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MATEMATUKA

O0XK 514.765 + 517.938

H.A. A6ues', A.Y. PaiibiM6ex’

i 2
Qu3z.-mam. bLILIMOAPLIHbIY KaHO., 0oyenm, “Mazsucmpanm
M.X. Jlynamu ameinoaevl Tapas memiekemmix yHugepcumeni,
Tapas kanacvl, Kazaxcman Pecnybnukacol

YHUAMOAYJISIP JIA AJITEBPAJIAPBIH/JAT BI
PUYYU AT BIMIAPBIHBIH )KAPTBIJIIAU I'NITEPBEOJIAJIBIK
EPEKIIE HYKTEJIEPI

Kympic ym emmemai yHumonyssip Jlu anreOpanapbiHgarsl Puudm arpIMaapbiH
3epITeyre apHajfaH. PWuuM arbIMbl TEHJEYIH peNyKIMsUIay HOTIIKECIHIE allbIHATHIH
Ka3blK JAMHAMUKANBIK JKYHEHIH >KapThUlall TUIEpOONaNbIK epeKile HYKTECIHIH THIT
anbIkTanFaH. ChI3bIKCHI3 MU (epeHIaInblK TeHISYIepMeH aHbIKTanFan cebenti, Puaun
arbIMJIaPBIHBIH epeKIlle HYKTENlepiH KiIacCU(pUKalMsUIay JKalIbl JKaFJaiaa ere KypAeni
Mocele eKeHiH ailta kereiik. KolpurFan ecenti mrenry ymniH auddepeHnmanapK
TEHJEYJIEPIiH CanaiblK TEOPUSCHIHBIH OeNTUI 9/icTepl MaiaIaHbUIIbL.

Tyiiin ce3nep: Puyun arbiMbl, yauMonymsp JIu anreOpachl, THHAMUKAIBIK
XKyile, epeKiie HyKTe.

Kipicne. Pu4un arbIMAapbiH CUNIATTAWTBIH TEHIEYJIEP TEOPHUSICH PUMAHIBIK
TCOMETPHUSHBIH 3aMaHayd ecenTepiH 3eprreyre apHairaH. Ocbl callaHbIH Iaija
OomybiHa xoHe namybiHa R.S. Hamilton [1] »KyMBICH ©3 BIKMaJbIH THTI3AL. By
calJlaHbIH 3epPTTEy HbICAaHBI MCH ©3€KT1 Mocenelnepine OalinaHbICThl cypaKTap Kemeci
JKYMbIcTapaa keHineH Oasunanran: B. Chow, D. Knopf [2], P. Topping [3].

Makamna D. Glickenstein, T.L. Payne [4] »yMBICBIHa alIbIHFaH

D _ ) = 5=+ 5, x,),
dt
(1)
?:g(xl,xz)zxz(l—xz)(l_xl *x2)

XKa3blK TUHAMUKAIBIK )KYHeciH 3epTreyre apHanajsl. (1) TeHneymnep xyieci Pudan
arbIMJIapBIH YII eJmmeM i yHUMonynsip JIu anreOpanapbiHia KapacThIpFaH Ke3lie
naiina OonaThIHBIH alita Kereifik. Atanran [4] eHOerinme (1) aBTOHOMIBIK
mddepeHuaIIBIK TEHIeYIep KYHEeCIHIH WHTErpaIbIK KUCHIKTAPBIHBIH EpeKIIe
HYKTEJep MaHaWbIHJaFbl JKYPIC-TYPBICH 3€PTTENIHTEH JKOHE THIEpOOIaIbIK
TUNTET] epeKie HYKTeJIep/aiH KIacCU(PUKAIMACH YChIHBUTFaH. Bi3MliH jKYMBIC OCHI
OarbpITTaFbl  3epTTEYJepAl KalFacTeipa OTBIpbIN, (1) TeHneynep KyiieciHig
XKapThutail runepOoNalblK TUNTEr epeKile HYKTeNepiH KiaccupuKanpsiayra
OarbITTaJIFaH.
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Kemekwmi normkenep. f(x,,x,), g(x,,X,) GyHKIMSIAPHI aHATATHKAIBIK

o 0 0 . .
OonaThIHBI AKBIH, IeMeK, (X, ,X, ) HYKTeciHze Keneci hopMyranap OpbiH alajibl:

S(xx,) =y, (x _xlo)+j]2(x2 _xg) +F(x,x,),
(2)

g(x,x,) = j, (x _xlo)"'jzz(xz _xg) +G(x;,x,),

e Skobu
Ex & (x.59)=( 22)

MaTPHUIACKIHBIH deMenTTepi; F, G - KaHmait aa Oip aHaIMTHKANBIK (QYHKIHSIAP

MyHJ@FbL: j; Kodpduumentepi - J =J (x/,x)) =

0 0 .
’KOHE, COHBIMEH Katap, (X, ,X,) HYKTeciHze

Fog=0F _0F _0G_0G _,
ox, Ox, Ox, Ox,

Aitraneik, A ,A, caumapsr J =J (xlo ,x;)) MaTPHLACHIHBIH ~MEHIIIKTI
MoHepi OoiceiH. JKaNmbLIBIKTBI  KEMiTIEH-aK, |ﬂ,]| < |ﬂ,2| en  OOIDKAMBIK.

Bynapnet mbiHa hopmyna GoiibiHIIa TaOyFa OonaIb:

t+o
A, =22 3)
2
MyHma: 6 = p° —48, 8 =det(J), p = trace(J).

JIMHaMUKaJIBIK ~ JKYHEllep TEOpUSCHIHBIH KelOip aHBIKTaManapsl MEH
YFBIMJIAPBIH €CKe TYCipe KeTeHik.

Erep (xlo ,xg ) nykrecinge f =g =0 Tenuikrepi opeIH ajca, oHLa MyHJAi
Hykte (1) sxyHeciHiH epexue nykmeci (singular point) nem atanabl.

5=det(J)=0, arum (A, 20, A, #0) xarmaiibiama (x,,X;) epekiue
HYKTeC1 HyKcanowl emec (non degenerate) men atananpl. MyHaaiaa Teopusra cai
TYHiH, epurik, (QOKyC oHE IEHTpP THNTEPIHACr1 epeKile HYKTElep albIHYbI
MYMKIiH.

8 =0 sxarnaiieina (x),X;) epekme HyKTeci myxcanow (degenerate) mem
aTtananel. MyHaaiina MyMKiH OonateiH xarmainap F. Dumortier, J. Llibre, J. Artes
[5] *ymbIchiHAa KeHiHeH 3eprenreH. Ochl )KYMBICTBIH HOTHKenepine caii ¢ =0
IIapThIHJIA KeJlecl sKaFaaiaap/pIH OipeyiHe Tam 0oIaMbl3;

JKapmoinaii eunepboaanvix epexute wykme (semi-hyperbolic singular point)

(A4, =0, A4, #0, J#0). Mynna ¢asansik mopTperTepAiH MbiHamai 3 Typi
Ke3JIeceIi: epIiK, TYHiH XKoHe epIIiK-TYHiH;

Hunenomenm epexue nykme (nilpotent singular point) (4, =0, 4, =0,
J #0). Mynpaitna 13 Typai ¢as3aliblk IOpTpeTTep KYTLICI;

Cuizoixmol Hondix epexuwe Hykme (linearly zero singular point) (4, =0,
A, =0, J =0). by xxarnaii ex kypaeni aen ecenreneni xone Q. Jiang, J. Llibre
[6] >KYMBICBIHBIH HOTHIKENEpiHe cait 65 Typii (a3aiblk TOPTPETTI KAMTHIBL.
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XKapreinali TunepOonanblK epekile HYKTeneplli 3epTTey YIIiH 0i3 MbIHAgai
Oenriji TeopeMaHbIH KOMETIHE JKYT1HETIH 00JIaMbI3.

Teopema 1 ([5] sxymbichiabig 2.19-Teopemacs). Aiiransik (0,0) mbraamaii
JMHAMHUKANBIK KYHEHIH epeKIie HyKTeci O0IChIH

dx
E_ X(xy),
% (x,»)
“4)
—fl);:ly+Y(x,y), 250,

myraa X xone Y (0,0) HykreciHiH MaHaWbIHIA aHATUTHKAIBIK (QYHKIHSIIAP,
COHBIMEH Oipre,

X(0,0) = Y(0,0) = X,(0,0) = ¥,(0,0) = X, (0,0) = ¥, (0,0) = 0.

Antaneik, y=¢(x) o¢yukuuacer Ay +Y(x,y) =0 renueyinin (0,0)
MaHalbIHIaFl mienimMi OonceiH  gemik xkoHe Y (X) = X (x,P(x)) dyHKimsacH
v(x)=e, x" +o0(x") Typine kenripyre Gomansl Aen yiirapaifbik, MyHa m > 2
xone e, #0.

Conpa

i) erep m tak caH xoHe e, <0 (coiikecinme e, >0) 6onca, onga (0,0) -
epIIiK HYKTE (ColiKeCiHIe OPHBIKCHI3 TYHIH HYKTE);

ii) erep m sxym can 6osca, ouga (0,0) - epurik-Tyiin HYKTe.

[7] oKyMbICBIHAH  KeWOip  Mariymarrapabl  KeaTipemis.  MbiHagai
Oenriaeysepai eHriseiik

1 0"X(0,0) 1 2"Y(0.0)
M=) oxay T A=) ax oy

Puii =

AWKpIH emec (yHKIMsA Typaibl Teopemara caii Ay +Y(x,y)=0 renueyi
(0,0) wmykrecinin kammait ma Oip MaHaiibiama  Oippen-6ip Y = @(x),
#(0)= ¢'(0) =0 amanuTuKanbIK wWenriMine ue GOMybI THIC.

Y(x,y) dyukumsicer Teilnop KarapblHa KIKTETHTeHIKTEH, V = @(X)
(YHKIHMSACHI Keeci Iopekenep CepHsChl apKbUIbI OPHEKTENeN]

y =90 =2, "

ConbIMeH Katap, v, = ——qy9> V3= _E(VZ‘]I,I +q3’0),

A

Typa oceutaiima (x) = z e, x" dynaxkumsacsr ymin  w(0)=w'(0)=0

n=2

JKOHE €, = p2,0’ €; :Vzp],] +p3’0,

8
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0
Ocbiamaiina Y (x) :zenx" CepUsAChIHIA alFalllkel HONAIK eMec e,
n=2

kod(dummenTi TabbLTybl Kaker (omaii 6onaMaranga 6i3 w(x) =0 rene-reHirin
anap elik, 0acka ce30eH ailTKaHma, ) = @(X) KUCBHIFBIHBIH GOibIHIA Oipi-OipiHeH
OHaIllaJlaHOaFraH epeKIlle HYKTeNepIiH YHipiH amap emik. bym Oi3miH Tanantapra
KaMIIbI KEJIeIi).

Ecxkepmy 1. A <0 xarnaiibia (3) TypiHe KenTipy YUIiH > —f aiHbIMAaJbI
ayBICTBIPYBIH Xkacaiimbls. CoHna €, =—p,,, €; ==V, P, — D3, ... OONATHIHBI
TYCIHIKTI.

Herisri Hotuokenep. (1) nuddepeHIHaNABIK TCHIACYIEP KYHECIHIH epeKie
uykrenepi f(x,,x,) =0, g(x,,x,) =0 maprrapsiHan Tabbuiansl. PaceiHaa ma
keneci sxynrap (1) xkyHeciHiH epeKIine HyKTeaepi 00MaThiHbIH OaiiKay KUbIH eMecC

(0, x) =(0.0),  (x/.x)) =(LD),
(XIO,X;)) = (_1’0)3 (xloax;)) = (0’_1)a
(%) =00,  (x,x7) =(1,0).

Ocbunapasl coiikecinme £, E, ,..., B, apkpuisl Oenrineiiik (1-cyper).
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L
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Cyper 1. (1) xyiteciniy (ha3aablk MOPTPETi

BynapneiH anramkel TepTEyiHIH THIN JKOFapelga aranran [4] eHOeriHzae
aHBIKTAIIFaH, alaiia COHFbI €Ki epeKIlie HYKTeHIH THITepi aHbIKTaaMaraH. MyH/a
013 OChbl KEMIIUTIKT1 JKOHMBI, JKOFapblla aWThUIFaHIai, TOJBIK KIacCH(UKAIMSI
ycbiHaMmbI3. EHzenie ocbl  alThUTFaHAApIbpl iCKE achlpyra Kipiceitik. (2)
(dhopmysaceiHaa aTanral SIkoOu MaTpuLackl Oi3iH €CENTiH JKaFaalbIHIa MbIHA A
Typae 6omaabt
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2x,x, = 3x, —x, +1
X, (x, —1)

2x,x, =3x5 —x; +1 (o)

Conma (x!,x3)=(0,0) xome (x.,x))=(1L1) epexme mykrenepi ymin (3)
bopmynanapbiHan coiikecinime 6 =1, p =2 xoHe 6 =1, p =—2 GONATHIHBIH
tabambis. Jlemex, E, =(0,0)- opubikcsi3 Tyitin, an E, = (1,1) -opHbIKTBI TYiiiH

ekeHi kemin mbrransl (2-cyper). ConbiMen Katap, £, ymin A, = A, =1, E, yun

A, = A, =—1 exenin je GaiikaitMbI3.
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Cyper 2. E, =(0,0) opubIkcsI3 TyHiHi

Typa ockumaiima (x;, x5 ) = (—1,0) xore (x.,xy) =(0,—1) epexime nykre-
Jepinin opbipeyi yurin & = —4 exeHin ecenreyiep kepceremi. Jemek, Oyap epirik
Tuninzeri epexure Hykrenep 6onanst (3-cyper). ConsiMeH Katap, A, = -2, A4, =2.
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Cyper 3. E; =(-1,0) epuuiri
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Eunni E;=(0,1), E, =(1,0) myxrenepine xermeitik. Conma, ecenreyiep
kepcerkenneit, o =0 xone A, =—-2, A, =0. Coniplkran MyHIa >KapThUIaii-
rUIepOOoIaIblK HYKTCHIH YKaF IailbIHIaMbl3.

Anpeiven E = (0,1) mykreci sxeke Gein kapactsipaiiblk. Conna

x=x, y=x,-1

aybICTHIpYNApbIH naimanansm, (1) kydeciH (4) KaHOHABIK TYpiHE KENTipeTiH
0oJscak, oHa

%:X(x,y):x2 —xy+x’y—x’,

%=—2y+Y(x,y)=—2y+(xy—3y2 +xp? = y7).

Ocpiman —2y+Y(x,y)=0 Ttermeyi y=0, y=-1 xome y=x-2
menimMaepine ue exeHi kemin mbiFaabl. OChbl MICHMIIMACPAIH IIIHEH TeK KaHa
y=¢(x) =0 memimi ¢(0)= ¢'(0) =0 waprrapsin KaHaraTTaHIBIPaAbL. JleMeK,

w(x) = X(x,¢(x) =x" —x’.

Onmnaii Gonica, 1-teopemara cait £ = (0,1) nykreci epurik-tyiiin Gomanst (4-

Cyper).

VR T A A A
R NN
.
DR T T T S A Y A A A
R
R
T Y T Y T A A R A
T T T T T T T S S A AL
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xm*“ﬂﬂw\\\EMLkl\\\wwwﬂ
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VA A N I L R T O A A P g
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(J T T T T T T A A A
(N T T T T O T O S A A A 0
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04 -0z 0 032 04

"

Cyper 4. E; =(0,1) epurik-ryitini

Euni  E, =(1,0) wHykrecin kapactwipaiiblk. x=Xx, -1, y=ux,
aliHBIMaJIbUIAPBIHA KemeTiH Ooncak, (1) skyieci keneci Typre Keienmi

@:—2x+X(x,y):—2x+xy—3x2 +x*y—x’,
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-%=ﬂmw=f—w+wkwf

Ocbiman —2x + X (x,y) =0 tenumeyinig x =0 wmenriMi FaHa jKapamIpl.
bynan

w(»)=Y(0,y)=y> -y’

Conpbikran 1-Teopemara cait £, = (1,0) myxreci ne epuik-Tyitin 6omnampl.

Ceitrin, 6i3 (1) »kylieciHiH OapibIK epeKile HYKTEIEpiH TaNThIK >KOHE
OJIAp/IBIH THIITEPIH aHBIKTAJBIK. AJBIHFAH HOTWXKeNepiMisre cyiene oTeipbir, (1)
XKYHeCiHIH HYKCaHIIbl epeKIle HYKTelepi TeK KapThulal-TUIepOOoiablK epIriK-
HYKTEJep CKeHIH j>KoHE COHbIMeH Katap, (1) jKyiieciHiH HUJIBIIOTEHT HeMmece
CBI3BIKTBI HOJIIK THIITETI €peKIle HYKTenepi MynjaeM OOoJIMalTBIHBIH Ja
KOPBITBIH/IBLTAMBI3.
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H.A. AoueB, A.Y. PaiibiMOek

Tapasckuit 2ocyoapcmeennulil ynusepcumem um. M.X. Jlyramu,
2. Tapas, Pecnybnuxa Kasaxcman

HOJY-THINEPBOJIMYECKHUE OCOBBIE TOYKHA ITOTOKOB PUYYHN
HA YHUMOIYJISAAPHBIX AJITEBPAX JIU

PaGora moOCBslleHa WCCIACIOBAHUIO MOTOKOB PHY4M Ha TpexMepHbBIX
YHEMOIYJSIpHBIX anreOpax JIu. OmnpeneneH THIT MONy-THNEPOOINYIECKO 0coboi
TOYKH TUIOCKOW JUHAMHYECKOH CHCTEMBbI, KOTOpas IOJy4aercs B pe3ysbTare
PEAYKIIMK ypaBHEHHs MOTOKa Puuuun. CreayeT OTMETHUTh, YTO KIACCH(pHUKAIUA
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0COOBIX TOYEK MOTOKOB Puyum B 0OIIEM cliydae SIBISETCS AOCTATOYHO CIOMHOMN
3ajayell BBUIY HEIMHEHHOCTH M3y4aeMod cHucTeMbl U @depeHInaIbHbBIX
ypaBHeHUM. [l pelieHus IOCTaBJICHHOM 3aJadyd MCIOJIb3YIOTCS H3BECTHBIE
METO/IbI KaUECTBEHHOM TeopuH auddepeHIInaIbHbIX YPaBHEHUH.

KawoueBble ciaoBa: 1noToKk Puyun, yHuMomyispHas anreopa Jlu,
JUHAMHYECKas CHCTeMa, ocobas ToUKa.

N.A. Abiev, A.U. Raiymbek
Taraz State University named after M.Kh. Dulati, Taraz, Kazakhstan

SEMI-HYPERBOLIC SINGULAR POINTS OF THE RICCI FLOWS
ON UNIMODULAR LIE ALGEBRAS

The paper is devoted to Ricci flows on three dimensional unimodular Lee
algebras. The type of a semi-hyperbolic singular point of a planar dynamic system
is determined which is obtained as a result of the reduction of the Ricci flow
equation. It should be noted that the classification of singular points of the Ricci
flow, in general, is quite a complicated problem because of the nonlinearity of the
studied system of differential equations. Known methods of the qualitative theory
of differential equations are used to solve the problem.

Keywords: Ricci flow, unimodular Lee algebra, dynamical system, singular
point.

O0XK 517.938

H.A. A6ues', A.E. Cern36aea’

i 2
Qu3z.-mam. bLILIMOAPLIHBIY KaHo., ooyenm, “Mazsucmpanm
M.X. Jlynamu ameinoaevl Tapasz memiekemmix yHugepcumeni,
Tapas kanacvl, Kazaxcman Pecnybnukacul

XAPTMAH-I'POBMAH TEOPEMACBIH AHAJINTUKAJIBIK
ECENTEYJIEP )KYUECIHJIE UHTEPIIPETALIUSIJIAY

JKyMBIC CBI3BIKCHI3 aBTOHOMIBI AuG(GEepEeHIUANIBIK TEHICYICp KYHECIH CamaibIK
3epTTey CYpaKTapblHA apHaJIFaH. J[MHAMHKAJBIK KYHelep TCOPUSACHIHIA THIIEPOOIaIbIK
TUNOTETI epeKIlle HYKTeJep YIIIH OpPBhIH alaThiH XapTMaH-I'poOMaH TeopeMachl MaHBI3IbI
oxicrepaiy Oipi Oombin TaObiIagsl. OChl TEOpeMara cail rHIepOoalbIK THUITET] HYKTEHIH
MaHaWbIHIA CBI3BIKCHI3 TEHJCYJCp KYHeci MEH OHBIH JIMHeapU3allMsUIaHFaH JKyHeCiHIH
(dazanplk mopTperTepi Oipi-OipiHe TOMOJOTHSIIBIK SKBHUBAJICHTTI Oonaibl. JKYMBIC OCHI
aTayraH OCJTiIi TCOPHUSIIBIK HOTHKEIIEPIi KOMITBIOTEPC pacTay MaKCaThIH KO3ISH]II.

Tyiiin ce3mep: &IWHAMHKAIBIK >KyHe, THUINEpOONANBIK epeKlie HYKTE,
Xaptman-I'poOMaH TeopeMachl, IHHeapu3aIusl.

Kipicne. JluddepeHumanaplk  TeHACYJEp  TEOPHACBHIHBIH  Oenriii
teopemanapeinna f € C” knaceingarsl GyHKIMsiap yuiid keneci Ko ecebinin
KaHmail ma Oip ¢ € (—a,a) WHTEpBAIBIHAA JKAIFbI3 FaHA INCIIiMi OOJaTBIHBI
TYKBIPBIMIAJIA b
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@:f()?), X =(x.,.,x,)€R",
dt
) (1)
x(0)=¢&.
f(%°)=0 maprein KaHarartaHmepaTeiH X mykteci (1) xyitecinin

epexuie nykmeci aen atananel. Afiraneik J = J ()?0) = (J i ) ., — Ochl KyHeHiH
/i, j=1,..n

of. (x°
SIxkobu mMatpumacel 00ICHH, MyHaa J i = % Bi3ni KbI3BIKTBIPATHIH CYpaK —
X
. . dx(t) - .
KaH/1aii karaiaapaa P = f(X) CBI3BIKCHI3 TEHICYJICp KYHeCiH
t
dx(t - . -
N CORCEED @

CBI3BIKTHI TEHJEYJIep KYHEeCIMEH aybICTBIPYFa, SIFHU JIMHeapu3alusiayra 6onaunr?
Erep ocempmaii  My™mKkiHmik — TyaTeiH = Oonca, oHma (2)  KyieciHiH
— — %0 o . o o . o . — .
¥4+ (E-X")e”") rypa memimi apkeimst (1) skyitecinin memimin X° HykTec
MaHalbIHIa JKybIKTanm TaOyra Oomap emi. OKiHilne opaid, keOiHece MyHmaif
MYMKIiHIIK Oona Oepmelini. MaxkanaHbIH 3epTTEy HBICAHBI Jja OChI CYPaKTapJbl
HICNIyTe apHAJIFaH.

Kemexuri HOTHIKeJIep. ANTaNBIK, Ases A, caHaapbl
J:J(io):(szf)

ReA, #0,.,Red, #0 maprraps opsmjanca, ona X mykreci (1) syiiecinin

- MaTpPUIIACBIHBIH MEHIIKTI MoHAepi OonckiH. Erep
i,j=1..n

eunepbonanvik epexute Hykmeci Ien atanaipl, MyHnarsl Re A, caner A, MeHumikTi
MOHIHIH HAaKThI O6JIIriH OLTIipei.

lunepOonaiblk epekiie HyKTelep KaraanblHaa KOFapblia KOMBUIFAH CypaK
OH IICHIIMIH Tababl, SFHU KeJieCi TeopeMa OpbIH aylajbl:

Teopema 1 (Xaprman-I'pobman Teopemacsr [1]). Airansik, X Hykreci (1)

Ky#HeciniH runepGonansik epekure Hykreci GonesH. Conga X HYKTeciHiH KaHaaii
na Oip wmanaiieiaga (1)  okyHeciHiH —TpaekTopusUiapeiH  (2)  KyHeciHiH
TpaeKTOpHsUIapblHa  KeImipeTiH (OcHHENeWTiH) romMeoMopdu3M  TaObLIAJIBL
Ocbimaii  romeoMopdu3MIi  TpaeKTOpHSIAPABIH OH IapaMeTpu3alisiapsl
(OarpITTaphl) CaKTaJIAThIHIAM €TIM TaHIAM ajayFra 0ojaibl.

Teopema runepOoiaibIK epeKilie HYKTEHIH a3 MaHaHbIHIA CBI3BIKCBI3 JKYie
MEH OHBIH JIMHeApU3alMsIIaHFaH KYHeciHiH (a3ablK MOpTpeTTepi TOMOIOTHSIBIK
TYPFBIJIaH ©3apa 3KBUBAJICHTTI (TOMeOMOp(THI) eKeHiH OLIIipesi.

Herizri woTm:kenep. Xaprman-I'poOMaH TeopeMachlHBIH €Ki eJeMai
XKyHenep >KaraibIHIaFbl KOJIIAHBUTYBIH KepeereMis, srau (1) auddepennmnanbik
TEeHJIeyIIep Kykecinae 7 = 2 GOJCHIH.

AngpiMen Xaptmas-I'poOMaH TeopeMachlH KOJNJaHyFa OONIaThIH JKYHEHiH
MBICQJTBIH KapacThIpaibIK [2]:

ax_

d
=x, 2oy
dt dt

=X, —X,. 3)

14
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(3) xyitecinin xamrez E, = (x_,x5) =(0,0) epexme mykTeci GomaThiHbI

tycinikri. CoHbiMeH KaTap, J(Xx;,X,) :(0 1] OOJIFaHIBIKTAH, MYHBIH

menurikti Monzepi A, =—1, A, =1, sruu (0,0) — runepGonanbik HykTe GoMIaIb!
(1-cyper).

R R e T N T T T, T T Tt
e S R N e
N A A I I T e g
NN S O A A LR AR S

PV EER TR

Y PN N1 BRI ;
NS PN RN i
N P LR A
LN Pl R A OV A

Y NN Nl S
N R A A

R R N E A A A A
R N RV I A
O T T UL | A A A A A

O T T W | I A A A A A
R T | R A A A
VAN TR
LSS SR N I A A A A A A
R L N S N S A A A A A A A

_2_:\\\'\.|’\\\‘|1'1‘?'?:‘:‘|!'Fffi
-2 -1 i) 1 2

1
| o 85—, —W]

Cyper 1. (3) CBI3BIKCHI3 KYHECIHIH (pa3abIK HOPTPETI

(3) xyiiecine colikec KeleTiH ChI3BIKTHIK JXYHe Keneci Typae Oonaibl:

ax, _

. dx,
dt '

=-x,. 4
PR 4

9

MyHBIH (a3alblK TOPTPETi 2-CypeTTe KOPCETUIreH:

74

-2 T T T
-2 -1 0 1 2

| o & —E& —&E]

Cyper 2. (4) cbIBBIKTHIK XYHeciHiH (a3ablK mopTperi
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0 0 . . .

(x,,x,)=(0,0) nHykreci HakThICBIHZA epiIiK OOMAaTHIHBI aiikeiH [3, 4].
L0 0 .

Jlemek, TeopHsUIBIK kobanapra cait (x;,x,) =(0,0) HYKTeciHIe CBI3BIKTHIK emec

(3) xyiecinin OpHBIKTBI W' xoHe OpHBIKCHIZ W' KembeliHenikTepine

(cemaparpucanapbina) (4) CBI3BIKTBIK JKYHECIHIH OpPHBIKTBI E° XKoHE OPHBIKCHI3

E" xenGeiinenikrepi (cemapaTpucanmapbl) COMKeC Type kaHama OOJNybl THIC.
Ocbutapzbl ecenteynep apKbulbl TeKcepin mibiFaifblk. A, = —1 MeHIuikTi MoHiHe

T .. o .
(x,,x,)=1(0,1)" MeHuIKTI BEKTOpPBI ColiKec Kemesi:

2 0}) x 0

0 O)\x, 0
Jlemex, (x,,x,)=(0,1)" Bextoper E* xemGeiiHenirin cunaTTaiip:
E’ = {(x],xz) eR*: x = O}.

0 0 \x 0
Typa ocbunaiiia ) H= CBI3BIKTBIK ajre0pasblK TeHICYJIEp
xyiteci  (x,,x,)=(1,0)" mwemimine we Gomram cebenti, E" OPHBIKCHI3

v . T .
kenoeiineniri (x,,x,) = (1,0)" BexropsHa kepinren 6oajabl, IFHA
u _ 2, _
E —{(x],xz)eR : xz—O}.

Kanmnel  kargaiizia  CBIBBIKTBIK  emec  okyiewin W°'  xome W*
KOTOCHHENIKTepIH aHAIMTHKANIBIK TOCUIIEpMEH Taly Kypaeni MoceneiepaiH
KaTapbIHa jkaTa bl ([2] 5KYMBICHIH XKOHE COJI JKYMBICTAFbI clITeMenepal KapaHbl3).

(3) xyHecinin xarmaiieiama W' xome W' kemnOelinenikrepin oHali-ak
aHbIKTayFa Oomajel. Paceinna ma (3) xylieciH ObLiaiiiia e3reprim xa3yra 0oJiabl

dx X

—2=—"24x,.

dx, X,
2
x, C .
bynan x, = — +— >xanmsl memimi Tabbutagsl, MyHaarsl C — Ke3 KelreH
3 X
naktel cal. (0,0) mykrecinme E“ tysyi W" kucwirbiHa xkanama 6omysl Kaxer (1-

i, 2-cyperrepure E“ mem W' KbI3bL1 TycTeri ChI3bIKTapMeH Oe€iHETEHTeH),
conmpikran X, (0) = x5 (0) = 0. demex,

2
_M

W" =4(x,,x,)eR*: x,= 3

Conpmna x,(0)=0 wapreman x; =0 wapte, sran X, (£) =0 Gonarteimbl

kemin weransl (1-mi, 2-cyperrepme E° mem W° kex TycTeri ChI3bIKTapMeH
OciiHenenren). [lemex,
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W= {(xl,xz)eRz: X, EO}.

XaptmaHn-I'poOMman TeopemachiHa cait (3) xyieciniy (azansik moprperi (1-
cyperti kapaupi3) (0,0) HykreciHiH KaHmgaiima Oip miekreyci3 a3 MaHaiibiHIa (4)
CBI3BIKTBIK JKYHECiHIH (a3ayblK MopTpeTiMeH aAepiik Oerrecyi Tuic. CaHIBIK
skcrepument kyprizy yuid (0,0) mykrecinin (—&,&) % (—&,&) MaHaiiblH TaHAAI
anmaiipik, myaga & =0.1 Gomncein. Conma 3-cyperren (3) yiieciHiH (a3asbik
noprperi pacbiHaa na (4) CBI3BIKTHIK IKYHeciHiH (a3anblK MOPTPETIHEH Kol
e3remeneHOCHTIHIH Oalikayra Oomapbl.

0104
’/ # f 3 ., AN
S "
A . N
e P . e e
OIS e —
N & -
T IEE SR N P T
WRORORON Y FASS ~
N by i !
\\‘ L
L L Ed
-0.104— T T i
-0.05 a 0ns 0.10
41
| Eu Wu W.S=ES|

Cyper 3. € = 0.1 kesinzne (3) xone (4) xyienepinin (hazanbik HOPTPETTEPIHIH
JEPITIK 1971 Keyi

Eungi €=0.5 wmonin xabwsuimaiibik. Conpma 4-cyperren (3) xone (4)
XKyHenepiHig (azanblk HOpTpeTTepiHeri ailblpMaIIbIIBIKTH OaliKaiMBI3.

MR
Ny Sy Ry e s
Sy T e
oy Tag S S
‘1\\\*Hw‘mm
T e o b

gy gy S S ey

LS i
R b T

o o, iy et = el e

Cyper 4. & = 0.5 kesinzne (3) xoue (4) xyienepinin (azaibik HOPTPETTEPIHIE
alBIPMAIIBUIBIKTHIH Makiaa 00ysI
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Enni Xaprman-I'poOMan TeopemachlH KONJaHyFa OONMANTBIH KYHEHiH
MBICQJTBIH KapacThIpaibIK [1]:

@

o Xy, 0 =—X, —ax;x,. ®)

E, = (x],x))=(0,0)- (5) xyifeciHix aIFpI3 epeKiue HYKTeCI GOTATHIHBI
tycinikri. CoHblMeH KaTap, J(x,,Xx,)= ( ! 0] OOJIFaHIBIKTAH, MYHBIH
meHurikti Mmouuepi A, =-i, A, =1, srun (0,0) — runmepGomanbik HyKTe

Ooonmariael. Jlemek, mynaa XaptMman-I'poOMaH TeopeMachiH MmaliaanaHa aiMaiMbI3.
Paceinna na

_ Ly

=X,, =—x 6
" ” 1 (©)

cb3bIKTHIK Jkyideci ymia (0,0) Hykreci Teopusuiblk HOTHXKEnmepre cait ([3, 4]
KYMBICTapbIH KapaHbI3) EHTP OONaThIHBI aliKbIH (5-Cyper).

2_

'
b2
A

Cyper 5. (6) CBI3BIKTBIK XKYHECIHIH (a3abIK HOPTPETI

Anaiina (5) ce3bIKTBIK emec kyieci yuria (0,0) HykTeciHiH THIT MyJmeMm
Oacka Ooyampl na, (ha3aliblKk MOPTPETTEPAIH SKBUBAJICHTTUII OpPBIH aJMaiIbl:
HakThicbiHAa (5) ymiH a >0 ke3iHae OpHBIKTBI ¢okyc, an a < (0 Kke3iHzge
OPHBIKCHI3 (hOKYC anbIiHaABI (6-111bI, 7-CyperTep).

5-7-cyperrepae (1,1) OGacrankel HyKTeci apKbpUIbl OTETIH WHTETPAIBIK
KHCBIKTAp KOK TYCIICH OCiHEeNeHT eH.

18



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

R Y Wy !
T i BG4
R o AR
o N T e e ey B b
R et Y A
B R I VIR
R g b L
O S g gy g [
WA Y 4 Lo

ool TTTTIE byl
S R TR RN i} b

R ! Fi0 0
LA N i
bl R A e

B N O I et e e N
R R R R N it et L L L
T O R st L N L
TR T et LN N L

_2_:i.\l.\|\v\-h ______ hlk'\‘\h'\;
2 1 2

Iy 4SS ———— }
U i
A A i
I A A ;
A A e T
L A A e P
! I f f 7 T e g, gy e T
I B s T T
N IR

ool 111 Vbbb
L LTI Pbbb
SRR i /AN A
N N PN A S
e e e O VAV B R

A e S S S
) 0 B B B
A R P A A A
R i B S A B N A
R e o A B

_2_i|'.l"r”//lf _I_d_-ffxlfa’.ff:
-2 -1 0 1 2

1
o B

Cyper 7. (5) cbI3bIKChI3 kyHeciHiH a < 0 ke3inzaeri (aszanbik mopTperi

KopbiTemnabl. (5) xoHe (6) kyiienepiHiH MbIcajblHa CcyHeHim, XapTMaH-
I'poOMaH Teopemachl THUIEPOONANBIK €MeC THIITETi epeKIle HYKTenep YIIiH
OpBIHAATIMali KaJlybl MYMKiH €KEHIH KOpPBITBIHIBUIAWMBI3. AJ THIIEpOONaIbK
TUOTEr] HYKTeNnep karnaiibinna Xaprtman-I'poOMaH TeopeMachl OpbIH ajaThIHBIH,
JIeTeHMEH, OJ1 TeK JIOKaJbJIBIK MiHe3re Me OONATBIHBIH Jla TYKbIpbIMIaiMeI3 ((3)
XoHe (4) Kyienepre KaTbICThI 3-1111 %oHE 4-CyperTep/ii KapaHbI3).

JKorapbiaarel ecenteyyiep MeH (asaiblk mopTperTepai camy Maple skyiieci
KOMETIMEH 1ICKe achIpbUIIBL. ABTOpIAp TapamblHaH Ka3bUIFaH KOMITBIOTEPIIIK
OaFmapiaamMa SKajanbl OJKarJadgarbl €Ki eJeMIl JAMHAMUKAJIBIK KYHelnepIiH
TUIEpOONablK  epeKille HYKTENEepiH aHbIKTayFa JKOHE OChIHIAl HYKTenep
MaHaWbIHIAFbl JIMHEApU3alMsIaHFaH JKYHeHl jae TaOyra OeiiMaenreHin aiita
KETeHiK.
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Tapasckuit 2ocyoapcmeennulil ynueepcumem um. M.X. J[ynamu,
2. Tapas, Pecnybnuxa Kasaxcman

HUHTEPIIPETALIUS TEOPEMbBI XAPTMAHA-I'POBMAHA
B CUCTEMAX AHAJINTUYECKHUX BBIYUCJIEHUI

PaGora mocesmieHa BompocaM KaueCTBEHHOTO HCCIICAOBAHHS CHCTEM
HENTMHEHHBIX aBTOHOMHBIX UG depeHnnanbHbIX ypaBHeHniH. Teopema XapTMaHa-
I'poOmana, umeroras MeCTo Ui 0COOBIX TOYEK THIIEOOTMYECKOT0 TUIIA, SIBISETCS
OJHUM H3 OCHOBHBIX HMHCTPYMCHTOB TCOPUHU AMHAMHUYCCKHUX CHCTEM. CornacHo
3TOM TeopeMme (ha30BbIC MOPTPEThI HEIMHCHHON CHUCTEMBI M €€ JIMHEapHU30BaHHOMH
CHCTEMBI SIBJIAIOTCS TOIIOJIOTMYECKH JKBHUBAJIEHTHBIMH B MaJlou OKpPECTHOCTHU
0co00i Touku runepOoIrUecKoro tumna. Pabora mMeeT Henblo MOATBEPKIICHHE
OTUX U3BECTHBIX PE3YJILTATOB Ha KOMIILIOTEPE.

KnawueBbie ciioBa: JuHAMHYECKHE CHCTEMBI, TUIepOonmnyueckas ocodast
TOUKa, TeopeMa XapTMaHa-I"poOMaHa, InHeapu3aIus.

N.A. Abiev, A.E. Segizbayeva
Taraz State University named after M.Kh. Dulati, Taraz, Kazakhstan

INTERPRETATION OF THE HARTMAN-GROBMAN THEOREM
IN SYSTEMS OF ANALYTICAL CALCULATIONS

The present work is devoted to the qualitative studying of systems of
nonlinear autonomous differential equations. Holding for hyperbolic type singular
points, the Hartman-Grobman theorem is one of main tools in the theory of
dynamical systems. According to this theorem a nonlinear system and its linearized
system have topologically equivalent phase portraits in a small neighborhood of
such a point. The aim of this work is to confirm these well-known results on the
computer.

Keywords: dynamical system, hyperbolic singular point, Hartman-Grobman
theorem, linearization.
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H.A. A6ues', A.Y. PaiibiM6ex’
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Qu3z.-mam. bLILIMOAPLIHBIY KaHO., 0oyenm, “Mazsucmpanm
M.X. Jlynamu ameinoaevl Tapasz memiekemmix yHugepcumeni,
Tapas3 kanacvl, Kazaxcman Pecnybnukacul

JTUHAMMKAJIBIK )KYHEJIEPAI CAITAJIBIK 3EPTTEYJITH,
KEWUBIP OAICTEPI

Ky™mbIic ka3blK JAWHAMUKAIBIK OKyHenepiai 3eprreyre apHanraH. ChI3BIKCHI3
muddepeHImanpIK TeHASYIep KYHECIH 3epTTey Kajllbl JKaFrdaliaa ere KypIedi Macene
eKeHIH aliTa KeTy Kepek. MyHJail JXYHeHIH OH >KarbIHIarbl ©pHEKTep KeOeWTKimrepre
KIKTETIHEeTIH JKaFaaia Keine »KYHeHiH TpaeKTOpUsUIapbIHBIH JKYPIC-TYPHICTAPBIH aJJIbIH-
aya Oorypkan aiiTyra MYMKIHAIK Tyaabsl. Makaaaa OCbIHIal Cypakrap KapacThIpbUIFaH.

Tyiin ce3aep: *ka3blK IMHAMUKAJIBIK XKYie, THIIEpOOJIaIbIK epPEKIle HYKTE,
epIIK-TYHIH HYKTE.

Kipicne. Makanana [1] »kyMbICBIHAA KapacThIpbUIFaH

M:f(xpxz):xl(l_xl)(l-i_x‘ %),
dt
(D

JKa3bIK THHAMHUKAJBIK )KYHECIH 3epTTey *KalFachlH Tabaspl. (1) TeHaeysep kykeci
yur emmemai  yHumoayisip Jlu  anreOpanapeiHiarkl  Puudm - arbIMIapbIMEH
OaliaHbICTBI eKeHiH ecke canmambl3. JKymbic (1) CBI3BIKCHI3 TEHIEYyNep KYHeCiHiH
WHBAPUAHTTHI KUBIHIAPbIH TaOyFa >KOHE OChI JKYHEHI I'MIepOoaiblK HYKTElIep
MaHaWbIH/a JTMHeapu3alisiay 9/1ici apKbUIbI calaliblK 3epTTeyre apHaJIFaH.

Kemekmri wormxenep. f(x,,x,), g(x,,x,) oysxumsmapsr (x,,x))
HYKTEC1 MaHaWbIHJa aHAJIMTUKAIBIK OOJICBIH. MyHIa IUHAMHMKAIBIK KyHenep
TEOPHUSACBIHBIH TUNEPOONANBIK epeKIle HYKTeNlepre KaThICTB Keiibip Oenrimi
HOTHIKENEPiH KeNTipemis:

Erep (x.,x)) wnykrecinne f =g=0 TeHmikrepi OpbIH ajica *oHe
J=J (x]o ,xg ) MarpuuachiHbiH A, , A, MeHIIiKTi MoHIEpiHIH ekeyiHiH 1e Re A,
Re A, HaktsI Goikrepi Hosre TeH Gonmaca, onna (x,',x; ) Hykreci (1) Kyitecinin
eunepboaanvik epexute Hykmeci (hyperbolic singular point) fgem atanausl.

I'unepOonanbik epekmie HYKTeNnepi 3epTTey YIIiH 0i3 MbIHamail Teopema
naiianaHaTbiH OOJIaMBI3.

Teopema 1 [2]. Aiitansik (0,0) MbIHaTall IUHAMHUKAIBIK KYHEHIH epekiie
HYKTeci OOJICHIH

dx dy
= =F(x,y), —==0G(x,y), 2
7 (x,») & (x,») (2)
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myraarel F'oxone G dynkimsuiapst (0,0) HyKTeciHiH MaHANbIHIA aHATHTHKAIIBI
byHKIMSIIAP.

4 OF (0,0) b 0F(0,0) oo 0G(0,0) Jo 0G(0,0)
o oy ox oy

a b

Oenrineynepin enriseiiik. Conma erep A ::( d] MaTpuLachiHbiH A, , A,
c

meHurikti Monzepi yurin ne Re A, #0, ReA, # 0 6oxnca, onga (0,0) nykrecinin

KaHzai 1a Oip JKEeTKLTIKTI a3 MaHaWbIHaa (2) Kylkieci MeH

dx dy
—=ax+by, —=cx+d
d Y 4

CBIBBIKTBIK JKYHECiHIH (hazajblk TOpTperTepi roMeoMopdThl (mepiik Oipmeit)
Oomapl.

Herizri notmkenep. x, =0, x, =1, x, =0 xone x, =1 cb3bikrapsr (1)
XKYHeciHIH MHBApHAHTTHl >KUBIHIApHl OoNaThIHBIH Oaiikaiimbiz. CoHBIMEH Oipre
MYHBIH X, = X, TYpIHJeri ¢ ”HBapUAHTThI )KUbIHbI Oonazbl. PaceiHna na x, = X,
©pHETIH

dx, B x(1=x)A+x, —x,)
dx, x,(1-x,)1—-x,+x,)

dx, _ x(1-x)
dx, - x (1-x,)

JKYHECIHIH OChLIAMIIIa aHBIKTAJIFAaH HHBAPHAHTTHI KHUBIHAAPHI 1-CyperTe MyHKTHPII
CBI3BIKTAPMEH OCHHEICHT'CH, MYHIaFbl

TeHJIeyiHe amaphIn Koicak, oHma 1 = Terne-TeHairi ajabiHaabl. (1)

E, =(0,0), E, =D, E =(-L0), £E,=0-D), E =(0)],
E, =(1,0)

nykrenepi (1) nuddepeHnmanaplK TeHaeynep xyieciHi [1] >KyMbIcbIHaH Oenrini
OoIFaH epeKIne HyKTemnepi.

(1)  oxy#eciHiH  OH  KarblHAaFbl  (QYHKOWSUIAPIBIH  KOMeTiMeH
TPAaEKTOPHSUIAP/IBIH KYPIC-TYPBICBIH CBI3BIKCHI3 TEHJCYJEp JKYHeciH IIemei-ak

cunartayra Gonansl. OCbl afiThUIFAHIApFa KEHIipeK TyciHmipme Gepeifik. X, (f)

KoHe  X,(f)  GyHKUMANApBIHBIH ~ TaHOAmapbl  Kedmeci  QYHKUMSIIAPIBIH
TaHOATaphIMEH aHBIKTANATHIHbBI TYCIHIKTI:

x(I=x)d+x -x,), x,(0-x)0-x +x,).

Comma @:={x, =0, x, =1,x, =x, +1} Tysynepi yitipinin Goiibmna x;(f) =0,
an A={x,=0, x, =1, x, =x, —1} Tysynepi yiiipinin Goiternma x,(¢)=0
TEHIKTEP1 OPBIH aJaThIHBIH OalKalMBbI3. JleMeK, OChI Ty3y/IepMeH IeKkTenred 1-17
alfimakrapeiaa X, (f) skoHe X, (f) TyBIHABLIAPHI ©3 TAaHOANAPHIH CAKTAMTHIH
Oomazel (2-cyper).
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Cyper 1. (1) xy#ieciHiH HHBapHAHTTHI )KHUBIHJAPHI (CHI3BIKTAPHI)

3_

Cyper 2. x(t) xone X, (¢) QyHKUMATAPBIHBIH TAHOANAPI CAKTAIIATHIH aiiMAKTap

x,(x, =D(x, =(x, +1)) >0  Tencizmirin  miemry  yunH  aJjabIMEH
x,(x, =1)>0 Tencizauirin memin amamsi3. MyHbiH memrimi: X, <0 Hemece
x, >1.

Enni x, — (x, +1) xeGeiiTkiurinin TanOacsH ecenke agamei3. Cona 2, 3, 4,
7, 8,9, 10 xone 13-aiimakrapma x,(¢) >0 Gomys! Tuic. An 1, 5, 6, 11, 12, 14, 15,
16 xone 17-aiimakrapna x| () <0 Tenci3airi opbiH anamsL.

Typa ocwinzaii xonmen x,(¢) > 0 nemece x,(¢) <0 Gonarein aiiMakTappl
Ja aHbIKTanm amyra Oomansl. Paceimma ma x,(x, —1) >0 reHci3mirinin memimi:
X, <0 nemece x, >1.
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Enni —(x, —(x, +1)) xe0Geiitkiuriniy Tan6aceH ecenke agamei3. Conza 3,
5,6,7,9, 12, 14 xone 16-aiimakrapma x,(¢) > 0 Gonansl. An 1, 2,4, 8,10, 11, 13,
15 sxone 17-aiimakrapua x, () < 0 TeHci3airi opbiH anampL.

CoHbIMEH, erep x,(x, =D, =(x, +1)) >0 KOHE
-x,(x, =1)(x, —(x, =1))  epHekrepiHiH aliMaKTaparsl MYMKiH OonFaH
TaHOanapbiH 1-kectere eHrizeriH Ooncak, oHaa (1) xyiieci TpaekTOpHsIIAPBIHBIH

opOip aiiMakTarbl >kaHTally OYpBIIITAPBIH ANJbIH ajla aHbIKTay MYMKIHJIriHe
JKeTyre 0osaibl.

Kecre 1
x| (¢) xoue x;(t) byHKUMATAPBIHBIH TAHOATAPBI
AlMaK x| (¢) TanGachl x, () TanGacer
1 _ _
2 + _
3 + +
4 + -
5 — +
6 — +
7 + +
8 + —
9 + +
10 + —
11 — —
12 — +
13 + —
14 — +
15 — —
16 — +
17 — —

Meicanbl, 1-kecrere caii 1-aliMakTa TpacKTOPHSUIAPAbIH aOlmccaaapbl MEH
opIUHaTaIaphl KEMUTIHIH, al 2-aiiMakTa OpIUHATAIAPhl KeMil, allmccaiapsl
OCEeTIHIH anJplH-aNla aita amambi3. Typa ocklHmald OomkamIapibpl OH IKETi
aliMakTBhIH opOipeyinae jxacaii amambi3. COHBIMEH KaTap, TpPaeKTOpUsIap o
ChI3BIKTApbIH 90 TpaxycThiK Oypbill GObIHING, al A CBI3BIKTApbIH 0 rPagyCThIK
OyphI OOHBIHINA FaHA KHBIT ©TE anajibl (3-cyper).

l-xecTeHiH HOTHXeJepl epeKile HYKTeJIepAiH TUNTEpiH Jie apThIFbIMEH

pacraiinel. Meicansl, E, =(1,0) nykreci 7-, 8-, 9-, 12- xone 14-aiiMmakrapasiH
oprak Hykrteci Oomamel. Conpmsikran E, =(1,0) Hykreci MaHaiibiHgars!
TpaeKTOPHsUIAPIbIH OaFbITHIH ajiibIH-aa OoJbKay yimiH 1-kecTeHiH 7-, 8-, 9-, 12-,
14- >xome 15-xonpapeiHaarel aknaparTel nainananamsis. Conpa X, =0 oci
yerinzge 9-, 12- xone 15-alimakrap TapanblHaH runepOoIansiK cekrop, an x, =0
oci acteiHma 7-, 8- xoHe 14- aiimakrap TapamblHaH MapaOoNANBIK CEKTOp
TYBIH/JIAJIBII JKaTKAaHbIH Oaiikaiimbis. emek, E, = (1,0) epurik-Tyiiin rana Goiysl

MYMKiH (3-m1i, 4-cypertepai KapaHbi3). MyHaail KOpBITHIHABI [1] *KyMBICBIHAA 12
aJIBIHFaH €]Il.
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Cyper 4. (1) xyiieciH TpacKTOPHIIAPBIHBIH aiMaKTapIarbl 3BOIOIHSICHI

Enni runepOonanblk epekmie HYKTenepliH MaHaibiHaa (1) xyiiecin
nuHeapusauusuiay Moacenenepine kememis. E; =(—1,0) epekme HykreciH
KapacTeIpaiblK. MYyHBIH THMIEpOONajbIK epeKine HYKTe (HaKThICBIHIA EpIINiK)
Gomateiabl [1] kymbiceiHga Herizmenren. Jlemek, (1) xyitecinen E; =(-1,0)
MaHaWbIHJa MbIHAJAal JIMHEapU3alUsIaHFaH Kyie aJlbIHaJIbl:

dx (1) _

dx, (1
P S S O
dt dt

)
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JKorapeinarsl 1-Teopemara caii (1) xone (3) xxyienepi da3zaablk MOPTPETTEPI
E, =(-1,0) mykrecinin »erkimikTi a3 MaHalbIHIa SKBHBAICHTTI OOIyBI THIC.
Paceiama nma 5- sxoHe 6-cyperteplieH 1-TeopeMachIHbIH TeK JOKAIbBIK MiHE3Te He
ekenin, srHu  E; =(—1,0) HykreciHiH yiKeHipek MaHailmapbiHaa Qasabik

nmopTperTep Oipi-OipiHeH e3reiieneHe 0acTalThIHBIH OaliKaiiMbI3.

0.0010

0.0002 4

-0.0003 4

-0.00104

-1.0005 -1.0000 05993 05950

4

Cyper 5. E, = (—1,0) nyxrecinin & =10~ manaitbimarsi (1) sxome (3)
KYHenepiHiy ¢azaiblk IOPTPETTEpi
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Cyper 6. E; =(-1,0) mykrecinin & = 0.99995 manaitsigarst (1) xoue (3)
KYHenepiHiy ¢azaiblk IOPTPETTepi

I'nnep6onansik emec E; = (0,1) epekmre Hykrecin kapacreipaiiblk. CoHIa

E; =(0,]) wnykrecinin em6Gip Manaiipiama (1) »kyifeci MeH MyHBIH Kerneci

JIMHEapU3allMsIIaHFaH KYHecl 5KBUBAJICHTTI OOoIMai bl
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a0 _,

dt

Pacringa na

dx, (1)

dx,(t)

dt

—2(x, =1).

4)

=0 mapteiHaH (4) CBI3BIKTHIK KYHECIHIH TpacKTOpHsIIaphI

X, =const TypiHIEri BepTHKalb TY3y CbI3BIKTap OONATHIHBIH ’KOHE, COHBIMEH

karap, —2(x, —1) epHeri TanOachH ecenke ana OTBIPBIN, omap X, >1 kesiHge

KOFapbllaH TOMEHTe, all X, <] Ke3iHJIe TOMEHHEH >KOrapbira OarbITTaFaHIapbIH

na xKopeiteiHabLIaimMbi3. Amaiina (0,1) mykreci (1) skyiecinae canasibIk *KarblHAH

MyJjieM Oackallla Kacuerrepre ue OOJaThIHBI, SFHH CPIIK-TYWiH eKeHi Oenrii.
OchbIHBI 7-1111 JKoHE 8-CypeTTep/IcH JIe Kepyre O0JIaIbl.
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Cyper 7. E5 =(0,1) nykrecinin manaiibiagarsi (1) sxyiiecinin dasanbik moprperi
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Cyper 8. E; =(0,1) nykrecinin manaiibIHIaFbI (4) sKyiieciHin (a3aublk mopTperi
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HEKOTOPBIE METO/1bI KAYECTBEHHOI'O UCCJIEAOBAHUS
JAAHAMUYECKHUX CUCTEM

Pabora mocBslieHa WCCIENOBAaHUIO IUIOCKHX JWHAMHYECKHX CHCTEM.
Cnenyer OTMETHTD, 910 HCCIIeIOBaHHE CHCTEMBI HENTMHEWHBIX
mddepeHMaIBHBIX YpaBHEHHH B OOIIEM clydae SIBISIETCS OYCHBb CIIOKHON
3ajadeil. B ciydasx, Korma BBIpaKEHHs] B MPaBbIX YACTAX TaKOH CHUCTEMBI
JIOMYCKAIOT pa3joKeHHEe HA MHOXKUTENH, IMOSBISETCS HEKOTOpas BO3MOXKHOCTh
MpeACKa3aHus TOBENICHHS TPACKTOPUI CUCTEMBI, KOTOpas U oOcykaaercs B
pabore.

