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I/IH(l)OpMaIII/IOHHO-KOMMyHI/IKaIII/IOHHI)Ie U XUMHUYECKHE TEXHOJIOIHHA

VJIK 519.7+681.5

ABTOMATHM3ALIUS BBIBOJIA YPABHEHUI MATEMATHYECKOM
MOJEJIA POBOTOTEXHUYECKOW CUCTEMBI

JJKOMAPTOBA IIILA., MABAKOBA O.T., KAJINBAM K.B.
(Kazaxcxuit Hayuonanvuwiii ynusepcumem um. ano-®apabu,
2. Anmamet, aigerym97@mail.ru)

AHHoTaumMs. B crarbe paccmarpuBaercss mnpoOiemMa aBTOMAaTH3MPOBAHHOTO (OPMUPOBAHUS
MaTeMaTH4YecKOM MOIesIl pOOOTOTEXHUYECKOM CUCTEMBbl HA OCHOBE CHCTEMbI aHATUTHUYECKUX BBIYUCICHUI
1 KOMIBIOTEPHOU anredpbl. /[ aBTOMAaTU3MPOBAHHOIO NEPEBOJia YpaBHEHUN MaTeMaTUUECKON MOJeu,
MOJy4eHHOW wu3 ypaBHeHud Jlarpanka BTOpOro poja, B HOpPMallbHYI0O (GOpMYy B BHUJIE CHCTEMBI
HEJIMHEWHBIX OOBIKHOBEHHBIX JIHU((epeHIHalIbHbBIX YpPaBHEHUN, BBIPAXKEHHBIX Yepe3 IMPOU3BOAHYIO
nepBoro mopsaka, Ha ocHoBe MatlLab paspabotano mnporpammuoe obecrnedenue. PaszpaboTanHoe
porpaMMHoe oOecledyeHne, pealn3ylollee BBEJCHHbIE HMHTEpBalbHblE apupMeTHUECKHE OIepaluu,
MOXET OBITb MCIOJb30BAHO MPH MCCIEAOBAHUU JMHAMUYECKHX CBOWCTB CHCTEM aBTOMATHYECKOTO
PErylIupoBaHus, SHEPTe€TUUECKUX, SKOHOMUYECKHX U IPYTHX HEIIMHEHHBIX CUCTEM

KuarwueBble ciioBa: po6ot, cucrema aHanutnieckux Beraucienuii (CAB), kommbroTepHas anreopa.

AUTOMATION OF THE DERIVATION OF EGUATIONS OF THE
MATHEMATICAL MODEL OF A ROBOTIC SYSTEM

JOMARTOVA Sh.A, MAZAKOVA A.T., KALIBAY K. B.
(Al-Farabi Kazakh National University, Almaty, Kazakhstan,
aigerym97 @mail.ru)

Abstract. The article deals with the problem of automated formation of a mathematical model of a
robotic system based on a system of analytical calculations and computer algebra. For the automated
translation of the equations of the mathematical model obtained from the Lagrange equations of the second
kind into the normal form in the form of a system of nonlinear ordinary differential equations expressed in
terms of the first order derivative, software was developed based on MatLab. The developed software that
implements the introduced interval arithmetic operations can be used in the study of the dynamic properties
of automatic control systems, energy, economic and other nonlinear systems.

Keywords: robot, analytical computing system (CAB), computer algebra.

POBOTTBIK )KYHUEHIH MATEMATHUKAJIBIK MOJIEJIHIH,
TEHAEYJIEPIH IIBIFAPY Il ABTOMATTAH/IBIPY

JIPKOMAPTOBA III.A., MABAKOBA 9.T., KAJIUBAH K. B.
(On-Dapabu amvinoazer Kasax yimmuix ynueepcumemi, Armamet, Kazaxcman,
aigerym97@mail.ru)
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Angarna. Makanaga aHaTUTHKAIBIK €cenTeyiep KyHeci MeH KOMIIBIOTEpIiK anreOpa Heri3inae
poOOTTHI  JKYHEHIH MaTeMaTHKaJbIK MOJENiH aBTOMATTaHJABIPbUIFAH  KaJBITACTBIPY  Maceseci
KapacTeIpbulFaH. Exinmni TexTi Jlarpamk TeHAeyIepiHeH alblHFaH MAaTeMaTHKAIBIK MOJICIbIIH TeHCYIePiH
OIpiHII PETTi TYBIH/IBI APKBUTBI OPHEKTEITEH ChI3BIKTHI €MeC KOIIMT1 TP epeHIINAIIBIK TSHISYIIEp Kyheci
TYPIHZET1 KaJbIlITBI TYpPre aBTOMATTAHJABIPBUIFAH aynapy ymiH MatLab Herizinme OarmapiaMaibik
KaMTaMachl3 €Ty a3ipieHai. EHri3iireH WHTEpBANIBIK apu(PMETHKAIBIK aMajaapibl JKy3ere achblpaThlH
o3ipJieHTeH OarjapiaMaiblK KaMTaMmachl3 €Ty aBTOMATThl 0ackapy IKYHeNepiHiH, SHEepreTHUKaJbIK,
HSKOHOMHUKAJIBIK JKOHE 0acka CBI3BIKTBIK €MeC JKYHelepHiH JHHAMHUKAIBIK KaCHUETTEepiH 3epTTeyae
naiiganaHpLTybl MYMKIH.

Tyiinai ce3gep: podoT, ananuTukanbkK ecenrtey xxyieci (CAB), kommbroTepitik anredpa.

BBenenne. N3BectHO, 9TO MOJTy4eHUE cucreMbl: l; u I, - mmvHbl 3BeHbeB, I, u I, -
MaTeMaTHYEeCKOMN MOJEIN JUHAMUKU OBWKEHUS N- KOOPIAMHATHI LIEHTPOB UHEPLUHU, M, U M, - MACCHI
3BEHHOTO MaHUTTYJISITOpa OCHOBAHO Ha 3BEHBEB, M — Macca CXBaTa ¢ IPy3oM, J., H J,, -

uccnenoBanuu ypasHenust Jlarpamxa |l pona. Ho
IIEPEBOJI YPAaBHEHUI MAaTE€MAaTHYECKOW MOJIEIN
poboTa, moiayyeHHOW u3 ypaBHeHui Jlarpanixka
BTOPOTO poOJa, B HOpPMalbHYIO (opmy B BuUIE
CHUCTEMBI HEJIMHEUHBIX 0OBIKHOBEHHBIX
muddepeHnanbHbIX ypaBHEHUM, BbIpakKeHHBIX
yepe3  MPOM3BOJHYIO  IEPBOr0  MOpPSKa,

MOMEHTBHI UHEPIIUU 3BEHBEB OTHOCUTEIBHO OCEH,
MPOXOISIIHNX YEPe3 LEHTPhI MaCcC 3BEHbEB, [1 U [, -
MOMEHTbl ~ WMHEpPUHUH  POTOPOB  JBUTATEJEH,
MIPUBEJICHHBIE K OCSM IIAPHUPOB (CUUTAETCS, UTO
MEPBBIM JIBUTaTeNIb YCTAHOBJIIEH HA OCHOBAaHUH, a
MOJTHAs Macca BTOPOTO JIBUTATEJIs,

k YCTAaHOBJIGHHOTO HAa IIEPBOM 3BEHE, YyYTeHa B
MpeJCTaBIAeT OO0l PYTHHHYIO paboTy, KoTOpas COOTBETCTBYIOIMX TapaMeTpax IepBOro 3BeHa), i

COCTOUT M3 MHOKECTBA BBINMOJHEHUS Pa3TUUHbIX — MepesaTouHoe OTHOMIEHHE BTOPOTO JABHTATENS
MaTpHll, UX oOpalleHul, MPOBEACHUS PA3TUUYHbIX [2]

3ameH (mepeo0o3HaueHU) epeMeHHbIX. Bee 3To
TpeOyeT CKpYNyJIe3HOW M JUIUTEIbHON pabOTHI,
BBITIOJIHEHHE KOTOPOM MOXET OBITh BBIIIOJIHEHO
CHEIHATM3UPOBAHHON CHCTEMOM aHAIMTHYECKUX
BBIYHMCIICHUIA. [ToaTomy aBTOMaTH3alus
MOJIy4eHUs MaTeMaTH4eCKOU MOJIEH e
POOOTOTEXHUYECKUX CHUCTEM MPECTaBIAET cO00i : 3 o
aKTyaJIbHYIO 337a4y.

Martepuagasl U MeToabl. PaccmaTpuBaercs L
MaTeMaTH4ecKass MOJIejb MJIOCKOTO JIBYX3BEHHOTO )

HIapHUPHOI'O MAHUITYJIATOPA, IPECACTABJICHHOI'O Ha Puc. 1 - Bun JABYX3BEHHOTI'0 IIAPHUPHOTO

pucynke 1 [1]. Ilpu cocraBneHun ypaBHEHHI manunyastopa "PUMA 550 / 560" [2]
JIBUKCHHS] YYUTBHIBAIUCH CIEAYIOUIUE MapaMeTphl

ypaBHCHI/IH JABWOKCHUS OITMCBIBAIOTCS CHG,HYIOI_Heﬁ MOJCIIBIO

{D(Qqul +B(q)§, + C,(q:,41,92)4, + C:(q,,4:)4. + K(q, —q2) + g(gq,) =0 (1)
Jd> + BT(Q1)¢1+ C:(q1.G,)4, +K(g, —q) =u

rac

q1 qz
q1 = [qll] ,qy = [qzl] - BEKTOpa YrioB MOBOPOTA 3BEHBEB U POTOPOB, COOTBETCTBEHHO;
2 2
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a, + Zazcus(qlz) a; + azcos(qlz)
a; + azcos(qlz) a,

J2
B(q,) = lo Tl;
0 O

—aquz(qui t fhz)sm(fhz)] _

D(q,) = [

C1(91,913,) qn‘h)] q1] _

| i, s 2
C (1) 0 e a5y SIn(d,) (2)
g(q)_[(mlz+mzl Jgcos(qy, +q,,)+ (myl,, +m2i'1+m!1)gc05[q1j
1 (ml +mzlcz)gCGS[q1l+qlz)
_[ 0]
T=lo 1l
_[ky O],
K=1o ko’

ay = m(Z +13) + mylZ + my(Z +12) + e, + ], +2
a, = ll(mlz + mleZ);
az = mls + myl,, +J,.

IlocTtanoBKa 3amauu. Beenem 0003HAUEHNA:

. q1,
1 qi1,
X5 .
X3 914 3
X = X4 _ QI 2
Xs qz, |
e Az,
X5 -
qgl
a .
qi‘.g

B crathe paccmaTpuBaeTcs ciedyromias 3ajada. 3ajada (aBTOMaTH3MpPOBaHHAs HOpMaau3alus
ypaBHEHUH MaTeMaTHuecKoi Mojenu). Mcrnob3yst 0COOEHHOCTH UCCIIeAyeMOM 3aauu MOCTPOUTh MOJIEIb
(1)-(2) B Buze cucteMbl OOBIKHOBEHHBIX JH(D(GEPCHIIHATBHBIX YPaBHEHHI

dx
i f(x,t)+g(x,t)u 4

rae U — ynpasnenue [3].

OcHoBHbBIe pe3yibTaThl. Ilpu BBeaeHHBIX 0Oo03HaueHusx (3) cucremy ypaBHenwit (1)-(2)
MepernuIleM B CIeAYIONIEeM BUIE:
[a, + 2a,cos(x,)] * X3 + [a; + a;cos(x,)] * X, + ‘;ZJE:B — Ay x,(2x3 + x,) *
i

sin(x,)+k,x, + (m!z + mzlgz) * g+ cos(x, +x,) + (ml!gl +m,l; + mll) * g *
cos(xy;)=0

9
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[a; + a,cos(x,)] *'x3 + azx, —a,x, * (2x; + x,) * sin(x,) —k, x,
+ (mi‘z + mZICZ) *g=*cos(x; +x,)=0

J1%7 + azxz, sin(x;) + kyxs =, (5)

X1 = X3
Xg = Xy
X5 = A7
Xg = Ag

Ecmm BBecTu 8*8-marpuity byakuumii A(x) u 8-Bektop-hyHkIuo B(x,U) co CleayromuMu dJeMeHTaMu
a1 =1; a4, =0;a,3=0; a14, =0; a5 =0;a,6 =0; a;7 = 0; a;53 = 0;

ay1 =05 ayy =1, ay3 = 0; aye = 0; ays = 0;ay4 = 0; ay; = 0; ayg = 0;

as, = 0; az; = 0; A33 = [@y +2a,008(x;)]; asy = [az + acos(x;)];
azs = 0;a36 = 0; az; = 0; azg = J/i;

Ay = 0; ayp = 0; Q43 = [A3+ ,008(X;)]; Qs = a3;

ays = 0;a46 = 0; ay7 = 0; ayg = 0;

as; =0; as; =0;a53 =0; asy, = 0; ass = 1;as5¢ = 0; as; = 0; asg = 0;

g1 = 0; Ay =0; 063 =0; aga =0; ags = 0;a66 = 1; agy = 0; agg = 0;

a;; =0; a;,, =0;a;3 =0; az4 =0; a;5s =0;a,6 =0; a;; =J;; a4 =0;
ag; = 0; ag; = 0; ags = 0; agy =J2/i ags = 0;ag6 = 0; agy = 0; agg =J3;
by = x3; by = x4

by = a,x,(2x; + x,) *sin(x,) —k,x, — (m!z + mzlcz) * g+ cos(x, +x5)
— (mllcl +m,l, + mll) *g* cos(Xxy);

by = ayxy * (25 + x4) * sin(x,) +kox6 — (M, + mleZ) * g * cos(xy + x3);
bs = x5; bg = Xg;

b, = —a,x3, sin(x,) — kyxs + u;

bg = —ayx3 * sin(xy) + kyx, + u;

To cucremy nuddepeHnnanbHbIX ypaBHEHHH (9) MOKHO MEepenucaTh B BEKTOPHOM BUJIEC
A(x)=x =B(xu) (6)
-
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O603HaYNM

fG)=A"(x)*B(x) ,

glx)=A"1(x)*C (7
Torga maremaTtnueckas Mozenb podota (1)-(2) mpumert Bug (4).
BBuny cnoxxnoctu oOpaienust matpuil A(X), 3JI€MEHThI KOTOPOM 3aBUCIT OT §-MU NEPEMEHHBIX,

JanbHEHIUe pacueThl OyaeM nmpoBoauTh st pobora «PUMA 550/560» [2] mpu ciemyronux 3HaYeHUAX:
i=1..1000; k, = 25000 Hm; k, = 6500 Hy;

lC = lCZ = 0.1 M, ll = l2 =0.5 M,

1

m, = 40 kr; m, = 24 kr;m = 5 KT;

Jo,=21xrm?; | =07 xrm? ], =20 krm?; [, = 3 kr M.
JInst mpoBEICHUST aHATUTUYECKUX BBIYUCICHUN MPUMEHUM MIPOTPaMMY, PEATM30BAHHYIO HA CUCTEME
Matlab [4, 5].
Hwuxe MpEACTaBJICHBI PE3YJILTAThI BBIIIOJIHCHHA ITPOTrPaAMMBL.
Ncxonnas marpuna A(x) :

10 00 0000
/01 0 0 0000\
0 0 Az a3 0 0 0 3 |
|0 0 Gus @ 0 0 0 O |
A(x)zioooo 1000i
0000 01 0 0
\0000 00200/
0003 00 0 3

asz; = 981/50+ 67/10 * cos(x2)

aszs = 123/20 4 67/20 * cos(x2)

as3 = 123/20+ 67/20 * cos(x2)

as, = 123/20
Marpuna npu ynpasienun B(x) :
B(x)=(by ,b, ,...bg)
b, = x;
b, = x,
b; = 67/20 * x4 * (2 * x3 + x4) * sin(x2) — 25000 * x1 — 67/10 * cos(x1 + x2) — 55/2 * cos(x1)
by, = 67/20 * x4 * (2 * X3 + x4) * sin(x2) — 6500 * x6 + 67 /10 * cos(x1 + x2)

bs = x;
be = xg

b; = —67/20 * X3 * sin(x2) — 25000 * x5 - 67/20*x3*sin(x2)-6500*x2.

