BaHuM anroputMoB [18].

JlanbHele HeeAeAOBaHNS NPOBEAEM Ha
JBYX IpUMepax.

PesyabTarel u ob6cyxnenue. Mccneooga-
HUA 0eCnuI0OMHO20 1emamenbHo20 annapa-
ma (BILVIA)

Bo BceM Mupe pasBuBaeTcs OecHuIOTHAs
aBUAIMA M3-3a TOTPEOHOCTH B JIETKUX, OTHO-
CUTEJIBHO JICLIEBBIX JIETATEJIbHBIX annaparax,
00JIaal0MMX BBHICOKUMHU XapaKTEPUCTUKAMU
MaHEBPEHHOCTH U CIIOCOOHBIX BBITOIHATH M-
pOKUI KpyT 3a1a4. becnuioTHbIe JeTaTeabHbIe
annapatsl (BIIJIA) ycnemHo npuMeHsOTCS
B XOJI¢ BOCHHBIX ONEpaLUii II0 BCEMY MHpY, U
IIPY ATOM OHHM TaK K€ yCIIEIIHO BBIIOIHAIOT 3a-
Jlauyl TPa’kJaHCKOTO Ha3HAUEHUSI.

PaccmorpuM  cienyromyro  MareMaruye-
CKyI0 Moziesib fuHaMuku BITJTA

V = g(n,, — sin®)
0 = g(ny,cosy — cos®)/V

= , 9)
Y = —gn,,siny/(Vcos®)
X = Vcos®cosW¥
l = Vsin®
z = —Vcos®sin¥W
Pcosa — X Psina +Y 10
Nyg = m—ga: Nyq = m—ga ( )

31ech X, , z — KOOpANHATHI LIEHTpa Macc ca-
MOJIETa B HOPMAJIbHOM 3€MHOM CHCTEME KOOp-
JIMHAT, /' — CKOpOCTH 1oJieTa, O — yroyl HakJIoHa
TpaekTopuu, ¥ — yroa Kypca, oo — yroia ara-
KW, y — yrojl KpeHa, P — Tsra asuraress, X —
adPOIMHAMHUYECKOE CONPOTHBIICHHE, ¥ — as-
poaHaMHuecKasi IOAbEMHAs CUJIa, m — Macca
camolerTa, g — yCKOpeHue cBOOOIHOro maje-
HUSA, 1, — NPOJOIbHAs MeperpysKa u n  — Imo-
nepeyHasi neperpyskKa (6 nomoyHvlx 0csax Koop-
ounam).

B kadecTBe ynpapisiONIMX MEPEMEHHBIX B
(9) nmpuHUMaeTCs NEPETpysKu n_, n, u yeon
kpena y (10) [19].

BBenem o0o3HaueHUS:

4 [Vo]  ["]

[O] IGOI |®1|
_|¥ _ 1% _ %1

q—x:%—|x0|"h—x1-
y l}’oJ V1
z Zy Z;

[Ipu BBeneHHBIX OOO3HAUCHHSI CHCTEMY
ypaBuenuii (9)-(10) MOXHO mNpeACTaBUTH B
Buze (12):

dq
—=f(g.0)+B (D) u (12)
dt

C momo1pio mporpamMmsbl, HarMcaHHo Ha MatLab u pencTaBieHHON HUKE, TOTYYUM CIIeTy-

IOLLME PEe3yJIbTaThl IMHEApHU3aluu cucteMsl (9).

syms x1 x2 x3 x4 x5x6 xAB
x0=[254456];

x = [x1 x2 x3 x4 x5 x6];
t=1[010]; y0 =x0;

g=9.8; P=2000; m = 3; alfa = 30; gamma = 45; Xa=0.32; Ya=0.4;
nxa = (P*cos(alfa) — Xa)/(m*g); nya = (P*sin(alfa) + Ya)/(m*g);
F = [g*(nxa-sin(x2)); g*(nya*cos(gamma)-cos(x2))/x1; -g*nya*sin(gamma)/(x1*cos(x2));
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x1*cos(x2)*cos(x3); x1*sin(x2); -x1*cos(x2)*sin(x3)];
for i=1:length(x0)

for j=1:length(x0)

AG)=diff(F (i), x());

end
end
B=subs(A,x,x0);
disp(vpa(A,3));
disp(vpa(B,3));

[IpenacraBuM pe3yabTaT BBIIIOIHEHUS IIPOrPAMMEBI B CIEAYIOIIEM BUJE:

all a12 ew a16
of (x,t
A@)=TED =G G2z o G (13)
Qg1 QAg2 .« Qge

BrinuiiieM ToIbKO HEHYIEBBIE 3JIEMEHTHI MaTPULIbI A(X):

a,=—9.80 * cos(x2), a,=—1.%(—346.—9.80 * cos(x2))/x1"2,
a,,= 9.80*sin(x2)/x1 a,=—560./x1"2/cos(x2),

a, = cos(x2)*cos(x3), a,,= 60./x1/cos(x2)"2*sin(x2),

a,,= x1*sin(x2)*cos(x3) a,,=—x1*cos(x2) * sin(x3),

a, = sin(x2), a,,=x1 * cos(x2), a, = — cos(x2) * sin(x3),

a,=x1 * sin(x2) * sin(x3), a,=—x1* cos(x2) * cos(x3).

Bbruucium 3Hauenue matpuiibl A(x) B Touke x,=[2 544 5 6]:

0 —2.78

0
872 —470 0

| —493. -3330. 0 14
A(xo)—k—o.mé —1.25 0.430 (9

—0.959 0.568 0
0.215 145 0.372

S OO OoOOO
S OO OoOOO
o OO
N~—

11
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B pesynbrare BbIIOJIHEHUSI TPOTPaMMBI T10-
ayueH (13) ananuTudeckuil BUJ Matpuisl A u
€€ 3Ha4YeHUe B TOUKe X, = [254 4 5 6].

B nanpueiimem Marpuna A, npeacTaBieH-
Hasi B Buze (14), MoxxeT OBITh HCIIOJIB30BaHA
JUTSL aHaJIW3a YCTOMYMBOCTH WUJIU YTIPABIISIEMO-
ctu moxenu BITJIA B 3agaHHON TOUKE.

Hccneoosanusn 08yx3eennozo poooma

PaccmarpuBaercst maremaruyeckasi MOJEb
IJIOCKOTO JIBYX3BEHHOT'O IIAPHUPHOT'O MAHUITY-
JSATOpa, MpeICTaBIeHHOro Ha pucyHke 1 [20].

IIpu cocraBiieHUH YpaBHEHHUU IBUKCHUS
YUUTBIBAJIUCH CIIETYIOUIUE MMapaMeTphbl CUCTE-
MBIL: /| W [, — IJIMHBI 3BEHBEB, Z"] n 102— KOOp-
JIMHATBI LEHTPOB WHEPIUH, M1, W M, — MaCChl
3BEHBEB, 71 — Macca CXBaTa C rPy30M, JC1 u ch)
— MOMEHTBHI MHEPLHH 3BEHbEB OTHOCHUTEIILHO
ocell, MpOXOASIIUX Yepe3 LIEHTPhl Macc 3Be-
HbEB, J, U J, — MOMCHTBI HHEPIMU POTOPOB
JIBUTATEJICH, MPUBEJCHHBIE K OCAM IIAPHUPOB
(cumTaeTcs, 4TO MEPBBIA ABUTATENb YCTAHOB-
JIEH Ha OCHOBAaHMM, a TOJHAs Macca BTOPOTO

1]

AN
]

Puc. 1 — Bua a1ByX3BeHHOI0 IIAPHUPHOIO
manunyasTopa “PUMA 550 / 560”

JIBUTATEJIsl, YCTAHOBJIEHHOTO Ha TMEPBOM 3Be-
HE, YUYT€Ha B COOTBETCTBYIOUIUX IMapaMeTpax
MEePBOTO 3BEHA), | — MEPEATOUHOE OTHOIICHUE
BTOpOro ABurarens [21].

VYpaBHEHUS IBIKEHUSI OMTACHIBAIOTCS CIICAYIOIICH MOJEITBIO

D(q1)q1 + B(q1)q2 + Cl(q1' 9y qz)q1 + CZ(ql’ q1)q2 + K(ql - qz) +
g(q1) =0
]qZ + BT(ql)ql + C3(q1: ‘71)‘71 + K(qz - ql) =u

(15)

Cne
44, 4,

a9 =|q, |'%=|q - BeKTOpa YIJIOB MOBOPOTa 3BEHbEB U POTOPOB,
[ 112 2

COOTBETCTBEHHO

D(qy) = l

as + a,cos(qq,)

B(qy) = [O
0

a, + 2a,cos(q1,) as+ azcos(q,)

J2

i)

l

12

|

as
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[Cl(qququ) CZ(ql'ql)][ ] [ a2q12 qul +q12 Sln(ql )l (16)

C3(q1' q1 a2q1lsln(q12
9(q1) =
(mly + myl.,)g cos (q11 + qlz) + (myle, + myly +mly)g cos(qll) _
(ml; +mylc,)g cos(q,, +4;,) '

[ 9.
]_(:)L]z’

= [0 kz]
a; = m(l% + l%) +mll§1 +m; (l% + lgz) +]cl +1€2 +]i_%;
a; = ll(mlz + leCZ);

2
as = mlz + mleZ +](:2

q1,
il CI12\
xz 6_111 |
_ X4 q12 |
Xe 2, |
Xg 6,121/
q22

[a, + 2azcos(xz)] * X3 + [a; + azcos(x;)] * iy +]Tza'cg — ayx4(2x3 + x4)
* sin(xz) +k1xq + (mly +myly,) * g * cos(xq + x3)
+ (mql, + myly + mly) * g * cos(xy) =0

BBeneM o0003HaueHH:

, (17)

[a; + azcos(x;)] *'x3 + azky — azxy * (2x3 + x4) * sin(xz) —kzxe6
+ (mly + myl.,) * g * cos(xg +x3) =0

J1%7 + azx3.sin(xy) + kixs = u, (18)

s .
J,%g + sz4 + ayxs xsin(xy) —kyxp, =u

X1 =x3
Xo = X4
X5 = X7
Xe = Xg

_____________________________________________________________________________________|
13
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Ecmu BBectn 8*8-marpuny dynkuumit C(x) u 8-BekTop-QyHKIHUI B(X,1) CO CICIyIONNMH
JJIEMEHTaMHU

cu=1 ¢ =0; c13 =0; c14=0; c15 = 0; c16 = 0; c17 =0;
ci8=0; €1=0; cp=1; 23=0; c24=0; C25 = 0; c26 = 0;
c7=0 cy3 =0; c31=0; 3, =0; 33 = [a; + 2acos(x2)];
34 = [a; + azcos(xz)]; c35=0; c3=0; c37 =0; czg =J,/i;
€41 =05 4 =0; 43 = [a5 + azcos(x2)]; C44 = A3; C45 = 0;
C46 = 0; €47 = 0; C48 = 0; cs1=0; 5 =0; 53 = 0; C54 = 0;
ss=1  c56=0; cs7 = 0; csg = 0; 61 =0; ¢ =0; Ce3 = 0;
Ces = 0; Ce5 = 0; Ces = 1; ce7 = 0; Ceg = 0; c1=0; ¢, =0;
c73 = 0; €74 = 0; c75 =0; c76=0; c7=]; c78 =0; cg1 = 0;
cgy = 0; cg3 = 0; Cga =J,/1; cgs = 0; cge = 0; cg7 = 0;
cgg=J,; b1 =2x3 by =2xy

b3 = ax4(2x3 + x4) * sin(xy) —kyx1 — (mly + myle,) * g * cos(xy + x3)
— (mqle, + maly + mly) * g * cos(xy);
by = ayxy * (2x3 + x4) * sin(xz) +koxe — (Mly +myle,) * g * cos(xq + x3) ;
bs = x7; be = xg;
b; = —ayx3. sin(xy) — kx5 + w; bg = —ayx3 * sin(xy) + kyx, + u;

To cucremy nuddepeHnmambHpIX ypaBHeHHH (18) MOXKHO mepenucarb B BEKTOPHOM BH/IC
AXx)* x = B(x,u) (19)

[Tepenumenm ypaBHeHus (19) B Buze cuctemMbl HETMHEWHBIX AU(GepeHIIMaIbHbIX YPaBHCHUH
(1), He0OXOMIUMO BBIYHCIUTH OOPATHYIO MaTPHILy OT A(x) U 3aTeM BEKTOP-(PYHKITHIO

fix,u)=A" (x)* B(x,u). (20)

Beuny cnoxxnoctu oOparieHust MaTpuil A(X), 3IeMEHTBI KOTOPO 3aBUCST OT 8-MH ITEPEMEHHBIX,
JTajdbHEHIMe pacyeThl OymaeM mpoBoauTh st podora «PUMA 550/560» mpu ciemyronux
3HAYECHUSX:

i=1...1000; £,=25000 Hm; k£,=6500 Hm;
[, =1 =0.1m; 1 =1=0.5wm m=40kr; m=24 kr; m =5 xr;,

1 2
J, =2.1 xr M* J_ = 0.7 xr M* J,=20 kr M J,=3 kr M”.
1 2

Jlnist IpOBEICHUST aHAIMTUYECKUX BBIUYMCIICHUI MPUMEHUM TIPOTPaMMy, pEaln30BaHHYIO Ha
cucreme Matlab. TekcT nmporpaMMbl IPUBOIUTCS HIKE.

Nm=sym(‘[0000;0000;0000;0000]"); C=[Nm Nm; Nm Nm];

_____________________________________________________________________________________|
14
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B=sym(‘[000000007]); F=sym(‘[000000007]);

1=1; m=5; m1=40; m2=42; J1=20; J2=3; Jc1=2.1; Jc2=0.7; L1=0.5; L2=0.5;

Lc1=0.1; Lc2=0.1; k1=25000; k2=6500; g=1;

al=m*(L1*L1+L2*L2)+m1*Lc1*Lcl+m2*(L1*L1+Le2*Le2)+Hcl+]c2+]2/(1*1);

a2=L1*(m*L2+m2*Lc2); a3=m*L2*L2+m2*Lc2+Jc2;

syms x1 x2 x3 x4 x5 x6 x7 x8 u;

C(1,1)=1; C(2,2)=1; C(3,3)=al+2*a2*cos(x2); C(3,4)=a3+a2*cos(x2);

C(3,8)=J2/i; C(4,3)=a3+a2*cos(x2); C(4,4)=a3; C(5,5)=1; C(6,6)=1;

C(7,7)=11; C(8,8)=J2; C(8,4)=J2/i; C

B(1)=x3; B(2)=x4;

B(3)=a2*x4*(2*x3+x4)*sin(x2)-k1*x1-(m*L2+m2*Lc2)*g*cos(x1+x2)-
(m1*Lel+m2*L1+m*L1)*g*cos(x1);

B(4)=a2*x4*(2*x3+x4)*sin(x2)-k2*x6+(m*L2+m2*Lc2)*g*cos(x 1 +x2);

B(5)=x7; B(6)=x8; B(7)=-a2*x3*sin(x2)-k1*x5+u;

B(8)=-a2*x3*sin(x2)-k2*x2+u; B.’

Cb=inv(C); Cb

forii=1:8

ch=0;

for jj=1:8
ch=ch+Cb(ii,jj)*B(jj);
end;

F(i1)=ch;

end;

E’

End

Huke nipeicraBiieHb! pe3ynnbTaThl BBITOIHEHUS IIPOrPAMMBI

o= 1¢,=05¢,=05¢,=0,¢,=0,¢,=0;¢,=0;¢,=0;
€= 050, 1507 0500, 05007 05 0,7 05 €= 05 €= 0;
981 67
¢, =0;¢,=0; ‘3~ 5o +10— *cos(x2); ¢,,= 123/20 + 67/20 * cos(x2);
¢~ 0;¢,=0;¢,.=0; ¢, =3;
¢, =0;¢c,=0; c,,=123/20+67/20*cos(x2); ¢,,= 123/20
Cus™ 0; C46: 0; c47_ 0; Cag™ 0;
¢=0,¢,=0;¢,=0;¢,=0; . .=1; ¢, =0; ¢, = 0; ¢, =
¢;=0,¢,=0,¢,=0;¢,=0;¢,=0;¢c,= 1, 067— 0; c= 0
¢, =0,¢,=0;c, —O, c.=0,¢,=0;c¢,=0;c =20;c.=0;
Co1™ 0; Cor™ 0; Co3™ 0; Coa™ 3; Ces— 0; Coo 0; Cor™ 0; 88 3;
b=x; b=x,;
b,= 67/20*x4*(2*x3+x4)*sin(x2)-25000*x1-67/10*cos(x1+x2)-55/2*cos(x1);
b= 67/20%x4*(2*x3+x4)*sin(x2)-6500*x6+67/10*cos(x 1+x2);

_____________________________________________________________________________________|
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b= x5 bXg;

b=~ 2143 * sin(x2) - 25000 * x5 +

- —%7* X3 * sin(x2) — 6500 * x2+u.

8

O0603HaunM sneMeHTh 8*8-Marpuiel C' (x) yepe3 Cp;» KOTOPBIE IPUMYT CIIEYIOIIHE SHAYCHHS

(TOJIBKO HEHYJIEBBIE):

cp, =15 ep,=1;

cp,;=—12300/(-202581-20100*cos(x2)+22445*cos(x2)"2);
cp,,=100*(63+67*c0s(x2))/(-202581-20100*cos(x2)+22445%*cos(x2)"2);
cp,=12300/(-202581-20100*cos(x2)+22445*cos(x2)"2);
cp,,=100*(123+67*c0s(x2))/(-202581-20100*cos(x2)+22445*cos(x2)"2);
cp,,= —40*(981+335%cos(x2))/(-202581-20100*cos(x2)+22445%cos(x2)"2);
cp,.= —100*(123+67*cos(x2))/(-202581-20100*cos(x2)+22445%*cos(x2)"2);
cp= l;,c_66=1; ¢, =1/20;

Cg,= —100%(123+67*cos(x2))/(-202581-20100*cos(x2)+22445*cos(x2)"2);
C,,=40*(981+335%c0s(x2))/(-202581-20100*cos(x2)+22445%*cos(x2)"2);
Cy=1/3*(=165681+22445%*c0s(x2)"2)/(-202581-20100*cos(x2)+22445%cos(x2)"2).

VYpaBuenus pobora (18) mpuBenem Kk HOpMaIbHOMY BHILY

rac

dx
ar = f(x,u,t) Q1)
fi
frw) =C' ) * Baow =2 |, f,=x3,f, = x4,
fa

fi=—12300/(~202581-20100*cos(x2) +22445%cos(x2)"2)*(67/20%x4*(2*x3+x4)
*sin(x2) — 25000%x 1— 67/10*cos(x 1+x2)~55/2*cos(x 1 ))+100%(63+67*cos(x2))/
(—202581-20100%cos(x2)+22445%cos(x2)72)*(67/20%x4*(2*x3+x4)*sin(x2)—

500*x6+67/10%cos(x1+x2))+12300/(—202581-0100%cos(x2)+22445%*cos(x2)"2)*(~
67/20%x3*sin(x2)-6500%x2-+u),

£ =100*(123+67*cos(x2))/(~202581-20100*cos(x2)
+22445%c0s(x2)72)*(67/20%x4*(2*x3+x4)*sin(x2)-25000%x 1-67/10*cos(x | +x2)—

55/2*cos(x1))-40*(981+335%c0s(x2))/(-202581-20100%cos(x2)

+22445%c0s(x2)"2)*(67/20%x4*(2*x3+x4)*sin(x2)—6500*x6+67/10%cos(x 1 +x2))-

100%(123+67%cos(x2))/(—202581-20100*cos(x2)+22445%cos(x2)*2)*(~67/20*x3 *sin(x2)—
6500%x2-+u)

f=x,  f=x, , fi= — 67/400%x3*sin(x2)-1250*x5+1/20*u,

16
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Jy=—100*(123+67*cos(x2))/(-202581-20100 * cos(x2)
+22445%cos(x2)"2)*(67/20*x4*(2*x3+x4)*sin(x2)-25000*x1-67/10*cos(x 1+x2)-55/2*cos(x
1))+40*(981+335*cos(x2))/(-202581-20100*cos(x2)
+22445%cos(x2)"2)*(67/20*x4*(2*x3+x4)*sin(x2)-6500%x6 +67/10*cos(x1+x2))
+1/3*(—165681+22445*cos(x2)"2)/(— 202581 — 20100*cos(x2) + 22445*cos(x2)"2)*
(- 67/20*x3*sin(x2) — 6500*x2+u)

C nomomiplo MporpaMMel, HamucaHHOW Ha MatlLab u HauyanbHBIA (parMeHT KOTOPOTo
MIPEJICTABJICH HUXKeE, MTOJyYnM CJIEAYIOIINE PE3YJIbTaThl INHEeapU3auu cucteMsl (21).

syms x1 x2 x3 x4 x5 x6 x7x8 x Abc

x0=[00420011];

x = [x1 x2 x3 x4 x5 x6 x7 x8];

t=1[010];

y0=x0; u=0;

F=[...x3;...x4;...-369./(-6070.-603.*cos(x2)+673.*cos(x2)"*2)*(3.35*x4*
(2.*x3+x4)*sin(x2)-.25000.*x1-6.70*cos(x1+x2)-27.5*cos(x1)) +(189.+201.*cos(x2))/
(-6070.-603.*cos(x2)+673.*cos(x2)"2) *(3.35*x4*(2.*x3+x4)*sin(x2)-
6500.*x6+6.70*cos(x1+x2))+369./(-6070.-603.*cos(x2)+673.*cos(x2)"2)*(-3.35*x3*sin(x2)-
6500.*x2+u);

...(369.+201.*cos(x2))/(-6070.-603.*cos(x2)+673.*cos(x2)"2)*(3.35*x4*

(2.%x3+x4) *sin(x2)-25000.*x1-6.70*cos(x1+x2) -27.5*cos(x1))-(1180.+402.*

c0s(x2))/(-6070.-603.*cos(x2)+673.*cos(x2)"2)*(3.35*x4*(2.*x3+x4)*sin(x2)-
6500.%x6+6.70*cos(x1+x2))-1.%(369.+201.*cos(x2))/(-6070.-603.*cos(x2)

+673.*%cos(x2)"2)*(-3.35*x3*sin(x2)-6500.*x2+u);
x7; x8; 168*x3*sin(x2)-1250.*x5+.05*u;

...-1.*¥(369.+201.*cos(x2))/(-6070.-603.*cos(x2)+673.*cos(x2)"2)*

(3.35*x4*(2.*x3+x4)*sin(x2)-25000.*x1-6.70*cos(x1+x2)-27.5*cos(x1))
+(1180.+402.*cos(x2))/(-6070.-603.*cos(x2)+673.*cos(x2)"2)*(3.35*x4*

(2.%x3+x4)*sin(x2)-6500.*x6+6.70*cos(x1+x2))+(-1650.+224.*cos(x2)"2)/
(-6070.-603.*cos(x2)+673.*cos(x2)"2)*(-3.35*x3*sin(x2)- 6500.*x2+u)];

[IpencraBuM pe3yabTaT BBIIIOIHEHHUS IIPOIrPAMMEBI B CIEAYIOIIEM BUJE:

aiq1 Qq2 . Qqg
AG) = afg; D_[o an . o (22)
a81 a82 en a68

BrinuiiieM TobKO HEHYIEBbIE 3JIEMEHTHI MaTPULIbI A(X):

a13=1’ 3'24:1’

a,=(369.0%(6.7*sin(x1 + x2) + 27.5%sin(x1) — 0.25))/(603.0%cos(x2) — 673.0%cos(x2)"2
+ 6070.0) + (6.7*sin(x1 + x2)*(201.0%cos(x2) + 189.0))/(603.0%cos(x2) — 673.0*cos(x2)*2 +
6070.0),

_____________________________________________________________________________________|
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a,= (369.0%(3.35%x3%*cos(x2) + 6500.0))/(603.0%cos(x2) — 673.0%cos(x2)*2 + 6070.0) +
(369.0%(6.7*sin(x1 + x2) + 3.35%x4*cos(x2)*(2.0*x3 + x4)))/(603.0%cos(x2) — 673.0*cos(x2)"2
+6070.0) + (201.0*sin(x2)*(6.7*cos(x1 + x2) — 6500.0%x6 + 3.35%x4*sin(x2)*(2.0%*x3 + x4)))/
(603.0%cos(x2) — 673.0%cos(x2)"2 + 6070.0) + ((6.7*sin(x1 + x2) — 3.35%x4*cos(x2)*(2.0*x3 +
x4))*(201.0%cos(x2)+189.0))/(603.0%cos(x2)—673.0%cos(x2) 2 +6070.0)+(369.0%(603.0*sin(x2)
— 1346.0%cos(x2)*sin(x2))*(6500.0*x2 + 3.35%x3*sin(x2)))/(- 673.0%cos(x2)"2 + 603.0%cos(x2)
+6070.0)*2 — (369.0%(603.0%sin(x2) — 1346.0%*cos(x2)*sin(x2))*(0.25*x1 + 6.7*cos(x1 + x2) +
27.5%cos(x1) — 3.35%x4*sin(x2)*(2.0%x3 + x4)))/(- 673.0%cos(x2)"2 + 603.0*cos(x2) + 6070.0)*2
— (1.0%(201.0%cos(x2) + 189.0)*(603.0%sin(x2) — 1346.0%cos(x2)*sin(x2))*(6.7*cos(x1 + x2) —
6500.0%x6 + 3.35%x4*sin(x2)*(2.0%x3 + x4)))/(— 673.0%cos(x2)"2 + 603.0%cos(x2) + 6070.0)*2

a,;= 1236.1*sin(x2))/(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0) + (2472.3*x4*sin(x2))/
(603.0*cos(x2) — 673.0*cos(x2)*2 + 6070.0) — (6.7*x4*sin(x2)*(201.0*cos(x2) + 189.0))/
(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0)"2,

a,,=(369.0%(3.35%sin(x2)*(2.0*x3+x4)+3.35%x4*sin(x2)))/(603.0*cos(x2)—673.0*cos(x2)"2
+ 6070.0) — (1.0*%(3.35*sin(x2)*(2.0*x3 + x4) + 3.35*x4*sin(x2))*(201.0*cos(x2) + 189.0))/
(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0)

a,.= 6500.0*(201.0%cos(x2) + 189.0))/(603.0%cos(x2) — 673.0%cos(x2)*2 + 6070.0)

a,= — (6.7%sin(x1 + x2)*(402.0*cos(x2) + 1180.0))/(603.0*cos(x2) — 673.0%cos(x2)"2
+ 6070.0) — (1.0*%(201.0*cos(x2) + 369.0)*(6.7*sin(x1 + x2) + 27.5*sin(x1) — 25000.0))/
(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0),

a,, = (201.0*sin(x2)*(6500.0*x2 + 3.35*x3%*sin(x2)))/(603.0*cos(x2) — 673.0*cos(x2)"2
+ 6070.0) — (1.0%(201.0*cos(x2) + 369.0)*(3.35*x3*cos(x2) + 6500.0))/(603.0*cos(x2)
— 673.0*cos(x2)2 + 6070.0) — (1.0*(201.0*cos(x2) + 369.0)*(6.7*sin(x1 + x2) +
3.35*x4*cos(x2)*(2.0*x3  + x4)))/(603.0*cos(x2) — 673.0*%cos(x2)*2 + 6070.0) -
(402.0*sin(x2)*(6.7*cos(x1 + x2) — 6500.0*x6 + 3.35*x4%*sin(x2)*(2.0*x3 + x4)))/
(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0) — (1.0*(6.7*sin(x1 + x2) — 3.35*x4*cos(x2)*(2.0*x3
+  x4))*(402.0*cos(x2) + 1180.0))/(603.0*cos(x2) — 673.0*cos(x2)*2 + 6070.0) —
(201.0*sin(x2)*(25000.0*x1 + 6.7*cos(x1 + x2) + 27.5*cos(x1) — 3.35*x4*sin(x2)*(2.0*x3 +
x4)))/(603.0*cos(x2) —673.0*cos(x2)"2 + 6070.0) — (1.0*(201.0*cos(x2) + 369.0)*(603.0*sin(x2)
—1346.0*cos(x2)*sin(x2))*(6500.0*x2 + 3.35*x3*sin(x2)))/(— 673.0*cos(x2)"2 + 603.0*cos(x2)
+ 6070.0)*2 + ((201.0*cos(x2) + 369.0)*(603.0*sin(x2) — 1346.0*cos(x2)*sin(x2))*(25000.0
*x1 + 6.7*cos(x1 + x2) + 27.5*cos(x1) — 3.35*x4*sin(x2)*(2.0*x3 + x4)))/(— 673.0*cos(x2)"2
+ 603.0*cos(x2) + 6070.0)*2 + ((402.0*cos(x2) + 1180.0)*(603.0*sin(x2) — 1346.0*cos(x2)*si
n(x2))*(6.7*cos(x1 + x2) — 6500.0*x6 + 3.35*x4*sin(x2)*(2.0*x3 + x4)))/(— 673.0*cos(x2)"2 +
603.0*cos(x2) + 6070.0)"2

a,= (6.7%x4*sin(x2)*(402.0%cos(x2) + 1180.0))/(603.0%cos(x2) — 673.0%cos(x2)"2 + 6070.0)
— (6.7*x4*sin(x2)*(201.0*cos(x2) + 369.0))/(603.0%cos(x2) — 673.0%cos(x2)"2 + 6070.0) —
(3.35*sin(x2)*(201.0*cos(x2) + 369.0))/(603.0%cos(x2) - 673.0%cos(x2)"2 + 6070.0),
]
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a, = ((3.35%sin(x2)*(2.0"x3 + x4) + 3.35%x4*sin(x2))*(402.0%cos(x2) + 1180.0))/

(603.0 * cos(x2) — 673.0%cos(x2)*2 + 6070.0) — (1.0%(3.35%sin(x2)*(2.0¥x3 + x4) +
3.35%x4*sin(x2))*(201.0*cos(x2) + 369.0))/(603.0%cos(x2) — 673.0%cos(x2)"2 + 6070.0),

a, = cos(x2)*cos(x3),
a,~—(6500.0*%(402.0*cos(x2) + 1180.0))/(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0),

s~ 1, g~ 1,

a,= 168.0%x3*cos(x2), a,=168.0%sin(x2), a,.=— 1250.0,

a,= (6.7%sin(x] + x2)*(402.0%cos(x2) + 1180.0))/(603.0%cos(x2) — 673.0%cos(x2)"2 +
6070.0) + ((201.0*cos(x2) + 369.0)*(6.7*sin(x 1 +x2) + 27.5*sin(x1) — 25000.0))/(603.0%cos(x2)
— 673.0%cos(x2)"2 + 6070.0),

a = ((224.0%cos(x2)"2 — 1650.0)%(3.35%x3%cos(x2) + 6500.0))/(603.0%cos(x2) —
673.0%cos(x2)"2 + 6070.0) + (201.0*sin(x2)*(25000.0%x1 + 6.7*cos(x1 + x2) + 27.5%cos(x1) —
3.35%x4*sin(x2)*(2.0%x3 + x4)))/(603.0%cos(x2) — 673.0%cos(x2)*2 + 6070.0) + ((201.0*cos(x2)
+369.0)*(6.7*sin(x 1 + x2) + 3.35%x4*cos(x2)*(2.0%x3 + x4)))/(603.0%cos(x2) — 673.0%cos(x2)2
+6070.0) + (402.0*sin(x2)*(6.7*cos(x1 + x2) — 6500.0%x6 + 3.35%x4*sin(x2)*(2.0%x3 + x4)))/
(603.0%cos(x2) — 673.0%cos(x2)"2 + 6070.0) + ((6.7*sin(x1 + x2) — 3.35%x4*cos(x2)*(2.0*x3 +
x4))*(402.0%*cos(x2) + 1180.0))/(603.0*cos(x2) —673.0*cos(x2)*2 +6070.0)— (1.0%(201.0*cos(x2)
+ 369.0)%(603.0%sin(x2) — 1346.0%cos(x2)*sin(x2))*(25000.0*x1 + 6.7*cos(xl + x2) +
27.5%cos(x1) — 3.35%x4*sin(x2)*(2.0%x3 + x4)))/(- 673.0%cos(x2)"2 + 603.0*cos(x2) + 6070.0)"2
— (1.0%(402.0*cos(x2) + 1180.0)*(603.0*sin(x2) — 1346.0*cos(x2)*sin(x2))*(6.7*cos(x1 + x2) —
6500.0%x6 + 3.35%x4*sin(x2)*(2.0%x3 + x4)))/(- 673.0%cos(x2)"2 + 603.0*cos(x2) + 6070.0)"2
— (448.0%cos(x2)*sin(x2)*(6500.0%x2 + 3.35%x3*sin(x2)))/(603.0%cos(x2) — 673.0%cos(x2)"2 +
6070.0) + ((224.0*cos(x2)*2 — 1650.0)*(603.0%sin(x2) — 1346.0*cos(x2)*sin(x2))*(6500.0%x2 +
3.35%x3*sin(x2)))/(- 673.0%cos(x2)"2 + 603.0%cos(x2) + 6070.0)"2.

a,= (3.35%sin(x2)*(224.0%cos(x2)"2 — 1650.0))/(603.0%cos(x2) — 673.0%cos(x2)*2 + 6070.0)
+ (6.7%x4*sin(x2)*(201.0%cos(x2) + 369.0))/(603.0%cos(x2) — 673.0%cos(x2)"2 + 6070.0) —
(6.7*x4*sin(x2)*(402.0*cos(x2) + 1180.0))/(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0),

a,,=((3.35*sin(x2)*(2.0*x3 +x4) +3.35%*x4*sin(x2))*(201.0*cos(x2) +369.0))/(603.0*cos(x2)
—673.0*cos(x2)"2+6070.0)—(1.0*(3.35*sin(x2)*(2.0*x3+x4)+3.35*x4*sin(x2))*(402.0*cos(x2)
+ 1180.0))/(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0),

a,= (6500.0*(402.0*cos(x2) + 1180.0))/(603.0*cos(x2) — 673.0*cos(x2)"2 + 6070.0).

Bbruncium 3Hauenune matpuibl A(X) B Touke x, =[004200 1 1];

0 0 1 0 0 0 00
0 0 0 1 0 0 00
—0.015375 400.34 0 0 0 4225 00
Alxg) = 23750 —607.47 0 0 0 ,—1713.8 00 (23)
0) = 0 0 0 0 0 0 10 |
0 0 0 0 0 0 01
0 6720 0 0 —1250.0 0 00 /
—2375.0 —15593 0 0 0 17138 00
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B nanpueiimem Matpuna A, npeacTaBieH-
Hast B Buje (23), MOXKET OBITh HCIIOJL30BaHA
JUTsl aHaJIM3a YCTOMYMBOCTH WUJIU YTIPABIISIEMO-
CTH MOJIETTH JABYX3BEHHOTO POOOTa B 3a/IaHHOM
TOUKE.