KnwueBbie cjioBa: TUIOCKasi JAMHAMHYECKas CHCTEMa, THUIEpOOIHUecKast
ocobast Touka, CeI0-y3I0Bas TOUKA.

N.A. Abiev, A.U. Raiymbek
Taraz State University after M.Kh. Dulati, Taraz, Kazakhstan

SOME METHODS OF QUALITATIVE INVESTIGATION
OF DYNAMICAL SYSTEMS

The paper is devoted to planar dynamical systems. It should be noted that
investigation of systems of non-linear differential equations, in general, is quite a
complicated problem. In cases when expressions on the right hand sides of the
system allow for factoring there is some possibility of predicting the behavior of
trajectories of the system. Similar questions are discussed in the paper.

Keywords: planar dynamical system, hyperbolic singular point, saddle-node
point.
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O0XK 517.938

H.A. A6ues', A. Cern3z6aeBa’

i 2
Qu3z.-mam. bLILIMOAPLIHBIY KaHO., 0oyenm, “Mazsucmpanm
M.X. Jlynamu ameinoaevl Tapasz memiekemmix yHugepcumeni,
Tapas kanacvl, Kazaxcman Pecnybnukacol

BEKTOPJIBIK OPICTEPAIH BU®YPKALUAJIAPBIH
AHAJIMTUKAJBIK ECENITEY )KYWUEJIEPIH/E
HUHTEPIIPETALIUAJIAY

JXKyMbIC CBI3BIKCHI3 aBTOHOMIBI MU hepeHIMANIbIK TeHACYIep KYHECIH Ccamajblk
3epITey CypakTapblHa apHaifaH. J(MHAMUKaIbBIK JKyHenep TeOopHsChIHIA epeKIe
HYKTenepAiH OudypKalMschiH 3epTTey MaHbI3Ibl MacesenepaiH Oipi OobIl TaObLIaIbl.
[NapametpiH OudypKaUAIBIK MOHIHIAC OPBIH ANaThIH (ha3aIbIK MOPTPET MEH COJT MOHHIH
a3 aybITKYBl Ke3iHje Maiaa OoNaThiH (pa3aibIK MOPTPETTEpP KoOiHece SKBHBAJICHTTI 0oja
Oepmeiini. JKymbIc OCBl aTajraH TEOPHUSUIBIK >KoOallappl KOMITBIOTEPIIK ecenTeyiep
apKBUIBI PAcTay MaKCaThIH KO3AEH .

Tyiiin ce3mep: AMHAMHKAIIBIK XXYHE, epeKie HyKTe, OuypKaIus.

Kipicne. d = (a,,...,a,) € R" napamerpinen Toyemnai

&) _

0 f(x,a), (1)

JMHAMUKAIBIK XKyiteci Oepincin, mynna X = (X,,...,x,) € R". Couma f(¥,a)=0
IIAPTHIH KAHAFATTAHJBIPATHIH €PEKIIE HYKTEIEp @ BEKTOPBIHAH TAyelji
OONaTBIHBI TYCIHIKTI.
Benrini ansikramara cait (1) sxyiiecinin epexure mykreci zen f(x°,a) =0
IIAPTHIH KAHAFATTAHIBIPATHIH X = X° (&) HyKTeciH TyciHeMis.
Aitansik J(X,a) = (J 1.'/')
_9(x,a)

MyHzarbl J, = . Conma X° = x°(a) royenniniri y3iniccis Typae Gonram

ox i

OCBI XYyHeHiH SIkoOu MaTpuilackl OOJICHIH,

i,j=l.,n

-0 -0, .. . =0 .
KyHme jge, X =X (@) epekiie HYKTCCIHIH THI 4@ MOHIHIE MIYFBUI TypJe
-0 . -0 - . . . .
esrepce Hemece d MoHI J(X',d) MarpuiachlHa HOIAIK MEHIIKTI MOHIH
- -0 .
KaMTaMachl3 €rce, OHJAA d =d MOHI OuQypKayusivblk MoH Jell  aTanaipl..
Makanaza KeiiOip epekine HYKTENepAiH MaHaNbIHAAFBl  KYPBUIBIMAAP/IBIH

OPHBIKCBI3 OOyBI Janennenred. [lamipek aliTkanna, skymbicTa TuddepeHnanabk
TeHJICYJIep/IiH MbIHAIAH JKyHeci KapacTolipbuiaas [1]:

dxl 2
sz] —x]x2+a,
(2)
dx
L =—x]+x; -1
dt
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JKoHE oChIHIal kykeHiH a = (0 moHiHzgeri (azaiblK MOPTPETi MEH MyHBIH @ —> 0
KesiHmeri  (asayiblk  MOPTPETiHIH  apachblHAa  CIIKAIlaH  KOHBLIMANTBIH
alBIPMANIBLUTBIK Oap €KEH1 JIoeNIeH e/

Herizri woTm:kesep. (2) sxyieciHiH SIkoOu MaTpumacel Keleci Typae
0O0JIaTHIHBI AUKBIH:

v — . —
J:=J(x1,x2)=(x] *2 x‘].

- 2x, 2x,

Kypneni emec ecenreynepiy apkacbinaa SIko0M MaTpUIIACHIHBIH MEHIIIIKTI
MOH/JIEpiH Ta0yFa OoNajbl:

1 1
A, BERER +5\/12x]2 —12x,x, +9x; ,

3)

1 1
A, =%+ —5\/12)(]2 —12x,x, +9x3 .

(2) xyHeciHiH epeKlle HYKTeNepi, JKOFapblla aWThUIFaHIApFa caid, a
napamerpine Tayenai 6omansl. Packinaa na

2 —
x; —x;x, +a=0,

—x+x;-1=0
. 1 . L
anreOpaibIK TEHJACYJIep JKYHECIH ISy apKbUlbl a < E ke3inge (2) KyieciHig
epeKIIe HYKTellepiHiH MbIHaIal eKi YHipiH TabambI3:

1
1-2a

X (a)=a ; X @) =(1-a)—— Ty 4)

X (a)=-

~ 1
, X, (a)=—(1-a),———. 5
. R@=—-a) )
az E MoHJepiHae (2) Kyiieci epekile HyKTere e OOJIMalThIHBIH OalKay

KHBIHFa TYCIICHII.

(4) ¢opmynamapeiMeH  aHBIKTaJaThlH  epekmie  Hykrtenepai  (3)
(dopMymanapeiHa amapelll KOWBIN, (4) epekiine HyKTelepine caiikec kemeriHn J
MaTPHUIACHIHBIH l] JKOHE 2,2 MEHIIIKTI MOHICPIH aHBIKTAHMBbI3;

i = A(x],xz)——(a+l)/ \/3352 —30a+9’
1-2a
1 / 1 1 [33a*-30a+9
A=A (%,%,) =—(a+1 —— .
2 1 (X),%,) 2((1 ) Iy 2\/ Iy

(6)
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(5) <¢opmynamapeiMeH — aHBIKTaJaThlH  epekmie  Hykrtenepai  (3)
(dopMynanapeiHa amapeill Koeim, (5) epekine HyKTelepine caiikec kemeriHn J
MAaTpPULIACBIHBIH [/, JKOHE [, MEHIIIKTI MOHJIEPiH aHBIKTalMBbI3:

= M FT) == (a+ ) — \/33“ 2

1 1 1 [33a* -30a+9

= AR5, =——(a+1),] = .
2 1 (X1,%,) 2(“ ) Iy 2\/ Iy

Eungi a=0 kesinge anbiHATBIH (as3ajiblK IMOPTPETTIH  KYPHUIBIMJIBIK
OPHBIKCHI3 CKEHIH JaNeNAeyre Kipicemis.
a=0 oxkarpaiipl. (4), (5) ¢opmynamapeina a =0 MOHIH KOMBII,

(7

E =(0,1) wone E,:=(0,—1) epexme HyKTenepiH amambl3. ByrapaslH THIiH
anbikTay yurH a =0 wmonin (6), (7) dopmynanapsina kosiMbi3. Conna E, = (0,1)
yuwin A, =—1 xone A, =2, an E, =(0,-1) yuin g, =1 xone uy, =-2
MeHUIKTI MoHzmepi anbiHamel. Jlemek, teopustra caii  E| = (0,1) xome
E, =(0,~1) epekuie HykTenepiHiH ekeyi e epurik (gemek, rumepOOnabik
Hykre) Oomansl ([2, 3] >KyMbICTapblH KapaHbI3). ByjapablH OpHBIKTHL JKOHE
OPHBIKCHI3 KeMOCHHENIKTepiH (cemapaTpucanapbiH) aHBIKTayFa OpeKeT Kacarl
KOpeHiK.

E, =(0,1) epexwe nykmeci. E, = (0,]1) Hykrecinae nuHeapu3anusianras

2

JluHeapusauusUlaHFaH OKYHeHIH OpHBIKTBI £, koHe oOpHbIKCHI3 E[

1 0
XKYHe MbIHaJall MaTpulara ue Ooa b ( 0 .

xenbeiinenikrepi (2) xyitecinig £, :=(0,1) nykrecingeri opusikrter W' sxone

u [V . . o . s
opubIKce3 W," kenbeiinenikrepine colikecinmie sxanama Oonagpl. Ocel E| sxoHe
E|' xenGeiinenikrepin TabaibIK.

. . . T . . v
A, =2 wenmikti moHine (x,,x,)=(0,1)" MeHuIKTI BEeKTOpHI CcoliKkec
Kenei:

-3 0) x 0
0 O\x,) (0)
Jlemex, E,' opubikch3s kenGeitmeniri  (x,,x,)=(0,1)" BexropHbIH
CBI3BIKTHIK KaObIKIIACK! OOIIa Ibl:

“=1(x,x,)eR*: x, =0
{ j

T .. o .
A, =—=1 wmonine (x,,x,)=(1,0)" MeHuIKTI BeKTOpHI COWKeC Kemexui:

( ( ] ( ].)IeMeK, E’ ={(x],x2)eR2: X, =0}.
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E, =(0,-1) epexuie HYKmec. E, =(0,-1) HYKTeCiHIe

JIMHEapHu3allMsUIaHFaH KYHe MbIHAai MaTpUliara ue 0oJapl: (1 0 J .
0 -2

.. . o . T
u, =1 xoHe p, =—2 MmeHmiKTI MoHAEpiHe caiikecinue (x,,X,)=(1,0)

T .. o .
xoHe (x,,X,)=(0,1)" MenmikTi BekTOpIaps! Calikec Kemeni:

0 0} x 0 3 0 x 0
H MR R M
Hemex, E) = {(xl,xz) eR’: x,= 0}, E = {(xl,xz) eR’: x =0}.
ConbiMen katap, a =0 xesinge x, =0 Bepruxamp Ty3yi (2) xyieciHiyg
WHBAPUAHTTHI JKUBIHBI OONATHIHBIH Oalikayra Oosiaasl. Paceinma ma, erep a =0
KOHE X = 0 mem yiirapaThiH 6OJICAaK, OH/Ia MBIHAIAH Tere-TEHIIK [IbIFaIbl:

dx 0
0=—"L= — = 0.
dx, x;
dx, ) .
x, =0 mapreHan E =X, —x,x, +a =0 mapTel TyslHIalaBI. [leMex,
X, = 0 Ty3syiHin OOMBIHIAAa BEKTOPIIBIK OPIC TEK BEPTHKAIbL OarbITTAFaH 0O0Jajpl,

srHU ewdip Tpaekropus X, = 0 Ty3yin kusin etneiigl. Ocsutapaan a = 0 kesinge
u o _ s
W' =W,

OonatbinbIH, sFHE X, = 0 BepTukanb Ty3yi 6ip Mesringe £, :=(0,1) mykreci yurin
opubIkcbi3, an E, = (0,—1) HykTeci yuIiH OpPHBIKTBI cemapatpuca OONaTHIHBIH
KOPBITBIHIBLTAMBI3.

(2) xyiecinin a =0 okarmaibiHAaFbl  (asaiblK MOPTpeTi 1-cyperre
KENTIpiireH.

3_--‘—u-—&_'—!-_-—‘9’,-"/' ra f
e F
T T e

g
i
il b
o
H oA Y
17 % Y
i R o
1 s e e ol
T |
AR R IEEERRR
N AR R R E RN IR
PR A ] MR R R
S IR ! oam
o h s LRR] PR
N N T 1 Ea
PR MR hE
AP SRR E R I
e EAR LN A e
o R L s tatn e
_ad LN [IE] BN A2 e o o o
. N B | a 1 2 k: 4

Cyper 1. (2) xyitecinin a = 0 MoniHzeri (has3aibK HOpTpeTi
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a >0 xarnaitbl. Enni (4) hopMyachiH jKaiiibl jKaFaiaa KapacThIpaibIK.
(6) popmynanapbiHaH

A, =2Q2a-1)<0

OoNaThIHBIH OHali-ak Tekcepyre Oomamel. Jlemek, 0<a <1/2 kesinge ne (4)
(dbopmynacel OOMBIHIIA €PITIK HYKTENEp allbIHAIbI, SIFHA epPeKIle HYKTENep IiH THITi
cakrananpl. Amaiina a =0 sxarmaiibiHarsl (as3ajblK MOPTPET @ MapaMeTpiHiH
TUNTI ©TE a3 aybITKyJIapblHIA Ja CaKTaJMai/bl, SFHU MYHIQ KYPbLIbIMObIK
OPHBIKCHI30bIK  JICTl  aTalaThlH OPHBIKCHI3IBIKTHIH Typi Taiga Oomaabl. Ockbl
alTBUFaHAap/Ibl A2JIeNIeyTe KipiceHik.

a
Kapamaitbim ecernreyiep APKBLIbI lim 1_#2" =1 JKOHE
a—0 a

a
l-a),|—— -1
( ) 1-2a

- — TIEKTIK MOHJIEpl OPBIH allaThIHBIHA KO3 )KETKI3e allaMbl3.

lim
a—0 a

JeMek, Keneci aCHMITTOTUKAIBIK OPHEKTEYIIEp TYBIHIAHIbI:

% (a)=a+0(a’), %, (a)=1+0(a’).

Cougpikran a >0 xone a~ (0 monzuepine coiikec kenerin X,(a) xoHe X,(a)
aybITKbiFaH MoHzepi a =0 wmownine coiikec kenerin X,(0) =0 xone x,(0) =1
MOHJCPIHEH OHINA KOI ajllakraMaiipl (MyHBI 2-1Ii, 3-CypeTTepleH Kepyre
Gonansl). XKorapsina monenaenrenneii, £, (a):=(X,(a), x,(a)) epexue Hykreci
CpUIIKTIK THITIH Ji¢ CakTan Kauaabl. JlereHMeH, TpaeKTOpUsUIapAbIH IKYypic-
TYPBICHIHIA €HJ pajMKaiibl esrepicrep naiina Gomanel. AmgsiveH, X,(a)>a,
X,(a)>1 Tencisnikrepi opblH anatbiHblH atan eteiiik. emek, E,(a) epekuie
uykreci E,(0) = E, =(0,]1) HykTeciHiH OH aFblHAA XXOHE CAJI JKOFAapbIPaKTa
opHanacasl (2-11i, 3-cyperTepi KapaHbi3).

e
R A L f
e e e R f

/4

e

24

T — i —
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i s e e e e e e

o R RN RN
2 B T !
!
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Cyper 2. (2) xyitecinig a = 0.03 moninzaeri ¢asaiaslk mopTperi
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Cyper 3. (2) xyitecinin a = 0.2 moninzeri ¢asanbik HOpTpPeETi

Typa ockinaiima epekiie Hykrenepaid (5) ¢opMmynacsiMeH OepinreH yHipi yiriH
KeJlecl aCHMITOTUKAJIBIK OPHEKTEYJIep OPbIH alabl:

X (a)=-a+0(a%), %, (a)=-1+0(a%).

Ocsl  ¢opmynamapra caii  E,(a):=(X,(a), X,(a))  epumik  HyKTeci
E,(0)=E, =(0,-1) mHykreciHiH cox jKkarblHIa JKOHE CAJI TOMEHIpEKTe
opHanmacanel (2-mi, 3-cyperrepai Kapauei3). lemek, E,(a) xene E,(a)
uykreaepi a =0 kesingerigeii Oip Ty3ymiH OOMBIHIA >KATHAMIBl JKOHE OPTaK
cemaparpucara ne 0oaManpl.

a>0, a~0 xarmaiiemei a =0 >kargaiiblHaH EKiHIIN TPHHIKITAAIIBI
alBIPMAIIBUIBIFEI — TpaekTopusinap enai x, = 0 Beprukanp Ty3yiH —1<x, <1
apalbIFbIHAA KUBII ©Te ajaasl (AaHBIFBIPAK alTKaHAa, COJJaH OHFa JKOHE
)KOFapblIaH TOMEHIe Kapail KHbII eTedi), MyHbIH cebe6i x, =0 xoHe
—1<x, <1 Gomranga (2) yleciHeH anbIHATBIH KeJleci TEHCI3MIKTEpIeH Kellil
IIBIFABI (TPACKTOPHSIIAPABIH aOCIIUCcCcaIaphl 6Cei, OpAnHATAIAPEI KEMUII):

—=a>0, &:x§—1<0.
dt dt

OchIHIa# TEOPUSITBIK KOPBITBIHIBUIAPBI 3-CYpET TE pacTaib.
a < 0 xarpaiibl. (7) GopMynanapbiHaH

HH, 22(262—1) <0

teHci3airi meramel. a <0 kesinge ne (4), (5) dbopmymnanapsl GOWBIHIIA epIIiK
HYKTeNep anbiHaabl. JleMek, epeKiie HyKTelep IiH Tl cakTanapl. Apbl Kapaii (4),
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(5) popmynanapbeiHa KOFapbIAAFEl TICUIIEPMEH TaNIAy JKYPri3y apKbUIbI MBIHAAH
KOPBITHIHABLIAP LI anyra Gomaasl: @ <0, a =~ (0 >xarmaiiblHIa Ja TPaeKTOPHUSIIAD
x, =0 Bepruxans Ty3yin —1< x, <1 apanbIFblHIa KUBII OTE alajbl (AHBIFBIPAK
aliTKaH/a, OH JKAFbIHAH COJIFa JKOHE JKOFAphIIaH TOMEHI'e Kapail KUBII OTei),
cebebi x; =0 xone —1<x, <1 Gonranga (2) xyifeciHeH MbIHanap ajblHAMIBL:

dx, .
7 =a<0, % =x;, —1<0. Ocbmapasl 4-mi, S5-cyperrepieH Kepyre
t t

OoJapl.

3_

—
1

C E 0O &

Cyper 5. (2) xyitecinig a = —0.4 moninzeri (asajbIK mopTperi
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2. Tapas, Pecnybnuxa Kasaxcman

UHTEPIPETAIIMS BU®YPKAIIU BEKTOPHBIX ITOJIEA
B CUCTEMAX AHAJINTUYECKHUX BBIYUCJIEHUI

PaGora mocesmieHa BompocaM KaueCTBEHHOTO HCCIICAOBAHHS CHCTEM
HEMMHEHHBIX ~ aBTOHOMHBIX  JuddepeHnanpHpIX  ypaBHeHHH.  M3ydenwme
Oudypkaiii BEeKTOPHBIX IIOJCH SBISACTCS OJHOW M3 OCHOBHBIX 3a/lad TCOPUHU
JMHAMHYECKHX cHcTeM. Mexay (a3oBBIMH TIOPTPETAMH CHUCTEMBI, KOTOpBIC
MOJIy4aroTcsl Npu OU(ypPKAlMOHHOM 3HAYCHWH IIapaMeTpa W NpPH  MajoM
BO3MYILEHUH ATOr0 3HAYEHMsS, KaK IPaBHJIO, TOMOJOTMYEcKas SKBHBaJIEHTHOCTb
MOXET He MMeTh MecTa. PaboTa MMeeT IeNbIo MONTBEPUTh 3T TEOPETHUECKHE
TTOJIO’KEHHS TI0 CPEACTBOM KOMITBIOTEPHBIX BBIYHCIICHHH.

KaroueBble ciioBa: TuHaMHUYeCKasi CHCTEMa, 0co0ast Touka, Oudypkarus.

N.A. Abiev, A. Segizbayeva
Taraz State University named after M.Kh. Dulati, Taraz, Kazakhstan

INTERPRETATION OF BIFURCATIONS OF VECTOR FIELDS
IN SYSTEMS OF ANALYTICAL CALCULATIONS

The present work is devoted to the qualitative studying of systems of
nonlinear autonomous differential equations. The study of bifurcations of vector
fields is one of the main problems in the theory of dynamical systems. Between the
phase portrait of the system obtained at the bifurcation value of the parameter and
the phase portrait which can be obtained at a small perturbation of this value, as a
rule, the topological equivalence can not hold. The aim of this work is to confirm
these well-known theoretical results by computer calculations.

Keywords: dynamical system, singular point, bifurcation.
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PA3PABOTKA MOBWJIbHBIX IIPUJIOKEHUM 1151
NPEJICTABJIEHUS OIEPATUBHONU HH®OPMAIINA
O KOMMYHAJIBHBIX IVIATE/KAX

B cratbe paccmMoTpeH Tmpomecc pa3paboTKM  HMHPOPMAIIOHHOW  CHUCTEMBI
MIPEANPUSATHH, KOTOpasi IPEICTaBIsIeT COO0H KIMEHT-CepBepHOE MOOMIIBHOE MPHIOKEHHE
JUId  Tiepenavn  orepaTHBHOW wuHQopMaimu. OnncaHbl TEXHOJOTMH HPOEKTUPOBAHHMS
MOOWJIBHBIX TPWJIOKEHUH M IOCTPOSHUS MOAeIH 0a3bl JaHHBIX sl MH(OPMAIMOHHON
CHCTEMBI.

KiroueBble ciioBa: nH(pOpMalMoHHas CHCTEMa, MOOWIIbHBIC TPUIOKCHUS,
MH(OPMAIMOHHO-KOMMYHUKAIIMOHHBIC TEXHOJIOTMH, HWH(pOpPMAIUs, HWHTECPHET-
SKBaﬁpHHF, KOMMYHAJIbHBIC IIJIATCKN, UHTCPHCT.

CoBpeMeHHOE pa3BUTHE 4YENOBEUECKOH esITeIbHOCTH XapaKTepu3yeTcs
BHEJIpEHHEM BO Bce cdepbl KH3HH HH()OPMAIMOHHO-KOMMYHUKAIIMOHHBIX
texaonmorui (MKT), koTopele MEHSIIOT YyKJIaa KU3HH JIOJIEH M COCTaBIISIOT
(yHIAMEHT U MaTepUalbHYIO 0a3y s nepexona K nHHOPMAIMOHHOMY OOILECTRY,
00IIIECTBY C BHICOKHM COI[UAIbHO-DKOHOMHYECKUM U KyJIbTYPHBIM Pa3BUTHEM.

B mMupe noBceMecTHO HAOMIOAAIOTCS TaKWE TEHICHIINY KakK:

- TpaHchopManus Bcex OOMIECTBEHHBIX MHCTHUTYTOB M cep udeloBeuecKon
JIeITeNbHOCTH 110/ Bo3aciictBueM UKT;

- mporpecc Bo Bcex cdepax pa3paOOTKH, HPOM3BOJICTBA W BHEIPEHUS
COBPEMEHHBIX TEXHOJIOTHIA;

- crpemsieHHe K (OPMHPOBAHUIO PAa3BUTOH HHGOPMALMOHHON Cpebl,
aJIeKBaTHOM 3a7a4aM COIIMATbHO-9)KOHOMHYECKOT O PAa3BUTHS CTPAHBI;

- obecriedeHre PaBHOIPABHOTO TapaHTHPOBAHHOTO JOCTYIa HAaCENCHUs K
WH(POPMAITMOHHBIM pecypcam;

- MOJrOTOBKA TpakJaH, OM3HecCa M OPraHOB I'OCYJapCTBEHHOH BIIACTH BCeX
YPOBHEH K )KU3HU B YCIOBUSX HHPOPMAIIMOHHOTO 00IIECTBA.

B Hame#l crpaHe OCHOBHOM aKLEHT CJHEIaH TOJIBKO Ha OJHOM U3
COCTAaBIISIIOIINX MH(MOPMAIMOHHOTO 00IIecTBa — HA (OPMHUPOBAHMU W PA3BUTHH
AJIEKTPOHHOTO MPAaBHUTENBCTBA, KOTOPOE OBLIO YCIENIHO peajn30BaHO, O YEM
CBUJCTEIBbCTBYIOT BBICOKHME MEXKAyHapoaHble pedTuHru. OgHako, 3axaya
(dhopmupoBaHus MHGOPMAIIIOHHOIO O0IIECTBa, 0€3yCI0BHO, IIKMPE, YeM Pa3BUTHE
TOJBKO 3JIEKTPOHHOTO MPAaBUTEIBCTBA M OTPACIH TEICKOMMYHHKAIMH [1].

HNHTepHeT 3KBAMPUHT — OOINMH TEPMHUH, KOTOPHIM 0003HAYACTCSA MPHEM
maTexed ™o IUTACTUKOBBIM KapTaMm depe3 VHTEpHET C HCIIOIb30BaHHUEM
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creruagbHO  paspaboraHHoro web-uHTepderica. MHTepHET-3KBalpHHI, Kak
COCTaBIISIIONIAST DIIEKTPOHHOH KOMMEPIIMH, TPEICTaBIsIET COOOH JesSTeIbHOCTh
KpEIUTHOM opraHu3aiuu (0aHKa-sKBaiiepa), BKIIOUYAONIYIO B ce0s OCYIECTBICHNE
pacuyeToB C OpraHM3alMsIMUA  3JICKTPOHHOH KOMMEPLIHMH IO  OIEpallusM,
COBEpIIAEMBIM C HCIIOJNb30BaHUEM OaHKOBCKHMX KapT B cetH VMHTepHeT.
[MoakmroyeHre OpraHMU3alMi AJIEKTPOHHOW KOMMEPIHH OaHKOM-dKBailepoM, Kak
MPaBUJIO, OCYIIECTBISIETCS MPH TEXHUYECKoi momaepxkke CepBUC-TTPOBAICPOB,
KOTOpbIE  00CCIEUMBAIOT 0E30MAaCHOCTh  IUIATEKEH, HCIONb3ys  MPOTOKOI
ayrentudukanmu 3-D Secure u SSL.

«KBapTtmnaray — 3T0 NpHUIIOKEHUE ISl )KUTENEH ropojia, KOTOpoe yIpoIaer
MpoIecc TOWCKAa M OIUIAThl JKWJIMIIHO-KOMMYHaJbHBIX yciayr. C  TOMOIIBIO
JAHHOTO CepBHCa MO0 KOIY IIATEIbIIMKA MM IITPUX-KOJAY KBHTAHIUH MOXKHO
HalTH MHOOPMAIIMIO 10 HAYMCJICHUSM U OIUIATUTh MX C MOMOIIbI0 OaHKOBCKOM
KapThl JIt000ro 0anka. IIpunokenne n30aBuT JroaeiH 0T HEOOXOAMMOCTH OILIATHI U
XpaHeHUs1 OyMaXkKHbIX KBUTaHIMiA. B mnpuioxenun «KBapTmiatay uMeercs
BO3MOXKHOCTb COXPaHUTh KOJ| IJIATEIbIINKA, 10 KOTOPOMY B JajdbHEUIIIEM MOYKHO
MPOBEPATh HadMcieHUs. Bce HeoOXoauMble OAHKOBCKHE PEKBH3HMTHI MPH OILIATE
OyayT copMHpPOBaHBI ABTOMATHYECKHU.

Hcnionb3ys coBpeMeHHBIEC CPEACTBa BU3YalbHOM pa3padoTKH MPOrpaMMHOTO
obecriedeHusI MOYKHO CO3J1aTh COOCTBEHHYIO IPOTrpaMMy TI0 0OMEHY COOOIIEHHSIMHU
0e3 morepu NaHHBIX. B nmaHHOW paboTe paccMaTpHUBaeTcs CO3/IaHUE TPHIIOKCHUS
Ul oOecrieueHus mepeaadyd HWHQPOPMAMM O KOMMYHAJIBHBIX ILIaTEXaX C
MOMOIIIBIO CPEIbl BU3YallbHOM pa3paborku npuiokeHud NetBeanse Ha si3bike
porpaMMupoBaHus Java.

Co3nanue TPUIIOKEHHUH TpecliefyeT JOCTHKEHHE CIEeIYIONIMX OCHOBHBIX
Leneu:

- oriepaTHBHAs Mepenadya nHpopMaIuu;

- TPeIOCTaBJCHHUE JOCTyna K HHGOPMAIMH TOJIbKO aBTOPHU30BAHHBIM
COTPYAHHKAM;

- y100CTBO M SKOHOMHS BPEMEHHU KJIMEHTOB MPEAPUITHIA,

- CHMKCHHME BPEMEHHBIX 3aTPaT Ha pa3fadd KBUTAHIMH JUIS HACSTICHUS;

- oOecrmeyeHrWe 3alIMTBl  OT HECAHKIMOHWPOBAHHOTO JOCTyNa H
nesuHpopmanmu;

- TIOJIyYCHHE OTYETOB O BBHIMOJIHEHHBIX OIEpaIUAX, MCIOJb3Ys CO3JIaHHYIO
0a3y JaHHBIX;

- IEJIOCTHOCTh JIaHHBIX MOCPEACTBOM HCIIONB30BAHMS XUIUPOBAHUS U JIP.

B nnpopManmoHHoi cucTeme peaar3oBaHbl Clienyronue GyHKINN:

- pacripeziesieHne Mpas JIOCTYIIa;

- mudpoBaHue U ACMUPPOBAHHUE;

- HCITOJIb30BAHUS aJITOPUTMA XAIIMPOBAHHUS;

- TapaHTHPOBAHME IOCTYMA K HHPOPMAIIMKA U HHPOPMAIIMOHHBIM pecypcam,
cpencTBaM HH(OPMATHU3AI[UH aBTOPHU30BAHHBIM MOJIb30BATEIISIM.

Ha pucynke 1 npuBeaeHa auarpamMma rmocjae10BaTelIbHOCTH NpEIeIeHTa.

PaccMoTpuM KaKABIH 3JIEMEHT JWarpamMmbl, MO OTACABHOCTH. OOBEKT,
Yyactauk (Object, Participant) o0o3Hauaercs NPSAMOYTOJIbHHUKOM, B KOTOPOM
MmoKa3bIBaeTcs nHMopMalus 00 yJyacTHHKeE JeicTBUi. Pa3menaioTcss 00beKThI, Kak
MpaBWJIO, BJAOJIb BEPXHEro Kpas jauarpaMmbl. OT HPSMOYrojbHUKA BHH3
onyckaercs Jlunwmst JKus3um (Life Line), mcxopsmass BHU3 OT Y4YacTHHKA, H
O3Havammas OTBeACHHOE O0BeKTy Bpems ku3HH. OOO03HAUaeTCs MYHKTHPHOH
nuHueH [2].
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Puc. 1. /InarpamMma mociieoBaTeIbHOCTH TIpEIlecHTa

AxTuBanus, pparment BeionHeHus (Activation Bar, Execution Occurances)
0003HAYaeTCs y3KUM MNPSIMOYrOJbHUKOM (ceporo Wiad Oejoro  IBera),
PasMCIICHHBIM Ha JIMHUHW XWU3HU. IToka3pIBaeT Havamo " 3aBCPUICHUEC )IeﬁCTBPIfI, B
KOTOPOM y4acTBYyeT 00beKT. [10CKOIbKY JIMHHS KU3HH — 3TO MeTadopa BpEeMEHH,
TO NPAMOYT'OJIbHUK Ha JIMHUM JXU3HHU YKa3bIBACT HAa AKTUBU3AIUIO O6’beKTa BO
BpemeHU. Ha pucyHke 2 npuBeneHa AuarpaMma pa3BepThIBaHUS.

MySQl Server

Application
Server

MainProgram

Internet Information Server

Knnentcrni
KOMMBHOTED

KnmenT

Puc. 2. Jluarpamma pa3BepTbIBaHUS

Ha nmanHOl nuarpamMme HMpencTaBlIeHbl YCTPOKMCTBA, KOTOPBIE UCIOIb3YETCS
MpH pa3paboTKe MpeiaraeMblX MPUIIOKEeHNH. JlnarpaMma pa3MerieHus CoAepKUT
rpaduyueckue M300paKeHUs] YCTPOHCTB M CBsA3ed Mexay HUMH. B oTnuume or
JuarpaMM JIOTMYECKOr0 TIPEACTaBJIEHHUS, AuarpaMMa pa3MeIIeHUs SBISIETCS
€IMHOM JUISI CHUCTEMBl B II€JIOM, IIOCKOJIBKY JOJDKHA BCEIEeNo OTpaxxaTh
0COOCHHOCTHU €¢ peayinzanuu. Pa3pa0oTka quarpaMMbl pa3MeIIeHHs, KaK MPaBuiIo,
SIBJISICTCSI TIOCJICHUM 3TaIrloM Crenu(pUKay MOJICIH IPOrpaMMHOM CUCTEMBI [3].

Jns pa3paboTKM JAHHOTO MPHIOKEHUsS Hamu wucnoib3oBanbl CYB/]
MySQL. B mporecce JOTHYECKOTO TPOCKTUPOBAHUSI  BHICOKOYPOBHEBOE
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MPEICTAaBJICHUE JAHHBIX IIpeoOpa3yercss B CIPYKTypy wucnonbdyemoit CYB/I.
OCHOBHOH 1IeNBbI0 JAHHOTO JTamna SBISETCS yCTpaHEHHE MpPoOIeM JaHHBIX C
WCIIOJIb30BaHUEM CIENUANBHBIX (opM HopMmanm3anuu. Llens HopMmanu3amum — Kak
MOXXHO MHHHMH3UPOBATh MOBTOPEHUST NH(OPMAIIMU U BO3MOXKHBIE H3MeHeHHs bJ]
MIPH MPOIEypax OOHOBJICHHS. DTO JIOCTHTACTCS pa3liefieHHEM OJHON TaONHIbI B
HECKOJIFKO C ITOCIEIYIOIUM HCIIONIb30BAHUEM TIPU 3aIpocax ONepaluy HaBUTAluU
uMu. HaBurainuoHHBIA TOMCK CHMKaeT ObicTponelictBue BJI, T.e. yBenuuuBaer
BpeMs OTKJIHMKa Ha ero 3ampoc. [lomydennas joruueckas ctpykrypa b/l moxer
OBITH OIlcHEHa KOJMYECTBEHHO C IOMOIIBI0 PA3IHYHBIX XapaKTEPUCTUK (YHCIIO
oOpalieHnii K JIOTHYECKHM 3alucsiM, 00beM JaHHBIX B Ka)JIOM MPHIOKECHUH,
o0muii o0beM naHHBIX). Ha OCHOBE 3THX OIIEHOK JIOTHYECKas CTPYKTypa MOXKET
OBITH YCOBEPIIIEHCTBOBAHA C IIENIBIO JIOCTHKEHUS Oombineit 2 dexTuBHOCTH [4].

CrienuanbHOTO pPacCMOTPEHHUs 3acilyKHMBaeT mporenypa ymnpasienus b/l
Ona  Hambomee  mpocTa B OJHONOJNB30BATEIBCKOM  PEXKHME. B
MHOTOIIOJIb30BAaTENbCKOM PEXKHUME W B pacmhpeneieHHbIXx bJl mpouemypa cHIbHO
ycnoxHasiercs. [Ipy oIHOBpeMEHHOM JOCTYIE HECKOJBKHX IOJb3oBaTelnei 0e3
MPHHATHS CIIEIUATBHBIX Mep, BO3MOXKHO, HAPYILIEHHE IIETOCTHOCTH WH(OPMAIIUH.
Jnig ycTpaHeHHsI 3TOTO SBJIEHUS HCIOJIB3YIOT CHCTEMY TPaH3aKIMA M PEXUM
OJIOKMPOBKHU TaOJIUI] UK OTIICIbHBIX 3aITUCEH.

Tpanzakiusi — mpolecc M3MEHEHus aitia, 3anmucu WM 0a3bl JTaHHBIX,
BBI3BAHHBIM  Tepepadeld  OMHOrO  BXOAHOro  coobmieHusi.  OcobeHHOCTH
ONOKMPOBAHUS U BAPUAHTHI OJIOKUPOBKH Jiasiee Oy IyT pacCMOTPEHBI OTIEIBHO.

Jlornyecknii (KOHIENTYaNbHBIN) YPOBEHb ITOCTPOCH C YUETOM Celn(UKH U
ocobenHocreit koakperHoit CYB/] (puc. 3). DTOT ypoBeHb NMpe/ICTaBIeHUS JaHHBIX
OpPHCHTHpOBaH OOJbIIE HAa KOMITBIOTEPHYIO O00pabOTKy M Ha MPOrpaMMHKCTOB,
KOTOphIC 3aHHMAlOTCs ee paspaborkoil. Ha o3tom ypoBHE Qopmupyercs
KOHIIeNTyallbHag  MOJeNb  JAaHHBIX,  T.C. CHElUANbHBIM  CITOCOOOM
CTPYKTYpHpOBaHHAsi MOJAEHb MpeIMEeTHOW  001acTH, KOTOpas  OTBEYaeT
0COOCHHOCTSIM | OorpaHn4eHus M BeiOpanHoi CYB/I.

] messages v
idmessages
iduser1
g 1 sockets v
iduser2
—1 users v F-tedt b idsockets
text
idusers I | transport
1 date DATE
name 1 » error log
) * users_idusers
i 1
password —_ 1 = >
amail T
sex 1
I
EEREEEnEAnEm.
>
I
I
_] xmessages v

| idxmessages
i idmessage

text

# messages_idmessages

Puc. 3. Jlornyeckuii ypoBeHb 0a3bl TaHHBIX CHCTEMBI

dusuueckas MOAEIb AaHHBIX 3aBUCUT OT KoHKperHoW CYBJI, dakTudecku
SBIISISICH  OTOOpa)KeHWEM CHCTEMHOro Karajora. B ¢usudeckodd wmopenu
cozepxkutcs nHpopmaius 060 Bcex oobekrax b/l (puc. 4). [lockonbKy cTaHIapTOB
Ha oObekThl BJl He cymiecTByeT (Hampumep, HET cTaHAapTa Ha THUIBI JaHHbBIX),
(u3nuecKkas MOJIENb 3aBUCUT OT KOHKpeTHoU peanusanuu CYB/I. CienoBaTenbsHo,
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OJIHOW U TOH K€ JIOTMYECKOW MOJIETN MOT'YT COOTBETCTBOBATh HECKOJIBKO Pa3HbBIX
¢usnueckux Momeneh. Eciiv B JIOTHYECKOM MOAEIM HE MMEET 3HAauYCHHs, KaKou
KOHKPETHO THIT JaHHBIX UMEET aTpUOYT, TO B (PM3MUECKON MOJICIHM BaXKHO OIIUCATh
BCIO MH(POPMAINIO O KOHKPETHBIX (PU3MUECKUX O0BEKTaX — TAOIUIAX, KOJIOHKAX,
HWHJEKcaxX, Mpoleaypax M T.A. Pa3zneneHue Mojaenu JaHHBIX Ha JIOTMYECKUE U
(u3HUECKIE MTO3BOJISET PEIIMTh HECKOJIbKO BaXKHBIX 3a/ad.

__| messages v
idmesssges INT
iduser 1 INT
users *iduser2 INT
m v o S
text ¥ ARCHAR(45)
idusers INT 1
I date DATE
name ¥ ARCHAR(45) i
@ users_idusers INT
login VARCH AR (45) |
=
* password YV ARCHAR(45) |
email VARCHAR(45) T
sex VARCH AR(45) |
|
i S -
- _ sockets v i
idsockets INT 1
transport BOOLEAN *
error log ¥ ARCHAR{45) "~ | xmessages v

idumessages INT
> idmessage INT
text VARCHAR(45)

# messages_idmessages INT

Puc. 4. ®uznueckunii ypoBeHb 0a3bl JAHHBIX CHCTEMBI

NudopmanmonHas crucreMa MOOWJIBHBIX TPHIJIOKEHUH MpeHa3HaYeHa JUIS
MpEACTaBICHUA OHepaTHBHOﬁ I/IH(bOpMaHI/II/I O KOMMYHAaJIBHBIX IIIaTCXaX, B
YAaCTHOCTH MUCIIOJHEHHS CIISIYIOIINX MPOIIECCOB:

- XpaHeHUsT WHpOpManuu B 0a3e JaHHBIX C OOeCreYeHHeM YHOOHOTO,
GBICTpOI‘O IIOUCKa HeO6XOIH/IMBIX JaHHBIX U HaZ[e)KHOﬁ CHUCTCMBI pasrpaHU4YCHUA
npaB JIOCTYTIA;

- pPe3epBHOTO NYOIMPOBaHUS JTaHHBIX;

- OpraHM3allid OIEPATHBHOM JEITENBHOCTH MO Mepeaade mHGopManuu o
KOMMYHAJIBHBIX IJIaTCXax,

- opranm3anuu 3(pQPEKTHBHOrO YIpaBICHHS O IUIATSKAX KOMMYHAIbHBIX
YCIIYT HAaCEICHHUS.

[pennaraemast nHPOpMAIOHHAST CHCTEMA IS TIPEIITPUATHI TIPEACTaBIISET
co00# KIIMEHT-CEpBEPHOE MPUIIOKEHHUE ISl OOSCIICUeHUs TIepeiav TaHHBIX.
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KOCBHIMILIAHBl ~TaliJjallaHaThIH KOCIMOPBIH VIIIH aKmapaTThIK JKYHeHI eHJuey
Ke3eHiepi KapacThIpbuFaH. MoOWIIb/Ii KOCBIMILIAHBI KOHE aKNapaTThIK KYHe YIIiH
JepeKTep 0a3achlH ko00ajlay TEXHOJOTHIAPhl CUIIATTAJIFaH.
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’KAMBBLI OBJIBICBIHBIH JJEMOT'PA®USIIBIK KAFJTANBIH
TAJJAY )KOHE MOJEJIBAEY

Maxkanazna YKamObL1 00J1bICEI OOMBIHINIA JeMOTrpaUsUIBIK TaJay KYPTi3iiim, Tyy
JKOHE OJIIMHIH Y3IKCi3 YaKbITTaFbl 0aCThI MOMYJIAIMUIBIK MOCIbACP] KapacThIPhUIFaH.
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Tayenci3 eniMi3aiH XaaKbl COHFBI KbUIIAPhl KaPKbIHIBI ocyne. OTken 2015
b1 OaceiHa 17 MiH. 416,7 MbIH agaMsl Kypasbel, an 2014 sxput 6ackiHa 17 MuTH.
160,8 MbIH amaMasl KyparaH OomatbiH. SIrHuM, 2014 >XbUIABIH OacThl Ke3eHIMEH
canmpIcThIipFanga 255,9 mbiH agamra (1,5%) apTein oThIp. XallBIKTBIH ©Cy Ypaici
01311H 00JIBICTa Ja alKpIH OaiKanaabl. XalblK caHbl OOWbIHINA YKaMOBLI OOJIBICHI
Onrycrik-Kaszakcran, Anmatbl o0nbicTapel, AnMaTel Kanacel, [Lbireic-Kazakcran
xoHe Kaparanpl o0pIcTapbiHaH KEHIHT1 6-11BI OpBIHJIA TYP.

XKamObIm 0ONBICHI pecyONUKaMbI3Jarbl TAaOWFATBI MEH IIapyalIbUIBIFH,
neMmorpadUsIbIK  JaMybl JKaFblHAH ©31HIIK epekmieniri Oap afmak, TaOuru
Kopiapra 0Oail XKoHE TaOWFaT >Karqallbl KONAWNIbL, COFaH opail Oyl aiMaKTarbl
XaJIBIKTBIH OpHAJIACy TBIFBI3BIFBI JIa JKOFapbl eKeHairi Oarikamaapl. Ockl ceOenTi
Oys1 afiMaKTarbl XaJbIKTBIH OpHAJIACy JCHICHIHIH JaMy e3repiCTepiH >KOHE OChI
OONBICTBIH pecnyOyinKka KeJeMiHJeri OpHbl MEH MaHBI3BIH 3epTTey OYTiHTi
HapBIKTBIK 3aMaHHbIH Taa0bl. Ke3-kenreH MeMieKeTTiH 0acThl OailyIbIFbI — XaJIKbI
OOJIBIN TAOBLIATHIHBI CO3CI3. XaNbIK JETeHIMI3 KYHICTIKTI OMIpiH eHaipici MeH
y/Iaibl ©CIM YpIIiCiHIe TAOUFU TapUXH KaJBINITACKII, Y3/IIKCi3 )KaHAPBII OTHIPATHIH
aJaMJIapabIH OIpTYTACTBIFBI, aaM3aT KOFaMBIHBIH 0acThl MaTEpUaIIbl KOMIIOHECHTI
(xypaymsl Geiri). XanbIK JereHiMi3 TYpJli CUTIAT MeH Oenrifiepre ToH alyaH TypIi
JKOHE Kypaeni KyObuibic [1].

An, Oyrinae XKaMObUT OOJIBICHIHBIH JeMOrpaUsIblK axyajblHbIH Y3IIKCI3
e3repyi OChl aiiMakTarbl TYy K03 (DHUIMEHTIHIH, XaIbIKThIH TAOUFH KO3FaJIbICHIHBIH
HEMECEe MHrPAlUsIIBIK  KOPCETKINTEPIHIH  albIpMalIbUIBIKTApbIHAH — alKBIH
kepineni. CoHbIMEH KaTap, OOJIBICTBIH AI€YMETTIK-9KOHOMHUKAJIBIK JKaFIalbIHBIH
JKaKcapysbl Ja 00JIbIC XaJIKbIHBIH apTYbIHBIH 0acThl (haKTOPBI OOJIBIN TaObLIaIbl.

KamoObin  obmbickl — Kaszakcrtan PecnyOnuKachbIHBIH — OHTYCTITIHAC
opHanackaH. Anmatbkl, OHTycTik KasakcraHn, KaparaHmbl OOJBICTapbIMEH >OHE
Kpipreizcrannubin Tamac med Iy oOmbicTapeiMeH Kepiiiiec OONBIN TaObLIAIbI.
OOJBICTBIH aThl Ka3aK oHE KeHec akbiHbl JKamObln JKaOalyJIbIHBIH KypMETiHE
Koiibputrad. JKaMmObuT OONBICKHIHBIH TeppuTopusickl bernaknananan Tsub-llanbra,
ynan Kaparayra neiiin co3puibim skaThip. JKep aymarsl — 144,2 MbIH KM2.

OOsbIc OpTaNBIFBI, 9pi €H YJIKeH Kaimackl — Tapa3. OOnbicTa Gapibirsl 10
aynaH, 4 Kana, 153 KeHTTIK jKoHe aybLIABIK OKpyrTepae 379 aybur 6ap [2].

Taburarel. OONBICTBIH aWTapiibIKTaii ayMmMarblH bermakmana  KoHE
MolBIHKYM anajibl, TeK OHTYCTIiK-0aThIC, OHTYCTIK >KOHE OHTYCTIK-IIBIFBIC MIETi
taymapmen tmekrenreH (Kapartay, Keipreiz skome Ily-Ime Amartay Ttaymapsrn).
PenbedTin Oyt epekierniri o0JbIc KITMMATHIHA alyaH TYPJIiK cHIaT Oepei.

Taburu nanmmadrapabiH ¢uiopackl MeH (ayHachl ajdyaH Typiai. OOnbicTa
eciMaiKkTepiH 3 MBIHHAH actaM TYpi 0ap. AH aymalTbIH ©HIpAIH Kbl ajJaHbl
13,9 MBIH ra Kypaiiipl, OHJa KaHyapyapasiH 40-TaH acTaM Typi MEeKEHICH 1.

27,8 MBIH ra anmaHjapl KypalThlH OanblK IIapyambUIbIK KOpel 74 cy
adJBIHBIHAH TYpPajJbl, OHBIH IimIHAEC 73 Cy alabplHbl OaNbIK IIapyallbUIbIFbIHA
xapamapsl. Ipi 6erennepaen TaceTken xoHe Tepic-AmpiOyiak 6ap. banbik aymay
KoCiOiH/Ie TOJNICTOIOOMK, aKMapKa, KapIl, ca3aH, KoK CepKe, ThipaH OalibIK, Kpaib,
TOpTa OaJBIKTAPhIH ayjiay KeH TapaliFaH.

OO6pIc aymMarbiHAa 3 MEMIICKETTIK TaOUFH (KEIIeH 11) KayMalibl Oap:

— Memekertik (kemenai) kayman «bepikkapa maTtkaibe» — 17,5 MbIH Ta
aJlaHIbpl alajibl, OHJA KBI3bUI KITalKa EHri3UINeH aca Oarajbl arail OyTaChIHBIH
XoHe men eciMairiHig 50-IeH actaM TYpIH, all XaHyapiapJaH — apKapibl, YHII
KapachlH, )KyMaK IBIOBIHIIBIHBI KE3/IECTIpyre O0JIaIbl;

— Xanmer ananer 3,07 MBIH Ta KYpalThIH MEMJICKETTIK TaOUFU (KELICH/I1)
kayman «KapakoHpI3 IaTKanbl» (OOTaHUKAJBIK), 3ailyibl AJaTayablH 0aThIC
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cimeMiHIe oOpHamackaH. AJMa, WIMe, ajina, J>XY3IM aramTapblHBIH JKEMICTi
KeIlleTTepi YHEeHKI OpMaHHBIH, 003 KaparaHHBIH, TYT aralllbIHbIH, Tyiie
YKaHFaFbIHBIH aJlaHIapbIMEH aybICTBIPBIIA]IBL;

— Xanmer anager 1000 MBIH ra KypalThiH AHJacall MEMJICKETTIK (KEeIeH i)
KayMmaJl (300J10rusUTbIK) MOMBIHKYM aybuibiHaH Oatbicka 11y e3eHiHIH »KaFachIHBIH
OoiibiHIa OpHalackaH. OciMIik KabaTeIHIa ceney Iebi, Oerere, Kapa CEKCeyil,
TanablH Hy Oyracel Oackimibl. JKaHyapiap oyieMiHae apkapiap, KylaHuap,
XaipaHjap, emkrep, Kadanaap, KosHIap, Kelpraybliaap, Kypiap 6acem [2].

Kam0ObL1  00JIBICBIHBIH  OKiMmIIik OeJrimici. OOneicta 10 aynan,
oOJBICTBIK MoHAeri Tapas Kajacel oHe aymaHabslk MoHzeri Kaparay, JKanatac,
Iy cusikTe! yuI kana, 367 enni MekeH 0ap.

OOJIBICTBIH ayIaHIaphbl:

— OO6unbIc opraibirsl Tapas;

— baiizak aynansl — Capbikemep aybUIbL;

— JKamObL1 aynanbl — Aca aybUIbl;

— JKyanbl aynanbl — MOMBIIIYIIBI YBUIBL;

— Kopnait aynaner — Kopnait aybuisr;

— Mepki aynansl — Mepki aybUibl;

— MoliblHKyM aynaHbl — MONBIHKYM aybUIbL;

— PrickyioB aynansl — Kyian aybuisr;

— Capsicy aynansl — JKaHaTac KaJiachl;

— Tanac aynansl — KapaTay Kaniacel;

— Iy aynanet — Teue Ou aybuIbI.

OxoHomMuKackl. OOIBICTBIH XKaIbl iIKi eHiMi: 23,8 % — eHepkacin; 20,2 %
— aybUI MIapyallbUIbIFeL, 16,6 % — KeJiik xoHe OaiinaHbic; 6,5 % — KypbUIbIC OHIMI;
9,2 % — cayna; 23,7 % — Oacka cananap.

KazakcranuplH Oapiblk OOJBICTApPHl  KOPCETUINEH KapTachkl 1-cyperre

KETIpIIreH.
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Cyper 1. KazakcTaHHbIH 0apIbIK 00JIBICTAPBIHBIH KapTachl
Byrinri Tanma XKamObU1 0OJIBICHIHBIH AEMOTPa(UsIIBIK aXyalbIHbIH Y3/IIKCI3

e3repyi oChl aiMakTarbl TYy K03 (DHUIIMEHTIHIH, XaIbIKThIH TAOUFH KO3FaJIbICHIHBIH
HEMECEe MHTPAlUSIIBIK  KOPCETKITEPIHIH  albIpMaIIbUIBIKTApbIHAH — alKBIH
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kepineni. CoHbIMEH KaTap, OOJIBICTBIH QICYMETTIK-9KOHOMUKAJIBIK JKaFIaibIHBIH
ajra 0acysbl J1a 00JIBIC XaJIKBIHBIH apTybIHBIH 0aCThI (DaKTOPBI OOJIBINT TaOBLIA B

Enni mekennepai TYpPFBUIBIKTBI JKepiHe OalIaHBICTBI KajallblK JKOHE
aybUIOBIK €I  MEKEHAEPre JKaTKbI3albl, KaJallblK €11  MEKEHIepre
pecnyOauKaablK MarblHAJaFbl Kajajap aTajbl, COJI ayMaKTa aTKaH OKIMIITIK
KY3bIPbIHAAFel OOJIBIC KOHE aymaHIbIK MaFbIHAJIarbl >KOHE J¢ aybliaap Kaja
PETiH/Ie TONTACTHIPBUIMAN/IBI, SIFHU aYBLIABIK Sl MEKSH Iep OOJIBII CaHaIa bl

XaJBIKThIH JKEKEJIEreH yKac TONTaphl KYPhUIBIMbIHIA 6ciM Oarikanazapl: 2013-
2014 xpu1aap apaibiFbiHaa 00JIbICTa CHOSKKE KaOLIeTT1 JKacKa JICHIHTI )KacTapablH
yneci 3,4% apteinm 352,7 MbIH agamibl, €HOCKKE jKapaMbl (XaJbIKapasbIK
cranfapT OoibiHIIa 15-64 >kacThl KypaWThIHAAp) *xkacrarbuiapapiH yieci 0,2%
kemin (636,6 MbIH ajgam) koHe eHOekke KaOurerTi >kactaH (65 Kac KoHE OJaH
YIJIKeH) acKaHAapAbIH yieci 3,4% apthi 95,2 MbIH. ajgaM bl KypaIl OThIp.