11
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OGparnas Marpuia A~ (x):

1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 a3 a3 0 0 0 asg
_ 0 0 g2 az72 0 O 0 aji
A 1(X) — 0 0 4-?(,) 04-4- 1o 0 68
0 0 0 0 01 0 0

o0 O 0 o o0 1/20 0

0 0 ags azi 0 0 0 ags

azl = —12300/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)

asi = 100 (63 + 67 = cos(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)azqs
= 12300/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)

azl = 100 % (123 + 67 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)

a;i = 40= (981 + 335 = cos(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)aa
= 100 * (123 4+ 67 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445
* cos(x2)"2)ags
= —100# (123 4+ 67 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445
* cos(x2)"2)ag;
= 40 * (981 + 335 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445
* cos(x2)"2)agy
= 1/3%(—165681 + 22445 * cos(x2)"2)/(—202581 — 20100 * cos(x2)
+ 22445 * cos(x2)"2)

Hwmxe npeacrasnens! Gpyuxuuu f(x) u g(x)- npaBas 4acTh CHCTEMBI ypaBHEHHH (4).
f =41« = F o)

fi= x3,
f2= x4

f3 = —12300/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)  (67/20 * x4 * (2 * X3 + x4)
* sin(x2) — 25000 * x1 — 67/10 * cos(x1 + x2) — 55/2 * cos(x1)) + 100 * (63 + 67
* c0s(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2) * (67/20 » x4 » (2 * X3
+ x4) * sin(x2) — 6500 * x6 + 67/10 * cos(x1 + x2)) + 12300/(—202581 — 20100
* c0S(x2) + 22445 * cos(x2)"2) * (—67/20 * x3 * sin(x2) — 6500 * x2)

fa =100 % (123 + 67 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445 x cos(x2)"2) * (67/20 * x4
* (2 * x3 + x4) * sin(x2) — 25000 * x1 — 67/10 x cos(x1 + x2) — 55/2 * cos(x1)) — 40
* (981 + 335 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2) » (67/20
* X4 x (2 *x3 +x4) »sin(x2) — 6500 * x6 + 67/10 * cos(x1 + x2)) — 100 = (123 + 67
* c0S(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2) » (—67/20 x x3
* sin(x2) — 6500 * x2)

fs = x;

fo = Xg
|
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f7 = —67/400 * x3 * sin(x2) — 1250 * x5

fg = —100 = (123 + 67 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445 x cos(x2)"2) * (67/20
* X4 x (2 *x3 + x4) *sin(x2) — 25000 * x1 — 67/10 * cos(x1 + x2) — 55/2 * cos(x1))
+ 40 * (981 + 335 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)
* (67/20 * x4 x (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 *

gt =4ty «c = W1 G2 11 Ge)

g1 = 0’92 = 0!g5 = 0!g6 = 0!g7=1/20!
gz = 12300/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)

ga = —100 * (123 + 67 * cos(x2))/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2) gg =
1/3 % (—165681 + 22445 * cos(x2)"2)/(—202581 — 20100 * cos(x2) + 22445 * cos(x2)"2)

B pesynbraTe MaTematndeckas mojenb pobota (1)-(2) mpuBeneHa k Bumdy (4).

BoiBoabl. [[n1d nOpOrHO3UMpOBAHHUS U IToatToMy  npumeHeHWEe  pe3yJabTaToB
yIIpaBJeHUS POOOTOTEXHUYECKOW CHCTEMOM Ha CTaThll MMeEET OOJbIIME MEPCIEKTUBBI LIS
OCHOBE KOMITBIOTEPHO anreOpsl aBTOMATH3aIlMd  pEIICHWs  MHOTHUX  3a1ad
aBTOMAaTHU3HPOBaH mporecc MOJYYCHHUS MaTeMaTH4IeCKOT0 MOICTUPOBAHHS.
MaTeMaTHYECKON MOICIH. Marepuansl ~ cTaTbu  MPEACTABISAIOT

Paspaborana cucTeMa aHaJUTHYECKUX NPAKTHYECKYIO IEHHOCTD JUISl IPOCKTUPOBIIUKOB
BBIYMCJICHUM, TO3BOJISIONIAs aBTOMATH3UPOBATh Pa3INYHBIX TEXHUYECKUX CHCTEM.

MPOIECC MOCTPOCHUS MATEMAaTHICCKUX MOIeNei Paboma evinonnena 3a cuem cpedcme
JUTs pa3MyYHBIX MPUIOKeHUH. B gacTHOCTH, €€ NPOSPAMMHO-YENEB020

BO3MOYKHOCTH POIEMOHCTPUPOBAHBI Ha DUHAHCUPOBAHUSL HAYUHBIX UCCAEO0BAHULL
MOJICIMPOBAHUHM POOOTOTEXHUYECKUX CUCTEM. Ha 2021-2022 20061 no npoexmy IRN OR11465437

[TonydeHHbIE pPE3yIbTAaThl  [TPHUMEHHUMBI «Development of the national electronic data bank
IUIS  WCCIIENOBAHUS JIIOOOW  JUHAMUYECKOU on the scientific zoological collection of the
CHCTEMBI,  OIKUCHIBAEMOW  OOBIKHOBEHHBIMHU Republic of Kazakhstan, ensuring their effective
i depeHInaTbHBIMU YPAaBHEHHSIMH. use in science and education».

Jluteparypa

1.  Bypnakos C. ®. Maremaruyeckue MOJIEIH U UASHTHU(PUKALKSA POOOTOB C yIPYTUMH dIeMeHTamu. - J1.:
JII'TY. 1990. - 95c.

2. ®peiinouu JI.b. YcToiunBOCTE 1 yripaBieHue MaHUIYJIALIMOHHBIMU poboTaMu //Jluc. kKanauaata Gpus-

MaT. Hayk, cnen. 05.13.16 — npuMeHeHue BBIU.TEXHMKH, MaT.MOACIUPOBAHHSA WU MaT. METOJOB B

Hay4HbIX HccaenoBanusax, Cankr-IlerepOypr, 1999. — 156¢.

[Moutpsirun JI.C. O6bikHOBEHHBIE qU(depeHnnanbabie ypaBHenus. — M.: Hayka, 1974. —332 c.

4.  Tumoxun A.H., Pymsaues 10.J]. MoaenupoBaHue cucteM ympasieHus ¢ npumenennem MatLab. - M.:
NH®PA-M, 2016. — 256¢.

5. Jlesxonos B.I1. MatLab 6.0/6/1/6.5/6/5+SP1 +Simulink 4/5. O6paboTka CUrHAJIOB ¥ U300paKEHUN. —
M.: COJIOH-IIpecc, 2005. — 592 c.

w

References

. ________________________________________________________________________________________________
13



KA3TBY XABAPIIBICBI\ VESTNIK KAZUTB\ BECTHUK KA3YTB Ne 3(12) 2021

Burdakov S. F. Matematicheskie modeli i identifikaciya robotov s uprugimi ehlementami. - L.: LGTU.
1990.

Frejdovich L.B. Ustojchivost' i upravlenie manipulyacionnymi robotami //Dis. kandidata fiz-mat. nauk,
spec. 05.13.16 — primenenie vych.tekhniki, mat.modelirovaniya i mat. metodov v nauchnykh
issledovaniyakh, Sankt-Peterburg, 1999. — 156s.- 95s.

Pontryagin L.S. Obyknovennye differencial'nye uravneniya. — M.: Nauka, 1974. — 332 s.

Timohin A.N., Rumyancev YU.D. Modelirovanie sistem upravleniya s primeneniem MatLab. - M.:
INFRA-M, 2016. — 256s.

D'yakonov V.P. MatLab 6.0/6/1/6.5/6/5+SP1 +Simulink 4/5. Obrabotka signalov i izobrazhenij. — M.:
SOLON-Press, 2005. — 592 s.

14



KA3TBY XABAPIIBICBI\ VESTNIK KAZUTB\ BECTHUK KA3YTB Ne 3(12) 2021

HpOI/ISBO)ICTBeHHLIe n 06pa6aTLIBa10ume 0Tpac.1m
V]IK 641.562

COBEPHIEHCTBOBAHHUE MPOLECCA U AIIIMAPATYPHOE O®OPMJIEHUE
OKOHYATEJBHOU JUCTUJIAINUN MUCHEJJIBI PACTUTEJIBHOI'O
MACJIA MHOT'OCTYIHEHYATOI'O PACIIBIVIEHU A

1®d.XABUBOB, "M.HAP3UEB, ’K.JIOJJAEB

(*Byxapcruii unocenepro-mexnonoauseckuti uncmumym, Byxapa, Y3bexucman,
2Tawkenmexuii xumuxo-mexnono2udeckuii uncmumym, Tawkenm, Y36exucman, faxrilo@mail.ru, )

AHHOTaIII/lSI. Honyqua MaTeéMaTu4CeCKas MOJICJIb IMpouecca OKOHYATEJILHOMI JAUCTHUIIIIIIUN MU CIIEIIIIbI
PACTUTCIIBHOTO Macjia MHOTOCTYIICHYATOT'O PACIIbUICHUS. OnpeaeneHm N3MCHCHHA KOHICHTPAIUHU JICTYYHUX
BEIIECTB B JKUIKOW M TMapoBoil (a3ax ¢ HCIOJ30BaHHEM pPa3pabOTaHHON KOMITBIOTEPHOW MO/IEIH.
OnpeﬂeneHH ONTUMAJIBHBIC TCEXHOJOTHUYCCKUEC IapaMCTPbl IPOIECCa OKOHYATEIILHOU JAUCTUIIIIAITNHN
PacTUTETHLHOTO Maciia MHOTOCTYIIEHUaTOI0 pacnbuieHus. PekaMeH10BaH ycOBEpILIEHCTBOBAHHBIN MTPOLIECC U
arrmapar OKOHYATEIIFHOMI JUCTUIIIANUNA MUCHEJIBI PACTUTCIIBHOIO Macjia MHOT'OCTYIICHBYATOT'O PACIIbIIICHUA.

KiroueBble ciioBa: XJIOMKOBOE MAacjo, MUCHENIA, OKOHYAbENbHBIM IUCTHILIATOP, (OPCYHKU
(1)PI3H‘—I€CK3$I MOJECJIb, MAaTEMATICCKAsA MOJICIIb, AJITOPUTM, OIITUMU3alVA, KPUTECPHU, XUMHYECKHI COCTaB.

APPLICATION OF IMPROVEMENT OF THE PROCESS AND HARDWARE
FORMULATION OF THE FINAL DISTILLATION OF MISCELLA
VEGETABLE OIL MULTISTAGE SPRAYING

!F. XABIBAV, 'M.NARZIEV, °’K.DODAEV
( *Bukhara Engineering Technological Institute, Bukhara,Uzbekistan
2Tashkent chemical-tecnological institute, Tashkent, Uzbekistan, faxrilo@mail.ru)

Abstract. A mathematical model of the final distillation of vegetable oil miscella by multistage
spraying has been obtained. Changes in the concentration of volatile substances in the liquid and vapor phases
were determined using the developed computer model. The optimal technological parameters of the process
of final distillation of vegetable oil by multistage spraying have been determined. An improved process and
apparatus for the final distillation of vegetable oil miscella, multi-stage atomization, is recommended

Keywords: Cotton seed oil, miscella, final distiller, nozzles, physical model, mathematical model,
algorithm, optimization, criteria, chemical composition.

KOII CATBLIBI TO3AHJIATY JIBIH ©CIMJIK MAHBI MUCHEJJIACBIH TYIIKLJIIKTI
TA3SAPTY NPOLECIH ) KETIJIAIPY KOHE
AIIITAPATYPAJIBIK PECIMJIEY

1®d.XABUBOB, 'M.HAP3UEB, °K.JIOJJTAEB
( *Byxapa unoicenepnix-mexronozusnviy uncmumymol, Byxapa, O36excmat,
2Tawikenm xumus-mexnono2usnsik uncmumymul, Tawkenm, O36excman, faxrilo@mail.ru)
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Anparna. Ken caTbUibl TO3aHIATYABIH OCIMIIK Maiibl MUCIEIUIACHIH TYMKUTIKTI Ta3apTy MPOIECIHIH
MaTeMaTHKaJIBbIK MOJIEII albIH/Ibl. O3IPJICHIeH KOMIIBLIOTEPJIIK MOJIC/IbIl OPhIHIAY apKbLIbl CYHMBIK JKOHE Oy

(azanapblHaarsl - yImma

3aTTapAblH KOHILIEHTPAIMSCHIHBIH — ©3repicTepi

AHBIKTAJIAbI. Ken cartwiibl

TO3aHJATY/ABIH OCIMIIK MaWbIH TYNKUIIKTI Ta3apTy MPOICCIHIH OHTAWIBI TEXHOJIOTHSIIBIK TapaMeTpiepi

alKpIHIaA6l. Ken  caThUIbI

TO3aHJATYABIH OCIMIIK Maiibl
YKETULIIPUITeH MPOILIEeCl MEH aIapaThl YChIHBLIBIIT OTHIP.

MUCIIEIUTACBIH  TYNKLUTIKTI  Ta3apTyIbIH

Tyitinai ce3mep: Makra Maiibl, MUCIEIUIA, TYNKUTIKTI Ta3apTyIIbl,0ypIKKim, (U3UKAIBIK MOJAECIb,
MaTeMAaTUKAJIBIK MOJIEIb, aJITOPUTM, OHTAMIAHABIPY, OJIIIEMIIAPTTAP, XUMUSIIBIK KYPaM.

AKTyaabHOCTh. OKOHYATENbHAS JIUCTHJI-
JSAIUS B CHUCTEME DSKCTPaKIMKM Ha 3aBOJaX IO
MIPOU3BOJICTBY PACTUTEIBHOTO Maciia SBISCTCS
OJIHUM U3 HauOoJee CIOXKHBIX M JHEPrOCMKHUX
nporieccoB. [loaToMy BHeOpeHWE HHTEHCHUBHBIX
croco0oB, HEOOXOJMMBIX A TPOU3BOJICTBA
PaCTHTENBHBIX Macel, CO3JaHHE COBPEMCHHOMN
TEXHHUKH ¥ TEXHOJOTHHU HOCHUT aKTyaJbHOE
HayYHO-TIPAKTHIHCKOE 3HAUCHUE.

Lenblo uccieoBaHusl SBISIECTCS CO3JaHUE
HOBOTO METOJa aIlapaTypHOTO O(QOPMIICHHS
TUCTHJUTSIIIAA MHUCIICIUTBI PACTUTEIILHOTO Maclia Ha
OCHOBE MHOTOCTYTICHYATOTO pacHbLICHUS,
KOMIBIOTEPHBIX MOJIEJICH IJIsl €0 UCCIICIOBAHMS, a
Takke pa3pabOTKu  dHeprocOeperammero u
BBICOKOITPOU3BOIUTEIILHOTO YCTPONCTBA.

O0beKTaMH M MeToJaMH HCCJIeI0BaHus
SIBJISIIOTCS TIApaMEeTPhl MpOoIecca OKOHYATEIbHON
JUCTUJUIAIIMM MHCIEIIBI  PaCTUTEIBHOTO Macia,
TUAPOTUHAMUYECKAS CTPYKTYpa (Da30BbIX TOTOKOB
B ammaparare, MeTOIbl MOJICIUPOBAHUS U PACUCThI
atoro mporecca. [Ipu wmccmenoBanuu mporecca
OKOHYATEJbHOM NUCTHIISIIUNA UCIIOIB30BaH METO
MHOTO3TaIlHOTO  CTPYKTYPHOTO  aHaiM3a |
Mo ienupoBaHus. OCHOBHBIE 3aKOHOMEPHOCTH H
dbopMynbl  TEPMOJWHAMUKM U TIPOIIECCOB
TEIJIOMACCONEpPeHOca OBbUIM HCIOJB30BaHbI IPHU
00paboTke u 00001IeHIN pe3yabTaToB
IKCIIEPUMEHTA.

Pe3yabTaTel U ux obdcyxaenue. Ilposenen
aHaM3 TIpoIiecca, OKOHYATENILHON — TUCTUILUISIAN

MHCIEIUIBI PACTUTENBHBIX Macell, METOJI0B pacuera
mpolecca M TEXHOJIOTUYECKOTO  00OpYIOBaHU,
pPacCMOTPEHO BIMSHUE DA3NUYHBIX (PAKTOpOB Ha
NPOIECC  TUCTHILISIIAN,BBISBIICHBI CIIO’)KHOCTh
pacuera Tmporiecca OKOHYATEIbHOM UCTUILISIINM,
HEOOXOMMOCTh  TIPOBENICHUSI  MICCIICNIOBAHUN 110
YMEHBIIICHUTO SHEPreTUYECKUX 3aTpar u
COKpAIIEHHIO UTUTETHHOCTH Tiporiecca [1].

OmnpeneneHbl  BXOJHBIE W BBIXOJHBIC
mapaMeTpsl  JIEMEHTOB Ha KaXIOH  CTYIECHH
uepapxum, YCTaHOBJICHBI B3aMMOJICHCTBHUS
1apaMeTpoB BBIOPAHHOH CHCTEMBI, OCYIIECTBICH
MOLIaroBbIi1 MHOTOCTYIIEHYAThI CUCTEMHBIN aHAIIN3
HAa TpUMepe OKOHYATENbHOW  JAUCTUIUISLIMU
MUCHEIIBl PAacCTUTEILHOTO Macjia Ha OCHOBE
MHOTOCTYIICHYATOTO paciblieHus [2].
Pa3zpaboranHel MaTemMaTHuecKue MOJENM Ipoliecca
OKOHYaTeJIbHOM JWCTUJUISILIAY, MIPEIIIOKEHBI
YCOBEPILECTBOBAHHBIE ~ MOJENM Uil pacuera
mpolecca, CO3JaHHbIe C  y4eTOM  pa3BUTHUS
METOJIONIOTUH MAaTEMaTHYECKOTO MOJIEIMPOBAHUS, C
NPUMEHEHWEM  TPUHIMIIOB  MHOTOCTYIEHYaTOro
CHCTEMHOI'0 aHaJIu3a OT MPOCTOro K CIoXKHOMY. J[i1st
oTpeesieHus cTaOWIBbHOU KOHIICHTpaIu1
JIETKOJIETYIHX KOMITOHEHTOB nporecca
OKOHYATEIbHON JUCTUIUTSILIMA MUCHEIUTBI
pPacTUTEIHLHOTO Macia Ha OCHOBE
MHOTOCTYIIEHUATOTO PACHbIJICHUS HEOO0XOIMMO
OTIPEIENIUTh MAPIUAITBHOE JaBICHUE KOMIIOHEHTOB
[3-6].