BbiBoabl. Ha ocHOBE cucTeM aHaluTUYe-
CKHX BbIumncieHuit MatLab aBTomarusupoBaHa
IpoLeaypa TMHEAPU3aLUX HEJIMHEMHON CUCTe-
MBI, OIUCBHIBAEMON OOBIKHOBEHHBIMU Tudde-
PEHLUATBHBIMU YPaBHEHUSIMU.

D¢ hekTUBHOCTH MPeIOKEHHON MPOoLeay-
PBI IPOIEMOHCTPUPOBAHA Ha JIBYX IPUMEpax.

J1s mMaTeMaTH4eCKON MOAeIN IWHAMUKU
OECTIHIIIOTHOTO JIETaTeIbHOIO armapara, OIu-
ChIBAEMON CHCTEMOW OOBIKHOBEHHBIX JU-
(epeHIManbHBIX ypaBHEHUH 6-TO TOpsIKa,
ABTOMATUYECKH MOCTPOEHA JIMHEAPU30BaHHAS
cucrema.

JIns maremMaTuyeckod MOJENH JBYX3BEH-
HOTO poboTa pa3paboTaHbl JBE MPOLEAYPHI.
IIepBas nponenypa no3BOJISIET HOPMAIU30BATh
MaTEMAaTUYECKYI0 MOJEINb, IOJyYEHHYK Ha
OCHOBE ypaBHeHUH JlarpaHxa BTOpPOro poza.
Bropas npouenypa 1o HopMaau30BaHHON Ma-
TEMaTU4EeCKOM MOJENIH CTPOUT €€ JIMHEapu30-
BaHHYIO KOIIHIO.

B nanphelineM nosy4eHHbIE JMHEAPU30-
BaHHBIE MOJIEIM MOTYT OBITh HCIOJIb30BaHBI
JUISL U3Y4YEHHUs CBOMCTB YCTOWYMBOCTH WU
YIPaBISIEMOCTH UCXOIHOU MOJIEIH.

Paboma evinonnena 3a cuem cpedcme npo-
2PAMMHO-YeNe6020 PUHAHCUPOBAHUS HAYUHBIX
uccnedosanuii Ha 2023-2025 200v1 no npoexmy
UPH AP19676966 «Paspabomka npoepamm-
HO-annapamuo20 KOMIIeKca NCuxoQhu3uonocu-
yeck020 omoopa u peadburumayu CHalnepPosy.
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’KEP BETIHIH FAPBIIITBIK CYPETTEPIH OHJEY KE3IH/JIE ONTUKAJIBIK-
IEKTPOH/IBIK )KYHEHI KOJJIAHY DAICTEMECI

A . Tyaerynaos, K.M. Akumes, M.III. HypmaraméeTos,
C.C. lemecunona, P.I11. [1aabimOeToB
Ka3a1< TEXHOJIOTUS JKOHE OM3HEC YHI/IBepCI/ITeTi. ACTaHa, KaBaKCTaH,

tad62@ya.ru

XKympbicTa xep OETiHIH FAPBIITHIK CYpETTEPiH OHJIEY YILiH ONTHUKAIBIK-3JICKTPOHIbI KYHEH1
KOJIJAaHY/IbIH ©3€KTLIIr KOpCeTUIreH. DKCIIEPUMEHTTIK 3epTTeyNepIiH MaKcaThl skep OeTiHiH Fa-
PBILITHIK CYpPETTEPiH OHLY KE31HEe ONTHKAIBIK-JICKTPOH/IbI )KYHEHI KOJIJJaHy 9/1iCTEMECiH d3ip-
ney Oonbin TabbiIanel. COHFBI OHXBUIIBIKTAp/a T€0AKIapaTTHIK XKYyHenep oTe OelceH 1l aMblIl
Keneni, OyJ1 e3 Ke3eriH/ie FapbIILTHIK CYpeTTep/IiH carachlHa KOFaphl TaJanTap KOsIbl.

FapelThlK cypeTTepliiH camachlH KakcapTy Maceseci OipHele >KOJIMEH IMIeIIiTyi MYMKIH.
TexHUKaIbIK TYPFbIIaH aJIFaH/1a, KeHICTIKTIK aKbIPaThIM/IBUIBIFBI ©TE )KOFAPhI 3aMaHay TYCIpLIiM
anmnaparTapblH naiianany kaxer. CoHnaii-ak sxep OeTiHiH FapbIITHIK CYpeTTepiH OHICY Ke3iHae
OTITUKAJIBIK-3JIEKTPOHIBIK KYHEHI KOJIJIaHy 9/1ICTEMECIH KETUIAIPY KaXkeT.

Makanaja ynbTpa *OFapbl aKbIPAThIMBUIBIKTAFbl ONTUKAJIBIK-3JIEKTPOH/IbI FAPBIIITHIK JKYH-
eJiep, OJap/IbIH TEXHUKAIIBIK CUIIaTTaMallapbl, KaOIbIKTaphl )KOHE JKaJIbI KYPBUIBIC CXEMAaChl Tal-
naHajbl. TeIecKONThIH TYCIpiaiM OOBEeKTUIEpiHe KaiTa OaFrbITTaly KbUIIAMBIFBIH apTTHIPYFa
MYMKIHJIIK OepeTiH MOMEHTTI 0acKapy TMPOCKONTapbIH KOJIJaHy apKblIbl Oarapiay Kyiecinueri
OHIMIUTIKTI apTTBIPy MYMKIHAIKTEp1 KapacThIpbLIa/Ibl.

Tyilinai ce3nep: oNTHUKATBIK-AIEKTPOHIBIK XKYiie, o/licTeMe, reoakmaparThIK Kyienep, cana,
anmaparypa, 6araapinay xyiesnaepi, THpOCKONTap, KaiTa OarbITTay KbUIIAM/IbIFbI.

METOJIUKA IPUMEHEHUS OIITUKO-JIEKTPOHHOM CUCTEMbBI ITIPU OBPABOTKE
KOCMHUYECKHX U30BPAKEHUM 3EMHOM IMOBEPXHOCTH

A . Tyaeryaos, K.M. Aknmies, ML.III. Hypmaramo6eros, C.C. /lemecunoBa,
P.I11. ITansiMGeToB

Kazaxckuii yHUBEpCUTET TEXHOJNOTHH U Ou3Heca. Actana, KazaxcraH.
tad62@ya.ru

B pabore nokazaHna akTyaJbHOCTh IPUMEHEHHS ONITUKO-3JICKTPOHHOM CUCTEMBI JIIs1 00paboT-
KM KOCMUYECKUX CHUMKOB IMTOBEPXHOCTH 3eMid. Llenbio sKcriepruMeHTaIbHBIX HCCIIeIOBaHUH SIB-
asieTcs pa3paboTKa METOJOIOTUU MPUMEHEHHUSI ONTHUKO-3JIEKTPOHHOM CHUCTEMBI MPU 00paboTKe
KOCMHUYECKUX CHUMKOB TIOBEPXHOCTH 3eMiu. B mocieqnue necsaTuieTist O4eHb aKTUBHO Pa3BU-
BAaIOTCs Te€OMH(OPMAIIMOHHbBIE CHCTEMBI, YTO B CBOIO O4Yepe/ib MPeIbsBIIsET O0siee BHICOKUE Tpe-
OOBaHMS K Ka4eCTBY KOCMUYECKIX CHUMKOB.

[Ipo6iema MoBBIIIEHUST KaueCTBA KOCMUYECKIX CHUMKOB MOXKET OBITh pelieHa HECKOJIbKUMHU
nyTssMu. C TEXHUYECKOM TOYKHU 3pEeHUsI HEOOXOJMMO HCIIONB30BaTh 00Jiee COBPEMEHHBIE CheMOY-
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HBIE almnaparsl, 00Ja1a0IIHe CBEPXBBICOKUM ITPOCTPAHCTBEHHBIM pa3penieHneM. Takxe HeoOxo-
JIMIMO COBEPILICHCTBOBATH METOJIOJIOTHIO IIPUMEHEHUS ONTHKO-3JIEKTPOHHON CUCTEMBI ITpH 00pa-
00TKE KOCMUYECKUX CHUMKOB ITOBEPXHOCTH 3EMJIH.

B crarbe aHanmu3upyroTCs AEUCTBYIOIINE ONTUKO-JIEKTPOHHBIE KOCMUYECKUE CUCTEMBI CBEPX-
BBICOKOTO pa3peIleHus], UX TEXHHUECKUE XapaKTePUCTUKH, armmaparypa 1 o0Ias cxema mocTpo-
EHUSL.

KiroueBble €j10Ba: ONTHKO-JIEKTPOHHAS] CUCTEMa, METOAOJIOTHS, TeOMH(POPMAIIMOHHBIE CH-
CTEMBI, KaU€CTBO, alaparypa, CHCTEMbl OPUEHTALIMHU, TUPOCKOIIBI, CKOPOCTh NIEPEHALIETTBAHMSI.

METHODOLOGY FOR USING AN OPTICAL-ELECTRONIC SYSTEM WHEN PROCESSING
SPACE IMAGES OF THE EARTH’S SURFACE

A. Tulegulov, K. Akishev, M.Sh. Nurmagambetov, C.S. Demessinova,
R.Sh. Palymbetov
Kazakh University of Technology and Business. Astana, Kazakhstan.

tad62@ya.ru

The paper shows the relevance of the use of an optoelectronic system for processing satellite
images of the Earth’s surface. The aim of experimental research is to develop a methodology for
the application of an optical-electronic system in the processing of satellite images of the Earth’s
surface. Geoinformation systems have been actively developing in recent decades, which in turn
places higher demands on the quality of satellite images.

The problem of improving the quality of satellite images can be solved in several ways. From a
technical point of view, it is necessary to use more modern filming devices with ultra-high spatial
resolution. It is also necessary to improve the methodology of using an optoelectronic system for
processing satellite images of the Earth’s surface.

The article analyzes the current ultra-high-resolution optical-electronic space systems, their
technical characteristics, equipment and general construction scheme.

Keywords: optoelectronic system, methodology, geoinformation systems, quality, equipment,
orientation systems, gyroscopes, re-targeting speed.

Kipicne. Counrbl xpuiiapsl  ¢otorpadu-
SUTBIK JKYWENEp/IiH carnachIMeH CabICThIPBI-
JATBIH allbIHFAH MaTepHalIapblH CanachlH
KaMTaMachl3 €TeTIH ONTHKAIBIK-JIEKTPOH IBIK
KYHeNepaiH JaMyblHAa Tporpecc OalKamibl.
CoHbIMEH KaTap, cyperTepiiH Oonysl omap-
JIbI COTT1 OHJICYMIH KIJITI eMeC €KEeHIH TYCiHy
KEepPeK — JKOFapbl a)bIPATHIMJIBUIBIKTAFbl Fa-
PBHIITHIK CypeTTep Oipkarap epeKIleTiKTep-
re ue. KeHICTIKTIK aXbIpaTbIMABUIBIFBI 1 M
OoJIaTBIH CypeTTepi OHJAEyre epeKile Hazap
ayJapbuIael — Kasipri yakpITTa HApPBIKTa KOJ

KETIMJ1 €H KaKChl AKBbIPATBIMIBUIBIK. JKoFapsl
QXKBIPATBIMIIBUTBIKTAFBl  CypeTTepIi OHJICYIIH
TEXHHUKAJIBIK EPEKIIETIKTEPl ONapIblH TaOuFa-
TBIHAH TYBIHIAHIBI: TYCIPLIIM KaMepachIHBIH
KYpZeJli TeOMETPUSCHI, Tap KOpPY JKOJAaFbl KOHE
COHBIH CaJIJapbIHaH IIAFbIH KaJp ©JIIeMi, cTe-
PEO KEeCKiH/1 allyablH KUBIH]IBIFbI.

3epTTeyaiH oiCHAMAINIBIK HETi31 JKYHeliK
Tocin Oomnbim Tabbutaabl. JKymbicTa Kambl
FBUIBIMH QJIICTE€P KOJJIAHBUIIBI: Tajaay *XOHE
CHHTE3, MHIYKIHS KOHE JEAyKLus, adCcTpak-
TLTIIEH HAKTBIFAa KOTepiny. 3epTTey CTpaTeru-
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sicel JKK3 TexHONOrusiapblHbIH TEXHUKAJBIK,
SKOHOMHKAJIBIK JKOHE OJIEYMETTIK THIMJILII-
ri mMocenenepi OOWBIHINIA OPTYPIL Ke3IepaeH
aKmapaTThl )KUHAY, Talay >kKoHe TYCiHaipy 00-
JIBII TaOBLUIABI.

3epTTey MaTepuaJaapbl MeH djiicTeMeci.
[MafimananymbiHBIH ~ OipiHINI  KUBIHIBIFBI-OP-
Tohoto KeckiHiH aimy. Kamepa ociniH Hamup-
JIeH aybITKYbl CITyTHHUKTIH YIIIy >KOJBIHAH THIC
KaTKaH ayMaKThl TYCIpy KaXeTTiTirine 6aina-
HBICTBI alTapibIKTall [IaMajapra JKeTyl MyM-
KiH. HoTmkecinae KecKiHaep/iH aiTapabIKTai
MEPCIIEKTUBANBIK OypMananysl MyMKiH. Kana-
JBIK ayMaKTap/Abl TYCipy TYTHIHYIIbUIAD YIIiH
epekie (3koHe 0achiM) KBI3BIFYIIBUIBIK TYIbI-
PaTBIHIBIFBIH €CKEpEe OTBIPHIN, OypMaiaHy-
Jap FUMapaTThiH, dcipece Kol KadaTThl FuMa-
parThiH OeiiHenepiHe aWTapibIKTail acep eTyi
MyMKiH [1].

Tycipimim  ocinin  HagupaeH 15%-pan
acTaM aybITKy OYpBIIIBIHIA YKOFaphl Carlajbl
optooTO Kacay MYMKIH eMeC, OUTKEHi Fu-
MapaTTapAblH Ta0aHbl MEH IMIATHIPHIHBIH Cy-
peTTeri opHajacy albIpMallbUIBIFBl Kapamnaii-
BIM OPTO KECKIH TEXHOJOTHMSJIAphIH KOJJaHA
OTBIPBIN KoWbIIMaiiabl. CypeTTi eHJeTeHHEeH
KeHiH FUMaparTapAblH TaOaHBIHBIH OpHaja-
Cybl TEOMETPHSUIIBIK JIdJT JIET caHayFa Ooajpl,
eiitkeHi GPS emmemuepi Hemece ayKbIMIbI
KapTaJiaH aJIbIHFaH HYKTEJep kep OeTiHae op-
HanackaH. [IeiHalibl opTohoTO Jen aramarbiH
o/icTep/Ii xKacay, MbICallbl, CypeTTEep/IiH CTEPEo
KYIITApbIH TaJIJayFa KOHE MIaThIP KECKIHJEPiH
OpPTO-TY3E€TUITEH KECKIHI'e COMKeC KeJeTiH
IIBIHAMBI KYHiHE aybICTBIpYFa HerizuenreH. Ic
KY31HIe MYHJall TeXHOJIOTUsAIap 7 KeH KOJ-
JaHbICTa eMec. OnbeTTe, emKaHaail TeXHO0-
I'Hsl FUMapaTTapAblH KaObIpFraldapblHAa )Kachl-
PBUIFAH aCTBIHFBI KabaT Typalibl KETICIEHTIH
aKmaparThl KOCa aJIMaibl.

Tycipemin annapamypanvly MexXHUKAIbIK
manoay

Tyciperin anmaparypaHbIH KoHE KaJIbIITa-
CTBIPBUIFaH CYpETTiH 0acThl CHIIaTTaMalaphl:

— KeHicTikTiH pykcatsl (KP)

— pamuometpukanak pykcar (PP);

— crnekTpainpasl pykear (CP)

— yakbITTHIK pykKcat (YP).

AJBIHFaH CYpeTTiH HETI3rl reOMETPHSUIBIK
cUnarTaMajiapblH KEHICTIKTIH PYKCAThl KOHE
IIOJTY KOJIAFBIHBIH €Hi 0OJa/Ibl.

Kenicmixmix pyxcam cypeTTiH MUHUMAIIIbI
TIPKENITIH 3JIEMEHTIHIH(MMUKCENb) ChI3BIKTHIK
OJIIIIEMIH aHBIKTAW/IbI, SIFHU MUKCEIbMEH (PUK-
CUpJICHTeH OepiireH xep OOBEKTICIHIH MUHU-
MaJIIbl CHI3BIKTHIK IIAMACHI.

KP xaObu1gaHaThiH COyIIEHIH TOJTKBIH Y3bIH-
JIBIFBIMEH A, FapBIII annapaTblHBIH OpOUTACKI-
HbIH OwikTiriMen H, oObeKkTHUB auameTpimMeH
D(pamuonokanusiiblK 0aKblIay Ke3iHe-aHTeH-
Ha arnepTypachl) OaimanbICThI [2]:

R~wHI D. (1)

OnTHKO-3TIEKTPOHABIK CKaHepJIepMEH
aneiaFal KP  cyperrep mbiHa (opmymnameH
AHBIKTAJIAbI:

R~wH/ f, 2)

MYH/Ia, W — JaTYUKTIH ChI3BIKTHIK OJIIIEMI;

H — op6uta OMIKTIri;

f— onTHKaNBIK XYHeHIH (OKYCThI KalIbIK-
TBIFBL.

[Tukcenp enmeMiHeH Killi 0ObEKTep, MbI-
caibl xonaap, poHHAH e3renie O6oca CypeTTe
epeKIeneHyi MyMKiH. backa jKarblHAH TIHK-
CeNb OJIIeMIMEH CalIbICThIPMAalbl HEMEce YJI-
KeHIpeK 00BEeKTep erep KachblHAa OJlaH KapbIK
Hemece Oacka oObeKTTep 0osica epeKIleseH-
oeii.

KP ynken OonraH caliblH, OHBIH CaHJIBIK
MoHI a3 Oomaapl. Mpicanbl 79M KEHICTIKTIK
pykcar 10M-Te KaparaHma Iepeki OOJIbBIT Ke-
neni. XXyiienepaiH aifblpMaIbIIbIFbL:
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TUVIS Camera Head (Example Configuration)
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NAND Flash
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1 - Cypetr — OnTukaIbIK Kyiie KYpbLIFBICHI

— TeMeH (R> 1 km);

—oprama (100m <R<'1 km);

—oFaprbl (R< 100M) KEHICTIKTIK pyKCaTHI.

bepinren  rpamanusga KP kepcer-
KIIITEepiHIH IIeKapajapbl Kazipri yakKbITTa
azato ypaiciage. Oprama KP-geri FapbimThik
cyperrepre 20-30m-ger 500M-re neiinTi pyk-
caTrieH cyperTep karaabl, xoraprel KP-meri
FapBIIITHIK cyperrepre 20M-I€H TOMEH pyK-
caTIieH CypeTTep KaTajbl. OTe KOFaprbl PyK-
carrarbl cypettep ne 6ap (KP 2 m-neH temen).

Temenri KP opkaman kemmiimik OoJbIm
caHaJIMalJpl. OJETTe MYHAAl KyMenep KeH
IIOJIy SKOJIBIMEH, Y31Ticci3 aKmapar >KuHay-
MEH JKOHE a3 YaKbIT LUKIIHIEC KalTa Tycipy
MyMKiHIiriMeH cunartaiaabl. Temenri KP ra-
PBILITHIK CypeTTep alTapibIKTail ap3aH, COH-
JBIKTAH YJIKEH ayMakThl LIONyJda KOJJaHFaH
XeH (2-cyper).

Llony convinbiy eHi CIYTHHUKTIH OWIKTI-
riHEH JKOHE KaMepaHbIH CayJeciHiH KaHIIa-
JBIKTBl ayTKyblHa OailiaHbIcThl Oonazabl. bap-
Jay anKaObl HEFYPIIBIM YJIKeH 00Jica COFYPITbIM
KEHICTIKTI a)KBIPATBIMJIBUIBIK TOMEH OOJaIbI
[3]. CanapIK FapBINTBHIK CYPETTEPHIH paou-
OMempUANbIK pYKcamyvl KOJNJAHBUIATBIH J1aT-
YHKTIH JUHAMUKAIBIK JAANa30HbIHBIH E€HIMEH
aHBIKTANA/bl, SIFHU JUCKPETTCHYIIH Iopexe-
CiHIH caHBIMEH aHBIKTANIABI(3-CyperT).

AOcomoT KapajgaH aOCoNIOT aK — TYCKe
eTyiHae. PaanoMeTpHsIbIK aKbIpaThIMABLIBIK
OuT caHbIMEH Kepceriieni. 8§ OUT pamuome-
TPUSUIBIK ~ @KBbIPATHIM/IBLIBIK  YKAPBIKTHIKTHIH
rpajanusHbIH 256 aopekecine cail 0oIbIm Ta-
ObuTazpBl. DIIeMeHTap OObEKTIHI aHBIKTAY YIIiH
MBIHA/Iall JKaF1ail OpbIHAATY KaXKeT:

[ S/R>AL 3)
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3 — Cypet — PaquoMeTpUsIIBIK PYKCATIEH aJIBIHFAH CypeT

MyHJa, [ . — OOBEKT JKapBIKTBIFbI;
S — OHBIH ayMarbl;
R — KeHICTIKTIK pyKcar;
Al — pauOMETPHSIIBIK, PYKCaT.

Keckingepai »acaynblH 3JIEKTPOOINITHKA-
JIBIK KYHECIHIH )KMHAKTaJIFaH Mojieni 4 cypet-
Te KopceTireH. OOBEKT JKajIbl ONTHKO-MEXa-
HUKAJBIK KYHe apKblIbl HEMECe ONTHKO-IJIEK-
TPOHJIBI XKYIie apKbLIbl capanaHaasl. Coynene-

Hy MII3 natyurin KypaWTblH, >KMHAKTAFbIII
ONTHKA apKbUIBl oTemi. JKanmbl JaTYUKTiH
KOpy aJaHbl ONTHKAJIBIK JXYWEHIH capajaHa-
TBIH KO3FaJIBICBIMEH Kypbuiaabl. ComaH KeiliH
TMCTICPCUSIIAUTBIH - TTpU3Maiap, Auppaxim-
SUIBIK TOpJIap, ©H-TaHJAAylIbl (JUXPOUYHBIN)
altHayiap HeMece (QUIBTPIIep KOMETIMEH Ccoylie-
JICHY CIIEKTPaJbAbIK Kypaylblaapra Oelmiek-
TeHeni. JleTekropiap >KUBIHTHIFBI TUCTICPCHSI-
JIaHFaH COyJeNeHynl ycramn anansl. Jlerekrop-
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Jap KEHICTIKTEe, COMKec JEeTEKTopIiap OJiap.bl
ce3iMTan OONaThIH TOJKBIH Y3bIHIBIFBIHBIH
JIMana3oHIapbIH/IA YCTAll allyFa KOJalsbl eTir
OpHaNacThIpbuFad [4]. Op IETEKTOP apKbLIbI
OTINl JKaTKaH CHUTHANJAp KyLIEHTieni >koHe
eHJenel (humpTp apKbUTBI OTE/I )KOHE/HEMece
cauabIK Typre aitHanaael). ALIl-na ennenren
CUTHAJI KBAaHTTANA/bl, HOTHXXECIHJE IIBIFbI-
CBIHJIAa KeCKIHHIH KEHICTIKTIK MHUKCEIiH Kepce-
teTiH DNs MoHi anbIHa bl (4 -cypeT)
KameIKThIKTaH 30HATAY KYWECIHIErl Jar-
YUKTEPJIIH HETi3Ti )KYMBIC 1CT€y NMPUHLUITEPI
(hoTodnekTpitik dPPEKTire — KapPhIK APKBLIBI
3aTTap/iaH >JCKTPOHIApP WUIBIFApy, Heri3nen-
reH. YIIBI HIBIKKAH JIeKTPOHIAp AETEKTOpAa,
KeiOip CHUTHANAap CHUSKTBI OJIIICHETIH 3JIeK-
TPIIK TOKTHI TyabIpansl [4]. Herisri MomeHT
MBIHAFaH HETI3/IeNreH, TYBIHAAIFAH DJICKTP
TOFBIHBIH IIaMachl (yakeIT Oipiiriaaeri ¢oTo-
ANEKTPOHIAP CaHbl) KAPBIK KApKbIHBIHA Typa
nponopuuoHanb. COHABIKTaHIA, AIEKTPIIK
TOKTaFrbl ©3Trepic CaHJbl OJIIIey YIIiH, Oenrii
O1p yaKbIT apalbIFbIH/IA JATYUKTIH JKapBIK CE3-

Tl 3JEMEHTIHE COKTBIFBICAThIH, (OTOHIAP
KapKBIH/BUIBIFbI, KOJIJAHBUTYBl MYMKIH.
Herisri HoTuskesep. bypbin aliTbuiraniai,
HKCTIIEPUMEHTTIK 3€pTTEeyNEp/iH HETi3r1 MaKca-
ThI JKep OCTiHIH FApPBIMTHIK CYpeTTEePiH OHICY
Ke31H/JIe ONTUKAJIBIK-JIEKTPOH/IBI KYHEH1 KOJI-
JaHy OAICTeMECiH d3ipiey OOJbIN TaObLIAIbI.
KambIKThIKTaH 30HTAY 9/1eTTe OOBEKTLIEp Ty-
paJibl epeKTepi onapMeH pU3MKaIbIK Oaiina-
HBIC OpHATIIAl aiy Jen aranajabl. Anaiina, Oy
aHbIKTaMa HAKThUIaHYbl Kepek. EH annpiMeH,
KK3 TexHonmorusutapelH TaiiianaHy Ke3iHze
aKmapar TEXHUKAJBIK KypalJdapAblH KeMe-
riMmeH skuHanazbsl. COHBIMEH Karap, HbICaH-
Jap TEXHUKAJIBIK KypaJJapAaH auWTapibIKTai
KallbIKThIKTa opHanackaH. byn XXK3-ubeig
MEIUIUHANBIK JAMAarHOCTHKA, OpPTYpJi Marte-
puanabK o0beKkTiIepai 0y30ail Oakplay KoHE
T.0. CHSIKTBI KOHTAKTIiC13 3epTTey/iH Oacka oi-
CTEepIHEH HETI3r1 ailbIpMaIIbUIBIFBl OOJIBIN Ta-
ObUIaIbI, COHBIMEH KaTap *Kep/ii KallbIKTHIKTaH
30HJTAy KE3iHJE JKaHaMma eJIey Kypalaapbl
OeJICeH/II KOJITAHbUIATHIHBIH aTall ©TKeH JK6H [5].

Crnexrpanbabl Curnan Kymeur -
¢bunsTprep ] xim/enneymi
A A

Kipic | <y

coyne Cxanepneyi AIIIT DNs

Kyiie T
Ay
JKunarpiin Herexropnap
OIITHKA

4- Cypet — Keckinepai sxacayabIH 31eKTPOONTHKAIBIK 5Ky eCiHiH
Heri3ri KoOMNnoHeHTTepi
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5-cyperre  KazEOSat-1  cnyTHuUriHEeH
(Kazakhstan Earth Observation Satellite-
xepal OakpUIaylblH Ka3aKCTaHIBIK CITYTHH-
rl) — >KOFapbl aXbIpaTbIMIBUIBIKTaFbl JKepui
KAIIBIKTBIKTaH ~30HATAy[blH AallFallKbl Ka-
3akcTaHAbIK crmyTtHHri, “Leostar — 500 XO”
CIYTHHUKTIK Tuiatdopmacel Herizinge Ka-
3akcTaH PecmyOnukacel YKIMETiHIH Tarchl-
proicel Ooiipiamma “Airbus Defence and Space”
eyponasiblK KOMIaHHUACHI )KacaraH eriCTiK Kep-
JepAIH ONTHKAJBIK-IEKTPOHABIK diCTEPMEH
QJIBIHFaH CypeTi YCHIHBUIFaH [6].

5 — Cyper — KazEOSat-1 cnyTHUriHeH aJbIHFaH
cyperti

®DoT0 alIBIK KO3/1epAeH aJabIHFaH [5]

[lly KapKBIHIOBUIBIFBIH OcliHeney Kemeci
TYpZA€ KaObUIIaHFaH. BapiblK CHIPTKBI KOHE
1IIK1 IIyJTapAbIH IIBIFY Ke3aepi Keilip akTuBTi
KeZieprijiep TYpiHJET1 SKBUBAJICHTTI 11y LIbIFa-
Py Ke3aepimMeH anmacThIpbliaasl. bisre 6enriii,
pe3ucTopiIapAbl KbICKAH Ke3[e AJIEKTPOHAAp-
JIBIH  XQOTHKAJIBIK JKBUTYJBIK KO3FaJbICHIHBIH
ocepiHeH, Ke3JeHCOK jKarnaiiia e3reprTileTiH,
MOTEHIMAIAAPABIH  OPTYPJILIIrT  TYBIHIAANUIBI
[6,7]. Conpaii myasiH (OHBI KBUTYJIBIK eIl
araiiipl) oprama KyarbiH HalikBuct teopema-
CBI apKbUIbI OpHEKTEyTe 00abl:

V2 =4RKTAY, (4)

Mynna V: — R xexepriuni pe3uCTOPIIbIH
COHBIHA KepHEY TYCYiHIH OpTaIla MoHi.

k — bonblIMaH TYpaKThICHI;

T — pe3ucTop Temreparypachl;

Af — mekTpiHze KepHey (QIyKTyarusiChlH
OJIIIIEHETIH, KALIIK KOJIaFbL.

COHBIMEH >KBUTYIBIK ITYIBIH OpTalla KyaThl
ObLTail OPHEKTEIIEII:

_ (5)
P, = 4kTAY,

TaOurar GaxplIay CIIyTHUKTEPIHEH CHUTHAI
KaObUIIaFaH/a 1Kl MIybu1Iap OopiHEH KaTThl
OCepiH THUTI3e/Ii, )KOHE €H aJIJIbIMEH, PaJInOCHUT-
Hajgapael OIpiHI KYIIEHTY KacKaATapbIHBIH
urybuibl.  COHABIKTaHZAa KIpiC KacKaJaTapblH-
Jla KYpbUIBIMJBI CHUTHAJBIH TacChIMaJJayIlIbl
KUUTIK TYPJICHIIPTIIIH TOMEHIpPETIMeH KO-
CpalaHAbIPAThIH JKOHE  COYJIEeKaOBLIIaFbIIl
aHTeHHaZa OIpTEeKTI oOpHajacaTblH, a3MIy-
Jbl KYIEUTKIMTI KoimaHanbl. backa Oip-
Jel sKkarjaiiiapia CUrHajg KyaTbl aHTEHHa-
HBIH OJIMIEMIMEH J>KOHE aHTEHHa OpPEKETIHIH
OarpITTaNFaH KO3(PGUIHEHTIMEH, HIYBUIABIH
opramia KyaTbl — IIyJbl TeMIlepaTypaMeH
aHbpIKTanaapl. CUrHad KyaThlHBIH HIYBUIABIH
opraiia KyaTblHa KaTbhIHACBI (CHUTHAJ/IIYbLI
KaThlHACBI) KaObLIJay camachblHBIH €H He-
risri cumarramMachl OOJBIII TAOBLIAABI KOHE
AHMEHHAHbIY CAnaivlk Kodghguyuenmi nen
aTallaThlH, aHTEHHA OPEKETIHIH OarbITTaJIFaH
K03(PUIMEHTIMEH YUl TEMIEPaTypachl-
HBIH KaTbIHAcbIHA Toyeunl [8,9].

AJIBIHFaH JepeKTepai TaJKbLIAay. AliTap-
JBIKTal OeNTUIl JKOHE KEH TapalifaH KepycTi
KaOblIay CTAHLIUACH YHHCKAH KellleH1 OObI
TaObLTa/IbI, COHMIAl-aK OyJ KemieH AcTaHa Ka-
JackIHAAaFbl FapblThlK OaKbUIay OpTaIbIFbIH-
na opHanackaH. byn X- nuama3onssiH (81TIn)
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xepycTi Kabpuinay cranmusicsl, JKKb mosmsp-
JBI-OpOUTANBIBl  CHYTHUKTEPIHEH aJIbIHFaH
MOJIMETTepAl KaObuiay »oHE OHJIEeyre ap-
HanraH. CTaHIUSHBIH €H JaMblFaH KOHQUTY-
panmsachl KaObUIAAYIBIH TEK MaKCUMAJIJIbl TEM-
MiH meKTeiTiH, 8§ [Ty nMana3oHaa Ke3 KeareH
(opmarTarsl aKmaparThl KaObU11ayFa TEOpETHU-
KaJBIK MYMKIHJIK O€peTiH, TOJNBIFBIMEH IMpO-
rpaMMaliaHaThlH KOMIIOHEHTTEPIEH TYpPaJbl.
FapeIiThlKk MOHUTOPHHT OPTAJNIBIFBIHIA aKIla-
parrap Terra, Aqua, IRS-1C, IRS-1D, Radarsat
CIyTHUKTEpiHEeH KaObuigaHaabl [9].

JKorapb! aKbIpaThIMIBLTBIKTAFbI FAPBITITHIK
KYHenep KeInTereH TarchlpMaiapabl OpbIHAAY
Ke31HJ/Ie adpOTYCIpUTIM/II alIMacThIpa aaMaiiIbl
[10]. Onap oHBI >kep HIapbIHBIH OPBIHAATYBI
THUIMCI3 HEMece MYMKiH eMec aiMaKTapbIHIa
TOJIBIKTBIPA aaIbl.

KopbITbinabl. KopbITBIHABLIAN KEIIE, KEp
O€TiHIH FapBIITHIK CYpEeTTEpiH OHICY YIIiH
OIITUKAJIBIK-3IEKTPOHBl  KYHEHI  KOJJaHy
eTe KeH KOJIJaHBbUIFaHbIH aTan eTyre Oosaipl,
acipece eKi OTaHJABIK TYCIpiIiM OacTalFaHHaH
keitin. XKep OeTiHiH FApBILTHIK CYpETTEPiH OH-
7iey Ke3iHJe ONTHKAJIBIK-3IEKTPOHIBIK KYHeH1
KOJIZIaHY 9JIICTEMECIH KeTULAIPY/IiH IIYFBIT Ka-
KETTUTIT1 TybIHAaranbl co3ci3 [10]. Kenicrikrik
QXBIPATBIMIBUTBIFBI ©TE JKOFaphl TYCIPY arra-
parTapbIMEH TEXHUKAJIBIK >KapaKTaHIbIPY/bI
xerinnipy Hotmwkecinae JXK3 oapicrepimen
aJIbIHFaH CypeTTepAl eHaey OoibIHIIA MiHAET-
Tep ayKbIMBIH KeHEUTY MYMKIHJIT1 maiaa 60-
TBI.