OO0JIBIC XaJIKBIHBIH 9JI€YMETTIK-9KOHOMUKAJIBIK *KaFIaibl )KaKcapraH CaibIH,
OHBIH TYFaH Ke3JIeH KYTUICTIH eMip Ccypy Y3aKThUIBIFBI Ja y3apyna. 2012 sKbuisl
JKaNIbl XaJbIKTBIH OMIP CYpPY Y3aKThUIBIFBI 69,5 xbuiael kepcerce, 2013 KbUTbI
69,7 neitinri neHreWre ©CKeH, OHBIH ImmHIe: epiep-65,3, oitenmep-74,2 Hemece
oifenep ep aszamarrapiaH 8,9 KbUI y3arblpak FYMBIp Kemiemi. AYBUIIBIK el
MEKeHIepae OYJ1 KOpCETKIII yKaMbl XaablK yimiH — 70,5, oHbIH immiHae: epiep-66,5,
oitennep-74,7 xbuiabl kepcereni. 1-kecrege 2010-2015 xpuimap apanbIFbIHIAFEL
O0JIBIC XaJIKBIHBIH CaHbI KEITIPUITEH.

Kecre 1
2010-2015 sxputnap apajabiFbIHAAFEl 00JIBIC XaJIKbIHBIH CaHBI
Kepcetkirr 2010 2011 2012 2013 2014 2015
XaJbIK CaHbl 1034,5| 1046,2 | 10558 | 1069,9 | 1084,5| 1098,7

OapJIBIFBI, MBIH aJIaM
OHBIH ILITHIE:
KaJjia XaJaKbl 420,3 422.8 4222 427,9 436,5 442.8
aybUI XaJIKbI 614,2 623,4 633,6 662,0 648,0 655,9

Arpimaarsl ecen OoiibiHIa 2015 xbL1abiH 1 KaHTapblHA OOJIBICTAFBl XaJIbIK
canbl 1 MitH. 98 MbIH 740 agamabl Kypassl, Oy pecryOiinka XalKblHbIH 6,3%. By
OBUITBHIPFBI KBUIIIBIH KbLT OaChIHAAFbI Ke3eHHEH 14,3 MbIH ajgaMra apThiK. Kamambik
xeprepnae 442,8 MbIH afgaM (Kambl XaublK caHbIHBIH 40,3%), aybUIABIK sKepiepe
655,9 Mg agam (59,7%) Typansl.

2015 okpuUIABIH 1-10i  KBIPKYHEriHe ayJaHbIMbI3[a XalbIK CaHBIHBIH
Kepcerkimi OoibiHIa 98087 agaMbpl Kypajibl, OHBIH IIIIHAC Kajla TYPFBIHAAPHI —
35002 amam, sram 35,7%, an ayeul TypreiHAApel — 63085 amam, MalbI3IBIK
KepceTkimi — 64,3.

AFrpIMIaFbl  XaJIbIK CaHBIH Oarajay el apachlHIaFbl CaHAK KYPri3uUIreH
JKBIIFBI HOTHYKE OoOWbIHIIA OaranaHanbl. JKbLI caliblH XaJbIKTBIH ©CYyl JYHHEre
KEJIreH ajiaMyiap CaHbIMEH JKOHE Tall OChl ayMaKKa KeNyIIiiep caHbIMEH KeOeHir
OTBIpajibl, aj AYHUEICH O3FaH JKOHE OChl ayMaKTaH KETKEH a3aMaTTap eCeNTeH
HIBIFAPbLUIAIBI.

OO0sbIC XaJKbIHBIH CaHbI iIniHae Tapa3 KaJlaCchIHbIH XaablK caHbl 357,0 MbIH
amaMapl Kypaiinel. TypFbIHIap CaHBIHBIH KemTiri OoibiHIIa Tapa3 KaslachlHaH
Keiinri opeiaaa 137,4 MbiH anam Typrbiabl 0ap Kopaait aynanst typ, 100,0 MbiaFa
mamainbl Xaiakel O0ap Iy skone baiizak aymaHmapelH ga atayFa Ooyiafbl, ajd €H
TOMEH XaJbIK caHbl — 32,8 MBIH agaM MONBIHKYM aymgaHbIHIa, HEMece 1 Imapiibi-
makbIipeiMFa 0,7 aaM KOHBICTaHFaH, OPTAIBIKTAH MAIFai aifMak,
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Cyper 1. 2010-2015 xbu1aap apanbIFbIHIAFB 00JIBIC XAJTKbIHBIH JUArpaMMallbIK
KOPCETKIII

En aymaremna 50 aca ynrrap MeH YIIbIC OKUTIEP] TYpabl, ONapablH OackiM
KOTIIIIIr KEepriTiKTi XalblK — Kazakrap — 69958 amam (kammel enmin 71,3%
KYpaiibl) skaHEe OpbIc VAT okinaepi — 28129 agam (28,7%), kanran 17% XaabIKThI
Oacka VIT ekimaepi Kypaiabl. XalbIKTBIH JKalbl CaHBIHBIH ©3TepyiHe, €H
alIbIMEH TaOUFH Cy, SIFHU COOMIIEPIiH AYHUETe KNyl )KaKChl aCep eTe/l.

Y31iKci3 yaKbITTarbl OacThl HMOMYJISAIUSIIBIK MOACNBICPIIH Oipi — TYyIbIH
KOHE OINIMHIH CBhI3BIKTHIK yaAepici Oombim  TaObmaael: (Xp(2), t>0) Oip
WHAUBUAYYMIE 4 %KoHE A (UKCHPIIEHTeH MHTEHCHUBTI TYY JKoHE oM. byn Toyenci3
keOelieTiH MHAMBUIAYYMAAp KOHE YII opTYpii kebero Mesrini Oap OyrakrairaH
YZAepicTiH KapamnailbiM MbICaNbl 0oJia anajpl: KPUTHKAIBIKTAaH TOMEH (A>u),
KPUTHKAJBIK (A=) )KOHE KPUTHKAJIBIKKA ACHIH (A<u).

WuauBuayymaap apachlHAarbl OdCEKEICCTIKTIH JKOKTBIFBI TYYIABIH JKOHE
OJIIMHIH CBI3BIKTBIK TONMYJSAIUSIBIK MOJACTIHIH €H 0acThl 9JICI3Iiri OOJIbII
TaOblIaabl. By kapamaiibiM MOIENBIIH TaOWFU MOIU(PHUKAIMACH 09CEKEIeCTIK
YIIiH KOCHIMIIIA ©JIMI'e aibIl Keneai. bi3 TyyanslH WHAEKCTENreH yuepiciH (Xy(2),
>0), )XarbIMChI3 eMec TOJBIK MoHIepl KaObuimaiiTeiH i€{0,1,2,...} XoHe cekipy
KapKBIHABUIBIFBl YAKBITHI OOMBIHINA OIPTEKTUTIriH KapacThIPaMbI3.

Pi(Xo(1) = i+1)=Ait+o(1),
PiXo(t) =i-1)=pito(t), (1
Pi(Xo(1) = i) =1-(Atuy)t+o(y),

myHna A;=idu; =iu+i(i-1)6, t—0 Gonranza.

MogaenbiiH Herisri napamerpiepi (u, 4, 6) Tyy, exiM skoHe 1eMorpadUsIIbIK
IAHAMHMKAHBI CHIIATTAUTBIH OdcekenecTik (=0 JKarmalbplHa JKETKEHre JeliH
YACPICTI KOPCETEei.

lanbroH-BaTcoH ynuepici XaJIbIKThIH JUHAMHMKAIIBIK CTOXAaCTUKAJBIK €CeOiHIH
Toyesci3 O6JIIEeKTep apKbUIbl KYpbUIFaH 0a3alibIKk MOJENi OOJBIN TaObLIa bl
lanbroH-BaTcoH ynaepiciHIH MaHBI3bl CHUIIATTAPBIHBIH OIpl yprakTapIblH OpTa
CaHbl M=f (1) Oompim TabbLIambl. KpuTHKanbIK aeHredre neitinri (M<I) skoHe
KPUTHKANBIK JeHredne (M=1) xarnmaiinmapeinaa yaepic g=1 BIKTHMaJIbIFbIMEH
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IIBIFAJIbl, KPUTHKAIBIKTAaH TOMEHT1 jAeHreii kemeci yakwiTta (M>1) 613 ¢<I
anambI3. AHBIK aiiTkanna g=0, erep p,=0 OonraH xaiaiaa [3].

Kputukanelk TeMeHri kardaiija, JKeTl ara ypHakTapel caHbl ¢
BIKTUMAJIBIIBIFBI OOMBIHIIA HEMece MIeKCi3 1-¢ BIKTUMAIABIFBI apKbLUTBl MOWBIH AT
oteipbIn, ["anTon-BaTcon ynepcinmeri naiia OomaThlH Ke3 KelreH OenmekTi 0i3
IIEKCi3 ypraKTap Ti3iMiHEe Ue *KOHE COHFBI HYKTeCI Oap ypriakrap Ti3iMi apachIHIa
KaHKa KypailThIH OeJIIIeKTep/ieH axbIpaTa anaMbl3. OChIHIal YCHIHBUTFAH YAepicke
MIIIH/L YIepICTi aHBIKTaHMBI3.

XKymbic GapbichiHia Kerneci 0acThl HOTHKENEPi abIH/IbL:

- TYyIOBIH oOpTamia YakpIT YJIepici YIIiH MEKeNl Teopemalap aily >KoHe
OJIIMHIH KPUTUKAJIBIKTaH TOMEH, KPUTHKAJIBIK >KOHE KPUTHUKAJIBIKKA JICHIHTI
OKHFajiapJarbl 9peKeTi ajabiHabl, 0—0 karmalibiHa;

- OemeKTey OOWBIHINA TYY YIEPCIHIH KeliciMi aJIbIHIbI;

- MYMKiH YakpITTarbl Tyy YIEpICiHIH KeNiCIMiH CBI3BIKTBIK TYyy YyaAepici
YaKbITBIMEH KEJIICYi JJIEIICHII;

- oprama Tyy YaKbIThl YIIIH aCHMIITOTHKAIBIK (opMyllanap opeKeTIieH
CUMYJISIIIVS apKBLTBI TEKCEePii;

- TanproH-BaTcOHHBIH  OOJIIEKTI-CHI3BIKTBIK ~ OyTakTalmy  yAepiciH
KPUTHKAJIBIKTAH TOMEH aXKBIPATBUTYBI KOPCETII;

- JKail ambIK (opMynanapasl JyalbIbl OYTaKThl YIEpICTIH *koHe Xappuc-
CeBacThsIHOBTBIH ©3TepICiHIH HETi3r1 cHIaTTaMalapbl allbIHIbI;

- KaHKa KypalThIH jKoHE OJIIIEeHTeH OeNIIIeKTep YIIiH KOHTYPIBIK yaepicTep
AHBIKTAJIIBL;

- OIPTHUITI CBI3BIKTHI-0OJIIIIEKT] OyTaKTaJFaH YAEpICTI Ke3JeHCOK OakpLiay
YaKBITBIH/IA [IEKTI TEOPEMACHI AJIBIH]IBL;

- KONTEKT1 ChI3BIKTHI-0OJIIIEKTI OyTaKTalIFaH YIAepiCTEpiH OipTeKCi3 opTaua
TyMay BIKTUMAJIBIFBI TAOBUIIBI.

biz Tyy okoHe eniMHIH uWHAEKCTeNTeH (Xp(t), >0) ynepictepin
KapacTelpyAaMbi3. MopenbIiH Herisri mapamerpriepi (4, 4, 6) Tyy, eliMm xoHe
neMorpadUsyIblK TUHAMHMKAHBI CHIATTAalTBIH OacekenecTik =0 skarmaiibiHa
JKETKEHTe IeHiH YIepicTi KepceTei.

Kazipri Tanaarbl XaJdbIKTIH i>1 jkaFIaifblH Kapail OTBIPHII, MOy IAFbI
KeJleci KeJIeMJeri e3repTyliep Tyy HeMece oM OeJIIIeKTepiMEH MapTTajfaH.
Tipminik  ererin  Oemmekrep  ypmakrapasl — Oip-OipiHeH — Toyenciz A
KapKbIHIBUIBIKIICH Oip O6JIIeKKe, OJlap/blH apachlHAarbl OOJIIEKTep Tyyra acep
eTIEHTIHeN TIPIIUTIK eTeTiHAIri yWFapbpuIabpl. BemnmeKkTiH eiyi eki mapamerp
apKBLIBI MOJENICHE/I: (4 TTapaMeTpl eIiM/Il «TaOUFH KOJIMEH» Oip Oesiiekke, an 6
rmapamerpi, epexe OOMbIHIIA, 09CEKEHIH KBICBIMbI OOMBIHIIA a3 KOJIEMII KOPCETKIIII
Ooubin TaObLIaabl (KeOeHTKI i(i-1) 6 anapiHIa maiaa OonaThiH 0aceKere TYCETiH
KYI enmeMiH kepceremi). 6=0 xaell OTBIPHIN, Tyy d>XOHE OIIMHIH CBI3BIKTHIK
yaAepiciHe KaiiTa opaiaMbI3 Xy(2).

Bi3 yakpIT OoifbIHIIIA TYY JKOHE €Iy YepiCciHiH Keibip maiaansl KacHeTTepin
mbIFapaMbei3. MyHzna we OoONaThiH, KapKBIHIBUIBIKTBIH KBaJIpaTThl (popMachH
CBI3BIKTBI WHTCHCHBTI TYyMEH CaJIBICTBIpa OTBIPBITN, OI3MiH Tyy JKOHE Oy
yaAepicimMi3z Oip BIKTUMaJIAbIKKa HMe (€IIKAllaH OH JXKaKThl BIKTUMAJIBIKIICH TYY
JKOHE OJTY/IH ChI3BIKTHIK KPUTHKAIBIK acThl YepiciHe KaparaHna). Xy(t) yAepiciHin
€H KBI3BIKTBI MIHE3/IEMEC] — OJ1 Ke3AeHCOK TYY YaKbITHI Tg.

Erep kimkenraii 6 Oojica, OHIA KOCBLIAThIH i(i-1)6 iu-re KaparaHga eTe
Kinni, conna i<<@' . Xy(t) yaepici canplcThIpManbl TypJe TOMEH JeHreiine Gonca
Tyy JKOHE OJIMHIH CBI3BIKTBI YIepiciHae Xp(?) KoHE (A,u) mapaMerpiepiMeH
anMmpOKCUMHUPIICHE] J)KoHE CoHIali-aK OacTankbl Kyii Xp(0)=m Gomapl.
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Byrakrany yzepici Teopusicel e3iHiH OacramacwkiH [ambToH-BarcoH xone
Mapkos OyTakTany yzaepicTepiHeH anajapl. ['anbroH-BatcoH yzaepicTepi Tek KaHa
ypriakrap kenemMiH raHa ecenrei/i. LlIsiHalbI eMipae ypriakTap jkoHE (GU3UKAIBIK
yaKbIT alTapibIKTail 0acka KaTblHacTa 0Oybl MYMKIH.

Byn makanmama Tyy KoHE €M YIEpICIHIH iA KapKbIHABI TyyMEH J>KOHE
KapKbIHABI OMIMHIH u+i(i-1)0 OaiimaHbICThl, MYHIa 1 YICPICTIH arbIMIarbl
armaiibl. OHTaHIbI 0aCEeKeIeCTIK KapKbIHABUIBIFBI O KOpCEeTKIIMEH OeNnrieHei.
Kpurtukanblkran TeMeH A>u skaraahga Oyl ynepic skorapel Oacekenecti (A-u)/0
MOMYJISIIKS YIIH JeMorpadusiIbik MOACNIb PETiHIE KapacThIpbuiaasl (3-cyper).

BETBAUMACA NpILeCC
350 T T

300 — -
260 -

200 —

LYW

| |
0 a0 100 150

paamep nony Nyl

spevs

Cyper 3. [Nomymsius yirid geMorpadusIbiK MOIEIbIIH OPbIHIATY KOPCETKIIII

MyHja, 6acTanKel MOHEC KPUTHKAIBIKTAH TOMEH YICPIC Y3aK YaKbIT TYPaJIbl
(A-n)/6 =100 (1=2, u1=1.9, 6=0.001 xone yuepic 300 GesriekTeH Oacraiaibl).

NuauBuayymaap apachbiHaarbl 09CEKEICCTIKTIH JKOKTBIFBI TYY )KOHE OJTIMHIH
CBI3BIKTBIK MOMYJIALHUSIBIK MOJCIIHIH €H 0acThl aJICi3Airi OONbIn TaObUTaabl. By
KapanaibiM MOJCIbAIH TaOuru MoaAu(HKAIMIChl OJCEKENeCTIK YINIH KOCHIMIIA
eiMre aneil Kenemi. bi3 TyynplH wHIEKCTENreH yaepicin (Xy(t), £>0), KarbIMChI3
eMeC TONBIK MoHAepAl KaObuimaThiH i€{0,1,2,...} KoHE CEKipy KapKbIHIbLIBIFbI
YaKbIThl OOWBIHINA OIPTEKTLIITIH KapacThIP/BIK.

OJIEBUMETTEP TI3IMI
1. Tapa3. KamObu1  OONBICBIHBIH ~ BHUUKIONEmUschl  [Morin]  «Kasak
SHIMKJIONEAUSACHIHBIHY 0ac pemakuusackl. — Aiamatel, 2003. — B. 5-80, 144, 273.
2. Kokuna, P. KamoObiibckas obnacte [Tekcr]| / P. Kokuna. — Tapa3: CeHim,
2006.
3. Haccou, P., Jagers, P., Vatutin, V.A. Branching Processes: Variation,

Growth and Extinction of Populations. Cambridge University Press,
Cambridge, 2005.

Mamepuan peoaxyusiza 27.01.16 mycmi.

I'.E. KupekynaoBa, b. Anpean

M.X. Jlynamu ameinoaevl Tapasz memiekemmix yHugepcumeni,
Tapas kanacvl, Kazaxcman Pecnybnukacel

48



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

AHAJIM3 U MOJAEJIMPOBAHUE JEMOI'PA®UYECKOI'O
COCTOSIHUS KAMBBIJICKOU OBJIACTH

B cratee paccmarpuBaercss aHaiu3 AEeMOrpaduueckoro  COCTOSHHS
XKamObickoit obmacTi U MOAEIUPOBAHUE TOMYISAIWN B HEMPEPHIBHOM BpPEMEHHU
POXXACHUSA U CMEPTH.

KawueBbie cioBa: XKamObuickas o6iacTs, JeMorpaguueckoe COCTOSHUE,
nmonyJjAanusa, HCEHOPEPBIBHOC BpEM:A, MUI'palldA, HapO, Q)aKTop, HMHTCHCHUBHOC
POXKICHUE U CMEPTH.
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AN ANALYSIS AND DESIGN OF THE DEMOGRAPHIC STATE
OF ZHAMBUL AREA

An analysis of the demographic state of Zhambul area and modeling of
population in continuous time of birth and death are considered.

Keywords: Zhambul area, demographic state, population, continuous time,
migration, people, factor, intensive birth and death.
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HIEINIM KABBIJIJAYAbI KOJIJIAY YHIIH BIJIIM BEPY
MOJIMETTEPIH HHTEJUIEKTYAJI/IbI TAJIIAY 9ICTEPI

Maxkanama OiniM Oepy ypaiciH 6ackapy OOMBIHIIA MICHTIMII KaObUIIAy YIIiH, O11iM
Oepy mieHOEpiHAEC TYBIHIAWTHIH JCPEKTEPAl TaNgayAblH WHTCIUICKTYaIAbl OIiCTEpiH
KOJNTAHYABIH ~©3CKTUIIr  aWKeIHAAMABL. Kypaenali alropurMHiH — KiacCU(UKAIUSICHIH
MaiaIaHbI JePeKTEepl TAIJANThIH, OaFIapiaMaiblK KOCBIMINA YChIHBIIFAH.

Tyiin ce3mep: aepekTepli MHTEUICKTyalabl Tajgay, OuliM Oepy ypaici,
HICNIM KaObUIAay bl KOJIIAY, KYP/esi alropuT™, OaraapiaMalibiK KOChIMIIA.

Bapneik ke3ne, acipece Kasipri anemzae OutiM Oepy MeMIIEKeT JaMYbIHBIH
JKOHE SKOHOMHUKAJIBIK ©CYIHIH MaHBI3[bl KOMIIOHCHTI PETIHIE KapacThIPbLIaIbI.
AnaMm jKoHE KOFaM YIIIIH OHBIH POJII TYPaKThl TypHae eceli. 3aMaHayd ajamMiap
OpTYPIIi OMIpITIK KoHe KociOW >karnaiimapia Aypbic IIemiM KaObliiay YOIiH eTe
JKOFapbl KOCIOM JKoHE e1oyip MHTEUICKTYaAbl KYIITEPJi Tajam €TETiH Ke3eHIe
eMip cypyae. JKaH-)KaKThl akKmapaTTap arbIHBIHBIH KOOCH OoCEKeNeCTIriHIH
apTyblHa OalIaHBICTHI, OJIAP/bI TAJIIAI J)KATy 6T¢ Kyp/eii Macere.
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Binim Oepy canmaceiHma IemIiM KaObLIaay — KONTEreH MYIACTl ajgaMiap
TapThUTFAH KYPJENi, KOl jKaKThl yphic. buriM OepyaiH opTyp:ii caThiChIHIA OFaH
KaThICYIIbUIAPAAaH TYCETIH aKmaparTapbl TaldayAblH MaHbI3Ibl KPUTEPUI THIM/II
HIeiM KaObu1iay OoJIbI TaObLIaIbI.

Binim Gepy MekemenepiHiH akmapaTThIK >KYHeNepiHAe Y3aK YakbIT OOWBI
CTYIGHTTEp, ONapJbIH YJITepiMi Typalibl, OKBITYIIBUIAP JKOHE ONAPBIH FBHUIBIMH
KYMBICTapbl TypaJlbl aKmaparrap *XKHHaKTaIIbl. KalIbIKTHIKTaH OKBITY KYpCTaphbl,
OKBITY/IBIH KOMITBIOTEPJIIK Kypanjgapel, OimiM ©Oepy ¢opymuapbl, TecTiiey
XKyHenepi )KoHe aHKeTa XKYPrizy jkoHe T.0. Kypbiibl. OchUTaiiIa, COHFbI XKbUIIAPHI
op Typai popmatrta OiTiM Oepy YpAiCiHIH JepeKTepi KonTen )uHaKkTansl. CoHnai-
aK KOMIBIOTEPIIIK OKBITY KypallapblHa OKYIIBUIAPMEH €Ki KaKThl CEMaHTHUKAaJIBIK
Cyx0aTThl JKAOIBIKTAMTHIH TajanTap KOWBUIAABI JKOHE OHBIH HOTWKECIHIC
OKBITY/IbIH MEKCH-)KabIHBIH Ma3MYHBI KYPbUIybl THIiC. SIFHM OKBITY Ma3MYHBI
HaKThI OUTIM aJyIlibiFa OaFrbITTajIFaH JUIAKTHKAJIBIK JKaFaiFra TOJBIK COMKEC Kelyi
THiC, a1 Oyt OutiM Oepy aKnapaTTapblH HHTEIUICKTYa bl TajllayFa KOMEKTece .

Binim Oepy MekeMmenepiHiH opTYp:i KWHAKTaIFaH Aepekrepi, OuriM Oepyai
Oackapy OolfbIHIIA mIeNTiM KaObUIIayFa KONJIaHbUIa bl 3epTTeyiep KopceTKeHaeH
OutiM Oepy cajachlHIAaFbl MICIIIM KaObUIAAy YPAICIHE »KayamnThl aJaMaapiablH
capanrtay Oaramapbl, COHJAai-aKk OKYy JKOCHapliapblH KYpyFa KaTbICATHIH
OKBITYIIBIIAPABIH HHTYUIMSICBI MEH TaKipuOeci yikeH biknan erefi [1]. ConbiMeH,
IIeNmiM KaObLIayIIbl aJaMiap OHBIH HOTKXKECI YINIH YJIKEH KayanKepIIUTIKTE
Oomampl. Ilemim kaObuinay ypaAiciHiH OOBEKTHBTI OONYBI VINIH — IIENIiM
KaObUIAAYAbl KOJIAY JKYHECIHACT! JKYPri3iIeTiH apHaibl FHUIBIMH amapaTTapabl
KOJIJIaHy KaKeT.

JKanme! 6iniM Oepy JepekTepiH Tangay — *aHa KyObuisic eMec. bipak, OutiM
Oepyzse akmapaTThIK TEXHOJOTHSHBI KOJNJAHYABIH apTyblHa OallaHBICTHI >KaHa
oNicTep MEH TAcluepre KbhI3BIFYIIBUIBIK TYBIHIAY/A, JACPEKTEPIiH KACHIPBIH
XKaKTapbl MeH OaillaHBICTAPBIH aBTOMATTAHABIPYFa YMTBUIBIC KYLICIOIE.

Binim Gepy ypaiciHzeri 06apiiblK KaTbICyIIbUIApFa Maimanbl OUTIMAI TapTy
JKOHE MAIIIMHAJa OKBITY/bIH KOITereH ecenrtepi Oap: OuTiMrepiiep, OKbITYIIbLIAP
XoHe OuriM Oepyneri oOKIMINUTIK KbI3MeTkepiiepi. bynm camagarbl KemnTereH
3epTTEYJIEp OKY YPIICIHE HWHTCIUIGKTYalIbl OKBITY KYHecl Jen arajaThlH
(Intelligent Tutoring Systems, ITS) xylieHi oKy ypAiciHIe KONIaHYAbl YCHIHAIbI.
Bipak mnenmaror-zeprreyminepniy ITS konmaHyel xoHe 6HJCYiHE KapaMacTaH,
MyHaal xyhenep KasakcranHbiH OuTiM Oepy MekeMenepiHae a3ipre KeH TaparaH
KOK, aJl KeH TaparaHbl aKMapaTThIK KYHeH1 Oackapy >KOHE KalllbIKTHIKTaH OKBITY
xy#eci (Learning Management Systems, LMS). Ocbifan OaiJaHBICTBI YJIKEH
KBI3BIFYIIBIIBIKTEl HHTEIUIEKTYalIbl OKBITY JKYMECIHEH eMecC, OCBhl Ke3JepAcH
aJbIHFaH OUTIM Oepy JIepeKTepiH Talaay TyFbI3ajbl.

Kanmer “data mining” (nepexTepi WHTEILIEKTYaIbl TaJIay) TEPMHHI dp
Typai KbI3MET callachlHIa IICHIiM KaObulJayFa KaKeTT1 »KaHa, JICTYypJl emec
naiaanel OUTiMACP Il aHBIKTAY (bl OUTAIpEi.

Educational data mining (EDM) — Oy nepekTep/i HHTEIUICKTYal bl Talaay
menOepingeri OarbiT. EDM  MakcaTel OutiM Oepy ypaici aschIHIa aJbIHFaH
JIEpEKTEeP Il TaJIay KoHE OH ey OOJbIN TadbLIaAb! [2].

EDM-HiH Heri3ri ecenrtepiHiH Oipi JEPEKTEPAiH >KACBIPBIH 3aHAbLIBIFBIH
ta0y. ConbiMen EDM MarbIiHaChl — OKY YPICIHE KATBICTBI, JEPEKTEP/li aBTOMATTHI
TYpJie MIbIFapyMEH 0ailJIaHbICThI 3ePTTEYJICp KOHE Kypayiaap daicTepi.

XKorapreia aliTbUIFaHIAP/IBI €CKEPE OTHIPHII, aHbIKTaMa Oepeliik. binim Oepy
JIepeKTepiH HMHTEIUICKTYal/Ibl Taliiay — Jepekrepieri OypbiH Oenrici3 OonraH,
TaObLIMaFaH oJICTEP KHUBIHTBIFBL, SFHH OJ OLTIM Oepy YpaAici oHE OFaH
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KaTBICYIIBUIAP/IBIH IIEIIiM KaObUIIayIbl KOJIay MaKCaThl TYpaibl Maiaaibl sKoHe
HWHTEpIpETaIIIaHATBIH OLTiM.

Binim Gepy aepekTepiH HHTEIIEKTYa bl Tajiay eceOiHiH CUIaTTaMaaphbl:

- K9C10M KY3BIPETTUTIKTIH KYPbLUTY MOHUTOPHHT;

- OKy OKOCHApiapblH, JKEKe OKYy KOCIApJIapblH, MOHIEPAIH OKY
OaraapiaMajapslH xkobaay;

- CTYACHTTEPIH eHOEK HaphIFbIHIAFbI O9ceKere KaOUISTTUIINH Tajaay KoHe
Ooikay;

- OLiM Oepy YpIICIHAE «IIBIFY» KE3SHIH/IC albIHATBIH TYJICKTEPIIH CallaChlH
)obaJay JkoHe 0oDKay;

- OiiM Oepy caachIHBIH JCHTeHiH Jep Ke3iHAe aybITKyJIapJaH CaKkTaHABIpy
YIIiH TUarHOCTHKA JKacay;

- HaKThI OUTIM cajIachIHBIH CTAHJIAPTKA COMKECTIrIH Oaraiiay.

EDM Heri3ri MakcaTTapsbl:

- THIMJI enimMaepii KaObuiaaid oTeIpEIN OiTiM Oepy YpiciH Kakcapry;

- CTYAIGHTTEP/Ii MaKCcaTThI OUTIM Oepy TpaeKTOpHUsCHl OOMBIHINA OaFbITTAY;

- CTYAEHTTED MEH OKBITYIIbLIapra OuTiM Oepy ypaiciH Ty3ery OoWbIHIIA
YCBIHBICTAp Oepy;

- OKy YpAICiHIH MOHIH TYCiHY, JCpEKTEpIliH >achIpblH OalaHBICTapBIH
aHBIKTAy, aJaAMHBIH aKIapaTThl Kalali MEHIepreHiH, JaFabIChl MEH OLIIM ajFaHbIH
TYCIiHY.

Binim Gepy mepekrepiH HHTENEKTyalAbl TAay — 3epTTEY/IiH jKaHa OaFbIThHI.
2008 sxputbl Oip Tom ranbiMaap Kanagamarel Monpeanne anram per EDM
OoiibiHIa KOH(epeHuus oTki3al. ComaH Oepi KbUlAa MYHIal KOH(epeHIUsIap
TYpakThl TypAe etkizimin typaasl. Kondepenuusnap AKII, WMcnanus, [penusaa
orTi. Kemep »xburrbl kerinini koHpepenmus Institute of Education (JIoHmoH,
¥ IbIOpUTaHMST) HHCTUTYTHIHA OTKI3UIEN.

EDM canaceiHga OelCEHIl FBUIBIMM 3epTTEYJiep YIINIH Kejeci ecenTepii
HIENTy KaXKeT:

- EDM opicTepi koHE alropuTMICPiH, HETI3ri MpoIeaypanapblH Tajuay
(YKCacCThIFbI, allBIPMAIIIBUIBIFBI, TAFaibIHIATYbI);

- OiniM Oepy mporecinge TybiHIaiTEIH, EDM keMmeriMeH Iemiayi MyMKiH
ecenTep/IiH KoJIaHy asChlH KapacTelpy. bimiM Oepy aepeKkTepiH WHTEIIEKTYall bl
TaJJayablH HEri3ri oJicTepl CTaTUCTHKAara, MalllMHAJa OKBITY XOHE JEPeKTep
0a3achIHbIH TeOpHsChIHa Herizaeneni. O omicTepre )araTbIHIAP:

- ayBITKy/BI i311ey (Anomaly detection);

- acconuanusHel i31ey (Association rule learning);

- xkikTey (classification);

- knactepiik tanaay (clustering);

- perpeccusIbIK Tajaay (regression analysis);

- HeiipoH sxeninepi (Arificial neural network) sxone T.0.

JKorapbiia alThUIFaH 9ICTEp asChIHAA KONTEreH TaKIpuOenep >Kypri3iiii.
Binim Gepy nepekrepin Tanaay OOHBIHIIA KYMBIC THIMIUTIT KeOiHece TaliaHaThIH
o0OBeKTiIepIi JKyie KepceTKimTepi TypiHAe KOpceTylleH Toyenai Oomalbl.
[enarorukaiplK eJmiey oAiCTEMECIHIH >KETEeKIi MPUHIUNTEPI MYHAal >KyHeik
BIHFAHIBIH SIPOCHI OONBIN TaObLIAAbI, OFAH KeJleCUIep i )KaTKbI3yra OoJapbl:

- OIIIICY/IIH CAH/IBIK JKOHE camajblK JICHTeiiH YHIeCTIpy;

- OimiM camachlHBIH ©3TepyiH 6JIleyre apHajFaH ICHXOJHarHOCTUKAJIBIK
ollicTeMEIepiH TapTy;

- (akropimel  JUCHEPCHACHIH  JKOHE  MeTaraijayAbl  CTYICHTTep.i
JMafbIHAAYABIH Callachl TypaJibl IEPEKTEP Il 3epTTEeyre KoIaaHy skoHe T.0.
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Binim Oepy ypaiciHmeri aepekTepli WHTEIEKTYyal[bl TalIayAblH OacThl
EpeKIICNIKTePIHIH ~ Oipi  JepekTepai TanmaylblH 0Oa3alblK odicTepl  MEH
anroputMmaepMer karap, EDM-ne keii0ip apHaiibl omicTepai KonmaHy. JKekenei
aJFaHJa OKBITY OPTACBIHJAFBI EPEKIICTIKTep MEH MiHe3eMelep i cHiaTTay YIIiH
MICUXOMETPHUKAJIBIK dmicTep KoimaHbuiaabl. CoOHbIMEH, OUTiM Oepy JepeKTepiH
WHTEIUICKTYANIbl Talliay IelaroTuKajblK TICUXOJIOTHSMEH THIFbI3 OallaHbICKaH
cana. COHbIMEH KaTap, MYHJ]a KOTHUTHBTI FBUIBIMH OJIiCTEp KOJJAHBLIABI, Ollap
capammibpuiap IMiKIpiH  QopMmyiajayFa MYMKIHIIK O€peTiH MaTeMaTHUKaJIbIK
amnrmapaTTap JKoHE IICUXO0JIOrHsl QICTEePiH OIpiKTIpei.

Tanpmaymap  KepceTKeHAEW  3amMaHayd  IICHUXOJHUSUIBIK-TIENar OrMKaJIbIK
CTYJCGHTTEp YJrepimMaepiHe acep ereTiH (akTopiapiabl aHbIKTayFa YJIKCH Ha3zap
ayJappUIazipl.  YJTepiMre ocep eTeTiH 3epTTENeTiH MapaMeTpliepAiH CaHJbIK
CHUIaTTaMalapblH ajy YIOIH CTAaTUCTHKANBIK Tajgay omicTepl KOJIaHbLIaJbL.
CTaTUCTHKAJIBIK Tajlay HOTMDKECIHIIC alIbIHFaH HOTIDKENEep KoOIHece CTYACHTTEP
TaHJIaFaH TECTUICYIIH HOTIMOKECIMEH OalaaHBICTBI OOMajabl, KeHOIp Keke
CTyJIGHTTEp YIIiH >KapaMchl3 OONybl Ja MYMKiH. MyHBIH 031 3eprrey
a/ICKBATTBUIBIFBIH IIEKTEYTe 9Cep €TETiH MYMKIH (paKTOpiapbl aHBIKTalIbl JKOHE
OyJ1 Ke3J1e TalllaHAThIH JICPEKTEP €PeKIIeNiri MeH 0ac »UbIHHBIH Tajaay (ipikrey)
KeJIeMiHe Ha3ap aynapy Kaxker. MHTe/IeKTyan sl Tajaaayasl OuTiM Oepy ypaiciHe
KaTBICTBl OapibIK JepeKTepre >KYprisy Kaxer. Tanjayra KaXeTTi JepeKrep
CTY/IGHTTEpP OKBITYIIBLIAP, YArepimMaep T.0. CaKTaiaTblH YHUBEPCUTETTIH JIepeKTep
KOpbIHAH ajbiHybl MyMKiH. CoHpjaii-ak »XyMbIC OepymriiepJieH €HOCK HapbIFbI
TypaJlibl IepeKTep aabIHYbl MYMKIH.

Binim Gepy ypliciHeH ajbIHATBIH JiepeKTep (MbIcalbl, aOUTYpPHUEHT, CTY/CHT,
OKBITYIIIBI, JKOFapFbl OKYy OPHBI, aiMaKThIH XOHE eNIiH OuTiM Oepy JKYHeCiHiH
JIeHTeii1) JyphIC CHITATTAIATBIH JKOHE OENTiIi eiIey MIKaIachbIMEeH TipKenyi THic.
MyHpaii xaraiga akinapar menimM KaObuiay YIIiH KETKUTIKCI3 0Odybl MYMKIH.
Binim Gepy mepekrepiHiH Ke3lepiHe KOMIBIOTEPIiK OuTiM Oepy Kykenepi CHAKTHI
aKnmapaTTeIK Kkydenmep (umHTeluiektyannsl) JKOO-HBIH —aknmapaTThlK —Kykeci,
QIIEYMETTIK XKeJiliep, OKYIIbIIap )KYMBICHI T.0. )KaTaibl. MBICaJIbl, IOrTap, TeCTUIeY
KOHE aHKeTanay HOTHXKENIEpl CTYIEHTTEp »YMBICHI, OKY KOCIapiapbl, MOHHIH
JKYMBIC Oarmapiiamaiapsl xxoHe T.0. CoHali-aK Taujayiap YIIiH aKnapaTThiH OLTiM
Oepy Kyliecl )kKoHE KOpJapblHaH OKY ypIiciMeH OaiIaHBICTBI JACPEKTEP alIbIHAJIbI.
Mynnait xyienepre LMS-ten Oacka, kammai oHiaiH-KypcTapsl (Massive Open
Online Courses, MOOC) xatkpi3yFa 0omansl. MyHail xyihenepae AepeKTep Ke3i
peTiHae KolaaHymbl 0oNajabl, MBICANIBI MapakTapbl Kapay, TYpPTyJep, Keuryiep,
Oaranmaymap. MacmTaOThl ayauTOPHSIBIK KypcTap, Mbicanbl Coursera Hemece
EDX-te OuriMm Oepy JIepeKkTepiHiH HWHTEIISKTYyalabl Tajjay alrOpUTMIEpPiH
KOJIZIaHy Jla ©T€ MaHbI3/IbI.

EDM Tarel 6ip MaHBI3ABI eceOi OuTiM Oepy TpaeKTOPHSICHIH KEKEIEeHAIPY
OonbIn TaObIIaAbl. MbICabl, IIBIFAPMAIIBUTBIK MAMaHaPFa OKBITY TPAEKTOPUSCHIH
nepOecTeHaipy i )KaOapIKTayFa apHajaraH OUTiM Oepy AepeKTepiH Tajaay daicTepi
KapacTeIpbUIaipl. ByJl ecenti mmienry yImiH IIemIiM aFalliblHA HETi3JIENTeH JKIKTey
QITOPUTMI KOJNJAHBUTAABl. MyHJall TpaeKTOpPHSHBI TYPFBIZY YIIIH rpadTap
TEOPHUACBIHA HETI3JENTeH JKylHe MEH OKBITY TPaeKTOPHUSCHIHBIH MO
yChIHBUIAABL.  BimiM  Oepymi  MHTEUIEKTyal[bl Tajjayla MaHbBI3Ibl  POJb
OKBITYIIBIIAp YIIIH Kepi OalIaHBICTBI KaMTamachl3 €TyTe OOINbIN TaObUIaIbL.
Ilenerukanbik Oarnapiamanay KeMmeriMeH Kepi OalmaHBICTBI YHBIMAACTBIPY dici
KepceTiiredH. MyHzia TeCTUIey HOTHXKECIHAC ajblHFaH JEPEKTEPiH acCOIMATUBTI
epeKenepiH i3aey Kypriziired. bimiM Oepyaeri MHTEIIEKTYalabl Tajllay.IbIH
Oonamarel 30p OarbITTHIH Oipi OKy KypCBIH KYpacThIpy eceOiHiH WIemiMiH Taly
0OJIBIIT TaObLIA b
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OKBITYIBIH ~ KOMIBIOTEPIIK  Kypajjapbl akKmapat Ke3lepi Hemece
KaObUIZAYIIBI TYPIHAEC eMeC, CEMaHTHKAJIBIK aKMapaTThl OHICY TYpiHAe Oepiiemi.
Kympicta Oimim  Oepy ypaHiciHIeri opTypili Ma3MyHJAaFbl HHTEPIpETAIMSHBIH
WHTEIUICKTYaIbUTBIFBIHBIH MaHBI3ABUIBIFBI KOPCETINIE, O albIHFaH JISpEKTepIiH
OOBEKTUBTIIITIH apbl Kapai KaKCapThUIybIH (GopMylanayra KakKeT. OJIEYMETTIK
XKeJiJieri Jkactap KbI3METiHIH OeICEeHAUIIri KocinTiK OUTIKTLTIKTI apTThIpy JKOHE
3aMaHayd MaMaHJapAbl JalbIHIayFa apHajFaH opTYpNi OKYy JKYMBICTAPBIH
YHBIMIACTBIPYFa KAXKETTI KY3IPETTUTIKTI KypyFa BIKIANT eTEe/Il.

Backa MaHBI3OBI ecenTepre KaTtaThIHAAp: JIEPEKTEpl Taljay IKoHE
BU3yallU3alMsiay CTYISHTTep TOPTiOiH MoOIeNnjey, Hamap TOPTINTI aHBIKTAy
(cabak xibepy, KemIipy), CTYICHTTEpPII TONKA >OHE IMIKi TomTapra Oeiy,
CTYJCHTTEPIIH dJICYyMETTIK OaiJIaHBICHIH TaJay, KOHIICOTYa bl KapTaHbl OHJICY.

Kikreymin Kypaeni aiaropuTMIepiH KONJTAHBII JEpeKTepre Tajjaay
KYprizyre apHaiFaH OarjapiaMaliblK  KOCBIMINANAp  KonjgaHeuiaabl.  OKy
OITIpyIILIEpiH COHFBI KBUIIAPAAFBl KYMBICTAPBIH JIEPEKTEPIi WHTEILICKTYaJ bl
Tajaay 9ICTePiH KOIAAaHY Ikl 3ePTTEYC KelleCl KOChIMINIaaap OH eI/

- «AKnapatThIK KyHhenep» KadeapachlHbIH MaruCTPaHTTapBIHBIH KbI3METI
Typajbl aKmapaTThl )KWHAY JKOHE OHJCY/l aBTOMATTaHAbIpyFa MYMKIHIIK Oepei.
Ecen 6epynepai renepanmsiayra apHairal Kypaijgap KYpbulasl. MaructpaHTrapra
KaeapaHbIH aKIapaTTHIK OPTACchl KOHE FHUIBIMH JKETEKIIICIHIH OCKITLTYI Typaibl
aKmaparTbl ©3 O€TIMEH eHTi3yre MyMKIHIIK Oepingi. OHIeNreH KOMIIOHEHT
kadenpa OacumibuTapblHa MaruCTPaHTTap KBI3MET1 Typallbl TONBIK aKmapar alyra,
OHBIH JMHAMHKACHIHBIH ©3TepyiH Kopyre MYMKIHIIK Oepesi.

- 3epTTEy YpIiCiHEe cayajHaMa HOTHIKEIEPIH CallbICThIPY KOMITOHEHTI.
«AKnapaTThIK JKyie» Kadempackl CTYACHTTEpIHE cayallHama KYpri3e OTBHIPBII
3epTTEY OKYPridy Ke3iHJAe KONTereH oOnepanusuiapAbl  aBTOMATTaHAbIPYFa
MYMKIHJIIK Oepe/i )koHe KalTa 3epTTey/e KepeK cypaKTapra skayar anyra 0osabl.

OKBITY/IbI TaHJAYA COHFbI OOBEKTLIED KOHE OJIapIbIH Oenriiepi Oepiirex.
Mpicabl, XKOFapbl OKYy OPHBIHBIH OapiblK CTYAEHTTEp Ti3iMi *KOHE OTKI3LIreH
HEMece aFbIMJIaFhl MoHAep OoibIHIIa OapibIK Oarackl. OKBITYbI TaHIAYIBIH dpOIp
OOBEKTICI YIIIIH OHBIH KaHAal KJIacKa jKaTaThIHABIFBI OIriii. bacTankel KUbIHHAH
epKiH OOBEKTIHI XKIKTeyre KaOUIeTTi anropuTM Kypy KepekK, SFHH IKIKTey
QITOPUTMIH KOJJJAHY HOTHXKECIHJIE OOBEKT JKAaTaThIH KIIACC aThIH KOPCETY KaxKer.
OHnbl MaTeMaTHKAIIBIK MOJICITb TYPiH/IE Keleciiel sxazyra 0omaibl.

X-00BEKTTI CHUNATTAHTBIH JKWBIH, Y-Kiactap >KUbIHBI OonichiH. Kereci
MakcaT (ynkiusacel f-Oenrini OonceiH: X—Y, MOHIEpPI TEK OKBITYIbI TaHIayna
oenrimi Xn=[(X1y1), (X2y2.)...(Xm Ym)], MYHIAFBI X;, Xz, ...Xm - OOBEKT Oenrinepi
BEKTOPBI, a1l Yi, V2, -..Ym — KIIAcTap aThl, OFaH caiikec oObekTinep xaraapl. XE X
epKiH OO0BEKTiHI XikTeyre Kabimerri a: X—Y anropuTmiH Kypy Kaxer. Kasipri
Ke3Jle KOCBIMIIA Ceri3 TYpili alNropuTM KeMeriMeH OHHAapybl JKIKTEyJl FaHa
KOJaliipl. BHHAPITBI JKiKTEY €Ki Kilacc OONYBIH YChIHAMBL, SIFHU Y={-1,+1}.

EDM canaceiHgarsl OapiiblK 3€pPTTEYJICPAIH KAPThICKI OPTYPNL IKIKTEY
QITOPUTMIH KoJJaHaAbl. EH Wi KOJJIAHBUIATHIH ajJrOpUTMEpre HICHIM aFalllbl,
JKaKbIH Kepin K omici jxoHe ysH Oaliec JKiKTenyl »kaTajubl. barmapiamMalibiK
koceimMmiazia EDM  camacelHia KeHiHEH TaparaH OKIKTEy — aJrOpUTMJEpi
KOJIIaHbLIaAbl [3]. ATanraH yin aaropuTMHEH Oacka Oy SVM-Tipek BEKTOPJIBIK
omici Random Forest- memim arambiabiH aHcamOii, ADA  Boost-xikTenymi
KYIIGHTY anropuTMi, TPajUeHTTI OYCTHHT JKOHE JIOTHCTHUKAIBIK DPErpeccus.
Y1riHII Kagamaa alropuT™ TaHJaJiFaH COH OHBI OarnTay >Kypri3iaeni. AJropuTMii
Oantay OpMaChIHBIH MBICAJIBI 1-CypeTTe KeATIPIIreH.
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F ol
[7 Cpasmeruwe anropwrmos knaccwdmkaymm - [Mpeanpocaorp] |. 7 5 |

HacTpolima napameTpos knacosdiscatopa SVM

Fenalty parameter C of the ermor term 0,00 ET

Kernel type to be used in the algorithm rbf -
Independent term in kernel function ‘poly’, 'sigm’ |0 Ef
Enable probability estimates ™ True

Diegree of the polynomial kermel function 'paly’ lu] =

Kernel coeffigent for rbf, 'poly’ and ‘sigm’ 0,00 =
Tolerance for stopping criterion @001

Hard limit on iteratons within solver -1 E

< Hazan I Nanee = OTHesa I

Cyperl. Xikrey anroputmin 6anrtay GopMacs

I-cyperre kenripinred gopma SVM (support vector machine) anroputmin
Oantayra apHaiFaH. bamnray ymriH apHaiibl ¢opMa HIBIFApbUIaJIbI, OHJA YHCI3IIK
OoifbIHIIIa MOHJIEp OepilireH KoHe apOip OacKapylIbl AJIEMEHT YIIiH AepeKTep TUII
MEH JMana3oHjapra IIeKkTeyiaep OepiireH. MyHBIH 631 KOJNJaHYIIbl aJrOpUTM/II
Oanrtay Ke3iHIe AYpPHIC €MeC MOHJEp CHTI3iN KoWMay VIIiH »kacaimraH. Kaxkerri
OanTap TaHOANFAaH COH KOJIJAHYIIBl QITOPUTM J>KYMBICHIH BH3yalTH3allUsIIayFa
etemi. OHBI JXYpri3y VIIiH OaFmapiaMaiblk KOCBIMINA Ke3IeHcoK omicrien 250
oObekTiHi TaHmam ananel. ComaH COH TaFbl Ja Ke3NIEHCOK Karmalijia TaHJAaiFaH
TeKcepyal Kypy *aHa Tagaayaan 20% epekiineneHeni.

Ocepunaiiia, OimiM Oepy ypAiciHAeri MHTEIIEKTYaJbl JEpeKTeplli Tanaay
eCenTepl CuIaTTalFaH, oOJlapJAbl MICIIYAIH OAICTepi MEH KOJJaHy callachl
KapacCThIPbLIFaH.
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METOAbI THTEJUIEKTYAJIBHOI'O AHAJIU3A OBPA3OBAHUS
B IOJJIEPKKE IIPUHATHSA PEINEHUM

B cratbe packpbITBl aKTyaJdbHblE BONOPOCHI IMPUMEHEHUS METOJ0B
WHTEIUICKTYAIBHOTO aHalli3a IAHHBIX B chepe 00pa3oBaHusl, M IPUHATHS PEUICHUH
B yNpaBlIeHHMH 00pa30oBaTeIbHBIM MpoueccoM. lIpemnoxkeHo mnporpaMmHoe
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METHODS OF THE INTELLECTUAL ANALYSIS OF EDUCATION
IN DECISION-MAKING SUPPORT

In article topical issues of application of methods of the intellectual analysis
of data in education, and decision-making in management of educational process
are considered. The application program was presented where the difficult
algorithm of classifications in the analysis of data is offered.
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decision-making, difficult algorithm, a program application.
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KOJIIK UH®PAKYPBIJIBIMBIHJIA AKITAPATTBIK JIOTUCTUKAJBIK,
"KYWEJIEPIH MATEMATHUKAJIBIK MOJIEJI

Makanaza aknmapaTrThlK arbIMAAP/bIH  KOCIMOPHIH iIIiHAE YHBIMIACTHIPBUIYHI,
coHyaii-ak ~ Oip-OipiMeH  ampic  OpHajlacKaH  JIOTUCTUKAIBIK  YPHICTIH  Typii
KaTBICYIIBUIAPBIHBIH ~ apachlHOaFrbl  aKmapar —aiMacys KapacThIppUIFaH.  KesiKTik
JIOTUCTHUKAHBIH ECETITEPIH HISITy YIIIH apHAibl MAaTEMAaTHKAIBIK MOJENb YChIHBUIFaH.

Tyiiin co3ep: JIOTUCTHKA, aKmapaTThIK JIOTUCTHKA, KOJIIK
WHOPAKYPHUTBIMBI, KOpIap/Abl 0acKapy, MaTeMaTHKAIBIK MOJIEIb.
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Keninen KOJIaHBIJIATHIH TayapJiap KO3FaJIBICEI JIOTMCTHUKAIIBIK,
TY)KBIPBIMIAPBIHBIH TEPMHUHAJIABI TEXHOJOTHACHIH JKOHE TachIMalgay YACPICIiHIH
JKaHAIIBLUT TeXHOoJorusulapeln  Ka3zakcTaHia €Hri3y, CBIPTKbI 3KOHOMHUKAJIBIK
OaillaHBICTAPJBIH ~ KCHEIOI, HAPBIKTHIK  OKOHOMHMKA  OHM3HEC-YIepiCTEpiHIH
JaMybIHBIH ~ HOTIKeci  OOJbIN  TaOBUIATBIH,  XaNbIKAPANbIK  KYKTEpIi
TachIMajijiayjlapFa  KYHHCGH-KYHTe  YIFaWbIl  KeJe  JKaTKaH  CYPaHBICHIH
KaHaraTTaHIBIPY YINIH KakeT Oonmbin OoThIp. CoraH OalIaHBICTBI XKYK OHICYIIH
3aMaHayH TEXHOJIOTHUSJIApPhl MEH KBI3METTEP/IH TOJIBIK >KMHAFBI OONBIHIIA OTaHJIbIK
JKOHE IICTENIIK KIMESHTTEP/IIH CypaHbICTapblHA COHKEC JKa0AbIKTATYhI THIC.