P061.u = P6eH + PB.H. + Pmacna (1)
x* = P
(b11t - blO) 100 (2)
¢ — PP6eH (3)
6eH.p
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[IpuBeneHsb! BbIpaKEHUSI MaTepHATLHOTO OanaHca
OTIpeIeNIeHUs] KOJTM4YeCcTBa OCH3MHOBOTO SKCTPAKTa
B JKUIKOHW (pa3e, TETUIOBOW OamaHC H3MEHECHHUS
TeMIepaTypbl JKUAKON (a3l

['mapoauHaMUYECKyO0 CTPYKTYPY Ta3a U KMAKOU

(1)3,3]:1 MOHO Y4YUTbIBAaTb B MOJCIIU HJACAJIBHOIO
nepeMcuiMBand B allmaparc OKOHYATEIIbHOM
JAUCTUIIIAIMU MHUCHCIIJIBI PACTUTCIBHOI'O Macia
MHOTOCTYIICHYaTOI'0 pacIbUICHU.

dm6 H (4)
d'l'e = G6eH.Mu - G6eH.M - G6eH.B.H.

do, ()
d‘[u = Guy — 9mac ~ Y6en ~ 9rn

dQs, dQs, \ (6)
chl) + Wiom- d—h(l) = —qoyr — 4 6en

MaccooOMeHHBI TpoIecC — ATOPA3HOCTh
KOHLIEHTpALMK paclpenesseMoro BellecTBa BO
B3auMOJICHCTBYOIMX (a3zax. Maccy merydero
KOMIIOHEHTa MOYKHO OIpPEAETUTh CJEeAYIOIIUM
obOpazom:

My = C—2y -y
= . —_ *
%D
M, = (4'_R;2<) - (x % —x) ()
Jint  Toro 4roObl OMpENeNUTh  Maccy
JeTy4ero  KoMmIoHeHTa B  ypaBHenuun (7),

HE0OX0IMMO HAWTH paauyc Karlld MUCLIEIUIBI.

- G
{
G=GH+ZAL
. p

X

~ (byyt = byp) - 100

G-y
M
p= > Giy; Fos
M;
dt XMu.6

M
=| GyyContun — Guy ——
dr ( M1~ ML MO MU

ML.0

( n?-D .
dx_LHxH_L‘x_(ll--_R]%)‘(x_x)
dr VipL
L=LH—ZAL
AL=LH(xH_x)
1—x
Gy, +A4L
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Pagnyc kamm Mucunenisl B - ammapare
OKOHYATEJIbHOW TUCTWUISIIIMU C PACIBUIMBAOIIEH

dbopcyHKOM MOYHO OTIPEICTUTh 1o
HIDKecheayromen Gopmyie:
. . . 2
Rk _ 4‘,5 Vs VL dCOl‘I (8)

(pL +pg) w %’

Pazpaborana o600meHHass MaTeMaTHIecKast
MO/JIETb mporecca B OKOHYATEJILHOM
JUCTHIUITOPE MUCHEIUIBI PACTUTEIIBHOTO Macia
MHOTOCTYIICHYATOTO PACIbLICHUS:

CMthMLl - G6eHi6eH + aF(tnap - tMu)>/VLpLCL
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[Tyrem arperanuu OJOKOB pa3pabOTaH aNrOPUTM pacdyeTa W COCTABJICHAa KOMITBIOTEpHAs MOJENb, KOTOpas
BBIPAXKACTCS B CIICTYIOIIEM BHUJIE:

-
xn x k ‘ |
[ k< b —= f f—
N = K
Ln it L oasefy 2 ‘
x_n1
* ki dL Lk L1
| 4 [ [
Subsystem_xL
= =
{3 Py n T 1 7 * ¥
y_n - e D) e T
A e
() »{G.n vk s o=
. X R T
n
- - Gk >4 )
_ G7K h 4 y ¢ ‘ i [
Subsystem_yG o ) ] = =]
e
won w8 s
[

[EBeV—r=x |
— l }

Subsystem2 Sl

Puc.1. KomnborepHoe oTo0paxeHne aBTOMATU3MPOBAHHOI0 PacyeTa Nnpouecca 0KOHYATEIbLHOMI
AUCTULIALHMN MU CLE/JIbI

[Ipomecchl, OTpakeHHBIE Ha SJIEMEHTAPHBIX HMEPAPXUYECKUX YPOBHSAX IPEICTAaBICHH B BHUJC
KOMIBIOTEPHBIX OJIOKOB, B YACTHOCTH, OJIOK ONpEACNICHUS MU3MEHECHHs TEMIIepaTyphl KUIAKON ¢asbl, OJI0K
OTIpE/ICTICHHUS MoKa3aTelieil mepexo/ia JerkoJeTyduX KOMIOHEHTOB [5-8].

Ha KOMHBIOTCpHOfI MOJCIN TAKXKE HUMECTCA aIIl"OpI/ITMI/I‘IeCKI/Iﬁ OJIOK-CHUCTEMBI YIIpaBJICHHUA IIOJa4n
ChIpbs U BOSHOIO I1apa.

0.000167 —» vi | [0 ] wmp | [ 23 ] o |

Constant To Workspace Constant To Workspace5 Constant10 To Workspace10

[oo0 b o1 | [ 18 B My | |30 B i» |

Constant1 To Workspace1 Constant6é To Workspace6 Constant11  To Workspace11

0.00471 —»| vg | [oos4 | b1 | [217 ] cg |

Constant2 To Workspace2 Constant7 ~ To Workspace7 ~<o—==rr 15 Workspace12

05 —» rog | [347 B b0

Constant3 To Workspace3 Constant8 To Workspace8

[10000}—» kv | [ 10 o P |
K. v

To Workspace4 Constant9 To Workspace9

Puc.2. Biok cucremMbl ynpasJjieHUsl IOAa4H ChIPbSl H BOASTHOI0 NIapa B aNNAapaT OKOHYaTeJIbHOMI
AUCTHILISMM MUCLE/UIBI PACTHTEIBHOI0 MacJia
MHOT'OCTYIIEHYATBIM PACHbLICHHEM

B PE3yIbTaTC HUCCICIOBaHUA MOoJIyduJin  CJICAYIOIUC 3aBUCHUMOCTHU, KOTOPLIC
KOMHLIOTCpHOﬁ MOJCIIN MMponecca OKOHYATEIIbHOM IMPUBCACHLI HA rpa(pI/Hcax (pI/IC3)
AUCTWIUIANUHA  MUCHCJUIBIPACTUTCIIBHOIO  Maciia

18
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sl st Eatm s ain S atm o s £ st s b | =01 cTynen

—o—2 crynen ||

—=— 3 cTyneH

LT L TR (OURRSPR (ORI T ST SRS S ]
e L T T T

003

KoHueHTpauus, B 4onax

0.025

002

(U0 | TR T. ...... Eo i oo Y ey A

0 05 1 15 2 25 3 35
Bpemn o6pabotku, cex

Puc.3. U3mMeHeHHe KOHIIEHTPAIMU IKCTPAKIIMOHHOT0 0eH3MHA B KHAKOM (pa3e B 3aBUCHUMOCTH OT
BpeMeHH MPH CJIeIyINUX NapaMeTpax BBeJdeHHs NMPolecca B annapaT 0KOHYaTebHOi
AUCTUUIAIUA MHUCIHEJIBI PACTUTEIHLHOT0 MAaCJa MHOTOCTYNEHYATOro pacnblienus. xn=0,05%,
th=120°C, Ln=0,18, Posu=20 xIla

B pesynbTate uccnenoBanus ObLIA BEIOPAHbI
HayaJbHBIE TIApPAMETPhI Tpollecca B KadeCcTBE
ONTHUMAIBHOTO PEXHUMa, JIaBJICHUE B armmapare

Posu=20 «ITa, Temmeparypa tus=120 °C,
HavyanpHbI  pacxox mapa Guap=0,015 «xe/c,
Xuay—0,05 moei.

IIpu pacxoge mapa Guwp=0,015 «xe/c,

TeMmepatype mporecca tus=120 °C, maBnenun B

ammapare Posu=20 xlla,
HAYaJIbHOMKOJIHNYECTBEXuay—0,05 JIoJIeH,
KOJIMYECTBO  JIETKOJIETY4ero KOMIIOHEHTa B

XKUIKOU (pa3e B mepBOi 30HE ammapara CHIKACTCS

Temmneparypatuas=120 °C, pacueTHOe 3HaueHmEe
KOHEYHOTO KOJIMYECTBA JIETy4ero KOMIIOHEHTa B
xuakoil  ¢aze OymeT paBHO  HayalbHOMY
KOJMYECTBY Xuau=0,025 nmonmei#t, mis BTOpOI
CTYINEHU KOJMYECTBO JIETKOJETY4Yero KOMIOHEHTa
B JKUJKOH (ha3e CHIKACTCS 10 Xuaw=0,013 moneii.
B Tperbeil 30He ammapara pacxon mapa

Gnap=0,015  xo/c, TemmepaTrypa  tuas=120°C,
Ha4JaJbHOE€  KOJIWYECTBO  Xuay—0,013  moxeH,
KOJIMYECTBO  JIETKOJIETY4ero KOMIIOHEHTa B

KUIKOU (haze CHIKAETCS 10 Xxon =0,007 moneit [4-
6].

10 Xkon=0,025 nmoneit. Tak kak KOHIIEHTPUPOBAHHUE
OCYILIECTBJISICTCS B aIlliapare B IOCIIEI0BATEIbHO
COCIMHEHHBIX TpEX 30HaX, BO BTOPOH 30HE

—a—3 cTynex 3 £ 3 3 E
(1075 1 [E ! R B T ST e s |
—0—2 cTynex 3 : 5 -

—o—1 cTynex

o
=

03 B

KoHuenTpauyua, B gonsx

o
X

01F

i i i .
05 1 15 2 25 3 35
Bpema obpabotku, cex

Puc.4. U3MeHeHHe KOHIIEHTPAILMY JIETKOJIETYy4ero KOMIIOHEHTA (AKCTPAKIIMOHHOI0 OeH3MHA) B
ra3zoBoii ¢asze B 3aBMCHUMOCTH OT BpeMeHH IPH CJIeAYIOIMX NapaMeTpax BBeJleHUs nmpouecca B
anmapart OKOH4YaTeJIbHOH JMCTH/LISIIMU MUCHEJIbI PACTUTEIbHOI0 MACJIA HA OCHOBE

MHOIOCTYNEHYATOro pacnbuiennst. xn=0,05%, t,=120 °C, L,=0,18, Posm=20 xl1a
1
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Ha xaxmol cryneHu mnpouecca cCpeaHee

BpeMsi peObIBaHUS MPOAYKTa B  ammapare
cocraBinsier 2 cekyHaelIlpu pacxonme mapa
Guap=0,015  ke/c,  TemmepaType  mporiecca

t4as=120°C, nmaBnennm B ammapare Posu=20 «lla,
KOJIMYECTBO  JIETKOJIETY4ero KOMIIOHEHTa B
razoBoii (aze B TMEpPBOM 30HE ammapara
YBEIMYHUBACTCS C Xpay=0 JOJEH 10 Xkon=0,3 moeit
[7].

Bo BTOpOU 30HE KOJINYECTBO
JIETKOJIETYYer0 KOMIIOHEHTa B Ta30BOW (aze
YBEITUYUBACTCA N0 Xxon=0,55 nmoneit. B tperneit
30HE€ YBEIMYHUBACTCS 10 Xxon=0,74 momeil.

[IpuBeneHs! TaKkxKe pe3yNIbTaThI
WCCIEOBaHUSI IO  OMNPENEICHUI0  BPEMEHH
npeObIBaHUS MPOJAYKTa B ammnapare. Pazpaborana
METOJIMKA TIPOBEICHUSI SKCTIEPUMEHTOB U CO3/1aHa
OKCIICpUMCHTAaJIbHAas YCTaHOBKa HN3Y4YCHUA
TUIPOIMHAMUYECKUX CTPYKTYp IOTOKOB (a3 B
MPpOLECCEe OKOHYATEIbHON JUCTUIIISIAN.

'

B 53kcnepumeHTanbHOM YCTAHOBKE JJIA
YBEJIMYCHUSI KUHETHYECKOW JHEpPrHH BO31yXa B
pacubLIUTENbHOM GopcyHKe | YCTaHOBIEHO COTLIO
¢ muamerpom D=2...4um. Inuna koHpy3opa-181
MM, JOUMaMeTp BXOIHOW  oOmactu-218  wm,
BbIXoAHOU 00mactn—40 mm. J{mmuaa auddysopa-
396 mm, mmamerp BxomHOW oOmactu 40 mm,
BBIXOJHOU 00macTu—72 mm.

OKCIIepUMEHTAIbHAS YCTAaHOBKA COCTOUT
U3 pe3epByapa 2 JUIS COJAEpKAHUS  BOJBI,
UCIOJIb3YeMOW B  KadecTBe JKUAKOM  (pasbl;
KOMITpeccopa 3 JUTsl CO3/IaHusl ITApaMETPOB OCTPOTO
BOJISTHOTO Tapa; poTamerpa 4, mpeIHa3HauYeHHOTO
JUTSL ©I3MEPEHUS pacxojia Bo3ayxa, MoJaBaeMoro 13
KOMITpECCcOpa; pe3epByapa S JUisl COJEpIKaHUS
pacTBOpa HWHIUKaTOpa; cemaparopa 7 UL
paszeneHus KUIKON 1 ra30Boi (asbl; EMKOCTH 8 U
aproMeTpa 9 i1 U3MEPEHUS TUIOTHOCTH PacTBOpa.

Puc.5. DxcnepuMeHTAILHAS YCTAHOBKA JIJIS1 M3yYeHUS] THAPOIMHAMMYECKUX
CTPYKTYP BCTPeUYHbIX (pa3

[Tepen Ha4yajoM OITLITOB 3apaHee
[OArOTaBJIMBAECTCS 20 %-HbI1l pacTBop
MOBAapEHHON COJIM, KOTOPBIM 3aTe€M 3aJIMBAIOT B
€MKOCTb S5 sl UHAMKATOpa, Mpu 3ToM KkpaH 11
HAaxOJIUTCS B 3aKPBITOM IOJIOKEHUU(pHUC.S).

[IpuHIMIT OEHCTBUSA  AKCIEPUMEHTAIBHOMN
YCTAHOBKHM CBOJUTCS K CIEAYIOIIEMY: Ha BXOJ
paboTaroiieii B~ YCTAaHOBUBIIEMCS  pEXHME
ycTaHOBKH B (OpcyHKY | mojmaercss UMIyabCHOE
BO3MYILIEHHWE MO KOHLEHTpaluu HHIUKATOpa |
OJIHOBPEMEHHO BO3/yXa, IMPU 3TOM EMKOCTH 2
obOecrieunBaeT pPaBHOMEPHYIO IMOJauyy Tpaccepa.
Bo3gyx ¢ mnomomipio Kommpeccopa 3 yepes
pacxogomep 4 mnomaércs B CPEIHIOD YacTh

20

¢dopcynku.  KpuBble  OTKIMKAa Ha  BXOJe
pacnpuiuBatoied  (GOpPCyHKH MOJy4aroT IyTeM
orOopa mpo0 uepe3 HKBUAUCTAHTHBIE OTPE3KU
BPEMEHU U U3MEPEHUs KOHIEHTpAllUu Tpaccepa B
)uakon daze [8].

B pacnbimutensHol GopcyHKE € MOMOIIBIO
KoMIpeccopa 3 depe3 pacxogomep 4 mogna€rcs
OCTpBIM BOJSHOM Map, B KauyecTBE KOTOPOTO
ucrnojib3yerca Bo3ayXx. Jlamee HaOmogaloT 3a
mudpoil pacxogomepa; ¢ TOMOIIbIO KpaHa 12
KOMIIpeccopa 3  yCTaHaBJIMBaIOT TpeOyeMblid
pacxox Bo3ayxa. C MOMOIIBIO BOJOIPOBOJHOMN
JUHUM  E€MKOCTb 2  3alojHSAT BOJOM IO
JOCTHKEHHS] 3apaHee YCTAHOBJIIEHHOTO YPOBHS.
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OtkpeiB kpaH 10, ycraHaBiauBarOT TpeOyeMbIi paHee YCTaHOBJICHHBIM YPOBEHb HE W3MEHSUICA.
pacxon BOAbl. 3aTeM HU3MEPSIOT pPacxoi BOIbI 3aMepuB pacxoJ BOJBl UYEpe3 3aIBUKKH C
MEpHBIM CTakaHOM U cekyHaomepoMm. [lpu IIOMOULIBI0O MEPHOIO CTakaHa M CEKyHJIOoMEpa,
3aKpBITOM  TIOJIO)KEHUHM  33/IBIKKA  HAaOWparoT IPOBEPSAIOT TIOCTOSIHCTBO TPUTOKA M CTOKA
TpeOyeMbIii YpOBEHB KUIKOCTH B fj03artope. [lyrem KUJKocTen [8].
peryaupoBaHusl €  [OMOINBIO  Kpana 12 Hwxe npencraBineHsl 3HAYEHUS M3MEHEHUS
KOMIIPECCOpa yCTaHABJIMBAIOT 3a/IaHHBII B Hadaye KOHIICHTPALU! pactBopa o BpPEMEHHU.
OTBITOB PAacxXoj Bo3AyXa. MeIIeHHO OTKpBIBas DKCIIEpUMEHTHl  MPOBOAWIMCH TP PA3HBIX
3aJIBUKKM, B  YCTAaHOBJEHHOM  cemaparope 3HAYCHUAX pacxoja Bo3ayxa (tadm.1).
TOOMBAIOTCS TAaKOTO pacxoia, MpH KOTOPOM Ol
Tabamnual
H3MeHeHne KOHIEHTPALMM PACTBOPA NMPH BbIX0/e U3 annapara
Bpewms, ¢
IMapameTpsI
0 5 10 15 20 25 30 35 40 45
0,0020 1 1 1 1,01 1,11 1,14 11 1,05 1,01 1
<
= § 0,0025 1 1 1 1,02 1,12 1,08 1,05 1,03 1,01 1
g o
B 2o 00040 | 1 | 1 | 1 | 1,05 1,1 1,17 1,08 | 1,06 | 1,02 | 1
=R
;5% g 0,0045 1 1 1 1,07 1,14 11 1,04 1,03 1,02 1
: % ] 0,0080 1 1 1 11 1,15 1,12 1,1 1,05 1,01 1
< E >
%5 5 0,0085 11| 1 1,12 1,14 1,08 1,03 | 1,03 | 1,02 | 1
= 2
A g 00090 | 1 | 1 | 1 1,13 1,11 11 1,06 | 1,04 | 103 | 1
=
0,0095 1 1 1 1,13 1,14 1,1 1,04 1,03 1,02 1

Huxe npuBenens! rpadyky KpUBBIX M3MEHEHHSI KOHLIEHTPALUK IO BpEMEHHU Ha OCHOBE TaOIUIbl 2.