OJneduerrep

1. A. Tulegulov, D. Ergaliev, A. Ahmadia, A.Ongarkizi, N.B. Kapasova The importance of
researching the satellites with the purpose of solving problems. Bectauk EHY um. JI. I'ymunesa,

2012. — Cneunanbnbiii Beimyck. — C.446-454

2. oopemna K.E. CucreMbl AHCTaHIMOHHOTO 30HaUpoBaHus 3emumn. — M.: U3n-Bo «3Ha-

Huey, 2007.-312 c.

3. BeicokonH(pOpMaTHBHBIE Ha3eMHbIE KOMIUIEKCHI U MaJible CTAHIIMU TpUeMa KOCMHYECKOH
unpopmanuu /13 / B. I1. Bansn [u ap.] / CoBpemennsle po0ieMbl HHOOPMAITMOHHBIX TEXHO-
JIOTH ¥ KOCMUYECKUI MOHUTOPHUHT: Tpyasl MexryHap. ko). — HoBocubupck.: U3za-so CO PAH,

2002.-C. 30-35.

4. A 1. Tynerynos, JI.C. Epranues CriyTHUKAIBIK OeHHEIepAiH KaJIBINTACYbIHBIH 3JIEKTPOOTI-
TUKaIBIK Kyieci. Bectauk EHY um JI. I'ymunesa, 2012. — Cneuunanbaslii Beimyck. — C.509-519

5. B.b. Kamkun JlucranimonHoe 30HaupoBanne 3emin u3 kocmoca. [{udposas oOpaboTka
n3o0paxkenwuii: yued, mocodue / B. b. Kamkun. — M.: Jloroc, 2001. — 264 c.

6. TynmerynoB A.Jl., Axmamus A.A., Epramues [.C., XXymabaesa A.C., Karmmacosa H.b. [Tpu-

MEHEHHE TeOMH(POPMAITMOHHBIX TEXHOJIOTUN g 00paboTku AaHHbIX J[33. Xaoc U CTPyKTypHI B
HEJTMHEWHBIX cucTeMaX. Teopus u dKCIepuMeHT: 8-s1 MexayHapoaHas HaydYHass KOH(QEPEHIIHS,
nocesennas 40-neruto Kapl'V umenu akagemuka E.A. bykeroBa — Kaparanna, 2012 ., — C.410-
415

7. KomruiekcHasi TEXHOJIOTHSI TIpreMa, 00pabOTKH, apXUBAIMM U PACTIPOCTPAHEHUS JaHHBIX
kocmudeckoro Haomoaenus / I. M. Tlomumyxk [u ap.] / CoBpemeHHBIE TIPpoOIeMBbI HHPOPMAITH-
OHHBIX TEXHOJOTHH M KOCMHYECKHI MOHUTOPHHT : TPYIbl MeXayHap. kKoH(]. — HoBocuOupck :
W3n-so CO PAH, 2002. - C. 16.

_____________________________________________________________________________________|
31



KasTBY XABAPHIBICHI / VESTNIK KazUTB/ BECTHUK KaszVTB — Ne 1 (18) - 2023

8. TynerynoB A.Jl., Epramues /I.C., Toncroiikbizel A., Ourapkeisl A., Tannypoek T. I'eo-
MH(OPMaLUSIBIK MAIIMETTEP/l OHAEY SIicTepl. XaoC U CTPYKTYPbl B HEJIMHEWHBIX CHCTEMax.
Teopust u skciepuMeHT: 8-1 MextyHapoaHas HayuyHasi KoH(epeHuus, nocesienHas 40-1eTuto
KapI'V umenn akanemuka E.A. bBykerosa — Kaparanna, 2012 ., — C.438-447

9 .CaBunbix B. II. OnTHUKO-31€KTPOHHBIE CUCTEMBI JUCTAHIIMOHHOTO 30HIMPOBAaHUs 3eMJIH /
B. I1. CaBunsbix, B. A. Conomatun. — M. : Heapa, 1995. — 240 c.

10.Tynerynos A./l., Kaiipnanos I.C., Paes M.JK. OnTukanblk opTagarbl pe30HAHCTHI KA0ATThI
KYPBUIBIMIAP/IbIH ChI3BIKTHIK eMec pexumeri kacuerrepi. Bectanuk.—Acrana: EHY um. JLH. I'y-
musesa, 2015.- Bemmyck Ne4 (107). Yacts 1 — C. 183 — 188

References

1. A. Tulegulov, D. Ergaliev, A. Ahmadia, A.Ongarkizi, N.B. Kapasova The importance of
researching the satellites with the purpose of solving problems. Bulletin of L. Gumilyov ENU,
2012. — Special issue. — pp.446-454

2. Dobrynin K.E. Systems of remote sensing of the Earth. — M.: Publishing house «Knowledge»,
2007.-312 p.

3. Highly informative ground complexes and small stations for receiving space information / V.
P. Wald [et al.] // Modern problems of information technologies and space monitoring: Proceedings
of the International Conference — Novosibirsk.: Publishing House of SB RAS, 2002.-pp. 30-35.

4. A.D. Tulegulov, D.S. Ergaliev Sputnikalyk beinelerdin kalyptasuynn electroopticalyk
zhuyesi. Bulletin of L. Gumilyov ENU, 2012. — Special issue. — pp.509-519

5. Kashkin, V. B. Remote sensing of the Earth from space. Digital image processing: textbook
/'V. B. Kashkin. — M.: Logos, 2001. — 264 p.

6. Tulegulov A.D., Akhmadiya A.A., Ergaliev D.S., Zhumabayeva A.S., Kappasova N.B.
Application of geoinformation technologies for remote sensing data processing. Chaos and
structures in nonlinear systems. Theory and Experiment: 8th International Scientific Conference
dedicated to the 40th anniversary of Academician E.A. Buketov KarSU — Karaganda, 2012., —
pp.410-415

7. Complex technology of reception, processing, archiving and dissemination of space
observation data / G. M. Polishchuk [et al.] // Modern problems of information technologies and
space monitoring : Proceedings of the International Conference — Novosibirsk : Publishing House
of SB RAS, 2002. — p. 16.

8. Tulegulov A.D., Yergaliev D.S., Tolstoykyzy A., Ongarkyzy A., Tanbek T. Geoinformatialyk
malimetterdi ondeu adisteri. Chaos and structures in nonlinear systems. Theory and Experiment:
8th International Scientific Conference dedicated to the 40th anniversary of Academician E.A.
Buketov KarSU — Karaganda, 2012. — pp.438-447

9. Savinykh, V. P. Optoelectronic systems of remote sensing of the Earth / V. P. Savinykh, V. A.
Solomatin. — M. : Nedra, 1995. — 240 p.

10.Tulegulov A.D., Kairlapov G. S., Raev M. zh. properties of resonant layered structures in
optical media in nonlinear mode. Vestnik.- Astana: IM. L. N. Gumileva, 2015. — Vypusk No. 4
(107). Part 1-P. 183 — 188

32



KasTBY XABAPHIBICHI / VESTNIK KazUTB/ BECTHUK KaszVTB — Ne 1 (18) - 2023

Aemopnap mypanvt manimemmep
TynerynoB Amanaoc J{aObicyiibl — pu3uKa-MareMaTHKa FHUIBIMIAPBIHBIH KaHUIAThI, KaybIMIaCThI-

pwuTFaH ipodeccop, Kazak TexHosorus )xoHe Ou3Hec yHuBepcurTeTi, ActaHa, tad62@ya.ru

AxwuieB Kapinra MakcyTyIIbl — TEXHUKA FRUIBIMIAPBIHBIH KaHIHIAThI, KAYbIMIACTHIPUIFaH podec-
cop, Kazak TexHosorust xxoHe OusHec yHuBepcuTeTi, Actana, akmailO4cx@mail.ru

Hypmaram6etoB M.ILI. — Aybut mapyaibiibiFbl FEUTBIMAAPBIHBIH KaHAUAATHL, Tipodeccop, Kazak Tex-
HOJIOTHS )KoHEe OM3HEeC yHUBEpCUTeTi, AcTana, n.merekel @mail.ru;

HemecinoBa C.C. — Maructp, ara OKbITYIIbI, Ka3ak TEXHOJIOTHS )KOHE OM3HEC YHUBEPCUTETI, ACTaHa,

Sayle23@mail.ru;

[Manemm6ero P.III. — maructp, Kadeapa oKpITYIIBICH, Kazak TeXHOIOTHS jKoHEe OM3HEC YHHUBEPCUTETI,
Acrana, Ruslan.palimbet@mail.ru

Information about the authors:

Tulegulov A.D — Ph.D. ass. Professor of IT Department, KazUTB, Astana, Kazakhstan, tad62@ya.ru;

Akishev K.M. — Candidate of Technical Sciences as. professor of IT Department, KazUTB, Astana,
Kazakhstan, akmail04cx@mail.ru;

Nurmagambetov M. Sh. — Candidate of Agricultural Sciences, Professor of IT Department, KazUTB,
Astana, Kazakhstan, n.mereke1@mail.ru;

Demesinova S.S. — Master, senior lecturer of IT Department, KazUTB, Astana, Kazakhstan, Sayle23@
mail.ru;

Palymbetov R. Sh/ — Master, Teacher of IT Department, KazUTB, Astana, Kazakhstan, Ruslan.
palimbet@mail.ru

33


mailto:tad62@ya.ru
mailto:akmail04cx@mail.ru
mailto:n.mereke1@mail.ru
mailto:Sayle23@mail.ru
mailto:Ruslan.palimbet@mail.ru
mailto:tad62@ya.ru
mailto:akmail04cx@mail.ru
mailto:n.mereke1@mail.ru
mailto:palimbet@mail.ru

KasTBY XABAPHIBICHI / VESTNIK KazUTB/ BECTHUK KaszVTB — Ne 1 (18) - 2023

MPHTHU 78.15.00; 78.01.21 https://doi.org/10.58805/kazutb.v.1.18-85

MOUCK CEMAHTUYECKOM CBSA3U MEXKIY OFbEKTAMHU

A.T. Ma3zakosa?, l11.A. [I:xomaprosa?, T.JK. Ma3zakos'?, /I.K. Myxaes?,
E.K. Meprenraamn®
"MucTuTyT MHGOPMAIIMOHHBIX M BrauCIuTeNbHBIX TexHoNMornit KH MHBO PK, Anmarsl, Kazaxcras,
’Kazaxckuii HaumonansHblii yHUBepcuTeT uM. anb-Papadu, . Anmarsl, KazaxcraH,
jomartova@mail.ru

[Ipob6aema ananuTHueckoit 06paboTk MH(OPMALIMY U3 MHOKECTBA MH()OPMAIIMOHHOM cHCTEM
SBIISICTCSI OJHUM M3 BXKHEUIIIMX aCIIEKTOB pa3BUTHsI COBPEMEHHOT0 o01ecTBa. B HacTosiee Bpe-
Msl peLIeHHE TOH MpoOIemMbl B 001aCTH pa3padOTKU U SKCITyaTalud HHPOPMAIIHOHHBIX CUCTEM
Pa3IMYHOro Ha3HA4YCeHHUs (BOCHHBIX, TEXHUYECKUX, SKOHOMUYECKHUX, METUIIMHCKHUX, COLTUATBHBIX
U JIp.) CBS3aHO C Pa3pabOTKOM pa3IMyYHBIX aHATUTUYECKUX MPOAYKTOB, O3BOJISIONIUX BBIICTAT
3HAUUMYI0 MH(OpMaIMs sl TOJIb30BaTeIel U3 MHOKECTBA BCEBO3MOXHBIX JaHHBIX. B craTthe
HCCIIeIOBaHAa BO3MO)KHOCTD BBIJICIICHUS CBA3aHHOM MEXy COOOW TPYIIIBI JIUI] U3 HEKOTOPOTO O~
HOPOJHOTO MAacCHBA JaHHBIX HA OCHOBE MPUMEHEHUS MaTPUIHOTO UCUUCIICHUSI.

Pazpaborano mporpamMmHoe obecrieueHue Ha s3bIke nporpammupoBanus Python. ITpumenenst
JBa 1moaxona: 1) OCHOBaHHBIM HA METO/AaX MaTPUYHOTO MCUUCICeHUs U 2) meron Jlelikcrpa. Dd-
(EeKTUBHOCTH MPENTIOKEHHBIX aJITOPUTMOB NMPOJAEMOHCTPUPOBAHO HAa MOAETBHBIX 3aa4ax.

KiroueBble c10Ba: mMarpuia, MOMCK HH(GOpMaIK, CeMaHTHKa, COpTHpoBKa, Python.
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eHIMJIep/Ii 93ipJIeyMeH Tikenel OaitnanbicThl. Makaiaga MaTpuLaIbIK €CenTey/i KoJIany Heri3iH-
ne OIpTeKTI MAJIIMETTEp MAacCHUBIHEH e3apa OaijlaHBICTHI agamaap TOOBIH OKIIaylay MYMKIHJIIT
3epTTEIreH.

34


https://doi.org/10.58805/kazutb.v.1.18-85
mailto:jomartova@mail.ru
mailto:jomartova@mail.ru

KasTBY XABAPIHIBICHI / VESTNIK KazUTB/ BECTHHUK KasVTB — Ne 1 (18) - 2023

Python Garpapiamanay TiliHAE MpOrpaMMabIK JKacakTama skacaiibl. MyHIa €Ki ToClT KO-
JaHbUIAAbL: 1) MaTpHUIIANBIK €CenTey 9ICTepiHe HEeTi3/IereH Tocin koHe 2) JlaiikcTpa ofici. Y CbI-
HBUIFAH aJTOPUTMIEPIIH THIMAUTIITT MOJENBIIK eCenTepae KOpPCeTireH.

Tyiiin ce3aep: Marpuiia, aknaparThl i37Iey, CEMaHTHKa, CypbInTay, Python.

FINDING THE SEMANTIC CONNECTION BETWEEN OBJECTS

A.T. Mazakova?, Sh.A. Jomartova?, T.Zh. Mazakov'?, D.K. Mukhayev?,
Ye.K. Mergengali?
'RSE Institute of Information and Computational Technologies MSHE RK CS,
Almaty, Kazakhstan,
2Al-Farabi Kazakh National University, Almaty, Kazakhstan,
jomartova@mail.ru

The problem of analytical processing of information from multiple information systems is one
of the most important aspects of the development of modern society. Currently, the solution to this
problem in the development and operation of information systems for various purposes (military,
technical, economic, medical, social, etc.) is associated with the development of various analytical
products that allow to allocate meaningful information for users from the set of all kinds of data.
This article explores the possibility of selecting a related group of individuals from a homogeneous
data set by applying matrix calculus.

Developed software in the Python programming language. Two approaches were used: 1) based
on the methods of matrix calculus and 2) the Dijkstra method. The effectiveness of the proposed
algorithms is demonstrated on model problems.

Keywords: matrix, information retrieval, semantics, sorting, Python.

BBenenue. HTeHcuBHOE pasBUTHE CeTe-
BBIX TEXHOJIOTMI B COBPEMEHHBIX IPOLIECCAX
MHPOpPMATH3aLMU TIPUBEIIO K CTPEMUTENIBHO-
My pOCTy MH(OPMALIMOHHBIX CeTe U pacuIu-
peHMI0 UX (DYHKIIMOHAJIBHBIX BO3MOXHOCTEH.
HammsagueiM ipyMepoM MOXKET CIY»KUTh pac-
npoctpanenue rodansHoi cetn INTERNET,
YCIEUIHO  IPEOJOJIEBAIOIIEH  MEXIrocyuap-
CTBEHHbIE W WHBIE TpaHHLbl. AOOHEHTaMHU
CETU CTal CIEUUATUCTBl CaMbIX Pa3JIMYHBIX
npodeccuii. C 1enplo ya0BIETBOPEHHUsSI CBOMX
MH(POPMALIMOHHBIX MOTPEOHOCTEH OHM MOTYT
o0palareCs K pa3IMyHbIM 0a3aM JaHHbBIX, He-
3aBUCUMO OT UX MECTOHaxokaeHus. Eciu eme
HEJIaBHO IOJIb30BATENIN UMEIH JeNI0 ¢ 06a3aMu
JAHHBIX, B COCTAaB KOTOPBIX BXOJIUIH JECATKH,
COTHHM THICSY 3aMCEH, TO B YCIOBHSX II00aJIb-

HBIX CeTeH 3TO YMCIIO BO3POCIO HAa HECKOJIBKO
MOPSAAKOB. DTO OOCTOSATENBCTBO CTABUT MEpeN
MIPOEKTUPOBIIMKAMH COBPEMEHHBIX aBTOMa-
TU3UPOBAHHBIX CUCTEM JJIOKYMEHTAJBbHOTO I10-
ucka (AC/II) psa HOBBIX mpoOieM, pelieHue
KOTOPBIX BO3MOKHO JIMILIb ITyTeM pa3paboTKu
NPUHIUIHNAIBLHO HOBBIX METOIOB M CPENCTB
MH(POPMALIMOHHOTO NIoncKa padorax [1-2].
Marepuansl u Metroasl. B paborax [3-5]
paccMaTpHuBaeTcsl IUPOKUI CIIEKTP BOIPOCOB,
CBSI3aHHBIX C METO/OJIOTHEH, opraHu3anuei
U TEXHOJOTMSAMU HH(POPMAIMOHHO-aHAIM-
TH4eckoil paborel. [lokazaHbl BO3MOXKHOCTH
UCTIOJNIb30BaHUsl  aHAJIMTUYECKOTO  UHCTPY-
MEHTapHs Js1 MCCIEJOBAHUS COLUAIbHO-TIO-
JUTUYECKUX U HKOHOMHUYECKHX IPOLECCOB,
IIPOTHO3UPOBAHUS U OpraHu3auuu 3PQeKTuB-
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HOTO (PYHKIIMOHHPOBAHHS M PA3BUTUS CUCTEM
yOpaBICHUS MPEANPUITHIMI U yIPEKICHUS-
MH, COBEPIICHCTBOBAHUS IPOIIECCOB IPHUHS-
TUs yIpaBJICHYECKUX pemeHud. Ha ypoBHe
(CKUBOTO 3HAHHS» B HIUPOKOM KYJIBTYpPHO-H-
CTOPUYECKOM KOHTEKCTE PaCKpBIBACTCS CYIII-
HOCTh WHTEJUIEKTYaTbHBIX TEXHOJIOTH, MpH-
€MOB TPUKJIATHOW aHAJIUTUYECKON pPaOOTHI.
[IpencraBineHa XapakTepHUCTHUKA 3apyOeIKHBIX
Y OTE€YECTBEHHBIX aHATUTHYECKHUX IICHTPOB.

B pabGorax [6-8] mpencTaBieHbl ONMUCAHUS
Pa3IMYHBIX aHATUTHYCCKUX WUHCTPYMEHTOB, KO-
TOpPBIE TO3BOJISIFOT PEIIaTh 3a/1a4l M3BIICUCHUS,
OYHCTKH, aHAJIN3a, MOJCITHUPOBAHUS U BU3YyaIIU-
3alluMl JIaHHBIX, MTPOTHO3UPOBAHUS COOBITHI U
CO3/IaHMSI CUCTEM OTUYETHOCTH.

Bompocam noOwiBanus, coopa, ydera, CH-
CTEMAaTH3aLMH, aHaJIn3a U 0000IICHNUS, a TAKXKE
OIMHMCAHUIO METOJIOB aHATUTHUYECKHUX HCCIEN0-
BaHUH MOCBAIIEHBI clieaytonue padboTsl [9-12].

HecMoTps Ha TO, 4TO MCMONB30BAHUE Pa3-
JMYHBIX aHATUTHYECKUX MPOTPAMMHBIX MPO-
IYKTOB B HACTOSIIEE BpeMsl MPUOOpPETAET BCE
OOJBIYIO TIOMYISIPHOCTD, HEOOXOTUMBI HOBBIC
AITOPUTMBI, METOIBI U CPEICTBA TMONTYYCHHUS
JOTIOJTHUTETbHON MH(POPMAITHH.

Lenpro mpeacTaBieHHOW PabOTHI SBISICT-

MHbopmauHoHHaA
paboTta

MepeuyHan obpaboTHa HHGODMALMMK:
cGOp, CHCTEMATHIALMA,
KNACCHBMRALMA, XPaHEHHE,
HONMYECTBEHHEIA aHaNK3

AHanMTHUKa

cs pa3paboTKa aJropuTMa BBIACICHHS TPYIIIIHI
TMI, OOBEAMHEHHBIX OIpPENEICHHBIMU TPH-
3HaKaM# U3 OONBIIHMX 0a3 NaHHBIX U €r0 MpPo-
rpaMMHas peanu3arus.

PesyabTarsl U o0cy:xaenue. B pabore [3]
MOKA3aHO COOTHOIICHHE MEXAy HH(OpMAaIu-
OHHOM M aHaNMUTUYECKOH pabotoil. [Tockonbky
IpaHb MEX1y 3TUMH MOHATUIMHU Pa3MbITa, HH-
(opMalIMOHHO-aHAIUTHYECKAs JIeSITEIbHOCTh
BOCIPMHUMAETCSI KaK eIUHOE LIeJ0e, XOTS Ha
caMoM JieJie eCTh CyliecTBeHHas pazHuna (Puc.
1). Kak npaBuiio, 3aTpyiHeHHA B 3TOM HH(OP-
MaIMOHHOM O0€CTIIeYeHUN 3HAYUTEIBHO MEHb-
1Ie, 4YeM Ha 3Tare COOCTBEHHO aHAJIUTHYECKON
o0pabotku nHpopMaruu. Kaxapiii COTpynHUK
aHAJTUTHUYECKOTO TIO/Ipa3/IeIeHUus] yMeeT coOu-
patb (100bIBaTh) HHPOPMALIUIO, BECTH €€ mep-
BUYHYIO 00pabOTKy — cHCTeMaTu3alulo, Kiac-
cU(UKAINIO, OPraHNU30BaTh XpPaHEHHE.

CIOXXHOCTM HAuMHAIOTCA TOTNA, KOIZA
HYXXHO U3 3TOH WH(POPMALIUH TTOITyYUTh HOBBIE
3HaHUS, NPUHATH 3()(HEKTUBHOE yIpaBIEeHYE-
CKOE pelIeHHE, HAIMCcaTh aHAINTHYECKUN 10~
KyMEHT. [IJis1 3TOro Hy>KHBI COOTBETCTBYIOIINE
HABBIKM aHATUTUYECKOU 00paboTku nH(popMa-
LIUM, BKJIIOYash HOBbIE NMPOTPaMMHO-aHAIUTH-
YeCKHe WHCTPYMEHTapHUH.

AHaNHMTHYECKARA
paborta

KauecTeeHHO-CcMbICNOBaR obpaboTia
WHDOPMALMK:
BABAEHHE CYLULHOCTHBIX NaTEHTHBIX
INEMEHTOE, NONYYEHHE HOBOTD 3HAHKA,
NOArOTOBKA YNPABNEHYECHHY PELIEHMA

Puc. 1- CoorHomenue Mexay HH(GOPMALMOHHOI 1 aHATUTHYECKOMH padoToii [3].
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Jnst pa3pabOTKH MPOrpaMMHO-aHATUTHYE-
CKHX CpEIICTB NMPHUMEHSIOTCS pa3lnyHble MaTe-
Maruyeckue Moaenr. HaydHbIx uccienoBaus B
JTaHHOH paboTe OCHOBAaHBI HA IPUMEHEHHUH TEO-
puu rpadoB U METONIOB BhIuncienuit [13-15].

BxonHble W BBIXOAHBIC JIaHHBIE OPraHU30-
BaHbl B BUJIE OTJEJIBHBIX (ailyioB U comepxar
MHPOPMALIMIO OJHOTO U3 MEPEYUCICHHBIX
HIDKE THUIIOB:
napaMeTpu4ecKe JaHHbIC,

WCXO/IHbIE JaHHBIC, NIPECTABICHHBIC B
¢aiine B 3a1anHOM opmare;

pe3yABTaTUBHBIN (aili, comepkamuit
Pe3yNIbTaThl YUCICHHBIX PACUueTOB;

Jlnsi mpencTaBlieHUs] UCXOAHBIX OOBEKTOB
UCTIONB3YeTCs CIEAYIOMUN (pOopMaT UCXOAHBIX
TaHHBIX. B ucxomuslil (aiin mocTpoyHo 3amnu-
ChIBaeTCs cienyromas uHdopmanus: 1) ums
MepBOro 00BEKTa, 2) UM BTOPOTO OOBEKTa U
3) yrounsiromas uHpopmanus. Bee nons pas-
JETISIOTCS] CHMBOJIAaMH TaOyIIALINY.

W3 wucxomnoii uHpopmaimsi 00 o0beKTax
uccnenoBaHust (POPMUPYETCSl CITUCOK OOBEKTOB

B mpencraBineHHbIA B BUJIE -MEPHOTO BEKTOpA.
JlnHa BekTopa N 3aBUCHUT OT UCXOTHBIX JaHHBIX
U aBTOMaTH4YecKu (OpMHUpYeTCs B Tpolecce
CUMTBIBAHUS JAHHBIX M3 UCXOIHOTO (haiina.

Hanee popmupyercs Marpuiia csizel A pas-
mepHoctu N * N. BHauane marpuriia A oOHysIeT-
cs. Jlanee mocTpoyHO MPOCMATPUBAETCSI UCXOI-
Has Marpuia. JneMeHTty A[i,j] npucBauBaeTcs
3Ha4YeHHe paBHOE |, €Cii MepBbIii 0OBEKT CTPO-
Ku coBraziaer ¢ B[i] u BTopoil 0OBEKT CTPOKH
coBmajaer c B[j].

Jlyisl BBISIBIIGHUSI CBSI3€H MEXKTY OOBEKTaMU
IIPUMEHEHBI JiBa IMOAXOza: 1) Ha OCHOBE Ma-
TPUYHOTO MCYMCIIEHUSI M 2) Ha OCHOBE METONa
Herikerpa.

[Tpu BBI3OBE MpOTrpaMMbl MOSBISETCS 3a-
CTaBKa, B KOTOPOH IPEJCTaBI€Ha OpraHu3alu-
A-pa3pabOTYUK ¥ Ha3BaHUE NMPOTPAMMBI.

Janee mocne BbIOOpa pexkuma «Pacuer»
NosIBJIsIETCA cienyromas opma Jiist BBoja ma-
pamerpuueckoit nHpopmaru (Puc. 2).

= Kasax cimil HaumonaasHsi Yaneeponter muenn ans-Tapatu

avia

Beeaure HazgaHue haina

BeeauTe KONWYECTEO UTEPaLHA

Paccuvtath B chaiin

Bumxon |

Puc. 2- ®opma BBOAa MapaMeTpHYeCKHX JAHHBIX
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B ¢opme BBOma HEOOXOAMMO 3aIlOIHUTH
uMs ucxoaHoro (aiina (0e3 ykazaHusl paciiu-
penus txt). Takxke Hamo yka3zaTb MaKCUMabHOE
KOJINYECTBO HTEpAlUN-YPOBHEH BIIOKEHHO-
CTEW MPH MOUCKE 3aBUCUMOCTEH MEXIy 00b-
exramu. [lo ymonuanuto paBHo 3.

Jlaniee nosiBiIIeTCS BCILIBIBAIOIIEE OKOLIKO
(Puc. 3), KOTOpHBIi MO3BOJIIET BHIBECTH B pe-
3yJABTATUBHBIN (Daiiil comepKUMoe MCXOIHOTO
(aiina.

=om [leyatb AdHHbIX

NoxoaHbiit daiin pacneyaraTs?

Her

Ja

Puc. 3- Oxomko BbIG0Opa pe:xkuMa mevyaT Uexosl-
Holl nHopManun

Oxo1IKo, MpEenCTaBICHHOE Ha PUCYHKE 4,
CBUJETEIBCTBYET O HOPMAJIbHOM 3aBEPLICHUU

TCKYLICTo pacyeTa.

#» 3aeepLieHo X

o PesynbTaT B danne Rezult.bxt

oK

Puc. 4- Oxkomko CHrHAJIM3A1UHU 0 3aBePIICHUH

pacdera

Jlanee MOSIBISETCS OKHO, IPEACTAaBICHHOE
Ha PUCYHKE 2, U1 BEIOOpPA MPOIOIIKEHUS: BbI-

IIOJIHEHUE HOBOTO pacyeTa Uiv BbIX0Ja U3 IIPo-
rPaMMBI.

B pesynbratuBHBIN (aiin 3anmuchIBaOTCS
YHUCJIEHHBIE PACYETHl O B3aUMOCBSI3aHHOCTHU
0OBEKTOB.

Hwxe npencraBieHbl pe3yabTaTbl HAXOXK-
JICHUS CBSI3eH MEXKIY OOBEKTaMU Pa3TUIHON
MIPUPOJIBI IBYMS TPOTPAMMaMHU.

1) onpeoenenue zpynnvt auy, c6A3AHHHIX
Medxncoy codoll meneghonHbIMU nepezosopamu,
MAMPUYHBIM MEMOOOM

[IporpamMmmMa HaxOXACHUS CEMAaHTUYECKUX
CBSI3CH MEXIy OOBEKTAaMU MaTpPUYHBIM METO-
JIOM:

UM IporpaMMbl — Semantic.exe

S3BIK pazpaboTku — Python

Python [ara 21/2/2023 Bpewms 12:5
Criucok 00BEKTOB

oD =R leoli= IS

Hcxonnbie nannele u3 ¢aitna a2.txt
KonnuectBo naHHbIX = 4

A —b —TIlpuml
b - B — ITpum2
B -T'—IIpum3
I — E —Tlpum4

KonuuectBo urepanuit = 3
Marpuna cBsseit

Crpoka 1 010000
Crpoxka 2 101000
Crpoxa 3 010100
Crpoxka 4 001000
Crpoxka 5 000001
Crpoxka 6 000010
PesynbraruBHas marpuna cBs3en
Crpoka 1 021100
Crpoxka 2 102100
Crpoxka 3 120100
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Crpoxka 4 112000
Crpoxka 5 000001
Crpoxka 6 000010

Pesynbrarel ompenencHuss CBA3EU MEKIY
00BbEeKTaMH1

OOBeKT A CBsI3aH:
b
B
T

OObekt b cBs3aH:
A
B
T

OObekT B cBs3an:
A
b
T

O0bekrt I cBs3aH:
A
b
B

Oo6wexkr /I cBs3aH:
E

O0nekrt E cBs3an:

A

2) onpedenenue 603modCHOCHU 6blIema
u3 001020 a’ponopma e opyzue.
[IporpaMma HaXOXJIEHHUS CEMaHTHUECKUX
cBs13eit Mexy oObekTamMu MetozioM Jleiikerpa:
ums nporpammsl — SemDeik.exe
S3BIK pazpaboTku — Python
Python [ara 26/2/2023 Bpems 12:5
Crniucok 00BEKTOB
AnmMaTsl
AHDHS
Acrana
bumkex
Mocxksa
TamkeHT
Tomck
Marpuna cssszeit

Crpoka 1 0010000

Crpoka 2 0010000
Crpoxka 3 1100001
Crpoxka 4 0000100
Crpoka 5 0001010
Crpoxa 6 0000100
Crpoxka 7 0010000

Pesynbrarel ompenenacHuss CBA3EU MEKIY
00BbeKTaMH1
OObekT AIMAaTEI CBSI3aH C:
Anrnus. Bec =2
Acrana. Bec =1
Tomck. Bec =2
OOBbekT AHIINA CBA3aH C:
Anmatel. Bec =2
Acrana. Bec =1
Tomck. Bec =2
OOnekT AcTaHa CBA3aH C:
Anmatel. Bec =1
Anrmus. Bec =1
Tomck. Bec =1
OObekT bulikek cBs3aH c:
MockBa. Bec =1
Tamkent. Bec =2
OObexkT MocKBa CBsI3aH C:
bumkek. Bec =1
Tamxkent. Bec = 1
OObekT TalIKeHT CBS3aH C:
bumkek. Bec =2
MockBa. Bec =1
OO0bexT ToMCK cBsI3aH C:
Anmatel. Bec =2
Anrnmus. Bec =2
Acrana. Bec =1

BriBoabl. Ha ocHOBe cucremsl mporpam-
mupoBanusi Python paspaboransl n1Ba ananu-
TUYECKUX PUIOKEHHUS, [I03BOJISAIOLINE BbIAB-
JSATH CEMAaHTUYECKHUE CBA3U MEXKIY OOBEKTa-
MH.

Ha w™mopenbHOW 3amaue «onpedenenus
2PYRRbL WY, C6AZAHHBIX MedcOy coDoll meie-
dounvimu nepezosopamu, mampuunvim me-
mooom» TIPOAEMOHCTpPHpOBaHa paboTa mpo-
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IpaMMBbI BBIZICTICHUSI CBSI3€H MEXKIY JIMIIAMHU.
Ha npumepe BUIHO, 9TO 00BEKT «A» CBS3aH C
o0bekToM «by» Hampsamyto, ¢ 00bekTOM «By ue-
pe3 00bekT «b» u ¢ 0obexToM «I» dyepe3 00b-
eKxThl «0» u «By». Co cnemyronmmu o0beKTaMu
«JI» n «E» 00BbeKT «A» HE CBsI3aH.

Ha monenbHOH 3anaue «onpedenenue 603-
MOJMCHOCMU 6blilema U3 00H020 a3ponopma
6 Opyzue» TIPOJEMOHCTPHpPOBaHa paboTa mpo-
rpaMMbl, OCHOBaHHas Ha Merozae /[leikcrpa,
BBIJICJICHUS CBA3CH MEXKIy al’pornopramu. B
OTIMYMU OT MPEBIIyIIEro IpuMepa, 3/ech
JIOTIOJIHUTENBHO BBIBOAMTCS BEC CBA3M. Tak
HampuMep, U3 «AJIMaTbD) MOXHO HAMPSMYIO
BBUIETETh U3 «AcTaHbly. U3 « Anmars» B «AH-

mio» 1 «ToMck» yepe3 ofHy mepecasky.

D¢ (hexkTUBHOCT  MPEIOKEHHBIX — IPO-
rpaMM IPOJEMOHCTPUPOBAHA HA JIBYX NpPHUMeE-
pax.

B nanpHeinmem INony4eHHbIE MPOrpaMMBbL
MOTYT OBbITh UCTIOJIB30BAHBI JIJIS1 U3YUYEHUS CBSI-
3eil MeXAy OOBEKTaMM JAPYTHX COIMAIBHO-3-
KOHOMUYECKHUX CHCTEM.