KemiKTiK-JIOTHCTHKANBIK aMalaap, )KYK KO3FaJbICHl, KOJIK WHPPaKypbUIbIM
OyBIHIAPBIHBIH ~ YHBIMIACTBIPBUTY MEH 9JKOHOMHKAIBIK OOJIKTeHYi, KOFaphl
MEXaHU3alMsJIaHFaH KOHE KaKETTI KyaTThl KYK ©HJACYIl TEepPMUHAIAap MeEH
KeTicajalibl ipi TepMHHAJIBI KEeMIeHJEepAiH a3 OoNybl KONIKTiK-YHIeCTIpyIIiIiK
JKYHEHIH KbpI3MET €Ty THIMIUIriH TeMenaeredl. JKyk TaceiManmay Typii
cajajapJarbl Tayapjiap KO3FalbIChIH KaMTHUIbl. KeIKTIK JIOTUCTHKA IHIIHJE
«TIKeJIeH-apKbLIbly MapIIPyTTapja YaKbIT IEH KEHICTIK €H TOMEHI1 Y3bIH]IbIFbI
XKy3ere achIpbuTybl THIC [1].

JlorucTukanbIK Kyienepae MIeniM KaObULIayIbIH HEri3ri MakcaThbiHa JKETY
YIIIiH:

1) KaxeTTi TayapApl HAaKThl CalmaMeH KaKETTI MOJIIICpPAe KETKi3y YIIiH
aKrapaTThl JKHHAKTAY;

2) OEKITIIIeH yaKbITTa HAKTHI MAPT apKbUTBI KYPTi3y;

3) HaKThI )KETKI3y OpPHBIH aHBIKTAY;

4) saIbl MBIFBIHAAPBI a3aiTy IIapajapblH KAMTaMacChI31aHybl KEPEK.

JlorucTUKaHbIH ~HBICAHBI MAaTEPUAIJBIK JKOHE 1lecle MaTepHaIIbIK
(aKnmapaTThIK, Kap)KbUIBIK, CEPBUCTI) OHIIPICTIH TACKBIHAAPHI OONBIN TaObLIaIbI.

JlorucTrUKabIK TACKBIHHBIH KOPIHICTEPI:

1) aKmapaTThIK KOHE MAaTCPHAIIBIK;

2) TPAaHCIIOPTTHIK JKOHE aIaMIBIK;

3) KapXKBUIBIK JKOHE SHEPTeTUKANBIK JKOHE T.0.

JlorucTUKaHbIH ~ MakcaTTapbl OHBIH  KOJJIAHBICBIHBIH  TOYCAUIITIHEH
TYbIHJANIbI:

1) Oacrankel Kopiap (kocmapiay, KYpbUIBIMAAp JKOHE  Ka)eTTi
MaTepUaIbIK KOPJIapMEH KaMChI3IaHabIPY);

2) eHiMal Tacy (KejdiK TYpiH TaHaay, SKCICAMTOPIIH KBI3METIH TaHIAy,
BIHFAMJIBI JKOJ/IBI OCKITY, JKETKI3yre »OHEe MOHHTOPHHIKE KETETiH IIBIFBIHAAP/IbI
JKocTapiay);

3) xoiimMara oOpHaIACTHIPY (KOMMaHBIH ayJaHBIH >KOCTapiiay >KOHE OHBI
OpHAJIaCTBIPY, OHBIH CaHBIH, OHIMJ OpHAJACTBHIPYABI JKOCHapiay, KOWMaHBIH
Oackapylsl JIOTHCTHKAIBIK OMNepanusiapblH Oenriiey, eHJey, CYphINTay, opay
oHE T.0);

4) akmapaTTBIK KaMTaMacChI3JaHIbIPY (MaTepHANIIBIK aybICHIAIIBUIBIKTHI
OHE aKIMapaTThIH JKUBIHBI TYPajbl MOIMETTED Ti3iMi).

Konmany opTachlHBIH KYMBICTA OHJEITCH OarjapiaMajblK ©HIMHIH
KOJIIAaHBLTY YKarblHAH ajlaThlH OPHBI epekine. OJI TeXHUKAJBIK KbI3MET KOpCeTyie
JKYMBICTappl Oipmiama skeHinaereni. by Oarmapiama OarmapiaMalblK, XKYHETiK
JKOHE TEXHHUKAJIBIK KbI3MET KOpceTy OeiMIHIIe TEXHUKAJIBIK KbI3MET KOPCETYIiH
OHTAMJIBl KECTECIH OHJACYMl JKbUIIAM JKY3ere achIpyaa, KONIKTIK JOrMCTUKAaHBIH
MaTeMaTHKaJIbIK MOJCIIH KapacThIPyIbl KaXeT eTemi [2].

MaremMaTHKaIbIK MOJIENIIH HETi3T1 KapacThIpaThlH OPTAChl ayMaKTap jKoHe
OHBIH apakaThIHACTaphl OONBIN TaObUIAZABl. MaTeMaTHKaJIbIK MOJEIIIH HETi3ri
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TyciHikTepiHiH Oipi ¢yHKkuusiap Oonbin  TaObUIagbl. DyHKIUS KeMeriMeH
3aHJBUIBIKTBIH aJIyaH TYPJLTri, KaMOaHBIH KO3FaJIBICBIH JKOHE JIOTMCTHUKAJIBIK
yaepicTepai aTkapyra Oosiaasl. MaTemaTHKaIBIK Tauaay 9IICIHIH KOJIaHBIChI YIIIH
(YHKIUSUTBIK TOYCSIIUTIKTIH KaFUIachl KAKETTI MapT OOJIbIN TaObLaa b,

JlorucTukanslk mpoleccTep i 6ackapy Ke3iHJe jKHi Ke3JIeCeTiH Karaaiap
OonbIn Typanabl, Oy KaHmali ma Oip ayMakKThIH YJIFalobl OepiareH (hakTop.IbIH
yIFalobiHa Toyenai. KoJMAaHBUIBIN OTBIPFaH JIOTMCTHKAHBIH MAaTEMETUKAJIBIK
MOJICNTIH/IE KOpJIapabl 0ackapyablH MaKcaThl KapacThIpbuiaasl. Kopiap morucruka
caJlachIH/Ia HETi3r1 KaTeropusi OobIn canaiaasl. Kopiap eki »akTbl KYOBUIBICKA —
JKarbIMIIBl JKOHE JKarbIMCBI3 camara Me Oosa anaapl. KopiapablH IKarbIMIbI
MarbIHACKI KOPJABIH ayMarbIHBIH OCYIHEH XYHEeHIH (DYHKIIMOHAIIBIK CEHIMJILIIT
JKakcapa Tycemi »oHe T.0. bipak KopiapblH >KaFbIMChI3 JKaKTapel 1ga Oap, O
KapXKbUIBIK ~ KOHE  MAaTCPHANIBIK  PECypCcTap JKYMBICBIH  KYpASICHIIPEdi.
KopmapabiH JneHreflin oHTaWIaHIBIPY WIBIFBIHBIHBIH €Ki TOOBI dcep eTyiHeH
Ooajel, onap:

- KOpJIap/ibl CaKTayFa KeTETiH IIBIFBIHAD;

- OHIMJII XKETKI3yre KeTKEH IILIFbIHAD;

- TATICBIPBICTHI JKETKI3y.

Byt xepieH keneci KUBIHABIK TYBIHIAHIBI,OHIMIL ipi HECece Killll Kejeme
JKETKi3y. OHIMII ipi KeJieMje KeTKi3y Ke3iHJe KOJIKTIK IIBIFBIHAAp KbICKapa
Tyceni, Oipak cakTay IIBIFBIHAAPBI YIFasAbl. OHIMII Killll KeJeMze XKeTKi3y
Ke3iHJIe caKTay IIBIFBIHIAPBI a3asibl, OlpaKk KeIKTIK IIBIFBIHAAD apTa TYCEeIl.
JleMek, KopiapAasl OHTaWIaHIBIPYBIHBIH MACENECI JKETKI3y IapTUSCHIHBIH
OHTAMNAHIBIPYBIHBIH ~ MoceleciMeH Tikened Oaimanbictel  [3].  Kopmapasr
0acKapyIIblH OpTaK MIBIFBIHIAPHI OHIMII JKETKI3y 0arachl MEH OPBIHIAIYBIH YKOHE
KOpJap[pl CaKTayIblH IIBIFBIHAAPBIMEH JKMHaKTamambl. JKerkizy KyHbl (1)
(dbopmysara coiikec YChIHBLIAIBI.

Coupr =K +uV Coyr =K +ulV (1)

MyHJarel: K - TaceIManjaynarbl IApTTBHI-TYNKUTIKTI Oeiri; # - >KeTKI3UTyIiH
MAPTUSCHIHBIH ayMaFbIHa TOYeNIi OO0JNIATHIH IIBIFBIH/AD.

Kopmapaer cakrayra kereriH mbiFbiHAAp (2) Qopmynara  colikec
AHBIKTAIIA/IbI:

Co =hVT,Coy =h VT )

MYHIaFbI: hc — KOpJIbIH cakTay OIpJliKk CaHBIHBIH TOYJIKTIK Oaracel, V — opTaiua

Kop; T — KOpZBIH caKkray Mep3imi.

Cakrayra KeTeTIH IIBIFBIH/IBI aHBIKTAY YIIIH OpTalla KOPAbl aHBIKTay KaXKeT.
Oprama Kkop opraiia WHTerpaiabl ecenteymeH (3) ¢opmynara colikec
eCeNTeNHe Il

— 1 T
S=o j f(0)dt, 3)

MYH/JIaFbl T —KOP/IbIH WIBIFBIHBIHBIH Y3aKThIFbl; KOPABIH OPTAIlla ayMarbl;
Kopabig e3repy @yHkiuscel (4) hopMynara coikec KeNTIpiITeH:
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f(t)=V-bt ()

Opraia kopsl (5) hopMmysiara coiikec ecenTermis:

[ roa=toni 200 = Lo 20,
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AKBIPBIHJIA, KONIKTIK JIOTHCTUKA/IA JIMHUSIIBIK KOJJIAHBICTBIH MaTEePHAJIIBIK
pecypcTapsl opTaiia Kop JKeTKi3UTyiHiH XKapThIChIHA TEH.
Oprak mweiFbiHAb (6) popMynara colikec amaMbi3:

C,=h K%+K+uVC =h, Z%-FK—FUV (6)

ANBIHFaH OPTAaK IIBIFBIH CaKTaJaThIH KOPIBIH OIpJiK CaHbIHA KATBHICTHI,

Cop V' —ra Gemnineni, on (7) hopMmynama KeATipiarew:

= "+£+u, 7
|4

Bynan opi Henre TeHecTipiieTiH TybiHABI (8) QopMmymara coiikec
KENTIpireH:

hoK
CﬁapM = 2h +W - 0’ (8)

Kerkizinimuin yinecimai esmemi (9) GopMynara colikec TaObLIAIBI:

_ 2Ky, 26K )
Anbiaran Gopmyia YHIICoH GhopMysachl JAen aTaiaibl.

JlorucTukanelk ~ KbI3METTe  YWJICOHHBIH  MbIHagail  (hOpPMyJIACHIHBIH
TYKbeIpbIMBI (10) popmynara colikec nainanaHbuIa b

c=C,+C

oicem?

C C + Co/cem’ (10)

MYH/JIaFbI: Cw — KOPIBIH caKkTay IBIFRIHAAPEL, C — JKETKI3Y IIbIFbIHAAPHI.

aHcem

XKerki3yiH MWBIFRIHIAPE — OYJI HIBIFBIHIAD JKETKI3y ayMarblHA TIyenci3
IIBIFBIH, Olpak J>KETKI3y JKbULIBIK caHbiHAa Tayeami (11) dopmynara coiikec
KENTIpiNreH:

C,., =dN,C,,. =dN, (1)

aHcem aHcem
MyHJaFbl: d — KETKi3yaiH Oip peT OpbIHAANY KYHBI; N —KBULIBIK XKETKi3yJIepIiH
caHbl. AJI, )KbUIABIK JKeTKi3ysep canbl (12), (13) popmynanapra caiikec ecenreneni:

58



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

N=", (12)

MYHJarbl: M — KBUIIBIK MaTepUaJIBIK pecypcrap KaXeTTulikrepi; V — XKeTKizy
MAPTUSCHIHBIH OJIIIEMi.

cV (13)
2 v

Bynan opi Hemre TeHecripiieTiH OipiHmi TybiHABI (14) dopmynameH
TaOBUIABI:

Ocpl (opMyna apkpUIbl KeTKi3ymiH yineciMai emmemi (15) dopmynara
COMKEC KOPCETLIreH:

y_ [2aM
h (15)

Keuiaplk  ecenTeyme  JKETKI3y — MapTHACBIHBIH — YHJICCIMII  eJjIiemi
KOCIITOPBIHHBIH KOMMEPIHUSIBIK KbI3METIHAC NaianaHpuiaisl. bysl perte cakray
IIBIFBIHAAPEl  KaJBKYJIALUSIBIK  JKOJAMEH  aHBIKTalajbl, aJl  TalChIPhICTBIH
OPBIHIQTYBIHBIH KYHBI TPaH3aKIMS IIBIFBIHBIHBIH KYpPaMbIMEH aHBIKTAJIaIbl.
AWTBUIMBIII JKaFfalia TpaH3aKIUSIBIK IIBIFBIHIAD ©31HE >KaOIBIKTAyIIBIHBI
i37eyre, iCKep Kellicce3aep JKypri3inyiHe, eHIMII TachIMaJAayMeH aiHaJbICAThIH
yibIMAApFa )KxyMcaiabl.

Yuiacon QopMynacel KETKI3y HapTUSACBIHBIH — VIHJIECIMAI  ©JIIIeMIiHIH
TOYNIKTIK YHFapBIMBI YIIIiH JIe dKOHE JKBUIABIK €CenTeyliepi YIIiH ae O0ip HOTHKEHI
Oepeni. BipiHini ke3ekTe HEri3ri TOYNIKTIK MapaMerpliep/iH camachkl b koHe Oip
TOYJIIKTErl KOPIBIH OIPJIiK CAaHBIHBIH Ma3MYHBIHBIH IIBIFBIHIAPHI Maii1aIaHbLIa b,
Exinmni karmafiia sKbUIIBIK KaKSTTUIIK JKoHE OIp JKbUIAAFbl KOPJBIH OIpiiik
CaHBIHBIH Ma3MYHBIHBIH IIBIFBIHAAPEI (16) hopMmynara colikec maiijanaHbUIa b

(26K _ [2am
h, h (16)

Exi xarmarina na K sxone d mapamerpiepi TeH, cebebi Oip sKeTKi3LTIMHIH
IIBIFBIHAAPBIH Kepcereni. bepinren anramkel mapamerpiepiaeH (17) dopmynara
colikec KenTipinren GopMysa apTHIKIIBUTBIKTAPFA UE.

K=d h=365h, M=365b (17)

MYHIaFbl M — KbUIIBIK aHTBIIMBIIT MATEPUAIIBIK PECYPCTAPABIH IIbIFbIHBL.

Bepinren MakcaTThlH [IApThl  OOHBIHINIA  OapibIK  KACIMOpPBIHAApFa
KOMBLIaTBIH MaTepPHAIIIBIK PeCypcTap IIbIFbIHAaIab], OHBI (18) dhopmysara coiikec
CUIIATTalMBbI3:
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V_\/Z*b*K*365 _\/ZdM

*
h, *365 h (18)

Taxipube ke3iHIe KeHiHeH KOMIaHbUIAThIH (hopMysia Y UIICOHHBIH JKBUIIBIK
ecenrey ¢GopMmysaachkl OOJBINT TaObLIaAbl. OpUHE, MaTeMaTHKAJIBIK MOACIbACYIIH
MaKcaThl TEK KaHa 137Ie/INeH KOPCETKIITEP IiH HaKThIIbI MOHCPIH Ta0y FaHa eMec,
opTYpiai  (akTopiapAblH, aTal alTKaHAa JIOTUCTUKAJBIK JKOHE  KOJIKTIK
KBI3BMETTEPAIH 3aMaHayd JaMy CaThICBIHIA JKYKTEPIIH KETKi3y JIOTHKAJIBIK
Ti30€riH THIMAI OacKapyabl aHBIKTAy OOJAaThIHBI a KYMOHCI3.
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MATEMATHUYECKAS MOJEJb CUCTEMbBI TH®OPMAIIMOHHOM
JJOTUCTUKH B TPAHCIIOPTHOM MTH®PACTPYKTYPE

B cratbe paccMoTpeHBl opraHMzalus TOTOKa WH(OpMaluH BHYTPH
NpEArnpuATHs, a TAKXKE IMpPOoIecCa JOTUCTUKU MCKAY Pa3sHbIMHU I10JIb30BATCIISIMU,
HaXOJAIINECS B yIaJIeHHOM PacCTOSIHUM Ipyr oT apyra. [Ipennoxena cneruanbHas
MaTeéMaTu4eCKas MOJCIb B PCIICHUU 3a1a4 TpaHCHOpTHOfI JIOTUCTHUKH.

KnwueBble  ciaoBa:  JIOTHCTHKA,  WHPOpPMAlMOHHAs  JIOTUCTHKA,
TpaHcnopTHas HHGPACTPYKTypa, yIpaBieHue 0a30ii, MaTeMaTnIeckas MOJIEINb.
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MATHEMATICAL MODEL OF SYSTEM OF INFORMATION
LOGISTICS IN TRANSPORT INFRASTRUCTURE

The organization of a flow of information in the enterprise, and also process
of logistics between different users being in remote distance from each other are
considered. The special mathematical model in the solution of problems of
transport logistics is offered.

Keywords: logistics, information logistics, transport infrastructure,
management of base, mathematical model.
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ANTIOXIDANT ACTIVITY OF APPLE PEELS

The objective of this study was to determine the antioxidant activity of apple peels.
The extracts of apple peels showed high content of polyphenols, flavonoids, flavonols. The
positive correlation between antioxidant activity and total phenolics was observed.
Therefore apple peels can be used as rich source of natural antioxidant and could be used
for replacement of synthetic antioxidants.

Keywords: apples, peels, antioxidants, polyphenols, flavonoids, DPPH.

Introduction

Fruits and vegetables are good sources of natural antioxidants such as
vitamins, carotenoids, falvonoids and other phenolic compounds [1]. Though
phenolic compounds are present in almost all foods of plant origin, fruits,
vegetables, and beverages are the major sources of these compounds in the human
diet. Polyphenols act as free-radical scavengers and can prevent the oxidative
damage of cellular components such as cell membranes by free radicals [2].
Flavonoids have a wide range of biological activities, such as cell-proliferation-
inhibiting, apoptosis-inducing, enzyme-inhibiting, antibacterial, and antioxidant
effects [3].

This research aimed to investigate red apple peels as potential source of
natural antioxidants.

Materials and Methods

Fruits were washed, peeled, and the peels were cut and stored at —20 C°,
dried in freeze-drier. Lyophilised samples were ground.

The total phenolic compounds of apple peels were extracted using different
solvents as acetone, methanol, ethanol, hexane, and diethylether at solvent ratio of
10:1 (solvent : peels). The extraction was carried out using a shaking incubator at
room temperature for 24 h followed by filtration. Total phenolic content of each
extract was determined by the Folin—Ciocalteu micro-method [4].

For the determination of antioxidant activity the method of Liyana-
Pathiranan and Shahidi [5] has been used.

In this study, three analyses of each sample were made and each experiment
was carried out in triplicate (n = 3). The mean value and standard deviation were
calculated from the data obtained. These data were then compared by the Duncan’s
multiple range method using SPSS (version 10). [6].
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Results and Discussion

Table 1 illustrates the percent yield % of different organic solvents i.e.
methanol, ethanol, hexane, acetone, and diethyl ether in apple peels extract.
Extraction yield are strongly depended on the solvents due to the different polarity
of organic solvents [7]. Methanol extracts of tested sample proved that the best
solvent capacity, followed by ethanol, acetone, diethyl ether and hexane. The
maximum amount of yields for apple dry substance in methanol extract reached
13,85%, while the extraction with hexane resulted in obtaining the extract with
8,23% of dry matter.

Table 1
Dry matter and polyphenol content in extracts of apple peels
Dry matter Polyphenol
Solvent (%) content, g/100g

Methanol 13.85 +£0.37 2.57+0.15
Ethanol 12.14 £ 0.32 1.85+0.06
Hexane 8.23+£0.24 0.98 £0.13
Acetone 9.17+0.36 1.65 +0.08
Diethyl ether 8.45+0.26 1.13+0.07

Total polyphenol content (Table 1) in different extracts varied depending on
organic solvents. The amount of polyphenols depends on the polarity of the organic
solvents [7]. Methanol showed that the highest amount of polyphenols, followed by
ethanol, acetone, diethyl ether and hexane. There was a strong positive correlation
between yield extracts of tested samples and polyphenols content. These results
were in agreement with those obtained by Bravo [8].

DPPH is a free radical compound that has been widely used to determine the
free radical-scavenging ability of various samples [9, 10]. DPPH decreases
significantly upon exposure to proton radical scavengers [11]. The hydrogen atom
or electron donation abilities of the corresponding extracts and some pure
compounds were measured from the bleaching of the purple-coloured methanol
solution of DPPH. This spectrophotometic assay uses the stable radical, 2.2-
diphenyl-1-picrylhydrazyl (DPPH), as a reagent [12, 13].

In Table 2 DPPH radical scavenging activities (RSA %) as compared to
BHT of the methanol extracts of apple peels is shown.

Table 2
DPPH and ABTS" radical scavenging activities (RSA %)
in methanol extracts of apple peels
Confrf;‘/tg‘l“"n’ DPPH (RSA %) ABTS (RSA %)
0,02 61.32+3.23% 62.44+4.12%
0,04 67.85+4.56% 72.24+4.33%
0,06 79.17+ 3.67% 76.20+ 2,45%
0,08 80.14+ 5.56% 82.44+ 3,76%
0,10 83.52+2.27% 85.48+ 3,13%
0,12 76.32+ 3.45% 90.30+ 3.22%

Statistical analysis of the data at (P< 0.05) showed there were significant
differences among all tested samples of antioxidant activity as measured according
to the ability in preventing oxidation of DPPH. The higher concentration of these
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extracts recorded significantly higher percentages of DPPH antioxidant activity.
The highest percentage of DPPH inhibition in the peels of apples was measured in
samples with 0,08 mg/ml of methanol. Meanwhile, there are positive correlation
between total polyphenols of studied samples and their DPPH (RSA%).

The dates in Table 2 illustrate ABTS" radical scavenging activity (RSA %)
of the methanol extract of apple peels. The highest antioxidants activity as
determined by ABTS" radical scavenging method was measured in 0,12 mg/ml
methanol extracts of apple peels and reached 90.30%. It has been found that ABTS
antioxidant activity of tested fruit peels is mainly ascribed to concentration of the
total phenolics presented in these samples. This result was in agreement with those
obtained by Sobhy et al. [14]. Results indicated that polyphenols of tested apple
peels proved their efficiency as antioxidants. Therefore, apple peels is a rich source
of natural antioxidants and could replace synthetic antioxidant in foods.

Conclusions

In this study, we determined the total phenolics content and antioxidant
capacity organic solvents (acetone, methanol, ethanol, hexane, and diethylether)
extracts of apple peels. Methanol was the best solvent for obtaining, followed by
ethanol, acetone, diethyl ether and hexane. The study demonstrated significant
correlation between the total antioxidant capacity and phenolics content. Finally, it
could be concluded that, apple peel extracts can be considered as rich source of
antioxidants and therefore could be used as food additive instead of synthetic
antioxidants.
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AJIMA KABBIFBIHBIH AHTUOKCUJAHTTBIK BEJICEHAIJIT'T

AnMa KaOBIFBIHBIH aHTHOKCHAAHTTHIK OCNCEHINIrH 3epTTey HOTHXKeNnepi
KenTipiired. AyiMa KaOBIFBIHBIH ChIFBIHIBLIAPBIHAA TOMH(EHOIIAPIbIH, (IaBo-
HOMITEPIH *oHE ()JIABOHOJIAPAbIH KO SKEH/Ir aHbIKTAIAbl. AHTHOKCUIAHTTHIK
OCNICeHIUTIK MeH Kabl ()EHOJIBIK KOCUIBICTAp apachlHa OHTaNIbl KOPPEISIIHS
Oaikanapl. COHOBIKTAH aiMa KAaObIFbl TAOWFU AHTUOKCHUIAHTKA Oal IIMKi3aT
peTiH/Ie, COHBIMEH KaTap CHHTETUKAJIBIK aHTHOKCHIAHTTAP IbI aIMACTBIPY YIIIH J¢
KOJITAaHBLIYbI MYMKIH.
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AHTHOKCHUJAHTHASI AKTUBHOCTD KOXKYPbI AABJIOK

IIpencraBienbl pe3ynbTaThl UCCIEIOBAHUS AHTUOKCUIAHTHON aKTHBHOCTH
KOJKYpBI 010K, DKCTPAKTBI KOKYPHI SI0J0KA IOKA3adl BBICOKOE COIEp:KaHHe
nonu)eHoIoB, (UIaBOHOMIOB, (uaBoHONOB. HaOnromanach MOIOKHUTEIbHAS
KOpPENAILUsS MEKAY aHTHOKCHIAHTHOH aKTHMBHOCTBIO M OOIIMMH (DEHOJIBHBIMU
coenmuHeHUsMU. [loaToMy sI0NOYHAsE KOXKypa MOXKET OBbITh HCIONB30BaHA B
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KayecTBe OOraToro MCTOYHUKA IPUPOAHOIO aHTHOKCHIAHTA, & TAKXKE JUISl 3aMEHBI
CHUHTCTUYCCKNX aHTUOKCHUIAHTOB.
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FUNCTIONAL EFFECTS IN LIQUID EXTRACTS OF STEVIA
REBAUDIANA, CAMELLIA SINENSIS AND COFFEA SPECIES AND
THEIR MIXTURES

Depending on harvesting and handling of the plant material of Camelia sinensis we
distinguish between several types of green tea. These types have different oxidization grade
which forms the different antioxidant properties of the teas. The extracts from green coffee
beans gain on popularity among public interested in healthy foods. At the same time, raw
extracts of tea and green coffee beans may possess astringent qualities especially for many
European consumers. Green tea extracts (Camellia sinensis) and green coffee bean extracts
(Coffea arabica and Coffea robusta) also possess certain functionality in terms of
antioxidant properties and palatability. These properties or functionalities can be regulated
through addition of Stevia rebaudiana Bertoni, a sweet tasting herb from Paraguay.

Keywords: Stevia, tea, coffee, secondary metabolites, phenolics,
antioxidants, free radical scavenging activity.

Introduction

Tea and coffee are the most consumed alcohol free beverages on the planet.
Production of Coffea arabica, Coffea robusta and Camellia sinensis has
tremendous economic and social impact on many countries and it will continue to
effect life and prosperity of million people involved in the production of these
products. Stevia rebaudiana Bertoni is a perennial plant that originates from Latin
America (Paraguay). It possesses the unique property to accumulate sweet tasting
steviol glycosides. These substances are sweeter than sugar, but at the same time
they do not introduce any calories into human body. On the consumer side there is
always a considerable interest for high quality produce combined with innovative
product design based on coffee and tea extracts. The consumer interest for tea and
coffee is also guided by many accounts of positive health effects associated with
consumption of the tea and coffee extracts [1]. The positive health effects of plant
extracts are often related to the biosynthesis and accumulation of the secondary
metabolites in the plant tissues. Considering coffee, tea and stevia extracts, these
are phenolic compounds that can develop additional antioxidant capacity. The
extracts from tea and coffee can be additional mixed with stevia infusions in order
to regulate the functional properties of the brews. Although extracts from green
coffee beans, tea and stevia possess sufficient amount of secondary metabolites to
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provide additional antioxidant activity, the functional properties can be increased
by preparation of different dilutions and mixture creation from the diluted extracts.
The role of stevia in this case is not limited by contribution of naturally occurring
sweeteners (Rebaudioside A, Stevioside, etc). Stevia contributes additional
amounts of phenolic compounds to the mixtures and creates additional antioxidant
potential.

The objective of our research is to test the antioxidant properties of plant
extracts (tea, green coffee beans, stevia) during the dilution process. As it was
demonstrated in our previews research, some extracts can develop higher
antioxidant activity after dilution. The hypothesis of the study hinges on the
assumptions that the functional effects of the plant extracts can be regulated
through dilution and mixing of the diluted samples.

Materials and Methods

Plant material

Commercially available teas (C. sinensis) green, oolong and black were
selected for the experiments. Stevia plant material was obtained in our lab by using
in vitro sprout culture technique [2]. Table 1 describes the value and aggregate
state of the plant material. Green coffee beans of C. arabica and C. robusta were
purchased online.

Table 1
Characteristics of the plant material

Plant material Origin Price €/kg
Stevia rebaudiana Bertoni Germany -
Coffea arabica Ethiopia 14,00
Coffea robusta India 7,00
Bancha (Camellia sinensis) Japan 125,00
Sencha (Camellia sinensis) China 190,00

Equipment and chemicals

Analytical balance, 300-g capacity with a resolution of k1.0 mg. Pipettes (1
ml). Centrifuge 5804R (Eppendorf). Analytical spectrophotometer Jenway 6505
UV/Vis. Vortex MS2 Minishaker. Disposable 1lcm-photometric cuvette
(Eppendorf), 2 ml vials (Eppendorf), pH-meter, measuring cylinder (100 ml).

Reagents and standards. 1,1-diphenyl-2-picrylhydrazyl (DPPH) (Fluka).
Distilled water. Methanol (Sigma). Folin-Ciocalteu solution, Na,COs, gallic acid,
n-Butanol, NH4Fe(SO,4),*12H,0, Cyandinchloride, 2% AICL;*6H,0, quercetin.

Methods

Evaluation of antioxidant activity of plant extracts using DPPH-assays

The DPPH radical scavenging activity assay was used with some
modifications. The working solution of DPPH (6 x 10” mol 1) was prepared by
mixing 6 ml of stock solution with 100 ml of methanol to obtain an absorbance
value of 0.7 = 0.02 at 515 nm by spectrophotometry. Extraction was carried out by
addition of 1 ml of 80% methanol to 0.1 g of the sample, heating at 80°C for 15
min and recovering the supernatant after centrifugation (13000 rpm/11°C/5 min).
The extraction was repeated two times. The recovered supernatant was collected in
a separate 2 ml vial. 5 ul of the supernatant was mixed using a vortex mixer for 30
s with 2000 ul of DPPH working solution and left to react for 30 min, after the
absorbance at 515 nm was recorded. Absorption of the control solution of DPPH
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with no added extract was also analyzed. The absorption measurement was
conducted against 80% MeOH. We calculated the radical scavenging activity of the
extracts according to the formula:

Abs

Abs -
control
DPPHradical—scavenging activity (%) = (

sample . 100
Abs

control

where: Abs — is the absorbance at 515 nm; Abs .on0 — absorbance of the control;
ADbs sumpie — absorbance of the sample.

Estimation of total phenolic content

The total phenolic content was investigated based on Folin-Ciocalteu-Assay
ISO 14502-1 official method (2005) for “Determinations of substances
characteristic of green and black teas”. In this method, 0.5 mL of 70% methanol
solution at 70°C was added to 0.02 g of each sample, in an Eppendorf tube. The
sample was mixed well and heated at 70°C during 10 min in a block heater. For
spectrophotometric measurement, 1 ml of diluted Folin-Ciocalteu solution (1:10
(v/v) in distilled water) was added to 0.2 mL of diluted extract and mixed well. 5
min later, 0.8 mL of 7.5% Na,CO; solution was added. The absorbance was
measured at 765 nm by spectrophotometry. The final concentration of total
phenolics in the samples was calculated according to formula:

-V

sample

(D
S

sample - crosspo int ) ’ d

M 10000 ;

sample tm,sample

Wt =

stand

where: D sample — photometric extinction for the sample; D cross point — cross
point of the calibration curve and the y-axes; V sample — extraction volume of the
sample (2ml); d — dilution factor (in this case 100); S stand — slope of the
calibration curve; M sample — sample mass (g); Wtm sample — dry mass of the
sample; Wt — concentration of the phenolics in the sample (mg GAE g™).

Calibration curve is produced using different concentrations of gallic acid
(A, B, C, D and E) and variation in photometric extinction at 765 nm (Table 2).

Table 2
Standard solutions of gallic acid and photometric extinction
Standard Volume of the stack Resulting Photometric
solution of solution of gallic acid | concentration of gallic | extinction at
gallic acid acid after dilution 765nm
(ml) (ug*ml)
A 0,5 10 0,067
B 1,0 20 0,193
C 1,5 30 0,315
D 2,0 40 0,431
E 2,5 50 0,546
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Figure 2. Calibration curve for determination of total phenolic content

Determination of total anthocyanin concentration in the plant extracts

The plant extracts are produced by buffer solution CH;COOH/EtOH at 85°C
for 10 minutes. The plant extracts are centrifuged at 13000 rpm for 5 minutes. The
clear supernatant is collected into separate 2 ml Eppendorf vessel. The extraction is
repeated three times. The total volume of the extract is 2 ml. 50 pl (37%) HCl is
added to the extract. After 15 minutes the color change is analyzed by photometer
at 535 nm. The total anthocyanin concentration is evaluated according to the
formula:

Anthocyanin concentration (mg/g Dry Weight) =
(E¥*M*Vpr)/(L1*d)*(1/DW)

where: E — Photometric extinction at 535nm; M — Molecular weight (g/mol) —
445.2; Vpr — Sample volume — 2.0 ml; d — Thickness of the layer (cm) — 1.0; [ -
Extinction coefficient (L/mol/cm) — 98200.0; DW — dry weight (g).

Determination of total flavonoid concentration using quercetin
calibration curve

The total concentration of the flavonoids is calculated from the linear
equation derived from calibration curve. Different concentrations of quercetin are
used for determination of the linear relationship between concentration and
photometric extinction. Standard solution of quercetin is prepared (Table 3, Figure
3). 1.5 ml of 2% AICI;*6H,0 was pipetted into the measuring flask. The samples
and quercetin standards were mixed with 2% AICl;*6H,0. Photometric analysis
was conducted at 367.5 nm.

Table 3
Standard solutions of quercetin

Solution Concentration of quercetin
mg*|’

50

100

150

200

250

oI Q= | >
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Figure 3. Calibration curve for determination of total flavonoid concentration

Evaluation of total catechin concentration using a calibration curve.
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Concentration of total catechins can be determined using a linear
relationship between catechin as a reference substance and photometric extinction
as a function of increasing concentration of catechins.

100 mg DAC are placed in 100 ml flask and dissolved in 37% HCI. The rest
of the volume is filled with ethanol up to 100 ml mark. 2.5 ml DAC-solution are
placed into the photometric cuvette and mixed with 0.5 ml sample extract. After 10
minutes of dark incubation the photometric extinction is measured at 640 nm.

Table 4

Standard solutions of catechin

Solution Concentration of catechin

mg*|’

5

10

20

30

60

gollesliwli@livelio

100

Figure 4. Calibration curve for determination of total catechin concentration
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Statistical processing of the data

The data of the experiment was assessed using standard deviation for the
sample group. The relationship between variables was evaluated using Pearson’s
correlation.

Results and Discussion

Biosynthesis of the secondary metabolites is considered as a derivative of
primary metabolism. Different plant species demonstrate various patterns in
biosynthesis and accumulation of the secondary compounds. The metabolic
extracts of the plant material show variations in antioxidant activity (Figure 5). It
can be attributed to the different nature and therefore biology of the raw plant
material. Coffee beans tend to accumulate less secondary metabolites than the leaf
biomass of S. rebaudiana and C. sinensis.

100,00
88,13 87,00

90,00 I I

80,00
70,00
60,00
50,25
50,00
40,00

30,00 22,63
18,13 I
20,00 I

Antioxidant activity (%)

10,00

0,00

Stevia Coffea arabica  Coffearobusta Bancha (Japan) Sencha (China)

Plant material

Figure 5. Antioxidant activity of plant extracts. Standard deviation within the
sample. n=40

Considering the possible composition of the secondary metabolite pool in
the selected plant material, it is possible to assume that the major components are
of phenolic nature. Measuring the concentration of total phenolic compounds in our
samples we obtain the data (Figure 6) that corresponds to antioxidant activity of
concentrated samples.

Comparison between Figure 5 and 6 leads to conclusion that the higher
antioxidant activity corresponds to the higher concentration of phenolic compounds
in the plant material. The correlation coefficient between the level of antioxidant
activity and total phenolic concentration is 0.9966. On the other hand the total
phenolic concentration represents several groups of compounds of phenolic nature.
Among the most abundant compounds are anthocyanins, flavonoids and catechins.
Table 6 illustrates availability of these compounds in the plant material.
Apparently, due to different concentration of these compounds in overall
composition of the phenolic complex, they contribute differently to the functional
properties of the plant extracts. One problem that is always present during the
investigation of redox-reactions is concentration of the raw extracts.
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Figure 6. Total phenolic content in concentrated samples.
Standard deviation within the sample. n=40

Table 6
Concentration of anthocyanins, flavonoids and catechins in plant material (mg g)
Compound Stevia C. C. robusta Bancha Sencha
arabica (Japan) (China)
Anthocyanins | 5.05+1.03 - - 25.51+£2.55 | 27.2443.55
Flavonoids 15.01£1.61 - - 15.66+£2.05 | 13.314+2.44
Catechins 10.88+2.05 | 2.11+0.25 | 3.41+0.75 | 61.78+4.11 | 64.15+4.71

The concentrated solutions of the raw extracts

are usually not used for

product design and preparation. General approach here is to dilute the concentrated
sample in accordance with consumer preferences or design tasks. In order to
investigate the changes in antioxidant activity of plant extracts we conducted a
series dilution of the concentrated infusions. The concentrated sample has a volume
of 2 ml. 1ml was placed into the new Eppendorf vessel and mixed with Iml
MeOH. This diluted sample was diluted again in the same manner. Seven dilutions
were conducted for every sample, reducing the concentration of the every next
solution by 50%. Figure 7 describe the development of antioxidant activity of plant
extracts as a result of dilution (concentration change).
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Figure 7. Antioxidant activity along the concentration gradient
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The free radical scavenging activity of stevia and green coffee beans extracts
decreases as expected with every dilution step. At the same time the antioxidant
properties of green teas show untypical development. The maximum value of the
free radical scavenging activity is observed during the third and fourth dilution.
This development we observed several times. It occurs to plant material with
relatively high concentration of polyphenols (teas). On the other hand this
development does not correlate with concentration change of phenolic compounds.
The concentration of polyphenols during the fourth dilution is just 1/6 of the
original concentration. By adding of 25% stevia of the total volume of tea and
coffee extracts we attempt to regulate the functional properties of the plant extracts
(Figure 8). Supplementing part of the solution with stevia extracts we observe
increase in antioxidant profile of the tea and coffee infusions. The functional
properties of the plant extracts are diverse. Applying stevia extracts we change at
least two of them. We increase the antioxidant properties of the infusions within
the dilution series and we change the palatability of the liquid extracts.
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Figure 8. Change in antioxidant activity after mixing with stevia extract 25%:75%

The qualitative and quantitative concentration of phenolic compounds can
contribute to various positive health effects including anti-inflammatory activity
[3], free radical scavenging and preventing the general oxidative stress [4]. Several
medical studies have also confirmed positive effects of green tea extracts in
preventing and treating of neurodegenerative diseases [5, 1]. Application of S.
rebaudiana in the can substantially reduce concentration of sugar in functional
food formulations [6]. In many cases the palatability of food products depends on
sweetness. Depending on formulation of the product we can substitute at least part
of the sugar content without substantially reducing the attractiveness for the
consumers. Many resent studies implicate sugar overconsumption to different
malicious health effect including obesity, development of Diabetes mellitus and
cardiovascular disorders [7, 8]. Applying S. rebaudiana in functional food
formulations can substantially decrease the level of carbohydrate consumption per
capita per year.
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Conclusions. The mixtures of different plant material with stevia produced

extracts of different antioxidant activity. The green teas with the highest
antioxidant activity demonstrate non-linear free radical scavenging activity during
the dilution series. In combination with S. rebaudiana the antioxidant profile in the
mixture is improved. The extracts from Coffea arabica and Coffea robusta possess
the lowest antioxidant activity. It can be explained by the low concentration of
secondary metabolites in the green beans. The extracts from the green coffee beans
can be substantially improved by mixing with S. rebaudiana. These results can be
used by food industry for formulating sugar free ice-tea products.
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STEVIA REBAUDIANA, CAMELLIA SINENSIS CYWNBIK
SKCTPAKTTAPBIHBIH, KO®E TYPJIEPIHIH KOHE OJIAPJBIH
KOCHAJIAPBIHBIH ®YHKIMOHAJIBIK TUIMILIIKTEPI

Camelia Sinensis eciMIIK 3aTbhlH XMHAy MEH OHJCyre OalIaHBICTBI KOK
maiapy OipHemie Typi axbipaTbuiaapl. Onapra MIalIbplH TOTBIFYFa Kapchl TYpIi
KaCHETTEPIH TY3€TiH 9pTYpPJIi TOTHIFY aopexernepi ToH. COHBIMEH KaTtap, IIail MeH
JIoH KYHiHZerl KoK KOoQeHIH MHMKI dKCTPAaKTTapbIHBIH OIpiKTIpriln Kacuerrepi je
oonysl Mmym™mki. Kek mmait (Camellia Sinensis) 3kcTpakTTaphl MEH J9HII KOK Kode
IKCTpakTTapel na (apabuxa xodeci MeH pobOycma Kodeci) TOTBIFYFa Kapchl
KacHueTTepi MEH JOMJIIK camachl TYPFBICBIHAH (YHKIHOHAIIBIK KACHETTEPre He.
By kacuerTep Hemece pYHKIMOHAABIK MyMKIHAIKTEp i [TaparBaiiyiblK TOTTI AoMi
0ap rebaudiana Bertoni cTEeBUACHIH KOCY apKbLIbI peTTeyre 0oJaibl.

Tyiiin ce3mep: creBus, mai, kode, KaiiTatama merabonutrep, (peHonnap,
AHTUOKCUIAHTTAp, EPKiH paguKangap OenceHIiIiri.

1 2 1 1
s1. llleBuenxo , M. Kunuan’, . I'pocc’, 1. CmeTancka

"Yuusepcumem npuxnaonvix nayk Xowpone Baiinumegpan-Tpuecoope,
Betioenbax, I'epmanus
?Vuusepcumem npurnaonsix nayk Xog, I'epmanus

®YHKIIUOHAJIbHBIE Y®PEKTHI B )KUJKNX YKCTPAKTAX
STEVIA REBAUDIANA, CAMELLIA SINENSIS 1 BUIOB KO®E
U UX CMECEN

B 3aBucumoctu ot cbopa u 00paboTku pactutensHoro matepuana Camelia
Sinensis Mbl pa3nHyaeM HECKOJIbKO BHJOB 3€IEHOI0 4Yas. OTH THUIBI HMEIOT
pa3iUYHbIC CTENEHW OKUCICHHS, KOTOpble (OPMHUPYIOT Pa3NUHbIC aHTHOKUCIIH-
TeNbHBbIE CBOMCTBA Yas. B TO e BpeMsl, ChIpble DKCTPAKTHI Yast U 3eJIeHOro Kode B
3epHaX MOryT 00JagaTh BSDKYIIUMH CBOMCTBaMM, OCOOCHHO JUIsi MHOTHX
eBponeickux mnotpeduTeneii. DkcrpakThl 3eneHoro uas (Camellia Sinensis) u
3eJIeHBIE KCTpakThl Koe B 3epHax (kode apabuxa n Kodpe pobycma) Takxke
obnmamatoT omnpeseraeHHOW (DYHKIMOHATBHOCTBIO C TOYKH 3PEHUSI aHTHOKCHJIAHT-
HbIX CBOHCTB M BKYCOBBIX KadeCTB. OTH CBOHCTBA WM ()YHKI[MOHAIBbHBIC
BO3MOXXKHOCTH MOTYT PETyJIHpOBaThCS IMyTeM JJo0aBieHUs creBuu rebaudiana
Bertoni, cnaakoil Ha BKyc TpaBbl U3 [laparsas.

KarwueBblie cioBa: creBus, 4aid, kode, BTOpUUIHbIE MEeTaOOIUTHI, (pEeHOINbI,
AHTHOKCHAAHTHBI, aKTUBHOCTb CBOGOZ[HBIX paarKaJioB.
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PRODUCT DESIGN IN THE DEVELOPMENT OF RECIPES OF
GLUTEN-FREE AND SUGAR-REDUCED BAKERY PRODUCTS

The nutritional and optical properties of the products, as well as caloricity and
production costs are investigated. In order to design an optimal product we have provided
multi-factorial scheme of experiment and combined all the ingredients together in different
variations. A recipe for muffins without wheat and without sugar is developed. This
product can provide a healthy alternative to traditional pastries for the consumers with food
intolerances. The alternative to wheat flour was buckwheat and instead of sugar erythritol
has been taken.

Keywords: gluten-free, sugar-reduced, muffins, wheat, buckwheat,
erythriol, bakery products.

Introduction

Food intolerances have increased considerably in recent years. Around 50-80
percent of the population is nowadays affected. One possible explanation is that a
number of intolerances as to sugar, fructose, gluten, incompatibilities are caused by
the so-called "modern diet". The high sugar content, presence of some non-typical
for the local products metabolites in non-seasonal fruits and vegetables as well as
de novo synthetized metabolites in new varieties can be an explanation for the
explosive appearance of food intolerances. Another actual case is gluten
intolerance. In order to metabolize this wheat protein, numerous enzymes and
transport systems are needed. If one of the links in this sophistical chain is missing,
consumers suffer on gluten intolerance of coeliacdisease.

Therefore, the goal of this research work was to develop a recipe for muffins
without wheat and without sugar. This product can provide a healthy alternative to
traditional pastries for the consumers with food intolerances.The alternative to
wheat flour was buckwheat and instead of sugar erythritol has been taken.

Literature review

Gluten (from Latin gluten, "glue") is a mixture of proteins found in wheat
and related grains, including barley and rye. Gluten gives elasticity to dough,
helping it rise and keep its shape and often gives the final product chewy texture.
Gluten is the composite of two storage proteins, gliadin and a glutenin, and
isconjoined with starch in the endosperm of grass-related grains. The most
common form of gluten intolerance is celiac disease [1]. Gliadin is the generally
accepted factor causing the celiac disease [2]. Globallycoeliacdisease affects
between 1 in 100 and 1 in 170 people; rates do, however, vary between different
regions of the world from as few as 1 in 300 to as many as 1 in 40 [3]. In Africa
and the Caribbean, as well as China and Japan the quantity of people with gluten
intoleranceis lower. The alternative to consuming wheat products can be the
substitution with some other cereals. Hoverer, this will lead to loosing of gases
from doughs and therefore worsen of porousness. The cereals like rye, oat, barley
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and pseudo-cereals like buckwheat cannot be used for baking without improvers
[4]. Therefore we have concentrated on buckwheat (Fagopyrusesculentum).It is
annual plant which produces seeds similar in biochemical composition to grain
seeds [5]. As compared to wheat and rye, it possesses higher protein, crude fiber
and mineral contents and therefore has higher nutritional valuable. Because of the
absence of gluten, it can be suitable for consumers with celiac disease [2].
Buckwheat has especially high lysine content, almost twice as high than that of
wheat [6] (Table 1).

Table 1
Amino acid content in wheat and buckwheat
Amino acids Buckwheat Wheat
Isoleucine 3,8 4.4
Leucine 6,4 6,8
Lysine 5,8 2.9
Methionine + Cysteine 4,1 43
Phenylalanine +Tyrosine 6,9 8,8
Threonine 3,9 3,2
Tryptophan 1,4 1,3
Valine 5,1 4.8

Buckwheat is one of the most mineral-rich cereals. It has a high content of
potassium and low sodium content and belongs to the cereals with very low fat
content; even it contains unsaturated fatty acids. Buckwheat possesses high amount
of riboflavin, thiamine, and tocopherol [6].

The consumption of sweets has increased significantly in recent years. The
per capita consumption of confectionery tends to increase in all product groups.
Thus in 2013 the per capita consumption of sweet bakery products in Germany
reached 7.14 kg per capita [7].

The sugar consumption continues to increase, and thus increases the risk of
developing diabetes, obesity and other sugar-related diseases. Therefore, WHO
recommends taking no more than 10% of the daily energy needs in the form of
sugar [8].

Erythritol is a sugar alcohol that occurs naturally in small amounts in some
types of fruit, mushrooms and fermented foods such as soy and wine. The
sweetening power or erythritol is equivalent to 60% of sugar, and has a lower
laxative effect and no calories, in contrast to other sugar alcohols. Visually,
erythritol can hardly be distinguished from sugar. It has crystalline consistency and
also correspondent taste of sugar. Furthermore erythritol has a very strong cooling
effect.Erythritol can to 90-95% be absorbed in the small intestine, then not
metabolized but excreted unchanged by the kidney [9].

By the replacement of sucrose based on sugar alcohols, it may be possible to
save calories in baked goods and thus prevent obesity [10]. Erythritol contains 0.2
kecal / g and is the sugar alcohol with lowest calories.

Nowadays gluten-free baked goods are produced, but not with non-sugar
sweeteners. Therefore, the task of this research work was developing a recipe for
baked goods with buckwheat instead of wheat flour and with erythritol instead of
sugar.
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Material and Methods

Experiment Design

The initial product Muffin 1 consists of wheat flour, sugar, cooking oil and
baking soda. This recipe is the basic one. The other plots have modified recipes,
where wheat flour and sugar are replaced by buckwheat flour and erythritol. The
final product called as Muffin 6, consist of buckwheat flour and sweetener. In order
to achieve a multifactorial function, the respective ingredients were replaced or
combined with each other. Thus, the intermediates plots were called as Muffin 2, 3,
4, and 5.Muffin 3 and 4 resulted from the combination of 50 % buckwheat and 50
% wheat flour. In the development of gluten-free, sugar-reduced bakery products
we have selected the following variants:

1. Muffin 1(control): wheat flour and sugar

2. Muffin 2: wheat flour and erythritol

3. Muffin 3: wheat + buckwheat flour and sugar

4. Muffin 4: wheat flour + buckwheat flour and erythritol

5. Muffin 5: buckwheat flour and sugar

6. Muffin 6: buckwheat flour and erythritol.

In the production of muffins all the ingredients were weighed separately and
then placed in a bowl and stirred into a homogeneous mass. The time of stirring
and the color of dough depending on the sugar and wheat flour content. After the
leaving the dough to stand rest, the Cupcake-Maker has been greased with cooking
oil and the dough was given then in. The baking process was dependent on the sort
of muffins, five minutes for wheat-sugar and ten minutes for buckwheat-erythriol
muffins.

Evaluation criteria of muffin quality

One of the important criteria by the estimation of quality of baked goodsis
overall impression. The high quality for gluten-free, low-sugar muffins means, the
taste and texture of these muffins seem for consumers to be very similar to muffins
with sugar and wheat.

Caloric value

Muffins with buckwheat flour have higher caloric index as muffins from
what flour, because of the higher content of fat in buckwheat. Through substitution
of sugar with alternative sweeteners, the caloric value was reduced. The energy
value of muffins was calculated through the summarizing of energy values of
ingredients, indicated by the producers and given as packaging information.
Calories were calculated for one muffin.

Cost calculations

The calculation of product costs gave the possibility to compare different the
products made with gluten-free flour and sweetened with erythritol. The purchase
price of the ingredients was used and adapted to one muffin.

Results

Color of dough and muffins

The difference in color can be explain by the fact, that buckwheat flour has a
brownish color and presence of sugar causes the appearance of brown caramel
color by baking (Figure 1). The sugar-sweetened muffins were brighter,thicker, and
had soft crust characteristics as compared to the muffins sweetened with erythritol.

Dough consistency

Muffin 6 consisted of buckwheat flour and was gluten-free. The dough had a
pulpy, lubricating consistency. This can be explained by the strong water-binding
properties of book wheat flour.
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Stirring time

The doughs with sugar needed stirring time five minutes, when doughs with
erythritol needed ten minutes. It can be explained by the fact that erythritol is
poorly water soluble and it took longer to make a homogeneous mass.

Muffin 1 Muffin 2

Muffin 5 Muffin 6

Muffin 1 (control): wheat flour and sugar; Muffin 2: wheat flour and erythritol;
Muffin 3: wheat + buckwheat flour and sugar; Muffin 4: wheat flour + buckwheat flour and
erythritol; Muffin 5: buckwheat flour and sugar; Muffin 6: buckwheat flour and erythritol.

Figure 1. Muffins withwheatandbuckwheatflour, withsugaranderythriol

Gas formation

Wheat flour doughs have the most pores. However, a lower gas formation
was observed when erythritol was associated with wheat flour. The smallest pore
formation was observed in the final product, since this firstly contained no gluten
and had been sweetened with erythritol.

Dough long fermentation time

The sugar-sweetened doughs had a dough resting time of 15 to 20 minutes,
while doughs sweetened with erythritol needed due to lower gassing at least 30
minutes.

Baking time

Depending on the type of dough the baking process took 20-30 minutes. The
sugar-sweetened doughs were through after 20 minutes, but a little light, which is
why they were baked for five minutes. The sweetened with erythritol doughs were
after 20 minutes still raw, after 25 minutes they got proper consistency and after 30
minutes proper color. The sweetened with erythritolmuffins hadafter cooling
hardened crust as compared to muffins with sugar.
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Nutritional value of muffins

Nutritional value of muffins is compared in Table 2. The highest caloric
value was calculated for muffin 5 with 72.35 kcal / muffin. It can be explained
through using of high-caloric ingredients as buckwheat flour and sugar. Almost the
same values provided muffins 1 and 3. The combination of wheat and buckwheat
flour and sugar brought to calorie content of 71.78 kcal / muffin. Muffin 1
(control), which consisted of wheat flour and sugar had 71, 21 kcal / muffin.In
contrast, the muffins 2, 4 and 6 showed lower calorie values. The lowest calorie
had muffin 2, consisted of wheat flour and erythritol with 57.56 kcal / muffin. The
caloric values of muffins 4 and 6 were slightly higher. Muffin 4, sweetened with
erythritol and consisted of the mixture of buckwheat and wheat flour provided 58,
13 kecal / muffin. Muffin 6, which is consisted of buckwheat flour and erythritol
had 58.70 kcal / muffin.