1.18 1.2
1.16
o 114 o L15
X 4 X
§ 1.12 §
= 11 = 11
S ——0,0095 m*/c s —8— 0,0040 m3/i
E- 1.08 E-
=—8—(0,0090 m*/c 3
5 1.06 q:,( 1.05 —8—0,0045 m*/i
+ 3
= 1.04 T 0,00852¢/c = —®—0,0020 Mm%/
g —0,008 w/c <
1.02 1 —@— 0,0025 m3/i
1
0.98 0.95
0 20 40 60 0 20 40 60
[poxonxuTeIbHOCTD, ¢ IMpononxuTeILHOCTD, C

Puc.6. I'padpuk n3MeHeHHsI KOHIEHTPALMH PACTBOPA 110 BPeMEeHH
NpuOBIBAHMSA B ANNApPaT
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W3 rpadukoB MOXKHO OTpEAETHTH CpenHEe Pa3IMYHbIX 3HAYEHUSAX pacxo/ia BO3yXa, KOTOpbIE
BpeMsi HaxXOXKJEHHUS CbIpbsl B ammapare Ipu NPUBEJCHBI B TAOIUIIE 2.
O/IMHAaKOBOM  3HAYEHHWU pacxoja ChIpbs W

Taoauua 2

BpeMﬂ HaXO0KICHUA CBIPbA B alllmapare npu oimHaKoOBOM 3HAYCHHUH pacxoaa
CbIPbA ! PA3JIUYHBIX 3HAYCHHUAX pacxoaa BO3ayxa

Pacxon Bosnayxa, m>c | Pacxon pacrBopa, k2/c Bpems npu6biBaHusi pacTBopa B
anmapar, ¢
0,0020 0,15 35
0,0025 0,15 34
0,0040 0,15 34
0,0045 0,15 32
0,0080 0,15 31
0,0085 0,15 28
0,0090 0,15 25
0,0095 0,15 20
Pe3ynbTaThl 9KCHEPUMEHTOB MOKa3bIBAOT, G - 2 (1- Xy (P—P,) (16)
4TO CTPYKTypa MOTOKOB OJM3Ka K HEATbHOMY GBIl = X X
nepemeninBanuio. K ToMy ke TIOJydeHHBIC M,P,
pe3yNbTaThl CBUACTEIBCTBYIOT 00 OTCYTCTBHH B Men
armapare MPOCKOKOB M 3aCTOMHBIX 30H. O000IUB Honcrapiss 3HAYCHHsA PaCcXoJI0B 0CTporo
MOJIyYeHHBIE PE3YJAbTaThl, MO>KHO COCTAaBHUTb flapa B YpaBHCHUC KOJMICCTBA OXJIAMAAOUICH
MaTEMaTHYECKYIO MOJICITb npouecca BO/IbI, HEOOXOJMMOI JIJIsl KOHJICHCHPOBAHUSI TIAPOB
OKOHYATEJIbHOW JUCTWILISAIUU. JTa MOJIeb Oyaer pacTBOPUTEIIAA M BOABI, OIIPCACTISICM!:
UMETh 3aKOHOMEPHOCTH, OJIM3KHE K HICATbHOMY
MepEeMEIIMBAHUIO. Gy (i — ig) + Gy (1 — %) (ig — tCs)
st ONTUMU3ALINHI nporecca GoB = K
OKOHYATEIbHOU JAUACTUILISLAN MHUCIEIITBI =t
PaCTUTEIBHOTO Mmacna Ha OCHOBE 17)
MHOTOCTYIIEHYATOTO  PACHBUICHHUS — OMPEICITHIH 5
LEeeBYI0 PYHKLMIO: Ha ocHoBe Pe3YIIbTATOB  HCCIe/I0BAHMI
nporecca OKOHYATEIbHOU JACTHIUIALH
AC = Bs - GBIl + Sk - GoB + A3 (15) MHUCIIEILTBI PaCTHUTEIBHOTO Macia npu
MHOTOCTYIICHYaTOM  PACMBUICHUH  MOCTPOCHBI
VpaBHeHHe /1A pacueTa pacxo/a 0CTPOro rpapuku  3aBHCHMOCTEIt PacxonoB  0CTpOro
BOJSHOTO Tapa JUii KOHIIEHTpUpoBaHUS 1 &e BOJISTHOTO TMapa, OXJIaXIA0IIeii BOJIBI U TaBICHUSI
MHCIE/UIBl  MOJYYEHO M3  MaTeMaTHYeCKOro B aliapare.

ONHCaHUs IBMIKYHIUX CUIJIL.
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10,0009 0,018

R\ /aup

0,0007

0014

10,0006

\-
2
B

E0,0GJE 001 §

\ / H

» \ / -

E 0,0003 \’{ 0,006 g
TN

0,004

0,0001 0,002

fasnenue a annapare, kfla

Puc.7. l“pa(lnm OonTHUMHM3alNUHU nmpouecca OKOHYATEJIbHOM JUCTUILISIIUU MU CHEJJIbI PaCTUTECJILHOTO
Macja HA OCHOBE€ MHOI'OCTYIICHYATOI0o pacrnblJICHUSA

Kak BumHO w®3 Tabmumsl W Tpaduka, pacxoJ OCTPOTO BOJSHOTO TIapa COCTABIISET
ONITUMAJTLHBIMH TEXHOJIOTHYSCKUMU TTapaMeTPaMH 0,004545 ka/c [7-8].
BBelleHUs B mpouecc nasieHus 30 + 40 «lla,

i,

a)

,,,,,

M- coyners .~
/4' L
— +>:¢gz;g<§ ;

Puc. 8. IIpenyiaraemblii OKOHYATEJbHBIA JUCTHIIATOP MUCLE/JIBI PACTHTEIbHOI0 MacJia HA OCHOBE
MHOI'OCTYIIEHYATOI0 PacNblICHH .
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YerpoiictBo conepxut Tpu crynenu (I, 11,
I11) mocnegoBaTebHO COSIMHEHHBIX AHATIOTMYHBIX
KOMIUIEKTOB: TAaTpyOKH TMOJa4YH KUAKOCTH 1,
naTpyoKkd Tmojayd mapa 2, COCIUHEHHBIE C
pacbunTensHOM  dopcyHkoir 4. DopcyHka
COCTOHMT M3 coruia 3, KoH(pY30pa 5, TOPIOBUHBI 6,
middy3opa 7. Bo BHYTpeHHEH MOBEPXHOCTH
maddy3zopa paBHOMEPHO YCTAaHOBIICHBI HACAIKH 8
B BHJIC MaJbYMKOB, CIOCOOCTBYIOIINE
pa3apoOieHnto  Kamenb Skuakoctd.  DopcyHka
TaHTEHIIMAIFHO COeJIMHEHa C cemapaTopom 9.
Cemaparop UMEeT HUATUHAPUYECKUMA
BEPTUKAIBHBIN KOPIYC, HIKHSISI 4YaCTh UMEET BU]I
YCEUEHHOTO KOHYCa.

[Tpon3BoACTBEHHBIE HCHBITAHHUS TOIYIPO-
MBIIIUIGHHOTO ~ ammapara OKOHYATEIhHOM

JAUCTUIJIAIUU MUCHCIIJIBI PaCTUTCIIBHOTO Maciia,
paboTaromero Ha OCHOBE MHOTOCTYIIEHYATOTO
pacrnbuieHHs, TpoBoauiuchk Ha 3aBojge OO0
“EBpocnap” B Byxapckoii o6nactu PY3.

HcnblTaHns IpOBOAMIINCE TP CIEAYIOLIUX
TCXHOJIOTHYCCKUX PCIKHUMAX:

1. Temnepatypa: 110-130°C

2. JaBnenue B 30+40 xlla
arrmapare:

3. Pacxon octporo 0,004545 «xe/c

BOJITHOTO Tapa:

IToxaszarenu pe3ynbTaTOB NPOM3BOJCTBEH-
HOTO MCTIBITaHUS IOTYIPOMBIII-JICHHOTO anmnapaTa
npuBEAEHBI B Tabnuie 3.

Tadauna 3

Pe3y.ﬂbTaTbl NMPOU3BOACTBCHHOI0 UCIIBITAHUA NMOJYIIPOMBINUICHHOTI'O allliapara

HaumeHnoBaHue mokasareJeii IIpn uCcnoBL30BAHUM HOBOI'0 OKOHYATEJILHOT0
JHCTHJLIISITOPA
ITo H./[. O’zDSt. dakTHyecKue moKa3aTeln
Bunara skctpakumonHoro macna, % 0,2 0,18
[{BeTHOCTD, B KPACHBIX CIUHHIIAX 16 16
KucnorHoe uncio, mgKOH/g 4 3,9
Temmneparypa BCHbIIkH, °C 225 225
[IpoBeneHHbIE TIPOBEPKH IMOKa3alH, YTO MPOCTOTE KOHCTPYKIIHH, BO3MOKHOCTH
mapamMeTpel  IMOJYYEHHOTO  YEpHOTO  Macjia pecypcocOepekeH s, SJKOHOMHH Pacxojia OCTPOIo
cootBeTcTBYyeT ctangaptam O’zDSt 816:2015. BOJITHOTO Tapa Ha 157289,25 Teic. cym B rog u
TexHonmornueckue WCITBITAaHUS MOBBIIICHHON MTPOU3BOAUTEIIBHOCTH.
CBUJICTENHCTBYIOT, 9TO PEKOMEHIyeMOe Texaudeckue XapaKTEPUCTHKU

YCTpOﬁCTBO JUIA OKOHYATEJILHOM JUCTHUIIIAI N
PaCTUTCIILHOTO Macjla UMCECT pPAA MPECUMYLICCTB
nepeq CymeCcTByroumnumMu YCTPOﬁCTBaMH; B

MpeIaracMoro OKOHYATEJIbHOTO JUCTHILISI-TOpa
[0 CPaBHEHUIO C JKCILTyaTUPYEMBIM almapaToM
MIpUBEJICHBI B TAOIUIIE 4.

Taoauua 4
Pe3yabTaThl cpaBHUTEIbHBIX MOKA3aTes el HOBOTO MOJIYNPOMBIIIJIEHHOTO
anmapara ¢ YKCIIyaTHPyeMbIM aNnapaTomM
HanmenoBanue napamerpoB Enunnna Hosbrii IKCIIyaTHpyeMblii
HU3MepeHust OKOHYATeJIbHBIH OKOHYATETRHLIN
HCTHILISITO ATCTILLBITOP
A p 000 «EBpocHap»
[Ipou3BOIUTETBLHOCTH xe/c 0,15 0,15
Bpemst nmpuObIBaHus poIyKTa c 90-100 540-600
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CkopoCTh TMpOTEKaHWUs TIporecca B
P P P c 0,000203 0,000557
ammapare
Pacxon octporo BoastHOTO mapa Ke/c 0,04545 0,0942
Pacxon rmyxoro mapa Ke/c - 0,0942
Yucno crynenei KOJIUYECTBO 3 2
3acToifHbIE 30HBI anmapara M - 2,5
l'aGapuTHblc pa3Mepbl (IIMpUHA X
P pasMepl - (iHp g 1280 x 3000 x 540 1600 x 6000
BBICOTA X TUAMETP)
Macca ammapara Ke 910 1850
BbiBoabI: Pe3ynbTarsl MPOU3BOACTBEHHBIX Pazpabotka paboumx uepTexeill Bcex
WCIBITAHWN TIOKA3aJd, YTO NMPUMEHEHHE HOBOTO JJICMEHTOB  HOBOW  KOHCTPYKIIMHM  ITO3BOJISIET
OKOHYATEIIbHOTO  JUCTWIIATOpPA TPHUBOJUT K HU3rOTOBUTH npeyiaraeMblit ammapar Ha
CIIeTYIOIIEMY: MaIIMHOCTPOUTEIILHBIX 3aBOJIaX Y30CKUCTaHA.
— YMEHBIIIEHUIO PACX0JIa OCTPOTO BOISTHOTO Pesynbrarht MIPOBEICHHBIX
napa; MIPOW3BOJICTBEHHBIX ~ WCIBITAHUNA  TIOJTBEPIHIH
— YMEHBIIEHHIO pAacXoja OXJIakKJaroIien paboToCocOOHOCTh pa3pabOTaHHOTO YCTPOMCTBA
BOJBI 11 KOHJAECHCAIINN HACBIIIIEHHBIX I1apOB; JUIA  OKOHYATEJIbHOM JMCTWIISALMUA MUCLEIUIB]
— 3KOHOMMH IPOU3BOJICTBEHHOM ILIOIIA/IH; pacTUTEJIbHOTO maciia B peajibHbIX
—  YMEHBIIEHUIO MeTAILI0EeMKOCTH MPOMBINIJICHHBIX ~ YCIOBHSIX € BBICOKHMH

armapara. TE€XHOJOTHYCCKHMU ITOKa3aTCIsIMU.
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JKOHOMHUKA, OM3HeC U YCJIYyrH

V]IK 336.7+330.4

INPUMEHEHUME METOJA AHAJIN3A HEPAPXUU JJIS1 OEHKHU PUCKA
KPEIUTOB

KAJIMMOJIJAEB A.M., MA3AKOBA A.T., IZ/KOMAPTOBA L. A.,
MA3AKOB T.K., MYXAEB JI.K.
(Kazaxckuii HayuonanvHolll yHusepcumem um. anv-Dapadbu, Anmamol, Kazaxcman
aigerym97@mail.ru)

AHHoTanus. llenpio gaHHON paboThl sBIsETCS HccienoBaHue 3((EKTUBHOrO yIpaBICHUS
MpoOJIEMHBIMU aKTUBAMH 3a CUET BHEPEHUS LIUPPOBBIX JBOMHHUKOB, KOTOPHIE TO3BOJIAIOT aBTOMAaTU3UPOBATh
paboTy 6aHKOBCKUX MEHEDKEPOB, a TAKKE YMEHBIINTh PUCKU BO3BPATHOCTU KpeInuTOB B OaHku PecnyOnuku
Kazaxcran, T.K. MO CpaBHEHHMIO C APYrUMHU CTpaHaMd B HamuxX OaHKax MOKa3aTeJd MPOCPOUYEHHOU U
COMHUTEILHOW 3aJI0JDKEHHOCTH MO KPEIUTHBIM NOpTQeNsM HUMEIOT BbICOKMI ypoBeHb. [Ipumenenue
uM(QpOBBIX  JBOWHUKOB YMEHbIIAET CYOBEKTUBU3M B pabOTe COTPYAHUKOB U TEM CaMbIM
KOPPYMIIMPOBAHHOCTH B JIESITEILHOCTH OaHKOB.

[TockonbKy B COBPEMEHHBIX YCJIOBHSIX ONBIT U MHTYMIIMS HE BCErJa OKa3bIBAIOTCS B COCTOSTHUU
ofecreyuTh BbIOOpP HAWIYYILEro pEUIeHUs, TO 0COObIH MHTEpeC MPEJCTaBISIOT CUCTEMbI, CBA3aHHBIE C
aBTOMaTH3alUel mpolecca MNPUHATUS pelieHus, (BbIOOPOM ONTUMAIbHBIX 3aE€MIIMKOB) HAWIYYLIUM
o0pa3oM OTBeuarolllee ero MHAWBHUAYAJIbHBIM XapaKTEepPUCTHKaM, COLMaIbHO-3KOHOMUYeckuM. IlIupokoe
NpUMeHeHUEe IU(GPOBBIX TEXHOJOTUN IMO3BOJIIET ABTOMATU3MPOBAaTh ASTHU IMpOLECCHl U JaTh OaHKY
HMHCTPYMEHT, C MOMOIIIbI0 KOTOPOTO OH MOKET MPUHUMATh ONTUMAJIbHOE pellieHre (He MPOBO/IS HaTypHbIE
AKCTIEPUMEHTHI).

[TocTaBneHHas 3ajaua peuraeTcsi MPUMEHEHHEM METOJla aHalu3a uepapxuil. Pazpabortana mporpamMma
paH>KMpPOBAHUSI MPETEHICHTOB Ha IOJY4YE€HHE KpPEOUTOB, KOTOpas MOMEUIACT pPe3yJbTaThl YHCICHHBIX
pacueToB B pe3y/lbTaTUBHBIN (hailsn. Pe3ynbTaThl YUCIEHHBIX PACYETOB OTOOPAXKAIOTCS B BUJIE TAOJIHII.