Paboma evinonnena 3a cuem cpedcme npo-
2PAMMHO-YeNe6020 PUHAHCUPOBAHUS HAYUHBIX
uccnedosanuii Ha 2023-2025 200v1 no npoexmy
UPH AP19676966 «Paspabomxa npoepamm-
HO-annapamuo20 KOMIIeKca NCuxoQhu3uonocu-
ueck020 omoopa u peadburumayul CHatnepPosy.
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HNCCIEJOBAHUE ITPOIECCA 9KCTPAKIIUU KEJIE3A U3 HE®THU
HOMINPYHKINOHAJBHBIMU PEATEHTAMHM

Omapos X.B.', Hypraii ’K.T.', Opnadaen K.A.!, Agcar 3.5.%, Kynycosa I.B.,
KymabekoBa A.K.'
'Kazaxckuii yHHBEpPCUTET TEXHOJIOTHU U Ou3Heca, I. Actana, KazaxcraH,
*Kaparanmunckuii ynusepcutet uM. E.A.Bykerona, r. Kaparanna, Kazaxcras,

homarov1963@mail.ru

B crarbe mpezcTaBieHbl pe3yabTaThl HCCIIEOBAHUS OYUCTKH HE(PTH, MOCTyHAaromeil Ha ATbI-
payckuil HedTenepepabaTbIBatOLIN 3aBOI, OT JKeJIe3a METOIOM PKCTpaKIUU. B kauecTBe sKcTpa-
T€HTOB UCIIOJIb30BaHbI MOJIM(YHKIMOHATIBHBIE peareHThl 1 u 2. OnpeneneHue conepkaHus xKeme-
3a B HE()TH JI0 U MOCJIE SKCTPAKIINH, A TAKXKe B paboueM pacTBOPE-3KCTPAKTE MTPOBOJUIN METOIOM
ATOMHO-3MHMCCUOHHOM CIIEKTPOMETPUU C UHAYKTUBHO-CBSI3aHHOMU IIa3MOW M aTOMHO-3MUCCHOH-
HBIM CIIEKTPAJIbHBIM aHATN30M (MHOTOKaHaNbHBIN aHanu3aTtop MADC ¢ ucnapeHreM B [yroOBOM
paspsze). YCTaHOBIIEHO HECTaOMIBHOE COJEpKAHME JKelle3a Ha Pa3IMYHbIX CTaIusIX (TOYKax OT-
60pa mpoObI) TEXHOJIOTUYECKOTO TMporecca HeTenoaAroroBku. Onpenenena Beicokas 3pPpeKTuB-
HOCTb MOIJIOUICHUSI NOMU(PYHKIIMOHAIBHBIM peareHToM-2 xene3a u3 Hegru (6onee 85%). Kon-
LEHTPUPOBAHHBIN 110 jKese3y padounii pacTBOP-3KCTPAKT MPEJCTABISAET OO0 MOTEHIIUAIBHOE
METAJIIICOAEPIKAILEE ChIPhE.

KiroueBrble ciioBa: He(Th, xKene30, TONMU(YHKIMOHATBHBIE PeareHThbl, SKCTPAKIIHSL, aTOMHO-3-
MHUCCHUOHHAs CIIEKTPOMETPHSL, KEJIE30COAEPKALLUI pacTBOP.

MYHAMJIAH TEMIPII KOII ®YHKIUSLIbI PEATEHTTEPMEH DKCTPAKIIHASA
IMPOUECIH 3EPTTEY

Owmapos X.B.', Hypraii ’K.T.', Opnadaes K.A.!, 96car 3.b.%, )KyHnicoa J.B.,
KymaobekoBa A.K.'
'Kazak TexHOJIOrHsI *%oHe Onu3Hec yHuBepcuTeTi, Actana, KasakcTas,
’E.A.bexkeroB arsinarel Kaparanasl yausepcureti, Kaparanapl, Kasakcras,

homarov1963@mail.ru

Makanana, ATeipay MyHal ©HJEY 3aybIThIHA >KETKI3UICTIH MYHAWUIIbI TEMIPICH SKCTPAKITUS
ApKBUIBI Ta3apTy/bl 3€PTTEY HOTHXKENIEpl OeplIreH. DKCTPAareHT peTiHAe Kol (PyHKIUIIBI 1 KoHe
2 peareHTTep MaiaanaHbUIIbl. DKCTPAKIHIFa JEHIH )KOHE OJlaH KEeWIHI1 MyHaWaFrbl, COHIal-aK
YKYMBIC €PITIH/ICI-CHIFBIHABICHIHAAFBI TEMIPAIH KYpPaMbIH aHBIKTAY WHAYKTHBTI OailJlaHbICKAaH
TJI1a3Ma YKOHE aTOMJIBIK SMUCCHSIIBIK CIIEKTPIIIK (JIOFANIBIK paspsara Oymanybsl 6ap MAES kemn ap-
HaJbl AaHATM3aTOPBI) TalAaybl 0ap aTOMJBIK SMUCCHUSIIBIK CIIEKTPOMETPUS apKbUIbI XKY3ere achl-
peuIIEl. MyHalt eHIey IpOLeCiHIH OpTYpIIl Ke3eHIepiHie (CbiHamMa aly HYKTeJepiHAe) TEMIpAIH
TYpaKChI3 MeJIepiepi aHbIKTanael. KendyHKImonan el peareHT-2 MyHaiaaH TeMip/l CIHIpYIiH
xorapbl TUIMALTITH (85%-1aH actaM) kepceTTi. TeMip-KOHLIEHTPII KYMBIC €pITIHICI-OKCTPAKT
KYpaMbIHa METaJT Oap dJeyeTTi MIUKi3aT OOJIBIT TaObLIA b,
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Tyiiinai ce3nep: myHaii, TeMip, Kor (yHKIHMIBI peareHTTep, SKCTPAKINS, aTOMJIBIK YIMUCCH-
SUTBIK, CIEKTPOMETPHS, KypaMbIHAa TeMip Oap epiTiHi.

INVESTIGATION OF THE PROCESS OF IRON EXTRACTION FROM OIL BY
POLYFUNCTIONAL REAGENTS

Omarov Kh.B.!, Nurtai Zh.T.!, Ordabaev K.A.!, Absat Z.B.2, Zhunussova E.B.!,
Zhumabekova A.K.!
'Kazakh University of Technology and Business, Astana, Kazakhstan,
?Karaganda University named after E.A.Buketova, Karaganda, Kazakhstan,

homarov1963@mail.ru

The article presents the results of a study of the purification of oil supplied to the Atyrau refinery
from iron by extraction. Polyfunctional reagents 1 and 2 were used as extractants. Determination
of the iron content in oil before and after extraction, as well as in the working solution-extract, was
carried out by atomic emission spectrometry with inductively coupled plasma and atomic emission
spectral analysis (MAES multichannel analyzer with evaporation in an arc discharge). An unstable
iron content was found at various stages (sampling points) of the oil treatment process. The high
efficiency of absorption of iron from oil by the polyfunctional reagent-2 (more than 85%) was
determined. The iron-concentrated working solution-extract is a potential metal-containing raw
material.

Keywords: oil, iron, polyfunctional reagents, extraction, atomic emission spectrometry, iron-

containing solution.

BBenenne. Cpeny, oOHapyXEHHBIX B 30J1€
Heptu meramos (Fe, Mn, Cr, Co, Ni, V, Mo,
Cu, Zn, Pb, Hg, Sn u 1p.), V u Ni B HEKOTOPBIX
BUJIAX TSDKEJION HETU MMEIOT KOHIIEHTpalllHy,
JIOCTATOYHbIE JUIS MX NPOMBIIIICHHOTO U3BJIe-
yeHus. OJHAKO YCTaHOBJIEHO, YTO MeETaJlIbl
SBJISIIOTCSI HEXKENATeNIbHBIMU MPUMECSIMHU T10-
CKOJIBKY OTPMIIATENIbHO BIIMSIOT HA MPOLECCHI
KaTaJIMTUYECKOTO KpEeKMHra He(TH 1 Ha Kade-
CTBO HEe(TENpPOIYKTOB, 3HAYMTEIBHO CHMKas
CPOKHM 3KCIUTyaTallud NPUMEHSEMBIX KaTalu-
3aropoB [l]. IloaToMy mnpenBapurenbHOE H3-
BJIEUCHUE METAJUIOB Ha CTaJAMU TOJITOTOBKH
He(TH 710 TepepabOTKH SIBIISETCS aKTyaJbHOM
po0IeMoil.

Mertamuibl B HE)TU B OCHOBHOM IIPHCYT-
CTBYIOT B BHJI€ NMOP(GUPHUHOBBIX KOMILIEKCOB
[2,3]. I ux oTaeneHus OT HeTH IPUMEHSIOT

IIPOLIECC IKCTPAKLUHU C UCIOIb30BAHUEM pac-
TBOPUTEJCH, B OCHOBHOM, MOJSPHBIX, TaKUX
Kak, 9TaHOJI, alleTOH, alleTOHUTPUII, METaHOJI,
MUPUINH, TUMETHII(HOpMaMU, YKCYCHasl KHC-
nota. O¢PPEeKTUBHOCTh NPUMEHEHHUS KaxJo0-
IO U3 3KCTPAreHTOB 3aBHCHUT KaK OT KayecTBa
He(TH, TaK U OT YCIOBUH Ipoliecca IKCTPaK-
1uU. B HEKOTOPBIX CilydasiX, MPOLECC IKCTPaK-
LMY TIPOBOJUTCS B HECKOJIBKO CTaJWM, C MpH-
MEHEHHEM Ha OTAETBbHBIX ATarax pa3IndyHbIX
pacTtBopuTenen [4].

Ecnu ¢opmbl IpUCYTCTBUS U METOIbI U3-
BJIEYECHHUSI TaKMX MeTaioB Kak V u Ni jocTa-
TOYHO M3Y4EHBI U CAaMH METaJlJIbl BOBJICUEHBI B
MeTaJulyprudeckuii nepenen [5-7], To npyrue
6osee 60 smeMEHTOB TpeOyIOT TINATEIBHOIO
Hay4yHOro aHaiusa. T.e. Merajuicozmepkamue
pacTBOpbl, o0Opasylomuecs Ha CTaJuu JieMe-
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TaM3au He(pTH TpeOyloT BCECTOPOHHETO
M3y4YeHHs Ha TpEeAMET OTAEIbHOI mnepepabot-
KM C LEJIbIO U3BJICYEHMSI METAJUIOB.

OcHoBHast yacTh chlpoil HedTH OacceiiHa
MasrsIuiak, mpeicTaBiseT co00i ClIaHIEeByIO
HEe(Th WM CMECh CIAHLEBBIX M “Kiaccuye-
ckux” He(TIHBIX MecTopoxaeHuil. OHa nme-
€T OJHY M3 CaMbIX BBICOKHMX I1OKa3areyieu co-
JIEpKaHus JKeJle3a B MUPE U HallpaBIIeTCs Ha
Artsipayckuit HII3. IlpeaBapurenbHas ouncTka
HE(TH OT METAJUIOB MPOBOJUTCS HA SKCTPAK-
LUOHHBIX ycTaHoBKax DJIOY AT-2.

[TosToMy B maHHOM paboTe HaMU HCCIeI0-
BaHbI MIPOIIECCHI U3BJICUCHUS JKemne3a U3 HepTu
C TPUMEHEHHEM NOMU(YHKIIMOHAIBHBIX pea-
TEHTOB.

Marepuanabl u MeToabl. B kauecTBe 00b-
€KTa MCCIIEN0BAaHUs, HUCXOJHOIO CBIPbS, BbI-
Opana He(Th, MOCTymaroOImas Ha ATBIpayCKHiA
HedrenepepabarsiBatommii  3aBox  (AHII3).
IIpouecc 3KCTpakuMM MPOBOIMICS B LEHTPO-
OEXHBIX SKCTPAKTOpaxX ABYMsI BHJAMH IIOJIU-
(YHKLIMOHAJIBHBIX ~ PEareHTOB-OKCTPAreHTOB:

[TonudyHKIMOHANbHEINA peareHT-1 (opraHu-
YECKUI pacTBOPHUTEIb-MUHEpAIbHAs KHCIIO-
Ta—KoMIiekcoH-L) u INomudyHkimonansHbIi
peareHT-2 (OpraHHYECKUN PaCTBOPUTEIb-MU-
HepajbHas KUCIOTa-KOMIUIEKCOH-T).

KonnuecTBeHHOE oOmpeAeneHue xKeae3a B
HE(TH MPOBOIMIA METOIOM AaTOMHO-3MHUCCH-
OHHOM CTIEKTPOMETPHUH C MHIAYKTHBHO CBS3aH-
Hol mnazmoii (4210 MP-AES), a Takke arom-
HO-OMHMCCHUOHHBIM CIEKTPAJIbHBIM aHAIU30M
(MHOrOKaHaIBHBIN aHanu3arop MADC c nucna-
peHuem B 1yrosoM paspszue) [8,9]. IloaroroBka
npoObI A7 aHau3a MPOBOAMIOCH 00E3BOXKHU-
BaHMEM paboyero pacTBopa Ha BOJSHON OaHe
710 TTIOCTOSTHHOTO Beca. OCTaToOK KHUJIKOCTHU TO-
cyie 00e3BOKUBAHMUS TTOJBEPIaJiCsl OOKUTY PU
400°C mo mocrosinHOTO Beca. OOpa3oBaBIIascs
HeTsIHAS 30J1a aHATTU3UPOBAJIACH HA COJepIKa-
HUE XKele3a

B taGnune | npuBeneHb! yCIOBUS XUMUYE-
cKoil 00paboTku HedTH AThIpayckoro Hedre-
nepepadaThIBalONIETo 3aBO/a.

Taoauna 1

Xumuyeckas oopadorka HedTu AHII3

Kiraccndukamus odOpaboTku Jlnama3oH TO3UPOBOK, JInama3zoH T03MPOBOK,
MT/KT n/q
[onudyHKUMOHANBHBIN peareHT- 1 7-15 2,0-4.2
[TomudyHKIMOHATBEHBINA pearenT-2 15-25 4,2-17,0

Pesyabrarsl u o6cy:xnenue. Comepxanue
Keje3a MOXKET JIOCTUTaTh 25 T/T, B TO BpeMsi
KaK B X0J1¢ JTa00paTOPHBIX UCITBITAHUIA OHO JI0-
CTHUTJIO MakcuMyM 15 1/t (Tabnuma 2), T.e. KOH-
[EHTPAIHS KeJie3a B He()TH CHITbHO U3MEHSICT-

csl co BpeMeHeM (0TOop pob ObLIT MPOU3BEICH
B aBrycte 2022 roza).

[To pe3ynpraram ananuza HedTH HabIrONA-
eTcsl HeCTa0MIIbHOE COJIepKaHNE Kele3a B HC-
XOJIHOM CBIpPbE.
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Tadsmna 2
Conepixanue keje3a B MCXOTHOM ChIpbe
[Ipoba HedTH Conepxanmue Fe, 1/1
Hed1b n3 Touku orbopa npobdal(Bxon Hedtu, nepes peepByapamu) 11,72
Hed1p u3 Toukm or6opa mpobal0/6 (Bxon Ha DJIOY AT-2) 8,1
Hed1b u3 Touku ordopa npodal0/6 (Bxox na DJIOY AT-2) 11,45
Hedrb u3 Touku orbopa npodal0/6 (Bxox Ha DJIOY AT-2) 4,64
Hedtp u3 Touku orbopa npoda 10/6 (Bxox Ha DJIOY AT-2) 4,29
Hed1b n3 Touku orbopa npodal0/6 (Bxox na DJI0Y AT-2) 9,18
Hed1p u3 orcroitHoTO pe3epnyapa 53 (Bxox Ha DJIOY AT-2) 15,00
94% nedTh 13 Touku ordbopa 10/6 + 6% oTcroiiHoro pezeppyapa 53 10,2

B Tabnmme 3 mpeacTaBieHBI pe3y’dbTaThl  HBIE CBOMCTBA K XKeJie3y TI0 CPAaBHEHUIO C pea-
W3BJICUEHHUS Kene3a U3 HepTH, OTOOpaHHOM U3~ TeHTOM-1, Ipu 3TOM CTENEeHb yaJIeHUs Kee3a
Hacoca 10/6 AHII3, cormacHO KOTOpBIM pea-  mpeBbimaet 85%.

TeHT-2 TI0Ka3aj 0oJiee BBHICOKHE TIOTTIOTHTEb-

Tadmuna 3
¢ PeKTHUBHOCTH OUYMCTKHU He(PTH OT KeJjie3a
[Ipoba OKCTpareHT Jo3upoBka Conepxanue Fe, r/t Crenenb
9KCTpareHTa, r/T M3BJICUCHUS
Mo skcrpakuuu [Tocne Fe, %
9KCTPaKIMU
Hedrb u3 Pearent-1 5 8,10 3,36 58,5
Hacoca 10/6 10 2,91 64,1
15 2,91 64,1
20 2,90 64,2
Pearent-2 5 1,91 76,4
10 1,21 85,1
15 0,87 89,3
20 0,86 89,2

XUMHU3M TPOIECCOB AKCTPAKIIMM OCHOBBI-  HEHHUS HEDTH, PE3yIbTaTOM KOTOPOH SBIsETCS
BAETCSl HAa aKTUBHOM BO3JICHCTBUU MUHEpanb-  rnepexoi noHoB (Fe3+) B BoAHO-OpraHu4yecKyto
HOM KHCIIOTHI Ha MeTaJIcoAepKalie coenu-  ¢asy:

Fe*" + 4CIl' + H* <-----> FeCl,- HCI - mH,O (HFeCl, - mH,0)

[Iponecc 3KCTpakMK MPOXOJUT TEM Jierde, yeM 0oJiee yCTOWYMB XJIOPHU B BOAHO-OpraHUye-
CKOM pacTBODE.

(CxHy) OH + FeCl,- HCI - mH,0 -----> (CxHy)OFeCl, + 2HCI - mH,0

_____________________________________________________________________________________|
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I7e, PacTBOPUTENH SIBISETCS OCHOBAaHUEM, a
O0JIbIIIOE BIMSHUE HA SKCTPAKLIIMOHHOE PaBHO-
BECHE OKa3bIBAE€T KOHLIEHTPAIUS XJIOPUA-HO-
HOB WJIM COJISTHOM KHCIIOTBI.

Posnb KOMIUIEKCOHOB COCTOHMT B UX CHOCO0-
HOCTH 0Opa30BbIBATH YCTOWYMBHIC PACTBOPH-
MbI€ B BoJie KoMIuieKchl ¢ skene3om (III), st
MPEIOTBPALLICHUS 0CaTKOOOPAa30BaHMS.

Jis kaxaoro ananusa oroupanocs 100 M
pabouero pactBopa (dKCTpakTa), mMacca Ko-
Topot cocraBmsuia 109,2619 1. (mIoTHOCTH
1,0930 r/cm3). Tocne BbImapuBaHusi HA BOJIS-
HOW OaHe oOpasyercsi mapadUHUCTBIA JKENTO-
BaTOro IBeTa ocajok maccoi 19,6698 r (18%
OT MCXOAHOM Macchl pabodero pactBopa). B
OeH30J1e TaHHBIN 0CaZ0K HE PAaCTBOPSAETCS

[Ipo6a nomyueHHoro ocaaka, maccoit 9,016
r noasepranach ookury npu 400°C, obOpaso-
BaBIIAsICS TIPH 3TOM HE(TSIHAs 3072 CEPOTo
nuBeta ¢ Mmaccoit 4,4110 r (48,93% ot ucxomHo-
ro ocajka u 8,8% OT Macchl B3ATOr0 pabovyero
pacTBopa) MoJBeprajgach aTOMHO-3MHUCCHOH-
HOM CIIEKTpOMETpHUM. Pesynprarsl criekrpome-
TPUU C MHIYKTUBHO CBA3aHHOM ILIA3MOU U C
HCIIApEHHEM B JIyTOBOM paspsijie UMEIOT Ipak-
THYECKH OJIMHAKOBBIC MOKA3aTeNU. YCpEeTHEH-
HBIW pe3ysbTaT aHAJIM30B Ha KeJIe30 COCTaBUII
200,0 r/T B popme Fe O,

N3yuenne rexunueckux fokymenros AHII3
00 OMBITHOM NPUMEHEHUU 3apYOEKHBIX TOJIU-

(yHKIMOHATIBHBIX peareHTOB B Ipoliecce Jie-
METaJUTM3alMK MT0Ka3aJl0, YTO B 3aBUCUMOCTHU
OT MecTa 0TOopa NMpo0 CTENeHb OYUCTKU Hed-
TH OT >ene3a Bapbupyercst oT 50% mo 89%.
T.e. uccnenyemsblii HaMu ONUPYHKITMOHATBHI
peareHT-2 ynajeHus kejie3a u3 HeTH 1o -
(EKTUBHOCTH HE YCTYIAET 3apyOCIKHBIM.
BoiBonbl. CpaBHUTENBHBIN aHAIU3 pE3yib-
TAaTOB HCCJEIOBAHUS JIByX MOJU(DYHKIHO-
HAJIbHBIX PEAareHTOB B KAY€CTBE HKCTPATECHTOB,
MoKasall, 4YT0 peareHT-2 uMeeT 0oiee BBICO-
KYIO TIOIJIOTHUTEIBHYIO CIOCOOHOCTH K XKEIe3y.
[Tokazarenu skctpakuuu sxenesza (10 89%) B
BOJHO-OPTaHUYECKUH pacTBOp HE YCTYyMaloT
110 3(h(HheKTUBHOCTU 3apyOEKHBIM XUMpEareH-
TaM. V3BrneueHne Takoro 3HaYuTeIbHOTO KOJIH-
YyecTBa Keje3a U3 HeTH, MUHUMU3ZHUPYET €ro
HAaKOIUIEHUE B IUPKYISALUOHHOM PEXHME, YTO
UCKJIIOYAaeT TIOMNaJaHue ero OOJbIIUX KOJIH-
YeCTB Ha KaTaiau3aropsl HedrenepepaboTku. B
pe3ynbTare mporecca AeMeTaIn3anuu Hetu
peareHTOM-2 TPOMCXOIUT KOHLEHTPUPOBAHUE
COZIepKaHus Jkenne3a B paboueM pacTBOpe-dKe-
Tpakte Oosnee yem B 20 pa3. Takoit paGounii
pacTBOp MPEACTABISET HAYYHO-TTPAKTUIECKYIO
IIEHHOCTh C TOYKH 3PEHHUS IMOTEHIHAIBLHOTO
KEJIe30COAEPKALLETO ChIPBSI.
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IIpousBoacTBeHHbIE M 00padaThIBAIOLIME OTPACIH
IRSTI 65.09.05 https://doi.org/10.58805/kazutb.v.1.18-67
JUSTIFICATION OF INTRODUCING MALTODEXTRIN INTO CURD DESSERT

A.A. Bekturganova™, M.Ch. Tultabaev =, A. M. Omaraliyeva ",
A. Zh. Khastayeva ', Zh.Ye. Safuani
Kazakh University of Technology and Business, Astana, Kazakhstan,

1968all @mail.ru

Currently, interest in fortified foods for mass nutrition is steadily growing. Therefore, there
was a need to create complex products that provide the body with the necessary nutrients and
biologically active components, along with having physiological properties, taking into account
the specifics of the needs of the body and based on the principles of adequacy. The article confirms
the expediency of use in the composition of formulations and establishes the rational proportion
of its introduction.

Key words: maltodextrin, technology, functional fermented milk products.

OBOCHOBAHUE BHECEHHUS MAJIBTOJEKCTPUHA B TBOPOXHBII JTECEPT

A. A. Bexrypranosa, M.U. Tynra6aes, A. M. Omapasuesa,
A. K. XacraeBa, Cadgyanu K.E.

Kazaxckuil ynuBepcuTeT TexHONoruu u 6usneca, Acrana, Kasaxcran,
1968all(@mail.ru

B nHacrosimee BpeMsi nHTEpec K 000TaleHHBIM MPOAYKTAM MUTAHUS ISl MACCOBOTO MUTAHHS
HEYKJIIOHHO pacteT. [lo3ToMy BO3HMKIJIA HEOOXOAMMOCTH CO3JIaHUSl KOMIUIEKCHBIX IPOIYKTOB,
00eCTIeYNBAIONINX OPTaHU3M HEOOXOAMMBIMUA HYTPUEHTAMU U OMOJIOTUYECKH aKTHBHBIMH KOM-
MMOHEHTaMH, HapsAy C 3TUM 00JaIal0IMMU (PU3UOTOTHYECKUMH CBOMCTBAMHE C YYE€TOM CIieu(H-
KM TOTpeOHOCTEH opraHu3Ma M Ha OCHOBE NPHHILMIIOB aJ€KBaTHOCTU. B crarbe moATBepIKIeHA
1e71ecO00Pa3HOCTh UCIIOIb30BAaHNS B COCTABE PEIENITYP U yCTAaHOBJIEHA PAllMOHAIbHAS IO €T0
BHECECHHUS.

KiroueBble cj10Ba: MalIbTOIEKCTPUH, TEXHOIOTHS, (PyHKIIMOHAIBHBIE KUCIOMOJIOYHBIE TIPO-
JTYKTBI.
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MAJIBTOAEKCTPUH/AI CY3BE JECEPTIHE KOCY/IbIH HEI'I3IEMECI

A. A. Bextypranosa, M.U. Tyara6aes, A. M. Omapanuesa,
A. K. XacraeBa, Cadgyann 7K.E.
Kazak texnomorus xoHe 6usHec yHuBepcuTeTi, Actana, Kazaxcras,

1968all(@mail.ru

Kasipri yakpITTa anmnail TaMakTaHy YIIiH OallbITbUIFaH TaFaMJIapFa KbI3bIFYIIBUIBIK TYPAKTHI
Typae apthin keneai. COHABIKTaH aF3aHbl KAKETT1 KOPEKTIK 3aTTapMEH JK9HE OMOJIOTUSIIBIK Oe-
CEeH/Il KOMITIOHEHTTEPMEH KaMTaMachl3 €TETIH, COHbIMEH KaTap (pU3MOJIOTUSIIBIK KacueTTepi oap,
ar3aHblH KOKETTUIIKTEPIH €CKePE OTHIPHII JKIHE KETKUTIKTUIIK KaFuaaTTapblHa HET13eIreH Kyp-
JieNl eHIMIEp Kacay KaXeTTUIIr TybIHAaabpl. Makanana oHbl Kypamaac Oesriri peTinae naigana-
HYZBIH OPBIHJBUIBIFEI pacTaliajibl ’KOHE OHbI €HT13Y/I1H YTHIMBI YJIecl OenriieHe].

Tyiinai ce3aep: MaIbTONEKCTPUH, TEXHOIOTHS, (DYHKIIMOHAIABI CYT KBIIIKBUIILI OHIMIEPI.

Introduction. Maltodextrin has various
special properties, in recent years this product
has been widely used in the food industry. The
main raw materials for maltodextrin production
are corn and rice. Maltodextrin is easily soluble
in water, has thickening properties, inhibits
crystallization of sugar, affects formation
of stable foam. Affects the formation of the
product, adjusts its structure, low moisture
absorption, contributes to the separation of
the product, increases the molding properties,
protects the product from changes in shape,
improves the appearance of the product [1].

Maltodextrin contains acid resistant salt and
heat resistant components. It is easily absorbed
by the human body, and can act as a raw
material for functional nutrition. Thus, it can
be said that maltodextrin is an excellent food
additive for products when certain consumer
properties need to be improved.

Maltodextrin is used in the dairy industry,
ice cream production, baby food, diet food,
etc. widely used. maltodextrins are obtained
by partial hydrolysis of starch with acids or
hydrolytic enzymes, then purified, concentrated
and dried. The degree of starch hydrolysis
determines the carbohydrate composition,

which provides a variety of functional
properties of maltodextrins.

The properties of maltodextrin are directly
related to the amount of DE (dextrose
equivalent). Dextrose equivalent is a relative
value that determines the recovery capacity
of maltodextrin / glucose syrup expressed in
grams of D-glucose (dextrose) per 100 g of dry
matter. According to the classification of starch
hydrolysis products, D-Glucose is equal to the
coefficient of D. E. 100.

The dextrose equivalent of maltodextrins
is 1 to 20. Dextrose: D. E. = 100. Glucose
syrup and dry glucose syrup: 20 < D. E. < 99.
Maltodextrins: D. E. < 20.

The DE value is from 4% to 6% with no
sugar component at all (the material consists of
tetrose molecules). Low D. E. maltodextrins:
high binding capacity; high viscosity of water
solutions; good anti-crystallization ability; has
the ability to raise the freezing temperature of
the product [2].

When the DE value is between 9% and
12%, maltodextrin contains more saccharide
macromolecules. Therefore, it does not have a
sweet taste, absorbs moisture poorly, does not
have a gray color. When using maltodextrin
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contained in the product, its taste properties
improve, viscosity properties increase, it is
related to the production of cottage cheese
desserts, and when using the technology, you
can get the desired viscosity of the product.

When the DE value is from 13% to 17%, the
amount of sweetness remains relatively low,
absorbs moisture poorly, does not have a gray
color, and has good solubility.

When the DE value is 18% to 20%, a slightly
sweet taste appears, moisture absorption
properties appear. With a certain ratio of
dextrose, the color can change to gray, it has
good solubility, and the product does not have
the effect of increasing viscosity.

Physico-chemical indicators of maltodex-
trins, such as hygroscopicity, equilibrium
relative humidity, osmotic pressure of aque-
ous solutions of maltodextrins, depend on the
average value of the molecular masses of the
components and the presence of bound and un-
bound moisture. So, D.E. Maltodextrins with
2, 6 have the least hygroscopic character. D.E.
with increasing hygroscopicity and, as a result,
a tendency to clogging is observed.

Properties such as sweetness, reddening
when heated, fermentability D.E. increases
with increasing and is usually characteristic of
glucose syrups. The sweetness coefficient of
maltodextrins is from D. E. 2, 6, 12 to ~ 0.1,
and D.E. From 17, 19, 20, the sweetness factor
is ~ 0.2 (relative to sugar with a sweetness
factor of 1).

The particle size of maltodextrins has a
significant effect on the bulk density and
solubility of maltodextrins. The usual form of
maltodextrins offered for sale: in the form of
fine powder and in the form of microgranules.

Microgranulated maltodextrins are
characterized by excellent flowability, which
provides convenience in production during
mixing of dry components and product
packaging. In the dry mixture, maltodextrins

promote good dispersion of the product and
quick solubility in water. Also, they prevent the
stratification of the components of the mixture
and the formation of dust [3].

Thus, functional properties of maltodextrins
D.E. knowing the dependence on the size and
size of particles, it is possible to regulate and
control important indicators of product quality,
such as viscosity and structure, to improve the
fluidity or flow characteristics of the product, to
regulate sweetness, to prevent crystallization of
sugar in the finished product [4].

As a result of the use of maldextrins in
dairy production technologies, the following
are ensured: energy value of the product; the
solubility of additives improves; the structure
and homogeneity of the product is well formed;
the processes of enriching the ingredients in
the minimum amount are simplified; water
absorption capacity of hygroscopic components
of the mixture decreases.

In dry formulas for children, maltodextrins
are very good carbohydrates, the average
molecular size of which corresponds to the
average value between starch molecules and
simple sugar molecules. Long starch chains
are difficult to digest, especially if the granular
structure of the starch remains. On the other
hand, sucrose, dextrose, etc. Simple sugars like
these can cause intestinal upset.

It should be noted that maltodextrins provide
an excellent nutritional base for dietary and
therapeutic food products, and the wide range
of maltodextrins allows choosing a specific
type with osmotic pressure that is important for
various diseases of the control-intestinal tract [5].

Currently, maltodextrins are the most
popular and versatile component in the
production of products used as a treatment and
structure builder.

Product Features:

1) Changes the degree of viscosity of the
product, has a thickening, emulsifying effect. If
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it contains DE 3-5%, it can achieve a fat effect,
it is often used as a fat substitute in mayonnaise,
ice cream, sausage and other products;

2) inhibits the process of color change. When
the product contains a large amount of dextrose
and protein, the product can easily achieve a
gray color at high temperatures;

A small amount of DE slows down the
graying process.

3) performs the function of binding and
gluing. It is a good carrier of sweetener, flavor,
filler, pigment. Maltodextrin, which contains
less DE component, has a shaping property
that can improve the shape of the product and
its appearance, plays the role of isolation from
oxygen, is used to apply to fruits in order to
preserve their freshness;

4) performs the function of lowering the
freezing temperature. Adding maltodextrin to
sucrose substitute ice cream can change the
freezing point and slow down the crystallization
process;

5) serves to reduce the degree of sweetness.
By adding maltodextrin to sweets, their
sweetness can be reduced, which protects
against dental diseases, high blood pressure
and other diseases;

6) increases the bending and solubility
properties used in the production of hard wine,
soluble drinks, allows to preserve the taste of
the product longer, improve its appearance,
improve solubility properties;

7) easily absorbed by the human body, can
be used for athletes, patients and children’s food.

In addition to the above-mentioned
properties, maltodextrin is used in bulk
products, it protects them from the formation of
lumps, increases the solubility of the product,
improves its structure, and helps to keep the
product dry.

Materials and methods.

— “Special” curd mass. MEMST 31680-
2012. Technical requirements;

— maltodextrin. MEMST 34274-2017.
Technical requirements.

During the performance of the work,
generally accepted standard methods of
studying physico-chemical and microbiological
indicators of raw materials and finished
products, as well as sensory indicators, were
used. Experiments were performed with three
and five replicates. Standard research methods
were used in the work: physico-chemical,
biochemical and organoleptic analysis methods.

Results and discussion. When choosing a
filler for maltodextrin, the following criteria
were taken into account in the SRI: quality and
hygienic indicators; neutrality of taste; good
dispersion; stability under physical, chemical
and biological effects; resistance to heat
treatment. In order to use it in the technology of
new products, we were guided by the regulatory
requirements for maltodextrin listed in Table 1.

According to TR 021/2011 «On Food
Safety»: «enriched food products are food
products that contain one or more foods and
(or) biologically active substances and (or)
probiotic microorganisms that are not originally
present, or are present in insufficient quantities,
or production (preparation) lost in the process.

For enriched products, the content of a
biologically active or other enrichment agent in
theamountofatleast 5% ofthe daily requirement
of the body is a mandatory requirement. The
results of microbiological studies have shown
that maltodextrin is a safe raw material for the
creation of new functional products due to the
absence of pathogenic microorganisms and
bacteria of the Escherichia coli group within
the limits set by the standard [5].

Maltodextrins are able to form protein-
polysaccharide complexes with caseinates,
thereby increasing the emulsifying, stabilizing
and water-retaining properties of fresh
products. Thanks to the use of a filler, the cost
of the finished product is reduced, since there
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is no need to use expensive stabilizers to improve the consistency. The main requirements for the
quality of maltodextrin are listed in Table 1.