Table 2
Recipes per muffin

Muffin 1 2 3 4 5 6
Wheat flour, g 6,30 6,30 3,15 3,15
Buckwheat flour, 3.15 3.15 6,30 6,30
g
Sugar, g 3,37 3,37 3,37
Erythritol, g 4,48 4,48 4,48
Calories, kcal 71,21 57,56 | 71,78 | 58,13 72,35 58,70
Kosts, € 0,0169 | 0,0890 | 0,0366 | 0,1807 | 0,0563 | 0,1284

The sugar-sweetened muffins 1, 3 and 5 had significantly higher proportion
of carbohydrates as compared to erythritol-sweetened muffins 2, 4 and 6.

The energy content of each muffin is not only dependent on sugar, but also
varied due to selected flour. Muffins sweetened with the sugar alcohol erythritol
showed significantly lower calories values as compared to muffins with sucrose.
This can be explained by the fact that carbohydrates are metabolized by the body,
which leads to increasing blood glucose level and insulin secretion. Erythritol,
however, has no calories and therefore cannot be metabolized. Hence the blood
glucose level does not rise and the subsequent insulin secretiondoes not take place.

Costs analysis

To compare the cost of each muffin, the total costs that resulted from the
costs of the ingredients were compared. The total costs are calculated per muffin
and expressed in Euro. The comparison of the costs showed significant differences
(Table 2). Muffins 1, 3 and 5 had the lowest total costs as compared to muffins 2, 4
and 6.

Muffin 1, which was also the control and consisted of wheat flour and sugar
was characterized with the lowest costs as 0.0169 € / muffin. Muffin 3, from wheat
und buckwheat flour and sugarcosted 0.0366 € and muffin 5 from buckwheat flour
and sugar 0.0563 € per muffin.

Muffins 2, 4 and 6 showed increased costs. They reached 0.0890 € for
muffin 2 (wheat flour and erythritol), 0.1087 € for muffin 4 (wheat flour,
buckwheat flour and erythritol) and 0.1284 € for muffin 6 (buckwheat flour and
erythritol).

Therefore, muffin 6, which defines the final product, is the most expensive
one. The cheapest option of sweetening is the use of sugar. Therefore, the use
alternative sweeteners, in this case erythritol, are in terms of costs negative. In
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addition, the costs for wheat and buckwheat flourshow also significant difference.
This result in high cost level for products with buckwheat flour and sugar alcohol
erythritol.

Conclusions

Muffin, made of wheat flour and sugar, had the best optical properties,
closely followed by muffin, consisted of wheat and buckwheat flour and sugar and
muffin from buckwheat flour and sugar. Muffins with erythritolinstead of sugar are
visually less attractive for consumers as muffins with sugar. The explanation is that
erythritolcannot interact with wheat flour and therefore the water binding capacity
of doughs with erythritol is considerablyreduced. This leads to surface hardening
after cooling. Sugar as ingredient influences the appearance of the product more as
the flour.

Muffin 6 from buckwheat with erythritol has better visual appearance as
buckwheat and sugar.

Muffins from buckwheat flour are more health beneficial, even if they show
higher energy content than the baked goods made of wheat flour.

Muffins with erythritol are more expensive as these with sugar. However,
consumers are willing to pay more for the products with sugar substitutes.

There are already gluten-free baked goods on the market, but so far no sugar
substitutes. Consumers eat mainly the products that they know. However this may
change when incompatibilities occur and consumers should look for gluten-free
and sugar-free alternatives. Not only the number of gluten-intolerant people is
increasing, but also fructose intolerance is diagnosed more frequently. For these
reasons, food industry has to develop the recipes and technologies for production
of gluten-free and sugar-reduced bakery products.
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"Xogp konoan6anwt eviimoap ynusepcumemi, I'epmarus
]eyun Bamvic Tlomepanus mexnonozus ynueepcumemi, Llleyun, Ionvwa
3 Batimumedan-Tpuecoopgh kondanbansl 2einbimoap ynusepcumeni,
Betioenbax, I'epmanus

T'IIOTEHCI3 )KOHE KAHTBI ABAUTBUIFAH HAH OHIMIEPIHIH
PEHEINTYPAJIAPBIH JAUBIHAAY KE3IHJAE OHIM KACAY

Han eHimzepiHiH, aTam alTKaHIa KEKCTEpJAi 3epITey HOTIKeNnepi
KenTipinreH. buaaicei3 j)xoHe KAHTCBI3 KEKCTep pelenTici naibinaanFad. by eHim
TaFaM KOpbITa alMay epeKIIeNiKTepi 0ap TYTHIHYIIbIIAp VIIH JIOCTYpJdi HaH
TaFraMJapbIHBIH OpHBIHA Oanama Oona anajabel. bupall YHBIHBIH Oaamachkl peTiHjie
KapaKyMBIK, aJl KAHT OPHBIHA SPUTPHUT NaiJalaHbUIFaH.

Tyiiin ce3aep: MIOTEHCI3, KAHTHI a3aiThUTFaH, KEKCTEp, OMaai, KapaKyMbIK,
SPUTPUT, HAH OHIMEPI.
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"Yuusepcumem npuxnaomvix nayk Xog, I'epmanus
? Texnonoeuueckuii ynusepcumem 3anaonoii lomepanuu, Ileyun, ITonvwa
? Viusepcumem npurnadnwix nayk Baiimumedpan-Tpuecoopd,
Betioenbax, I'epmanus

CO3JJAHHUE ITPOAYKTA B PASPABOTKE PELEIITYP
BE3I'JIIOTEHOBBIX U MAJTIOCAXAPEHHBIX
XJEBOBYJIOYHBIX TPOAYKTOB

[MpuBenensl pe3ynbTaThl HCCIEAOBaHHMA XJIeOOOYTOYHBIX U3ACHHMA, a
MMEHHO KeKcoB. Pa3paboTaH perent KekcoB 0e3 mieHuIbl U 0e3 caxapa. JaHHbIH
MPOJIYKT MOXET 00ECIICUUTh 30POBYIO albTEPHATHUBY TPAJUIIMOHHBIM BhIIIEUKAM
JUIsl TIOTpeOUTENel, CTPaJaroNMX MUIICBOH HEMEPEHOCUMOCThIO. AJIbTEPHATHBOI
MIICHUYHON MyKe TIPHHSATA IPeYKa, BMECTO caxapa MCIOJIb30BaH IPUTPHT.

KiroueBble ciioBa: OE3rIIOTEHOBBIN, MajlocaxapeHHBINH, KEKCHI, IIICHUIIA,
rpeunxa, SpUTPHT, XJIeO000yTOUHBIE N3ISITHSL.
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BJIMSTHUE KPYITHOCTH ITIOMOJIA TPUTUKAJIEBOH MYKH HA
OUBNKO-XUMHNYECKHUE ITOKA3ATEJIM CAXAPHOTI'O ITIEYEHbBA

B cratbe NpeACTaBJICHbI PE3YJIbTAThl HCCICAOBAHUA 110 H3YUCHUIO BJIMAHUA
KPYINHOCTU MYKH Ha Ka4Y€CTBO CaxXapHOro MEY€Hbs € UCIIOJIb30BAHUEM TpPITPIKa.]'IeBOﬁ MYKH.
HpI/IBeZ[eHI)I JaHHBIC 110 OpPraHoOJCHTHYCCKUM U (I)I/ISI/IKO-XI/IMI/I‘ICCKI/IM I10Ka3aTeiIsiM
Ka4dyeCTBa I'OTOBBIX H3Z[eJ'IPII>i. Iloka3aHa BO3MOKHOCTb HMCIOJIb30BaHUS TpPITPIKaJ'IeBOﬁ MYKHU
B IPOU3BOACTBE CaxapHOIr'o NMCUYCHbA.

KaloueBble cioBa: Myka, TpUTHKajle, cCaxapHOE I€YEHbE, KPYITHOCTbD,
HIOMOI.

Ha ceromusimauii 1neHb OYeHb OONBIIOE BHHUMAaHHE TOTPEOUTENSIMH
yaensierca KadecTBY BbIMyCKaeMoW MpoayKiuu. OT KayecTBa 3aBHUCUT YCIIEIIHOE
MPOJBMKCHUE TMPOAYKTa HA TOTPEOUTENHCKOM pBIHKE H €ro CIIOCOOHOCTh
KOHKYpPUPOBAaTh C aHAJOTMYHBIMU TOBapaMH.

Myka sBiseTcs LEHHBIM IHIIEBBIM TPOAYKTOM pa3Mmoia 3epHa. OHa
COCTaBJISIeT OCHOBY NHTAaHMS HAcelleHHs BCeX CTpaH mupa. Vcmomb3yercss mMyka
JUIsl TIPOM3BOJICTBA OOJBIIOr0 aCCOPTHMEHTa XJIeOOOYIIOUHBIX, KOHIAMTEPCKUX M
MaKapoHHBIX u3aenuid. OHa sSBISETCS MPOAYKTOM MEPBOH HEOOXOIUMOCTH, a OT €€
KauecTBa 3aBHCHT KadeCTBO BBIYCKa€MOW TOTOBOHM MPOAYKIWHU B TOM YHCIIE
MYYHBIX KOHIUTEPCKUXU3ACITHIM.

3a pybexom u B Hekoropeix crpanax CHI' Bce Ooree mmpokoe
WCIOJIb30BaHNE HAXOAWUT MyKa M3 TPUTHKaje, KOTOpas MOXKET MPUMEHSITHCS U C
JOpYyruMU BUAaMu MyKu. [IppMeHeHue TpUTHKaleBOW MYKH TO3BOJISIET PACHIMPUTH
CBIPbEBYIO 0a3y, acCOPTHMEHT W3JeNHi, O0OTAlICHHBIX >KU3HEHHO Ba)KHBIMHU
BEIIECTBAMHU,  OCIKOM, HE3aMEHHMBIMH  aMHHOKHCIOTaMH, BHTAMHHAMH,
MUHEpaJTbHBIMU BerecTBaMHu [ 1, 2, 3].

AHanu3 MHOTOYHCIEHHBIX MCCIEIOBAHMN MMOKa3ad, YTO MyKa TPUTHKaie
OTJINYAETCsI TOBBIIICHHBIM COJIEpKaHNEM Oelka C yIy4dIIeHHBIM aMUHOKHCIIOTHBIM
COCTaBOM, B HEW COAEPXKUTCA MaJlo KIEHKOBHMHBI HM3KOTO KauecTBa, a CBOMCTBA
cmaboro Tecta ONWU3KM K CBOWCTBAM TecTa MYKH MSTKOW MIIeHUNBL. U3
TPUTHKAJIEBOW MYKH MOXKHO M3TOTaBIMBAaTh caxapHoe TedeHbe. OnHako
k03 puUIMeHT pacmmpeHysi U 3epHUCTOCTh BEPXHEH MOBEPXHOCTH 3TUX W3JICIHIA,
IIPUTOTOBJIEHHBIX M3 MYKM MSTKOHM KpPacHOM O3MMOM MIIEHUIBI, BBIIIE, YEM Yy
HU3JCIUA U3 TPUTHUKAICBOM MYKH [3, 4].

Lenp qanHOrO MICCIENOBAaHUS 3aKII0YAIach B U3YUEHUHU BIHMSHUS KPYITHOCTH
MoMoJla TPUTHUKAJIEBOM MYKH Ha (U3MKO-XUMHUECKHE MMOKa3aTelnd CaxapHOro
nedeHbs. [ mpoBeeHrsT CCIeIOBaHUs ObUTH OTOOPAHBI U3 TPUTHKAICBONH MYKH
o0pa3sipl pa3uYHOM KpYyMHOCTH Momoina. [Ipu TpOBENEHWH OKCIEPHUMEHTOB
WCTIOJIb30BANIM  OOILETIPUHSATEIC  OPTaHOJIENTHYECKUE U (U3UKO-XUMHUYECKHE
METOIBI HCCIIEIOBAHUI CBOMCTB ChIpbS M TOTOBBIX H3[enuii. B mabopaTopHbIX
YCIOBUSIX TPOBEAEHBI OKCIEPUMEHTHl 110 OIEHKE I[IOKa3aTenei KauecTBa
HCCIIeyeMBbIX 00pa3loB MyKH. B Myke ompenensuid cleayronye OKa3aTelH:
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3amax, BKYC, LBET, XPYCT, BIAXXHOCTb, 30JIbHOCTb, KPYIHOCTb, KOJHMYECTBO M
KayeCcTBO KJICHKOBUHBI, 3apakeHHOCTh (Tabm. 1). AHanm3 kadecTBa MYKH
MPOBOAMIM corjacHo TpeboBanwsM, mpuseneHHbIM B ['OCT «Myka u oTpyOH.
Meronanl UCTIBLITAaHUSD).

Tabauua 1
Iokasareneil kKauecTBa UcCCIeyEeMbIX 00pa3IoB MYKH
No [::“ Kpynsaocts Knetiko- Cpennuii
00- é Lg) - BHHA, pasmep
pﬁ: E N3 5 } 0CTaTOK TIPOX 0. % |UIOK qahizﬁu,
S o Ha CHUTE cuTa
aa} Ne %, He Ne %, HE
Oonee MEHEe
1 15,0 0,72 0,46 7 38 75 32,4 | 104 40
2 154 | 0,88 0,46 5 38 45 31,5 | 105 110

Jlannpie TaOIUIBI 1 MOKA3BIBAIOT, YTO OCJIKU MYKH M3 TPUTHKAJIE 00pa3yroT
KIIEHKOBHHY, JIOJISl KOTOPOH TakKas e WIM HECKOJIBKO OOJNbIIe, YeM B IMIIEHUIHOM.
ITo xayecTBy KJIEHKOBMHA MYKHM TPUTHKAJIEC 3HAYUTEIBHO YCTYNAET MIIEHUYHON U
sprnsiercst cnaboit. Kputepmii kauectBa ee Ha mpubope UK cocraBun 104-105
eIMHULl Iprubopa. BeposTHO, 0HON M3 MPUYHMH TaKOW C1abol KICHKOBHHBI MYKH
TPUTHKAJIC SIBJISICTCS TOBBINICHHAS AKTHBHOCTH MPOTEONUTHYECKHX (DEPMEHTOB.
30ibHOCTh MYKH HcciieqyeMbix o0pasioB Nel u Ne2 cocraBmiia COOTBETCTBEHHO
0,72 u 0,88%.

Kpynnocts nomona myku onpenensuin o ['OCT 27560 - 87 npocenBanuem
Ha JabopaTopHOM pacceBe HaBeckHM Maccodl 50 r. OcraTok Ha BEpXHEM CHTE
XapakTepu3yeT HAIMYUE B MyKe KPYITHBIX YacTHUII, a IPOXOJI Yepe3 HIKHEE CUTO —
HaIM4YMe MENKHUX 4acTull. KpymHocTe Myku uccienyembix oOpasioB Nel m No2,
XapaKTepu3ylolecs CXOAOM IIPOXOJOM CHT M3 IIenKoBoM Tkanu Ne27, 38
COOTBETCTBEHHO cocTaBmia 7-75; 5-45%.

KpynHocTh Myky BIMsI€T Ha CKOPOCTh MPOTEKAHUS Pa3IMYHBIX IIPOIIECCOB B
tecte. OHa UMeeT OONBIIOE 3HAUCHHE B XJICOONEKApHOM JIeNe, T.K. OT He€ 3aBUCHT
BBIXOJ] M KAYECTBO BBIIICUCHHBIX U3JICITHH.

N3BecTHO cymiecTByeT CBA3b MEXKAY pa3MepaMHd 4YacTULl MYKH W
CIIOCOOHOCTBIO TOCJEqHEeN MoriomaTh Bogy. Yem TOHBbIIE ToMON (T.e. 4YeM
MEHbIIIE B CPEAHEM pa3Mep YacTHII), TEM CKOpee MPOTEKaeT MpOoIecc THAPATAIluU
MYKH M TeM ObICTpEe TECTO MPEeBpaIlaeTcs B INIACTHYHYIO Maccy [5].

Cpennuii pazmep 4acTHIl MyKH HCCIEIyeMbIX 00pa3lloB PacCUUTHIBAIN I10
BEJIIMYHMHE Y/ICIBHOM MMOBEPXHOCTH MYKH, ornpeenseMoit Ha mpubope [TCX-4.

[lpu omeHke OpraHOJENTHYECKHX IMOKa3aTenedl HcclelyeMbIXx 00pasioB
YCTaHOBJIEHO, YTO TPUTHKAJIEeBas MyKa WMeEET CIaJKOBaThId BKyC. 3amax MYyKH
MPUATHBIN, I[BET Oojee SPKHiA, JKEITOBATBHI OTTEHOK II0 CPaBHEHUIO C
MIICHUYHOH. 3apakeHHOCTh He OOHapyKeHa.

BrnaxHOCTH Ompeaensiay MEeTOIOM BBICYIIMBAaHUS ABYX HaBECOK Maccoil 1o
5 r B anekrpocymmiibHOM mikady COIII-1 wmu COII-3m npu Temnepatype 130°C
B TeueHue 40 MuH.

Takum o0Opa3oM MyKa W3 TPUTHKAIIE, BBUAY CIENH(PHUUIECKOrO0 CBOMCTBA
KJICKOBHUHBI ABJSETCSA OTIUYHBIM CBIPHEM IS CAXapHOTO MEYEeHbS, YTO MO3BOJISET
MOJTy4aTh TOTOBBIE U3/ O0JIee BBICOKOT'O Ka4ecTBa, YeM M3 MIICHUIHONH MYKH.

JU1 IpUTOTOBJIEHHUS CaXapHOTO MEYeHbA U3 TPUTUKAIEBOH MYKH (3a OCHOBY
Obula TpUHITA pelenTypa caxapHOro TICYeHbS U3 TIICHUYHOH MYKH)
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WCIIOJb30BaHbl CIEAYIONIME BHJIbI ChIPbS: MYyKa TPUTHKAIEBas, caxap-Iecok,
MaprapyH, KEeITKH SIMII, COAa B CJCIYIOIIEM UX COOTHOIICHHSX (Ta0. 2):

Tabauna 2
COOTHOIIEHUS CHIPBS

No HaumenoBanue coipbst Hopwmel pacxona, T
1 | TpurukaneBas MyKka 600

2 | Caxap - mecok 200

3 | Maprapun 250

3 Sitno, mr 2

4 | Conp moBapeHHas MUIIeBast 10

5 | 'upokapOoHAT HATPHS 10

Jnst mpoBeneHus J1a0OpaTOPHBIX SKCICPHMEHTOB BBITICKAN TEYCHbE W3
HCCIIEyeMBIX COPTOB TPUTHKAIEBOH MYKH B COOTBETCTBHM C TPEOOBaHUSMH
MPUTOTOBJICHUSI CaXapHOro IIeUEHbs, KadyeCTBO KOTOPOW OIEHHWBAIM 10
OPTaHOJNENTHYECKAM U (PU3UKO-XMMHYECKAM TIOKA3aTelsIM ImeveHbs (Taba. 3).

Tabauma 3
CDI/I3I/IKO-XI/IMI/I‘ICCKI/IC ITOKA3aTCIIN KAYCCTBA IICUYCHbBA U3 TpPITPIKaHeBOfI MyKI/I
No Iloka3aTenu kauecTBa
obpasia MaccoBas HamokaemocTh, [Iemo4HOCTB,
JIoJ1s Baaru, % % rpaj
1 3,6 156 0,9
2 3.8 136 1,2

B xoxe wuccnemoBaHusi OBbIIO BBISABICHO, YTO MaccoBasi IOl BJIATH B
TOTOBBIX M3JICNUSAX ObUTa B Tpenenax TpeOOBaHWH CTaHIapTa Ha JAHHBIA BUJ
MponyKIuH. B xoze onpeneneHus menoYHoCTH, ObIJIO YCTAHOBIICHO, YTO TIEUCHbBS
0o0pa3noB  TpuTHKaneBo Mykun Nel ©u  Ne2  COOTBETCTBYIOT HOpMaM,
ycranoBieHHbIM ['OCT 24901-89.

[Nokazarens HaMOKaeMOCTH TieueHbs oOpasia Nel co cpemHUM YacTHIIAMH
MykH 40 MM coctaBuiio 156%. HamokaeMocTh medeHbsl TPUTUKAIEBOW MYKH CO
cpenauM pasmepom gactuil 130 MM coctaBuiio 138%. OnpenenuB HaMOKaeMOCTh
MEYEHbsI, MOXKHO CHeIaTh BBIBOJ, 4TO OOpa3ell meuyeHbs No2 He COOTBETCTBYET
tpedoBanusM ['OCT 24901-89 mo manHOMY mokaszaTeno. MiMeeT OTKIOHEHHE OT
HOopMBI — 14. Takoil pe3ynbTaT CBUICTENBCTBYET O TOM, YTO JaHHBIH 0Opaserl
MeYeHbsl O00NazaeT HU3KOW IOPHCTOCTBIO M BBICOKOH TBepmOCThiO. IleueHbs
oOpasnia Nel coorBercTBYIOT HOpMe. IlokazaTenh HAMOKAEMOCTH XapaKTepU3yeT
MOPUCTOCTh TIE€YEHbS, €ro TBEPAOCTh M BIUSAET Ha KOHCHUCTEHIMIO II€YEHbS
(pacchImIaToCTh).

B pesynbpTare nmpoBeaeHNs OpraHONENITHYECKOMN OLEHKH KauecTBa CaxapHOro
Te4eHbs, MPUTOTOBJICHHbIE U3 TPUTHKAIEBOM MYKH, OBUIO YCTAHOBIIEHO
COOTBETCTBHE YCTAHOBJICHHBIM TPEOOBAHMSIM CTaHIAPTA: UMENH MPHUATHBIA BKYC,
apoMar, MpHUBJIeKaTENbHBIH BHEIHUH BUI. OOpasiibl IeYeHbsl HE UMENH JIeEeKTOB.

Takum o00pa3oMm, TpUMEHEHHWE B TPOU3BOJCTBE CAXApPHOTO IMEUCHbBS
TPUTHUKAJIEBOW MYKH C YUETOM €€ KPYITHOCTH MO3BOJIAET PACIIMPUTh ACCOPTUMEHT
MYYHBIX KOHIUTEPCKUX W3AENHH, C MPEKPACHBIM BHEIIHUM BHJIOM U TPUSTHBIM
MOCJIEBKYCUEM, BHICOKON MUIIEBOW [IEHHOCTHIO TOTOBBIX U3JIETHH.
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TPUTUKAJIE YHBIHBIH YHTAKTAY IPUIII'HIH KAHTTbI
HEYEHBECIHIH ®U3UKO-XUMUAJIBIK KOPCETKIIITEPIHE
ICEP ETYI

Makanaga TpUTHKane YHBIHBIH YHTAaKTay IpiuTiri KaHTThl TEYEHbECIHIH
(UBUKO-XUMUSUIBIK, ~ KOPCETKIIITEPiHE ocep €Ty 3epTTeYNepiHiH HOTHXeIepi
Kepceriired. JlaiiblH OHIMIEPIIH OpPraHONENTHKAIBIK JKoHE (DHU3MKO-XUMHUSIIBIK
KOPCETKIIITEPIH 3epTTey HoTHXKenenepl Kedaripiuired. KaHTThI — meueHbeHi
OHJIIpTeH/Ie TPUTHKAIIE YHBIH KOJIJIAHY MYMKIHJIIKTEp1 KOpCETiTeH.

Tyiiin ce3aep: yH, TpUTHKaNE, KAHTTHI IEYEHbE, IPiIiri, YHTAKTaY.

N.O. Ongarbayeva, K.K. Zhanabayeva, Zh.K. Nurgozhina
Almaty Technological University, Almaty, Kazakhstan

INFLUENCE OF FINENESS OF THE GRINDING OF TRITICALE FLOUR
ON PHYSICAL AND CHEMICAL INDICATORS OF SUGAR COOKIES

This article considers results of research on studying influence of fineness of
flour on quality of sugar cookies with use of triticale flour. Data on organoleptic
and physical and chemical indicators of quality of finished products are provided.
Possibility of use of triticale flour in production of sugar cookies is shown.

Keywords: flour, triticale, sugar cookies, fineness, grinding.
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HCIOJb30BAHUE IMMUBHOM IPOGUHBI ITPH ITPOU3BOJICTBE
KOPMOB

B pabote u3ydeHbl CBOWCTBA MUBHOM APOOUHBI U BO3MOXKHOCTh HCTIOIBb30BAHHS €0
B MPOM3BOJACTBE KOPMOIPOJYKTOB, KaK OCHOBHOTO BHJA ChIpbs. KOMIUICKCHBINA aHANN3
MONYYEHHBIX KCIICPUMEHTANBHBIX JAHHBIX CBHACTENBCTBYET O TOM, YTO MUBHAS APOOHHA
SIBIISIETCS. BHICOKOOETIKOBBIM TPOAYKTOM (cozepkanue Oenka mocturaer 21,3%, Oemox
JPOOWHBI BKIFOYAET BCE HE3aMEHHUMBIC aMHHOKHCIIOTHI), COMEPIKUT OONBIIOE KOTUIECTBO
yreBonoB (10 51,9%), comepxkanue xupa — 1m0 10,5%, a KUPHOKUCIIOTHBIA COCTaB
JIUITH/IOB MTOKA3bIBACT, YTO OHU OOJIAIAIOT BHICOKOH OHOIOrHYECKOi 3 HeKTUBHOCTHIO.

KiaioueBnbie cJIoBa: MMUBHAS JIpoOurHa, KOPMOIIPOHU3BOJICTBO,
AMUHOKHCJIOTHBIA KOPM, SKHPHOKHUCIOTHBIA COCTaB, MUIIEBas 0€30IMaCHOCTb.

Ipesunentom Pecnyonuku H.A. Haszap0aeBbiM B TMOCTaHHH HApPOILY
Kazaxcrana or 14 nexabps 2012 roma cka3aHO, YTO Mbl HMEEM OOJIBINIOM
MOTEHIIHAN [T CO3JIaHMsI KOPMOBOUM 0a3bl 5)KHBOTHOBOJICTBA MHPOBOTO YpOBHs [1].
B cBs3u ¢ aTuM, B HacTosIee BpeMs pa3paboTka TEXHOJIOTHI MO CO3/IaHUI0 HOBBIX
BHJIOB KOPMOB ISl CENTBCKOTO XO3SICTBA SIBISETCS aKTYyaIbHBIM.

OTxompl THILEBOTO MPOM3BOJCTBA - 3TO Ba)KHasl COCTABIAIONIAS 4YacTh
CBIPbEBOW 0a3bl )KUBOTHOBOJCTBA. CErofiHsi CIIOXKHUIIACH CUTYallHs, KOr/ia 00beMbI
3THX OTXOJI0OB MOJKHO COMOCTABUThH C 00bEMaMH UCXOJHOTO CBIPbSI, YTO MO3BOJISIET
MOJTy4aTh MOJHOIIEHHBIE KOpMa C MUHUMAaJIbHBIMU 3aTpaTaMy Ha X MPOU3BOJICTBO
W pelaTh MpodJIeMbl SKOJIOTHH, KOTOPBIE BO3HUKAIOT MPU MX YTHIU3AIMH [2].

CeromHst CcOCTOSHHE THIIEBOW TepepadaThiBaONIed MPOMBIIUICHHOCTH
Kazaxcrana TpeOyeT KOMILIEKCHOTO PEHICHHUsS BOIPOCOB YTHIIM3AIMH OTXOJOB, B
TOM YHCJI€ W THBOBAPEHHBIX IPOU3BOACTB. OTH OTXOABI SBJISIOTCS I[€HHBIM
KOPMOBBIM MPOAYKTOM, OJJHAKO, OBICTPO pa3ziarasich, CTAHOBSITCSl HEMTPUTOJHBIMH
Il JalbHEHIIero McIoiab3oBanus. [loaTomy mepepaboTka OCHOBHBIX OTXOOB
MUBOBAPEHHOTO TIPOU3BOJICTBA SBISCTCS BAXKHOM 3a7adell asl oOecredeHHs
KOpMOBOH  0a3bl  CEIbCKOXO3SIMCTBEHHOTO KOMILJIEKCa ¥ MPEAOTBpAIlCHHUS
3arpsi3HEHMs OKpYXKaloIlel Cpelibl, a TaKKe MOKUCKA JTOTIONHUTENbHBIX HCTOYHIUKOB
Ocnka B BHJEC HOBBIX KOPMOBBIX MPOAYKTOB. [IpMMeHEHHE ke MX MO3BOJIUIO OBl
MOBBICUTH OMOJIOTHYECKYIO [IEHHOCTh U TIPOJIYKTUBHOCTh JCHCTBHSI KOMOUKOPMOB,
a Takke 3PQPEKTUBHOCTh MX HCIOIB30BAHUS B PAIMOHE CEIIbCKOXO3SHCTBEHHBIX
XKHUBOTHBIX. [1oaTOMY I11€lIecO00pa3HBIM SIBIISICTCS UCCIICAOBAHUE COCTaBa MUBHOM
JPOOHHBI JUTS JATbHEHIIIEro HCIOIb30BAaHMUS B KOPMOBOW MTPOMBIIIICHHOCTH.

B Hacrosmee Bpemst pa3paboTka HOBBIX pecypcocOeperaroux TeXHOIOTHH,
MO3BOJISIIONIMX TOBBIMATE 3()()EKTUBHOCTh KOPMOIPOU3BOJICTBA C IOITYYCHHEM
HEJIOPOTHX BBICOKOOEGIIKOBBIX BHJIOB KOPMOB SIBJISICTCS aKTya bHOM 3a/lauci.

B cBfM3M C 3THM MEpCHEKTUBHBIM SBISETCS NPUMEHEHHE OCHOBHOI'O
BTOPUYHOTO TPOAYKTa THBOBAPECHHON NPOMBIIUIEHHOCTH — MUBHOM JPOOHHEI,

86



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

KOTOpasi CIY>KUT UCTOUHUKOM OeJlka, BUTAMUHOB, PsiJia MAKPO-H MHUKPORJIEMEHTOB
[3].

[MuBHast npoOWHA COCTOMT B OCHOBHOM M3 JIPOOJICHHBIX 3EPHONPOYKTOB,
OCTaBIINXCS TIOCIE QHIBTPOBAHUS 3aTOPA, UMEET BEICOKYIO YCBOSIEMOCTb.

I'71aBHOM COCTAaBHOM Y4acCThIO KaXKI0r'0 KUBOT'O Tela ABIAOTCA 0enku. JKu3Hb
KUBOTHBIX HEPa3pBIBHO CBs3aHA ¢ 0OpPa30BaHMEM U Pacraj oM OCIKOBBIX BEIIECTB
B opranusme. st Toro uToObl 00pa3oBaTh OEIKH CBOErO TeNa, a TaKKe MOJIOKA,
KUBOTHOE JIOJDKHO TMONy4aTh HEOOXOIMMOE KOIMYEeCTBO OEIKOB B COCTaBe
panmona. benku kopMoB, Ha3bIBacMble MHA4e MPOTEHHAMH, COJEPKHT B CBOEM
cocTaBe W mNHBHasg JpobuHa. MccmenoBaHbl (PU3HKO-XHMHUYECKHE TOKA3aTeln
KauecTBa MUBHOM IpoOMHEI (Tadi. 1).

Tabauua 1
DH3HKO-XMMHYECKUE TIOKA3aTeH KauecTBa ITMBHOM JPOOUHBI
No HaumMeHoBaHme 1moka3aTes KonunuectBo, %
1 Maccosas gois Oenka 21,3+2,3
2 MaccoBast 07151 Kupa 10,6+1,8
3 MaccoBas 107151 yTIIEBOIOB 51,9+2,8
4 BnaxxHocthb 10,57+1,7
5 CopeprxaHue 30161 4,73+0,9
6 MaccoBast 07151 CyXUX BEIEeCTB 89,43+5,6

PacrtutenbHbie OenkM  comepikaTcs B 3HAYMTENBHBIX KOJMYECTBAX B
3ePHOBBIX M 000OBBIX KynbTypax. Ha pucyHke 1 mnpuBeneHa cpaBHUTEIbHAS
XapaKTepPUCTHKA COJIEPKaHUs OeIKa B TEXHUYECKOM ChIPhE YaCTO BCTPEUAOLIEMCS
B paIlMOHaX CEITbCKOXO3SMCTBEHHBIX )KUBOTHBIX [4].

m MaccoBas nona Genka, % 40

20,5 21,3
12,5
l 9,9 10,3 10.,8 7.4 10,3
® Sl & \!"@ ¢

ol
A O
SR S
& R

Puc. 1. Conepkanue Genka B paCTUTETLHOM ChIPhE

Kak BuaHO M3 prucyHKa |, HauBbICIIeE COACp)KaHUE Oelka MPUXOIAUTCS Ha
noto 6000BO# KYJIBTYpBI COM, B ceMeHax KOTopoi coaepxutcs a0 40% Oenka, HO
KpOME TOr0, B CEMEHaxX COM COJCPIKATCS TAKKe HEXKETaTeNbHbIC U TOKCHYHBIC
BC€OIECTBA, YTO MCKIIIOYACT UX HUCIIOJIB30BaHUC HE TOJIBKO B NMHIICBLIX MPOAYKTaXx,
HO W B KOpMax. HpI/IMeHeHI/Ie CEMsSIH COU IA IIHIICBBIX L[enef/i CTaHOBUTCS
BO3MOXKHBIM TOJIBKO TOCJIE CIICIMATbHON TEXHOJOHUIEeCKON 00paboTKu [4].

AHanmu3upyst JaHHble TaOMuIbl 1 ¥ pucyHkKa 1, MOXKHO ClieNaTh BBIBOJ, YTO
MUBHas qpoOuHa coaepkuT B 1,3 pas3a Oosblie Oeika, 4eM poXKb, KyKypy3a u B 1,7
paza Oonbple, 4YeM pUC M €€ MOXHO HCIOJb30BaTh B CyXoM BHjae 0e3
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npeaBapuTeNnbHON 00padoTku. CrenoBaTenbHO, MUBHYIO JPOOHMHY MOXHO CUUTATH
JOCTYITHBIM BBICOKOOEITKOBBIM KOMITOHEHTOM TIpU Tipon3BozcTe 3L[M.

CrenyromuM 3TaroM HCCIEeNOBaHUH SIBISUIOCH OIpENENICHHE COJICPKAHUS
Ocnka B NMUBHOW JpOOMHE M €ro MOJHOIIEHHOCTH, KOTOpas XapaKTepu3yercs
AMHUHOKHCIOTHBIM COCTaBOM. AMMHOKHCIIOTHBIM COCTaB M aMHUHOKHCIIOTHBIN CKOp
OCIKOB MMBHOM JAPOOMHBI IPEACTaBIICH B Ta0uMIIe 2.

Tabauna 2
AMMHOKHCIIOTHBIN CKOp OEIKOB CYXO# MUBHOW APOOUHBI
AMMWHOKHCIIOTA Ilo mkamne [MuBHas nqpobOuHa
®AO/BO3
A | ¢ A ] C
He3aMeHnMbIe aMUHOKHCIIOTBI
Banun 5,0 100 5,22 104,0
W3oneinun 4.0 100 3,70 95,0
Jleitiuu 7,0 100 7,42 105,8
JIuzun 5,5 100 2,65 473
Mertnonun+Iuctun* 3,5 100 3,55 101,1
Tpunrodan 1,0 100 2,00 200,0
®dennnananus+Tupo3un* 6,0 100 8,12 136,2
Tpeonun 4,0 100 3,58 89,5
CymMma HE3aMEHUMBIX 36,0 100 36,24 -
AMUHOKHCIIOT
3aMEHUMBbIC AMHUHOKHCIIOTBI

AcnaparmHoBasi KHUCJIOTa 7,00
['myramMuHOBas KuCIOTA - 20,54
Cepun - 3,82
't - 4,15
Ajanux - 4,98
I'nctnaun - 2,45
[Iponun - 15,78
ApruHuH - 4,50
Cymma 3aMEHUMBIX - 63,22
AMUHOKHCIIOT

CymMMa aMHHOKHCIIOT - 99,46
Jlumutupyromas - 47,30
AMUHOKHUCJIOTA, JIN3UH

A — conmepxanue aMuHOKHCIOTHI (/100 T Oenmka); C — xumuueckuii ckop (%)

otHocuTeNbHO HiKaibsl @AO/BO3 (1973).

*[ToTpeOHOCT, OpraHM3Ma B METHOHHMHE YyaoBieTBopsiercs Ha 80-89% 3ameHHMMO
aMUHOKHCIIOTOW IIUCTHHOM, a B (peHmnanannne — Ha 70-75% 3aMeHUMOI aMUHOKHCIIOTOM
THUPO3MHOM, TTI09TOMY JIAHHBIE AMHHOKHUCIIOTHI OIIEHUBAIOTCSI B CYMMeE

Ocoboe BHUMaHHME TpU aHaaU3e yIesuioch coaepxkanuio H3AK,
00yCJIOBIUBAIONINX OMOIOIMYECKYI0 IIEHHOCTh OenkoB. Kak ciemyer u3 TaOuIIbI
2, HauOonpiee konmuuecTBo cpenu H3AK nmpuxomutcs Ha om0 QeHunagaHuHa U
tuposuna (8,11 r/ 100 r).

MakcuManbHOE KOJWYECTBO 3aMEHHMBIX aMHHOKHUCIIOT MIPpUXOJUTCA Ha
JOMI0 TIIyTaMuHOBOM KucnoThl — 20,54 1, uto cocraBmier 32,5% or Bcex
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3aMEHHMBbIX aMHUHOKHUCIIOT, HA BTOPOM MECTE HaXOAUTCSI aMHHOKHCIIOTa TPOJIHH —
15,78 r. HauMensbIliee KOMNYECTBO B 3TOM NMPOAYKTe TUcTUANHA (2,45 T).

Crnenyer OTMETUTh, YTO HHM OJWH U3 3JAKOBBIX KYJIBTYp HE MOXET
o0ecleunTh TONHOIIGHHOE THTAaHUE W3-33 HH3KOTO COACPIKaHUS HEKOTOPBIX
AMUHOKHUCJIOT, B TOM uucie nu3uHa. [lo ganusiMm ®AO/BO3 onTuMansHOE, T.€.
COOTBETCTBYIOIIEE (PU3MOJIOTHIECKUM TIOTPEOHOCTSM, COJEpKaHHE JIM3WHA B
Oenke TOoMmKHO cocTaBisITh 5,5 Hal00 r Oenka, B MMBHON APOOHHE €ro COAEPIKUTCS
2,65 r Ha 100 r Oenka, 4TO MO3BOJSICT FOBOPHUTH O JAHHOW aMHHOKHCJIOTE Kak
JUMATUpPYIOLIEH. BTOpol JIMMHTHpYROIIEH AMHUHOKHUCIOTOW SIBISETCS TPEOHHUH.
PesgynbTaThl MccnenoBaHWI IMOKAa3bIBAIOT, YTO OEIOK JAPOOMHBI COJEPKUT BCE
HEe3aMEHUMbIE AMUHOKHUCIIOTHI, B TOM YHCIIE U JINMUTHPYIOIIHE.

Buonoruueckast 3h(EKTHBHOCT, MUIIEBOTO  CHIPbS  XapaKTEpH3yeTCs
KayeCTBEHHBIM COCTaBOM JKHPHBIX KUCIIOT, H3 KOTOPBIX OONBINOE 3HAYEHHE UMEIOT
nonuHeHackimeHHble  kupHble kucnoTel ([THXK), mnpuparomme mnpomykram,
M3rOTOBJICHHBIM Ha WX OCHOBE, JIe4eOHO-TPOGHUIaKTHUECKHE CBOMCTBA [5].
Benencreue npupoaHoit ruapo®OOHOCTH JUNMIOB NMPH (GHIBTPAIMH MHBHOTO
Cyclla ¥ BBHIIENAYMBAHAM OCaJIKa 3HAYMTEIbHAS WX YacTh OCTAE€TCS B MHUBHOU
npodune [6]. CocTaB >KUPHBIX KUCJIOT JIMIKIOB IPUBEACH B Ta0yuIle 3.

Tabmuna 3
CocTaB JKUPHBIX KUCJIOT JIMIUAOB CYXOH MUBHON APOOUHBI
HaunmeHnoBanme | Kupnas kuciora Conepxanue, %
Haceiniennnie 24,86
MupuctuHoBas C14:0 0,3
[lenTamekaHoBast ©30Mep C15:0-iso 0,17
ITenTtanexanosas & — u3omep C15:0- aiso 0,11
IlenTanexanoBas Cl15:0 0,21
[TaneMuTHHOBASI U30MEP C16:0 - iso 0,15
ITaneMuTHHOBAS Cl16:0 21,95
CreapuHoBas C18:0 1,46
ApaxuHoBas C20:0 0,25
Berenosas C22:0 0,26
MoHOHEHACHIIIICHHBIE 10,19
ITaneMuTOOIEMHOBAS Clé6:1 n-7 0,18
OmenHoBas Cl18:1 n-9 7,28
[{ucBaxkiieHoBas C18:1 n-7 0,6
I'ongonHoBas C20:1 n-9 0,47
Jloxo3eHoBast C22:1n-11 0,16
KeronennoBas C22:1 n-11 0,74
ITonuHeHachIIICHHBIE 61,86
JInnonesas Cl18:2 n-6 46,92
JIunoneHosas Cl18:3n-3 493
Diiko3aaueHoBas C20:2 n-6 0,34
DWKOo3aTpUEHOBAS C20:3 n-3 0,21
JlokozaamenoBas C22:2 n-6 9,46
Cymma -3 5,14
Cymma w-6 56,72
CymMa KUPHBIX KHCIIOT 96,91
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Kak BugHO M3 Tabnuibl 3, B COCTAaB JIMIMIOB BXOAUT 21 )KUpPHAsE KUCIIOTA
(OKK), u3 KoTopbix 9 SBISAIOTCS HACHIIIEHHBIMH, 7 — MOHOHEHACHIIIEHHBIMH
(MHXK) u 5 — nonunenaceimenabivu (ITHXK). [Ipu stom Gombmie Bcero
conepxutcs [THXKK (63,8% ot obmiero coxmepxkanus), npeodnanaromeii KK
sIBJIsIeTCs TuHONeBast (46,91%), otHocsmmascs k w-6 TTHXKK.

B cocraBe KUpPHBIX KUACIIOT JIMIAJIOB CYXOHW MUBHOW APOOWHBI Ipeodianaer
take HXKK nmanpmutunoBast (21,95%), criocoOCTByIOIIass aKTUBU3AIMU CHHTE3a
COOCTBEHHBIX KOJUIareHa, 3JIacTUHA, TIFOKO3aMHUHOIIMKAHOB W THaJTypOHOBOH
KHCJIOTHI, yYaCTBYIOIIMX B OOHOBIICHHH MEKKIICTOYHOTO BEIIECTBA JICPMBI.

B nacrositiee Bpems ipu BBIOOpE CHIPhS M pa3padOTKe TEXHOIOTHH KOPMOB
HapsIy C MHINEBON W SHEPreTHYECKOW IIEHHOCThIO OOIBIIOE 3HAUYCHHE TPUIACTCS
MoKa3artelsiM 0e30MacHOCTH, KOTOPBIE SIBIISFOTCS TJIABHBIMU KPUTEPUSMHU Ka4ecTBa
MUIIEBOH MpoayKIu [7].

[lpr wcnonbp30BaHWUM THBHOW JPOOWHBI B THINEBOW MPOMBIILICHHOCTH
HEOOXOJMMO YIOCTOBEpUThCS B ee Oe3zomacHocTH. [lokazaTenu Oe30MacHOCTH
CYXOl MMBHON JAPOOWHBI IPEICTABIICHBI B TAOIUIIE 4.

Tabnuna 4
Iokazarenu 6e30MacHOCTH CyXOl MMBHOW JPOOHHEI

HaunmeHnoBanue snemenTa | [{omyCTUMBIN YPOBEHb, DaKTUYECKOE 3HAYECHHUE
He Oonee
TOKCHYHBIC DJIEMEHTBI, MI/KT
CauHenn 0,5 0,021
MBIbsIK 0,2 0,036
Kaammii 0,1 0,014
Pryth 0,03 He obHapysxena
MUKOTOKCHHBI, MI/KT
Adnarokcun Bl 0,005 | He obHapyxen
IlecTuimasl, Mr/Kr
rxar (e-, p- m - 0,5 He obnapyxen
H30MEpHI)
AAT, AL AIE 0,02 -
2,4-D xucnora, ee Colu 1 - -
3hUpHI

B uccnenyembix obOpasnax (Tabn. 4) He ObuUTM OOHAPY)KCHBI MECTHIIHIbI,
MHUKOTOKCHUHBI. M3 TOKCHYHBIX 3JIEMEHTOB B CYXOW NHUBHOH ApOOMHE HaWaeHBI
CBHUHEI, MBIIIBSIK ¥ KaJMH, HO UX KOHI[CHTPAIlMsi MHHUMAaJbHAs, HE TPEBBIIIACT
JOIYCTHMOT'O YPOBHSI.

Takum 00pa3oM, aHAJIM3 HCCIENyEeMbIX 00pa3lloB CYXOi MHBHON APOOHUHBI
HA COOTBETCTBHE HOPMATHUBHBIM IOKa3aTelsiM OE30MacHOCTH, MPENCTaBICHHBIN B
TabnuIe 4, TOKa3bIBAET, YTO CHIPhE OTBEYACT TPEOOBAHMIM 110 BCEM KPUTEPHIM H
MOXET IPUMEHATHCS 0€3 OrpaHUYCHHS ISl U3TOTOBIICHHS KOPMOB 03 yiepoa st
3710pOBBSI.

JoctrxeHnusi B 00JacTH KOPMIIGHHS CEITbCKOXO3SHCTBEHHBIX JKHBOTHBIX
Mo3BOJISIIOT 3 PeKkTHBHEE TPaHCPOPMUPOBATH PACTUTEIBHBIN OEIOK M HEOEIKOBhIC
A30TUCTHIC BEIIECTBA B )KUBOTHBIM MPOTEHH, a TAK)KE yCBAaUBATh 0€3a30THCTHIC U
OMONOrMUECKH aKTUBHBIC BENIECTBA KOPMOB M KOPMOBBIX J1I00aBOK. B 3Tol CcBsizn
KOpMOBYIO 0a3y pacHIMpSIOT, CKapMJIMBas HETPAJAWIMOHHBIE W CHHTETHUYECKHE
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N00aBKM Ha OCHOBE pa3IUYHBIX OTXOJOB, JCNAIOlIMe JKBAauHBIX MEHEe
3aBHCHMBIMH OT COJICPYKaHUs HATUBHBIX OCJIKOB B KOpMax.

KoMmmuiekcHbIM — aHaM3  TMOJIy4EHHBIX  DKCHEPUMEHTAJBHBIX  JaHHBIX
CBUJCTCIILCTBYET O TOM, 4YTO IIMBHAs JPOOMHA SBJISETCS BBICOKOOCIKOBBIM
npoxnykroM (copepxkanue Oenka gocrturaer 21,3%, Genok ApOOHHBI BKIIOYAET BCE
HE3aMEHUMbIC aMHUHOKHCJIOTBI), COJACPKHUT OOJIBIIOE KOJIMYECTBO YIJICBOIOB (10
51,9%), conmepxxanue xupa — g0 10,5%, a KUPHOKUCIOTHBIM COCTaB JIMIKJOB
MOKa3bIBaeT, YTO OHM 00JIAJAFOT BBICOKOW OMOIOrHYecKoil 3¢ dekTuBHOCTRIO. [0
MoKa3aTelisiM Oe30MacHOCTH MHUBHAs APOOHMHA COOTBETCTBYET BCEM YCTAaHOBJICH-
HBIM HOPMATHBHBIMH JOKYMEHTaMHU KpuTepusaM. [TuBHas ApoOMHA MMEET BBICOKYIO
YCBOSIEMOCTb: OEIKOBBIX BelecTB — Ha 71-76%, sxupa — Ha 80-82%, 6e3a30THCTHIX
AKCTPAaKTUBHBIX BemecTB — Ha 60-65%. B HacTosmiee BpeMs Ha OCHOBE THUBHOM
IpOOWHBI pa3paboTaHbl KOpMa M KOPMOBBIC JOOABKH JUIS PA3JIMYHBIX BUIOB M
BO3PACTHBIX TPYII CETLCKOXO3IHCTBEHHBIX JKHBOTHBIX U IITHIIBL.

Ha ocHOBaHMHM H3yuYcHMs MHILNCBOW LEHHOCTH MUBHOW IPOOMHBI MOXHO
clenaTh BBIBOJ O TOM, YTO HCIIOJb30BAaHHE €€ B KAYECTBE IICHHOTO IHIICBOTO U
OMOJIOTMYECKH aKTHMBHOT'O KOMITOHGHTA, a TaKKe YaCTHYHOM, Ooyee IeIeBoi
3aMEHbl  PACTUTEIILHOrO Oelka TpPU  TMPOM3BOJACTBE KOPMOB,  SBJISACTCS
1eNecoo0pa3HbIM U MEPCIEKTUBHBIM.
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JKymbicTa cbipa TOOIHIH KacHETTEepi KOHE OHBIH JKEMINON OHIIPiCIHICTI
HETri3ri MIMKi3aT peTiHie mNaijalany MYMKIHZIr 3eprrenreH. Toxipubenik
3ePTTEYJICPIAIH HOTIDKECIHAE Chipa TOO01 JKOFaphl aKybI3Ibl ©HIM  OOJIBII
TaOBLIATHIHBI AHBIKTAIABI (aKYbI3IbIH aJIMACTHIPHUIMAHTBIH aMHUH KBIIIKbLIAAPbI-
HBIH Memmepi 21,3% xereni) eHiIMHIH Kypambiaaa - 10,5% neiiin maii, kemipcynap
(51,9% netiin) Gap OOJFaHIBIKTAH, OJ JKOFapbl OWMOJIOTHSUIBIK KYHIBUIBIKKA HE
0osam.

Tyiin ce3mep: chipa Te0i, XEMIION OHIIPICi, AMHHKBIIIKBUIABI a3bIK,
MaHKBIIIKBUIIbI KYPaMbl, TaFaM Kayirci3miri.

A.K. Kekibaeva, G.I. Baygazieva, A.G. Satvaldinova

Almaty Technological University, Almaty, Kazakhstan
USE OF THE BEER PELLET BY PRODUCTION OF FORAGES

In this work properties of a beer pellet and possibility of its use in production
of forage, as main type of raw materials are studied. The complex analysis of the
obtained experimental data testifies that the beer pellet is a high-proteinaceous
product (protein content reaches 21,3%, protein of a pellet includes all
irreplaceable amino acids), contains a large amount of carbohydrates (to 51,9%),
the content of fat — to 10,5%, and the fatty acid structure of lipids shows that they
possess high biological efficiency.

Keywords: beer pellet, a forage production, amino-acid feed, the fatty acid
structure, food safety.
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OBECHHEYEHUE KAYECTBEHHOI'O IIMTAHUA
BOEHHOCJIYXAIIUX B PA3JIMYHBIX CUTYALIUAX
X JEATEJBHOCTH

O0ocHOBaHa HEOOXOMUMOCTh IOBBIIICHUS! Ka4eCTBa MUTAHUS BOCHHOCIYXAIIUX C
y4eToM ero (PM3MONOTHYECKOro 3HAUeHHs B IKCTPEMaNbHBIX cuTyauusx. [IpexcraBinena
BO3MOXKHOCTb BOCIOJIHEHUS OCHOBHBIX KOMIIOHEHTOB IUIIM, KaK SHEPreTUYecKOro
MaTepHana BBICOKOTO YPOBHs, ISl TMOIJEpKaHUs (PU3NUECKONH U IICHXO0IMOIMOHAIBHON
Harpy3KH, CBOHCTBEHHBIX apMeHCKOMY 00pasy JKH3HU.

KiloueBble cioBa: CTaTyC NUTaHWsA BOCHHOCIYXXAIICTO, CGaHaHCI/IpOBaH-

HOCTb IO NHOIEBOMY COCTaBYy, 6en1<1/1, BUTaMMWHBI, MHHCPAJIbHBIC BCIICCTBA,
IIUIICBBIC T'aJICThI.

3mopoBoe THTaHHE M OE30MACHOCTh IMHIIEBBIX IPOJAYKTOB OTHOCATCS K
OCHOBHBIM (paKTOpaM, OIPEACISIONIAM YPOBEHb OOIIECTBEHHOT'O 3JI0POBBS,
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Ka4eCTBO JKH3HH, JOJITOTOJIETHE, TPYAOBYI0O U COIMATLHYI0 aKTHBHOCTb,
BO3MOXKHOCTh OOCCIICUCHHMs] KAYeCTBEHHOI'0 MHMTAaHWsS BOCHHOCHY)KAIUX B
pPa3IUYHBIX CHUTYallUSIX HX JCeATeIbHOCTH. lluTaHuWe SBISETCS TOHATHEM, B
KOTOPOM CKOHIICHTPHUPOBAHBI ¥ HWHTETPUPOBAHBI MHOTOYHCIICHHBIE ACIEKTHI
SKOHOMHYECKOTO Pa3BUTHUS U COITUATILHON >KU3HM [1].