KioueBbie cjioBa: KpeauThl, pUCKH, akTuBbl, MAW (Meron aHanm3a Hepapxuii), BO3BPATHOCTh
KpeauTa, KpeAuTHBIN noptdens, BBY (6ank BTOporo ypoBHs:).

HECHEJIK TOYEKEJIII BAFAJIAY YIITH UEPAPXUSUIBIK TAJIJIAY
OMICIH KOJJIAHY

KAJIUMOJIJJAEB A.M., MA3AKOBA T. XK., IT)KOMAPTOBA 1I1L.A.,
MA3AKOB T. K., MYXAEB JI.K.
(an-Dapabu amvinoazvl Kaszax ynmmeix ynueepcumemi, Animamoil, Kazaxcman
aigerym97 @mail.ru)

AHHOTauMs. ByJl >KYMBICTBIH MakcaTbl OaHK MEHEKEpJEpiHIH >KYMBICBIH aBTOMATTaHABIPYFa,
conpaii-ak Kazakcran PecryOnukachlHbIH OaHKTepiHE HECHeNepl eTey ToyeKeNJepiH a3alTyra MYMKIHAIK
OepeTiH HUPIBIK erizep/ii eHri3y apKblibl MPoOIeMaNbIK aKTUBTEP/Il THIMJII OacKapy/ibl 3epTTey, OUTKEH1
0acka eniepMeH calbICThIpFaH/ia 0i3/11H OaHKTEepAiH Hecuelik nopTdenbaep OoibIHIIAa Mep3iMi OTKEH JKoHe
KYMOH/I1 KapbI3JapbIHbIH AeHreii xorapsl. Llndpislk erizaepai naijanany Kbl3MeTKepIep/IiH KYMbICBIHAFbI
CyOBEKTUBTLIIKTI )KOHE OChLIaiiiIa OaHKTep KbI3METIH/IET1 ChIOaiIac sKeMKOPIIBIKTHI a3aii Tapl.

3aMaHayu KarJainapaa ToxipuOe MeH TYHCIK dpKalllaH eH »KaKChl IeIiMAl TaHAayAbl KaMTaMachl3
eTe aJIMAaNTBIHABIKTaH, OHBIH JKEKEe 9JeYMETTIK-3KOHOMHUKAIBIK CHIIaTTaMajlapblHa YKaKChl COMKEC KeNeTiH

-
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miemiM KaObUiay MpOIEeciH aBTOMATTaHABIpyFa (OHTAMNIBI Kapbl3 alylIbLIapAbl TaHAAy) OaijaHBICTHI
KYHenep epeKiie KbI3bIFYIIBUIBIK TyAbIpanbl. Lu@publk TexHOJOTHsUIapasl KEHIHEH KojmaHy Oy
mporecTepi aBTOMATTaHIBIPYFa XoHE OaHKKE €H KaKCchl IIeHIiM KaObUijail amaThlH Kypajiael Oepyre
MYMKIHZIK Oepei (TOJIBIK ayKBIMIBI SKCIIEPUMEHTTED KYPriz0eii).

Mocerne uepapxusuiapabl Tajigay OJICIH KOJIJaHy apKbuibl mrenriteni. Hotwxkemik dainma caHmbIk
€CeNTeYIEePAIH HOTHKENEPIH OpPHAIACTHIPATHIH HECHere OTIHINI OepyIIiiepai pamKupieyre apHalFaH
Oarmapnama o3ipieri. CaHIbIK ecenTeyIep IiH HOTIKeNIepl KecTe TYPiHAe KopceTuIeIi.

Tyiiinai ce3aep: Hecuenep, Toyekeniep, akTUBTEDP, HEPAPXIUIBIK TaJIay 9JIiCi, HECHEH1 oTey, Hecue
nopTderti, eKIHII JeHreini OaHK.

APPLYING THE HIERARCHY ANALYSIS METHOD TO ASSESS CREDIT RISK

KALIMOLDAEV A.M., MAZAKOVA A T., JOMARTOVA SH.A.,MAZAKQV T.SH.,
MUKHAEV D.K.
(Al-Farabi Kazakh National University, Almaty, Kazakhstan

aigerym97 @mail.ru)

Abstract. The purpose of this work is to study the effective management of distressed assets through
the introduction of digital twins, which allow you to automate the work of bank managers, as well as reduce
the risks of repayment of loans to banks of the Republic of Kazakhstan, because compared to other countries,
our banks have a high level of overdue and doubtful debts on loan portfolios. The use of digital twins reduces
the subjectivity in the work of employees and thus corruption in the activities of banks.

Since in modern conditions experience and intuition are not always able to ensure the choice of the best
solution, systems related to the automation of the decision-making process (selection of optimal borrowers)
that best meet its individual socio-economic characteristics are of particular interest. The widespread use of
digital technologies makes it possible to automate these processes and give the bank a tool with which it can
make the best decision (without conducting full-scale experiments).

The problem is solved by applying the method of analysis of hierarchies. A program has been developed
for ranking applicants for loans, which places the results of numerical calculations in the resulting file. The
results of numerical calculations are displayed in the form of tables.

Keywords: loans, risks, assets, Hhierarchy analysis method, loan repayment, loan portfolio, second-tier

bank.

Beenenne. lccnenoBanue u mMpUMEHEHHE 3HAYMMOCTh OOYCJIOBIMBAIOT BHIOOP TEMBI, IICIICH
COBPEMEHHBIX TEXHOJIOTUH MIPOCKTHOTO ¥ 33124 CTaThH.
ylpaBJeHus] MpoOJEMHBIMU aKTUBaMU B OaHKax [TpoGnembl  3PPEKTUBHOTO  yIIpaBICHUS
Halllel CTPaHbI HIMEIOT CBOIO aKTYalIbHOCTh B CBS3H NPOCPOYCHHON 3a/I0JDKCHHOCTBIO OCBECILCHBI B
C TeM, 4TO B OOJILIIIMHCTBE Ka3aXCTAHCKUX OaHKOB UCCIICIOBAHMX 3aMalHbIX SKOHOMHCTOB. MHOTHE
MPOEKTHBIN MOJXOJ B OTHOIIEHHH MPOOIEMHBIX U3 KOTOPBIX MOJUYEPKUBAIOT POJIb IEHTPATHHOTO
aKTUBOB JI0 CHUX TOp HE HCIHOJb3YyeTCs WU OaHka cTpaHbl B (OPMHUPOBAHUU METOJUYECKUX
peanusyeTcss B BUAE OTAEIBHBIX 3JEMEHTOB 0€3 OCHOB YIpaBJI€HHUS TPOOJIEMHBIMH aKTUBaMHU B
mpoiiecca CTaHIapTU3AIUH. OtcyrcTBUE JesTeIbHOCTH KoMMepuecknx O6ankoB. Ho Bce ke
MPOEKTHOTO TOJX0Ja K MCCIEIOBAHUIO BOMpPOCa HAOI0JaeTCsl HEXBaTKa TEOPETUUYECKUX ACIEKTOB
ylpaBieHUs MPOOJIEeMHBIMU aKTUBaMH OaHKa, MO0 BHEIPEHHUIO TMPOEKTHBIX TMOIXOAOB s
00BEKTUBHAS MOTPEOHOCTH B Pa3BUTHH CUCTEMHBIX yIpaBJIeHHUs MPOOIEMHBIX akTHBOB [ 1-2].
UCCIIeIOBaHUI B TOM HATPaBJICHUU. OO61re BOmpOoCHl yIpaBIeHUs TPOOIEMHOM
AKTyaJlbHOCTh BOMpPOCA W €ro IMpaKTU4ecKas 3a/I0JDKEHHOCTBIO B Ka3aXCTAHCKUX OaHKax ObUIH
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OCBEIICHBI B TPYAaX OTE€UECTBEHHBIX IKOHOMHCTOB
[3-5].

Kpusucuble  cuTyanuu ~ GaHKOBCKOTO
CEeKTOpa  MOTYT  COINPOBOXKAATHCS  POCTOM
B3aMMHBIX HEIUIaTeX el 3aéMIIUKOB U TOTAJIbHBIM
MaJICHUEM IUJIATEKHOW JUCHMIUIMHBL. B  Takmx
YCIOBUSIX ~ KOMMEpYECKHE  OaHKh  JTOJDKHBI
MMOMEHATh TEKYHIYI0 TIOJUTUKY W  YCIOBHS
KpEeIUTOBAaHUS, [UIsi BCEX BHUIOB 3aEMIIUKOB.
Oco0eHHO  BONpPOC ~ HW3MEHEHHUS  YCIOBHM
KpEIUTOBAHUSI aKTyaJleH [UIsi KOPHOPATHBHBIX
KJIIMEHTOB, TJI¢ OTKa3 OT BBICOKOPHUCKOBAHHBIX
KpeauToB Oy/leT BBIHYKJIEHHOW M HEOOXOIMMOi
MEpOW CHWXEHHUS KpeIUTHOro pucka. OjgHako
YCTaHOBJICHUE OTPAHUYCHUN U MEp TI0 CHIKEHUIO
KPEIUTHBIX PUCKOB B KPEIUTOBAaHUs OW3HECA M
MIPOMBIIIJICHHBIX KOMITaHU I HE Ooyzner
croco0CTBOBAThH O3J0POBJICHUIO BCEl OAHKOBCKOM
chepsl 1 IKOHOMHUKH B 11eJI0M. Tak Kak Jj1si 0aHKOB
Broporo ypoBHi (BbBY) kpeautroBanue — 3T0
OCHOBHOM BHJ JCATENHHOCTH, 00€CIECUNBAIOIIHMN
OCHOBHYIO CTaThIO UX JIOXOJIOB [6].

Kpome Toro, onepanuu no KpeauToBaHUIO
— 9TO caMblii PUCKOBAaHHBIM BHUJ OaHKOBCKOM
NEeSATENBHOCTH. Ocymectiiss KPEIUTHYIO
ONEPALMIO, UCIOJbB3YS NOJUTUKY IO YIPABICHUIO
KPEIUTHBIM PpHUCKOM, HAIlPpaBJICHHYI0 Ha €ro
MHUHUMU3ALNI0, UCIOJIb3ysd TINATEJIbHbIA aHAJIN3
(haKkTOPOB KPEAUTHOTO PUCKA.

Tak 6OaHKM B TeYEHUE BCETO MEPHO/Ia CBOCH
NEATEIBbHOCTH MTPOJIOJIKAIOT MOABEPraThCs CaMbIM
pa3JIMYHBIM PUCKAM, HAIIPUMEP, KPEIUTHBIN PUCK,
pHUCK JIMKBUIHOCTH, PBIHOYHBII PHCK,
ONEpallMOHHBIA  puUCK U apyrue. Cambim
pacnpoCTpaHEHHBIM PUCKOM SIBJISIETCS KPEIUTHBIN
PHCK, CJIE/ICTBUEM KOTOPOTO ABJIAETCS
BO3HHMKHOBEHHE MPOOJIEMHBIX KpeauToB. [lmoxoe
yIpaBJICHUE pUCKamu, B YaCTHOCTH,
HEOIlpaBJaHHasi  KOHUEHTpauusi  KPEAUTHBIX
noptdeneii  NPUBOAAT K  CYIIECTBEHHOMY
YXYALIEHUI0  KayecTBa CaMOIr0  KPEIUTHOTO
noptderns.

MeTtoasbl " NMOCTAHOBKA  3a/1a4M.
Kpenutnsiit noprdens bBY — 310 coBokymHOCTB
BCEX KPEAUTOB, KOTOPbIE O0aHK MPEJOCTaBUI BCEM
CBOUM 3a€MILUKAM C LEJIbI0 U3BJICUEHUS JOXOOB
3a OIPENENIEHHBIN Tepro BpeMeHu [7].

Huxe MIPUBEJICHBI Pa3HOBHUIHOCTH
MOTPEOUTENHCKUX KPETUTOB:

29

1) mo 1esieBOMy Ha3HAYCHUIO: a) HEIEICBbIC
KpeIuThl (Ha HEOTIOXHBIE HYXIbI, KPEIUTHBIC
KapThl); ©O) TIeNeBble KPEeIuThl (UIIOTCUHBIC
KPEIUTHI, ABTOKPEIUTHI, 00pa3oBaTelIbHbIE
KPEAUTHI U T.11.)

2) mo BUJAaM pO3HUYHOIO 3aeMINMKa: a)
CCY/[Ibl, IIPEIOCTABIIIEMBIE BCEM CJIOSIM HACEJICHUS;
0) ccympl, MPEIOCTABISIEMBbIE OIPEICICHHBIM
COLIMAJIBHBIM Tpynmnam HacejieHus (padoTaromum
NEHCHOHEepaM, CTyJIeHTaM, WHAWBUAYAJIbHBIM
IPEANPUHIMATEISIM, MOJIOIBIM CEMBSIM H T.]1.);

3) Mo CpOKYy paccMOTpPEHHUS KpPEIUTHOU
3asBKHU: @) KPEIUT, MPEJOCTABISAEMbI Ha 0OIIHUX
OCHOBAaHUSX; 0) 3KCIIpeCcC-KPEInTHI;

4) 1o croco0y OIICHKH
KpPEIUTOCTIOCOOHOCTH:

a) METOJOM DJKCIEPTHBIX OILIEHOK; O)
CKOPHHTOBBIM METOJIOM; B) METOJIOM

anTupaiTunra [§].

OnuuM U3 HanOoIee 3HaYUMBIX 151 0aHKOB
PUCKOB  sIBII€TCS  KpemuTHbIH  puck. OH
peanusyercss B Buae JgedonTa WM OTKasza
3aeMIIMKa OT BBIINOJIHEHHS CBOMX 00S3aTEJILCTB,

YTO BBIp@XKAETCSs B IPOCPOUYKE MOTAIICHUS
OCHOBHOTO J0JITa W/WIN IPOIEHTOB M0 KPEeAuTy, a
Tak K€ HeBo3Bpare kpeauTa. [losiBneHue
npoOJIEMHBIX  KPEIUTOB, KaKk  CJeJCTBUE

peanu3anuu KpeIUTHOTO pUCKa MPOUCXOJUT BHE
3aBHCUMOCTH  OT  BHEIIHMX 9SKOHOMHYECKHUX
ycnoBuid. KpusucHble sIBIE€HUS BIUSIOT JIUIIb HA
BEPOSATHOCTb MOSIBIICHUS IPOOJIEMHBIX KPEIUTOB U
OpUBOAAT K UX pocTy. Ha coBpemenHom stame B
pa3BUTBIX CTpaHaX TEHAEHLMsS IMPUMEHEHUs
0aHKaMU KOMIUIEKCHBIX METOJMK YIpaBJICHUS
IpOoOJEMHBIMU KpEAUTaMU HAYMHAET NPUHUMATh
MaccoBbIi Xapakrep. B ycnoBusx HecTaOMIbHON
9KOHOMHUKHU OaHKOBCKHE MHCTUTYTHI Bce OoJibliee
3HaYeHUE YNENAIOT YIPABICHHUIO MPOOIEMHBIMU
KpeIuTaMd C 1eJbl0 MHMHUMH3AIUH PHCKOB
nedoonra [8].

Merton aHanu3a uepapxuil OCHOBBIBAETCS Ha
JIOCTaTOYHO MPOCTBIX 3JIEMEHTaX, OIIEHHBAEMBIX
no mkane MAWM B BuIE CYyXIEHHUH DKCIEPTOB.
[Tocne yero Ha oCHOBaHUM 0OPAOOTKU SKCIEPTHBIX
OIICHOK HAaxXOJMTCS OTHOCUTENIbHAs CTENEeHb WX
B3aMMOBIHsIHUS B nepapxuu [9-10].