Table 1
Basic requirements for the quality of maltodextrin
Indicators Description
Appearance and consistency In appearance, this white powder has high viscosity, fast solubility,
and high moisture content. Homogeneous bulk finely dispersed
powder, microgranules.
Taste and smell Maltodextrin is characterized by low sweetness. Characteristic of
maltodextrins, without extraneous taste and smell
Color White or light yellow
Humidity , % Not more than 6
The ash content is completely dry matter, %, 2
not more
Mass fraction of dry matter, not less, % 94,0
Mass fraction of total ash by dry matter. %, not
more 0,40
Hydrogen index , pH 4,5 —6,5
Amount of sulfur dioxide (SO 2), mg/kg; not
more 20
The presence of foreign mechanical impurities Not allowed
Amount of calories, kcal / kJ 372/1581

According to the microbiological indicators of maltodextrin, it should meet the requirements
specified in Table 2

Table 2
Microbiological indicators of maltodextrin

Indicator The norm
Pathogenic microorganisms (including salmonella), absence in product mass, g. 25,0
Escherichia coli bacteria (coliforms), absence in product mass, g. 0,1
The Number of Mesophilic Aerobic And Facultative Anaerobic Microorganisms , CFU/ 5,0%10%
g, not more
Microscopic fungi, CFU/ g, not more not
Yeast, CFU / g, not more not
Molds in | g. of product, no more 50
Coagulase-positive staphylococci in 1 g. of product 1
Pathogenic microorganisms not

Preparation of components is an important  sanitary and hygienic properties. In addition,
moment in forming the quality of the finished  maltodextrin is pasteurized and tissue enzymes
product. Properly selected modes of heat are inactivated during heat treatment with the
treatment allow to preserve the nutritional filler of the milk base, which increases the shelf
value of raw materials, to ensure its high life of the products [6,7].

_____________________________________________________________________________________|
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The main goal at this stage of the work
was to study the effect of filler dosage on
sensory indicators to obtain functional new dry

products. As a control, milk powder according
to MEMST 4495-97 was used. The results are
presented in Table 3.

Table 3
Effect of filler dosage on sensory parameters of the product
Indicators Control version Filler doses
2% 7% 9% 15% 17% 20%

Consistency 3 3 3 3 3 2 2
Appearance 2 2 2 2 2 2 2
Taste and smell 10 6 8 7 10 5 4
Color 5 5 5 5 5 5 5
Ball 20 16 18 17 20 14 13

Sensory indicators were evaluated according to the method of evaluating the organoleptic
indicators of dry milk products on a 20-point scale.

Table 4
Effect of filler dosage on sensory parameters of the product
Indicators Control version Filler doses
2% 7% 9% 15% 17% 20%

Consistency 3 3 3 3 3 2 2
Appearance 2 2 2 2 2 2 2
Taste and smell 10 6 7 8 10 5 4
Color 5 5 5 5 5 5 5
Ball 20 16 17 18 20 14 13

At work, D.E. Maltodextrins with 12, 18,
19 were used. Low DE maltodextrin solutions
are better absorbed in the intestine than simple
sugars: dextrose, sucrose, fructose or lactose,
which have a low molecular weight. The faintly
sweet taste of maltodextrins is not addictive for
consumers.

As a result of the research, the control
sample has a very fine, uniform consistency,
pure milk taste, and white color. The most
optimal organoleptic indicators were at 15%
dose, where a light taste was felt. Products with
a filler dosage of more than 7 and 9% do not
have a pronounced taste. The product with a
dose of 20% had a distinct taste and smell. A
further increase in dosage leads to deterioration

of sensory properties of new products. Thus,
adding maltodextrin to the milk base changes
its structure and taste.

The control sample is very soft, has a uniform
consistency, has a clean taste, and is white in
color. At 3% loading dose, the products had a
homogeneous, barely perceptible sweet taste.
With a dose of 5% fructose, the products had
a sweet taste. Further increase in the dosage of
sweeteners from 7% leads to deterioration of
the consistency of fermented milk products.
It was found that the optimal dose of fructose
introduction in products 2 and 3 is 5% dose.
Thus, the addition of heat-treated, fructose
fillers contributes to the production of products
in which all fillers are well combined with each
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other.

Based on the above, the addition of
maltodextrin to the developed products leads
to an increase in the volume of the product,
protects the product from the formation of
lumps, increases the solubility of the product,
increases the shelf life of the product, and at the
same time reduces its cost, is easily absorbed
and absorbed by the human body, thus the role
of maltodextrin used in cottage cheese dessert
has been proven and approved.

Conclusions. Based on the above, it can be
noted that the addition of maltodextrin to the
developed products leads to an increase in the
volume of the product, protects the product
from the formation of lumps, increases the
solubility of the product, extends the shelf life
of the product, and at the same time reduces
its cost, is easily absorbed and digested by the
human body, so that it is used in curd desserts.
the role of maltodextrin has been proven and
confirmed.
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KOJMYECTBEHHbBIA AHAJIN3 COJAEP)KAHUSI MUKPO- U MAKPOSJIEMEHTOB
B OKCTPATE JIMCTBEB AMAPAHTA

X.V.YemonzkonoBa', K.O. /lonaes!, C.K., Arxamona', l11.. Uoparumos',
M.UY.Tyarab6aes?,
TamkeHTCKUI XUMHUKO-TEXHOJOTHYIECKAN WHCTUTYT , TarikeHT, Y30eKTCTaH,
2 Kazaxckuii yHUBEpPCUTET TEXHOJIIOTHH U OusHeca, Acrtana, Kaszaxcras,
shomanyli@mail.ru

Uccnenoanne pactenust amapanta Amaranthus cruentus L. mpoBonunu va UCIT-MC ¢ ontu-
KOM SMHCCHOHHOIO CIIEKTPOMETpa ¢ UHAYKTUBHO-CBA3aHHOW aprOHOBOM IUIa3MOM. YCTaHOBIIEHO,
YTO COZIEPKAHNE TSDKEIIBIX METAJUIOB M TOKCHUUHBIX 3JIEMEHTOB B IMUIIEBBIX MPOIYKTaX, HAIPUMED
ceuner (Pb) 5,0 mr/kr, mpimbsik (As) — 3,0 mr/kr, kagmus (Cd) 1,0 Mr/kr, T.e. He MPEBBIIIAIOT
IIpEJIENbHO- JOMYCTUMOIO ypOBHS. Takke M3yueHO BIIMSHUE KOHIIEHTPALMU BOIHO-CIIHPTOBBIX
pPacTBOpPOB HAa ONTHUYECKYIO IJIOTHOCTh SKCTPAKTa.

KiroueBrblie ciaoBa: Kaporunoun, antonuas, (raBaHou, XJIOPOPHIUL, SKCTPAKIHs, KOHICH-
Tpauusl.

QUANTITATIVE ANALYSIS OF THE CONTENT OF MICRO- AND MACRO
ELEMENTS IN THE AMARANTH LEAF EXTRACT

H.U.Usmonjonova'!, K.O.Dodaev', S.K. Atkhamova', Sh.I. Ibragimov',
M.Ch. Tultabaev?
'Tashkent Institute of Chemical Technology Tashkent Uzbekistan,
*Kazakh University of Technology and Business, Astana, Kazakhstan,
shomanyli@mail.ru

The study of the amaranth plant Amaranthus cruentus L. was carried out on ICP-MS with the
optics of an emission spectrometer with inductively coupled argon plasma. It has been established
that the content of heavy metals and toxic elements in food products, for example, lead (Pb) 5.0
mg/kg, arsenic (As) — 3.0 mg/kg, cadmium (Cd) 1.0 mg/kg, i.e. e. do not exceed the maximum
permissible level. The influence of the concentration of water-alcohol solutions on the optical
density of the extract was also studied.

Keywords: Carotenoid, anthocyanin, flavanoid, chlorophyll, extraction, concentration
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AMAPAHT XKAIIBIPAK CBIPTBIHBIHAATbBI MUKPO-
KOHE MAKPOJJIEMEHTTEPAIH MA3ZMYHBIHbBIH CAH/JBIK TAJIJIAYbI

X.V.Yemonzkonona', K.O. Jlonaes!, C.K., Arxamona', l1I.A. U6parumos!’,
M.UY.Tyarab6aes’
'TalKeHT XUMHS-TEXHOIOTHSJIBIK MHCTUTYThI, TamkeHT, ©30eKcTan
?Kasak TeXHOJIOTHS jKoHe OM3HeC YHHBEpCHUTETI, AcTaHa, KazakcraH,
shomanyli@mail.ru

Amapant eciMairi Amaranthus cruentus L. 3epTreyl MHIYKTUBTI OaillaHbICKaH aproH Iia3-
Machkl 0ap 3MHUCCUSAIIBIK cieKTpoMeTpiH ontukackiMeH ICP-MS sxyprizinal. Tamak eHiMaepinae
aybIp METajAap MEH YIIbI AJIEMEHTTEP/IIH MOJIIepi, MbIcaibl, KoprackiH (Pb) 5,0 Mr/kr, MbIIIbsIK
(As) — 3,0 mr/kr, kaamuii (Cd) 1,0 Mr/kr, sFHH €. . MAKCUMaJIABl PYKCaT €TUINeH JEHIeHIeH achIp-
MaHb13. CoHaii-aK ChIFBIHIBIHBIH ONTHUKAJIBIK THIFBI3IABIFBIHA CY-CIIUPT €PITIHAUIEPIHIH KOHIICH-

TPAIUSCHIHBIH dCePl 3ePTTEIII.

Tyitinai ce3nep: KaporuHoun, antonuanuH, GIaBOHOUI, XJIOPODUII, SKCTPAKIUS, KOHIICH-

Tpauus

BBenenne. B pesynbrare pa3BUTUS TEXHO-
JIOTHH TPOM3BOJICTBA IMUIIEBBIX NPOIYKTOB B
MHUPOBOM MacIuTadbe moTpeOHOCTh B MUILEBBIX
nobaBkax emie Oomnee Bo3pacraeT. lluimieBbie
KpacHuTelIu J00aBISAIOT B MUIIEBbIE MPOAYKTHI
C LENbI0 YAY4YIIEHHs] UX LIBETOBBIX IOKa3are-
J€¥, TOBBIIIEHUS IPUBIEKATEIBHOCTH, CIIO-
COOHOCTH TpUBIEKaTh noTpedbureneid. Kpacu-
TeNN OBIBAIOT CHHTETHYECKUE U HATypasIbHBIE.
B pesynbrare ynorpeOneHusi MpoayKTOB ITH-
TaHUs C J00aBIEHHEM CHHTETUYECKUX Kpa-
CUTeNIell IIMPOKO PacIpOCTPAHEHbI KEIy10U-
HO-KMILIEYHbIE, pa3JIMYHbIE aJJIEpru4yecKue,
CEpACYHO-COCYIUCThIE 3a00JIeBaHMs, a TAKKE
CHI)KEHHE YMCTBEHHOM JIEATENILHOCTH U NaMsi-
TH y Aerteil. HarypanpHble Kpacurenu, Hapsaay
C YJIy4ILIEHUEM OpPTraHOJIEITUYECKUX ITOKa3are-
J€ MUILEBBIX NPOAYKTOB, MOBBIIIAIOT MHILE-
BYI0O U OMOJIOTMUYECKYIO IEHHOCTh MPOAYKTa
[1-4].

[IpuopureTHoii 3agauei siBisieTcst odecrie-
YEHHE HACEJIEHUSI MUPa KaueCTBEHHBIMU IIPO-
OYKTaM{ TUTaHUS, IS 3TOr0 HE0OXO0AMMO
MOJIYYUTh HATypaibHbIe KPACUTENHU U3 PpyK-
TOB, OBOIIEH U SATO/, OOTAaThIX BUTAMHUHAMHU,

MakKpo- U MUKPO3JIEMEHTAMH, B TOM YHCIIE U3
PACTUTENBHOTO CHIPbS, YJIYUYLIUTh Kaue€CTBO
BBIITYCKa€MON IPOAYKIINH, IIOBBICUTH €€ MH-
TaTeJIbHYIO IIEHHOCTh, 0€301aCHOCTh U OHO-
JIOTUYECKYI0 LEHHOCTb, s 3(pPEeKTUBHOTO
UCIIOJB30BaHUsl MPUPOIHOTO CBIPbS, BECTH
oOLIMpHBIE HCCIIEJOBAaHUS 110 CHUKEHUIO Ce-
0€CTOMMOCTH TOTOBOW MPOAYKIUH, a TaKkKe
1o pa3paboTKe U pacIIMPEHUIO TOCTAaBOK Ha-
TypaJIbHbIX KpacuTeJed Ha NpeanpusTus —
MIPOU3BOJUTEIIH.

HarypanbHble kpacuTenu OOBIYHO MOTydYa-
10T U3 IIPUPOHOTO CHIPbSI B BUJIE CMECH COEIU-
HEHUI 110 XUMUYECKOHU MTPUPOJIE, @ UX COCTAB, B
CBOIO OUEPE/Ib, 3ABUCUT OT NCTOYHHKA U TEXHO-
JIOTMM W3BIeUeHHs. B cBA3M ¢ 3THUM cTaOUIIb-
HOCTb KOHTE€HTa OOBIYHO SBJISETCS MPOOIEMOH.
Cpeny npupoJHBIX KpAaCUTEIEH MOKHO Ha3BaTh
KapOTHHOM/Ibl, aHTOLIMAHBI, (DITABOHOUIBI, XJIO-
podui, mogoGHbIe eMy KOMIUIEKCHI U 1p. OHK
HE TOKCUYHBI, HO JIa)K€ IIPU 3TOM OINpeeiieHa
CyTOYHasi HOpMa KpacuTesed. BonbIIMHCTBO
HaTypaJlbHbIX KpacUTENeH Win UX cMecu obia-
Jat0T OMOJIOTMYECKOe aKTUBHOCTBIO, COXPaHs-
10T BKYCOBBIE M apOMaTHYECKHE BELECTBA, 110~
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BBIIIAIOT MUIIEBYIO IEHHOCTh OKPAIIMBAEMOTO
MUIIEBOT0 NpoayKTa [5- 8].

Marepuajabl M MeTOAbL. DKCIEPUMEHTHI
MIPOBOJWIINCH B CIEAYIOIIEH IMOCaea0BaTeb-
HOCTHU: KpacuTeNH, COAepKaluecs B pacTe-
HUHU, SKCTPArupoBaI CIIUPTOBBIM PACTBOPOM,
HKCTPAKT HEHTPUPYTUPOBAIH, (PUIBTPOBAIH,
KOHIIEHTPUPOBAIM B POTOPHOM BAKYyM-BbI-
MapHOM armapare, 0Ca)xAaJIid COMyTCTBYIOIINE
OKCTPAKTHI, CHOBA (UIBTPOBAIU, HU3BICKIN
KpaCHUTEJIH.

Cemena amapanta (Amaranthus) cogepxar
13-19% Oenka, 6orarel HE3aMEHUMBIMU aMU-
Hokucnoramu. B 100 r Oenka amapanTa co-
JEPKUTCS B CpeliHeM 0,2 T He3aMEHUMOM amu-
HOKHCIIOT — JIN3WHA, KOTOPBIA OTCYTCTBYET B
npyrux pacterusx. CemeHa amapaHTa Ooratbl
MOJTYHEHACHIIIIEHHBIMH JKHUPHBIMH KUCJIOTaMU
®3, ®6. B uacTHOCTH, B OOIBIINX KOJIUYCCTBAX
OoOHapyXEeHbI JIMHONIEBAasi, NAJIbMHUTUHOBAS,
CTEapuHOBasi, OJICMHOBAS U JIMHOJIEHOBAS KUP-
HbIE KUCIOTHI. JKUpHBIE KUCIOTHI COCTABIISIIOT
77% oT 00111eTO KOJIUYCCTBA, a TUHOJIEBAs KHC-
smota coctaBisieT 50% OT 3TOro mokasarers.
JIuHoneBast KUCI0Ta UTPAET KIIFOUEBYIO POJIb B
CHUHTE3€ ApAXUJIOHOBOW KHUCIIOTBI, SIBISOIICH-
Cs1 OCHOBOM CHHTE€3a MPOCTArJIaHIMHOB B Opra-
HuzMme. Kpome Toro, oH COepKUT OUE€Hb BaX-
HBI CEpPOTOHHMH, KPACHBIE MUTMEHTHI, TAKUE
KaK KCaHTHH, JKeJTYHbIE KUCJIOTHI, XOJIUH, CTe-
pounsl, B2-pubodnasun, Bl-tmamuz, oveHs
penkue Toko(pepoa U TOKOTPUEHOBBIE (HOPMBI
BuTamMuHa E, BuramuH D, MaHTOTEHOBYIO KHUC-
JIOTy W CKBaJieH. JIUCTS aMapaHTa SBISIOTCS
HMCTOYHUKOM KapoTUHOUJO0B. CopepkaHue Ka-
POTHHOHUJIOB, B TOM YHCJI€ COAEPKAHUE Kapo-
THHA ¥ 300KCaHTHHA, cocTaBisieT 46-90 Mr Ha
100 r cyxoro Beca [9-11].

JInsi KOMMYECTBEHHOTO ONpENeNeHUsT MH-
KpO- ¥ MaKpO3JIEMEHTOB B HKCTPaKTax Kpacu-
TEJIe METOIOM MAacC-CIIEKTPOMETPUU C HH-
OyKTUBHO-CBsizaHHOM 1uiazmoit  (MCII-MC)
0,0500-0,5000 r obpa3ma pacTeHHs aMapaHTa

Amaranthus cruentus L. TouHo B3BemmBaiu
Ha aHAJUTHYECKHX BECaxX U NEPEHOCUIIN B aB-
TOKJIaBbI C TE(IOHOBBIM IOKPBITHEM, 3aT€M
aBTOKJIABUPOBAJIM, 3alOJHSIS COOTBETCTBY-
IOLUM PacTBOPOM. KOJMYECTBO OYMILIEHHBIX
KOHILIEHTPUPOBAHHBIX MUHEPAJIBbHBIX KHUCJIOT
(azotHas kucinora XY) U mepekuch BOIOpOAA
(XY). ABTOKNaBbI 3aKpHIBAIOT U MOMEILIAIOT B
MUKpPOBOJHOBBIN aucconbBep Berghof MWS-
3+I10 wmnu aHaJOrMYHBIA MHKPOBOJIHOBBIN
aucconbBep. B 3aBUCHMOCTH OT Tuma uccie-
JyEMOTO BEIIECTBA, OIPEEISIETCS IporpaMmma
pa3IoKEHUs, YKa3bIBAETCSI CTENIEHb Pa3jioKe-
HUS ¥ KOJINYECTBO aBTOKJIABOB (0 12 enquHunm).

Ilocne pasnoxxkeHus: copepKUMOE aBTOKJIA-
BOB KOJINYECTBEHHO IMEPEHOCST B KOJOBI BME-
ctumocTbio 50 wim 100 M ¥ IpUIUBAIOT a30T-
HYIO KHCJIOTY /10 TocTixkeHus: oobema 0,5%.

Hccnenosanue pacTeHus amapaHTa
Amaranthus cruentus L. mpoogst Ha NCII-
MC win aHamOTHYHOM NpUOOpEe C ONTUKOU
SMHUCCHOHHOIO CIEKTPOMETpAa C WHIyKTHUB-
HO-CBSI3aHHOW aproHoBOW Iu1azMou. B stom
METOZI€ yKa3bIBa€TCsl ONTUMaJIbHAs UIMHA BOJI-
HBI JUIs1 MAKCUMAJIBHOTO M3JTyY€HUs ONpeies-
€MBIX 3TUM METOJIOM MHMKpPO- U MaKpOdJIEMEH-
TOB.

IIpu cocTaBineHUH CEpUM aHAIU30B €ro0 KO-
JMYECTBO YKa3blBAETCS B MI, & YPOBEHb pa3-
neneHus — B Mil. Ilocie mosydeHus: JaHHBIX
aBTOMATHUYECKU PACCUUTHIBACTCS (PaKTUUECKOE
KOJIMYECTBEHHOE COZIEp KaHME BELIECTBA B UC-
cienyeMoil poOe M BBOOUTCS NPUOOPOM B
BUJIE MI/KT WJIM MKI/T B Tpe/ieiax IMOTperHo-
ctu — RCD B %.

Hcnonb3yemple mpuOOpl U COCYIBI:
Mmacc-criekrpomerp ISP MS NEXION-2000
WIA aHaJOTMYHBINA, MpUOOp Ui MHUKpPOBOJ-
HOBOW ne3uHTerpauuu (I'epmanusi) unm aHa-
JIOTUYHBIE ABTOKJIABBI TE(JIOHOBBIC MEpHBIE
KOJIOBI.

Hcnonp3yemble peakTHBBI: MHOIOJIEMEHT-
HbIM crangapt Ne3 (Ha 29 anemenTos 111 MC)
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— Hg (ptyTh), a3oTHas kucnora (XY), mepe-
kuch Bopopona (XY), Boma OMIMCTHUILTUPO-
BaHHas, aproH (uucrora raza 99,995%). Konu-

YE€CTBO MAaKpO- U MHUKPODIEMEHTOB PACTEHUS
amapanta Amaranthus cruentus L. mpuseneno
B TaOm. 1.

Taoauna 1
KosinyecTBO MUKPO- H MAKPO03JIEMEHTOB B KOHIIEHTPATE aMapaHTa

MuKpo- ¥ MaKpO3IEMEHTHI
Amaranthus cruentus L. Amaranthus cruentus L.
DneMEeHTHI DNeMEeHTHI

MT/KT MI/KT
Bbop (B) - Xpowm (Cr) 0,180
Harpwuii (Na) 0,751 Hunk (Zn) -
Marnunii (Mg) 102,321 MBpIubsik (As) 0,018
docdop (P) 20,842 Cenen (Se) 0,015
Kanpiwmii Ca) - Py6ummii (Rb) 0,484
Mapraner (Mn) 0,383 Crponnuii (Sr) 0,163
Keneso (Fe) 2,236 Kanmuii (Cd) -
JIutuit (Li) 0,059 Cauner (Pb) 0,016
AmowmuHnii (Al) - Huxens (Ni) 0,051
Turan (Ti) 0,002 Monu6aen (Mo) -
Kobanst (Co) 0,029 Cepa (S) 139,650
Menp (Cu) 2,399

borarcrBo mukposnemenramu Na, Mg, P,
Fe u Cu B xoH1IeHTpare sKcTpakTa Amaranthus
cruentus L. 1 comepkaHue TSDKEIBIX METAIJIOB
Y TOKCUYHBIX DJIEMEHTOB B MHIIEBLIX MPOIYK-
Tax, Hanpumep cBuHell (Pb) 5,0 MI/Kr, MBITIBSIK
(As) — 3,0 mr/kr, kaamus (Cd) 1,0 mr/kr, T.e.

HE TPEBBINIAs MPEACIBLHOTO YPOBHS, MPU3HAH
Oe3BpEIHBIM IS OpPraHU3Ma YeJIOBeKa.

B Ttabnuie 2 moka3aHO KOJMYECTBO YIIe-
BOJIOB B KOHIIeHTpare. [1o pe3ynsraTtam mcciie-
JIOBaHUS KOJIMYECTBO (PPYKTO3bI OBLJIO CaMBIM
BBICOKHM U COCTaBWIIO 54,65 MT/J1, KOJTMYECTBO
o0mux yrneBonoB — 108,98 mr/m.

Tabaumna 2
KoaunuecTBo yriieBooB B IKcTpakTe Amaranthus cruentus L
Yrnesomnap, Mr/i
Konnentpar
Ne DpykTo3a I'moko3a Caxapo3sa Marnsro3a Cymma
PactBop Ne2
1 (Amaranthus cruentus L.) 54,65 34,53 198 ) 108,98

Ha cnenytomem stame u3ydaid BIUSHUE
KOHHGHTpaHI/II/I BO}IHO-CHI/IpTOBI)IX paCTBO-
pPOB Ha ONTHYECKYIO IUIOTHOCTH JKCTPAKTA.
DKCTPAKT, BBIJICJICHHBIN U3 IBETKA PACTCHHUS,
KOHIICHTPUPOBAJINA B POTOPHOM BaKyyM-HCIIa-
puUTeNe U N3yYaH IJIOTHOCTh MOTJIOMIEHUS JTy-

yeil npu JyuHe BOIHBI 540 HM — KOJIMYECTBO
Kpacurened B KoHIeHTpare. Korma kommue-
CTBO KPacCHUTEJsl, COAECPKALIETOCA B IKCTPAKTE
pactenus Amaranthus cruentus L., mocturano
50%, KOTMYECTBO KPaCHUTEs, U3SMEPEHHOE MTPU
JUIMHE BOJIHBEI 540 HM, TOCTHUTaJI0 MaKCUMalb-
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HOro 3HaueHus 4,7 r/n, uto cocrasiseT 14,1%
OT MAacChl BBICYILIEHHOTO PACTEHHUS.

C yuerom srtoro wuccinenoBaiu 50%-Hbli
BOJIHO-CITUPTOBOM PACTBOP Ha MAaKCUMAaJIbHOE
BBIJICJICHUE KpacuTelel B KOHIIEHTpAT BO Bpe-

— i Syt CriEeri |

— il

Onriek mrems, D

MEHHOM uHTepBaje oT 20 MuH 10 18 yacos.

Pesynbrarel u o6cyxaenue. Pesynbrarsl uc-
CJIEJIOBAHUS YBEIMUYEHUSI ONTHYECKOM IIOTHO-
cTH 3KcTpakrta Amaranthus cruentus L. npen-
CTaBJICHbI Ha PUCYHKE 1.

- :
G |

o200 W s B0 8

| 1 1 |
120 140 160 180 200 220 240 260 0 MO 20 a0 30

Alapatu napomuflenTie, MiHH

Puc. 1. U3meHnenne onTH4eCcKoi MJIOTHOCTH BOAHO-CIIMPTOBOI0 YKCTPAKTA IIBETKOB
pacrenust Amaranthus cruentus L. Bo Bpemenn.

VYpaBHeHHE perpeccuu, MOIYyYEeHHOE C HC-
MOJIb30BAHUEM SKCIEPUMEHTAIBHBIX JaHHBIX
Py M3MEHEHUH BO BPEMEHM KOHIIEHTpAIuU
50%-HOro CHnMpTOBOTO pacTBOpa, HCIONb3Y-
€MOro JJisi M3BJEYEHHUS IMPUPOJHOTO Kpacu-
TeNs, coiepralierocs B 1BeTkax Amaranthus
cruentus L., umeeT crneayromuii BU;

y=9.1e-13 x> — 1.5¢-09 x*+ 9e-07x*—
0.00029x* + 0.054x — 0.031

KonuuecTBo kpacurens B KOHIEHTpATE pac-
TUTEILHOTO dKcTpakTa Amaranthus cruentus L.
KOHTPOJIMPOBAIM Kaxkzble 20 MUH MpU JTJIMHE
BOJHBI 540 HM, U KOJUYECTBO KpPACUTENS J10-
CTHUrajo MakCuMyMa 4yepe3 6 4acos.

BobiBoabl. 1. M3yuena nuHamuka HU3MEHe-
HUSl KOHIIEHTPALlUU KPACUTEINS TI0 U3MEHEHHIO

61

KOJTMYECTBA CIUpPTa B BOJHO-CIMPTOBOM pac-
TBOpPE, MCIOJb3YEeMOro MJis HM3BJICUEHUS Ha-
TYpajJbHOTO KpacsIIero BelleCTBa U3 LIBETKOB
Amaranthus cruentus L., v IPU3HAH TTPUEMIIC-
MbIM 50% -am.

2. KonnuecTBO KpacuTenss B KOHIEHTpA-
T€ pacCTUTENBHOTO JKcTpakTa Amaranthus
cruentus L. koHTposupoBaiu Kaxasie 20 MUH
MyTE€M €ro U3MEpPEeHHUs NMpHU IJMHE BOMHBI 540
HM, KOTOpoe uepe3 6 4acoB JOCTHUIVIO MaKCH-
MaJIbHOTO 3HaueHus 4,7 T/7 Mpu KOJTHYECTBE B
BBICYIIIEHHOM pacTtenuu 14,1%.

3. N3y4eHo KOJIMYECTBO YIIIEBOJIOB B KOH-
LEeHTpaTe, 00raToM KpacuTeIsIMU.

4. HccrnenoBaHo coAepKaHUE MHUKpPO- U
MakpOd3JI€MEHTOB B 3KcTpakTe Amaranthus
cruentus L., KoIHYeCTBO TSHKEIBIX METAIIIIOB U
TOKCHYHBIX JIEMEHTOB B 9KCTPAKTE KPACUTEIISI.
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3bIFBIP JOHIHEH AJIBIHFAH YH MEH KYPFAK CAPBICY YHTAFBIHBIH ACTBIK
JAKBLTJAPBIHAH AJIBIHFAH CYCBIHHBIH, CATIA
KOPCETKIIITEPIHE OCEPI

XacraeBa A.JK., bektypranosa A.A., OmapaauneBa A.M., Cepukon A./K.,
Cywnasik PK.
Kazaxk TexHonorus »oHe Ou3Hec yHuBepcuteTi, Actana, Kazakcras,
e-mail: gera_or@mail.ru

Owmera-3 NoNMMKaHBIKIaFaH Mall KBIIIKBUIIAPBIMEH OAMBITBUIFAH ACTHIK CYCHIHAAPBIH OHIIPY
PELENTICIH jKacay Ke3iH/e aHa aCTBIK CYChIHIAPbIHBIH TEXHOJIOTHSUIBIK KacCHEeTTepi MEH opra-
HOJICTITUKAJIBIK KOPCETKIMITEPiH kKaKCapTy MaKcaThIHIA TEXHOJOTHsIA OalbITYIIhl KOMITOHEHT
peTiH/e 3BIFBIP TYKBIMBI YHBI )KOHE KYPFaK CapbICy KOHIICHTPAThl MaiilanaHblIAbl. 3bIFBIP YHBI
Owmera-3 PUFA ymriH GalbITKBIIT HET13 O0JBIN TaObUIA b, )T CAPBICY YHTAFBI KOHIIEHTPATHI Kap-
Ma CYCBhIHJIapbIHA CYTTi JIOM MEH XOIII UiC KOCA/bI.

3epTxaHaNbIK JKaFJaia acThIK CYCHIHJAPBIHBIH TOKIPUOETIK YATUIEp] MIBIFAPBUIBII, OJiap-
JBIH KEHEUTUITeH NerycTaluschl Kyprizuiai. OpraHoNenTUKaIbIK 3epTTEYIEPIiH HOTIKEIepl
YATUIEPAIH JKaKChl TYTBIHYIIBUIBIK KACHETTEPIH KOpPCeTeAl. DKCIIEPUMEHTTIK JKOHE TOXKIPUOEIIK
a3ipieMenepiH, allbIHFaH CYChIHap MEH OPraHOJIETITUKANIBIK Oarasiay/blH HOTHKeNepi OOMbIHIIA
HETI3T1 perenTypaap d3ipJaeH/Il.

Tyiiinai ce3mep: acThIK CyCBIHBI, CAPBICY YHTAFBI, KYPIlll, KAPAKYMBIK

BJIUSIHUE JIbHAHOM MYKH U CYXO MOJIOYHOM CHIBOPOTKH HA
KAYECTBEHHBIE ITOKA3ATEJIM 3EPHOBBIX HAITUTKOB

XacraeBa A.JK., bektypranosa A.A., OmapanueBa A.M., Cepuxkon A.K.,
Cywnasik PK.
Kazaxckuii yHUBepCUTET TEXHOJIOTUN U Om3Heca, AcTaHa, Kazaxcran,

e-mail: gera_or@mail.ru

[Tpu pa3paboTKe penenTypbl MIPOU3BOICTBA 36PHOBBIX HAMUTKOB, 0OoramieHHbx Omera-3-mo-
JIMHEHACHIIIICHHBIMH KUPHBIMH KUCIOTAMU JUIsl YITyUILIEHUS! TEXHOJIOTMUECKUX CBOMCTB U OPraHo-
JENTUYECKUX MOKa3aTeIeld HOBBIX 3€PHOBBIX HAITUTKOB B TEXHOJOTHH B Ka4yeCTBE OOOraliaroe-
ro KOMIIOHEHTa MCIOIb30BaAJIM MYKY M3 CEMSH JIbHA U CyXOW KOHIIEHTPAT MOJOYHOMN CHIBOPOTKH.
Myka 13 ceMsiH JibHA siBIsieTcsi oOoramaromeit ocaoBoit Omera-3 TTHXK, a cyxoii koHIIeHTpar
MOJIOYHOM CHIBOPOTKH MPHUIAET MOJIOYHBIN BKYC M apOMaT 36pHOBBIM HAITUTKaM.

B nabGopaTopHBIX yCIOBHSAX MPOU3BEACHBI ONBITHBIE 00pa3Lbl 3¢PHOBBIX HAIIUTKOB M MPOBE-
JIeHa pacUIMpeHHas UX Aerycranus. Pe3ynbrarsl opraHoiIenTUYeCKUX UCCIEIOBAHUN CBUIETEb-
CTBYIOT O XOPOIIHUX MOTPEOUTENbCKUX KauecTBaXx 00pa3moB. Ha ocHOBaHMU pe3ynbTaToB HKCIIE-
PUMEHTAIBHBIX U OMBITHBIX BBIPAOOTOK, MOJYUYEHHBIX HAMMTKOB M OPTaHOJIENITUYECKON OLIEHKH
ObLTH pa3paboTaHbl 0a30BBIC PEIETITYPHI.

KuroueBble cjioBa: 3¢pHOBOI HAIIUTOK, CyXasi MOJIOYHAs CBIBOPOTKA, PUC, TPEUrXa.
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THE EFFECT OF FLAXSEED FLOUR AND WHEY POWDER ON THE QUALITY
INDICATORS OF GRAIN DRINKS

A.Zh.Khastayeva*, A.A. Bekturganova, A. M. Omaraliyeva, A.Zh.Serikov,
R.K.Suyundyk
Kazakh University of Technology and Business, Astana, Republic of Kazakhstan,
e-mail: gera_or@mail.ru

When developing a recipe for the production of grain drinks enriched with Omega-3
polyunsaturated fatty acids, flax seed flour and dry whey concentrate were used as an enriching
component in the technology to improve the technological properties and organoleptic
characteristics of new grain drinks. Flax seed flour is the enriching base of Omega-3 PUFA, and
dry whey concentrate gives a milky taste and aroma to grain drinks.

Experimental samples of grain drinks were produced in laboratory conditions and their extended
tasting was carried out. The results of organoleptic studies indicate good consumer qualities of the
samples. Based on the results of experimental and experimental workings, obtained beverages and
organoleptic evaluation, basic formulations were developed.