Nzydenune GakTHUECKOro cTaTyca MUTAHUS BOCHHOCTYKAIIHUX [MOKa3bIBAIOT,
YTO HOPMBI IIPOJOBOJILCTBEHHBIX ITaWKOB HE Bceraa CcOaJaHCHUPOBAHBI 110
MUIIEBOMY COCTaBYy M CTPYKType. OTO Kacaercs B OoJblleil CTerneHu
OOIIIEBOMCKOBBIX M MOPCKHX MANKOB, KOTOPBIC HMEIIM HEAOCTATOYHOE COJCPIKAHUE
OCIIKOB KMBOTHOI'O MPOUCXOKICHUS (MpU  (U3UOJOTHYECKONH TOTPEOHOCTH
OpraHM3Ma HE MEHee 65 T' B CYTKH pPealbHO B 00IIEBOMCKOBOM ITaiike Coaep Kaaoch
43 T © B MOpcKOM maike 44 T), MOTMHEHACHIIIEHHBIX >KHPHBIX KHCIOT U
OTJCIBHBIX MAaKpO- U MHKPOIJIEMEHTOB (Kalbllui, (TOp, HATPHA, MarHui |
kene30). Hambompliiee 3HaueHWe B NMUTAHUUM BOEHHOCITY)KAIIUX HMEIOT OEJKH,
SIBJIAIOIIMECS ~ OCHOBOM  JKM3HENCITEIBLHOCTH  JI00Oro  opraHusma.  beiku
BBITIOJIHSIOT B OPraHM3ME MHOTHE ()YHKIIMH: 00CCIICUYMBAIOT OPraHM3M DHEPruei,
BBINIOJHSIOT CTPYKTYPHYIO U PErYJIATOPHYIO (YHKIMH, a TaKKe 00CCIICYMBAIOT
MMMYHOOHOJIOTHYECKYIO 3alllUTy OpraHu3Ma. belloK SBJISETCS HCTOYHUKOM
HE3aMCHUMBIX  aMHUHOKHCIIOT, HaJW4Yhe KOTOPhIX B  YIOBJIETBOPSIONINX
MOTPEOHOCTH KOJHMYECTBAX, HPU YCIOBHU ONTHUMAJIBHOCTH COOTHOIICHUS MEXKIY
HE3aMCHUMBIMH ¢ 3aMEHUMBIMH aMHHOKHCIOTAMH, CIYKUT OIPEIACIISTIONIIM
(haKTOpOM YCTaHOBJICHUS HOPM MOTPEOHOCTH B Oenke [1].

Kpome Toro, B NHUTaHMHM BOCHHOCIYXAIIUX BaXHOE (HU3MOIOTHYSCKOE
3HAYCHUE WMEIOT TOJMHEHACHIIICHHBIC XKUPHBIC KHUCIIOTHI, BXOIIIINE B COCTaB
KJICTOYHBIX MEMOpaH M CTPYKTYPHBIX 3JIEMEHTOB TKaHedl. OHM 00ecrednBarOT
HOPMAaJIBHBIH POCT, 3JJACTHYHOCTh COCYJOB U OOMEH BEIIECTB, HE CHHTEC3UPYIOTCS
OpPraHM3MOM UYEJIOBEKAa M JIOJDKHBI IMOCTyNaTh ¢ nMied. Takum oOpaszom, 110
SHEPreTUYECKON IIEHHOCTH (KaJOPUMHOCTH) W IIHMINEBOM IIEHHOCTH, BKIIFOYAs
coJiepkaHue OCJIKOB, JKHUPOB, YIJICBOJOB, MHHEPAJbHBIX BEIISCTB, MaKpO- H
MHKDPOJIEMEHTOB, IHIIEBBIX BOJOKOH ¥ BUTAMHUHOB, IIPHHSITHIE HOPMEI
MIPOJTIOBOJILCTBCHHBIX TMAMKOB IPETEPIICTH CYIICCTBCHHBIE W3MEHCHHUS W CTajlu
COOTBETCTBOBATh COBPEMEHHBIM TpeOoBaHUsAM. JKHUpPBI, Kak U OCIKH, OTHOCATCS K
OCHOBHBIM TIHIIICBBIM BEIIECTBAM, KOTOPHIC OPTaHWU3M HYEIOBEKA MCIOIB3YET KakK
SHepreTudecKkuit martepuai. Jlosg »HEpreTMYecKod IEHHOCTH KHUPOB B HOpPME
00111eBOIiCKOBOI0 Maiika Ternepb paBHa 1264 kKai, uyto cocTarser okoio 29% mnpu
ONTHMAJLHOM CYTOYHON JHEPreTHYecKOW MOTPEOHOCTH OpraHM3Ma dYeloBeKa B
xkupax 28-35% OT DHEPreTHYeCKOH IICHHOCTH. TakuM o00pa3oM, MHIIEeBas
LIEHHOCTh ¥ KaJOPHUIHOCTh HOBOTO OOIIIEBONCKOBOIO MaiKa JOCTATOUYHO BBICOKOTO
YPOBHS Uil TOIACpKaHMS (U3MUECKOW M ICHUXO3MOIMOHAIBHONW HArpy3KH,
CBOMCTBEHHBIX apMeiicCKoMy 00pasy KH3HH.

Omnako, Kak Uit OOIIenWTa BOWMCKOBEIX CTOJIOBBIX, TaK M IIaiKOB,
MOJIy9aeMbIX 10 Pa3IWYHBIM BUJAM JEATEIHHOCTH BOMCK M CHUTyaruil (pammoH
BBDKMBAHHS B YKCTPEMAJIbHBIX YCIOBHSAX, NPOPHIAKTUYCCKMX paloHaX WU T.1.)
xJIe000YI0UHbIC M3ACUsS (TaJIeThl, CyXapyd U Jp.) BKIIOYAIOT B OCHOBHOM MYKY
MIICHUYHYIO XJIeOOMEKapHYI0 IEPBOr0 COpPTa M pexe O0OHHYI0, OO0AMPHYIO,
KOTOpPbIE HE COJAEPKAT OCHOBHBIC XHUMHYECKME HYTPHCHTBI, CIIOCOOHBIC
(PM3HOJIOrNYECKH BOCIIONIHUTD HEOOXOAUMBIC 3aTpaThl IHEPTUN BOCHHOCT Y KAIIIHX.

[To3TOMY OAHMM M3 OCHOBHBIX HAlpPaBJICHUI T'OCYJapCTBEHHON IOJIUTUKU B
o0JIacTH 3/I0POBOr0 TUTAHMS HACEJICHHMs W BOOpPYKEHHBIX cui KaszaxcraHa
SIBJISIETCS CO3/IaHME KaUYEeCTBEHHO HOBBIX IHUIINEBBIX IPOAYKTOB C HAMPaBICHHBIM
HM3MEHECHHEM XMMHMYECKOTO COCTaBa, B TOM YHCIE MPOAYKTOB (hyHKIIHOHAIBHOIO
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Ha3HAYCHHS, a TaKKe JIMKBHJAIMEH CYIIECTBYIONIEro JeQuiuTa OeIKoB,
BUTAMHHOB, MAaKpO-, MHKPODJIEMEHTOB, [MUIIEBBIX BOJIOKOH W  JPYTHX
HE3aMEHUMBIX BEIIECTB, HEIOCTATOK KOTOPBIX C YYETOM JPYTHUX PHCKOBBIX
(akTOpOB IS )KM3HU YeJIOBEKA, BHI3BIBAIOT pa3iMyHbIe 3a0oneBanus. st aToro
HEOOXOJMMBI MEpBl Ul COJACHCTBUS 3JI0pOBOMY DPAllMOHY THTAHHS YellOBeKa
MyTeM OpPHEHTAIlMH Ha MPOIYKTHI MOBCEAHEBHOTO M MAacCOBOTO CIPOCa, KAKUMH
SIBJIAIOTCS XJ1e0 U XJ1e000yI0UHbIC U3ICIHS.

3a mocieaHUWE ~ NIECSATWIICTHS  aKTUBHO  HM3y4aroTCs  BO3MOXKHOCTH
MPUTOTOBJIEHUS  XJEOOOYIOYHBIX W  MYYHBIX KOHIUTEPCKHX U3ICIHHA ¢
pa3UYHBIMH  J1I00aBKaMH  OTXOJIOB MYKOMOJBHO-KPYIISIHOT'O — ITPOM3BOJICTBA
(MIeHUYHbIE, OBCSHBIC OTPYOH, IMIIEHWYHAS KJIETYaTKa U Jp.), a TAKXKEe MyKa U3
3epHa HexJIeOOMeKapHbIX KyJIbTyp (OBca, KyKypy3bl, slUMeEHs, rpoca) u 600OBBIX
KyIbsTyp (TOpox, haconb, yeueBnia, Mamr u ap.) [2].

lanmersl — peakoe MO CBOMM CBOMCTBaM TI€YEHBE, CIIOCOOHOE COXPaHSThH
CBEXECTh U TEPBO3JIaHHOE Ka4eCTBO JIO0 2 JIET, OHU MOAXOIST Ui OOJBIIMHCTBA
CUTyalluii MoTpeONieHus. OTO U OOBSCHSECT BEKOBYIO TOMYISIPHOCTh W3ZCIHS B
apMuM, Ha QIoTe, B OIKCHEMUIMIX, TYPUCTUYESCKHX IMOXOIaX, UYPE3BBIYaHHBIX
CUTYyallUsiX, a TaKKe TPH eKeAHEBHOM daenuThH. OHHM SBISIOTCS MPEKPACHBIM
3aMEHHTEIEeM XJieha.

B HayuyHO-HcClieOBaTENbCKOM  JTA0OpATOPUH  WHXKEHEPHOTO  MpOoduIIs
«Hanoumkenepusie mMeTonsl ucciempoBanmii um. A.C. AxmeroBa» Tapl'yV um.
M.X.dynaTi MpoBOJSTCS HAyYHBIC MCCIEIOBAHHS IO Pa3pabOTKe pelenTyphl H
TEXHOJIOTMU TIPUTOTOBJICHUS apMEHCKHX TaeT.

3a ocHOBYy mpuHATa peuentypa raier (tabn. 1), HauOomee
pacmnpoCcTpaHEHHBIX B apMHH, BXOIMIIMX B HA0Op MalKOB, TOIYy4aeMbIX IO
pa3IMYHBIM BUJaM JICSITEIHHOCTH BOWCK M CUTYaIlHH.

Tabauua 1
Pentenitypa rajger « ApMmenckuey
HanmeHoBaHME cOCTaBHBIX Penent Ha 1 xr Myku
KOMIIOHEHTOB
Myka niepBoro copra 1 xkr
Bopa (komHaTHOM TemmepaTypbl) 350 - 400 mn
Copa nuieBas 02r
Conb I,5r

JIis  TIOBBINIICHUS TMHUINECBOM IIGHHOCTH W KaJOPUMHOCTH TajeT ObUIM
pa3paboTaHbl My4YHBIE CMECH MYKH MIICHHYHOH xyebomekapHoii 1 copra c
BHECCHUEM Pa3JINYHBIX BHJIOB MYKH 3€PHOBBIX M O00OBBIX KYJIBTYD.

VYuuTeiBas, 4To KaxKaas 3epHOBas M 0000Bas KyJIbTypbl UMEIOT BBICOKHIA
MUIIEBOI MOTEHIMAN 10 COBOKYITHOCTH KaK OCHOBHBIX KOMIIOHEHTOB MUIIIH, TaK H
MUHOPHBIX BEIIECTB, BHIOpaId B KayecTBE 00OTaTUTENeH MyKY, TIONYYEHHYIO U3
TPEYUXH U ropoxa.

XapakTepHO OCOOCHHOCTBIO TPEUMXM SBISICTCSA SKOJIOIMYECKas YHCTOTa
3TOTO TIOJIE3HOT'0 PACTUTENBHOIO MPOAYKTA. JTO KadeCTBEHHOE MPEUMYILECTBO
TPEYUXH B PAIY APYTHUX 3€PHOBBIX KYJIBTYP 00YCIOBJIEHO TEM, YTO IPH HEBBICOKOH
YpOXKalHOCTH TPEUKH €€ IOCEBbl HHKOrJa He o0pabdaThIBAlOT € MOMOIIBIO
CHHTETUYECKUX YIOOpEeHHH W TecTHIHIOB (MPHUMEHEHHWE KOTOPBIX TIpH
KyJIbTUBUPOBAHMH TPEUMXH MOXKET Cpa3y K€ HEraTMBHO OTPa3HTbCS Ha ee
OpPTaHONIENTHYECKNX KadecTBax). ['pedka sBIsIeTCS B CBOEM pOJE €AWHCTBEHHOMH
3epHOBOM KYJBTYpOW, KOTOpas HE TOJNBKO HE OOWTCS COPHAKOB, HO M cama
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BBITECHSAET HMX C T[IOCEBHOMW IUIOMIAAM 0O€3 KaKoro-imbo MOCTOPOHHErO
BMEIIATEIbCTBA.

OTtnuyarommascsi BBICOKAM COJIEp)KaHUEM PYTHHA M JIPYTUX TOJNE3HBIX JUIS
OpraHu3Ma dYellOBeKa BEIECTB, TIpeunxa TakKe HaXOAUT IPUMEHEHHE B
MPOU3BOJICTBE pa3HOOOPA3HBIX JIEKAPCTBEHHBIX NPEMapaToB.

B cocraBe 3epHa rpeunxu MPUCYTCTBYIOT: yriieBobl (60-63%), oenku (13-
16%), xknergatka (mo 10,5%), xupsl (2,-3,1%, B TOM 4YHCIIe MOIMHEHACHIITICHHAS
Owmera-3 xwupHas kuciaora u ¢ochonunuasl), (aaBoHOUAb (PyTHH H Jp.),
(DUTOACTPOTEHBI, OPraHMYECKHUE KUCIOThI (MaJIEMHOBAs, MEHOJICHOBAsI, IIaBeJIeBas,
s0JI0uHasl, JTUMOHHAs W JIp.), KapOTHHOMJBI (TPENIIECTBEHHHKH BHTaMuHAa A),
Butamunsbl Tpymnmnel B (B1, B2, B3, B6, B8 (uno3uton), BY), Butamun E, a Taxxke
HEOOXOJJMMbIE OPraHU3MY YellOBeKa MaKpO- ¥ MHKPORJIEMEHTHI (HAaTpHi, Kaiu,
MarHui, kanpnui, pocdop, xKene3o, MapraHell, KpeMHHM, cepa, CeJeH, Mellb, IIHK,
XpOM, H0J1, HUKENb, KOOalbT, aIFOMUHIA, O0p, BaHaauit, ¢prop) [3].

3epHO TPEUYNXHU COACPKHUT B CBOEM COCTaBE MEHBIIE Kpaxmana W APYTHX
VIJIEBOJIOB, YeM 3€pHA TaKUX 3JIAKOBBIX KYJbTYp, KaK MIICHHIIA, POXKb, SIMEHb U
oBec, Omaromapsi ueMy TpeuHeBasi Kpyma sBISETCS BECbMa TMOJIE3HBIM MPOILYKTOM
Ui OOJIbHBIX CaxapHbIM jauaberoM. B oTiauunMe OT OONBIIMHCTBA 3JIAKOBBIX
KyJIbTYp HE COIEP)KUT B CBOEM COCTaBE INIIOTeHa (KIEHKOBHHY), B CBSI3U C YeM
MOXET TIONHOIICHHO 3aMEHATh B PAllMOHE IMUTAHUS TPOAYKTHl W3 TIIIICHHIIBL,
STIMEHS1, PXKH U OBCa JIFO/ISIM, CTPAJIAFOIINM LieTnakiel (3aboeBaHreM, CBA3aHHBIM
C HENEPEHOCHMOCTBIO TITOTEHA).

BBenenne B pallioH MUTAaHUS TPEYKH B 3HAYUTENLHON CTEMECHH IMOBBIIIACT
3G (GEKTUBHOCTh JICYeHUST W MPOPHIAKTAKH MHOTHUX 3200JeBaHHMN, B 4YHCIC
KOTOPBIX:

- 3a0oNeBaHUsl  CEPJCYHO-COCYIUCTOM  CHUCTEMBI  (aTepocKiepos,
aprepualibHas TUIEPTOHHSA, WIIEMHYecKas OONle3Hb cepjlla, BapHKO3HOE
pacimpeHue BEH, TpoMOO(pICONTHI, nuadeTuueckas AHTHOIIATHS,
THIEPTOHUYECKasl aHTHONATH);

- 3a00eBaHUsl U HApYIICHUS! paOOThl OPTaHOB MUIICBAPUTEIHLHON CHCTEMBI
(3amopsl, TacTpUT, S3Ba JKENyAKAa W JBEHAINATHIIEPCTHON KHIIKH, XOJEIMCTHT,
KeTueKkaMeHHass OoJie3Hb, JKMPOBOW Temaro3, [UPpPO3, TemaTuT, KOJUT,
3a00JIeBaHUs MOHKETYI0UYHON Kee3bl);

- aHeMus (MaJIOKpOBHE);

- 3a0oJeBaHUs OMOPHO-IBUTATENFHOrO ammapara (apTpo3, apTpuT,
OCTEOXOH/PO3, OCTEONOPO3  JIp.).

T'opox. HemaBHO y4eHbIe OIMyOIIMKOBAIIN PE3YIIbTAThl CBOMX HCCIEAOBAHHIMA,
rze yOemuTenbHO JI0Ka3aid, 9YT0 OOBIYHBIN TOPOX — HACTOSIIEE JeKapCTBO. [1mosl
ropoxa cofiep>kKaT BBICOKHH MPOIIEHT aHTHOKCHIAHTOB (BEIECTB, 3aePKUBAIOIINX
OKHCIIeHHE), Oellka U TaKWX BaXKHBIX JIJIsl OpraHu3Ma MUHEPaIbHBIX BEIECTB, KaK
KaJIBIIMA | JKeIe30. | 0poX CHIDKAET BEPOATHOCTh OHKOJIOTHYECKHX 3a00JIeBaHUM,
nH(papKTa, THIIEPTOHUN U TOPMO3HT TPOLIECCHI CTAPEHHS KOXKH.

T'opox — camplii Ooratblii HCTOYHUK Oellka cpelld OBOIIHBIX KyJIbTyp. benku
ropoxa (23,0 r, Ha 100 r mpoaykTa) CXOAHBI ¢ OeIKaMHu MscCa, T.K. COIEpPIKAT Pl
HE3aMEHUMBIX aMUHOKHUCIIOT (IUCTHH, JIM3UH, TpUntodaH, METHOHHH). Takxke B
ropoxe MHOI'0 acKOpOMHOBOH KHUCIOTHI (10 59%), MMEIOTCS pa3jinyHbIe caxapa
(6onee 7%), kpaxmain (1-3%). I1o coaepxkanuto BuTaMuHOB Tpymisl B (mr Ha 100 ©
nponykra): ButamuH B;—0,8; B,-0,2; Bi;-2,2; B¢0,3; Bo-16 wmxr. Ilo
MUHEPAIFHOMY COCTaBy TOpPOX IPEBOCXOJUT MHOTHE OO0OBbIE W 3EpHOBBIC
KynbTypbl (Mr Ha 100 T mpoaykTa): sxene3o — 9,4; xamust — 873,0; xanbprmst — 115,0;
kpemuust — 83,0; maraus — 107,0; Hatpus — 69,0; #iomna — 5,1; mapranma — 1750 [3].
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l'opox He3zameHMM I TOAJEPKAHUS ceplla 3A0POBBIM, TaK KaK B HEM
UMeeTcsl O4eHb Majo KHpPOB (B HEKOTOPBIX COpPTax ero BooOIIe HET), HeT
XOJIeCTepUHa M HAaTpHs, HO €CTh BOJIOKHA, CHIKAIOIINE COMIep)KaHNe XOJeCTeprHa
B KPOBH, TIOMOTaeT KOHTPOJIHMPOBAThH IHAOET, MOTOMY YTO YIJIEBOJALI COCTOSIT U3
TIIIOKO3bI B PYKTO3bI, KOTOpBIE MonanatoT (0e3 MHCYTUHOBOW TOMOIIN) MPSIMO B
KpOBb.

l'opox conmepXuUT MUPUAOKCHH, YYaCTBYIOUIMI B pacIICNJICHUH U CHHTE3E
aMUHOKHCIOT. HemoctaTok 3TOro BUTaMHHA BBI3BIBACT JEPMATHT M CYAOpPOrd. 3a
OorpIIoe cojiepiKaHUe CelleHa TOPOX pPaccMaTpUBAalOT, KaK aHTHKAaHIIEPOreHHOE
cpencTBo. A Omarojaapsi COAEpKaHHWIO BOJOKOH, KapoThHa W ButamuHa C (mpu
OTCYTCTBHH >KHPOB), TOPOX CIIOCOOCTBYET MPOQHIAKTHKE PaKa.

B Tabmumax 2, 3 u 4 mnpencraBieHa CpaBHUTENIbHAs OLCHKA ITHINECBOW
LIEHHOCTH MYKH | copTa U MyKH TpPEUYHEBON U TOPOXOBOH.

Tabauna 2
OCHOBHOM XMMHYECKHH COCTAB MYKH 3€pPHOBBIX 1 OOOOBBIX KYJIBTYP,
r Ha 100 r npoaykra

Buns! Mmykn benoxk Kupst Yrnesoasl Krneruatka
(obOmue)
[Tmenmanas [ copr 10,3 1,3 73,2 0,2
I'peunenas 12,6 2,6 68,0 1,1
I'opoxoBas 23,0 1,2 53,3 5,7
Ta6numa 3

Conep:kaHre MUHEPATBHBIX BEIIECTB B MyKe 3ePHOBBIX U O00OBBIX KYJIBTYP,
mr Ha 100 r npoxykTa

Bunsl Mmykn Na K Ca Mg P Fe
[Tmennynas I copr 12 176 24 44 115 2,1
['peuneBas - 167 70 98 298 8,0
I'opoxoBas 69 873 115 107 329 9,4
Tabnuna 4
ButaMuHHBIN COCTaB MyKH 3€pHOBBIX U 0000BBIX KyJabTyp, Mr Ha 100 r npoxykTa
Buasl Mmykn Bl B2 PP
ITmennunas I copr 0,25 0,12 2,20
I'peunenas 0,53 0,20 4,19
I'opoxoBas 0,81 0,15 2,20
OO0OCHOBBIBass ~ BBICOKYIHO  NHTATEIbHYI  I[EHHOCTh,  KaJOPUHHOCTH

WCITIOJIb3YEMBIX BUJIOB MYKH T'PEYHEBOW, TOPOXOBOM, HAMU OBLIO MPETYyCMOTPEHO
BBEJCHHUE B COCTaB MPOMYKIMH XJIEOOMEKapHOrO TMPOU3BOJCTBA (XJIEOHBIC
MajJoYKH) M MYYHBIX KOHAWTEPCKUX W3AENUN (TayieThl), KOTOpble TaKXkKe
MOJB3YIOTCS OONBIINM CIIPOCOM y HACENCHHS U SIBISIFOTCS OJHUMHU W3 Ba)KHBIX
COCTABIISIIOIINX pAIlMOH TAaHKOB JUIS BOOPY)KCHHBIX CHJI, TONy4aeMbIX II0
pa3MYHBIM BUJaM JIEITEIbHOCTH BOMCK W CUTyallil (pallioH BbDKUBAHUS B
9KCTPEMAIIbHBIX YCIIOBHAX, MPOPMIAKTHUECKUX PAllHOHAX H T.[I.).

Henpto wccnenoBaHuil sBIseTCsT pa3pabOTKa pelenTyp CMeced MYKH
3epPHOBBIX U OOOOBBIX KYIBTYp ¢ MYKOH NMIIEHUYHOHW XJeOomekapHOW u 0e3 Hee
JUIE  TIPOM3BOJCTBA  MPOAYKTOB  THTaHUS  Pa3IYHOTO  aCCOPTHMEHTa
xJ1e0OoTeKapHbIX U3AeNui (YHKIIMOHAILHOTO Ha3HAYCHHSI.
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CMecH COCTaBIISUTHCH TEPBOHAYAIBHO U3 BHECEHHS OIHOTO BHJIa MYKH HE
xJiebonekapHoil (rpeuHeBoi, ropoxoBoii) B komuuectse 5, 10, 15, 20, 30, 50% mo
OTHOIIIEHHI0O K Macce MYKH TIIEHWYHOM TmepBOro copra. Bropod srtan
HCCIICIOBAHMMA 3aKITIOYAJICS B COCTABJICHUM CMECH MYKH TPEYHEBOU, TOPOXOBOM B
xommuectee 10, 15, 20, 30, 50 1o OTHONIEHMIO K Macce MIICHUYHON
XJIeOOIEeKapHO# IEpBOro copTa.

Kaxxaplii BUA cMecH pas3IMYHBIX BUIOB MYKH HCCIIEIOBAjCS Ha (U3MKO-
XMMHYECKHE CBOMCTBA, OpPraHOJENTUYCCKHE, (DUUKO-XUMUYECKHE U CTPYKTYPHO-
MEXaHUYECKHE CBOMCTBa TecTa (Mmosy(haOpUKaTOB), OpraHONCNTHICCKUE, (PU3HUKO-
XMMHYCCKHE TI0Ka3aTeIM B OLICHKE KauecTBa TOTOBOHM IMPOMYKIMU B CPAaBHEHUHU C
KOHTPOJIEM — TPOAYKINEH, MOTYyIeHHON U3 MYKH TOJBKO IIEPBOTO COPTA, B TOM
YUCJIE U TaJIeT I UCIIOJIb30BAHUS TIPH MUTAHUN COJIAT.

[Ipennaraembie BapuaHThI IPOM3BOACTBA TaleT « ApMEHCKHE) MOBBIIICHHON
MUIICBOM I[EHHOCTH, HAa OCHOBE COCTABJICHHBIX KOMIIO3MTHBIX CMECEH MYKH,
XapaKTepPU3yIOTCS  BBICOKOH  OHOJOTMYECKOM I[EHHOCTBIO M OTJIMYAIOTCS
cOaaHCHPOBAHHBIM AMHHOKHCIIOTHBIM COCTaBOM, ONTHMAJIBHBIM COACPKaHHEM
BUTaMHHOB W MMHEPaJIbHBIX BellecTB. lIpeqHa3Ha4yeHbl IS NUTaHHs JIIOJACH B
MOJICBBIX, AKCICIUIMOHHBIX YCIOBUSAX, TPEOYIOIIMX BBICOKOTO HEPBHOTO M
(pM3MYECKOr0 HAIIPSDKEHHS, a TAKKE B CTPECCOBBIX CUTYAIUAX.

Pe3ynbTaThl MOMYyYEHHBIX HCCIENOBAHUM MOTYT BHECTH CYIIECTBEHHBIN
BKJIaJ] B peIlIeHHUE MpoOjeM O0310poBicHMs HaceiaeHus Kaszaxcrana, nuTaHHs
BOOPYKCHHBIX CHJI 3a CYET cOaJaHCHMPOBAHHOIO COCTaBa IIPOAYKTa MacCOBOIO
CIpoca W pelleHus: MmpoOyieMbl neduimra OenKa, MHUKPOIJIEMEHTOB, IHIICBHIX
BOJIOKOH H JPYTHMX HYTPHEHTOB C YUYE€TOM palMOHAIHHOTO HCIIOIb30BAHUS
3€PHOBBIX, O0OOBBIX KYIBTYD.

Hcnonp3oBanre pe3ynbTaTOB HCCICNOBAHUMA ITIO3BOJIMT KAaueCTBEHHO U
3G (GEKTUBHO W3MEHHTH TOAXOJ] B IepepadOTKE 3EPHOBOTO CHIPbS, PACHIHPHUT
ACCOPTUMEHT XJICOOOYJIOYHBIX M3ICIHK (YHKIIMOHAIBHOTO HA3HAYCHHS, BHECET
CYIIECTBEHHBIN BKJIaJ B PEIICHHE MPOo0JieM 0310pOBJIcHUS HaceneHus KasaxcraHa,
MATaHKUS BOOPYKCHHBIX CHIL.

[Tocnenuee CBSI3aHO C TEM, YTO C MPUHITHEM HOBBIX HOPM IIPOIOBOJILCTBEH-
HBIX TAKOB BO3HHKJIA HEOOXOIMMOCTh B MPOBEACHHH Pa0OT MO MOACPHU3AIIUU
PAIlMOHOB MHUTAHUSA, IPUMEHIEMBIX IS OpraHU3aIlMH MUTAHUS BOCHHOCTYXKAIIUX
B YCIOBHSX, KOrJa TPUTOTOBJICHHE TOpSYed IMHUIM HE MPEACTaBIACTCS
BO3MOJXKHBIM (B TOJICBBIX YCIOBHSX, IIPY BBIIIOJHEHUH Pa3IMUHBIX yueOHO-00EBBIX
3a]1a4, B yTH CJICAOBAHUS aBTOMOOUIIBHBIM HIIH K/IT TPAHCIIOPTOM M JIp. CIIy4asx).
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OCKEPU AIAMJAP/IBIH OPTYPJII JKAFJAIJIAPIA
CAIAJIBI TAMAKTAHYBIH KAMTAMACKI3 ETY

TereHIe >xarpainapa oCKepy aJaMAaplblH TaMakKTaHy CanacblH OHBIH
TaFaMJbIK KYHJBUIBIFBIH €CKEPE OTBIPHINT apTThIPy KaKETTUNrl Heri3JeireH.
OCKepu oMip KarJaiblHa TOH (DPU3HKANBIK JKOHE MCHUXOIMOIMSIIBIK JKYKTEMelep
KE31HJIe *KOFapbl JCHICHJII SHEPreTUKANIBIK MaTepuajl PETIHAE TaMaKThIH HEri3ri
KOMITOHEHTTEPiHIH OPHBIH TOJTHIPY MYMKIHIIT YCHIHBUIFAH.

Tyiin ce3mep: ockepu amaMaapiblH TaMaKTaHy MopTeOeci, TaraMIbIK
KYHJIBUIBIFBI OOMBIHIIIA TEHECTIPiNyi, aKybI3aap, JoOpyMEH Iep, MUHEpaN bl 3aTTap,
TaMak rajerrepi.
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PROVIDING QUALITY OF NUTRITION OF MILITARIES
IN DIFFERENT SITUATIONS OF THEIR ACTIVITY

The necessity of improving the quality of militaries in physiological
importance in extreme situations is provided. An opportunity to fill up the main
components of food as high level energy material, in order to maintain the physical
and psycho-emotional stress, inherent in the army way of life is presented.
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AJUIEPTEHBI B XJIEBOITEKAPHOM IMPOMBIIIIJIEHHOCTH

B cratbe paccMOTpeHBI ajuiepreHbl, HAaXOISIHECS B COEBBIX, MOJIOYHBIX, SIMYHBIX
MPOIIYKTaX, MCIOIB3YeMBIX JUIS IPUTOTOBJIEHUS XJie0a. HerepeHocuMOCTh MHILEBBIX TPOAYKTOB
orMeuaeTcss 'y 65% OONBHBIX, CTpAJAroOlIMX ALUIeprHdecKuMK 3abonepanmsmu. B CaHKT-
[erepOyprckom ®ummane HUW XieOomekapHol NPOMBIILIEHHOCTH HCCIIECAOBAHO BIIMSHHE
PKaHBIX 3aKBACOK Ha COJIEpYKaHWE IJII0TEHa B OE3IiIIOTeHOBOM xiiebe. bpuio pokazano, uTo
WCIIOJIb30BaHKE TEXHOIOTMYECKUX MPHEMOB IMO3BOJISIET CYLIECTBEHHO CHH3UTH aIlIEPreHHOCTh
HCTIONIB3YEMbIX KOMIIOHEHTOB. B nampHeifieil pabote OymayT NPOBEICHBI HCCICIOBAHHSA IIO
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pa3paboTKe TEXHOJIOTHI MPOM3BOICTBA XJICOO0YITOUHBIX C HCIIOIB30BAHUEM SIMYHBIX, MOJIOYHBIX,
COEBBIX MPOIYKTOB C CYIIECTBEHHO CHIDKEHHBIM AJUIEPTUYECKAM TIOTEHIIUATIOM.

KiroueBbie ciioBa: xiie0, MUIIECBAst A/UICPrHsl, LEITHAKKS, UMMYyHOPEAKTHBHOCTh
TIIIOTEHa, TEPMO(DHIIBHBIC KHCIIOMOJIOUYHBIC OaKTEPHH.

Xned — OmMH M3 BAXKHEHINMX TPOAYKTOB MHUTAHWSA HaceleHus Poccum.
daxtrdeckoe ToTpedeHue xyebo0ynouHbIX u3femnid B Poccuiickoit Deneparmu
BBIIIIE, YeM 3a PyOSKOM, HO C K&XKIBIM TOJIOM OHO CHIKaeTcst. CBsI3aHO 3TO B TIEPBYIO
oyuepenb C YIYHIIAIOEHCs 3KOHOMHUYECKOW CUTyalliel M C  YBEIMYMBAIOLIMMCA
ACCOPTUMEHTOM MYYHBIX KOHAUTEPCKHUX U3/IEMHI, 32 CYET KOTOPBIX IMOKPHIBACTCS YacTh
MOTPEOHOCTH B XJIEOOOYJIOYHBIX — M3ACNMAX.  KoimudyecTBO  HOTpeOIIsIeMbIX
XJ1e000YIOUHBIX M3/IENHI 3aBUCHT HE TOJBKO OT MPEIIIOYTEHHI, HO ¥ OT 3a00JIeBaHMIA,
uMeronmxcs y denoBeka. K 3a0oreBaHusIM, TPEIBSBISIONIM 0cOOble TPeOOBaHUS K
MUTAHMIO U, B YACTHOCTH, K XJICOO0YIOUHBIM H3/ICITHSIM, OTHOCSITCS ITHILEBBIE aJlJICPTHH.

IIo nporHo3am BcemupHOR opraHuszanuu 31paBooxpaHeHus, XXI Bek
craHer BekoMm ajuiepruu. Ilo crartucruke, amieprueil crpagaeT KaKIAbld IATHIA
KUTeIh Hallel IaHeThl. B KpyMHBIX ropojax aijiepruu noxasepxkeHo ao 60%
HACEJICHHUS ¥ 9TO YUCIIO OYJIET PacTH U Jalbllie.

[To manapiM UHCcTHTYTa HMMYyHOJIOTUH M3 PO, HElTepeHOCUMOCTh MTUIIEBBIX
MPOAYKTOB oOTMe4aercs y 65% OOJbHBIX, CTPagalOmUX allJIeprHUeCKHMHI
3a0oneBanusAMU. M3 HUX npuOIM3UTENnbHO Y 35% HAOMIOMAIOTCS aJUIePruyecKue
peakumu Ha mumiy, a y 65% — mncesmoamnepruueckue. VIcTMHHas mnMineBas
amjeprusi Kak OCHOBHOE aJulepruueckoe 3a0olieBaHHE B CTPYKType Bcei
aJUIepronaTojIoruy 3a TOCIeqHHe MATh JeT cocTaBmwia 10 5,5%, peaknuu Ha
MIPUMECH B COCTaBE MUIIEBLIX MPOXyKToB — 0,9% [1].

B  Hacrosiiee  BpeMs  BBIACHAIOT  HECKOABKO  ()OpM  IMHILEBOM
HENepeHOCHMOCTH:

- HEeNepeHOCHMOCTh  THINM, CBS3aHHas C  HMMMYHOJOTHYECKUMHU
MEXaHU3MaMH,

- TICeBAOAJUIEPTHYECKHEe PEaKIUH HEeTepeHOCHMOCTH IHILIH, CBA3AHHBIE C
0COOBIMH CBOMCTBAMH HEKOTOPBIX MUIIEBBIX MMPOIAYKTOB U TOOABOK;

- HEMepeHOCHMOCTh MMHUIIM, KaK pe3yibTaT Je(HInTa MUIIEBAPUTEIBHBIX
(hepMeHTOB;

- ICUXOT'eHHas HeMepeHOCUMOCTh TTHIIH.

Cpenu mepedHcieHHBIX (OpPM MHUIIEBOH HEIMEPEeHOCHMOCTH HWCTHHHAS
MUIIEBas aJuleprysi 3aHUMaeT ocoboe MecTo. [IpakTuyecku Bce MPOAYKTHI ITUTAHMS
B TOM WM WHOW CTENeHM OO0JAJaroT Pa3IMYHOM CTENCHBI0 aAHTHUICHHOCTH,
WCKIIoYas coiib W caxap. Haubornee BbIpakeHBI ajulepreHHbIC CBOWCTBA Y
MPOIYKTOB OEIKOBOTO MPOUCXOXKICHHS, KaK KHUBOTHBIX, TaK U PACTUTENBHBIX. ITO
CBOMCTBO OIKOB PE3KO OrpaHWYMBAeT WX HCIONB30BAaHHE B IHUIICBON
MPOMBIIIICHHOCTH, B YaCTHOCTH XJIEOOTICYCHUH.

KopoBbe Mooko — Hanbosee CHIIbHBIA M YaCTO BCTPEYAIONIHIACS aJliepreH.
[Ipobnema ammepruu K KOPOBHEMY MOJOKY OCOOCHHO Ba)KHA JUISl THTAHHS
MaJIeHbKHUX JieTell. B CBsI3M ¢ BO3pacTHBIMH OCOOCHHOCTSIMH OpTaHu3Ma (BBICOKOH
MPOHHUIIAEMOCTHIO  KHIIEYHOW CTEHKH, HEJOCTATOYHOCThIO (EPMEHTOB H
MomaJaHueM HellepeBapeHHBIX NHINEBBIX OEKOB B KPOBOTOK) y JIETEH MHILEBAs
aJJIeprusi BCTpEYaeTcss ropa3io yalie, 4eM y B3pocibix. MonouHble Oenku B
HEM3MEHEHHOM BHJIE MOT'YT BCACBIBATHCS B JIFOOOM Bo3pacte. MOJIOKO CONEPKUT
okos10 20 OenkoB, 00JaMAOIIUX PA3NMYHON CTENCHBbI0 AHTUTCHHOCTH. MOJIOKO
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BXOJWUT B COCTaB MHOTHX TOTOBBIX BHJIOB IHIIU: HEKOTOPBIX COPTOB XJIEOHBIX
W3JIennii, KpeMOB, IIOKOIaia, MOPOKEHOTO | JIp.

Siina Kypuibl — 4acTO BCTPEYAIOLIMIICS NULIEBOM ayiepreH. benku siina
MOT'YT BCACBIBATHCS B KHIIEYHHKE HEU3MEHEHHBIMU. ONICaHbl TSHKEIbIE PEaKIny,
BKJIIOUYas aHa(WIAKTUYCCKUM IIOK, HA MHHHMMAaJbHBIC KOJIMYECTBa siia. Sina
MPUMEHSIFOTCS. B M3TOTOBJICHMH MHOTHIX THILIEBBIX MPOIYKTOB: CIOOHBIX COPTOB
xJieba, MmevYeHbsi, TOPTOB, KEKCOB, MOPOXKEHOT0, KOH(BET | Jp.

MHorue pacteHuss u3 ceMeiicTBa O00OBBIX —SBIAIOTCS — ajuIepreHaMu.
CymectByer rpaganusi 6000BBIX KYJIBTYp MO CTEIEHH ajuiepreHHoctd. Ha mepBom
MECTe — apaxuc, 3aTeM UIyT: COs, YeUEBHIIA, HYT, TOPOX, Malll U TOMyOHHBIH Topox [2].

UccnenoBanms, mnpoenennbie B CIIIA, ycraHOBWIM, YTO NPUIUHON
Pa3BUTHS MHUIIEBON ayuiepruu B 93 % ciyuaeB SBISIOTCS BOCEMb MPOIYKTOB: ANLIA,
apaxmc, MOJIOKO, COsl, JIECHBIE OpeXH, ppl0a, pakooOpa3HbIe, MIIICHHIIA.

ONUaeMUOIOTHYEeCKHE HCCIIe0BaHMs MOKa3bIBAIOT HIIPOKOE
pacmpocTpaHeHHe  TJIOTEHOBOM  »HTepomatuu  (ILleTHakuu)  SBJSIOIIEHCS
TeHETHYECKOI HelepeHOCHMOCThIO TIoTeHa (OenmkoBast Gppakims HepacTBopuMast B
Boge U 0,5M pacreope NaCl) mineHuIbl, p>ku, suMeHs, oBca. [0 HEKOTOPHIM
OIIEHKAaM, PaclIpOCTPaHEHHOCTh IIETMAKHH B SKOHOMHYECKH Pa3BUTBIX CTpaHaX
Esponer, B8 CIIIA u np. cocraBisier 6onee 1% skureneir. B Poccum nenmaxust
CUMTACTCS OJHUM W3 PEIKUX 3a00JICBaHMI C YaCTOTOH BCTpedaeMOCTH 1 citydaii Ha
5-10 TteIcSY nmerel. JIaHHBIX O YACcTOTE LEIHMAKUM Y B3POCIBIX HEe uUMeercs. B
ommyne oT Becer Teppuropum Poccuu B Cankr-IlerepOypre wacrora jgocturaer
eBporneiickoro ypoBHs u cocrasiser 1:380 [3].

CymiecTByeT Lenblid psj paboT 1Mo UCCIESAOBAHHIO BO3MOKHOCTH CHHIKCHUS
QIJIEPreHHOCTH HCIONB3YEMBIX aJUIEPTeHHBIX CBIPHEBBIX KOMIIOHEHTOB B XOJI€
TEXHOJIOTUYECKOTO MpoIlecca.

B wacrHoctu, B Cankr-IlerepOyprckom ®unmane HUU XnebomekapHoit
MIPOMBIIIUIEHHOCTH MCCIIEA0BAIH, KaK BIMSIET UCIIONb30BAHNE PXKAHBIX 3aKBACOK HA
coZiepKaHUe TIIIOTeHa B Oe3rmoTeHoBoM xiebe. [Ipexie Bcero onpemenuim, 4yTo
COZICp)KaHUE TIIOTEHA IO CEKAJIMHY B HCIOJIB3YEeMOH piKaHOW OOTUpPHONH MyKe
coctaBuio 42100 mr/kr. CoueraHue THAPOTEpMHUYECKON 00paboTku ¢ ayrodep-
MEHTAaTHBHOM aKTHBHOCTBIO OEJIOro CONO/Aa IMO3BOJHIO CHH3UTh MMMYHOpEaK-
THBHOCTb IIIOTEHA PyKaHON MyKH B ocaxapeHHoH 3aBapke 10 8000 mr/kr [4].

IIpn 3aKBallIMBaHUH ocaxapeHHOU 3aBapKu TepMODUITBHBIMH
MOJIOYHOKHCTBIME OakTepusimMu L.delbriickii — 76 KomuuecTBO IIIOTEHa CHU3WIIOCH
10 2200 MI/KT 3a CYET COBMECTHOI'O ICHCTBHSI SHAOICHHBIX mpoteas pxku (50-75% ot
o0mell NpPOTCONMTHYECKON aKTUBHOCTH 3aKBAaCKM) W OK30TEHHBIX —IpOTeas
nakrobamul. Ha mectpykimio Oeika Takke IMOBJIHsUIA BbIcOKas TuTpyemas (14,2
rpaj.) W HU3Kas akTWBHAas KuciaoTHocTh (pH=3,3-3,5) 3akBamieHHON 3aBapkdy,
VBEIUYMBIINE TENTU3ALUIO OCIKOB, BCICACTBUE YETO W JYUIIYIO JOCTYITHOCTh HX
JCHCTBUIO menTuaas. B xiebe 0e3rmoTeHOBOM, MPUIOTOBICHHOM ¢ BHeceHueM 15%
pxanoii myku B Buige KMK3, tepModuibHOM 3aKBallleHHOH 3aBapKd WM TYCTOH
3aKBAacKH, COJlepKaHue TiroTeHa coctaBisuio okoio 100 mr/kr (0,01%). Ipu sTom
x7e0 MMeN SIPKYI0 OKpacKy, a €ro BKYC M 3alaX COOTBETCTBOBAIHM TPaUIOHHBIM
X71e000yIOYHBIM U3/CNUSIM, BBIPAOOTAHHBIM C HCIOJNB30BAHUEM PXKAaHOH MYKH.
KucnorHoctes  OesrmoreHoBoro xmeba cocraemsmia  1,9-2,2  rpan.  [pusnaku
3a00eBaHusl KapToQenbHOM OONE3HbI0 M IUIECHEBEHHEM INpPH XpaHeHHH Xieba B
MIPOBOLMPYIOIINX YCIOBHUSX MOSIBIISUTHCH Mocie 4-X CyToK [5].

Takum o00pa3oMm, OBUIO JOKa3aHO, 4YTO MCIOIB30BAHUE TEXHOIOIMYCCKUX
MpUEMOB  TO3BOJAET CYIIECTBEHHO CHU3UTh aJUJIEPreHHOCTh  HCIOJIB3YEMBIX
KOMITOHEHTOB. B Harueil nanbHelimel padore OyayT MPOBENCHBI MCCISIOBAHUS IO
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pa3paboTKe TEXHOIOTUH MPOU3BOJICTBA XJICOO0YIOUHBIX M3/ICIHIl C HCIIOIb30BAHUEM
SAWYHBIX, MOJIOYHBIX, COCBBIX IMPOAYKTOB C CYIIECTBECHHO CHMYKCHHBIM aJUICPIHICCKUM
IIOTCHIIMAJIOM, 3a Ccyer TEXHOJIOI'MYCCKUX IIpUuEMOB - HCIIOJIb30BAHUA
MHKPOOPTaHI3MOB, TEPMIUYECKON 00pabOTKHU U JIp.
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HAYBAUXAHA OHEPKOCIBIHJETT AJUIEPTEHIEP

Makanaja HaH JailblHAAyJa KOJJAHBLIATBIH COS, CYT KOHE KYMBIPTKa
eHIMIepiHZe OONaThIH aepreHaep KapacThIPbUIFaH. AJUIEPTHSUIBIK JEpTIICH
aybIpaThIHIAPIABIH 65% MyHJall TaMaK eHIMIEpiH KOpbiTa ajnMaiipl. HayOaiixaHna
eHepkacioi T3  Cankr-IlerepOypr ¢umansiHma KapaOugald —ambITKbUIAPHIHBIH
[JIOTEHCI3 HAHNAFbl TJIIOTEH KYPaMbIH 3€pPTTEY KYMBICTApbl  OpBIHIAJIFAH.
TexHONMOrMSIBIK aMasliapibl Makiiaany HEri3iHe KONIaHbLIATHIH KOMITOHCHTTEPIIH
QJUIEPreHIIrH alTapiIbIKTai a3alTy MYMKIHAIr goneneHred. KeliHri »yMbicTapia
AJUIEPTHSUIBIK QJICYeTi a3aliThUIFAH JKYMBIPTKA, CYT JKOHE COsl OHIMJICpIH MaiiiajiaHa
OTBIPBITN, HaH OHJIPY TEXHOJOTHSUIAPBHIH jkacay OOWBIHIINA 3epTTeyliep KYpri3uIeTiH
OomapL.

Tyiiin  ce3mep: HaH, TaraMIBIK aUICPrus, LEIHAKWs, [JIIOTCHHIH
WMMYHOPEAKTUBTLIIIr:, TepMO(MIIII KBIIIKBUT CYTTi OaKTEpHsIap.

S.Y. Benyash, A.A. Mkrtumova, R.L. Khegai, T.A. Filimonova

St. Petersburg National Research University of Information Technologies,
Mechanics and Optics, St. Petersburg, Russia

ALLERGENS IN BAKING INDUSTRY

This article discussed the allergens in soy, dairy, egg products used for
making bread. Food intolerance is noted in 65% of patients suffering from allergic
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diseases. In the Branch of the St.-Petersburg scientific research Institute of the
Baking industry was investigated how the use of sourdough rye affects the content
of gluten in gluten-free bread. It has been proven that the techniques can
significantly reduce the allergenicity of the components used. Further work will
include studies on the development of technologies of production of bakery
products using of egg, dairy, soy products with a significantly reduced allergic
potential.

Keywords: bread, alimentary allergy, celiac disease, immunoreactivity of
gluten, thermopiles lactic acid bacteria.
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NHHOBALMOHHBIE TEXHOJIOTI'MU ITPOJAYKTOB
OYHKINOHAJIBHOI'O HABHAYEHUSA

PaccmoTtpensl  mpoOneMbl H  cmocoObl  oOoramieHust  XJIe00OYIOYHBIX U
KOHIUTEPCKUX  m3fenuit. I[lpeactaBiieHsl  pa3pabOTKH  PEUENTYp M TEXHOJIOTHMA
MPOU3BO/ICTBA HOBBIX MPOIYKTOB MUTaHUS (YHKIIMOHAILHON HAIIPABIEHHOCTH.

KiaroueBble cjoBa: OMCKBUT, MapMmesaj, JicueOHbIC OTBaphl, Xjie0, HOPH,
JpEBECHBIN I'pHO, 3epHOBBIC 1 OOOOBBIE KYIBTYPHI.

B Tapasckom rocyaapctBeHHOM yHuBepcutere um. M. X. JlynaTu B Hay4HO-
HCCIIeIOBATENIbCKOW JabopaTopuu WHKeHepHOro mnpoduist «HaHonHKeHepHBIe
Metoabl uccnepoBannid M. A.C. AXMeToBa» cOBMECTHO ¢ Kadenpoi «TexHomorus
MPOJIOBOJILCTBEHHBIX ~ MPOIYKTOB,  IepepadaThIBAIONIMX  MPOHM3BOACTB  H
OMOTEXHOJIOTHS» aKTHBHO BEAYTCS HAy4YHbBIC WCCIICIOBAHMS, HalpaBJCHHBIC Ha
pa3paboTKy perenTyp M TEXHOJOTHH MPOWU3BOJCTBA MPOIYKTOB MUTAHUS HOBOTO
MOKOJIEHUS ¢ (YHKIIMOHAILHOW HAIIPaBIICHHOCTBHIO.

[IpoaykThl KOHAUTEPCKOrO MPOU3BOJCTBA BCETAA ABJIAIOTCA HEOTHEMIIEMON
YacThIO pallioHa MUTaHus JTF000ro venoBeka. OHaKo, HE KaXIbli YeTOBEK MOXKET
CTIOJIHA OIICHUTHh BKYC MYYHOTO KOHJWTEPCKOTO HM3JENHA. JTO 00OCHOBAaHO TEM,
YTO OpPTaHWU3M YENOBEKAa MOXKET HEraTWBHO BOCIPHUHUMATH MIIEHUYHBIA OENoK —
TIIIOTeH. B Hacrosiiiee BpeMsi OCTPO CTOMT BONpOC 3a00JeBaHUS — IENUAKUS,
MO3TOMY CO3JaHHE MYUYHBIX MPOTYKTOB, KOTOPbIE HE COAEpIKAT TIIOTEH, ABISETCS
MepCIEeKTUBHBIM HaIlpaBJICHHEM.

BHecenune B coctaB OMCKBUTA, KOTOPBIA TPAJAUIIMOHHO BBITICKANICS U3 MYKH
MIICHUYHON BBICIIEr0 COpPTa, HETPAAUIMOHHBIX BHJIOB MYKH 0€3 COJepXKaHHS
[JIIOTEHa, SBJSETCS aKTyaJllbHbIM peIIeHWeM 3aJladydl CO3JaHus IPOAYKTOB
(YHKIIMOHATBHON HAIIPABJICHHOCTH U ITOBBILICHOM MMUIIICBOM IICHHOCTH.
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B naboparopuu ydeHbIMH OBIIM TMPOBEACHBI HAYYHBIC TEOPETHYECKUE H
MPAaKTUYECKUE MCCIIeJOBaHus, HapaBIeHHbIE HA 000CHOBAHNE IPUMEHEHUS MYKH
37IAKOBBIX W 0O00O0BBIX KyIbTYp, HE COJCPKAIIMX TJIOTEH, B TEXHOJIOTHH
MPOM3BOJICTBA OMCKBUTOB U C 3aMEHOM caxapa ¥ BHECCHHUEM ITUIIEBOTO BOJIOKHA.

OKcIleprMEeHTaNbHbIE HCCIEAOBAaHHUA TIOKAa3aJMd TOBBIIIEHHE BIAXKHOCTH
OuckBuTa Ha 6,5% IO CPaBHEHUIO C KOHTPOJIBHBIM 00pa3llOM, YTO TMO3BOJISIET
VBEITUYUTh CPOKH COXPaHEHHS CBEXeCTH monydabdpukata. Y CTaHOBIEHO
MOBBIIIICHUE copepikanus Oenka Ha 2,41 - 6,81%, nuIEeBbIX BOJIOKOH Ha 1,62%,
yBEIUYEHHE BHUTAMMHHOM IIGHHOCTH, a TaKkKe COJIep)KaHHe Makpo- U
MHUKPO3JIEMEHTOB.

Ha ocHOoBanum 3xcriepMeHTaIbHBIX UCCIEOBAHUNA COCTABIIEHBI PELENTYPHI
OWCKBUTOB W3 KYKYpy3HOW WM TOpPOXOBOM MYyKH C 3aMEHOM caxapa Ha
caxapo3amMeHUTend (MambTHTOM WM (PYKTO30i) W BHECEHHEM SOIOYHOTO
BosiokHa «Butanens AF - 400». [IpemnoxkeHbl MaTEHTHOCIIOCOOHBIE TEXHUYECKUE
pemeHuss W paspaborana «TexHomorudeckas WHCTPYKIHS IO TIPOU3BOJICTBY
OuckBrTa (QYHKIMOHAILHOTO Ha3HAYeHHUS C TPUMECHEHHEM HEeTPaJuIIMOHHBIX
BHJIOB MYKI», KOTOpas repeaHa Ha pacCMOTPEHHE U OT3BIB B KOHAWTEPCKHE 1IeXa
r. Tapa3 u XKamObickoit obmactu [1].

s TIOBBIIICHUS MMUITEBOM, BUTAaMHUHHOM, OMOJIOrHYECKOMH,
(DU3HOIOTHYECKOH LEHHOCTH MapMelalHbIX H3JIeNui B Jabopartopuu Kadempbl
«TexHOIOTHs IPOIOBONIBCTBEHHBIX MPOIYKTOB, MepepadaThIBAIOIINX TPOU3BOACTB
1 OMOTEXHONOTUs OblIa Mo00paHa pelenTypa ¢ BHECCHUEM KITFOKBBI, OOJIETUXH
KaK OCHOBHOI'O aHTHOKCHJaHTa, OTBAPOB JIEKAPCTBEHHBIX TPaB apalivH, JamyaTKH,
HcHIaHACKoro mxa (mapmenuu). VMccimemoBaHO BIMSHHE BBENCHUSA YKa3aHHBIX
BHUJIOB CBIPbS B pa3IUYHBIX JO3MPOBKAX Ha KAadeCTBO JKENEHHBIX Macc H
Mapmenaja.