OO6paboTka pe3ylnbTaTOB B METOJE aHAJIH3a
UepapXuM MPOBOJUTCS, OCHOBBIBASCH HAa METOJE
MaTpUYHOTO aHalM3a C TPUMEHEHUEM psja
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%1 Amax —n
poLENYP f)].[eHKI/I npeanouTeHuii  Ha  0ase HC = IC ) | (1)
crienuanbHOM miKkaisl (Tabmuua 1). (n-1)
OTKIIOHEHHE OT COTTTACOBAHHOCTH HA3bIBAIOT B tabnuue 2 npuBeneHbi CpeHue 3HAUCHHUS

unnexkcom cornacoBannoctu (UC) (1): e

Tao6auua 1
M xana orHomennii MAU

Crtenenb
OITPEJIEJIEHHME OBBACHEHUME
3HAYHMOCTH
a JIcHCTBHA BHOCAT OJHHAKOBBIH BKIA[ B
1 OjrHakoBad 3HAYHMOCTE flea 1 A an
IOCTIDKEHHE IITH
Hexotopoe npeobnaganue CyIiecTByIOT CO00pakeHH B MOIb3Y
3 3HAYAMOCTH OJJHOTO JACHCTBHA Hajl | TIPEANOYTEeHHA OJJHOTO H3 ISHCTBHH, O/IHAKO 3TH
JpyTHM (cadad 3HATAMOCTB) co000pakeHHA HEJ0CTATOUHO YOEIHTEIbHEI
WmetoTcs HaJekHEIE JaHHBE HIIH JIOTHYECKHE
CymmecTBeHHas HIH CHIbHAA . ~
5 CYJKIEHHA 71 TOT0, YTOOBI IOKA3ATh
3HAYHAMOCTD . .
TIPEANOYTHTENBHOCTE OJHOTO H3 IeHCTBHH
7 OueBHIHAA HIH 0U¢Hb CHIbHAT V6euTenbHOE CBHIETENBCTBO B II0IB3Y OHOTO
3HAYHMOCTE JeHCTBHA epel APYTHM
CBHIETENbCTBA B 110JIb3Y IIPEANOYTEHHA OJHOTO
0 AbcomoTHad 3HAYHMOCTD JeHCTBHA JPYTOMY B BBICIIEH CTEIICHH
yOeIHTEeNbHEL
2.4.6.8 [TpomexyTOUHBIE 3HAUEHHA MexAy | CHTyalms, Korja HeoOX0JHMO KOMIPOMHCCHOE
L OBYMA COCETHHMH CYKIESHHIMH PEIIeHHE
Oo6parnple | Ecin aeficTBHIO 1 IPH CpaBHEHHH C
BEIHYHHB! | [EHCTBHEM | IPHITHCEIBAETCA OJHO -
Ecnn cornacoBaHHOCTb ObLITa OCTYIHPOBAHA IIPH
IPHBE/ICHHBI | H3 OIIPE/IEIeHHbIX BbIIIE HEHYIEBbIX .
. . noTy49eHHH N YHCIIOBBIX 3HAYEHHH 1A
X BEIIIE YHCEN, TO ASHCTBHIO | IIPH -
. . 00pasoBaHHA MaTPHIIBI
HEeHYEBbIX CPaBHEHHH ¢ JeHCTBHEM i
BEMHUHH | TPHIHCHIBAETCA 00paTHOE 3HAUCHHE

Tao6auna 2

Cpennue 3HauYeHHs (MaTeMATHYeCKOE 0:KHIAHNE) COTJIACOBAHHOCTH
AJIS1 CJIy4aiiHBIX MAaTPHUIl APHBIX CPABHEHHUI Pa3HOI0 MOPSIKA

Pa3zmep maTpunser | 1 2 3 4 3 6 7 8 9 |10 (11| 12| 13 | 14 | 15

mrﬁ:g::::::c“ 0| 0 [058]090(1.12124|132|141|1.45(1.49|151|148|1.56|157|159
Oocyxnenne u  pesyabtarsl. bBY KpenutoB (TeHre): 3) cymMma JICHWCTBYIOIIMX
HE00X0IUMMO MPOPaHKUPOBATh YeThIpEX KpenuToB; 4) Hanuuue pabouyero mMecra (1a, HET):
3aEMIIMKOB KPEIUTOB HA OCHOBAaHUH CJICIIYIOIIHX 5) cyMMapHbI JICHEXKHBIH JJOX0J CeMbH (TEHTe) 6)
¢dakTopoB: 1) JUIUTETBHOCTh MPOCPOUYCHHBIX coctaB ceMbu (miT). PacueTsl TpuBenEHBI B
KpenuToB (CYTKH); 2) CymMMa MPOCPOUYCHHBIX TaOIUIIaX HUXKE.
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Tabamnna 3
OneHka BaXKHOCTH KpUTepHEB
Ha3zBanue JUTUTENIBH | CyMMa cymma HaJIMYME | CyMMapH | COCTaB Bekrop
(baxTopoB OCTb npocpoye | aeicTByro | pabodero | biit CeMbU [IpUOpUTE
pocpode | HHBIX 111130'¢ MmecTa JICHEKHBI TOB
HHBIX KpPEIUTOB | KpeAUTOB | (Aa, HET): | i JOX0J
KpEJIUTOB CEMbBH
JUIMTENbHOCTD 1 9 5 7 4 3 0,444
MIPOCPOYEHHBIX
KPEJIUTOB
cyMMa 1/9 1 1/5 1/3 1/6 1/7 0,027
MIPOCPOYEHHBIX
KpEJIMTOB
cyMMa 1/5 5 1 3 1/2 1/3 0,1
JENCTBYIOIIUX
KpEUTOB
HAJIIMYUE 1/7 3 1/3 1 1/4 1/5 0,049
pabouero mecta
(ma, HeT)
CyMMapHbIi 1/4 6 2 4 1 1/2 0,152
TNIEHEXKHBIN T0X0
CEeMbH
COCTaB CEMbU 1/3 7 3 5 2 1 0,228
Uroro 2,04 31,00 11,53 20,33 7,92 5,18

O1ieHKa coriacoBaHHOCTH MHEHUM 3KCIIEPTOB:

Amax = (2,04x0,444) + (31,00 x 0,027) + (11,53 x 0,100) + (20,33 x 0,049) + (7,92 x 0,152) +

+(5,18x0,228) = 6,277;
VIC = [max — N)| / (n-1) = |6,277 - 6)| / (6-1) = 0,055;
OC = UC / CH = 0,055/1,24 = 0,045.

JU1st IpUHATHS OKOHYATEJIbHOI'O PEIIEHUs [0 paccuMThIBaeTCS CYMMHUPOBAaHUEM IPOU3BEIECHUM
BBIOOpPY 3aeMILMKA, HY)KHO 3HAa4€HUs BEKTOPOB 3HaYMMOCTH KpuTepus (Tabmuma 4) Ha BEKTOp
IPUOPUTETA IO KaXKIOMY (DaKTOpy BBIHECTH B OPUOPUTETAa KPUTEPUS IO KAKIAOMY 3aEMIIHUKY
UTOTOBYIO TaONMUIly U OINpPEACTIUTh TJI00ATbHBIM (tabmumsr 5 — 10).

MPUOPUTET. I'moGanbHbII PUOPUTET BrisBiieHne npruopuTeToB MO (haKTopam:
Taoauna 4
JIUTeIbHOCTH NPOCPOUYCHHBIX KPeAUTOB
JUTUTENTBHOCTh
IIPOCPOYECHHBIX A b B r Bekrop npuopureTos
KpEJIUTOB

. ________________________________________________________________________________________________
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A 1 7 1/2 8 0,355
b 17 1 1/8 2 0,067
B 2 8 1 9 0,534
r 1/8 1/2 1/9 1 0,044
AMmax 4,076
4@ 0,025
oC 0,028
Tabaunua S
CyMMa npocpoyeHHbIX KPeAuTOB
Cymma
IIPOCPOYECHHBIX A b B r Bekrop npuopurteToB
KpEAUTOB
A 1 4 1/6 1 0,143
b 1/4 1 1/9 Ya 0,046
B 6 9 1 6 0,669
r 1 4 1/6 1 0,143
Amex 4,151
4@ 0,050
oC 0,056
Tab6auna 6
CymMa J1eiicTBYIOIIMX KPeIUTOB
Cymma aeiicTByionx A b B r Bekrop npuoputeTon
KpPEAUTOB;
A 1 1/5 3 1/7 0,085
b 5) 1 7 1/3 0,290
B 1/3 1/7 1 1/9 0,042
r 7 3 9 1 0,582
Amex 4,157
4(@ 0,052
oC 0,058
Tabauua 7
Hasmumue pabdoyero mecra (1a, HeT):
Hanuuue paGouero A B B r B
€KTOp MPHUOPUTETOB
MecTa (J1a, HeT)
A 1 5 1/5 1/5 0,109
b 1/2 1 1/9 1/9 0,046
B 5 9 1 1 0,423
r 5 9 1 1 0,423
Amex 4,312
4(@ 0,104
OC 0,115
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Tabanna 8
CyMMapHBblii IeHeKHbII 10X0/1 CeMbH

CymmapHbIit
JIEHEKHBIN T0XO0 T A b B I BexTop npruopureron
CeMbHU
A 1 ) 7 1 0,424
b 1/5 1 3 1/5 0,103
B 1/7 1/3 1 1/7 0,050
r 1 5) 7 1 0,424
AMmax 4,051
nucC 0,017
ocC 0,019
Tab6auua 9
CocraB ceMbH
COCTaB CEMbBH A b B r Bekrop npuoputeTon
A 1 1/5 3 1/7 0,085
b 5) 1 7 1/3 0,290
B 1/3 1/7 1 1/9 0,042
r 7 3 9 1 0,582
Amex 4,157
NC 0,052
oC 0,058
Tao6aunua 10
Pacuer rio6ajpHOr0 mpuopureTa
BekTops! npuoputeToB
JUIUTEIIb cymma cymma Hamnune | Cymmap- COCTaB
HOCTh  |[IPOCPOUCHHBIX| IEHCTBYIOIIUX | pabodero HBII CEMbH I'moGaib-
IIpoCcpo- KpEIUTOB KpeIUTOB  |MecTa (5a, | JIeHeX- HBI
YEHHBIX HET): HBI MIPUOPUTET
Kpeu- JIOXO (I'TD)
TOB CEMbHU
A 0,355 0,143 0,085 0,109 0,424 0,085 0,259
b 0,067 0,046 0,290 0,046 0,103 0,290 0,144
B 0,534 0,669 0,042 0,423 0,050 0,042 0,297
r 0,044 0,143 0,582 0,423 0,424 0,582 0,299
CpaBHMBasi 3HAUEHHUS, HAXOAAT PEUTHUHT TAHHOM 3a/1a4e HAaUOOJBIINUN MPUOPUTET OKA3AJICS
3a€MIIMKOB. PEHTHHT mpsiMO NpPONOpLUUOHATEH y 4ETBEPTOIO 3aEMIIHUKA.
3HAUEHUIO TJI00ATLHOTO BEKTOpa mpuopurera. B BriBoabl.

. ________________________________________________________________________________________________
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PazpaboTana u mpeanoxkeHa Mporpamma
«Merton Ananuza Wepapxuii», mn03BoJISIONIAs
paH)XMpOBaThb  3aEMIIMKOB 10  HEKOTOPBIM
rapaMmeTpam KpeIuTOCIOCOOHOCTH.

Teopernueckas 3HAYNMOCTh paboTsl
3aKJIK0YACTCS B Pa3BUTUH aBTOPOM TEOPETHYECKON
0a3bl OLIEHKU KPEIUTOCIIOCOOHOCTH 3aEMIIIUKOB.

[IpakTnueckass  3HAYUMOCTB: BBICOKHI
yACNIbHBIM Bec HepaboTaromux KpeauToB B PK,
OCOOEHHO y MpPEANpHUATHI pearbHOro CeKTopa

B nannOl pabote pa3paboTaH KOMILIEKC
MPAKTHIECKUX WHCTPYMEHTOB MIPOEKTHOTO
MEHE/PKMEHTa TI0 MPOOJIEMHBIM aKTHBaM OaHKOB
BTOporo ypoBHa PK, kpeauryromux peanbHbII
CEeKTOp  OSKOHOMHKH W  HWHIUBUIYyAIbHBIX
IIpEANPUHUMATENICH.

Paboma ewinonnena 3a cuem cpeocme
NPOCPAMMHO-YeN1e8020 PUHAHCUPOBAHUS HAYYHBIX
uccneoosanuu Ha 2021-2022 200vl no npoexmy
HUPH BR 10965224 «Paspabomka kadacmpa

SKOHOMUKH  OOYCIIOBIIMBAET  HEOOXOIUMOCTh
BHEJPCHUST B  OAaHKOBCKYIO  JICATEIHHOCTH
OPraHU3aI[MOHHO-TEXHOJOTHIECKOTO  KOMILUIEKCa
METOIMYECKHUX, MPOTPAMMHBIX 51
MH()OPMAIMOHHBIX CPEJICTB CUCTEMBI YIIPABIICHUS
BBIJIA4Y€U KPEIUTOB.

arcugomnozo mupa Cesepnoco Tanv-Lllans ona
COXpaHeHUsl e20 2eHemu4eckKo20 pasHooopasusy.
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MPHTMU 71.33.75

SMALL AND MEDIUM-SIZED RESTAURANT BUSINESS OF THE
REBUBLIC OF KAZAKHSTAN IN THE CONDITIONS OF COVID-19

ZHUNUSOVA A.A., OMARKOZHAEVA A.N.
(Kazakh University of Technology and Business, Nur-Sultan, Kazakhstan,
aliya.zhunusoval983@mail.ru)

Abstract. To date, small and medium-sized businesses are rapidly developing in all countries of the
world, the role of small enterprises in the economy of the state is enormous. The production of goods, the
creation of jobs, the reduction of unemployment, makes it possible with a small capital to organize your own
business, which will bring income to the State. Every year the number of small and medium-sized enterprises
in Kazakhstan is steadily falling, which makes us understand about the problems in this area. The relevance
of the study lies in the fact that the development of small and medium-sized businesses is the main factor of
economic diversification, employment, macroeconomic stability, as well as the production of goods and
services for the population. The purpose of the article is to study, identify and highlight the main problems of
small and medium-sized businesses of the Republic of Kazakhstan in the field of public catering and offer
solutions and recommendations in the current situation. The work uses general scientific methods of cognition
as analysis, synthesis and generalization. The information base of the research was made up of scientific
publications on the problems of restaurant business development in the conditions of Covid-19, published in
foreign peer-reviewed journals, as well as data from international organizations and statistical bodies. The
article analyzes the activities of the restaurant business in the Republic of Kazakhstan during the Covid-19
pandemic, conducts a study of the transformation of small and medium-sized businesses in Kazakhstan during
the pandemic. Recommendations on the development of small and medium-sized restaurant business in the
post-coffee period are given. The results of the study can be used in the analysis of the problems of public
catering enterprises in postcovid, and can also serve as a starting point for more in-depth research.

Keywords: Covid-19, restaurant business, small and medium-sized businesses, government support for
the restaurant business, restaurants in post-covid.

MAJIBI 1 CPEJHUA PECTOPAHHBIN BU3HEC PECIIYBJIMKHA KABAXCTAH B
YCJIOBUAX KOBU/-19

A AKYHYCOBA, A.AHOMAPKOKAEBA
(Kazaxckuii ynugepcumem mexnonozuu u o6usneca, Hyp-Cynman, Kazaxcman)
aliya.zhunusoval983@mail.ru)

AHHOTaIII/Iﬂ. Ha cerogHsamHui JeHb MaJblii U Cpe,I[HI/Iﬁ Ou3HeC CTPEMUTCIIbHO Pa3BUBACTCA BO BCEX
CTpaHax MUpa, poJjib MaJIbIX npez[npmm/lﬁ B 9KOHOMHKE Irocy1apCTBa KOJIOCCAJIbHAs.

HpOI/I3BOI[CTBO TOBApOB, CO3JJAHUC pa60‘lI/IX MCCT, COKpaIllICHUC 6e3pa60TI/II_U>I, Aa€T BO3MOKHOCTD IIpH
HEOOJIBIIOM KaIluTalle OpraHnu30BaThb CBOC €JI0, KOTOPOC 6y,Z[CT MMPUHOCHUTHL JOXOI FOCYZ[apCTBy. C KaXXJIbIM
roA0M KOJHUYCCTBO MAJIbIX U CPCAHUX HpeI[HpI/IHTI/Iﬁ B KazaxcTtane HensMeHHO nmagacT, 4To Ja€T HaM IIOHATD,

0 HpO6J'ICMaX B ATOH cq)epe. AKTyaJ'IBHOCTL HCCIICJOBAaHUA 3aKIII0OYa€TCA B TOM, UTO Pa3sBUTUC MaJIOro u
CpCaHCTO Ou3Heca SBISCTCS TJIABHBIM (1)aKTOp JII/IBepCI/I(I)I/IKaI_[I/II/I O9KOHOMMUKHU, obecrieueHust 3aHATOCTH,
MaKpOSKOHOMquCKOﬁ CTa6I/IJ'IBHOCTI/I, a TaKyKC IMPONU3BOJACTBA TOBAPOB U YCIYT IJIA HACCIICHU.
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Lenpto cTaThyl SBISIETCS HCCIIENOBaHUE, 0003HAYEHUE U BBIICICHHWE OCHOBHBIX MPOOJIEM Majoro u
cpeanero 6usHeca Pecnyonuku Kazaxcran B cepe oOUIeCTBEHHOTO MUTAHUS U NPEIJIOKEHUE PEUICHUN U
pPEKOMEHIANNN B CIIOKUBIIEHCS cuTyannd. B paboTe MCIOJIb30BaHbI O0MIEHAYYHBIE METOIbI TIO3HAHMS KaK
aHaJIn3, CUHTE3 U 0000meHue. MHpopMamonHyro 0a3y UCCIeI0OBaHUS COCTABHIIN HAYYHBIE ITyOIMKAITIH 110
npoOieMaM pa3BUTHS PECTOpAHHOTO Ou3Heca B ycioBusax KoBunu-19, omyOnwkoBaHHBIE B 3apyOeKHBIX
pedepupyeMbIX JKypHaIaxX, a TaKXKe JaHHBIE MEXKIyHAPOIHBIX OpPraHU3alliii, CTATHCTHYECKUX OpraHoB. B
CTaThe MPOBEJICH aHAIIN3 JISITETILHOCTH pecTopanHoro Ou3Heca B Pecrybimke Kazaxcran Bo Bpems maH1eMuH
koBH] -19, uccnenoBanue TpanchopMalms MaJoro u cpeHero OusHeca B Kazaxcrane BO BpeMsl IaHIEMUHU.
I[aHI)I PEKOMEHAAIHU IO Pa3BUTHIO MAJIOTO U CPECAHETO PECTOPAHHOTO OousHeca B HOCTKOBI/II[HI)II\/JI nepuoa.
Pe3ynbrathl HccnenoBaHus MOTYT OBITh HCIIOJIB30BaHbI IPU aHANIM3€ TPOOIIEM NPEenApUsTHI 00IIECTBEHHOTO
MUTAaHUS B IMOCTKOBHJ, a TaKXKe MOTYT CIY)KUTb OTIPAaBHOM TOUKOM Uis HpoBeAeHUs Oojee TiyOOoKuX
HCCIIEIOBAHU .