Keywords: grain drink, whey powder, rice, buckwheat

Kipicne. bip ke3nepi Mas cyTiH aaMacTbipa-
TBIH KypaJl peTiHJe OWian TaObUIFaH ©CIMIIK
CyTi OyTiHJle YKOHOMHKAJIBIK JKaFbIHAH JaMbl-
MaraH eJjiep/ie 0eoK TaMIIbIIBIFBI MOCENIECiH
mienryre apHainrad. Tikenel TyThIHyAaH 6acka,
OCIMJIIK CYTI CYTCI3 MPOOHOTHKTEpIE >KOHE
JOCTYPIIL CYT CEKTOPBIHAAFEI 6acKa OHIMIEPIE
— KiJerei, Horypt, ipiMIIiK, 6aaMy3aaK *KoHe
T.0. OHIpICIHIH HEri3i peTiHxe maiganaHblIa-
ael [1, 2].

OcCIMIIIK CYTIHIH aJfamkbl (Tapuxu) TYp-
nepiHig Oipi cost cyTi Giprinaen eckipyne [3].
By Heri3iHeH cosl CYTiHIH OPraHOJETTHKAIBIK
KOPCETKIITEPIHIH KEeTKUTIKCI3AirineH [4-6]
YKOHE IIMKi3aT HapbIFbIH OH/IEITeH OHIMIEPMEH
KOHE COSHBIH TEHETHUKAJBIK TYPJICHIIPUITeH
COPTTapbIMEH KaHBIKTHIPYBIMEH OaillaHBICTHI,
OYJI TYTBHIHYIIBUIAP/IBIH OHIMIE JeTEH CeHIMIH
toMenaereni. OcblFaH OalIaHBICTBI TYTHIHY
HapbIFBl MEH OHIpYLIiIep MUKI3aTThIH Oana-
MaJsbl TypliepiHe KaiiTa Hazap aymapanbl, Oy
OHEPKOCINTIK ayKbIMIa CYTTiH Oacka aHamor-
TapblH — 0ajaM CYTiH [7], HOHMI KOHE MaMIbI
JMaKeuIapaaH [8], KOKOC CYTiH eHAIpyre MyM-

KiHaik 6epeni. Connaii-aK *KaHFak, JKepKaHFaK
[9], akamkoy *kaHFarbl, ackabak TYKbIMBI [ 10,
11] Hemece Kypimi-0asaM *oHE KYPIII-KOKOC,
COSI-XKYTepi, COS-KOKOC JKaHFaFbl, 4y(a CHIFbIH-
JBICKHI Oap cost, ker AoHi [12].

XUMUSTIBIK ~ KYpambl, SKOFapbl Taram-
JBIK KOHE OWOJOTHSUIBIK KYHIIBUIBIFBI, Oip
JKarbIHaH, (QYHKIIMOHATIBIK KACUETTEP1, SKIHIIT1
JKaFbIHAaH, CYT CapbICybl KOCBUIFAH CyCHIHIAP-
JBIH  eMJIIK-TIPOPIIAKTUKAIBIK ~KaCHETTePiH
aHbIKTauabl. MuHepanabl KOCBUIBICTAPIbIH
camachl MEH CaHbl OOMBIHIIIA CApPBICY ISCTYpPIIi
CYCBhIHJIap/iaH eoyip ackin tyceni [13].

Capsicyna C 1opyMeHi, HUKOTHH KBIIITKBLIBI,
XonuH, A nopymeHi, E nopymeni skoHe OMOTHH-
MeH Oipre B nmopymeHnepiHiH TyTac KHbIH-
TeiFbl Oap. Conpail-ak, capeicylia KaJbIUi,
MarHuii >KOHE MPOOUOTHKANIBIK OaKTepHsiiap
Oap, onmapablH KypambliHAa B mopyMeHepinig
ken memmiepi 6ap. CapbiCy aKybI3bl €H OHait
CIHIMJII )KOHE KypaMmbl jKaFbIHaH aJaM CYTiHIH
aKybI3bIHA KaKbIH. CapbICyIblH UMMYHOCTH-
MYJSTOPIBIK  9Cepi  CaphiCy aKybI3bIHIAFbI
AMUHKBIIIKBUIIAPBIHBIH ~ KYpaMbIMEH  Oaii-
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JIAHBICTHI, OHBIH KypaMblHAa IMCTEMH 4 ece
XoHe TpunrtodaH kazenHre Kaparanaa 19 ece
Ko, OyJ1 OaybIp aKybI3JapbIHbIH pereHeparms-
CBIH, TEMOITIOOMH MEH IIIa3Ma aKybI31apbIHBIH
TY3UyiH KamMmTamacoI3 erefi [ 14].

Marepuangap xkdHe Juicremeci. 3eprrey
HBICAHBI PETIHIEC KeNecl acThIKTaH JailbIH-
JIaNIFaH CYCBhIHIAp MaijalaHbLIIbL:

— OMera-3 moauKaHbIKIIaFaH Mai KBIIIKbLLI-
JapbIMeH OalbITBIIFAH KYPIIl CYCBIHBL;

— OMera-3 moauKaHbIKIIaFaH Mai KBIIIKbLI-
JapbIMeH OalbITBUIFaH KaPaKYMBIK CYCBHIHBI.

TeopusuIbIK jK9HE SKCIIEPUMEHTTIK 3epTTEey-
nep «Ka3ThbV» AK «TexHonorus >xoHe CTaH-
napTTay» KadenpachlHbIH 3epTXaHalapbIHIa
KYPrizimi.

FouibiMu-3epTTey  KYMBICTapbhlH, TEOPH-
STBIK  KOHE OKCIIEPUMEHTTIK 3epTTeynepii
OpBIHAAY Ke3iHIe 3eprrey OOBEKTiIepiHiH
camachlH TEKCEpYyIiH, MailblH eHIMHIH (u3u-
Ka-XUMUSUIBIK JKOHE OPTaHOJENTUKAIBIK KOp-
CEeTKIIITEpiH Oaranay/blH 3aMaHayH dJicTepi
KOJITAaHBUI/IBL.

AJBIHFAH acTHIK CYCBIHJAPBIHBIH OPraHo-
JETITUKAJIBIK KOPCETKIIITEePiH KOHE TYTHIHYFa
naiteiHapIFeH aubikTay [OCT 15113.3-77 60ii-
BIHIIIA JKYPTi3iaai. BHOXUMUSIIBIK )KOHE XUMU-
ATIBIK 3epTTeyNep Keneci onictep OOMBIHIIA
KYPTri3iii: KbIIKbUIABIKTE aHbikTay — [OCT
26971-86 Gotipinia; akys3 Menmepi — [OCT
10846-91 Ooiipiama; Mmaineuibirel — [OCT
15113.9-77 Goitbiaimna. TaramMIbIK XKoHE dHEP-
TeTUKAIBIK KYHABUIBIK Kalbl KaObLIJIaHFaH
ozictep MeH KO3()(UIIMEHTTEp apKbLIblI ecerl-
TENJi; aKybl3Jap MEH KeMipcynaap yinH — 4
KKaJ / r; Maiimap — 9 kkan / .

Tankpuiay :koHe HITHKedep. KomnoHeHT-
Tep/i AalbIHAAy NalWbIH OHIMHIH calmachblH Ka-
JBIITACTHIPYABIH MaHBI3IbI COTi OOJBIN TaObI-
nanel. Jlypbic TaHIaIFaH TEPMUSIIBIK OHJIEY pe-
KHUM/JIEPI IUKI3aTThIH TaFaMJIbIK KYHIbUIBIFbIH
CaKTayFfa, OHBIH JKOFapbl CaHUTAPJbIK-TUTHE-
HaJIBIK KAaCHETTEPiH KaMTaMachl3 €Tyre MyM-

kiHnik Oeperni. COHBIMEH Karap acThIK HETi3iH
TOJTHIPFBIIINEH TEPMISUIBIK OHACY Ke3iHzae
KpaxMaJl >KeJIaTHHU3ALUSACH KOHEe TIHAIK (dep-
MEHTTEP/iH MHAKTUBALIUSACHI OPBIH aajIbl, OV
OHIMJIEP/IIH CaKTay MEP3iMiH apTTHIPAIbL.

3epTTeyaiH OChI KE3€HIHJE KOMITO3HUIIH-
A7apAarbl HETI3r MIMKIi3aT TEeH TONTHIPFbINI
apachIHAaFbl OHTAMIIBI apaKaThIHACIICH 3€pTXa-
HaJIBIK 3epTTeyiep Xyprizinai xone Omera-3
MOJTMKAHBIKIIAFaH Mail KIIIKbUIIAPBIMEH Oaii-
BITBUIFAH aCTBIK CYCBIHJAPBIHBIH TOXipHOEITiK
YJITisIepi aabIH/bI.

BipTeKkTi KOHCUCTEHIIUSAIAFBI ACTHIK CyCHIH-
Jap/bl ajly YILIiH eHTi3UITeH TONTHIPFBIITHIH
JI03aJIapbIH CEHCOPJIBIK KOPCETKIIITepre Coii-
KeC OpHATY KaxeT OOJIIbI.

Jlozanbl Tannay 1%-nan 18%-ra aeitinri qu-
armazonja xyprizingi. bakeuiay peringe FOCT
28188-2014 AcTbIK Heri3iHIEri ajKorojbCi3
CychlH KonmaHbuiabl. CEHCOPJIBIK KepceT-
kimrep 20 O6anapik mkanga OoibraIa Omera-3
PUFA-meH OalbITbUIFaH jKapMa CyCBIHZAA-
PBIHBIH OPraHOJENTUKAIBIK KOPCETKIIITEPiH
Oaranay/iblH O31pJICHIeH d/icTeMeci OOMbIHIIIA
Oarananabl. Hotmwkenep 1 kecrene 6epiyren.

bakputay ynrici Gipkenki KOHCHCTCHILIUSFA,
TOHHIH JoMiHe ue 6onabl. EH oHTaiinsl opra-
HOJICTITUKAJIBIK KepceTkimTep 8% no3acel 6ap
KYPIII CYCBIHBIH/A, O1pKeIKI KOHCUCTEHLUSCHI
a3 kaurak gaomi 6ap 10% KapakyMBbIK CyCHI-
HeiHIa Oonael. TonTeiprbim go3acel 10 xoHE
18%-naH xoFapbl CyChIHIAp aKBIHBIPAK AOH/I1
XOIIl MiC TEH THIFbI3 KOHCUCTEHLIUsAFA Ue O0I-
Ibl. 3bIFBIP JQHIHIH JI03aChIHBIH JKOFapbLIaybl
aCTBIK CYCHIHBIHBIH CEHCOPJIBIK KaCHETTEepPiHIH
HamapiaybiHa okeni. Ocbutaiiina, acThK Cy-
ceinra apHanran Owmera-3 PUFA GaiibITy1ibt
KOMIIOHEHTI1 PETiH/IE 3bIFBIP YHBIHBIH KOCBUTYBI
KYPBUIBIM/IbI ©3TePTTi, aJl TOJTBHIPFBILI MalbI-
3bIHBIH JKOFapbhUIaybIMEH YITUIEPIAiH KOHCH-
CTEHLUSCHI CYHBIK KYWICH KpeM/Ii KYHre neiiH
e3rep/ii.
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1-kecTe

3bIFbIP YHBIHBIH ACTHIKTAH AAHBIHIAJIFAH CYCHIHHBIH CEHCOPJIBIK KOpceTKilTepine dcepi

Kepcetkimrep Backapy ToNTBIPFBIITHIH 103aJ1apkI (3BIFBIP YHEI)
HYCKACHI 1% | 4% | 8% | 10% | 15% | 18%
Kypim cycerast
Koncucrenmusicel 3 1 2 3 2 1 1
CBIpTKBI TYpi 2 2 2 2 2 2 2
Jlomi MeH wmici 10 1 7 8 8 6 5
Tyci 5 5 5 5 4 3 2
bamn 20 15 16 18 16 12 10
KapakyMbIK CYCBHIHBI
Koncucrennuscel 3 1 2 3 3 1 1
ChIpTKHI TYpi 2 2 2 2 2 2 2
Jlomi MeH wmici 10 7 8 8 9 6 5
Tyci 5 5 5 5 5 3 2
Bamn 20 15 17 18 19 12 10

XKapma cycblHAapsl TYpaKkchI3 xyienep 60-
aein Tabbutanbl. Cakray KesiHae cTpaTuduka-
nus Kypeni, 0y kebiHece yH Oenmiekrepine
aybIpIBIK KYIIIHIH ocepiHeH. byn moceneHi
KOIO VIIIH CYCBIH CYT OHIpICIHIH >aHaMma
©HIMI OOJIBIN TaOBUIATHIH CAPBICY YHTAFbIMEH
TYPaKTaHIbIPBLIIBIL.

TexHonmorusiia Kyprak capbICybl KOJJaHy
MBIHaJapFa MYMKIHIIK Oepeji: >KeTuly *XKoHe
MaccallblK TYpPaKTaHABIPY IPOLECIH >KaKcap-

TyFa ’KOHE alTapibIKTall KeHUIIETYTe; HKaKChl
TYTKBIPJIBIFBI Oap >KOFaphl canalibl OHIMII aty;
JabIH ©HIMHIH IIBIFBIM/IBIIBIFBIH aPTTHIPY.

Capbicynarbl MUHEPAJIbl TY3Aap/IbIH KOFa-
phLIaYbl JIAKTO3aHbBIH EPITIIITITiH apTThIpaIbl,
OChUTalIlIa OHBIH CyAbl OalITaHBICTBIPY Ka-
OUIETIH apTThIpabl KOHE CYCBI3IaHABIPYIbI
KubIHIaTaasl. Kyprak capbICyIblH acThIK Cy-
CBIHHBIH CEHCOPJIBIK KOPCETKIIITEepiHe acep
€Ty HOTHXKeNepi 2-KecTeie KeNTipUIreH.

2-KecTe

K¥pfal( CapbICYAbIH ACTBIKTAH }IaﬁLIH}Ia.TIFaH CYCBIHHBIH CE€HCOPJIBIK KepceTKimTepiHe chpi

Kepcetkimrep Backapy TonTeIpFhINI 03a7aphl (KYpFaK capbiCy YHTAFbI)
HYCKACHI 1% | 4% | 8% | 10% 15% | 18%
Kypimm cycherast
Koncucrenmusicel 3 1 2 3 2 1 1
CBIPTKBI TYpi 2 2 2 2 2 2 2
Jlomi MeH wmici 10 6 7 9 9 8 5
Tyci 5 5 5 5 5 4 3
bann 20 14 16 19 18 15 11
KapakyMbIK CYCBIHBI

Koncucrenuuscel 3 2 2 3 3 2 2
ChIpTKHI TYpi 2 2 2 2 2 2 2
Jlomi MeH wmici 10 6 5 8 9 8 4
Tyci 5 3 5 4 5 5 3
bamn 20 13 14 17 19 17 11
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3eprrey OapbIChIHAA KYPFaK CapbICYIbIH
OHTaWIBl n03achl aHbIKTaNAbl. CapbICy YH-
TaFbIHBIH aCTBIK CYCBIHAAPBIHBIH CEHCOPJIBIK
KOPCETKILITEpiHE oCepiH 3epTTey HOTHXKeIepi
OOWBIHIIIA €H JKaKChl HOTHXKeNepi 8% 103achl
6ap kypiu cyceinbl, 10% mo3acel 6ap Kapaky-
MBIK CYCBIHBI KOPCETTI.

Kyprak capbicyapl KOJNJaHy 103aChbH OJaH
opi apTTHIPY TYTKBIPJIBIKTBIH alTapIIbIKTall ap-
TybIHA OKEJMi, LIMKI3aT MEH TONTHIPFBIIITHIH
KYpPFaK 3aT KypaMblH apTThIPY apKbUIbL, OYII
KOHCHCTCHUUSHBIH ~ THIFBI3IATYBIHBIH —KOFa-
phUIaybIHA OKeJeli, OV KOHCHUCTEHIIMSHBIH
TBIFBI3/IATYBIHBIH JKOFapbUIAybIHA OKeIe i, OyIT

OoJlalIaKkTa ©HIMHIH TEXHOJIOTHUSUIBIK Carackl-
HBIH Hallapiay KaymiH apTThIPaJIbL.

JKaHa acTBIK CyCHIHAAPBIHBIH TEXHOJIOTH-
SUTBIK KACHUETTEPIH JKOHE OPTaHOJETNTUKAIBIK
cUMarTaMajapblH JKaKCapTy YVIIH TEXHOJO-
rusiia OalbITYIIBI KOMIIOHEHT PETiHJE 3BIFBIP
TYKBIMBI YHBI MEH KYPFaK CapbICy KOHIIEHTpA-
ThI KOJIaHbu1bl. 3bIFblp YHBI OMera-3 PUFA
YIIiH OaWbITKBII HEri3 OONbIN TaObLIAIBI,
aJ capbICy YHTarbl KOHIICHTPATHl KapMma Cy-
CBIHIApbIHA CYTTI JOM MEH XOII HiC Koca-
Ibl. ACTBIKTaH JaWBIHIAIFAH CYCHIHAAPIbIH
TOXKIPUOETIK YITUIEPIHIH OPraHOJENTUKAIBIK
KepceTkimTepi 3-kecrene koHe l-cyperrte
KOpPCETUITeH.

3-kecrte

ACTBIKTaH AABIHIAJFAH CYCHIHAAPABIH T:KipHuOediK yJariiepiHin opraHojienTUKAIBIK CUNIAT-

TaMaJjapbl
OHiM aTaysl CBIpTKBI TYpi Homi Uici Tyci KopsI-
JKOHE KOHCHC- TBIHBI
TEHIASACHI Oaut
20 GanbIK mIKana
3bIFBIP JI0HI OipTekTi Taza Kypinr aK, Oykin 19
KOCBUIFaH KY.piHI KOHCHCTEHUNAS | ooy 1oy qomi | CYCPIHAGPBIHA | Maccasia OipTeKTi
cychIHbl, yiri Nel JKOK TOIBIK TOH HIC KpeM/Il PEHKIIEH
KaHBIKKAaH oM
3BIFBIP TOHIEP1 OipTexTi Taza nici Kapa- YIriHIH OYKiT 19
KOCBUIFaH KOHCHCTEH- | 1o anpikkan KYMBIKTaH KesieMi OOWbIHIIIA
KapaKyMbIK LUSICHI, JKacairaH OipKeNKi amrbIK
CychIHBI, yiri Ne 2 | Ty#ipmrikrepi CYCBHIHFa TOH capbl peHK
JKOK alKbBIH

1-cypet — ACTBIK JaKbLIAaPbIHAH JalibLIHAAJIFAH
CYCBIHAAPABIH TIKipuOeaik yariiepi
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OpraHolenTHKAIBIK 3epPTTEYNepaiH HOTH-
XKeJepl YATLIepAiH jKaKChl TYTHIHYIIBUIBIK Ka-
CHETTEpiH KepceTei. 3epTXaHalbIK JKaraaina
aCTBIK CYCBIHIApPBIHBIH TOXKIpUOENIK yiariiepi
IIBIFAPBUIBIN, OJIAPJBIH KEHEHTUIreH Jery-
cTaruschl kyprizinai. Komuccust o3ipieHrex

aCTBIK CYCBIHJAPBIHBIH XKaKChI OMi, TYCl, XOII
MiCl MEH CBIPTKBI TYPIiH aram eTTi.

4-kecTeqie acThIK CYCHIHIAPBIHBIH TXKIipH-
Oenik ynrinepiHiH GU3NKa-XUMUSIIBIK KOpCeT-
KIIITEpiHIH 3epTTeynepi OepiireH.

4-kecTe

Owmera-3 PUFA (100 mi1-ae) 0alibITBIIIFAH ACTBIK CYCHIHAAPBIHBIH TIKipHOeIiK yarijiepinin ¢pu-
3UKA-XUMHSJIBIK KOPCETKILITEPiH 3epTTEey

o ACTBIK CYCBHIHBI
Kepcerwimrin arayst Kypim cyceiabt KapakyMbIK CyChIHBI
MaiinbiH Maccaibik yieci, % 1,5 1,5
AKYBI3IBIH MacCalbIK yieci, % 0,2 1,0
Kemipcynapasiy Maccanbik yieci, % 12 6,5
DHEPreTHKAIBIK, KYHIBUTBIFBI, KKaJI 59,3 41,9
TaraMIbIK KYHABUIBIFBL, K[ 248 175

Owmera-3 mMoOJHKAHBIKIIAFaH Mal KBIIIKbBII-
JapbIMEH OalbITBUIFaH aCTBIK CyChIHAAp TYpl
OOMBIHILIA aCTBIK CYCBIHAApFa TOH JI9M MEH
nicKe ne 00Iybl KepeK, JallblH OHIMHIH KOHCH-
CTEHIMSICHI OIPKENKI, CYCIIEH3UICHI3 KOHE Ke-
cekci3 Oomysl kepek. JlaliblH eHIMIEp/IiH Tycl
aKTaH allbIK KOHBIpFa JeHiH.

3epTTey HOTHXKEIEpPl PELENnTTepAe 3bIFbIP
YHTaFbl MEH CapbICy YHTAFbIH KOJIJJaHYy OpraHo-
JIENTUKAJIBIK KOPCETKILITEPre OH dCep €TeTIHIH
YKOHE CyChIHAApPAbIH TaFaM/IbIK KoHE OHMOJIOTH-
SUTBIK KYH/IBUIBIFBIH apTTHIPAThIHBIH KOPCETEI1.

Kopsitbinabl. Cycbinra Owmera-3 PUFA
OalbITYIIBI KOMIOHEHTI PETIH/E 3bIFbIP YHbI-
HBIH KOCBUIYBl KYPBUIBIMIBI ©3T€pTe/i, HOTHU-
YKeC1H/1e ChIHaMaJap/bIH KOHCUCTEHIIUSCHI TOJI-
TBHIPFBILI MalbI3bIHBIH KOFapbUIaybIMEH CYHBIK
KYHIEH KpeM/ll Kyire JIeiiH e3repei. 3epTTey
OapbICbIHAA KYPFaK CapbICY/IbIH OHTAWUJIBI J0-
3achl aHBIKTAJ/bl. 3€pTTEY HOTHUXKENepl Kep-
CETKEeH/Ie!, capbICy YHTaFblH pelenTypaiapaa

KOJIZIaHy OPTaHOJICTITUKAJIBIK KOPCETKIIITepre
OH ocCep €Te/l KOHE CYCHIHJAPIbIH TaramJIbIK
YKOHE OMOJIOTHUSITBIK KYH/IBUIBIFBIH apTTHIPA/IbI.

CoplHasFaH YATUIEPIIH 3bIFBIP YHBIMEH
OaifbiTy Omera-3 KypamblHA, COHBIMEH Karap
®-6/®w-3 KaTbIHACBIHA OH dCep €TTi JETreH KO-
PHITBIHIIBI JKacayFa Oomnazibl. JKacanran eHIM-
nepreri ®-6-HblH ®-3 apakaThblHACKI OHTAMIIBI
MOHJIEpre KeTTi.

Kaporcoinanovipy xesi — Folnvimu-sepmmey
acymulewl Kazaxeman Pecnyonukacwl Ayoln wia-
pyauivliviebl munucmpiicinen BMK wenbepin-
oe 2021-2023 owcvinoapea «/lativlh OHIMHIK
accopmumMeHmin Keyetmy Hcane wuxizam oip-
JIcIHeH wbley, COHOAU-aK OHIM OHIIpicindel]
KanOblKmMap yaecin asaumy MaKcamolHod ayulil
Wapyaublivlabl WUKI3amulH meper, oHoeyoiH
EbINBIMObL  KAXHCEMCIHEMIH MeXHON02USNAPbIH
azipney» makwvlpviowl ootvinua (BR10764970)
OPLIHOANObI.
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JKOHOMMKA, OM3HeC U yCJIYyru
MPHTU 06.01.45 https://doi.org/10.58805/kazutb.v.1.18-63
MOJIEJIb UMMMUTAIIMA CTATUCTUKH IPEJNPUSTUNA B BBICIIEN IIKOJIE

K.K.beabrutaesa, C.b.KacbimoBa
Kaszaxckuii yHUBEpPCUTET TEXHOJIOTHH U OM3Heca, TACTaHa,
Kazaxcran, e-mail: belgibaeva k@mail.ru

B craree paccMarpuBaeTcs MOAETh UMMHUTALMN CTAaTHCTUKU MPEINPUATHI B BBICIICH IIKOJIE
B ayJUTOPUH U B (popMare OHJIAIH. AKTYaIbHOCTh U CBOEBPEMEHHOCTh PEKOMEH/IyEeMOTO METO/IA
00yCIIOBIIEHBI HEOOXOIUMOCTBIO MOJTOTOBKH KBATH(DUIIMPOBAHHBIX CHEIMATNCTOB-YKOHOMUCTOB
JUIs abHENIIeH paOboThI Ha MPEINPUATHIX, YCIOBHSIMHU MTAHEMHUU B TIOCTIAHIEMUH, HEBO3MOXK-
HOCTBIO OOJIBIIMHCTBA pabOTOAATENCH MPUHATH CTYACHTOB MPAKTUKOBATHCSA HA pabOYnMX MecTax
B TIPEATIPHUSTHH.

CrarucTika IpeAnpUsITHIA U3y4aeT KOJIWYECTBEHHYIO CTOPOHY KadyeCTBEHHO-OINPEICICHHBIX,
MacCOBBIX SKOHOMHYECKHX IPOLECCOB, MPOUCXOISIINX B TPOU3BOICTBEHHO-(PHHAHCOBOM me-
ATENBHOCTH NpennpusTus. KomndyecTBeHHbIE JaHHBIE HEOOXOIMUMBI JUIS OIICHKH, aHAJIM3a, IUia-
HUPOBAHUS, IPOTHO3UPOBAHMSI BCEX CTOPOH JESITEIBHOCTH mpeanpustus. [Ipeamer cratuctuku
TPEATPUSATHN CITY’KUT BaXKHBIM SIPOM SKOHOMHUYECKOH HAyKH.

[Tpumenens! 00IIeHayYHBIE METO/IBI TO3HAHNUS: aHAJIN3, CHHTE3, 00001IeHue, 0030p, cucremMa-
TU3AIMS TaHHBIX.

OpuruHaabHOCTB paboThl. [IpeniokeHa BliepBbie METOMKA OPTaHU3auH y4eOHOM TPaKTHKH,
UMHUTHPYIOMIAs YYETHYIO CTAaTHCTUYECKYIO ACATEIbHOCTD, JUIS CTYIEHTOB BCEX SKOHOMUYECKUX
CHENMATBHOCTEH BBICIIEr0 y4eOHOTO 3aBeleHHs. TpyIOBBIC OTHOLICHHS MEXIYy pPaOOTHHKAMU
MBI CMOJICIIMPOBAJIA B CHCTEME «IIPEANPUSATHE — NEMapTaMeHT CTaTUCTHKI». B3anMoneicTBus
YYaCTHHKOB PETJIAaMEHTHPOBAIMCH TPaBUIIAMHU TOCyAapcTBeHHOW craructuku Kazaxcrana. Ha-
YYHO-METOIMYECKOE PYKOBOJICTBO 3a MPOLECC BOCIIPOU3BEICHUS YUETHON JEATEIBHOCTH MPE-
NPUATHS, ITANbl OPTaHU3aLWHU U IPOBEICHHS YIeOHOH MPAKTUKH OCYIIECTBIISUIN IPETIO1aBaTeIIH .
CTyneHTHI BBIOTHSITN MPAKTHYECKUE POITH U (PYHKITUH CIICIIHATTUCTOB.

[Tonmy4yeHHbIe pe3ynbTaThl MO3BOJIIIN O0YYAIONIMMCS Pa3BUBaTh KOMMYHHUKAaTHBHBIE CIIOCO0-
HOCTH, OOMIAsCh MEXIy COOOH, OCBOUTH Mpo(deccnoHaIbHbIe KOMIETEHINH, ITOTYYUTh ONpee-
JICHHBII 00bEeM 3HAHHUN O CTATUCTUYECKUX TIOKA3ATEISAX U TaHHBIX, XapaKTEPHU3YIOIINX OCHOBHBIC
00BEKThI YKOHOMUYECKOU JCSITEIBHOCTH MPEIIPUSITHSL.

[IpakTryeckast HEHHOCTh CTaThU 3aKJIIOYAETCS B TOM, YTO IMPEJIaraéM HMCIOIb30BaTh B Kade-
CTBE HAyYHO-METOINYECKOTO PYKOBOJICTBA /ISl BOILUIOIIEHUS YI€OHOM MPAKTHKH B ayJJUTOPUH U B
OHJIAMH PEXHUME MPEIoaBaTesIM U aJIMUHUCTPATOPAM YHUBEPCUTETOB.

KiroueBble cj10Ba: IMUTAINS; TIPEANIPUATHE; TPYAOBBIE OTHOLICHHS; yueOHas MPaKTHUKa; TIpe-
I0/1aBaTeIb; CTYICHT

74


https://doi.org/10.58805/kazutb.v.1.18-63
mailto:belgibaeva_k@mail.ru

KasTBY XABAPIHIBICHI / VESTNIK KazUTB/ BECTHHUK KasVTB — Ne 1 (18) - 2023

’KOFAPBI MEKTENTEI'T KOCITTOPBIHIAPILIH CTATUCTUKACBHIH
MOJIEJBAEY MOJEJI

K.K. beabrutaena, C.b.KacbimoBa
Kazak TexHos10rHsl )koHe OM3HEC YHUBEPCUTETI, ACTaHa K.,
Kasakcran, e-mail: belgibaeva k@mail.ru

Makanasna aynuTopusiAarsl )KoHE OHJIaH popMaTTarbl )KOFapbhl MEKTENTET1 KOCIMOPBIHAAPIBIH
CTAaTUCTUKACHIH MOJIETIBICY MOJIEI KapacThIPhUIAbl. ¥ CHIHBUIFAH JIICTIH ©3CKTLIIT1 KOCIMOPBIH-
Japia oJlaH opi )KYMBIC ICTEY YIIiH OLTIKTI SKOHOMHUCT-MaMaHIap/abl Aaspiiay KaKeTTIIITiHe, TaH-
JeMHsl MEH MaHJeMUsIaH KeMiHT1 jKaFaaiaapra, )KyMbIC OepyUIUIepiH KONIIIITHIH CTyIeHT-
TepAl KOCIMOPBIHIAFBI )KYMBIC OPBIHAPBIH/IA TOXKIPUOEIEH OTKI3€ alMayblHA OAIaHBICTHI.

KocimopbiHaapipIH CTaTUCTUKACHI KOCITOPBIHHBIH OHJIIPICTIK JKOHE Kap>KbUIBIK KbI3METIH[IE
OO0JIBIN KAaTKaH camnajiblK aHbIKTAJIFaH, jKalmaid SKOHOMHUKAJIBIK MPOIECTEPAIH CaHABIK >KarblH
3eprreial. CaHabIK IepeKTep KOCIMOPBIHHBIH OapibIK aclieKTUIepiH Oarainay, Taujay, )Kocrapiay,
Ooipkay yiiH KaxkeT. KocimopbeIHIap CTaTUCTUKACHIHBIH ITOHI SKOHOMHUKAJBIK FhIIBIMHBIH MaHbI3-
Il ©3€er1 OOJIBIN TaObIIa b,

TaHBIMHBIH >KaJIIbl FBUIBIMU 9JIICTEP1 KOJIJAHBLIAAbI: TaJlay, CUHTE3, XKaIIbLUIAY, IOy, 1ePEK-
TepAl KyHheney.

JKyMbICTBIH €31H]IIK epekieniri. bipiHii per korapbl OKYy OPHBIHBIH OapJibIK SKOHOMHKAJIBIK
MaMaHAbIKTapBbIHbIH CTYAEHTTEpP1 YIIIH €CENTIK CTATUCTUKAJIBIK KbI3METTI UMUTALUSUIAUTHIH OKY
MIPaKTUKACBIH YHBIMJIACTBIPY 9JlicTeMeC YChIHbULIBI. KpI3MeTkepiep apachiH1aFbl eHOEK KaTbIHa-
CTapbIH 013 «KACIMOPBIH — CTATUCTHKA JeTapTaMeHTI» KyHhecinae Moaenbaeaik. Karsicymbinap-
JIBIH ©3apa 1c-KUMBbLIbI KazakcTaHHBIH MEMJIEKETTIK CTaTUCTUKA epexeniepiMe perrenal. Kocimo-
PBIHHBIH €CENTIK KbI3METIH KaHFBIPTY MPOLIECIHE, OKY MPAKTUKACHIH YHBIMIACTHIPY JKOHE OTKIZY
KE3€HJIepIHE FhUIBIMU-9IICTEMEINIK OaCHIBIIBIKTBI OKBITYIIBLIAP Ky3ere achipabl. CTyneHTTep
MaMaHAap/AbIH MPAaKTUKAJIBIK peJiaepi MeH (QYHKIHUUIapbIH OPBIHIAbI.

AJBIHFaH HOTHXKeNep OUTIM aylIblapFa e3apa KapbIM-KaTbIHAC JKacall OTHIPHIN, KOMMYHHUKa-
TUBTIK KaOUIETTEpiH JaMbITyFa, KOCc10M KY3BIPETTUIIKTEP/Il UTepyre, KOCIMOPhIHHBIH AYKOHOMHKA-
JIBIK KBI3METIHIH HET13T1 00ObEKTIePIH CUIIATTANTBIH CTATHCTHKAJIBIK KOPCETKIIITEP MEH JEPEKTED
TypaJjsl 6enriuii 6ip OLTIM amyFa MYMKIHAIK Oepi.

MakanaHblH NpaKkTUKAJIBIK KYHABUIBIFBI MBIHAJAA: 013 OKYy TXKIpUOECIH ayIuTOpHsAa KOHE
YHUBEPCUTET OKBITYIIBUIAPEI MEH OKIMILIEpiIHE OHJIAH PEXUMIHJIE JKY3€re achIpy YILUIH FbUIbI-
MU-9/IICTEMENTIK HYCKAyJIbIK pETiHAE Naigalanyabl YChIHAMBI3.

Tyiinai ce3nep: UMUTAIMS; KOCIIOPBIH; OKY IMPAKTHKACHI; OKBITYIIBI; CTY/IEHT; €HOEK KaThl-
HacTaphbl.
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SIMULATION MODEL OF ENTERRRISE STATISTICS IN HIGHER EDUCATION

K.K. Belgibaeva, S.B. Kasymova
Kazakh University of Technology and Business, Astana,
Kazakhstan, e-mail: belgibaeva k@mail.ru

The article considers a model of imitation of enterprise statistics in higher education in the
classroom and in online format. The relevance and timeliness of the recommended method are
due to the need to train qualified economists for further work at enterprises, the conditions of the
pandemic and post-pandemic, the inability of most employers to accept students to practice at
workplaces in the enterprise.