[IpoBenena cepusi  IKCIEPUMEHTOB C  HCIOJIB30BAaHMEM  JAaHHBIX
HaMEHOBAaHUM CHIPbS. 32 OCHOBY MPHUHSTA PEIeNnTypa Mapmenana >KeICHHOTO.
[Ipouecc momydeHus: KENEHHOrO MapMenana COCTOMT W3 CIEAYIOIIMX CTaJuid:
MOJrOTOBKH CBHIPbS, TIOJYYEHHS IKEICHHOW Macchl, ()OPMOBAHUs, BBICTOMKH,
¢dacoBkn u ynakoBkd. OCHOBHBIC BHJbI CHIPBSl TOJITOTABIMBAIOT TaK, Kak s
MPOU3BOJICTBA (PPYKTOBO-SATOMHOrO Mapmenana. Duro-mapmenan MpeNCTaBIsSET
co0Oil m3menue B BUJAC Pa3IUUYHBIX (UTYPOK, WICHTHYHBIE HATYPallbHBIM.
XKeneiinplii MapMmenaa TOTOBST yBapHBaHWEM pPacTBOpa KeneoOpa3oBaTels,
caxapoB, MHBEPTHOI'0 cHpomna ¢ Jo0aBKOW OTBapa JEKapCTBEHHBIX TpPaB KOPHS
JAMTYaTKU U TPaBbl apaliid, CyXOil MOJCIIANIEHHON KIIOKBBI, B 3aBHCHUMOCTH OT
peuentypsl. Maccy KelnelHOro Mapmenaaa MOJKUCISIOT JUMOHHOW KHUCIOTOW U
apoMaTU3UPYIOT dcceHnmen. [IpusaTHBIN KUCTBIM BKyc co3gaer BBemenue 1-1,5%
MHIIEBOH KUCIOTHI [2].

PasButne xJ1e00IeKapHoro MIPOM3BOICTBA OpPHEHTHPYETCS Ha
MaKCHUMallbHOEC Y/IOBJIICTBOPCHUE 3alpOCOB TOTpEOUTENEH H  MPOU3BOJICTBO
BBICOKOKAYECTBEHHBIX  XJICOOOYJNOUHBIX HM3Aeauil. TeHAEGHIIMM B  MHUPOBOM
xJIeOOMeKapHOH OTpaciy Ha CErOAHSNIHWN JIeHb CBS3aHBI C TIOBBIIICHUEM
MUIICBOM IIEHHOCTH XJicba M XJIcOOOYJIOUHBIX M3ICIHMH MO COACPKaHHMIO OelKa,
MHUKpPO3JIEMEHTOB, TMHUIIEBBIX BOJOKOH M JPYTUX HYTPHUEHTOB, CHH)XEHHUEM
KaJIOPUHHOCTH, yIy4llICHUEM KauecTBa M OE30IIaCHOCTH IMUTAHUSI.

J171st TIOBBITIIEHYSI TTUINEBOM IEHHOCTH ¥ (DYHKIIMOHAIBHOW HAIPaBICHHOCTH
B XxJe0 M XJ1e000yJIOUHbIC M3/CIUS BHOCAT IUIIECBBIC WHIPEAMEHTHI, UMEIOIINE
IMIUPOKUH  CHEeKTp (PYHKIMOHANBHBIX XapaKTepUCTHK. B HacTosimee Bpems
pa3paboTaHbl U BHEAPEHBI B MPOU3BOJICTBO TEXHOJOTHH IPHUTOTOBICHUS Xjeba u
x71e000yNOYHBIX W3JETNA C HUCIONB30BAHUEM Pa3IMYHBIX HE XJIeOOmeKapHbIX
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3€PHOBBIX KYJIBTYp (OBCa, KYKYpY3bl, STAMEHS, Tpoca, prca, TPEUNXu) U 0000BBIX
KYJBTYp, PACTUTENBHBIX I00ABOK, B YaCTHOCTH MOPCKOTO TIPOUCXOMKICHHS.

Hayunble uccrnemoBaHusi OblIM HampaBieHbl Ha Pa3pabOTKy TEXHOIOTHH
xyieba ¢ MPUMECHEHHEM CBEPXHU3MEIBUYCHHBIX 3€PHOBBIX U 0OOOBBIX KYJIBTYp MO
METO/ly HAHOTEXHOJOTMH TIpU EIMHOBPEMEHHOM HCIIOJIb30BAHUU  JIOOABKH
MOPCKOT'0 TIPOUCX OXKACHUS — HOPH.

Hopu sBisercs pa3HOBUIHOCTBIO SIOHCKOM KpacHOW BOJOPOCIM BHJIA
Porphyra. KpacHble BOZOpPOCITH SIBISIFOTCS IEHHBIM TTHIIEBBIM IPOJYKTOM,
COZIepXKallUM  JIOBOJIbHO MHoOro ©Oenka (okomo  10-20%), BUTaMHHOB H
MHUKpPO3JIEMEHTOB. B HOpHu 0oOHapy»KeHbl TeMarilOTHHUHBI, COSUHEHHS OpoMa M
Homa, HeoOxomuMoro s (QYHKIMOHHPOBAHHS INMUTOBUIHOW JKENe3bl U
MpeaoTBpalleHus 300a, B Tpu pas3a Oojbllle KajublusA, 4eM B Mosioke. OnHa
HCKITIOYUTEBHO MUTATENbHA, COEPKUT OeTa-KapoTHH, KOOAIbT, TIOTEHH, JTHAIlWH,
¢docdop, ceneH, KpeMHUH, HATPHIA, 0JIOBO, 3€aKCAHTHH, KalbIIUH, KaJIUHA, MarHui,
JKene3o, o, MapraHel, Mellb, XpoM, ITMHK, BUTaMuHEL A, B1, B2, B3, B6, B12, C,
E. Harypanensiii iion xamus (KI), conepkammiicss B TEMHO-KPacHOW ChemoOHOM
BOJIOPOCIIM YCBaMBAaeTCS OPraHU3MOM MeJIeHHee H Oe3omacHee, YeM XUMHUYCCKHH
WIH CHHTETHYeCKMH i#on. Bogopocnu  o0mamaioT  MpOTHBOOIYXOJIEBO,
MPOTHBOBOCTIATUTEITBHON 17§ UMMYHOM Oy THPYIOICH aKTUBHOCTBIO,
AHTUMUKPOOHBIM, aHTUMYTAreHHBIM M TPOTHBOBUPYCHBIM JICHCTBHEM.

B nccnenoBanusx Oblia TakKe MCIONB30BaHA MyKa 3€PHOBBIX U OOOOBBIX
KyJIbTyp, TOJy4Y€HHas MO METOAYy HaHOTEXHOJOTHH, LIENbI0 KOTOPOH SBISETCA
COXpaHEHHE TMOJHOIGHHOrO Habopa KOMITOHEGHTOB: THIIEBBIX  BOJOKOH,
MHUHEpaIbHBIX BellecTB (hocdop, Kajuii, MarHuid, KaJblni, )KeIe30, Me/b, IIUHK),
ButamuHoB (rpyrmmbel B, C, PP, E, B-kaporuna, nposuramuna A). Ilone3HocTh
WCTIOJIb30BaHMS B MPOHM3BOJCTBE XJieOa IIETbHOCMONIOTHIX 3€PHOBBIX U 00OOBBIX
KyJIbTYp OOYCIOBJIEHA CHIDKCHHEM JHEPreTHYECKOM IIEHHOCTH XJieba, a Takxke
OMOIOCTYITHOCTHIO HYTPUEHTOB MPOAYKTA. B CBEpXM3MENbUEHHOM 3epHE KpaxMal
LETUKOM TPaHCPOPMHUPYETCSI B PACTBOPHMBIC (POPMBI, COXpaHSIETCS TOJHOICHHBIH
HaOOp MHILNEBBIX BOJOKOH, MHUHEpPAIBHBIX BeliecTB (docdop, Kaiwii, Marau,
KaJIBIIUM, JKelle30, Menb, HHK) B BUTamuHOB (rpynm B, C, PP, E, B-kaporuna,
MIPOBUTAMHUHBI A).

[IpuroroBneHrne TecTa OCYIISCTBISIOCH OC30MapHBIM  CIIOCOOOM IO
obmenpuHsATO penentype. B xone wuccienoBaHusi H3ydeHa BO3MOXKHOCTh
BHECEHHSI HOPHU KYCKOBOM M TOHKOM3MEIBbUYEHHOW. TeXHOonormyeckas OLIEHKa
BIUSHUS CMECH CBEPXHM3MENBYEHHOI0 3€pHa Topoxa, Mpoca W BOIOPOCITH Ha
KauecTBEHHbIE TIOKa3aTeld TecTa, YCTAHABIMBANaCh IIyTE€M MPUTOTOBIIEHUS
(dhopMOBOI'0 M TIOZIOBOT0 XJieba M3 MIIEHUYHOW MYKH 1epBoro copta. IIporeHtHoe
COOTHOIIIEHHE KOMIIOHEHTOB cMecH cocTaBisuio 10% (Myky cBepXU3MeNnbyeHHOTo
3epHa ropoxa, mpoca 1o 4% u 2% HopH).

B xome wuccnenoBaHMii OpraHONENTHYECKUX U (DUBHKO-XHMHUYESCKUX
roka3zarernei KauecTBa ObLIO YCTaHOBJIEHO, 9TO BHECEHHE
HAHOCTPYKTYPHPOBAaHHBIX J00AaBOK M3 3€PHOBBIX M OOOOBBIX KYIBTYp, & TaKXKe
HOPH TIpU TPOU3BOJCTBE Xjeba OKa3blBaeT BIMSHUE HA WHTCHCU(PHUKAIHIO
TEXHOJIOIMYECKOro mpoiiecca. Y poBeHb ra3000pa3oBaHus MmoBbImaercs B 1,3 pasa,
a mpoiiecc OpokeHus cokpainaercs Ha 25%. OOBICHIETCS 3TO MOJOKUTEIbHBIM
BIMSIHAEM MHHEPAIbHBIX BEIIECTB HA pa3BUTHE OPOAWIBHOW MHUKPOQIOPEL.
CocrosiHUE TIOPUCTOCTH MOXKHO CUUTATh  BIIOJNIHE  YJOBJIETBOPUTEIHHBIM.
OpraHonenTu4eckue TMOKa3aTelnd JIOCTAaTOYHO BBICOKHE: TIPUSATHBI  BKYC,
paspbIXJIeHHBIH, Cyxod Mskuml. Pa3paboTka W IHPOKOE  BHEIpPEHHE
YCOBEpIICHCTBOBAHHOH TEXHOJNOTHMH C HETPAJUIMOHHBIMH BHJIAMH  CBHIPHS

104



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

paCIIPUT aCCOPTHMEHT M3/CNUH, MOBBICHT HX MHUINEBYIO IEHHOCTh, 0OecreunBas
IIPH 3TOM PAIOHATHLHOE UCITOIb30BaHNE OCHOBHBIX CHIPBEBHIX pecypcoB [3].

Jnsi TIOBBIMICHUST MUIIEBON IEHHOCTH XJICOOOYIOUHBIX H3JENUN U3 MYKH
nepBoro copra B Jabopatopun «HaHOMHXEHEpHBIE METOJBI HCCIEOBAHUI
uM.A.C. AxmeroBay u Kadenpbl «TexHomorus nepepadaThIBAIOIINX MPOU3BOJICTB,
MPOJIOBOJILCTBEHHBIX MPOJYKTOB U OMOTEXHOIOTHs» Obla MoJjo0paHa perentypa ¢
BHECCHUEM HM3MEITbYCHHOTO IPEBECHOTO rpuoda.

[IpoBenena cepusi SKCIEPUMEHTOB C HCIIOJNIB30BAaHUEM JaHHOM MyKH. 3a
OCHOBY TIpUHSTA pelentypa xjaeba u3 MyKH MIICHUYHOM MepBOro copra. Beiopanu
Oe3omapHbIii crtoco0 TECTOBENCHHsI ¢ MCIIOIb30BaHNUEM IIIIEHNYHONH MyKH | copra
«decHa», wu3MenpUYCHHBIC JpPEBECHbIE TPUOBI M  XJcOOMEKapHbIC JPONIKH
«AJNMaTHHCKHEY, TIOBAPEHHYIO COIIb M MUTHEBYIO BOY.

B naGopaTOpHBIX YCIOBHSIX TOTOBHJIM TECTO BIAXHOCThIO 44% mpu
HavanpHOi Temmeparype 28 - 30°C. CMemmBaHHe KOMIIOHEHTOB MPOBOIMIH B
tedennn 10 MHUHYT 70 0Opa3oBaHMS OJHOPOJHON MAacchl. 3aMENIaHHOE TECTO
MOMeIIaI B TepMocTaT st Oposkenus npu temmeparype 30 - 31 °C B teuennu 90
MUH. BpIOponuBIee TecTo BpyYHYIO Nenwind Ha Kycku maccoi 400 r, TecToBbIe
3arOTOBKM OKPYIJSUIM BpPYYHYIO H ToMemand B ¢GopMmoukd. OKpyrieHHBIE
BPYYHYIO TECTOBBIC 3aTOTOBKH CTaBWIJIM B paccroednbiid mkad Sinmag CLT04-09
npu temmeparype 32 - 35 °C B Teuenmu 45 MuH. BbIneuky HpOM3BOAMIN B
noz10Boit meun Sinmag SK-P B teuenuu 30 - 35 munyt npu Temmeparype 230 °C ¢
MapoyBJIaKEHUEM MEKapHOW KaMephl. BBIMEUKy TECTOBBIX 3ar0TOBOK IMPOU3BOINIH
B (popmax juist Gosiee ya00HOTO M3yUeHHsI KA4eCTBa TOTOBBIX M3CIHIM.

Brineuennsie 00pasibl xiieba OXJMaXAadd W XPaHWIW TpH KOMHATHOM
temnepatype. KadectBo xmeba oreHuBanu depe3 16 - 18 4acoB mocje BBINCUYKH.
Crenens BNUSIHUS JOOABKM Ha TMPOIECCH, MpoTekammpe B Tnorydadpukare,
W3MEHEHUE WX CTPYKTYPHO-MEXaHHYECKUX CBOWCTB, Ka4eCTBO TOTOBBIX W3JCITHHA
OTpeemnsuTn OpraHONENTHYECKHMH, (UBUKO-XUMUYECKIMH METOaMHt
WCCIIeIOBAHMUS.

B xoze nccnenoBanuii ycTaHOBIIGHO, YTO BHECEHHE JIOOABKU U3 JIPEBECHOTO
rpuba TpuU MPOHM3BOACTBE XjeOa OKa3bIBaeT BJIHMSHAE HA HHTCHCHU(DHUKAIHIO
TEXHOJIOIMYECKOro Mpoliecca: YpoBeHb Ta3000pa3oBaHus MoBkIaercs B 1,3 pasa,
a mpoiecc OpokeHus cokpainaercs Ha 25%. OOBICHIETCS 3TO MOJOKUTEIbHBIM
BIMSIHUEM MHHEPAIbHBIX BEIIECTB HA pa3BUTHE OPOAWIBHOW MHUKPOQIOPEI.
OpraHonenTu4eckue TMOKa3aTelnyd JIOCTAaTOYHO BBICOKHE: TPUSATHBI  BKYC,
Pa3pBIXJIEHHBIN, CyX0il MsKuI [4].

[loBbICUTh TUIIEBYIO [EHHOCTh Xje0a MOXHO MyTeM KOMOHWHAIIUH
pa3MYHBIX 37IAKOBBIX U OOOOBBIX KyJbTYp, COJEPXAIIMX MAKCHMAalbHOE
KOJIMYECTBO MUTATEILHBIX U MUHEPANbHBIX BenlecTB. Hanbonee mepcreKTHBHBIM
CIIOCOOOM SIBIISIETCSl COCTABIICHHE KOMIIO3UTHBIX CMECEH M3 371aKOBBIX M OOOOBBIX
KyJIbTYp, COalaHCHPOBAaHHBIX IO aMWHOKUCIOTHOMY, MHUHEpPAIbHOMY H
BUTAaMHHHOMY COCTaBY.

B nmaGopatopum wumxeHepHoro mpoduisi «HaHOWH)KEHEPHBIE METOJBI
uccnenoBanni  uM. A.C. AxmeroBa» ObUIM TPOBEICHBI  HCCICIOBaHUS,
HampaBJIcHHbIE Ha pa3paboTKy pelentypsl xjieda ¢ BHECEHHMEM KOMIIO3UTHBIX
cMecei 3epHOBBIX H 00OOBBIX KYJIBTYD.

B kadectBe nobGaBkM B MYKy NIIEHHYHYIO MEPBOTO COPTa HCIOJIH30BaHA
KoMIio3uTHass cmechb Myku (manee KCM) 3makoBbIX W 0OOOBBIX KYIBTYD,
COCTaBJICHHAs B COOTHOIICHUU: TUMeHb — 15%, oBec — 10%, daconb — 10%, mair —
15%. OnTuManbHble TO3MPOBKH Ka)X/IOTO BUJa MYKH BBIOpAaHBI HCXOAS U3
MOTYYEHHBIX SKCIICPUMEHTAIIbHBIX JaHHBIX.
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OKCIEpUMEHTAIFHO YCTAaHOBJIEHO HM3MECHEHHE PEOJIOTHYECKUX CBOMCTB
MIICHAYHOTO TeCTa MPH BHECEHUH MYKH 3JIaKOBBIX 1 0000BBIX KYJIbTYp. B My4HBIX
cMmecsix ¢ joOasneHneM Myku suMeHs 1 KCM 3makoBbiX U 000OBBIX KYJIBTYP
HaO0JII0IaI0Ch YBEIIMYCHHUE YIPYrocTH Ha 5-26%, B TO BpeMs Kak B o0Opasiiax ¢
noOaBlieHHEM MYKH W3 (acolld, Malia M OBca TOKa3aTeldb YINPYroCTH TecTa ¢
YBEITMYEHHEM KOJMYEeCTBa BHOCHMOW TOOABKH B MYKY IIIEHHYHYIO MEPBOTO COPTA
cHmkajcs Ha 6-44%. IlodydeHHble MAaHHBIE 1O W3YYEHHIO CTPYKTYpPHO-
MEXaHMYECKHX CBOMCTB TecTa TMO3BOJISAT B JajbHEHIIEM ONTHMHU3HPOBATH
Olepaliil TECTOBEICHHS TIPU HCIIONB30BAHUM KOMIIO3UTHOW CMECH MYKH U3
37IaKOBBIX M 0OOOBBIX KyJbTYp B CO3/JIaHUM HOBBIX COPTOB Xjie0a W TONY4YHTh
TOTOBBIC M3/IENHUs, OTINYAIONINECS MTOBBIIICHHOH MUIIEBOI IEHHOCTHIO.

Ha ocHOBaHWMM TIONy4YeHHBIX JAaHHBIX pa3paboTaHa perentypa Hu
MPEATIOKEHBl TEXHOJIOTHYECKUE PEKUMBI NMPUTOTOBJICHHS TecTa A Xieba u3
CMeCH MYKHU TIIeHHYHO#H neporo copta 1 KCM 31akoBbIX 1 000OBBIX KYIBTYD.
Ycranopneno, uro mnpumeHeHne KCM 3makoBbiX W O00OBBIX KYIBTYp MpH
MPOU3BOCTBE XJieba CHUKAET MOPHUCTOCTh M3aenuil Ha 9,8-64% 1o cpaBHEHUIO C
KOHTPOJBHBIM 00paslioM, OJHAaKO Mpu BHeceHWH 10% KOMITIO3UTHOW cMecH
MoKa3aTellb IMOPUCTOCTH OTBedYaeT TpeOoBaHUsAM craHiapTa. OO0beM U3ACIHi
noHmxkaercs Ha 9,4 - 38 % 1O CpaBHEHHIO C KOHTPOJBHBIM 00pa3ioM,
HaOJIo1aeTCsl U3MEHEHUE OPraHOJICNTUYECKUX MOKa3aTeneld TOTOBOW MPOAYKIIHH:
xJIeO TpHOOpeTaeT OKPacKy OT CBETJI0-KOPUYHEBOI'O JIO TEMHO-KOPHYHEBOTO
I[BETA; MPUCYTCTBYET apOMaT M BKYC O0OOBBIX KYJIBTYP.

Omnpenenena BbICOKas MUIEBAs [EHHOCTh TOTOBBIX M3/ICIHN C BHECCHHEM
KCM 3nakoBbix U 0000BBIX KynbTyp. KommuectBo Oenka yBenwuwioch Ha 4,7 -
21,7%, comepkaHue MUIICBBIX BOJOKOH B CPABHEHWH C KOHTPOJBHBIM 00pa3iioM
Bo3pocio B 9 -11 pas, a coaepkaHue YIIECBOIOB YMEHBIIHIOCH Ha 7,2-9%. Xi1eb ¢
BHeceHueM KCM 3makoBbIX M OOOOBBIX KYJBTYpP OTJIMYACTCS MOBBINICHHBIM
COZICp’)KAaHUEM BHUTAMUHOB W MHHEPaJbHBIX BEIIECTB: OOIIee coxepKaHue
BUTAMHHOB YBENHYMIOCH Ha 24,3%, B TOM 4uCIle coep:KaHne BUTAMUHOB T'PYIIIIBI
B yBenmumuiocs mouT B 2 pasza; KaJlbllUs U Maraus ypennauiaock B 1,8-2,3 uB 1,1-
1,3 pa3 coorBercTBeHHO; Menmu — B 1,03 pasa, xxene3a — Ha 12 - 42,4%, kamsa — 1,1
— 1,5 pas, #ioga — B 2-5 pa3. DHepreruueckas 1eHHOCTh xyeba ¢ BHecenuem KCM
37IaKOBBIX M 00OOBBIX KYJIBTYP CHU3WIIACH 33 CUET MOHMKEHUS YTIICBOIOB [5].

Ha ocHOBaHWM TIPOBEACHHBIX  DKCIIEPUMEHTAIBHBIX  HCCIIENOBaHUH,
pPaccMOTPEHHBIX BHIIIE, MPETOKEHBI MMaTEHTOCIIOCOOHBIE TEXHUUECKHUE PeIlCHHS
MPOM3BOJICTBA HOBOW HMHHOBAIIMOHHOW TIHMIIEBOW MPOMYKIMH, pa3pabOTaHEI
MPOEKTHl TEXHOJIOTMYECKUX WHCTPYKUWH sl  JallbHEHIIero BHEAPEHUS B
MPOU3BOJICTBO.
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®YHKIUOHAJIIBIK MAKCATTAFBI OHIMIEPIIH
WHHOBAIMSIIBIK TEXHOJOTUSIIAPBI

Han sxoHe koHauTep eHIMIEpiH OalBITYAbIH Macenenepi MeH Tocuiiepi
KapacThIpbUIraH. DyHKIIMOHABIK OaFbITTaFbl JKaHA TaMakK ©HIMICPIH OHAIPYIiH
pelenrepagapbl MEH TEXHOJIOTHSUIAPhI YCHIHBIIFAH.
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INNOVATIVE TECHNOLOGY OF PRODUCTS FUNCTIONAL
APPOINTMENTS

The problems and techniques of enrichment of bakery and confectionery
products are considered. Recipe and production technologies of new functional
orientation food are presented.

Keywords: biscuit, marmalade, decoctions, bread, nori, tree fungus, grains
and legumes.

107



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

V]IK 664.644:664.764
B.A. Cayup', I'.A. FOcynog’, H.A. Msannukosa', JI.K. Tynrumo6aesa'®

i 2
Mazucmp, cm. npenodasamens, “Mazucmp, accucmenm
Tapasckuil 2ocyoapcmeennulil ynueepcumem um. M.X. J[yramu,
2. Tapas, Pecnybnuxa Kasaxcman

] . . 2 .
Onexkmponnas nouma: * bsauir@mail.ru, “yussupov.g@gmail.com,
la . ; 16 ; ;
“natika.77@mail.ru, °tungishbaeva82@mail.ru

MU3YYEHUE BJIUSIHUS PAZJINYHBIX KOMIIOHEHTOB
TOHKOW3MEJBYEHHBIX OTPYBEM C JOBABJIEHUEM CYXOH
NINEHUYHOU KJIEMKOBUHBI HA CBOUCTBA TECTA
" KAYECTBO XJIEBA

B paborte npencraBieHs! pe3ynbTaThl HCCIEA0BAaHUH BIMSHUS TOHKOU3MEIbYEHHBIX
orpybeit m cyxo mmennynoi kierikoBuHbl (CIIK), kak dakropa, BIusOmEro Ha
MTOBBIIIICHHE OMOJOTMYECKOW M MUTATENBHOM IIeHHOCTH Xjeba. B pabore ucmonb3oBaHa
TIIIEHUYHAS MyKa [IEPBOTO COPTa, C HU3KUM COJIEPIKAHUEM CBIPON KIICHKOBUHBI — 26%.

KuroueBnble ciioBa: Myka, OTpyOH, KJICHKOBHHA, XJI1e0.

Ha cerogusimuuii JeHb PHIHOK W3JENHHA (PYHKIMOHAILHOTO HA3HAYCHHS
TOJBKO HauuHaeT pactu. OCHOBHAs Macca HACEICHUS MOTPEOIIeT HelOCTaTOYHOE
KOJINYECTBO BUTAMHUHOB, MUHEPAJIbHBIX BEIIECTB U HE3aMEHHUMBIX aMUHOKHCIIOT, B
CBSA3M C 3TUM aKTyaJbHBIMHU SIBJIIIOTCS IMPOM3BOJACTBO HU3ICIUN 00OraméHHbBIX
TaKMMH MHKpOHyTprueHTamu. O0orarieHne Xjie000yI0UHbIX U3ICTHI MOXKET OBITh
MPOU3BEACHO KakK 3a CY€T HCIIOIb30BaHUS OTHCIBHBIX MHKPOHYTPHEHTOB,
BUTAaMUHHO-MHHEPAIbHBIX TpemMukcoB [1, 2], Tak M 3a Ccuér BHECEHHs
OMONOTMYECKH IIEHHOTO TPUPOIHOTO CHIPhS, COACPIKAIIero B CBOEM cOCTaBe
CCTECTBEHHBIM KOMIUIGKC OHOJIOTHYSCKM AaKTHUBHBIX BEIIECTB, MHUHEPaIbHBIX
JJIEMEHTOB, OCJIKOB, JIMIIUJOB ¥ BHTAMHHOB B HauOoliee JOCTYMHOH YCBOsSeMOMH
¢opme. HemocraTtounoe mnorpebieHHe O€iaka CTAaHOBHUTCSA OINACHBIM B IEPUOI
OepeMEHHOCTH, OCOOCHHO BO BTOPYIO €€ IMOJIOBHHY, W NPH KOPMIICHHH TPYABIO,
KOrja MmoTpeOHOCTh B OelKe Bo3pacTaeT moutu B 1,5 pasa — ¢ 66 10 96 T B CyTKH.
His 30(EeKTUBHOrO BOCIONHEHUS ATOro JepHUIMTa B ©KCIHCBHBIH palMOH
HEOOXOJJMMO BBOJIUTH JIOTIONHUTENBHBIE KONMYECTBA OCITKOB PACTHTENHLHOTO HIIH
JKUBOTHOTO MTPOUCXOXKICHHSI.

[ToBbIilieHHe OWMOJOTHYECKON IIEHHOCTH MPOAYKTOB IUTAHUS — OJHA W3
BaXHEUIINX 3aja4 CIEIUATUCTOB XJIeOOMEeKapHOro Mpou3BOJACTBA. B mociemnHue
ro/ibl HAOJII0JaeTCs YBENUYCHUE B XJIe000YIOUHBIX U3ACIHAX COICpKaHUE JTH3HHA
Kak OCHOBHOTrO (hakropa, JIUMHUTHPYIOIIEr0 OWOJOrMYEcKyl0 LEHHOCTh Oernka
3€PHOBBIX KyabTyp. OJHOBPEMEHHO CTaBHTCA 3ajadya oOoraieHus xijeda
BHUTaMHHAMHM, HEHACBIIICHHBIMHM >KMPHBIMH KHCJIOTAMH, a TaKXke OaylaCTHBIMHU
BEIIIECTBAMHU, HEOOXOIUMBIMH JUIsi HOpMaibHOTO oOMeHa BemiecTB. C 3TOH TOUKH
3pEHMS] MOJIOUHBIC MPOJIYKTHI, MIICHWYHBIC OTPYOHU, MIICHUYHBIC 3apOIBIIICBHIC
XJIOIbSI X OBCSIHASI MyKa IIPENICTaBIIIOT ONpeIeIeHHBIN nuTepec [3].

B nanHOii paboTe HaMM HCCIEAOBAHO BIIMSHHUE TOHKOM3MEIbYCHHBIX
otpybeit u cyxoit nmennunoi knerikopunsl (CIIK), kak dakropa, Biustomero Ha
MOBBIIIICHUE OMOJIOrHYECKOM M MUTATETHHON IEHHOCTH XJie0a.

[TieHnyHBIC OTPYOH — HEMAJIOBAYKHBIM U HEOPOrO MCTOYHMK TJIaBHEHIITX
COCTABJISIONIMX NHUTAHUS: OCJIKOB, BUTAMMHOB, MHUHEpalbHBIX BeliecTB. Tak, 1o
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CPaBHEHHUIO C TIIIEHUYHON MYKOH BTOPOro copTa OHH cojaepxaT Oenka Ha 29%
oonbiie. [Tpu 3TOM Genku oTpyOei OoJiee MOTHOICHHBI 10 CBOEMY aMUHOKHCIIOT-
HOMY COCTaBY, TaK KakK COJICp)KaHHE IEPBOH JHMMUTHPYIOIICH aMHHOKHCIOTHI
nr3uHa B HUX Ha 43% BEIIIe, 4eM B IIIICHUYHON MyKe BTOPOT'O COpTa.

Otpy6u ornmnyarotcsi 6oee BEICOKHM COJIep)KaHUEM BUTAMUHOB (OCOOCHHO
rpynmnel B, HuanuHa ¥ TOKO(EpONOB), a TaKKe MHUHEpaIbHBIX BemiecTB. [lo
CPaBHEHHUIO C MIICHUYHOH MYKOH BTOPOIO copTa YIJICBOIOB B OTpyOsx Ha 24%
MEHbBIIIE ¥ COOTHOIIIEHUE UX C OelkaMu cOanaHcHpoBaHO Jydiie — 3,5:1 nmporus
7:1 B myke mipu ontumyme 4:1.

[Mrennunbie 0TPYOU 00TaNAOT OOJIee HU3KOH KAIIOPHUIHOCTBIO U CONlepKAaT
3HAYUTENLHOE KOJMYECTBO KJIETYATKH, HEOOXOJUMOW il HOPMAlbHOH paboThI
MUIIEBAPUTETHHOTO TPAKTA.

HenocratkoM oTpy0Oei, MpensTCTBYIONMM HX NPHMEHEHUIO B IHTAaHHH,
SBIISIETCS. TO, YTO BCE IEPECUHCICHHBIC OHMOJIOTMYECKH aKTHBHBIC BEIIECTBA
3aKJIIOYEHBI B KJIETKaX, KOTOpPBIe TPYAHO MOANAI0TCS MUIIEBAPEHHUIO YeoBeKa [4].

Lenp paboThl 3akmrouaigach B pa3pabOTKe Crocoda MPUTOTOBJICHUS
¢dopmoBoro xieda M3 MIICHUYHOW MYKH TIEPBOIO COpTa C JOOABJICHHEM CyXOH
MIICHUYHON KJICHKOBUHBI M TOHKOM3MEIbYCHHBIX OTpyOeH.

C uenbio TMOBBINICHHUS YCBOSEMOCTH OTpPYOCH, BBIMONHEHO WX TOHKOE
M3MeNbUueHUE Ha Bajbllax, ¢ pasMepoMm yacTtui MeHee 320 mxM. MccrmemoBaHo
BIHSIHUSL J0OABOK cyxoi mimeHndHol kieiikoBuHbl (CIIK) 1 TOHKOM3MeENnbYeHHBIX
oTpybeii Ha xyiebomeKkapHble CBOMCTBa MIICHHYHOH MYKH TIEPBOTO COPTA,
TEXHOJIOTMYECKHE TIOKA3aTeNIN TecTa, (PU3NKO-XUMHUCCKHE W OPTraHOJICHTHYECKHE
MOKa3aTelid TOTOBOM mpoaykiuu (tadi. 1). Otpyou npumMensiiu B3amer 10%, 15%,
20% u 25% wmyku mepBoro copra. CIIK BHocmnu B kommuectBe 1% u 2%.
Kontponem crmyxkuna Myka TMIIEHUYHAs WEpBOro copra W xied U3 Hee,
MPUTOTOBJIEHHBIN 0e3 m00aBoK. TecTo rOTOBMIM ONapHBIM CIIOCOOOM. B ombITHEIE
o0pasipl omap MpH 3aMece TecTa BHOCHIM OTPYOM M CyXYIO TIIECHHYHYIO
KJICHKOBHHY.

B wuccnenoBaHWX UCIONB30Balid MIIEHHYHYIO MYKY IIEpBOTO COpTa, C
HU3KUM COZIep)KaHHEM CBHIPOH KIEHKOBUHBI — 26%. B 1enax moBbIIeHUs KauyecTBa
CBIpOM KIIEHKOBHHBI MYKHM, BHOCWIM CyXYyH IIIICHUYHYK KICHKOBHHY B
konuyectBe 2%, TpU TaKoOM JO3MPOBKE CYXOW MIIEHUYHONM KIEHKOBHHBI
xJieboreKkapHble CBOMNCTBa MYKH U3MEHSIFOTCSL B 3HAUUTENLHON cTereHu (cM. Tabd.
1). Ilpu BHeceHnH 2% CyXO# MIIEHUYHON KIICHKOBUHBI B OMBITHBIE 00OPa3Ibl MyKU
coJiepKaHhe MX YBEIWYHJIOCHh IO CPaBHEHHIO ¢ KOHTpoieM oT 27,5% mo 30%.
[ToBrIaercss ruapaTalMoOHHAs CHOCOOHOCTh MYKH. PacTsyKMMOCTh KICHKOBHHBI
HaJ JIMHEHKOoHM cocraBisger orT 120 mo 145 MM, mokasaTeiab COKMMAaeMOCTH Ha
npudope MJIK-1 BhIlle, yeM B KOHTPOJILHOM 00pasiie u cocrapiisier ot 60 mo 74
en. PacruibiBaeMOCTh WIapWKa COKpamaercsl MO CPAaBHEHHIO C KOHTPOIBHBIM
o0pasroMm Ha 5 — 8 MM.

Mamepuanvt u memoovl. JJis TPOBEICHUS HCCICHOBAHUKN HCIIOIH30BATIN
o0pa3ipl MyKH MIIEHUYHOH XJIEOOMEKapHOH C HU3KHM COJEpKAHUEM ChIPOH
KICHKOBUHBI - 26%, TOHKOM3MEIbUCHHBIC IIICHUYHBIE OTPYOU, CYXYIO
MIICHUYHYI0 KICWKOBUHY, JPOXOKH —XJIeOOMeKapHbIe IPECCOBaHHBIC, COIb
MOBapeHHYl0  MuIIeByr0. KadecTBO MyKM  TIIEHHYHOH  XJeOorleKkapHOH
coorBercTBoBasio TpeboBanusim 'OCT P 52189-2003 [5]. Apoxk:Ku peccoBaHHbIE
xJiebonekapHbpie coorBercTBOBaM TpeboBanusm I'OCT 171-81 [6]. OnpeneneHue
KoJqudecTBa ®  KadectBa kieiikoBuHel — mo [OCT 13586.1-68 [7].
ABTOMHTHYECKYIO aKTUBHOCTH ONPEICIISIIN IO YUCITy majaeHus Ha mpudope [TUII-3
— o 'OCT 27676-88 [8]. Onpenencuue conepKaHusi KIETUYATKH — IO METOMY
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Kiopmaepa u I'aneka [9]. AKTHBHOCTH MpOTEa3 OMNPENCISUIM IO BSI3KOCTH
o6pa3ios o 'OCT 33-66 [10]. Onpenenenne opraHoNENTHYCCKUX TTOKa3aTeIeH —
o 'OCT 5667-65 [11]. TurpyeMyto KHCIOTHOCTb IOJIy(aOPHUKATOB OMPEACIIsIH
tutpoBanueM Oontymiku 0,1H pactBopom NaOH B npucyrcTBun nnaukatopa (1%
CIIHPTOBOTO pacTBopa (eHonpTasenHa) 10 MOSBICHUS PO30BOT0 OKPAIIMBAHNUS, HE
WCYe3aloNIero B TeueHne MHUHYTHL. [IpoOHyr0 1abopaTopHYIO BBINIEUKY XJieOa
npoBoauin B cootBercTBuM ¢ ['OCT 27669-88 [12]. AHanu3 xyieba BBITOJHEH
oOIIenpuHATEIMU  MeToaamu. OmnpeneneHne OpraHOJCITHYSCKUX —ITOKa3aTelei
xyeba — mo 'OCT 5667-65 [11]. Onpenenenue BiaxkHocTH xjedba — mo 'OCT
21094-74 [14]. Onpenenenne kucnorHocTH xyeba — mo FOCT 5669-96 [15].

B Tabnumme 1 mpuBeneHbl NaHHBIE C TPUMEHEHHWEM BIIUSHHUS BHECCHHS
M3MEJIBUCHHBIX OTpyOer mo3upoBkoir oT 10% - 25%, COBMECTHO € CyXOif
nmennyHoi kielikoBruHoi (CIIK) B konnuectse 2%.

Tabauua 1
Bnusinue 100aBOK TOHKOM3MEIbYCHHBIX OTpYyOeit
U CyXOM NIIEHUYHON KJIICHKOBHHBI
OmnbiTHBIE 0OPa3IBl IPUTOTOBICHUE TECTA C
KoHTpomnb- |103upoBKo# TOHKOM3MEIbYeHHBIX 0TpyOei u CIIK
INokazarenu HBIN 10% 15% 20% orpy6H|25% oTpy6H
obpazent |orpy6u 2% | otpyou 2% 29 CIIK | 2% CIIK
CIIK CIIK
1 2 3 4 5 6
Myka 1/c
Komtiecrso cpipoit 26.0 30,0 29,0 28,6 27,5
KJICHKOBHHBI
I'uapaTaiionHas 70 7 71 70 69
CII0COOHOCTE, %
[ToxaszaTens
C)KUMAaeMOCTH, €. 60 65 72 74 63
nipudopa MK - 1
PacrbiiMocT: Haj 120 130 145 140 125
JIMHEHKOU, MM
PacrutsiBaeMOCTh IIapuka
TecTa, MM 65 57 60 60 65
Omnapa
Bnaxunocts, % 50 49 49 50 50
Temmnepatypa, °C 30-32 30-32 30-32 30-32 30-32
[IpoaomKUTensHOCTD 5 3 3 3 3
OpOoXKeHHH, Yac
Kucnornocts, rpas 4 4 4 4 4,2
Tecto
Kucnornocts, rpan
Havanbnas - - - - -
Koneunas 3,0 32 32 3.4 3.4
DopmoyepAHBaIOLLAs 98 105 103 103 100
CITOCOOHOCTD, MM
l'azoynepxuBaromas
criocobnocts, it CO, Ha 310 360 350 340 320
100 rp myku
[IpoaomKUTensHOCTD
paccTOMKH, MUH 33 4 >0 >0 >2
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IMponomxenue Tab. 1

1 | 2 1 3 | 4 ] 5 | 6
Xebd
Kucnornocts, rpan 3,0 3,0 32 34 3,6
ITopucrocts, % 64 69 68 69 69
Bnaxunocts, % 47,0 46.0 46,0 46,0 46,5
V nenapHbIi 006eM, cM> Ha 250 280 275 270 260
100 rp xneba
[TokazaTens MeHeTpanuy, €. npuoopa

Hoou 43,0 44,0 44,0 43,5 43,0
H,, 36,0 38,2 38.0 36,2 36,2
Hynp 7,6 8,4 8,2 7,9 7,6

BHecenneM n3MeNnbYeHHBIX OTPYOei B pellenTypy XJIEOHBIX H3ICIUNA MOXKHO
YBEITUYUTH B HUX KOJMUYECTBO OAJUIACTHBIX BEIIECTB, MAKPO- U MUKPO JJIEMEHTOB,
BUTAaMHHOB rpynmbl B, TokodeponoB, HEHACHIEHHBIX J>KUPHBIX KHCIIOT.
OnHOBpEMEHHO TOBBINIACTCS MUTATENbHAS W Ouorornyeckas IEeHHOCTh XJieba, a
COZIep’)KaHWE B HEH 3HAYUTENBHOTO KOJIWYECTBA KJIETYATKH CIOCOOCTBYET
HOPMAaJILHOMY THIICBAPECHUIO.

Tecto TOTOBWJIM OMapHBIM CHOCOOOM, BIQXKHOCTh OMApbl  OIMBITHBIX
00pa3oB mo cpaBHeHHIO ¢ KoHTposeM (50%), cocraBmiio 49-50%, TemmepaTypa
omapsbl, Kak B KOHTPOJIBHOM 00paslie, TaK U B OMBITHBIX oOpa3max Obuta 30-32 °C,
MPOIOJDKUTENIFHOCTh ~ OPOXKEHHUsSI  ONBITHBIX ~ 00pasloB 10 CPaBHEHUIO C
KOHTPOJIbHBIM (5 4) 3HAYUTENILHO COKpaTHiioch Onarofaps BHecenuro 2% CIIK u
coctaBmiia 2 yaca OpoxeHusi. KHCIIOoTHOCTh ocTaBanach Ha ypoBHE KOHTpousi. [1pu
3aMece TecTa BHOCHJIMCH TOHKOM3MENbYeHHbIe OTpyOu. OTMEYEeHO HEKOTOpoe
W3MEHEeHUEe (U3NYECKUX CBOWCTB, OINpENENsieMbIX 0 (HopMOyIepKUBAIOIICH
CIIOCOOHOCTH, TaK KaK BHECCHHE M3MeNbUeHHBIX oTpyOeit u comepkanue CIIK B
omape  OKa3plBaeT  CYIIECTBEHHOE  BIHMSHHE  Ha  KauecTBO  TecTa.
dopmoynepkuBaroas CroCOOHOCTh OMBITHBIX 00pasloB coctaBuia or 100 no
105 MM, KOHTPONBHBIN 00pasel] — Ha ypoBHE 98 MM. 3HAUMTEIBHO YBEIUYHIIACH
ra3oyJep>KHBaoIias CriocoOHOCTh TECTa, B OMBITHBIX oOpa3max coctaBuia 320 —
360 M CO; na 100 T Myku, B koHTposibHOM o6pa3siie 310 M CO, Ha 100 T MyKH.
CTUMyNIMpOBaJIOCh KUCIIOTOHAKOIJICHHE, €CITH B KOHTPOJIBHOM 00pa3iie KOHEUHast
KHCIOTHOCTh cocTaBisuia 3,0 Tpax, TO B ONBITHBIX 00pa3max KOHEYHAs
KHCJIOTHOCTB Oblia Ha ypoBHE 3,2 - 3,4 rpan. BHeceHre u3aMenb4eHHbIX OTpyOe u
CIIK mo3BOIMIIO COKPATUTE MPOJOHKUTEIEHOCTh PacCTOMKY Ha 5 - 10 MuH.

B Tabmuue 1 mokasaHo TakXe BIMAHUE 100AaBOK TOHKOW3MEJIBbYEHHBIX
orpyoeit u CIIK Ha (U3MKO-XUMHYECKHE II0Ka3aTeIM TOTOBOM MPOIYKIIHH.
CXHMMaeMoCTh M YNPYrocTh MSKHUIIA OMNBITHOrO XJjeba ObUTa BBINIE, YEM Y
KOHTPOJIBHOTO, O YEM CBHUJETEILCTBYIOT JIaHHBIC MEHETpaluu. Y Iy4IIHnIoch
COCTOSTHHE MSKHUIIA, TOPUCTOCTH, DIIACTUYHOCTH. [lopHCTOCTE B KOHTPOIHHOM
oOpa3siie ObuTa Ha ypoBHE 64%, B ONBITHBIX 00pa3iiax oHa CoCTaBisia OT 68% 10
69%, T.e. Ha 4-5% BbIIIC KOHTPOJIS. YBEINHUYEHHE YIENBbHOrO o0beMa H
(hOpMOYCTOHYHMBOCTH, OTMEUEHHOE B 00pasiax ¢ J100aBKOW TOHKOM3MEIbYEHHBIX
otpybeit m CIIK cymecTBeHHO OTIMYAIOCh OT KOHTPOJIBHOro obOpasna. Ecnm
yaelIbHBIH 00beM xyieba B KOHTPOJAbHOM oOpasme coctaBuin 250 cm® Ha 100 r
x11e6a, TO B ONMBITHBIX 0Opa3Lax 3TOT MOKa3aTeNb ObLI Ha ypoBHE 260 - 280 cM Ha
100 r x7eba.
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OpraHosenTiHyeckasi OlEHKa TOTOBBIX M3/ICNUIl 10 BHEIIHEMY BHIY BBIIIE,
4eM B KOHTPOJBHOM 00pasiie, a MO0 COCTOSHUIO M TIOKa3aTellio MOPHCTOCTH U
AITACTUYHOCTH MSKHINA MTPEBBIIIANO0 OKA3aTeIN CTaHIapTa.

Penenitypa xneba ¢opmMoBOro W3 MIIEHUYHOW MYKH MEpPBOIO COPTa, C
ontumanbHoi no3upoBkoit CIIK - 2% u 15-20% TOHKOM3MENbUECHHBIX OTpYyOei
MPUBEICHBI B TaOJHIIE 2.

Tabauna 2
Penenitypa mpurorosieHus xieda GopMOBOro U3 MIIEHUIHON MyKH 1/c ¢
N00aBJICHUEM CYXOH MIICHUYHON KIICHKOBUHBI 2% U TOHKOHU3MEIbYCHHBIX
orpy0eii B konmuuectse 15-20%

HanMeHnoBaHue ChIpbs 15% otpy6m / 2% CIIK |20% otpyou / 2% CIIK
Myka . 1/c, kr 83 78
CIIK, xr 2 2
WzmenpuenHbie OTpyOH, KT 15 20
Hpoxku npeccoBaHHbIE, KT 1 1
Conb, Kr 1,3 1,3
Hroro ceipbs: 102,3 102,3

Bvigoowvr. llonmyueHHble naHHbIE CBUICTEIHCTBYIOT O TOM, UTO JUIA
IIOBBIIIEHUS] OHMOJOrMYECKON M IUTATEIbHOM IIEHHOCTH XJie0a M3 IIIEHWYHOMN
MYKH TIEPBOT'0 COPTa, [eNecO00pa3HO HCIOIb30BATh TOHKOU3MEIbYEHHBIE OTPYOH
u CIIK ¢ nmo3upoBkoii 15-20% nzMenbueHHbIX 0TpyOei u 2% CIIK, ynydmaromnmx
KayecTBO, OMOJIOTHYECKYI0O U MUTATEIbHYI0 IEHHOCTh T'OTOBOM MPOAYKIHH.
Conepkanne B xjeOe TOHKOM3MEIBUEHHBIX OTPyOei CHOCOOCTBYET IydIlleMy
YCBOGHHIO OPTaHU3MOM YeNIOBEKa, TaK KaK B OTPYOsIX COACPKUTCS 3HAUUTEIBHOE
KOJINYECTBO KJIETYaTKH, KOTOpas UTpaeT BaXXHYIO POJIb B IIPOIIECCE MUIIEBAPEHMUS.
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KAMBIP KACUETIHE ’KOHE HAH CAITACBIHA KYPFAK BHJIAM
'KEJJIIMTET'TH KOCBIN YCAK MAVMJAJAHFAH KEBEKTEP/IIH
OPTYPJII KOMIOHEHTTEPIHIH OCEPIH 3EPTTEY

XKyMbicTa HaHHBIH TaraMJblK JKOHE OWONOTHSUIBIK KYHABUIBIFBIHA 9cep
erymn (Qakrop periHme, Kyprak OWaal KETIMTEKTIIT MEH ycaK MaiijajgaHraH
KEeOCKTiH 9CepiH 3epTTey HOTHXKENepl KeNTipureH. 3epTTey KYMbICTapbIH/A MIHKI
KETIMTEKTITIHIH MeJiepi TeMeH OonaThlH OipiHIN CYpBINTHI OHAall  YHBI
KOJITaHBLIIb.

Tyiiin ce3aep: yH, keOek, xKeTiMTEK, HaH.

B.A. Sauir, G.A. Yussupov, N.A. Ivannikova, D.K. Tungishbaeva
Taraz State University named after M.Kh. Dulati, Taraz, Kazakhstan

THE RESEARCH OF THE INFLUENCE OF DIFFERENT COMPONENTS
OF FINELY GROUND BRAND WITH ADDITION OF DRY WHEAT
GLUTEN ONTO THE DOUGH PROPERTIES AND THE BREAD
QUALITY

Paper include investigation results of influence of fine bran with dry wheat
gluten to improve biological and the nutritional value of bread. In research first
grade wheat flour with low content of wet gluten is used.

Keywords: flour, bran, gluten, bread.
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M.X. Jlynamu ameinoaevl Tapas memiekemmix yHugepcumeni,
Tapas kanacvl, Kazaxcman Pecnybnuxacol
Dnexkmpornowix nowma: bayali@bk.ru

BAPXAH KYMbI HETBIHJE JANBIHIAJFAH KbI3YFA TO3IM/I
BETOH/IbI KbI3/IBIPY KE3IH/JE OHBIH ®N3UKO-MEXAHUKAJBIK
KACHUETTEPIHIH O3TEPYI

Ke1zyra Te3imi OertoH eHJIIpiciHe KOJIJaHBbUIAThIH 0apJIIbIK
0alIaHBICTRIPFBIIITAPABIH IOIHIAETI €H THIMIICI CHIMKAT-ipi-TacThl (CYChI3 CHJIMKAT
HaTpHil) MUHEPAJIIbl KOMIIOHEHTIIEH 0ipre YHTaKTally apKbUIbl aJlbIHATBIH KOMITO3HIIUSUTBI
OalJIaHBICTBIPFBIIT  OONBIT TaOBUIAABI. bBenrimi omicrieH JKYpri3ireH 3epTTeysiepiiH
HeTi3iH/Ie KbI3yFa Te3iMJIi OeTOHMap YIIiH CHIIMKAT-ipi-Tac )koHe O0apxaH KYMbl HeTi3iHzeri
KOMITO3HMLIMSIIBI OaiiIaHBICTBIPFBINI ally MYMKIHIIKTEP1 KapacThIPbUIFaH.

Tyiiin ce3aep: OapxaH KYMbIHAH J>KOHE CHIIMKAT-Ipi-TacTaH TYpaThIH
KOMITO3UIIVSUIApABl  YHTaKTay, CHIIMKAT-HATPHUIBI OalIaHBICTBIPFBIIITHIH KYHIH
aliKpIH/Iay, KBAPITHIH MOIU(MUKAIMSICHL, KPUCTOOATHTTIH KAPKBIHIBUIBIFHI.

OKCIEepUMEHTTIK MoniMerrep Herizinge [1], OapxaH KyMbIHaH J>KOHE
CHJTUKAT-Ipi-TacTaH TYPAThIH KOMITO3UIMSIIAPABI YHTAKTay, CyMEH apaylacThIpy,
THIFBI3JIAY KOHE KENTipy Ke3iHAe THUIMII OalIaHBICTBIPFBIINTHIK KACHETKE He
GomaThiHBl Genrimi. Bynm  KoMmosuuusapablH  korapsl  Gepiktiri  80-200°C
TeMIIepaTypa apallbIFbIH/Ia OONATHIH KYPBUIBIM TY3UTY MPOIIECCiHE dcep eTel KoHe
KbI3yFa TO3iMi OCTOH OEpIKTIriH KamMTamachl3 eTeli. bapxaH Kymbl HeriziHjeri
KbI3yFa TO3IMIi OCTOHHBIH 3KCIUTyaTAlUSIBIK KACHETI KOMITO3UIUSIIBIK CHIIMKAT-
HaTpuiinel GaitnausicTeipreimTa 800-1200°C korapbl TemmepaTypaza GONATBIH
(PM3HKO-XUMUSIIBIK TTPOIIECCTEPIIH HETI31H e KalbIITaca bl

JKorapbl TemiepaTypa Ke3iHAE CHIMKAT-HATPUIIBI OaillaHBICTBIPFBIIITHIH
KYHiH  aifiKplHAay  MakcaThlHIa  (a3alblk  Kypambl  aHBIKTAIBI,  OCHI
0aliTaHBICTBIPFBIINTAH JANBIHAAIFAH YITUIEp TEPMOMEXAHHMKAIBIK ChIHAKTaH
eTkizimmi. 3erprey cuimkat-ipi-ractel (Na, SiO;) jxoHe yHTakranran OapxaH
KYMBIH KOJNJaHy apKbUIbI )KYPTi3U11Ii.