Kirouesbie cinoBa: Kosun-19, pecropansbiii 6u3Hec, Manblii U cpeHUN OW3HEC, rocylapCTBEHHas
MoJIZIEP)KKa PECTOPaHHOTO OM3HEeca, PECTOPAHBI B IIOCTKOBHU/I.

KOBHJI-19 "KAFTAUBIHIA KABAKCTAH PECITYBJIMKACBIHBIH IIAFBIH )KOHE
OPTA MEMPAMXAHA BU3HECI

AAKYHYCOBA, A.HLOMAPKOKAEBA
(Kazax mexnonoeus sicone busnec ynueepcumemi, Hyp-Cyaman, Kazaxcman,
aliya.zhunusoval983@mail.ru)

Anjaarna. Byrinri Tagma marblH KoHE OpTa OM3HEC oJeMHIH OapiblK eNepiHie KApKBIHIBI JTaMbIT
KeJle/ll, IIaFbIH KOCIMOPBIHAAPIBIH MEMJICKET SKOHOMHUKACBIHIAFBI poill oTe 30p. Tayap eHipy, >KYMBIC
OPBIHIAPBIH KYPY, )KYMBICCHI3IBIKTHI a3alTY IIaFbIH KAaTUTATIMEH MEMJICKETKE KIpiC OKEJIETIH KeKe OM3HECTI
YHBIMIACTBIpyFa MYMKIHIIIK Oepei.

XKein caiibia KazakcTaHaa mIaFbiH )KOHE OpTa KOCITOPBIHIAPIBIH CaHBI TYPAKTHI TYPJIE a3albIll KeJel,
OyJ1 OCBI caaarbl MpooseMaliapApl TYCIHYT'e€ MYMKIHIIIK Oepei.

3epTTeyaiH ©3€KTUIIrl IIaFblH JKOHE OpTa OW3HECTI JaMBITy 3KOHOMHKAHBI OpTapanTaHIIbIPYAbIH,
XaJIBIKTBI JKYMBICIICH KaMTYIbIH, MaKpPOAIKOHOMHKAIIBIK TYPaKTBUIBIKTBIH, COHIai-aK XaJIbIKKa apHaJFaH
TayapJiap MeH KbI3METTEP/l1 OHAIPYI1H HEeT13T1 (PaKkTOphl OOJIBIT TaOBIIIATHIHIBIFBIHIA.

MakananblH Makcatbl — KaszakcraH PecryOnuKachbIHBIH IIAFbIH KOHE OpTa OM3HECIHIH KOFaMJIBIK
TaMaKTaHJBIPY CaJACBIHIAFhl HET3T1 NpoOJeMallapblH 3epTTey, OeNriiey »XoHE KOpCeTy XKOHE OChI
YKaFIalJaFbl MICIIIM/ICP MEH YChIHBICTAp/Ibl YCBIHY.

Makanana Kazakcran Pecnybnukacbinaarsl KoBUA-19 manaemMusicel ke3iHaeri MeiipaMxana Ou3HeCiHiH
KbI3METI TaJIaHa/ibl, aHIeMusl Ke3inaeri KazakcTaHmarbl MIaFblH oHE OpTa OU3HECTiH TpaHCcHOpMAaIIHsIChI
3epTTee/i.

COVID-1eH keiiiHri ke3eH e IMarblH KOHE OpTa MeijpaMxaHa OU3HECIH JaMbITy OOWBIHIIA YCHIHBICTAP
Oeputren. 3eprrey HoTmxkenepin noct-COVID ke3iHzmeri KOFaMJIbIK TaMaKTaHABIPY MocelesepiH Tanaayna
naigananyra 001a1el, COHBIMEH KaTap TEPEHIPEK 3epTTey YIIiH OacTanKel HYKTe 00oJia anajpl.

Tyitinai ces3nep: KoBua-19, melipamxana OuzHecl, HIaFbIH )KOHE OpTa OU3HEC, MepaMxaHa OU3HECIH
MEMJIEKETTIK KOJIIay, TOCTKOBH/ITET1 MeipaMxaHaiap.

Introduction. In Kazakhstan, it is necessary fewer and fewer new enterprises are registered, and
to create conditions for effective and rational the old ones have time to close during this time. The
business development in general. The state should development of the restaurant business in
support the development of small and medium- Kazakhstan will allow the economy not only to
sized businesses. It can be noted that every year, solve minor current problems, but will also be a big

. ________________________________________________________________________________________________
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step towards a sustainable economy and increase
the welfare of the people. Thus, small and medium-
sized entrepreneurship can and should become a
social foundation that will contribute to the growth
of the well-being of citizens [1].

Due to the restrictive measures in force
during the pandemic, the catering sector was
seriously affected first of all, the quarantine regime
announced in March 2020 had an extremely
negative impact on the restaurant business in
Kazakhstan. Restaurants and cafes have officially
closed for more than four months. According to
statistics, the banquet business is the most
profitable in the economy of Kazakhstan.

This group earns its living in market relations
and does not burden the state. 2020 was a very
difficult year for restaurateurs. Before the
pandemic, 18-19 thousand restaurants, bars, cafes
were operating in Kazakhstan. Now about 60% of
them have suspended their activities, 20% have
closed permanently.

Interestingly, during the pandemic, about 950
new restaurants and cafes were opened. It is those
participants who have not learned how to work in a
new way that are leaving the market: they have not
launched food delivery, they have not begun to
develop fast food. Before COVID-19, only 20% of
participants in the catering market offered to bring
an order home. The rest had to rebuild [2].

Research methods. The paper uses
systematic and strategic approaches to the study of
the development of small and medium-sized
restaurant business in the conditions of Covid - 19.
The conclusions and recommendations of the
article are based on the application of a set of
methods of statistical and logical analysis,
comparison and synthesis, induction and
deduction. The information and analytical basis of
the study was made up of documents of
international and domestic organizations on the
presented data on the activities of enterprises in the
conditions of a pandemic, official publications of
the Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of
Kazakhstan, thematic collections and reference
books, published information in scientific and
periodicals, Internet resources.

Discussion. The development of small and
medium-sized businesses is the main factor of
economic diversification, employment,
macroeconomic stability, as well as the production
of goods and services for the population.

In 2019, the share of small and medium-sized
businesses in the economy amounted to 30.8%.
Over the past year, small and medium-sized
businesses produced products worth 31.2 trillion
tenge. 3.4 million people work in the sphere of
small and medium-sized businesses in the republic

3].

Table 1

Number of registered small and medium-sized enterprises (SMES)
as of January 1, 2022 in Kazakhstan

Numb including Number including

er of —— of SMEs ——

SMEs Ieggl individual | peasant headed Ieg:_;ll_ individual | peasant (farm)

- total entities | entrepren | (farm) by entities | entrepren | farms

eurs farms | ooen - eurs
total

Republic
of
Kazakhsta | 1 694
n 672 418983 | 1044252 | 231437 | 737653 | 112586 | 564 751 60 316
Akmola
region 55003 | 11303 37 142 6 558 24 011 2 606 19 741 1 664
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Aktobe
region 75525| 16163 50 530 8 832 34 588 3902 28178 2 508
Almaty 15044
region 8 20126 82307 | 48015 63 355 5472 44 269 13614
Atyrau
region 59528 | 11805 44 430 3293 29 003 3204 24 963 836
West
Kazakhsta
n region 51012 9 146 33 455 8411 22 935 2113 18 670 2152
Zhambyl
region 87108 | 11246 56776 | 19086 | 36743 3400 28 610 4733
Karagand | 10902
a region 3 27 062 69586 | 12 375 50 351 6 965 40 117 3269
Kostanay
region 60772 | 11103 42 967 6 702 27 847 2 769 23 284 1794
Kyzylorda
region 56 976 8219 36033 | 12724 27 082 2 190 20 469 4 423
Kyzylorda
region 64330 | 13790 47 468 3072 31 460 3607 27 052 801
Pavlodar
region 53361 | 14378 35092 3891 23 145 3719 18 671 755
North
Kazakhsta
n region 34 251 7944 21 653 4 654 13673 1740 10 753 1180
Turkestan | 14938
region 3 12 415 67275| 69693| 49190 3012 30191 15 987
East
Kazakhsta | 11009
nregion |3 17 949 73575 | 18569 53 585 4 483 44 335 4767
Nursultan | 19110

9 77608 | 112921 580 85088 | 22619 62 277 192
Almaty 29586

1 124382 | 170090 1389 | 126052 | 34821 90 707 524
Shymkent | 90889 | 24 344 62 952 3593 | 39545 5964 32 464 1117
Note: compiled by the author on the basis of statistical data

The adopted reforms to improve the business
climate allowed Kazakhstan to rise to the 25th
place in the Doing Business rating. To support and
develop entrepreneurship, a number of measures
have already been taken to improve the business
climate. These are tax incentives, reduction of
inspections and expansion of lending. A
comprehensive plan to restore economic growth by
the end of the year and additional measures to
support business have also been adopted. In the
program "Business Roadmap-2025", the loan
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amount has been increased to 7 billion tenge. The
subsidy period is 5 years.

According to the "Economy of Simple
Things", the loan amount is not limited, and the
subsidy period is 10 years.

Today, Kazakhstani restaurateurs are looking
for new niches and launching new directions,
expanding production and arranging the supply of
ready meals. It is necessary to develop our own
production in order to be able to enter every home
with the help of delivery aggregators. Previously,
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the kitchen factory served only its own restaurant
chain, now it is necessary to turn it into a food
production, modernize the lines, open the missing
shops - complete sets and packaging, launch the
sale of ready meals [4].

As practice has shown, it is necessary to
invest in the development of delivery only where it
has already worked and brought profit. Yes, in
restaurants where delivery was already used before
the pandemic, it grew 2-3 times, and where it was
not, all investments were made in vain [5].

Table 2
Demand for Online Grocery Delivery
Service type | Jan.20 change, % | Feb.20 change, % March.20 change, %
delivery 6900 -1% 7560 10% 124510 1547%
order 1000 -16% 1230 23% 17700 1339%
online store | 730 -16% 700 -4% 5450 679%
buy 460 -18% 400 -13% 5100 1175%
Total 9090 -9% 9890 9% 152760 1445%
Note: compiled by the author based on statistical data

The pandemic has significantly affected the
professional staff who worked in the field of
catering. Tired of waiting for the go-ahead for
normal work, the specialists went to other areas.
And today, restaurateurs have a problem with
professional  personnel.  This year tested
restaurateurs for strength. According to the Public
Catering Association of the Republic of
Kazakhstan, by the end of the year, only 20% of
establishments from the number that was at the
beginning of the year continue to work in the
catering sector [6].

Before the pandemic, they could not have
imagined that nightclubs, billiard rooms, karaoke
bars would be engaged in the delivery of dishes,
burgers. Now they have to do it because they want
to survive. During the quarantine period, cafes of
the Toyhana format launched workshops where
eco-food is prepared, bars where there was live
music now work not only to deliver their dishes, but
also offer lunches [7].

If we talk about rent, during the lockdown,
only 10-15% of landlords temporarily canceled rent
payments for restaurateurs. A third of them reduced
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their rent by half, the rest left rent payments at the
quarantine level.

But the biggest problem faced by
restaurateurs is the increase in prices for food and
utilities. Compared to March 2020, their cost has
increased by an average of 30%. This, of course,
had a negative impact on the cost of meals [8].

Another trend is the migration of waiters
from cafes and restaurants to retail chains. This is a
huge problem, because now there is a shortage of
professional waiters on the market. For example, it
is very difficult to find waiters in Nursultan right
now, because many young people do not
understand that this profession needs to be studied.
Only about 25-30% of the waiters from the "old
guard” remained on the market.

If last year 50% of catering establishments
paid salaries to cooks once a month, while they
were given an advance in the middle of the month,
then this year about 80-90% of restaurants and
cafes are forced to pay for their services daily.

If before the pandemic Kazakh restaurateurs
could attract expat chefs from Russia, Turkey,
Israel, India, now they do not have such an
opportunity. In previous years, universal cooks
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were paid an average of 10-12 thousand tenge per
day, now the amount has grown to 15-20 thousand
tenge [9].

Let's remember that before the pandemic, the
restaurant business felt good. Analysts attributed
this to a change in consumer behavior — people
began to eat out more often and use delivery. Every
year the number of restaurants, cafes and bars
increased. The main growth was due to network
retail: in 2018, 2979 new chain establishments were
opened, in 2019 — 2642. The share of network
concepts in the Kazakhstan market in 2019 was
about 26%. In recent years, the number of operators
has increased effective measures to support fast
food and coffee shops [10].

According to the results of the first quarter of
2020, the restaurant market also showed an
increase of +3.1% compared to the same period last
year. But due to a complete lockdown, the second
quarter was marked by a record collapse in the
turnover of market operators — by 49.7%. The rate
of turnover decline slowed down to -20% in the
third quarter, which was due to the opening of
shopping centers, a decrease in the growth of
morbidity and the revival of consumer demand
[11].

The number of restaurants fell slightly: from
May 2019 to September 2020, 313 chain
restaurants closed. But, according to forecasts,
around May—June 2021, the number of restaurant
projects will decrease significantly and, first of all,
non-chain restaurants will close. The share of
network retail will be even higher than in 2020,
which is due to the higher stability of the format.
Nets can become the recovery diver of the entire
industry.

The highest penetration rates of chain
restaurant retail are in small towns, where large
shopping centers with huge food courts and dozens
of concepts are located.

From May 2019 to September 2020, only the
coffee shop segment showed a more or less
significant increase - plus 604 establishments
(1,134 coffee shops were opened in May 2018 —
May 2019), but these coffee shops were open until
March 2020, after March there were exclusively
closures.

By formats: from May 2019 to September
2020, the number of take away establishments
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increased by 57, fast food — by 56, street food — by
8 establishments; fast casual (free flo) — by 59,
casual dining — by 291.

A positive aspect of the lockdown is the
delivery boom in the restaurant market. If in 2018
the share of delivery was 8.9%, in 2019 — 10.6%,
then in September 2020 it jumped to 19.7% and in
the near future the growth will continue [12].

There is a redistribution of the market.
Restaurateurs who have accumulated large debts
for a lockdown have to either look for an investor
or give the business to their landlord. New players
are coming out who believe that the crisis is a time
of opportunity. The market is being reformatted,
formats are being mixed, and competition is
escalating.

Retail chains with ready-to-eat shops and
their own cafes are coming to the restaurant market,
food industry enterprises developing the ready-to-
eat segment and planning to launch their own
ready-to-eat stores will be increasingly active.

But the biggest problem is that large delivery
aggregators come to the market. Small restaurants,
using their services, dig their own grave: they give
away their profits, which are already small, and
besides, they give all their valuable data about
guests — where and what is supplied. When
aggregators decide to dump, they will be able to
reduce prices so that all small and medium-sized
restaurants will go bankrupt.

In this situation, restaurateurs should create
new forms of interaction with the consumer,
carefully study the demand before deciding what is
more profitable to do — large establishments or elite
restaurants, monoproduct, healthy lifestyle and so
on. At the same time, it is necessary to conduct
business transparently, pay attention to the
requirements of the law [13].

Today, Kazakhstani restaurateurs are looking
for new niches and launching new directions,
expanding production and arranging the supply of
ready meals. It is necessary to develop our own
production in order to be able to enter every home
with the help of delivery aggregators. Previously,
the kitchen factory served only its own restaurant
chain, now it is necessary to turn it into a food
production, modernize the lines, open the missing
shops - complete sets and packaging, launch the
sale of ready meals.
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As practice has shown, it is necessary to
invest in the development of delivery only where it
has already worked and brought profit. Yes, in
restaurants where delivery was already used before
the pandemic, it grew 2-3 times, and where it was
not, all investments were made in vain. An
emotional decision made during a period of stress
will be 90% wrong.

Delivery is an organizationally completely
different business. This is a low check, low cost of
production and work with aggregators. At the same
time, you need to create your own delivery with
your couriers, because it is very expensive to work
with aggregators. The StrEat gastro market
develops delivery from the points of its tenants. A
digital platform has been launched at its own
expense, where all the projects of the gastromarket
are located — about 30 restaurant concepts.

They work mainly with aggregators —
Yandex, Delivery Club, but there is also their own
delivery service, which makes it possible to collect
an order from different StrEat concepts in one click.
There is a package offer — a banquet table, a set
lunch in the office [14].

The platform is not a separate direction, but a
digital continuation of the StrEat project, a food
space that acts as a delivery aggregator and
provides it under its own brand. All this makes it
possible to maintain the atmosphere of the
institution, communicate with its guests and act as
a guarantee of quality for them.”

Results. The analysis showed that foreign
trade can be an important mechanism for
overcoming the difficulties associated with the
pandemic, increasing the sustainability of
companies (exports can help compensate for the
drop in domestic demand), as well as an important
channel for the transfer of innovation and
diversification of supply chains. Improving the
business environment, simplifying regulation and
taxation for small and medium-sized enterprises
should become national economic priorities in all
the CAREC countries studied. This will help ensure
a sustainable bridge-like recovery.

Another important point is the financing of
small and medium-sized enterprises and informal
businesses, which face serious obstacles in gaining
access to finance. In addition to more targeted
assistance, it is necessary to increase the ability of
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banks and financial intermediaries to provide loans
by easing the requirements for collateral and
creating reserves, providing partial guarantees for
loans, creating standard documentation for a loan
application [15].

The results of the study showed that SMEs
urgently need to diversify their sales channels. The
use of online sales is at a very low level, which
makes it difficult for businesses to quickly identify
new customers and gaps in the market.
Governments have a clear role to play in facilitating
this digital transformation by investing in the
Internet and broadband infrastructure, providing
assistance, and initially subsidizing Internet
connections [16].