Enterprise statistics studies the quantitative side of qualitatively defined, mass economic
processes occurring in the production and financial activities of the enterprise. Quantitative data
is necessary for the assessment, analysis, planning, forecasting of all aspects of the company’s
activities. The subject of enterprise statistics serves as an important core of economic science.

General scientific methods of cognition are applied: analysis, synthesis, generalization, review,
systematization of data.

The originality of the work. For the first time, a methodology for organizing educational practice,
simulating accounting statistical activity, is proposed for students of all economic specialties of
a higher educational institution. We have modeled labor relations between employees in the
“enterprise — statistics department” system. The interactions of the participants were regulated
by the rules of the state statistics of Kazakhstan. Scientific and methodological guidance for the
process of reproducing the accounting activities of the enterprise, the stages of organizing and
conducting educational practice were carried out by teachers. Students performed practical roles
and functions of specialists.

The obtained results allowed students to develop communicative abilities, communicating with
each other, master professional competencies, gain a certain amount of knowledge about statistical
indicators and data characterizing the main objects of economic activity of the enterprise.

The practical value of the article lies in the fact that we propose to use it as a scientific and
methodological guide for the implementation of educational practice in the classroom and online
for university teachers and administrators.

Keywords: imitation; company; educational practice; teacher; student; labor relations

BBenenue. AKTYyaJqbHOCTh BHEJIPEHHUS  MOJEITUPOBAHHE.

UMHUTALMOHHOW TeXHOJOTHH O0Oy4deHus oO0y-
CJIOBJIEHA TIOJITOTOBKOM KBaJIM(UITMPOBAHHBIX
CHEIMAJINCTOB Ui JajbHEiIIeld pabdoTel Ha
NPEINPUITUSX B COBPEMEHHBIX YCIOBHSIX.
Nmutaumsa B 1epeBofe C  JIATUHCKO-
ro imitatio 03Ha49aeT «IoJpakaHue) KOMY-JIU-
00, yemy-JI100, a Takke, OJTM3KHE 110 3HAYCHUTO
TPAKTOBKH, KaK YMoA0OJIeHHE, BOCIIPOU3BEIC-
HHE, TIOBTOPEHHUE, KOs, TTOJIeNKa, OAMEHA,

CBOEBpPEMEHHOCTh OpraHM3ALUU Y4EOHOMH
MPAaKTUKKA B ayJUTOPUU U B (opMaTe OHJIANH
0OyCIIOBIIEHBI PS/IOM OOBEKTUBHBIX MPUYHMH,
BO3HUKABILINX UCTOPUYECKH 32 PSII JIET.

Bo-niepBbiX, yueOHast pakTHUKa B BY3€ CO-
CTaBJISIET OCHOBHYIO 4YacTh Ipolecca IOATro-
TOBKH CHEIMAIMCTOB /IS JabHEeHIe paboTh
Ha IPEANpUATHUIX.
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Bo-BTOpBIX, IPU U3yYEeHUN SKOHOMUYIECKUX
JTUCIUILTNH, HAITMCAHUH KyPCOBBIX U JTUTIIIOM-
HBIX paboT TpeOyeTcst MOCTAaTOuHBIA 00beM
CTaTUCTUYECKUX IIOKA3aTeNeH.

B-TpeThux, He00X0IMMO MOTYYHTh podec-
CHUOHAJIbHBIC MPAKTUICCKUE HABBIKU U YMCHHUS
B 00J1aCTH yYETHOW CTATHCTUYCCKOU ACSITEIb-
HOCTH B CUCTEME «IIPEANPUSTUE—ICTAPTAMEHT
CTaTUCTUKH (TOpOAa, OOIACTH ).

B-ueTBepTHIX, B CBA3U C HEBLINOIHUMOCHIBIO
PYKOBOOUmMENAMU — OONBUIUHCMBA  NPEONPUsL-
muii, a ¢ 20191, ele U U3-3a yCI0KHUBIIMXCS
nepuonoB nangemMun COVID-19 u nocrtnan-
JIEMHUH HE TPEJICTABIACTCS BOSMOKHBIM Opra-
HU30BaTh U MPOUTH YIEOHYIO MPAKTHKY HETO-
CPEACTBEHHO B CT€HAX MPEIANPUATHS.

B crnoxuBmIMXCS YCIOBUSX, Mepen HaMu
Obula TIOCTaBlIeHA Tumore3a: Bo3MoXHO Iu
MPOBECTH y4eOHYIO MPAKTHKY B CTCHAX YHHU-
Bepcurera’?

[enb HACTOAIIETO MCCIEIOBAHUS — H3IIO0-
KHTb TEPBBIA ONBIT Pa3pabOTKU U anpodanuu
MOJIETM UMHUTAUKA Y4eOHOW TPaKTUKH B ay-
JTUTOPHUH U TUCTAHIIMOHHO B OHJANH (opmare
JUISL CTY/IEHTOB BCEX SKOHOMHYECKHX CIEIH-
QJIbHOCTEW BBICHIETO Y4eOHOTO 3aBEICHUSI.

Marepuajasl 1 MeToabl. B npouecce pa-
OOTBI HCIIOJI30BAHBI METO/IBI: AaHAIHM3, CHHTE3,
00001IeHNe, cucTemMaTu3anus JaHHbIX. Hayu-
HO-UH(OPMALIMOHHYIO OCHOBY pabOThI cOCTa-
BUJIM HAay4YHBIE TPYyIbl, METOAMYECKHE pa3pa-
OOTKM YYEHBIX, IMOCBSIIEHHBIC WMUTAIUIM,
MMUTAIMOHHOMY MOJICTTUPOBAHUIO, MaTepua-
nel Bropo HalMOHATBHON CTAaTUCTUKU ATEHT-
CTBAa IO CTPATETUYECCKOMY IUIAHHPOBAHHUIO H
pedopmam PecriyOnuku Kazaxcran.

0O0630p nuTeparypsl. IMUTaIIMoHHBIE MOJIe-
JIY TIPUMEHSIFOTCSI BO MHOTHX OOJIACTSX HAyKH:
B BOGHHOM UCKYCCTBE [ 1], mcuxoaoruu u comu-
onoruu [2], oOpazoBanuu [3, 4, 5], skoHOMHYE-
ckux cucreMax [1, 6, 7], B 6usnece [8, 9]. Tax,
o]l UMHUTALMEH 00pa30BaTeNbHBIX MPOTPaMM
CenuBepcroBa H.A. mnonHuMaer: «mogmeHy

JEUCTBUM, C OOHOM CTOPOHBI, MpernojaBare-
JEM YHHMBEpPCUTETA IO IEepeaye KOMILIEKCa
3HaHUH... C IPYIrOW CTOPOHBI, CTYAEHTOM IIO
OCBOEHUIO 3HaHui» [4, c.67-68]. Mmurauueit
B BbIciIeM oOpa3oBanun AmbOaposa I1.A., 360-
posckuii [.E. cunraror neiictus cyObekra, co-
LMAJbHON TPYIIBI, KOTOPbIE «IOJMEHSIOTCH,
3aMEIIAIOTCS M UCKaXaIoTCs UX (OopMabHBIM
BOCIIpOM3BeIeHuEM». [5, ¢.90].

Nmakaesa /. A., CymenkoB M.C., CymMeHKOB
C.M., HosuxoBa H.}O., babuna O.HU., Jackson
I. npumMeHMIN UMUTALTMIOHHOE MOJIETTUPOBAHUE
K TAaKUM MOZEJISIM, B KOTOPBIX B3aUMOJIEHCTBUE
MEXIy SJIEMEHTaMU OOBEKTa ONMHCAHbI MaTe-
MaTUYeCKUMH (POpPMYJaMHU C MOMOIIBIO KOM-
netotepa [6, 7, 8, 9, 10].

Ilo cratcTHYecKOMYy y4eTy B OTKPBITON
[1e4aTH UMUTULMOHHBIE MOJEIH OTCYTCTBYIOT,
HE0OXOMMOCTh B KOTOPO# cymiecTByer. [lep-
BBIM aBTOPOM JAaHHOW CTaTbu ObLIa arpoou-
poBaHa ydeOHas MPaKTUKA 6 ayoumopuu Kax
JIeJIoBasi Urpa JUlsl CTYAEHTOB CHELMAJIbHOCTH
«Craructuka» B VYHuBepcurere Hapxo3 (n
Anmarter) B 2017-2018 rr. [11]. Ha sToit Ga3e
HaMU IIpe/laraeTcsi BIIEPBbIE METOAMKA Op-
raHW3aluu y4eOHOU TPAKTUKU @ pexcume OH-
nati Ui 00y4arommxcs BCeX IKOHOMUUECKHUX
CIEIMAJIBHOCTEN: PKOHOMUKA, Y4YET U ay/uT,
MEHE/KMEHT, (PMHAHCHI, TOCYIAapCTBEHHOE WU
MECTHOE YIIPaBJICHUE.

dopma mpoBeneHUs] y4eOHOW NMPaKTUKH —
OHJIaMH WM ydyeOHas ayauropus. Mecto mpo-
XOKICHUS TIPaKTUKU — BY3, Kadenpa. I[Ipen-
MET TPAKTUKU-3KOHOMHUYECKas, (MHAHCOBAs,
opuanieckas uHpopMmanus, MpeiacTaBIeHHas
B CTaTUCTUYECKOW OTUETHOCTH.

Y4eOHasi npaKkTHKa HaLeJIeHA HA IIPAaKTH-
4ECKOE 03HAKOMJIEHHME CTY/IEHTOB C OpraHHu3a-
[IUeH yyeTa U COCTaBICHHEM Pa3IUYHBIX (popMm
CTaTUCTUYECKON OTYETHOCTH HA OCHOBE UMHU-
Taruy (QyHKIMNA CTIENUATUCTOB MPEAIPUATHSL.

B xauecTBe MOJeNM UMHUTALMM BBICTY-
[IAeT KOHKPETHOE NPEANPUATHE — YUETHAs €11~
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HUIA U COBOKYITHOCTbL TPYAOBBIX OTHOLICHWM,
BO3HHMKAIOIIUX B IMPOLECCE YUYETHO-CTATUCTHU-
YECKOH JESTEIBHOCTH.

[Ipenmer nMHUTALIMU-TIOKA3ATEIHN U JAHHBIE,
(uKcupyemble B CTaTUCTUYECKOM OTYETHOCTH
MPEAIPUSATHSL.

Hayuno-MeToan4eckoe pyKOBOACTBO yueo-
HOU NPAKTUKOU CTYACHTOB OCYILECTBIIAET IIpe-
nojiaBarelib KageIpbl-pyKOBOANUTENb Y4eOHOU
MIPAKTUKH.

BocnpousBozieHbl MPOIECChl  y4eTHO-CTa-
TUCTUYECKOH NEATENBbHOCTH, MPO(heCcCHOHATb-
HBIE MpPaKTUYeCKHe (PYHKIMH PabOTHUKOB WU

crienuanucToB npeanpusitusi. CTyaeHThl BbI-
MOJTHSIOT TIPO(heCCHOHANBHEBIE PONU: B Aemap-
TAMEHTE — PYKOBOJAMWTEINb, HAa NPEANPHUITUU
— CTaxkep-OyxraiaTep, CHEIUANNCT, TIIaBHBIN
CIIEUMAJIUCT, BEAYIIUN CIIELUAIUCT, TJIaBHBII
OyxraiaTrep, pPYKOBOIUTENIb MPEATPHUSTHUS.
OHHU 3aMONTHSAIOT BCE BBIMOJHIEMBIE PaOOTHI
B JHEBHUK I10 IPAKTUKE, 3aT€M COCTaBIISIOT
OTYET.

Tem cambIM, MOAENUPYIOTCS TPYIOBBIE OT-
HOIIIGHUSI MEXIy paOOTHUKaMU B CHCTEME
«IpEeAnpUsITAE — AENAPTAMEHT CTAaTUCTUKWY,
MIpE/ICTaBICHHBIEC B BU/IE CXEMBI 1.

OTHPABJICHO
[IpennpusiTie: CTYIEHTHI B POITH JlenapTaMeHT CTaTUCTHKH ropojia
cTaxkepa-Oyxrajirepa, ClieIUaInCTa, (00yacTH): CTYICHTBI B POJIH
IJIAaBHOTO OyXrajnrepa, pyKOBOJAUTES MIPUHSITO PYKOBOJUTEIISI, CIICIIHATTUCTA

Puc. 1 - B3aHMO}IeﬁCTBI/Iﬂ MEKAY paﬁOTHI/IKaMI/I NpeaAnpUusaATUd U A€NIAPTAMEHTOM CTATUCTUKHU

HpuMeanue — cocmasjieHo asmopamu *

B3aumoneiicTBusl y4aCTHUKOB PETIaAMEHTH-
pYIOTCSl MpaBUJIaMU TOCYIapCTBEHHOM CTaTH-
ctuku Kazaxcrana [12-14]:

1. TocynapcTBeHHas CTaTUCTUKA HaleJeHa
Ha (hOpMUPOBAaHUE CTATHUCTUKH MPEANPUATUH,
pa3pabOTKU CHUCTEMBI TOKa3aTeneil s KoM-
MJIEKCHOM XapaKTePUCTUKU UX AEATEIbHOCTH
Y UHTETPUPOBAHHBIX (OPM TOCYIAPCTBEHHOMN
CTaTUCTUYECKOM OTYETHOCTH.

2. Ceenenus B (hOpMbI CTATHCTUYECKON OT-
YETHOCTH 3alMChIBAIOTCS C MEPBUYHBIX Y4eT-
HBIX IOKYMEHTOB.

3. CrarucTUYeCcKuil OTYET MOJIUCHIBACTCS
TpeMs JTULAMU.

4. CraTuCTUYECKUI OTYET CHAeTCs B ycTa-
HOBJICHHBIE CPOKU B COOTBETCTBYIOILIEE YIIPAB-
nenwue JlemaprameHTa CTaTUCTUKH (TOpoza, 00-
JIACTH).

5. OTBETCTBEHHOCTh

PesyabTarsl u 00cy:kaenne. [Ipusenem pe-
3yJBTATHI 110 JIByM JTHSM YUEOHOMN IPaKTHUKH.

IlepBeiii nenp npaxktuku. Tema: OpraHusa-
1usl cTaTucThdeckod oruetHocTH. CocraBis-
eT yHIaMEHT BCEH CTaTUCTUYECKOW PaboTHI,
KQXXJIOTO YYETHOTO pabOTHHKA.

Lenb mepBoro JAHs NMPaKTHKH — Pa3BUTh
TOTOBHOCTh CTYJ€HTa K CaMOCTOSITEIIbHON
YUETHOH JAEATENbHOCTH, K KOMMYHHUKaOelb-
HOMY TOBEJICHHUIO, TIPOSBUTH MPO(HECCHOHATb-
HYIO KOMIIETEHTHOCTb B paboTe ¢ Iudpamu.

3agaum nepBoOro AHA NPAKTHKH:

1. YcBouth TpeOOBaHUs BEACHUS U CHAYH
Y4ETHOU JOKYMEHTALUH.

2. 3HaTh THUIBI OMMOOK TPHU 3arOJHEHUU
CTaTUCTUYECKOM OTUETHOCTH, UCTOYHUKU HX
BO3HUKHOBEHHUS (cxema 2).
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OMmuOKH CTaTUCTUYCCKUX JaHHBIX

PerCSeHTaTI/IBHO CTH

HabGmronenus

Perucrpanuun

Crnyyaiiable (HenmpeHaMepeHHbIE)

Cucremarndeckue (TeHIEHIINO3HbIE)

Puc. 2 — Tunsl o1IM00K CTATHCTHYECKHX JAHHBIX

Ilpumeuanue — cocmasneno asmopamu Ha ocHose ucmounuka [15, c.72-73].

Bnagerp meTomamMu KOHTpOJISL AJis Mpeay-
MIPEXICHUS OIMOOK, MPOBEPKH 3aNOTHEHUS U
JIOCTOBEPHOCTU CTaTUCTUYECKONH OTYETHOCTH.
K Takum meTomam OTHOCATCS: BH3YallbHBIN,
JIOTHYECKUH, apUPMETHIECKHIA.

Cnenyrouiye JHU HPAKTUKU TOCBSILEHBI
CTaTUCTUYECKOM OTYETHOCTH OIPEIACICHHOU
¢dopmsbl, k pumepy Nel-nip «Otuer o mpous-
BOJICTBEHHO-(DPMIHAHCOBOH JIEATEIBHOCTI 32 TO1

Ieas BTOPOro M MNOCJHACAYIOLIUX HEH
NPAaKTHKU — BBIPab0TaTh NpPAaKTUYECKHE Ha-
BBIKU I10 3allOJIHEHUIO NIEPBUYHOM (OnepaTuB-
HOM) M CTaTUCTHYECKON OTUETHOCTH Ha IpH-
Mepe KOHKPETHOIO MPEANpPHUATHS C MO3ULUI
TpeOOBaHU BeZICHNsI YIETHOM JOKYMEHTAIIHH.

3agauM NpaKTHKH:

— 3aKPEMUTh U YIITyOUTh 3HAHUS CTYJCHTOB,
IIOJIyYEHHbIE MMM B XOJI€ TEOPETUYECKUX U
MPAKTUYECKUX 3aHATUN MO OOIIECTBEHHBIM U
SKOHOMMYECKHUM JIUCLUIUIMHAM;

— pacneuarate ¢ odunuansHoro Caiita
bropo HalmoHalbHOW CTAaTUCTUKU ATEHTCTBA
10 CTPATEerHueCcKoOMy TNIAHUPOBAHUIO U pedop-
Mam PecnyOnuku Kazaxcran tunoByto (hopmy,
HWHCTPYKIIUIO 110 €€ 3aroyHeHuto [14];

— O3HAKOMUTBCSI C OCHOBHBIMU MOJIOKEHHU -
MH, 3aKOHAMH, HUHCTPYKLHUAMHU, MPUMEHSIEMbI-
MU B YUETHOMU JESITEIBbHOCTH;

— 3aT0JHUTh (OPMY CTATUCTUYECKOH OT-
YETHOCTU W3 JIAHHBIX MPUIIOKEHUS;

— 00pecTH HaBBIKU pabOTHI CO CTAaTUCTHYE-
CKO#1 OTYETHOCTEIO;

— TIIPOBEPUTH MPABUIBHOCTH 3aIlOJHEHUS
(OpMBI CTAaTUCTUYIECKON OTUYETHOCTH C MTpUMe-

HEHHEM BHU3YaJbHOTO, JIOTUYECKOTO, apuQme-

TUYECKOTO KOHTPOJIS;

— CIaTh CTAaTUCTHYECKYIO0 OTYETHOCTH B CO-
OTBETCTBYIOIllee ympasieHue J[lemapramenra
CTaTHCTHKH;

— HAnucarh aHAIUTUYCCKUH OTYeT (3amu-
CKY) O HaiJICHHBIX OIIMOKaX MPH COCTABICHUU
OTYEeTa; O B3aMMOCBS3SX IMOKa3aresiel B oTde-
T€; O MPUMEHEHUU METOJIOB aHAJIN3a K JIaHHBIM
oruera (OTYETOB).

IMpakTuueckue mnpenio:xkenusi. Pabora
U pOJb BEAYIIEro IMpPEernojaBaresis CBOAUTCS
K IIPOLIECCY BOCIPOU3BEACHUS YYETHOU Hesi-
TEJILHOCTH MIPEANPUSTHS!

CocTaBHbIE YaCTH W 3aJla4ydl JAHHOTO IIPO-
necca:

1. OpranuzoBaTth IPOCTPAHCTBO:

* TpYIIbI, YYaCTHUKH,

* CO37aTh KOMIUIEKT METOJMYECKOr0 MaTepu-
aJa, BKJIF0Yast IPUIIOKECHUS;

* pa3garh METOJAMYECKHE YKa3aHWs U 3aja-
HUS;

* IPOMHCTPYKTUPOBATH CTYIECHTOB O TOM, U3
KaKOT0 MCTOYHHMKA M KaK OHU MOTYT pacrie-
yaraTh Hajuiexkanue (QopMbl CTaTHCTHYE-
CKOM OTYETHOCTH Y MHCTPYKILUH K HHM;

* yOemuThCS, 9YTO CTYICHTHI HAYAId paboTaTh
U JIeAI0T TO, YTO HYXKHO.
2.Koopaunanust paboTsl Haja pa3pabOTKO,

MPOIIECCOM 3aIlOJHEHUs KOHKPETHOH (HOopMBbI

CTaTUCTUYECKOTO OTUETA, €€ C/Iaul U PUEMKHU

B ynpasieHue JlenaprameHTa cTaTUCTUKH (TO-

pona, obnactu):

* KOHTPOIIb BPEMEHH, TIOPSI/IKA IPOBEICHUS;
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* HaOIIOEeHHE 3a TPYMIOi, aKTUBHOE CITyIIa-
HUE, YTOYHSIOIIUE BOIMPOCHI, OTCIIEKHBA-
HUE DPACCYXKACHUM, NMPEANOIOKECHUN, BMe-
LIaTEJICTBO TOJIBKO MPH HEOOXOIUMOCTH;

* odopmIIeHHE U IPHEM OTYETa, THEBHHUKA I10
MIPAKTHUKE;

* MOTHBALUS CTYIEHTOB Ha BKIIIOYEHHYIO pa-
ooty;

* TIOATrOTOBKA K TUCKYCCHH.

3. Moneparusi:

* TMPOBEPHUTH PE3YJBTATHl PAOOTHI CTYIACHTOB;

* TIOJBECTH UTOTH C 00CYX/IEHUEM KOMIIETEH-
UM KKIO0TO CTY/IEHTa U BCEH IPyIIIbI;

* IIOMOYb C/IeJaTh BHIBOJBI;

* 5aTb OOpaTHYIO CBSI3b, CTYIACHTHI JTOJDKHBI
OCMBICITUTh CBOU CHJIbHBIE M CJIa0ble CTOPO-
HBI;

* CpaBHHUTbH IOJIyYEHHBIC PE3YNIbTAThl TPYIII
CTYJIEHTOB MEXIy COOOIf;

* COpPEBHOBATEIBHOCTb  CIY)KUT XOPOIINM
CTHMYJIOM JUISl CTY/IGHTOB, aKTUBU3UPYET HX
II03HABATEIIbHYIO ACATEIbHOCTD

* Haubosee YCHEUIHBIM CTYJICHTaM MOXKHO
BPYUUTH CEPTH(PHKATHL;

* TONPOCHUTH BBICTYNHTbH CTYJIEHTOB, 3apado-
TaBIIMX MAaKCHUMAaJbHOE KOJIWYECTBO Oai-
JIOB, O CBOMX BIICYATICHHSX, KAK OHH J0-
CTHIJIM TaKUX PE3yJIbTaTOB, 1aTh CBOM IPE/-
JOXEHUsT 0 (hopMe TPOXOKICHUS ydeOHOU
NPaKTUKH, €€ YIy4lICHUN.
[IpenonaBarenb-pyKoBOAUTENb  y4eOHOMU

MPAKTUKUA HHCTPYKTUPYET CTYJICHTOB, II€ MOX-

HO B3ATh OQHUIMATIBHO YTBEPKICHHBIE (HOPMBI

CTaTUCTUYECKOM OTYETHOCTHU. J[JIs1 3TOro Hy*X-

HO BOCIIONIb30BATHCS OPHIINATBHBIM HHTEPHET

pecypcom https://stat.gov.kz/, Ha BepxHel ma-

HeNU KIMKaeM «Jl7si pecroHIeHTOB», 3aTeM

Craructnueckue Qopmbl  https://stat.gov.kz/

respondent /form, mganee Ha)kuMaeMm Ha COOT-

BETCTBYIOIYIO (POPMY OTYETHOCTH U HHCTPYK-

U0 K HEll.

PykoBoauTenb NpakTUKK Takxke pas3pada-

THIBAaCT MPUJIOKEHUS B BUAE TaONUIl, UMUTH-

PYIOLIUX JaHHBIE ONEPATUBHON OTYETHOCTHU
C MOCJEAYIOIINM 3all0JIHEHUEM UX B CTaTH-
CTUYECKUN OoT4YeT. MakeT TaOIUIbl HOJKEH
ObITh TPUOIIKEH K (POpPME CTAaTUCTUUECKOTO
oTYerTa.

BuiBoawbl. ImaBHas rumoresa, ujes Hccie-
JIOBaHUS CBOJUTCS K TOMY, UYTO B COBPEMEHHBIX
YCIOBHUAX MOJETb UMUTAIMHM Y4eOHOW Mpak-
THUKU IPUMEHNMA B BBICIIEM Y4eOHOM 3aBeie-
HUH, KaK B ayJJUTOPUH, TaK U JUCTAHIIMOHHO B
oHyaiiH (opmare. I1epBbIif ONBIT MOKa3al, YTo
BHEJPEHNUE U peaau3auus HMUTAIUUOHHON
TEXHOJOTMH BHOCHUT BKJIAJ B NMPAKTHKY HUMH-
TaIuii, noBeimaeT 3h(HEeKTUBHOCT 00pa3oBa-
TEJNBHOI'0 MPOLIECCa HA OCHOBE:

1) pa3zBuTHs podeccroHaTbHBIX KaueCTB
YU4ETHOTO COTPYAHUKA, KOMMYHHMKAIUU ITY-
TEM yCBOEHHUS TpeOOBaHUU BEIEHHUs, 3aI0JI-
HEHMS, KOHTPOJSA M CHAUYM YYETHOM IOKYy-
MEHTAllUU B yIIpaBJieHUE (JenapTaMeHT) cTa-
TUCTUKH;

2) MOAENUpOBaHUs TPYAOBBIX OTHOLIEHUM
CTYICHTOB MEXIy COOOH B mpoliecce MMHTa-
LIMM YYETHBIX COTPYIHUKOB U PYKOBOJSIIETO
cOCTaBa OpraHu3aluy;

3) ocBoeHHsI METOOB cOOpa, KOHTPOJIS, 00-
paboTKH, aHANIM3a MAaCcCOBOM HKOHOMHYECKOU
uHpOpMaLnY;

4) yMeHUsI UCUHUCISATh U OOBSCHATH CTATH-
CTHYECKHE TI0Ka3aTeu, OpMyTUPOBATH BBIBO-
ZIBL;

5) pacumpenus odbemMa 3HaHHN O TOKa3a-
TEJISAX, XapaKTEePU3YIOIUX OCHOBHbIE OOBEKTHI
SKOHOMMYECKOM IEATENbHOCTU NPEANPUATHUS;

6) npencTaBiIeHUs O NOAXOAAX K U3yYEHUIO
MIPOU3BOJICTBEHHO-(DMHAHCOBON J1€ATEIBHOCTH
MPEINPUATHS;

7) BBISIBIIEHHUS U OTIPEIETICHUS U3 MHOXKECTBA
nokasaresei Te U3 HUX, KOTOpble HE0OXO0IUMO
HCIIOIB30BaTh AJI PELICHMs 3aJad OIepaTHB-
HOTO U 3((EKTUBHOTO YIPaBICHUS TPOU3BO/-
CTBEHHO-(DMHAHCOBOW JEATEIbHOCTBIO Tpe-
MIPUATUN.
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Pexomenpganuu. B 1nepcrexkruBe, peKo- — HUCTpPATOpaM YHUBEPCHUTETOB M PACLIMPEHUEM
MEH/IyeMO€ aBTOpaMHM HAay4HO-METOAMYECKOE  00JacTH MPUMEHEHHs] METOIOB IIPOrHO3UPOBa-
PYKOBOZACTBO CIIOCOOCTBYET MAaTCpHAIM3ALUN  HHS U MOJCIMPOBAHUS K JaHHBIM CTaTUCTHYE-
y4eOHOM NMPAKTUKU MPENOAABATENSIM U aJIMU-  CKOH OTYETHOCTH.
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IRSTI 06.39.31 https://doi.org/10.58805/kazutb.v.1.18-70

THE COVID-19 PANDEMIC AS A STRESS TEST OF THE MANAGEMENT
SYSTEM IN MODERN REALITIES

Baktymbet A.S'., Utilov M.N'., Shmarlovskaya G.A>.
Kazakh University of Technology and Business, Astana, Kazakhstan',
Belarusian State Economic University, Minsk, Republic of Belarus?
Asem_abs@mal.ru

The COVID-19 pandemic has significantly transformed organizations around the world.
Due to the constantly changing situation and the emergence of new threats, the methods of
enterprise management are undergoing significant changes to adapt to new conditions. One of
the most notable innovations was the massive shift of companies to telecommuting. The result
of this transition is quite significant changes in management practices that require serious
analysis and reflection. It is therefore necessary to understand the essence of the changes, the
extent to which these changes are in line with the trends, their sustainability, and the prospects
for their further application.

The COVID-19 pandemic played a role of stress test for enterprise management systems and
revealed several problems.

This article analyzed the problems of the company management system caused by the coronavirus
pandemic. It has been demonstrated that mass introduction of remote work has prospects of further
development. The changes in the functions of managers and in the structures of management of
companies have been studied. Possibilities of broad development of self-government have been
considered.

Keywords: pandemic, stress test, management, activity, enterprise, remote work, crisis,
personnel.

COVID-19 MAHAEMUSACBI KA3IPT'I 3BAMAH/JIAFBI MEHEJVKMEHT
JKYUECIHIH, CTPECC-TECTI PETIHJIE

Bakreimoer A.C'., Yruaos M.H'., lllmapiaoBckas I A.2
Kasak TexHomorus sxoHe Ou3Hec yHUBepcUTeTi, Actana, Kazakcran',
benapych MeMIIEKeTTiK SJKOHOMHUKAJIBIK YHUBEpCUTEeTi, MuHCK, benapych Pecriyonukacer®
Asem_abs@mal.ru

COVID-19 nangemwusicel Oykin oneMmzeri YWbIMIApAbIH KbI3METIH aWTapibIKTail e3repTTi.
KarmalplH y31IKCI3 e3repyiHe KoHEe KaHa KayinTep/iH maiga O6omybiHa OaiIaHBICTBI KCIIo-
pBIHIAPABI OacKapy SIiCTepi JKaHa KarJainapra OeiiMueny MakcaTbliHIa alTapibIKTail e3repi-
cTepre yubipaiasl. EH MaHBI3IbI jKaHAIBIKTAPABIH Oi1pi KOMIAHUSIAPABIH KAIIBIKTaH KYMBIC
icTeyre jxanmai keiryi 0osabl. Bysl aybICynbIH HOTHXKECI MEHEIKMEHT TaXipHOeciHaeri airap-
JBIKTal e3repicTep O0bIn TaObLIaabl, oap OAWBINTHI TalIay MEH TYCiHYAI KaxeT etei. OchiFan
0aliIaHbICThI, ©3TrePICTEPAIH MOHI HE/le €KEeHIH, OCBI TYPICHIIpYJep Ka3ipri TeHACHIUIIapFa KaH-
IIATBIKTHI COWKEC KeJIETiHIH, OJIap/IbIH KAHIIAIBIKTHI TYPAKThl €KEHIH, OJIapIbl OJIaH opi KOJIIaHy-
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JIBIH OOMaIiarel KaHIal eKeHiH TYCIHY KaxkeT.

COVID-19 nannemusicbl KSCIiOpBIHAAPBI OacKapy >KyHesnepi yIlliH epeKIlie CTPECC-TECT PeliH
aTKap/bl XKoHE OipKarap mpoodiaemMaiapibl aliThbl.

byn Makanana KOpOHaBUPYCTHIK HMaHJIEMHsIAH TybIHIaraH KOMIIAHUsUIApAbl Oackapy Kyii-
eciHiH mpobnemanapbl TajgaHabl. KamblKTan KyMbIC iCTeyal Kammail eHrizy ofgaH api Jamy-
TIbIH Ooamiarel 0ap eKeHAIri kepceriai. MeHemkepaepAiH QyHKIUsIapbl MEH KOMITaHUSIIAP IbI
Oackapy KypbUIbIMIapbIHAa OONIFaH e3repicTep 3eprreni. O3iH-031 6acKapyabpl KCHIHEH TaMBITY
MYMKIHJIIKTEp1 KapacThIPbLIFaH.

Heri3ri ce3mep: manaemusi, CTpecc-TeCT, MEHEPKMEHT, KbI3MET, KOCITIOPBIH, KAIIBIKTAaH KY-
MBIC, JIaF1apbIC, KbI3METKEpIIED.

IMAHAEMUSA COVID-19 KAK CTPECC-TECT CUCTEMbBI MEHEJI’JKMEHTA B COBPE-
MEHHBIX PEAJIMAX

Bakreimoer A.C'., Ytuaos M.H'., lllmapioBckas I.A.2
Ka3zaxckuii yHHUBEpCHTET TEXHOJIOTUH U OM3Heca, I. ActaHa, Kasaxcran!,
benopycckuii [ocynapcTBeHHbI DKOHOMUYECKHI YHUBEpCUTET, T. MuHCK, PecyOnuka benapycn?
Asem_abs@mal.ru

[Mangemuss COVID-19 cyniecTBeHHO U3MEHMIIA ACSITEIbHOCTh OPraHu3aluid BO BceM mupe. B
CBSI3U C HETPEPHIBHBIM U3MEHEHHEM CUTYallMH U TIOSIBJICHUEM HOBBIX yTPO3, METOBI YIIPABICHUS
NPEANPUATHIA PETepIeBaIOT 3HAYUTEIbHBIC N3MEHEHUS C LENbIO aIalTallui K HOBBIM YCIIOBHUSIM.
OnnuM u3 Hanbosee 3aMEeTHBIX HOBOBBE/ICHHUH CTall MACCOBBIH MepeXxol KOMITAHUH Ha yAAJICHHYIO
paborty. Pe3ynbraroM JaHHOTO TIepexoAa SBISIOTCS JOBOJIBHO CYIIECTBEHHBIC M3MEHEHUS B IPaK-
THKE MEHEPKMEHTa, KOTOpble TPeOYyIOT CEpPbEe3HOT0 aHAIN3a U OCMBICIICHUS. B cBs3H ¢ 3THM, He-
00X0/IMMO TIOHATH, B YEM 3aKIIIOUAIOTCS CyTh U3MEHEHHUH, B KaKOW Mepe JTaHHbIE TPeoOpa30BaHus
COOTBETCTBYIOT CJIOKMBIIMMCS TEHICHIMSM, HACKOJIBKO OHU YCTOHUYMBBI, KAKOBBI MEPCIEKTHUBBI
UX JaJbHEHIIEro MpUMEHEeHHUS.

Mangemust COVID-19 ceirpana poiabs CBO€OOpa3HOTO CTpecc-TeCTa AJisi CUCTEM MEHEI)KMEHTa
NPEINPUATHIA U BCKPbLIA PSI UMEIOMIUXCSA TPOOIeM.

B nanHoO# crarbe OBUTH MPOaHATU3UPOBAHBI MPOOIEMbI CUCTEMBI MEHEIKMEHTA KOMITAaHUH,
BbI3BaHHbIE MMaHJeMHUel KopoHaBupyca. [IporeMoHcTpupoBaHo, YTO MacCOBOE BHEAPEHHE yallCH-
HOM paOOThI UMEET MEPCIIEKTUBBI JaIbHEHINEro pa3BUTus. M3ydueHbl MpOn30IIeNINe N3MEHEHHS
B (DYHKITMSIX MEHEIDKEPOB U B CTPYKTYpPax YIpaBICHHUs KOMITAHUSAMHU. PaccMOTpEeHBI BO3MOKHOCTH
[IIMPOKOTO PA3BUTHUS CAMOYIIPABJICHHUS.

KiroueBble cjioBa: maHIeMUs, CTPECC-TECT, MEHEKMEHT, JeSITEeIbHOCTD, IPEANIPUITHE, Yaa-
JIeHHas1 paboTa, KPU3HUC, IEPCOHAI.

Introduction. The COVID-19 pandemic  to a high degree of uncertainty. This situation is
show signs of a landscapescale crisis — an  disorienting, creating a sense of loss of control
unexpected event or sequence of events of and a powerful emotional shock.
enormous scale and staggering speed, leading

_____________________________________________________________________________________|
85


mailto:Asem_abs@mal.ru

KasTBY XABAPHIBICHI / VESTNIK KazUTB/ BECTHUK KaszVTB — Ne 1 (18) - 2023

It is too early to sum up the results of
the Covid-19 pandemic, but its various
consequences for the global economy have
already become quite clear. One of the most
notable effects has been the rapid mass transition
to remote work. If at first such a transition
could seem like superficial fluctuation that
does not affect any important characteristics
of economic life, today it is clear that this is
not the case. As a result of this phenomenon
or in connection with it, there have been quite
significant changes in management practice
that need serious consideration.

The circumstances of the COVID-19
pandemic make extraordinary demands on
executives. The global scale of the disease and
the absolute unpredictability of the economic
situation make business decisions difficult.

Modern conditions serve as a tough exam
for the management of companies. Those who
passed it successfully have all the chances to
successfully overcome the crisis. In turn, the
mistakes of top managers and their wrong
actions during the crisis inevitably lead to
problems and pose risk of bankruptcy. The
pandemic has demonstrated the need to develop
new approaches to managing companies.

Therelevanceofthearticleisthatinthemodern
world economy there is a pronounced need to
introduce a well-organized management policy
and management economics, based mainly on
the management of already implemented socio-
economic models and mechanisms, as well as
on the constant identification of new ways and
solutions in various stages. The correctness of
the choice and the correct organization of such
management decisions determine the potential
success of the organization in overcoming
crisis situations.

Materials and methods. Correct strategic
planning, which consists in working out
probable ways of developing a crisis, is the
basis for solving problems that constantly

arise at critical times in the field of managerial
economics. It allows the company to
quickly reorganize existing mechanisms and
introduce progressive solutions to get out of
the current situation. With the onset of the
crisis, companies are faced with unforeseen
expenses, a slowdown in the turnover of
financial resources, a decrease in demand for
goods and services, as well as other negative
consequences associated, among other things,
with the economics of management. Managers
are faced with a serious task of reconstructing
the crisis management system for the current
conditions, which consists in constantly
improving approaches to economic aspects and
administration.

Simultaneous improvement of strategic
management processes and methods of anti-
crisis stimulation of production significantly
reduces the vulnerability of the organization
in destabilized times. The crisis is considered
in this provision as an event that goes beyond
the boundaries of the standard course of
economic and political trends, which leads to
the instability of the market and organizations.
A current example of such an event, of course,
can be called a pandemic, which negatively
affected all spheres of human activity. The
complicated epidemiological situation has
dealt a severe blow to the global economy
and company management methods. One of
the main principles of the plan of anti-crisis
economic management lies in the philosophy
of the management of companies to overcome
crises. To identify solutions in such cases,
managers must work at an accelerated pace, as
there are time and resource constraints, and all
necessary actions and proactive decisions must
be taken in a timely and efficient manner.

Results and discussion. The pandemic has
shown the need for change in the company’s
management. Firstly, the middle managers,
whose traditional activities have begun to
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lose relevance, should be noted in advance
that the range of tasks of the members of this
group is largely blurred, depending on the
characteristics of the organization; What is
undeniably universal is only their common role
as a kind of intermediary between lower and
higher managers. It includes the distribution
of top management tasks to subordinates, the
creation of the necessary conditions for their
work, control over their actions and informing
managers about the fulfillment of tasks.
Although different types of leaders solve these
problems by different methods, significantly
differentiating their content, the essence
remains practically unchanged. So, remote
work has significantly reduced the importance
of all these functions.

There are reasons to believe that this is a
long-term phenomenon, not limited to the covid
period. In support of this position, the executive
director of the Future Forum consortium, B.
Elliott, gives the following arguments [1]: the
transition from a rigid workday framework to
flexible schedules makes it possible to cope
much better with a number of problems that are

66%

of employers are reconfiguring
office spaces for hybrid work

73%

of employees want to remain
flexible remote work options

relevant for employees and for the company as
a whole; a significant part of communications
is transferred to the digital environment,
which simplifies them and makes them more
transparent; the widespread use of digital tools
facilitates the control. Indeed, businesses have
realized that physical presence in the office is
not a prerequisite for successful operation; as
a result, a study conducted in May 2021 [2]
showed that 70% of companies planned to
switch to a hybrid model combining office and
remote options, and many have already made
this transition (for example, Adobe, Salesforce,
Spotity, Twitter).

According to the annual report Work Trend
Index published in March 2021, 66% of
employers around the world are reconfiguring
office spaces to accommodate hybrid
workplaces. Additionally, the World Trend
Index report shows that 738 of workers want
to keep the options of distant work. At the
same time, the survey illustrates that 67% of
employees want more in-person work, which
will require employees to return to the offices

[3].

67%

of employees want more
in-person work

Picture 1- The results of Work Trend Index survey [3]
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Also, surveys of office workers from 6
countries (USA, UK, France, Germany, Japan,
Australia) show that they are ready to maintain
a flexible work model even after the pandemic
is over [4]. As part of the annual FlexJobs
survey, conducted from July to August 2021,
58% of respondents reported that they want to
work completely remotely after the pandemic,
and 39% — under the conditions of a hybrid
model [5]. This implies the prospects for
transferring communications and control to a
digital environment: if the remote format and
flexible schedules are widely distribution, then
the mass digitalization of these two functions is
inevitable.

However, it would be wrong to say that we
are dealing with something fundamentally new:
the epidemic spurred on this transformation,
made it more visible, but did not become its root
cause. Flexible work schedules have been used
for several decades in different countries, C.
Handy identified the most important advantage
of working outside the office is the ability to
“reorganize the work process so that it best
suits what we want way of life” [6, p. 192].

Personal computers began to influence
the work of middle managers from their very
appearance in the 80s of the twentieth century,
including their interaction with both managers
and subordinates. Computers “eliminated some
of their functions and changed others, enabling
senior managers to receive information directly
at their desks directly from the source, instead
of filtering it at the level of middle managers”
[7, p. 43]. At the same time, “there is no need
for scheduling, coordinating work tasks,
planning current production tasks, transferring
strategic information, since these administrative
functions are successfully implemented by
computer systems and work groups without
the participation of middle management” [ 6,
p. 68]. By the way, it is hardly coincidental that
during this period it was “middle managers as

a social group that experienced a particularly
strong influence of various economic and
technological changes in production” [4, p. 43].

L. Gratton, founder of the HSM consulting
company predicted that the classic job of
a middle manager would soon disappear,
because, on the one hand, new technologies
provide instant feedback, and on the other hand,
everything self-managed teams are becoming
more widespread. Her research showed that
Generation Y workers “do not see the point
in reporting to someone who simply monitors
what they are doing” [8]. Even 10 years earlier,
K. Klok and J. Goldsmith announced the
inevitability of a radical change in managerial
work: “Functions traditionally attributed to
the competence of the middle management
gradually die off as soon as the organization
begins to consistently simplify the management
structure and form self-managed teams » [9, p.
109].

Thus, we can talk about the acceleration of
long-established trends: history — at least in
relation to the area under consideration — has
not changed direction, it’s just that the future
has come earlier.

On the other hand, managers will not be left
without work, just as they were not left without
it during the implementation of the ideas of F.
Taylor and with each subsequent rethinking
of the basics of employee motivation.
Traditional tasks are being replaced by new
ones: developing operational norms and
workflows for their teams that do not depend
on synchronous face-to-face communication;
remote rallying of teams, which involves
“creating and maintaining strong social ties,
agreeing on a common mission and vision” [2].
The previously mentioned millennials, rejecting
administrative control, highly value “mentoring
and coaching from those they respect” [8] —
these functions create the basis for effective
management in the new conditions and cannot
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be shifted to any on whose shoulders.

At the same time, some reduction in the
total number of middle managers is still very
likely, since the tasks that come to the fore
place higher demands on their qualifications,
but do not require them. The resources of
organizations should be spent “on supporting
a small group of passionate leaders” [2], and
this happens by saving on transactional leaders,
the need for which is reduced. This process,
which can be called a vertical contraction of
organizations is intensified by their horizontal
compression — a reduction in areas of activity
and a corresponding decrease in the number
of full-time employees due to the transfer
of part of the function’s freelancers and
outsourcing. “Price wars and the struggle for
quality are forcing companies to reduce staff to
a minimum number of employees whose only
function is to serve the needs of customers,
and a small core of managers who perform the
functions of finding and retaining consumers”
[4, p. 33]. Both processes lead to the fact that
organizations become flatter.

The trends under consideration are not
universal, manifesting themselves in different
ways depending on the characteristics of the
country, industry, type of activity, period. Thus,
according to a study published in June 2020 by
J. Dingel and B. Neiman, in the United States,
one of the world leaders in the use of the remote
work model, it can be used in 37% of jobs from
their total number, primarily — in information
technology,  education, law, financial
transactions, management, architecture and
engineering, trade, entertainment, mass media
[9]. The global number of freelancers before the
pandemic was estimated at 160 million people.
[2]; at the beginning of 2020, the total demand
for their services fell by 32%, but the market
quickly recovered and continued to grow [10].

So, moving to remote work of full-time
employees, expanding freelancing and the

formation of self-managed teams — these are
three processes that actively influence the
activities of middle managers, and they act in
the same direction. However, their development
does not say anything definite about the
expected results since they depend on the
specific features of the management paradigm
and the context of its implementation.

The pandemic has also raised the issue of
employee self-government and management
credibility. Leaders need to abandon the
seductive in its simplicity ideology of the power
vertical, which excludes initiative and implies a
lack of trust: “In order for a flat structure to work
effectively, you will have to make great efforts
and help ordinary employees make the right
decisions, and not punish them for mistakes”
[11, p. 126]. Indeed, very serious efforts are
required here, since it is necessary to create
comprehensive conditions for the systematic
involvement of employees in management
activities and, in addition, to radically change
one’s own understanding of this activity. It is
difficult to say how much such restructuring
is possible within the same person, but in a
competitive environment, the effectiveness
of the organization takes precedence over the
character and persona of the top executive —
even if he is also its owner.

Another prerequisite, equally necessary
— the willingness of employees to make
decisions on their own — is determined by
several circumstances, among which again
appears trust. We note right away that distrust
of the leadership practically excludes such a
model: behind any innovations one sees deceit,
“following the proposed path is the same as
cutting the branch under oneself,” etc. Even
if you first accept such a “Trojan horse” as a
gift, contradictions will inevitably come out,
and the conflict can be unleashed from any
side. The opposite situation — significant trust
— can lead to two opposite results. On the one
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hand, employees do not doubt the seriousness
and thoughtfulness of the expressed intentions,
that the new management concept will benefit
them; on the other hand, in case of their social
immaturity, they can, even unconsciously,
sabotage its implementation.

K. Klok and J. Goldsmith give an example
of an organization where, in connection with
the creation of self-managed teams, the middle
management was abolished — and this was
opposed by employees who were used to
receiving detailed instructions and, “feeling
their insecurity and certain risks, were seriously
concerned about the risks of making mistakes”
[6, p. 37-38]. Of course, such curiosities are
unpleasant, but the resistance is overcome by
enlightenment, if competent explanatory work
1s carried out; but distrust is more difficult to
deal with — it requires, among other things, a
long time. Thus, the higher the trust, the greater
the chances for the effective use of flat structures
and for the positive effect of the implementation
of the processes under consideration.

According to the 2021 edition of the annual
Edelman Trust Barometer report [12], 76% of
survey participants in 28 countries trusted their
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employer — this is more than business (61%),
non-governmental  organizations  (57%),
government (53%) and the media (51%); by
country, this figure ranges from 58% in South
Korea to 92% in Indonesia. In terms of personal
trust, here, on average, company executives
ranked second among their employees (63%)
after scientists (73%), ahead of other company
executives (48%), journalists (45%), religious
leaders (43%) ) and government leaders (41%).
Information from their employer is trusted by
61%; it is noteworthy that only 44% of the
respondents trust the information about the
company coming from its first person.

The above results suggest that in this
aspect there are opportunities for the global
application of flat structures, since much more
than half of the participants in a representative
survey gave the necessary answers for each of
the countries, or at least on average for their
entire population. And yet, given the inevitable
conventionality of such conclusions, it makes
sense to supplement the assessment of the
situation with a more general characteristic,
namely, the average level of trust in public
institutions in a given country. But here the
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Picture 2 — Trust in my employer in 27 countries [12]
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picture changes: separate calculations for
advanced participants (criteria: age, education,
income, interests) and others revealed, firstly, a
significant gap between these two groups (16%
on average), second, leadership in both groups
of Asian countries (China, India, Indonesia,
Saudi Arabia). In addition, almost half of the
countries in the second group fell into the zone
of distrust (below 50%): these include the UK,
the USA, Japan, Brazil, France, etc.

All this remains relevant for management
in the absence of constant personal contact
with employees, even without flattening the
structure. Stating that such organizations are
built on trust, Ch. Handy asks a rhetorical
question: “But how can you trust someone you
don’t know, who is not committed to the goals
of the organization, who can let you down?”
[11, p. 220-221]. It is difficult to disagree with
the fact that “in the absence of a common goal,
the private tasks of employees come to the fore.
If teleworkers think they are only working to
enrich some unknown shareholders, they are
unlikely to do more than what is required
of them” [11, p. 221-222]. In this regard,
however, another question arises: why does
an organization need employees to do more
than is required? Perhaps this is generally an
accidental reservation, which should not be
given much importance?

For employees to conscientiously follow
the goals and mission of the company, it is
required not only to be aware of them, but
also to accept them as the highest priorities of
their own activities. Neither one nor the other
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will arise by itself — independence expands
the range of possible actions but does not
affect their direction in any way; the idea of
self-management, designed to maximize the
potential of employees and, thereby, increase the
competitiveness of the company, can give rise
to separatist sentiments, and ruin the company.
It poses new challenges for management.

Conclusion. The global pandemic of
coronavirus has affected all spheres of human
activity and drew attention to shortcomings
and weak links in them. Management
decisions taken in such difficult times for
all require professionally trained specialists
and a qualified management system both at
the level of a particular company and at the
level of entire countries. The high pace of
technological development in the IT sector and
communications has opened new opportunities
for solving the problems of management
economics and ensuring stability at all
production levels of organizations.

The COVID-19 pandemic 1is testing
the strength of leaders in companies and
organizations in all sectors around the
world. Its effects are likely to last longer,
and present greater difficulties than initially
expected. However, the pandemic has already
demonstrated the need for changes in the
management of companies. The remote
work has development prospects but will
entail changes in the company’s management
structure. At the same time, remote work raises
the issue of self-management, and trust between
employees and managers.
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GAMBLING BUSINESS AS PART OF KAZAKHSTAN’S
TOURISM POTENCIAL

A.B.Yessilov
Kazakh Univercity of Technologies and Business, Astana, Kazakhstan,
esilov@gmail.com

This article examines possibilities of applying gaming industry as a tool for developing the
tourism potential of Kazakhstan. It contains a detailed study of experience of foreign countries
in regulation of gambling and its impact on the development of tourism in the state. This type
of business affects the development of gaming tourism, which in turn can become a means of
replenishing the state budget and contribute to the development of inbound tourism, a good example
of this fact is the casino in Macau. The development of the tourism industry leads to the expansion
of the tourist services provided. Thus, the emergence of tourist services related to gambling, the
so-called junket tours, which have long been known in the world, and are quite new for our region.
The definition of junket tours is given and features of their practical implementation are analyzed.
Results of the Gambling Availability Score rating for residents in individual countries are analyzed.
The final part of the article proposes a concept for the development of gambling tourism in the
Republic of Kazakhstan for the long-term period, which includes many directions and it is very
important to approach this concept comprehensively.

Key words: gamble; tourism; tourism potential; tourism economy; gambling; junket tours;
destination; gaming tourism; casino; service; online casino.

KA3BAKCTAHHBIH TYPUCTIK OJIEYETIHIH BIP BOJII'T PETIH/JE
OMBIH BU3HECI

A.B.Ecinos
Kazak Texnonorus sxone busnec Yuusepcuteri, Actana, Kasakcras,
esilov@gmail.com

Makanana Ka3zakcTaHHBIH TypHCTIK 9JI€yeTiH AaMbITy KYpaslbl peTiHJe ONbIH OM3HECIH mMaii-
JaiaHy MYMKIHAIKTEPiH 3epTTey Kyprizineni. OWbIH OM3HECIH PEeTTey JKOHE OHBIH MEMJICKETTET1
TYPHU3MHIH JJaMybIHA oCcepi TypaJibl IIEeT MEMJIEKETTEP/IiH TOKIpHOeCciHe erKel-TerKeii 3epTrey
KYprizinai. buznecTin Oy Typi OMbIH TypHU3MiHIH JaMybIHA ocep eTei, Oy o3 Ke3eriHjae MeM-
JICKETTIK OIOKETTI TONBIKTBIPYABIH Kypasbl O0a anajabl ’KoHE Kipyre BIKIal eTelli Typu3M, Oy
(akTiHIH XKaKChl MbIcaTb-Makaoarel Ka3uHO. TypUCTIK callaHbIH 1aMybl KOPCETIJIETIH TYPUCTIK
KbI3METTEp/iH KeHeroiHe anbin Keneai. COHbIMEH, OMbIH OM3HECIMEH OaillaHBICTBI TYPHUCTIK KbI-
3METTEp/iH naiaa O6omysl, onemre OypbIHHAH OENriil *oHe Oi3/iH ailMaK YIIiH KEeTKUIIKTI *KaHa
JDKAHKETT Typiapsl. JKaHKeT-TyprapIblH aHbIKTaMachl KEATIPUIEAl kKoHE OJap/IblH MPAaKTUKAA
iCKe achIpbUTy epeKIIeNnikTepi Tannananpl. JKekenereH enjepaeri TypFeIHAap YIIiH KyMap OWbIH-
Japra KOJDKETIMILTIK PEUTHHTICIHIH HOTYOKETepl Talnaanaabl. MakalaHbIH KOPBITHIH/IBI OOTiMIH-
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ne Kazakcran PecnyOnukachiHa IEpCIEKTUBAIIBIK KE3EHIE apHAIFaH KyMap OWBIHIAp TYPU3MIiH
JAMBITY TYKBIPBIM/IaMAachl YCBHIHBUIA/IbI, OJ1 KONTETeH OarbITTap/bl KAMTU/IBI KOHE OCHI TY)KbI-
prIMIaMara KelIeH i TypAe 6apy eTe MaHbI3/bI.

Herisri ce3nep: kymap olbIHIap; TYpU3M; TYPUCTIK JIEyET; TYPU3M 3KOHOMHKACHI; OMbIH OM3-
HECl; JDKaHKeT-Typiap; AeCTUHALUS; OUBIH TYPHU3Mi; Ka3MHO; CEPBHC; OHJIAIH Ka3UHO.

UI'OPHBIN BU3HEC KAK YACTb TYPUCTCKOI'O IOTEHIIUAJIA KASAXCTAHA

A.B.Ecunnos
Kazaxckuil yauBepcuTeT TEXHOJIOTUH U Ou3Heca, ActaHa, Pecybnuka KaszaxcraH,
esilov@gmail.com

B crarbe mpoBOOUTCS HMCCIEAOBAHHE BO3MOXHOCTEH MCIIOIB30BAHUS UTOPHOTO OM3HECA KaK
MHCTPYMEHTA pa3BUTHUS TypUCTCKOro noteHuuana Kasaxcrana. [IpoBeaeno noapobHoe uccneno-
BaHME OIBITA 3apyOEKHBIX TOCYJAPCTB OTHOCUTEIHHO PEryJupOBaHUs UropHOro OmsHeca. [laH-
HBIA BHJI OM3HEcCa BIMAET HA Pa3BUTHE MIPOBOTO TYypH3Ma, YTO B CBOIO OYEPEIb MOXKET CTaTh
CPEACTBOM IOTIOJIHEHHSI TOCYAaPCTBEHHOTO OIO/KETa M MOCIO0COOCTBOBATH PA3BUTHIO BHE3IHOTO
TYPH3M, XOPOILIHUH MpUMep TaHHOMY (aKTy sSBiIeTCs Ka3uHO B Makao. Pa3Butue TypucTckoi oT-
paciau NPUBOAUT K PACIIUPEHUIO IIPENOCTABIAEMBIX TYPUCTCKUX YCIYT. Tak MOsBIEHUE TYpPUCT-
CKHUX YCIIYT, CBI3aHHBIX C UTOPHBIM OM3HECOM, TaK HA3bIBAEMBIX PKAaHKET-TYPOB, JaBHO M3BECT-
HBIX B MUPE€, U JOCTATOYHO HOBBIX JJI HAlero peruoHa. [IpuBoaurcs onpeneneHue 1KaHKeT-Ty-
POB M aHATTU3UPYIOTCS 0COOEHHOCTH UX MPAKTHUECKON peann3aii. AHAIU3UPYIOTCS PE3yIbTaThl
peiitunra nocrynuoctu remOnunra (Gambling Availability Score) anst pe3uIeHTOB B OTIEIBHBIX
cTpaHax. B 3aKI04NTENbHON YaCTH CTAThU MpeJIaracTcs KOHIETUS pa3BUTHs TeMOTUHT-TypHU3-
Ma B PecriyOnnke Kazaxcran Ha mepCneKTHBHBIN NepUOA, KOTOpasi BKIIIOYAET B ce0sl MHOXKECTBO
HAIIpaBJICHUN U OYEHb BaXKHO IMOMJOUTH K JAHHOW KOHUENIUU KOMILIEKCHO.

KuroueBble cjioBa: a3apTHbIE UTPhI; TYPU3M; TYPUCTCKUI NMOTEHIMAN, 3KOHOMUKA TypU3Ma;
UTOPHBINA OM3HEC; JXKAHKET-TYpbl; I€CTUHALINSA; UTPOBOM TYPHU3M; Ka3MHO; CEPBUC; OHJIAIH Ka3u-
HO.

Introduction. World experience evidences
that gambling as a regulated activity may be an
additional source of state budget replenishment
and funding for social programs in the field
of culture, healthcare and sports, etc. For
Kazakhstan, attracting financial resources
to support such programs is also an issue of
interest. Gambling can become an important
driver in increasing incomes at all levels of
the budget system and developing the tourism
industry. Large-scale casino complexes can
act as a kind of attraction points for attracting
foreign tourists. As a result, the funds in the

budget may be used to restore infrastructure
and tourist facilities, as well as to train
personnel. Moreover, the ban on gambling
in some countries with strict legal regulation
leads to the rise of gambling in neighboring
countries with a more loyal attitude towards this
industry,consequently leading to an increase in
tourist trips with the aim of visiting gambling
establishments. According to this growth,
the economic attractiveness of regions with a
developed gambling industry is also increasing.

There are very few scientific studies and
publications on the development of gambling
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and its impact on the development of tourism
in Kazakhstan. Research by K.K. Sabirov,
Ye.O.Prilepskikh, I.M. Kichigin skate around
the role of games of chance in the development
of tourism. K.K.Sabirov focused his attention
on the importance of the role of games of
chance and the gambling industry in the regions
of Kazakhstan as an attractive tourist factor
[1]. During the research, the author mainly
analyzed foreign experience in the context of
retrospective influence. In this regard, new
research into the features of the gambling
industry in the system of international and
domestic tourism, the specifics of the legislation
governing gambling (games of chance) in
European countries, as well as identifying
the possibilities of legislative support for
the operation of casinos and other gambling
establishments as one of the components of the
tourism potential development of Kazakhstan
is of particular relevance.

In terms of the availability of gambling or
possible participation in games of chance, the
situation varies greatly from country to country
[2]. The ban on gambling in some countries
with effective legislative regulation leads to
the rise of gambling in other countries, often
neighboring ones. Regions that focus on the
development of gambling as part ofthe country’s
tourism potential primarily note the emergence
of tourist trips with the aim of visiting gambling
establishments. The corresponding economic
impact of these trips on the development of the
region is the next stage. International practice
shows that these trips are mostly organized.
Currently, gambling is actively developing in a
number of European countries, including at the
expense of tourists. Many of them have game
entertainment centers. The largest of them
are in the USA (Las Vegas, Atlantic City) and
Europe (Monte Carlo, Baden-Baden).

Tourist trips associated with visiting a
casino owe their appearance, first of all, to

the marketing programs of casinos. A casino
trip is an organized gambling tour for people
who travel to casinos primarily to gamble.
Such a trip often includes transportation,
accommodation, means of stimulating the game
in the casino and the movement of funds to and
from the casino [3]. Taking into account the
above features, we can attribute these tours to
organized tourism. According to the definition
by O.T. Loiko, organized tours include a
situation where tourists purchase tours on pre-
agreed routes, period of stay, and the volume
of services provided through a special tourist
sales apparatus [4].

Junket tour (free entertaining trip) is a
professionally planned vacation in a casino,
which includes not only games of chance, but
also a comfortable transfer, accommodation,
meals and even excursions. Junket tours
are held at the expense of casinos or other
gambling establishments. The organizers
pay for the player’s transportation, meals
and accommodation, however, the player
undertakes to play for a certain time and at
certain rates specified in the contract. In other
words, these are tours to those countries where
gambling is legal [3].

The choice of the junket tour is associated
with the choice of the casino organizer. The
following three factors should be considered:

— reputation of the establishment;

— professionalism;

— level of service.

Tourist trips to casinos are common in the
Americas, the Caribbean and Asia and less
common in Europe. The number of such trips to
casinos in Africa, the Middle East and Central
Asia remains unknown [5].

The main target audience of junket tours
are, of course, citizens of those countries where
the gambling is banned or restricted. Usually,
it is the operator offering the junket tour that
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is obliged to provide the most comfortable
conditions, particularly:

— place of residence (hotel, etc.);

— meals (eating areas, restaurants, all-
inclusive option, etc.);

— transfer (to the destination and back);

— entertainment and recreation (excursions,
meetings, etc.);

— anonymity (an additional service which is
often provided upon request).

The mechanism of the junket tour is that the
client exchanges a certain amount of money for
chips, which he must use in different games
during the entire duration of the contract. The
level of service depends on the size of the
deposit. The minimum bet also depends on the
size of the deposit. The larger the deposit, the
higher the minimum bet.

Travel is the second advantage of such
tours. The guest is not limited to just visiting
the casino. He/she has a new country at his/
her disposal, and the sights of such a country
may also be of interest to him/her. A trip to the

e Allowed in certain territories

e Prohibited

e Legal for foreign visitors only
Legal in limited regions only

USA is the most exciting way for a gambling
tourist. There he/she can see Las Vegas, visit
the suburbs of New York, where the richest
people in America come to gamble. Optionally,
you can look into the unusual Indian casinos
located on the territory of the reservations. The
Baltic countries and Georgia are also among
the leaders of junket tourism.

The number of countries in the world that
continue to treat gambling as a crime and
regulate it mainly in the criminal plane is
getting smaller every year.

Land-based casinos are completely
prohibited only in 4 countries of the world —
Iceland, Ireland, Norway, Ukraine. In Italy,
Luxembourg, Sweden, Russia and Kazakhstan,
land-based casinos are allowed only in certain
locations. For example, in Russia, a legal casino
may be established in five special economic
zones permitted by law: Altai krai, Krasnodar
krai, Primorye, Kaliningrad region, and since
2015, Crimea and Sochi [6].

Figure 1 — Legal regulation of the activities
of land-based casinos [7]
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Currently, European countries are friendly
to the organizers of Internet games, believing
that the activities of online casinos are much
safer and less prone to fraud than land-based
casinos. The World Pay payment system used
by game operators provides a good opportunity
to European governments for regulating game
operators’ income [5]. A number of states
(Austria, Iceland, Luxembourg, Switzerland,
Czech Republic, Slovakia, Serbia) prohibit local
operators from organizing online gambling for
their citizens, while such permission is invalid
for similar foreign companies. Ten European
countries allow online casinos to operate in their
jurisdictions with no restrictions. Legislation in
15 countries requires online gambling operators
to have a license which is issued by authorized
bodies and is usually expensive.

In countries such as Poland, Latvia, Belarus,
Georgia, where gambling is clearly regulated
and controlled by state administration, casinos
are the basis for the formation of gaming
tourism destinations. Here, the integration
of gaming establishments into the urban
infrastructure is observed. Casinos are usually
located within the city and are separate, small
establishments compared to those in Las Vegas
and Macau. Cities with a developed offer of
gambling tourism in these countries attract
significant flows of international and domestic
tourists and are a significant source of revenue
from gambling tourism in regional and,
consequently, national economies [3].

Game tourism is a kind of tourism where
the participating tourists, also called players,
manage resources, data, etc. through game
symbols in order to achieve their goal (winning).
The main direction of gaming tourism includes
activities with entertainment and, sometimes,
educational purposes [2].

H. Gu, G.D1,N. Guo, aswellas J. Ho Kim, K.
Ho Kang studied the impact of the development
of gambling in Macau and US cities. The

authors analyzed the positive (growth of the
economy, increase in tourist demand, improved
tourist infrastructure, formation of a brand of
the territory) and negative consequences of
this phenomenon (growth of social inequality,
uncontrollability of the process of managing
gambling establishments, growth of crimes in
cities) [8].

About half a million people from different
parts of the world visit Macau casinos every
month. The ability to visit casinos for citizens of
those countries where gambling is prohibited is
a feature of the gambling service in this region.
Macau, a separate, autonomous administrative
region of China, is a good example. There are
many round-the-clock casinos for tourists.
Every year during the Golden Week, many
gamblers from China and all over the world
meet within the walls of Macau establishments
[9].

Materials and methods. Thus, the world
practice has three models of regulation today,
depending on the attitude of society regarding
gambling activities:

1. Complete ban on gambling, which is
inherent in countries with a high level of
religious influence on society, poor countries or
very rich ones, with strict legislative regulation
of the economy.

2. Partial legalization of the gambling
market, when the state allows only certain
types of games of chance or certain operators of
gambling business (including state monopoly),
or territorial concentration in special gambling
zones.

3. Full legalization of gambling within the
framework of state control of games of chance.

In order to help orientate consumers of
gambling services, Key To Casino combined all
the results of the research [7] and summarized
them for each country. The score received
was called Gambling Availability Score.
Gambling Availability Score is a complex
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indicator that reflects the peculiarities of the
gambling legislation of the respective country,
as well as the stipulated actual permissions and
restrictions for operators and players [7].

Each country can score a maximum of
1000 points in total. Scoring is based on the
assessment of six different factors:

1. 500 points are given based on the
percentage of online casinos that allows citizens
of the country to play online;

2. 100 points are given to the country having
laws on land-based casinos;

3. 100 points are given by researchers based
on the analysis of the country’s legislation
regarding online casino operators;

4. 100 points are given to a country based on
the existence and severity of the penalties faced
by players;

5. 100 points are given to a country based
on whether Internet service providers in the
country block access to casinos (the possibility
of depositing electronic money);

6. 100 points are given to a country based
on whether the country blocks financial
transactions related to payments at online
casinos.

When summed up, this rating represents the
position of the country’s government on both
land-based and online gambling, as well as the
attitude of online casinos to this country.

According to the research conducted by Key
To Casino in 2020, the Gambling Availability
Score shows that the United States is one of
the worst countries for resident gamblers. The
country scored only 273 points out of 1000.
Iraq is also in the list of the worst countries
(220 points). The citizens of the Channel
Islands, Cote d’Ivoire and South Sudan, whose
legislative initiatives are rated at 918, 914 and
912 points, respectively, can best implement
their gambling opportunities (both in land-
based casinos (off-line) and online casinos (on-
line)) [7].

The graph shows the first fifteen positions of
the leading countries, as well as the positions of
the countries that complete this list (Figure 2).

Among the CIS countries, Uzbekistan
occupies the lowest position in the rating,
having 474 points. On the second and third steps
from the end, there are Russia and Kazakhstan,
having 615 and 680 points, respectively [7].

Results and discussion. The issue of
legalizing gamblingbecomesespeciallyrelevant
in the context of holding cultural, sports and
entertainment events at a transnational level, as
well as in the context of the established political
agenda on increasing the tourism potential of
Kazakhstan and its capital. The motivation for
the legalization of gambling is the same for
everyone, i.e. financial component and a serious
potential for increasing tourist attractiveness.
Kazakhstan has a very convenient location
and developed servicing in the field of leisure
such as cafes, restaurants, clubs, sights, cultural
facilities. Accumulating the attractiveness of
this servicing, an integrated approach to the
formation of the market of gambling services
can not only develop the gambling industry,
but also offer additional options like visiting
attractions, cultural monuments. All this will
undoubtedly be a significant financial injection
into the region’s economy.

This creates an opportunity to attract a large
flow of tourists not only from the countries of
the former CIS, but also from Europe, Asia and
the Arab countries of the Middle East. World
experience has shown that countries dominated
by the gambling are very popular with tourists
and bring huge amounts to the government
budget [10].

Taking into account international experience,
the development of this industry will be
complicated if there are no government support
measures. One of the simplest measures is to
create the necessary mechanisms to protect
investments, reduce corruption risks, and create
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Figure 2 — Countries with the highest and lowest Gambling Availability Score
for residents, 2020 [7]

a transparent system of taxation and licensing.
Besides, there is a need for systematic work
to create the IT infrastructure. This will allow
entrepreneurs to make a choice in favor of
Kazakhstan. In that way, expert K.A. Katkov
argues that the main method of gambling
regulation in foreign countries is not a ban on
games of chance or gambling establishments,
but an effective legal regulation thereof [11].
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Conclusions. This article assumes that
Kazakhstan has chosen the most successful
solution in terms of gambling regulation with
an emphasis on the development of promising
tourist destinations.

Thus, the Kazakh gambling is connected
with the tourism sector. The opportunities
of gambling should be used to develop the
country’s tourism potential.
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