The contribution of small and medium-sized
businesses to Kazakhstan's GDP is very low, which
negatively affects the dynamics and resilience to
economic shocks, not to mention the provision of
jobs. The Government should seriously consider
measures to diversify and increase the share of
small and medium-sized enterprises in the
economy through privatization, improving access
to finance, improving infrastructure, improving
skills, and so on. Instead of simply offering tax
benefits (which, as a rule, only delay payments, but
do not solve the problem underlying the drop in
demand), government agencies can provide SMEs
with more targeted financial assistance — cheap or
interest-free loans, tax cuts.

More than half of the surveyed enterprises in
Kazakhstan used traditional sales channels, and
farmers even admitted that they were not going to
use platforms for online sales. Kazakhstan's small
and medium-sized enterprises (manufacturing,
trade, service and agriculture) noted that finding
new markets and buyers (29%), as well as an
increase in online sales (23%) helped to cope with
the negative consequences of the pandemic. More
than half of the respondents noted that they had to
resort to external assistance, of this number,
depending on the size of the enterprise, 22% turned
to friends and family for support, and only 17% - to
the state. At the same time, only 31% of the
surveyed companies noted adequate state support.
In general, most of Kazakhstan's small and
medium-sized enterprises did not receive any
external support during the pandemic.
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Conclusion. Summarizing the conducted
research, we can state a number of conclusions:

- The COVID-19 pandemic, which has
become a truly major event in 2020, has had a
tremendous impact on the whole world.
Entrepreneurs, especially restaurateurs around the
world, were also not ready for the pandemic. The
COVID-19 pandemic, as well as various related
changes in the habitual way of life of people,
including legislative changes and restrictions, have
hit the domestic catering market hard [17].

- Based on the results of the conducted
research, it was concluded that the prevailing
strategies in the catering industry in the restaurant
segment are a differentiation strategy to attract and
expand the loyal base of the audience, as well as a
cost leadership  strategy.  Moreover, the
differentiation strategy is primarily aimed at
service - service, quality of service, an interesting
concept and maximum comfort of visitors, due to

the growth of competitors with substitute goods in
the form of food delivery.

- The cost leadership strategy is primarily
aimed at optimizing business processes, without
compromising the quality of products and services.
Also, many focused on the strategy of optimizing
the "price-quality” indicator.

- High level of taxation, inefficient
system of crediting and financing, lack of qualified
personnel, administrative barriers are the main
problems of small businesses in the field of public
catering.

- At the moment, it is easier to enter the
catering market than any other segment of small
business, since it does not require huge costs to
open any institution, but every year it becomes
more and more difficult to "recapture” the money
spent, since the economic situation in the country
leaves much to be desired.
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SOCIAL POLICY OF THE STATE AND THE ROLE OF STATE PROGRAMS IN
SOLVING THE PROBLEMS OF SOCIAL PROTECTION OF THE POPULATION

|.E. SARYBAYEVA,, SHARIPOVA D.B., ALIMBAI S.H.,
BAIDAROVA K.B.
(Kazakh University of Technology and Business, Nur-Sultan,
Kazakhstan, inarasaribaeva@mail.ru)

Abstract. In this article, the authors consider the actual, which was the problem of social protection of
the population by the state. In a market economy, the process of state development is often accompanied by
a drop in the standard of living of the population, a deterioration in the demographic situation in the country,
a reduction in the average life expectancy of people, which makes it necessary to improve the effectiveness of
the social protection system of citizens.

Keywords: social protection, standard of living, social policy, state bodies, social measures, social
support.

MEMJIEKETTIH 9JIEYMETTIK CAACATDI )KOHE XAJIBIKTbHI OJIEYMETTIK
KOPT'AY ITPOBJIEMAJIAPBIH IHEITY AEI'T MEMJIEKETTIK
BATTAPJIAMAJIAPBIH POJII

N.E.CAPBIBAEBA, JI.5.ILIAPUIIOBA, C.X.CAJIUMBA,
BAMJANUPOBA K.Bb.
(Kazak Texnosorus xoHe ousnec yauepcureri, Hyp-Cyiran,
Kasakcran, inarasaribaeva@mail.ru)

AnHoTanusi. byn makanmaga aBTopiap OYriHri KyHTe JCHiH ©3€KTi OOJIbIN TaObLIATHIH XaJIBIKTHI
QJICYMETTIK KOpFay MacesIeCiH KapacThIpabl. HapbIKTHIK SKOHOMHUKA JKaFJaiblHIa MEMJICKETTIH AaMy MpoIieci
KoOiHEeCe XalbIKTBIH OMIp CYpy JCHTCHIHIH TOMEHJICYIMEH, eijieri JaeMorpadusuiblK KaFIaibIH
HaImapiaybIMEH, aJaMJIapJblH OpTalla eMip CYPY Y3aKTBIFBIHBIH TOMEHACYIMEH Karap JKypemi, Oy
azaMaTTap/ibl SJICYMETTIK KOpFay *KYHeCiHIH THIMAUIINH apTThIPy Ka)KeTTUIINH TYAbIPabl.

Tyiinai ce3aep: aneyMeTTiK KOpFay, eMip Cypy ACHreii, aIeyMeTTIK cascaT, MeMJIEKETTIK opraniap,
QJIEYMETTIK ic-1Iapanap, dJeyMeTTIK KOJIay.

COLIMAJILHAS IOJUTUKA TOCYJAPCTBA U POJIb
TOCYJAPCTBEHHBIX IPOTPAMM CTPAHBI B PELIEHHY TPOBJIEM
COLIMAJILHOM 3ALIUTHI HACEJIEHUS

N.E.CAPBIBAEBA, J.5.IIIAPUIIOBA, C.X.CAJIMMBAM,
BAWJIAUPOBA K.B.
(Kazaxckuii ynugepcumem mexnonozuu u o6usneca, Hyp-Cynman, Kazaxcman,
inarasaribaeva@mail.ru)
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AHHoTanus. B nanHOW cTaThbe aBTOpaMHM PAacCMOTPEHA aKTyallbHas, KOTOpas Obljja M Ha CEroaHs
ABIISICTCS, - MPOOJIeMa COLMAILHOM 3aIlIMTHl HACENICHUS TOCYIapCTBOM. B yCIOBHSX PHIHOYHON SKOHOMHKH
IIPOLIECC PA3BUTHS TOCYIaPCTBA YACTO COIPOBOXKIACTCS NAJCHUEM YPOBHS KU3HU HACEJICHUS, yXyILICHUEM
neMorpadruecKoil CUTyallud B CTpaHe, COKPAIEHHEM CpPeIHEH MPOJIOJDKUTEIBHOCTH JKU3HU JIIOICH, YTO
BBI3BIBAET HEOOXOJMMOCTb MOBBIIICHUS 3()(HEKTUBHOCTH CHCTEMBI COIMAIBHON 3aIIUTHI TPAXKIAH.

KiroueBsble ci1oBa: couuanpHas 3alllUTa, YPOBEHb JKU3HU, COLIMAIBHAS NOJMTUKA, FTOCYJapCTBEHHBIE
OpraHsbl, COLMAJIbHbIE MEPONIPUATHS, COLMAJIbHAS TTOIJEPKKA.

Introduction. The system of social
protection of the population is one of the main
conditions for the development of a market
economy. It can be said that the social protection
system covers the entire social policy of the state
and its implementation.

The social policy of the modern state is a set
of socio-economic measures of the state,
enterprises, organizations aimed at reducing
inequality in the distribution of income and
property, protecting the population from
unemployment, price increases, depreciation of
labor savings, etc. It is implemented through social
planning and management through a system of
social activities and programs conducted by State
and local authorities.

Data and methods. Despite the
intensification of research in the field of social
policy, the theoretical and methodological
foundations of social policy as an economic
category have not yet been sufficiently studied,
conclusions and proposals for determining the
priorities of social policy are contradictory,
corporate social policy and the interaction of social
policy subjects are not sufficiently studied.

The unfolding process of reforming the
economy of Kazakhstan objectively requires a new
approach to the essence of the phenomena and
processes that are taking place, to clarify the trends
in their development. In the conditions of the
national transformed economy, one of the social
problems remains the problem of increasing the
welfare of the population, associated with the
acquisition of goods and services by the population
of the social sphere.

Social diagnostics involves the use of
complex tools, including both the analysis of
economic and social statistics, and the use of
methods of empirical sociology. Among these
methods, the most important place belongs to
public opinion polls.
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In general, social indicators should be
understood as a set of qualitative and quantitative
characteristics of individual properties and states of
social objects and processes, which reflects their
essential features in statics and dynamics,
respectively.

The results. Social policy can not be limited
only to the so-called "social sphere”, its object can
also be politics, economy and culture, since all
social relations directly or indirectly affect the
position and development opportunities of various
social communities [1].

The fundamental norms and values of the
society in which the system operates have a huge
impact on the system of social policy. Social policy
reflects the deep-rooted social expectations of the
general population. These expectations, which are
formed outside the formal structure of social
policy, often determine its nature and potential.
Effective social policy at the present time and in the
future cannot be implemented only by state bodies.
The presence of a number of relatively independent
subjects of social policy not only expands the list of
social services based on their interaction, but also
provides greater flexibility and mobility of social
policy, allows you to quickly regulate changes in
the socio-economic situation.

The key indicator of a society's normative
values is the very nature of social policy. In some
countries, the social services provided under this
system are considered primarily as a public good,
from which all citizens benefit. Social policy in the
countries of the European Union is implemented in
three directions.

The social-democratic model. This model
can be defined as "Scandinavian” (Denmark,
Sweden, Finland). The directions and ways of
implementing social policy in these countries are
determined by the political union of left-wing
workers ' parties and parties representing the
interests of small farmers, and are aimed at
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providing the state with a wide range of social

services to the entire population at full
employment.
The corporate model. It involves the

development of a system of social insurance
benefits differentiated by type of work, and,
accordingly, the integration of the trade union
movement with the state. This model is also called
"continental” (Germany, Austria, France and the
Benelux countries). The corporate model is based
on social insurance, i.e. social security directly or
indirectly (for family members) extends to the
working population. Social insurance services,
which are mainly funded by contributions, differ
depending on the membership of a particular
professional group.

The liberal model. This model is defined as
assuming the minimum necessary state support for
the social grassroots. This model has found its
application in the Anglo-Saxon countries. This
model is also called "Anglo-Saxon”. This model
has become widespread in the UK and Ireland and
includes social insurance, which is at a fairly low
level, and social assistance, which plays a crucial
role for this model.

There are some differences within the Anglo-
Saxon model. While in the UK, the public health
system provides free medical services to all
citizens, in Ireland, public health services can only
be used by low-paid citizens. The model under
consideration in one form or another has found
distribution outside the European continent - in the
United States, Australia and New Zealand.

Any models of social policy will not be
effective without financial support. The financing
of social programs and the entire social policy is
directly dependent on the share of expenditures in
the gross domestic product (GDP).

The EU countries are at different levels of
economic development, so social spending per
capita, expressed in absolute terms, differs several
times. So, in 2018 (before the expansion), the five
countries with the highest indicators were
Luxembourg (12,653 euros), Denmark (10,782),
Sweden (99,333), and the three with the lowest -
Greece (3,671), Portugal (3,192) and Spain (3,656
euros) [2].

The structure of spending on social programs
in the EU countries is as follows:

a7

- in almost all EU member states, most funds
are spent on pensions - an average of 42.4 % of all
EU social spending;

- the share of these expenditures in the EU
countries is about 12.1 % of GDP and varies from
5 % of GDP in Ireland to 15.4 % in Italy;

- the second largest item of expenditure is
healthcare. This is 26.2 % of all EU social spending
and 7.5% of GDP, respectively;

- In some countries, the share of health
spending ranges from 5 % of GDP in Italy to 8.7 %
of GDP in Germany;

- the average spending is on the following
areas: social security for the unemployed (8.1 % of
total EU social spending and 2.3 % of EU GDP);

- social security for disability and disability
(8 and 2.3%, respectively) and assistance to
families and children (7.3 and 2.1 %);

- the share of spending on assistance to the
unemployed in individual countries ranges from 0.5
% of GDP in Italy to 4.9 % in Denmark, on
assistance to the disabled and disabled - from 0.9 %
in the Netherlands to 4.7 % in Finland, on
assistance to families and children - from 0.4 % in
Spain to 4.2 % in Finland;

- relatively small allowances to cover the cost
of rent (1.9 % of total social spending and 0.6 % of
EU GDP) [3].

Compared to the EU countries, the amount of
social protection funding in Kazakhstan was in
2018, which is much lower, but generally
comparable to similar indicators in the United
States and Japan. However, in organizational and
financial terms, the social protection system largely
coincides with the European one. This primarily
concerns its component, such as the payment of
pensions, as well as the financing of health care,
budget expenditures for which last year amounted
to 3.11% of GDP [4].

The need to form a social policy of the state
is due to the fact that the functioning of the market
mechanism itself does not guarantee the necessary
minimum level of well-being of all citizens.
Accompanied by a sharp increase in social tension
in a number of countries, the global crisis of the 30s
of the last century proved the need for state
intervention in socio-economic processes [5].

At the present stage of the development of the
scientific and technological revolution, no
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economic system is able to ensure economic
growth without using the innovative potential of a
person, which determines the need for the human
factor in the socio-economic development of
society. There is a relationship between social
policy and the level of economic development of a
society.

On the one hand, the solution of many tasks
of social policy is determined by the economic
resources that the state can direct to their
implementation. For example, when implementing
the Swedish model, which assumes a high level of
social costs, it is necessary to create an economy
with an appropriate resource base. On the other
hand, social policy can be considered as the most
important factor of economic growth, since it is
thanks to a purposeful social policy that conditions
are created for the growth and realization of the
innovative potential of the society's labor
resources.

To date, the need to change the socio-
economic policy of the state has become generally
recognized in order to ensure the stability of
economic growth, increase the standard of living of
the population, guaranteed protection of the
socially weak segments of the population,
especially those not engaged in material production

[6].

An important element of social protection of
the population is employment and retraining
programs [7]. The state and entrepreneurs are
involved in the implementation of these programs.
For example, in America, firms spend about $ 30
billion annually on these measures. The state
spends most of the funds on the implementation of
retraining programs. By the end of the 90s, about
50 million people were retrained and trained in the
United States.

In the social policy of any state, including in
Kazakhstan, an important place is occupied by the
pension provision of the population, which is
regulated by the state. It is part of social protection.
The size of pensions depends on the level of socio-
economic development of a particular country, the
political regime and legislation.

It should be noted that since 1998, the
pension system in Kazakhstan has moved from the
distributive to the accumulative principle of
functioning. The pension fund withholds 10 % of
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the employee's salary. In the case of a funded
pension system, a link is established between the
individual contribution and pension payments.

According to analysts, according to the
degree of social protection in Kazakhstan,
pensioners belong to the disadvantaged segments
of the population. The existing methods of updating
pensions are imperfect, as a result of which their
sizes for citizens of the same qualifications, who
have made an equal labor contribution, but who
retired at different times, are very different.

At the same time, those who received fixed
incomes were placed in unfavorable conditions. As
a result, with retirement, people tend to live at
lower living standards than before retirement.
Previously, to supplement their budget, many
pensioners were employed. Currently, due to
unemployment, this has become problematic.

The disadvantaged segments of the
population also include children left without
parental care. The solution of this problem in our
country is provided by a number of state measures,
among which an important place belongs to
guardianship and guardianship. The institution of
guardianship and guardianship, as well as adoption,
plays an important role in creating conditions for
children deprived of parental care in the family.

The purpose of both institutions is to protect
and protect the rights of such children. The
assistance provided to children in need of care is
diverse. It is carried out through a wide network of
state and public children's institutions, where the
necessary conditions are created for the education
of fully developed and active members of society.

In July 2001, the Law «On State Targeted
Social Assistance» was adopted. [8]. The main
principle is to provide it in the form of cash
payments. The system of targeted social assistance
includes four types of benefits:

- housing assistance;

- additional payment in cash to the poverty
line;

- non-working mothers with four or more
children under 7 years of age;

- disabled children who are brought up at
home.

Targeted social assistance is aimed at certain,
specific groups of citizens.
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In the field of education, the State has
introduced a system of grants for training.
Educational institutions have been given the
opportunity to train students on a commercial basis,
and non-state educational institutions operate, the
activities of which are under the control of the state.

There have also been changes in the health
sector. Private clinics that provide paid medical
services to the population have opened and are
functioning.

Conclusions.  Since the success of
fundamental and profound social reforms depends
on the public recognition of their justice, the social
policy pursued by the state should be based on
modern and adequate social indicators and criteria
that are adequate to the new economic principles.

The latter determine the threshold values of
indicators of social activity and social security.
Crossing these borders is unacceptable, as it is
fraught with negative social consequences that
make further progress in the economic reform of
society impossible.

In our republic, the main principle of
providing social assistance is its targeting. The
question of who, in what types and forms, and to
what extent to provide social assistance is one of
the most difficult in the social economy. It is
considered important to support those who are
really unable to help themselves, that is, to provide
strictly targeted assistance, which saves the
financial resources of the state and prevents the
development of" dependent attitudes " among the
population. This principle is reflected in the
Message of the President of the Republic of
Kazakhstan: "The state is obliged and actually
assumes responsibility for supporting only those
members of society who really need this help —and
these are, first of all, children, mothers with many
children, veterans, disabled people.” For the rest,
in accordance with market principles, «it is
necessary to create conditions for independent
development».
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