BK:CH-80:20 (% wMaccacbl OOifbIHIIIA) KATHIHACHIHAAFBl KOMIIO3HIIHS
MEHIIIKT1 KabaTKa JaeiiH OipieckeH yHTakTayra KoiagaHbsuiabl (2500-2700 CM2/F).
XKykrenin gipingery omici apkbuibl madibiHfanran 50x50x50 MM esnmieMiHzeri
yirinep 200°C  TemmepaTypana TeMeHuerinell peXuM GOMBIHIIA KeNTipini:
temmeparypanbl 90°C-ka meifin korapsuiaTy — | caFaT; yCTaabIM — 3 caraT;
temnepatypanbl 190°C-ka Jneifin jkoFapblmaTy — 2 caraT; ycTalnbiM — 1 carar;
TaOUFH CaNKBIHAATY 20°C-ka neifin — 2 carar. YIrinepaiH Chify Ke3iHaeri OepikTiri
32,5 Mlla kypanpl.
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Ocel  KypamMaa JKOHE  OCHIHIAM  TEXHOJOTHUSIIBIK  TapameTpiepie
JalbIHIAIFaH YATUIEPIiH eKiHIi OeIiriHiH opTYpIi TeMIepaTypana KbI3AbIpbUIFaH
KyHiHgeri OepikTiri chlHAKTaH OTKi3uimi. Yuriiep auamerpi (d) 25 MM xoHe
ouikriri (h) 50 MM GonaThIH HMIUMHIP TYPIHAC MaibIH I

l-cyperTe KBI3OBIPBUIFAH MAaTEpUANIBIH ~KYHIIpYy TeMIepaTypachiHaH
OCpIKTIKTIH OalIaHBICHIH KaJbINTACTBIPYFa MYMKIHJAIK OepeTiH, KYM-CHIIHKaT-
HATPUIIIBI KOMIO3UIIUSIIAPIBIH,  YITUIEPIH TEPMOMEXAaHUKAIBIK CHIHAKTAH OTYy
HOTHIKEIEpi KOPCETUITeH.

feliy
==

2H

Crrrmyra bepiemimin, MIla

300 400 sSbo ebo P00 8b0 =00 oo 00 1200

Kyfipipy Temneparypactd, 500°C

Cyper 1. CunukaT-HaTPpUHAIBI KOMITO3UITUSUIIBIK OaliJIaHBICTBIPFBIII TICH OapxaH
KYMBIHAH KbI3JbIPbUIFaH YITUIepaiH OCpIKTIriHIH TOyeAUIIr

ANBIHFAaH  3KCICPUMEHTAJABI  MOIIMETTEPIIH  Talaaysbl 200-400°C
TeMIlepaTypa apajbiFblHAa OCpIKTIKTIH TOMEHICYiH janenneiimi. bym ynri
KYpaMBbIHJIa KEYyeKTLTIKT1 KoHE apThIHINA OCpIKTIK KOPCETKIITEPiHIH TOMEHICYIH
TYFbI3aThIH OapXaH KYMbIHJAFbl OPraHUKAJBIK KOCHAJIAPIbIH >KaHBIN KETYIMEH
OaiilaHbICTBI OOJIATBIHBI aHBIK. By Jepek ThIFBI3ABIKTRIH 2100 kr/™M>-nen 1920
KI/M-Te Jieiiin TeMeHaeyiMen pactanansl. TemmepaTypansl 600°C-ka jeiiin apsbl
Kapaii )OoFapbluIaTy, OEpiKTIKTIH XKOFapiiaybIMeH Katap XKYpe/i, SFHU KaTThl (azaaa
JKOHE KBaplThIH MOIU(GUKALMSIBIK aiHaaybl IPOILECCIHIH OacTalybIMeH
tycinmipizeni. Tepmoermey Ttemmeparypachin  600°C-tan  800°C-ka  meifin
KOFaphUIaTy — Ke3iHJe  CHJIMKAT-HATPHHUIBIH  JKYMCApYybIHBIH  OacTayryblHa
OaliyaHbBICTBl YATUIEp OEPIKTITiHIH eKiHIII peTTiKk TeMmeHzaeyi Oaikamansl (760-
800°C TacTel Momyns kesinme 2,8-3). 800°C TemmepaTypa kesimme 22-23 Mlla
kypaiimel.  800-1100°C  TemmepaTypa apaibIFbIHAA CYHBIK (a3aHBIH ~ecyiHe
0ailyIaHBICTBI  KOMIIO3ULIUSHBIH ~ OepikTiri TemeHumedmi. Kenripinren TaOuru
KBapIThl KYMMEH CaJbICTBIpFaHa, OEpIKTIKTIH enoyip »XOorapsl MoHI OapxaH
KYMBIHJIa MUHEpaJl KaJbIUTTIH OONybIMeH Tycinmipiaeni [2]. MyHnmai xarnaiina,
JKOFapbl OTKA TO3IM/II KaJIbIIMAIBIK CUITMKATTApP TY3LICII.

Yarinepai 200, 800, 1000 »xome 1200°C -ka eifiH KbI3ABIPYAAaH COH,
0aiJIaHBICTBIPFBIII  PEHTTCHOIPAMMACBIH  CaNBICTBIPY KEIeCl TYIKbIPhIMIAPIbI
KaObLIAayFa MyMKIHIIK Oepeni (2-cyper).

Kenripynen keitin (200°C) GalilaHBICTHIPFBIITEIH HETi3ri KypaMmasapsl
KBapIl KAJIBIUT CHIIMKAT HATPUHMEH YCHIHBUFaH aMopdTel (paza OombIn caHanambl.
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800°C -xa neiiin KBI3JBIPYAAaH COH KaJIbIUHIIH 0OC TOTHIFBI Ty3l1yiMeH, d/n=2,75;
6,68; 2,19 xanpruTTiH auccormarmsicel 6omaasl CaCO;

CoHbIMEH KaTap, KBapIThIH KapKbIHIBUIBIFBIHBIH TOMEHJICY1 OPBIH ajajbl,
HATPUI TOTHIFBIHBIH 9CepiHEeH KBapIl OOJIriHIH epyi OacTanapl.

1000°C -ka neiiin KBI3JBIPBUIFaH OaiJIaHBICTHIPFBIIITEIH PEHTTCHOIPAMMAChI
BK-CH kyiieciHne KBapuThIH, TY3€IreH KpucrobamutriH d/n=2,12; 4,09,
anoptutTiH (Ca0-Si0,-Al,-Os) d/n=2,00; 3,20; 3,81 Oap eKkeHIH maMenaekmi.
AHOPUT ca3apl KOCHaNapablH JKOHE KaJbIUIAIH 00C TOTBHIKTAPBIHBIH SPEKETTECYi
caJilapblHaH KypaJFaH.

1,690

-

{ ~KBapLy B -KanbLHT
@ -AMLOHT 0-aHOPTHT
& “TDHIHMHT

Cyper 2. Kpi3aplpFraHnHaH KeHiHT1 0aiiIaHBICTBIPFBIITHIH PEHTI€HOIPaMMAChI

Kommozunmsiiap st 1200°C-ka neiiin KBI3JBIPY KE3iHAe KPHCTOOAIMTTIH
KapKbIHABUIBIFBI ©CEMi, aj KBapileH OoJNfaH >jKarjalija peHTreHorpaMMmaja
JTeNIeHT el Karaaiinap 6onanel. OckiHaai mporece Gaphopasl Kynaipy Ke3injie
Oaiikananel. JKorapbl TemIiieparypa Ke3iHae OalIaHBICTBIPFBIIITHIH OCPIKTIriHE,
KBapIITBhIH IIBIHBI (ha3aFa ©Ty HOTHIKECIHIC CUIIMKAT-HATPHUIAJIBI IIBIHBI JKYHECiHIe
KYpPBUIFAH JKOFaphl CHJIMKATTBI MOIYJBAIH ocepi bIKOam ereai. Momyinb
KaHIIAJBIKTH JKOFaphl OoJica, MIBIHBI (pa3aHbIH >KOFaphl TeMIlepaTypa Ke3iHJeri
JKaOBICKAKTBIFBI KOHE KYHEHIH Je(hOopMalMsUIbIK OPHBIKTBIIBIFBI YKOFapPhI 00JIaIbI.

Pentrenodasanplk TajamayablH MOJIIMETTEpl MEeTpOrpadusuiblK 3epTTEyiiep
JIEPEKTEPIMEH PacTajbl.

800, 1000 sxome 1200°C TemmepaTypachlHIa TEPMOOHJIEYIEH OTKCEH
YHTaKTaJIMaraH OapxaH KyMbIHAH >KOHE Mala YHTaKTaJfaH OapXaH KyMbIHAH
KOHE  CUJIMKAT-Ipi-TACTaH  TYpaTblH  OalIaHBICTBIPFBIIITAPIBIH  CyperTeri

116



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

MUKPOKYPBUIBIMJIAPbIHAH KBapI-KPUCTAUIIBIK (a3alapblHbIH YJIKSH MeJiepi
Oaiikananpl. TepMOOHACYIIH TEMIIEPaTypachlH JKOFAPbUIATYMEH MIBIHBI (ha3alibiK
KypaMmbl jga KeHeiiem, ocipece 6y1 1000 »xome 1200°C TemmepaTypachinga
KYHIIpUIreH yirisiepre ToH.
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W3MEHEHUE ®U3UKO-MEXAHUYECKHNX CBOMCTB
JKAPOCTOMKOI'O BETOHA HA OCHOBE BAPXAHHOT O ITECKA
TP HAT'PEBE

J4 K BCEX HU3BECTHBIX BSDKYIIUX, IIPUMCHACMBIX B IIPOU3BOJCTBE
KapoCTOMKOro OeroHa, HamOoyiee 3PGEKTUBHBIMU SBJISIOTCS KOMITO3UIIMOHHBIC
BSKYIIUE, IMOJYy4YaceMbI€ COBMECTHBIM IIOMOJIOM CI/IHI/IKaT-FHBI61)I (663BOHHBII71
CHJIMKaAT HanI/H[) C MUHEpAJIbHBIM KOMIIOHCHTOM. Ha ocHoBanunu IMPOBCACHHBIX
UCCIIC/IOBAHUI  YCTAHOBJICHA BO3MOXKHOCTh  IMOJYYCHHS KOMITO3UI[HOHHOT'O
BSKYIIETO HAa OCHOBC CI/IHI/IKaT-FHBI61)I u 6apX3HHOFO TICCKa.

KiroueBble c0Ba: MOMOJN KOMIIO3WI[MOHHOTO BSDKYIIETO Ha OCHOBE
CI/IHI/IK&T-FHBI61)I u 6apX3HHOFO Imecka, COCTOAHUE CUIIMKAT-HAaTPUEBOI'O BSAXKYIICTO,
Mo rdHKaINK KBapia, 00pa3oBaHHEe KPUCTOOATHTA.

G.M. Bayalieva, S.K. Nurpeisov, B.M. Tinishtibaev
Taraz State University named after M.Kh. Dulati, Taraz, Kazakhstan

CHANGE OF PHYSICO-MECHANICAL PROPERTIES OF HEAT-
RESISTANT CONCRETE BASED ON SAND DUNE DURING HEATING

Known binding agents used in the manufacture of heat-resistant concrete, are
the most efficient composite binders, obtained by joint grinding of solid sodium
silicate (anhydrous sodium silicate) with a mineral component. On the basis of the
conducted researches possibility of obtaining a composite binder on the base of
sodium silicate and sand is defined.

Keywords: grinding composite binder on the basis of sodium silicate and
sand, the state of silicate-sodium binder, quartz modifications, cristobalite
formation.
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OIIEHKA XUMHUYECKON CTOMKOCTH NOJIMMEPMUHEPAJIbHBIX
KOMITIO3UIIUI B ATPECCUBHBIX CPEJIAX

HpeZ[CTaBJ'IeHI)I PE3YIbTATBL HUCIBITAaHUN MMOJIMMEPMUHEPATBbHBIX KOMITO3HUIIUI B
Pa3JIMYHBIX arpe€CCUBHBIX CpElax. PeSyJ'II)TaTI)I HUCIBITAaHUN CBUACTCILCTBYIOT O BBICOKOMU
XAMUYECKOH CTOMKOCTH 06pa3u013 IJ_IJ'IaKOHOJ'II/IMep6eTOHa MO0 CpaBHCHHIO C TaKUMH XKC
MaTepuajaMi Ha IMIPUPOJAHBIX KaAMCHHBIX 3aIIOJTHUTEIIAX.

KiioueBble cioBa: MMOJIMMEPMHUHEPAIBHBIC KOMIIO3MIWHU, arpeCCHBHBIC
CpCabl, XUMHNYCCKas CTOﬁKOCTB, LHEMCHTHBIC BAXKYIIHE, IHH&KOHOHI/IMGPGCTOHLI.

OnHUM U3 BaXKHBIX CBOWCTB MOJUMEPOETOHOB 110 CPAaBHEHUIO C OOBIYHBIMH
OceToHAMHM Ha TEMEHTHBIX BSDKYIIMX SIBISCTCS WX BBICOKAsT COMPOTHUBISIEMOCTh
JEMCTBUIO PAa3TUYHBIX XMMHUYECKHX peareHToB [1, 2], 9To mo3BOISIeT parioHaIbHO
WCIONB30BaTh W3MENWA M KOHCTPYKIMM Ha HMX OCHOBE B  YCIOBHUAX
OJTHOBPEMEHHOTO JICHCTBUSI HArpy30K M BBICOKOArpeCCHUBHBIX (akTopoB 0Oe3
JIOTIOJTHUTEIbHOM 3alIUTHI.

Kak mokas3piBaeT mpakTWKa OJKCIUTyaTallkd MHOTHX IPOMBIIIJICHHBIX
MPEATIPUATHN, 3aIMUTa CTPOUTETHHBIX KOHCTPYKITUH XUMUYECKUMHU TTOJTMMEPHBIMHU
MOKPBITHUSIMH BO MHOTHX CIy4asx He 00ecreurBaeT HeoOXOqUMOM HAJASKHOCTH H
JIOJITOBEYHOCTH COOPY>KEHU.

B cBs13u ¢ 3THM B caMbIX pa3HOOOPa3HBIX OTPACIAX MPOMBIIIICHHOCTH BCE
OLIyTUMEH CKa3bIBaeTCs OTCYTCTBHE CTPOUTENBHBIX MAaTepHUalioB, KOTOpHIE
codeTasy Obl XUMUYECKYIO CTOMKOCTh C IPOYHOCTBIO U JOJITOBEUYHOCTHIO.

K omHuM U3 TaKMX MaTepHaioB OTHOCATCS COCTaBhI IILTAKOIOIIMMEPOETOHOB
(OIIB) [3, 4] ucmonp30BaHWE KOTOPBIX IO3BOJSET MPHUITUITHAIHHO MO HOBOMY
PEINTh BOMPOCH! HAZIGKHOCTH U JOJITOBEYHOCTH MPOMBIIIICHHBIX MPEANPUITHIA B
YCIIOBHUSX BO3JEHCTBUS Pa3IMYHBIX arPECCUBHBIX CPE]I.

HccnenoBannioo XUMHUYECKOW CTOMKOCTH TOJBEPraliiCh ONTHMAaJIbHbIE
cocrappl IIIIb w® xomMno3uuuii, UEIBIO KOTOPOrO SBUJIOCH IIOJY4YEHHE
KOJTMYECTBEHHBIX TIOKa3aTelneld CHUKEHUS IMPOYHOCTH B BBEIOPaHHBIX Cpenax,
SIBISIFOLUXCSL KPUTEPUEM XUMHUYECKON CTOMKOCTH.

OmneHka CTOMKOCTH  HMCCIEIyeMbIX  KOMITO3HUI[MOHHBIX  MaTepHaoB
MPOBOAMIACE 1O  OOMICYTBEPKICHHOH METOJMKE, pPAacHpoCTpaHsSeMoi Ha
XAMUYECKU CTOHKHE OETOHBI, MPUTOTOBIEHHBIC HA OCHOBE (PYpaHOBBIX, (hypaHO-
STOKCUIHBIX, MOMU3(QUPHBIX, KapOaMUJHBIX, aKPHIJIOBBIX CHHTETHYECKUX CMOJL,
COTJIACHO KOTOPOH OCHOBHBIMH KPUTEPUSAMH CTOMKOCTH SABIISIOTCS H3MEHEHHE
Macchl W TPOYHOCTH, KaK OIpPEACISIONNE CBSI3b MEXaHWYeCKUX U (pu3uKo-
XMMHYECKUX CBOMCTB MaTepuaia.

PesynbraTel AMUTENBHBIX HCHBITAHUN HCCIEAYEMBIX MaTepuajoB B BUJE
CpeIHMX 3HAYCHUH KOA((DUIIMEHTa XMMHYECKOH CTOMKOCTH 00pasioB-0ajgouek ¢
pasmepaMu CTOPOH 4%X4X16 cM B KOJIMYECTBE TPEX, OMPEACIIEMOr0 OTHOIICHUEM
WX MPOYHOCTH Cpazy K€ IMOCIe N3BJICUCHUS U3 arPeCCUBHBIX CPell K KOHTPOJIbHBIM,
a TaKKe U3MEHCHMSIMH MACChl, IIPUBEICHBI B Ta0nIax 1-4.
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Tabauua 1
3nauenue kodddunumenta croikoctu B cpene 5% GpocdopHoil KUCIOTHI
Martepuan Beinepxka, cyt
30 60 90 180 270 360 390
Komnozumms Ha
OCHOBE:
- muputHeX | 0.99 0.99 0.98 0.97 0.95 0.94 0.94
Or'apKoB; +0.06 0.07 +0.09 +0.10 +0.12 +0.14 +014
- KkorpenbHoi | 0.98 0.97 0.96 9.50 0.93 091 0.89
TIBLIH, +0.07 +0.09 +0.10 +0.12 0.13 +0.15 +0.16
- [ITb 0.98 0.96 0.95 0.94 0.92 0.90 0.89
+0.08 +0.09 +0.11 +0.12 +0.13 +0.15 +0.15
Tabauna 2
3nauenus koddunmenTa croikoctr B cpene 10% mienodn HaTpus
Martepuan Beinepxka, cyt
30 60 90 180 270 360 390
Komnoszumus Ha
OCHOBE:!
- HUPUTHBIX 0.97 0.95 0.92 0.90 8 0.86 0.83
OrapKoB; +0.05 +0.07 +0.10 +0.12 +0.14 +0.16 +017
- KOTpEJbHOMI 0.94 0.89 0.83 0.71 0.69 0.62 0.67
TIBLIN; -0,04 -0.06 -0.07 -0.09 -0.1 -0.12 -014
- [IITb 0.96 0.94 0.92 091 0.8 0.87 0.88
+0.08 +0.10 +0.12 +0.14 +0.15 +0.17 +0.18

[Mpumeyanune: B uucnurene — KodpUIMEHT XMMUUECKOH CTOMKOCTH, B 3HaMeHaTele —

YBEIIMUEHHE — 3HAK «1+» WIM YMCHBIICHHE — 3HAK «-» Macchl 00pa3Iia 10 CPaBHCHHUIO C
MepBOHAYAIBHON MAacCOH, B 4aCTsX.

Tabnuua 3

3nauenune ko3 dunmenta cToikocTu B cpene 5% cepHOW KUCIIOTHI

Martepuan Brinepxka, cyt
30 60 90 180 270 360 390
Kommosurus Ha
OCHOBE:
- HUPUTHBIX 0.98 0.95 0.96 0.93 0.90 0.89 0.90
OrapKoB; +0.07 +0.08 +0.10 +0.11 +0.13 +0.15 +014
- KOTPEIbHOM 0.96 0.95 0.92 0.90 0.88 0.86 0.85
TIBLIH, +0.07 -0.09 +0.10 +0.13 +0.15 +0.16 +0.17
- [IITb 0.97 0.95 0.92 0.90 0.89 0.88 0.86
+0.06 +0.08 +0.09 +0.10 +0.12 +0.15 +0.15
Tabnwuia 4
3naueHunst K03 UIMEHTa CTOMKOCTH B cpenie 5% CONSTHOW KUCIIOTHI
Marepuan Boiaepikka, cyt
30 60 90 180 270 360 390
Kommosumus Ha
OCHOBE:
- mwmputHeX | 0.97 0.95 0.92 0.91 0.90 0.88 0.86
OTapKoB; +0.06 +0.07 +0.08 +0.11 +0.14 +0.16 +016
- xorpembHO# | 0.95 0.93 091 0.90 0.87 0.84 0.80
TIBLIH, +0.07 -0.08 +0.10 +0.11 +0.13 +0.16 +0.18
- [IITb 0.95 0.94 091 0.84 0.80 0.81 0.77
+0.04 +0.06 +0.07 +0.10 +0.12 +0.14 +0.12

[Mpumeyanune: B uucnurene — K03 UIMEHT XMMUUECKOH CTOMKOCTH, B 3HaMeEHaTele —

YBEITMUCHHE — 3HAK «1+» WM YMCHBIICHHE — 3HAK «-» Macchl 00pa3Ia 10 CPaBHCHHUIO C
MepBOHAYAIBHON MacCOH, B 4acTsX.
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Hns WCIIBITAaHUM ObLTH TIPUHSTHI ONTHUMAaJIbHbBIE COCTaBbI
MOJTUMEPMUHEPATHHBIX KOMIO3UINI C HAMOJHUTENSIMHU: MUPUTHBIM OTapKOM H
KOTPENBbHOHN IBUIbIO M ONTHMAJbHBIN COCTaB NUIAKONMOAMMepOeToHa. McibITaHus
NPOBOMMINCH B S5%-HBIX pacTBOpax CEPHOM KHCIOTHI, COJITHOW KHCIOTHI H
dochopHoit kucnmorel, a Take B 10%-HOM pacTBOpe mienoyn HATpus. Takas
KOHIICHTpaIys OblIa MPUHATA KaK HauOoJiee 4acTO BCTPEYAIOIIAsCS arpecCHBHAS
cpena, MpHCyIas 3aBOACKIM YCIOBHIM.

PesynpraThl MCHBITAHUN CBHJETEIBCTBYIOT O BBICOKOM XMMHYECKON
CTOMKOCTH MCITIBITYEMBIX 00pa3IoB MO CPAaBHEHHIO C TAKUMH Ke MaTepHajlaMd Ha
MIPUPOIHBIX KAMEHHBIX 3aITOTHUTENAX.

Haunbonee BbICOKMMH TMOKa3aTeNIMH XHUMHUYECKOHW CTOHKOCTH OTIHMYAIOTCS
Bce cocTtaBel B cpenae (ocOpHOH KHCIOTBI, 4YTO BEPOSATHO OOBSICHICTCS
XHUMAYECKOW MPHUPOJOH COCTaBa HAITOTHUTEIS. XpaHEHHUE 00pa3IoB HCCIEAYEMbIX
MOJTUMEPMUHEPATBHBIX ~ KOMIO3MIMM B  TEYEHWHM TOAa  MPHUBOAUT K
HE3HAYUTEIbHBIM W3MEHEHUSM MPOYHOCTH OTHOCUTEIBHO MPOYHOCTH 00pa3IoB
BbiiepkaHHbIX 90 u 180 cyr. CnemoBarenbHo, GocdopHas KHCIOTa HE ABJIACTCS
arpecCUBHOM Cpemoi i MCCIASHYEMbIX KOMIIO3MIIMMA, 00CCIIeYrBasi TEM CaMbIM,
OTCYTCTBHE KaKUX JIHOO IPHU3HAKOB KOPPO3HUH U pa3pyIlCHHS.

Bbicokre TONOXUTENbHBIE PE3YNBTATHl  MOKa3alH TaKKe 0O0pasilbl
noJIMMepMuHepaIbHbIX kKomnozuiuu u 1116 B cpenax cepHOR U COASIHON KUCIOT.

Hambonee arpeccuBHOW cpemoil 1O pe3yiabTaTaM HUCIBITAHUN s
HCTIBITYEMBIX MaTepUalIoB siBMIach cpena 10% 1menoun HaTpus, 4TO B OOIIEM-TO,
COrJIacyeTcs C TUTepaTypPHBIMU JaHHBIMH [5].

HeiictBue memoun Ha kommnozunmu u LI sBusercs pesynbraTtoM
a0COpIIMOHHOTrO 3(QeKkTa TBEPAbIX T, a TaKXKe XUMHYECKUX IPOIIECCOB,
MPOUCXOAANMX B pe3yibTaTe 00pa30BaHHs HU3KOOCHOBHBIX THUIPOCHINKATOB H
THJIPOATIOMIHATOB KaJbIUS TOOEPMOPHUTOBOM TPYIIbI, YTO OCOOCHHO BHJHO Ha
COCTaBax C KOTPEIbHOM MBUIbIO U TUPUTHBIM OTOPKOM.

Ananmusupys pe3yiabTaThl HCCIeNoBaHUS KopposuitHoi croiikoctu LIIIB,
KapKac KOTOPOTo MPEACTABISIOT 3epHa MIOTHOTO GopchopHOro nniaka Gpakiuu
5-10 MM, a MeX3epHOBOE MPOCTPAHCTBO 3AIOJHEHO 3€pHAaMHU IIJIOTHOTO
¢dochoproro nutaka dpaxipu 0,14...5 MM, CBSI3aHHBIX MEXIY COO0H MacTHUKOW Ha
OCHOBE CMOJIBI M MOJIOTOTO TUIOTHOT'O (ocdopHoro muraka ¢pakiuun Menee 0,14
MM, MOXHO 3aKJIIOYUTH CIEeTYIOIIee:

- BbIcOKME ImoKazatenu crodkoctn IHIIb B wuccnenyemslx cpemax
obecrieunBaercss MOHOIUTHOCTBIO KOHTJIOMEpaTa, a TakKKe ONTHMAaIbHBIM
TPaHyJIOMETPUUECKUM COCTaBOM;

- cozepKaluecs MUHeEpalbHbIe (a3l KOMIOHEHTOB (hocOpHOro mIIaKa,
BCTynas B XHMHYECKOE B3aMMOACWUCTBHE CO CBS3YIOIIMM B 30HE KOHTAKTa,
CIIOCOOCTBYIOT TMOBBIIICHHIO TJIOTHOCTH W MPOYHOCTH CIICTUICHHS CMOIBI C
HATIOJIHUTEJIEM, CBSI3YIOIIETO C 3allOJTHUTENIEM. DTOMY K€ CIIOCOOCTBYIOT Pa3BUTAS
MOBEPXHOCTh TOHKOIMCIEPCHOI'O0 HAIOMHUTENS U IIepoXoBaTas MOBEPXHOCTb
3epeH KPYIHOrO 3alOIHUTENS, YTO MOATBEPXKIAeTCS pe3yIbTaTaMU HCCIeIOBaHU
MHUKpoTBepaocTy komnosuuuu u HII1b Ha ee ocHOBE.
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AT'PECHUBTI OPTAJIAPJATBI HOJIMMEPMUHEPAJI/IbI
KOMITO3NLUAJTAPABIH XUMUSAJIBIK TYPAKTBIJIBIFBIH BAFAJIAY

Typai arpeccuBTI OpTajapAarbl MOJMMEPMUHEPAIbI KOMIT3HIIUSIIAP/IbI
cblHay HoTmxkenepi kentipinreH. CblHAK HOTHXKENEpl MUIAKOMOIUMEPOETOH
yirinepiHiH 06acka Ccoll CHUSKThI MaTepuaJlapMEH CalbICTBIPFaHa XUMHSITBIK
TYPaKTBUIBIFBI )KOFaphl €KEH/IIrH KOpCeTeIi.

Tyiiin ce3mep: monuMepMUHEPaIbl KOMIIO3UIHMSLIIAP, arPECCHBTI opTaiap,
XUMUSUIBIK TYPAKTBUIBIK, IIEMEHTT1 OipIKTiprilll, NUIaKoIoIuMepOeToHaap.
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EVALUATION OF CHEMICAL RESISTANCE OF MINERAL POLYMER
COMPOSITIONS IN AGGRESSIVE ENVIRONMENTS

The results of tests polymer mineral compositions in various corrosive
environments are presented. Test results indicate a high chemical resistance of slag
polymer concrete samples compared with the same materials in the natural stone
aggregates.

Keywords: polymer mineral compositions, aggressive environments,
chemical resistance, cementitious binders, slag polymer concretes.
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KOBIKKEPAMMKAJIBIK MATEPUAJIIAPJBLI OHJIPY KE3IHJE
KOCIHA PETIHJE KYKA JUCIEPCTI OHEPKOCII KAJJABIKTAPBIH
KOJIJAHY

KeOikkepaMukalblk ~ MaTepuayap[bl  OHIIpy  Ke3iHAe  IKbUIYOKIIAyTaHFaH
KacheTTepi 0ap KeyeKTLTiri »orapbl KepaMHKAJbIK MaTepHajiap eHIIpy Ke3iHAe KEeYeKTi
KYPBUIBIM TY3YyIiH Ta3Ty3TIIITIK, KOOIKTY3TIIITIK, JKAHFBIII *oHE Oacka Ja Kocmaaap.sl
SHTI3Y/IIH 9PTYPJIi 9JiCTEPiHIH KOJINAHBUTYBI KAPaCThIPBUIFaH.

Tyiiin ce3mep: XbUTyOoKIIaynaHFaH KacHeTTepi 0ap KEeyeKTLTiri jKOFapsl
KepaMuKa, KoOIKTI KepaMUKaJIBIK KipIill, (OoCHOTrHIICTI MaTepraniap.

Kasipri 3amManfbl TYpFbIH Yi JKoHe Oacka Ja KOFaMIbIK FUMapaTTap.IbiH
KYpBUTBICBI THIMJII KYPBUIBIC MaTepuaijiapblHa (KbUTyOKIIAyJdaHFaH Oepik,
SKOJIOTHSJIBIK JKOHE BICTBIKKA TO3IMJII MaTepHhajjiapra), COHAal-aK OJapJbl
HIBIFapy/ia ONapJblH camackl MEH acCOPTHMEHTIH apTThIpyFa MyKTax. KaObipra
MaTepHaIapbiH eHaipy OolibiHIma Ka3zakcTaHHBIH KONTereH 3aybITTapblHAa dJICi3
MHKi3aT 0a3achlHBIH calJapblHAH OHIMAEPIAl OHIIpY YIIH (U3HKAIBIK-
MEXaHHUKAIBIK KACHETTEPiH JKaKcapTy MAaKCaThIHIA >KaHA TEXHOJIOTHSIIAP/IbI
TYPAaKThI 137yl KaXKeT eTelll yKOHE OJapJIbIH JKbUTYy CakTay KacHeTTepiHe 0achiM
Haszap ayJapbuUiajibl. 3epTTey VIIIH Kelemieri 0ap OarbITTapablH Oipi KEeyeKTLIiri
KOFapbl KepaMHUKaHbBIH TEXHOJIOTUSICBIH JKacay OOJbIN TaObLIa/IbL.

XKrputyokmiaynanraH Kacuertepi 0ap KEyeKTLNIri KOorapbl KepaMHKAIbIK
MaTepHaniap OHAIPY Ke3iHAe KEeyeKTi KYpbhUIBIM TY3YAiH — Ta3TY3TillTiK,
KOOIKTY3TIIITIK, daHFBIII koHe 0acKa Ja Kocmajlapabl eHIi3yIiH apTypiii aaicTepi
KoJaHblIaabl. KeOIkTy3rimn o/1iciH KoNIaHy Ke3iHae KeYSKTUTIK JopeKec Koraphbl
Maiijia KaObIK caHbUIAyJdapra Kol KeTkizyre Oomaabl. KeOiKTi KepaMHKabIK
KIpImImTi aixy YIOIH KeHIHeH TaparaH Talilbl OONMAaMThIH MIMKi3aTTap, SIFHU ca3
JKBIHBICTAPBIH, Ca3Jibl TOMBIPAKTHI KOJAAaHyFa a0/1eH Ooazpl [1].

OHBIH MaHBI3IBUIBIFEI OCTTIK-O€JICEH Al 3aTTapibl CYJIbl EPITIHAIMEH OHILY
Ke3iHJe alblHFaH, ca3/bl CycleH3WsIMeH (IIUTMKEp) JKOHE JXeKe JNaibIHaaFaH
KOOIKTI apanacTbipy OONBIN TaObLIAIbI.

Ke0ik KepMHUKaJbIK TEXHOJOTHUSHBIH MaHBI3[AbBl MAceleNepiHiy Oipi OHbBI
NUTMKEPMEH apanacTbipy Ke3iHae Oy3bUIMaNTHIHIAN TypakThl KeOiK aixy OOk
TaObutapl. KyiiFaHHaH KeifiH KYpBhUIBIMIIBIK OEpIKTIriH KaJbIITACTBIPY CAThICHIH/A
KOOIk KepaMUKAIBIK MACCACHIHBIH TYHOACHl MOJIIEPIH TOMEHICTY YIIiH KENTipy
KE3CHIHJE oHE KOOIKT1 caHbLIayJlaHFaH MacCaHbl KaJbIlITayda SpPTYpJl KyKa
JCTIEPCT]  MUHEpaNJBl  KOcmajaplbl HeMece OHEPKACINTIK  KaJIBIKTap/Ibl
KOJIaHabl. DKOHOHOMMKAJBIK JKaFblHAH KeJemieri 0ap amicTepaiH Oipi KipIir
TEXHOJOTUSACHIHAA KONJAHBUIATBIH KOCBIMIIIA XKaOBIKTapAbl Malaananyabl KaKkeT
STICHTIH JKOHE IIaMajibl OHJICYAl Tallall €TeTiH, KYKa JHMCIIEPCTI ©HEPKACII
KaJJIaKTapblH KOJJaHy OonibIn caHanmaael. MyHnai kamgakrapra (ocdorurnc,
KepaM3HT OHJIPICIHIH KYHAipiIMereH jkKoHe KyAipuireH To3aHaapbl xkatanpl. Cas
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Herizingeri ke0ikcaHbLIayIbl MaccaHblH TyHOachl 30-35%-ra TeH Oosca, 10-20%
¢docdorurncri eHrisreHHeH KeliH TyHOaHbIH Medepi 15-20%-1p1 Kypanpl. A,
ca3Jpl TOMBIPAK HEri3iHaeri koOiKCaHbLIAYJIbl MacCaHbIH TYHOAChl 35-40%-Fa TeH
6onapl, 10-20% docdorurcti eHrisreHHeH Kelin TyHOaHbIH Medepi 20-25%-Fa
KETTI.

Kyiinipinren eHiMaepHiH KaeTTi OepiKTiriH KaMTamachl3 €Ty YIIiH
CaHBUIAy apajblK KOpIIAynapblH JKaKChl JKaHACYbl JKaFJaiblH  TYHIBIPY
MaKcaThIH/Ia MacCaHbIH KypamblHa Kocmanap (TUIaBHH) KepaM3WUT OHJIpICiHiH
KYHIIpiIMEereH S>KkoHe Kyiaipiired Tto3aHmapbiHbH 2-10%-abIK  Meumiepiepi
eHriziiai. To3anmapabiH Kypambiaaa 8% aeiiin Fe,O; GonranapIkTaH, 0J1 OCPIKTIK
KACHETiH JKOFapbUIaTyFa KabineTTeHmiperin kBapuTi cyitsik dasamza 800-1000°C
TeMIlepaTypa HHTEpPBAIBIH/IA XKOHE Jlaa IMaThIMEH JKaKChl KOPBITIA TY3€/Ii.

KeyekTi kepamuKanblK ©HIMAI JadbIHIAy YIOIH Kejeci IIHMKI3aTThIK
MaTepuaiiap KoJJaHbLIaIbl: Ca3/bl TOIbIpaK, Gocoruic, kepaM3uT eHAIPICIHIH
KyHIipiIMereH xoHe Kyhaipinren Tozagaapsl, [10-6HIT mapkasbl keOIKTY3riml.

Kyiipipinmeren To3aH — METOMOP(OUKANBIK KbIHBICHI OOJBIN TaOBUIATHIH,
Kypambiaa kBapil (Si0,) miuta Hemece ruapomyckoBuT K[(AIFe)OH], AlS;0,
kaomuHUT AlLO;2Si0,2H,, mananeik mmat (HsiAlOg-CaSi;Al,O3), remaTtur o-
Fe,O5xoHe Oacka 1a KocrajiapiaH TYpaThiH, AJEKCYC K€H OPHBIHBIH MalgaJaHFaH
TaKTa Tac OHIMI.

Kyiinipinren to3aH — MyJUTUT, KBapll, TEMAaTHT HETi31HEH TYpaThIH KOHBIP
TycTi OeflopraHiKaIbIK MaTepran OoJbIN TadbuIa s [2].

®ochorumnc — pochoputren IKCTpaKIHOHIBI HOCHOP KBIIKBUIBIH OHIIPY
Ke3iHJe ayiFaH jkaHama eHiM. DochoruricTiy aitapibikTaii Memmepid ¢y (50%-ra
JeliiH) KypalThlH uIaM TypiHae amanpl. JKyka mucrepceti KatTel ¢asa xone 90%
enemaepi 80 MKkM OONaThIH OeJIIIeKTepi Oap.

[ukizaT MaTepuaIapbIHbIH XUMHSIIBIK Kypambl 1-1111 KecTeie KopceTireH.

Kecre 1
Marepuar . Meiepi, Mac.%
SlOz A1203 CaO MgO NazO Kzo P205 F Fe203 SO3

doc¢orunc (0,8-1,210,4-0,6 | 29-30 | 0,8-2 | 0,6-0,8 - 1,3-1,4/0,6 | 0,5-1 | 37-38
Kyi#inipinme- | 64-65 | 12-13 | 4-5 3-4 2-3 1,0-1,5 - - | 7-8 10,7-0,8
T'CH TO3aH

Kyi#inipinren | 65-66 | 12-13 | 4-5 3-4 |2,0-2,5|1,0-1,2 - - | 7-8 10,3-0,4
TO3aH,

KebikkepamuKkanbplk ~ Maccachl — TYHOACBIHBIH a3  MOJIIEPIH  JKOHE
caHblIayapaliblK KOpILayJapablH jKaKChl dKaHACYbl KaFJalblH KAMaTaMachl3 €Ty /¢
Ko0iHece YHTaKTBIH JKYKaJIBIFBIMECH [IHUKI3aTTBIK MaTepHuaiIapIbIH
IPaHyJIOMETPHSUIBIK KypaMblHa OalJaHbICTBI OonbIn keiemi. JKyka aucrepcri
OHEPKACINTIK KaJJAbIKTap IbIH IPaHyJIOMETPHSIIBIK KypaMbl 2-KeCTee KOPCETUIreH,
on nuamerpiepi 1; 0,63; 0,315; 0,14 MM OoNlaThIH €IEKTEP apKbUIBI €ISy K OIBIMEH
AHBIKTAIA b

Kecre 2
Marepuan Enexre xanran Kanabikrap, %
1 0,63 0,315 0,14 Memnee 0,14
or - 5 25 20 50
Ky#aipiaMereH 5 10 15 30 40
Ky#aipiiren - 5 10 25 60
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KypbUIBICTBIK CaHBLIAYJIBIKSPMUKAJIBIK OHIMII JafibIHaaY YIIIH IIUKI3aTTHIK
KOoCHanapbl JaiblHAay TEXHOJOTHSACHI KEIeCl MIMKI3aTTapIbl Ca3/bl TOIBIPAKTHI,
docdoruncri MarepuangapelH MalaanayaaH, KyHAIpUIreH »oHe KyWIipinMereH
TO3aHIapJaH KeOiKk IaWbIHIAyJaH, OHBI ca3Zbl TOMbIpakneH (ochorurmcies,
KYHZIpUITEH JKoHE KYHAIpUIMEreH To3aHJapibl apanacThIpyldaH Typaibl.
Haiipiaganran  kocnadbl  enmemaepi  390x190x190 MM GonaThlH — MeTaJlT
KaneinTapra Kyiaeik. Coman ketiin 100-120 °C 18 -24 carar apaJIbIFbIHA KEMTipiM
xoHe 950-1000 °C Temmneparypaza 12-15 carat apanbIFbIHia KYHIip/ik. 3-kecremne
3€PTTEIIHIeH KOocHajdapJblH HAaKThl Kypambl OEpuIreH, ail 4-KecTe eHIMIEpIiH
(bM3HKAIIBIK-MEXaHUKAJIBIK KACHETTEP1 KOPCETUITeH.

Kecre 3
3epTTeninreH KocnalapIblH Kypambl
Kypawmei, mac.%
Ne Komnounentrep 1 > 3
1 Caszpl TombIpak 79,9 79,8 57,7
2 docdorurnc 10 15 20
3 Kyiinipinren KOHE 10 5 2
KYHIIpiIMereH To3aH
4 I1O-6HIT xe06ik Ty3ri 0,1 0,2 0,3
Kecre 4
OHIMHIH (QU3HKaTIBIK-MEXaHUKAJIBIK KACHETTEP1
Oprama Coiry Cy Asizra
Kypambl |  THIFBI3ALIFBI Ke3iHgeri CIHIPTIIITIr], | TYPaKTBUIBIFHI,
Kr/M> Oepikriri, MI1a % LUK
1 820 9,2 22,2 50
2 860 10,3 21,2 50
3 890 11,9 19,6 50

CoHbIMEH, KyKa JUCIepcTi eHepkacinm KanaslkrapbiH (dochorurmc,
KEepaM3HT OHJIPICIHIH KYWIIpUIreH >XoHE KYHIIpiIMereH To3aHAapblH) KOcra
peTiHIe KOJIIaHBII KOHE KEeHOIp TEeXHOMOTHIIBIK TACUIAEP/IiH KOMETIMEH opTalia
THIFBI3ABIFRL 800-900 Kr/M° GONATHIH OHE JKOFAphl KEyeKTi KoOiKKepaMUKabIK,
KBUIyOKIIayJlaHFaH ©HIM anmyra Oonmaabl. AJBIHFAaH — KOOIKKepaMUKAaIbIK
MaTepHaiapbl KONKa0aTThl ©HIM KYPBUIBIMBIHJA, INATBHIPIBIK >KaObIHIAp/a
KoJijaHyFa Ooiajabl KoHE Oacka Ja TYpFbIH YH MeEH KOFaMIbIK FUMapaTTap
KaOBIpFaJIapbIHBIH KbUTY YCTAFbIII KACHETIH JKOFaphLUIaTabl.
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METOJAUKA OHEHKH BEPOATHOCTH BOSHUKHOBEHMS 1
PA3BUTHS ABAPUMHBIX CUTYAITAM ITPU DKCILTYATAIIAN
TUAPOTEXHUYECKHUX COOPY)KEHUM

HpeZ[CTaBJ'IeHa MCTOAMKA OHLEHKHW BCPOATHOCTH BO3HUKHOBCHUA W PpPa3BUTHA
aBapHﬁHLIX CI/ITyaHI/Iﬁ Ipu SKCILTyaTalluh TUAPOTCXHUYCCKUX COOpyXEHHfI. HpI/IBeI[EH
aHaJIM3 IPU3HAKOB PAa3BUTUA HapyHJEHHﬁ, Ha6op 9JICMCHTOB CHCTEMbl B BHUIAC
MMPpOCTPpaHCTBA IMPU3HAKOB W HUX TPYIIIL. Ha ocnoBanuu 06H_[I/IX CBOMCTB IIPU3HAKOB
IIPOLECCOB Pa3BUTHA HapyIJ_IEHI/Iﬁ BBIAIBJICHA UX 3aKOHOMCPHOCTDH U AHUAlla30H HM3MEHEHUH.

KiroueBble cjioBa: THAPOTEXHUYECKUE COOPYKEHHMS, HaJACKHOCTD, e eK-
ThI, aBapHH, OLICHKA, IIPU3HAKH, MOHUTOPHHT, 0a3a JaHHBIX, KJIacCH(UKaIIHsL.
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IIpu skcrutyatanvu TUAPOTEXHUUYECKUX COOPYKEHUU BCTpEdaroTcs 3adadd,
KOTOpbIe Ha COBPEMEHHOM YPOBHE pPa3BUTHs HAYKH HE MOI'YT OBITh ITOJIYUEHBI
TEOPETUYECKUM TyTeM, a pelleHne UX HacymHo HeoOxomumo. K Takum 3amauam
OTHOCSATCSA MPOOJEMBl HCCIICIOBAHUS IPOIECCOB BO3HMKHOBEHUS M Pa3BUTHS
aBapUMHBIX CHTyallMi Ha BOJOXO3AHCTBEHHBIX OOBEKTaX, YTO MPHBOIUT K
OonpuM yiepoam [1-5].

HeoOxoauma qOCTaTOYHO MOJHAS UCXOAHAs MHGOPMAIMS O HAPYIICHUAX U
MPUYMHAX X BO3HUKHOBEHHUS Ha THAPOTEXHUYCCKUX OOBEKTaX, a TAKIKE U3yUCHHUE
3aKOHOMEPHOCTEN Takux mpoueccoB. IIpHMeHssI M3BECTHBIE METOIBI pacyera:
JIETEPMUHUPOBAHHBIN, BEPOATHOCTHBIA, CTATUCTMYECKUM, OKCIIEPTHBIA, W,
oOpabaThiBasi HCXOAHYIO HMHGpOPMAIMI0 00 3KCTPEMAaNIbHBIX, CIIydalHBIX
Harpyskax, o e ekrax o0opyIoBaHuUs, HEAOCTATKaX CTPOUTEIbHBIX M MOHTAKHBIX
paboT, HemopaboTKax NPOCSKTa, VYIOYIICHUAX TMPH IKCILUTyaTalldd MOXKHO
MPEUIOKUTh KPUTEPUU OLIEHKM HAJISKHOCTH U KIacCH(UIMPOBATH IPOIECCHI
Pa3BUTHS aBapUIHBIX CUTyaLlU.

Hccnenys BBIOpaHHYIO CUCTEMY THIPOTEXHUYECKUX OOBEKTOB OJMHAKOBOI'O
Ha3HA4YCHHUsI, pACCMOTPUM TOJIBKO BOIIPOCHI, CBSI3AHHBIC C aHAJIU30M U BEPOATHOU
OLICHKOW YPOBHSI HAJIGKHOCTH TUAPOTEXHUUECKUX COOPYKEHU.

BBenem moHsATHE NPU3HAKOB, KaK XapaKTEPHBIX OCOOCHHOCTEH, KOTOPBIMHU
TaKkhe MPOLECChl OTIMYAIOTCS APYyr OT Apyra. byaem cuuTaTh 3TH NpU3HAKU
HE3aBUCUMBIMH JIPYT OT APYyTa.

1 2 3 i n
M=x,x",x",..,x,..,x", €))

rae: M — MHOKECTBO BCEX BO3MOXKHBIX IMPOIIECCOB HapymieHui (0OImuii ps Beex
MPU3HAKOB); /M — YWCIO TPU3HAKOB Pa3BUTHS  aBapHIHBIX  CHUTyalluil;
i=12,3,...,n,i - IpU3HAK MPOLIECCOB PA3BUTHS ABAPHITHBIX CHTYAIil — X' .

B ocHoBy kiaccuukaiuy u3ydaeMbIX IPOIECCOB IOJIOKHUM BBIACICHHE
KJIACCOB C OJMHAKOBBIMH 3HAYCHUSIMHU IpHu3HaKoB. OTMeTHM OOIKME CBOMCTBa
BBEICHHBIX IPU3HAKOB IPOIIECCOB PA3BUTHUS ABAPUMHBIX CUTyallMd B CHCTEME
OQHOTUIIHBIX 00BEKTOB.

BenuurHbI, KOTOPBIMH XapaKTEPU3YIOTCS MPU3HAKH, MOTYT OBITH JIHOO
YUCIICHHBIMHU, JIMOO KauecTBeHHBbIMH. CJIeOBaTEIbHO, MPU3HAKK MOT'YT OBIThH
KOJIMYECTBEHHBIMHU (IMCKPETHBIMU WJTH HETIPEPHIBHBIMU ) MJIM KA9€CTBEHHBIMHU.

BaxHbIM CBONCTBOM NpU3HAKa SBJISIETCS JMaNa3oH W3MEHEHUs €ro

3HayeHuid. [IycTh mpusHaK X' — JUCKPETHBIM, XapaKTePHU3yOIIHICS 3HAYCHUSIMU
J', m3MeHsIOmMMHUCS B auanasoHe ot 1 go j, . Torma Bech HaOOp 3HAaYeHHIA,

MPUHUMAEMBIX STHM TIPU3HAKOM, OyJeT

i i i i i
x],xz,x3,...,x],i,...,xi . 2)

[Ipu 3TOM X', MOKET OBITH YHCIIOM, €CJH MPU3HAK KOMHMYCCTBEHHBIN, HIIH
J

MapaMeTpoM Ha KaUeCTBEHHOM IIKaJie MPU3HaKa, €CJIM OH KaUeCTBEHHBIMU.
AHaJOru4HO, B Cllydae HENPEPhIBHOIO MPU3HAKA X', BEJUYHHBI KOTOPOrO
MEHSIOTCSl B MHTEPBaJle HEeNpephIBHBIX 3HaueHni & or &' mo &, , ero 3HaueHUs

BBIPAXKAIOTCS HEMPEPHIBHOH (B YKa3aHHOM JTHana3oHe 3HaueHH) GpyHKImeit:
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x'(&). 3)

Ha ocHOBaHMM BBIIIEU3JIOKEHHOTO BCE BO3MOXKHBIE B PACCMATPHUBAEMOM
MHO)KecTBe M mpolecchl pa3BUTHS aBapUUHBIX CHTYyallMii MOXKHO pa30UTh Ha
OTHENbHBIE KJIACChl, BHYTPHM KOTOPBIX 3TH SBJICHUS  XapaKTEPU3YIOTCS
OJIMHAKOBBIMU 3HAYEHUSIMH [TPU3HAKOB

x} :const;(i:1,2,...,n;ji :1,2,...,j:nax). “4)

[lpuBeneHHass MeToquiKa CO3JacT CHCTEMY KiacCH(UKAIMH TPOIECCOB
Pa3BUTHS aBapUIHBIX CUTyaLlU.

Krnaccel knaccupukanuu ynoOHO IPEACTABIIATh TPapUUECKH ¢ ITOMOIIBIO
MOHSATHS MPOCTPAHCTBA TMPH3HAKOB IMPOIECCOB PAa3BUTHSA ABAPUHHBIX CHTYaIHA
WJIH C TIOMOIIBIO BETBSIICHCS CTPYKTYPHI («IepeBa) pa3BUTHS TAKHUX MPOIECCOB.

IMox mpocTpaHCTBOM MPHU3HAKOB OyZeM MOHWUMATh X - MEpPHOE (71 - YHCIIO
MPHU3HAKOB), MPSMOJIMHEHHOE, OPTOrOHAIBHOE MPOCTPAHCTBO, MO OCSIM KOTOPOTO

OTJIOKEHBI 3HAYCHHS xlj,. (nmu xl(é)). Takoe MPOCTPAHCTBO H300pa)KEHO Ha

pucynke 1.

Kaxnplii 7 - MepHBIH BIEMEHT TaKoro MPOCTPAHCTBAa OYAET ONpeneNsTh
IpynIly MPOLIECCOB Pa3BUTHS aBAPUHHBIX CUTYALlMM C OAMHAKOBBIMM 3HAYEHUSAMU
IIPU3HAKOB, PABHBIMHU 3HAYECHUSIM KOOPAHHAT 3TOT0 3JIEMEHTA

1 2 1
le = const,sz = const,...,x;i = const,...,x;,, = const . %)

Takoit  TOAXOM  TO3BONSET  TPEACTaBHTh BCe  MHOKecTBa M
paccMaTpuBaeMbIX MPOILECCOB B BUIC HaOOpa DJIEMEHTOB, KKIBIA U3 KOTOPBIX
COIICP’)KUT OJMH KJIACC TaKUX IPOIIECCOB IMPHU3HAKAMH, PABHBIMH KOOpAMHATAM
JTOr0 3JICMEHTA.

Xi
2.
4 i
}leax
\ x}i
/‘ﬁ::::::/jj‘
/7 X
70 7
//// | /??/ |  D-MEpHBIi dIeMeHT
S | S | mpoctpaHCcTBa
e ———m—— |  mpusHakoB
\
\
\

Puc. 1. luckperHoe 7 -MepHOE MPOCTPAHCTBO MPU3HAKOB aBaApUHHBIX CUTYyaLIUI
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3HanMe uana3’oHa  M3MEHEHUs  3HAYeHUuil x;,. = (]l :1,2,...,jinax)

T03BOJISIET BEIYUCIIUTL 00BbEM V/, BCEro 71 - MEPHOTO MPOCTPAHCTBA PU3HAKOB, T.€.

YHCIIO KITaCCOB MHOXKeCTBAa M TPOIIECCOB pa3BUTHS aBAPUITHBIX CHTYaIlHid
Vo= % o o g 6
n = Jmax " Smax T Jmax T Smax - ( )

1t mpocTOoTHl  Aaliee  pacCMOTPHM — TOJIBKO — ClIydaid  JIMCKPETHOIO
MPOCTPAHCTBA MPU3HAKOB.

BBenenne mpocTpaHCTBa MPHU3HAKOB OINpENeNieT KOOPIUHATHI KakKJIO0ro
aneMeHTa (Kjacca) 3TOr0 MPOCTPAHCTBA M TEM CaMbIM 3aaeT JTI0OYI0 TpYIy
IIpoUCCCOB pPa3BUTHA aBapI/IfIHLIX CI/ITyaI_[I/II‘/‘I, YTO IMO3BOJACT OCYIICCTBUTH
MaTEMAaTHYCCKOC MOACIIMPOBAHUEC onepaum‘/i C 3TUMHMU IIOHATHUSAMMU.

MHOXECTBO M3y4YaeMbIX aBapHHHBIX IMPOIECCOB B HMX PAa3BUTUH YIOOHO
MPEACTaBIATh B BHUJE MHOTOYPOBHEBOM BETBAIICHCS CTPYKTYphI («IepeBay),
Ka)kJjasi BETBb KOTOPOH yKa3bIBaeT HAIlpaBJIEHHE Pa3BUTHUS KOHKPETHOTO MpoIlecca.
[peanoxennas KiaccupUKAIUs TO3BOJSET OCTPOUT CTPYKTYPY, KOTOPYIO Jajee
OyJZieM Ha3bIBaTh «JICPEBOM» MPOIIECca Pa3BUTHS aBAPUHMHBIX CHTyalmi [3-5].

Takoe «mepeBo» (puc. 2) BKIOYaeT B ceOs BETBU, H300pakarollue BCe
BO3MOXKHBIC aBapuiiHbIE MpPOIEcChl. Tak Kak BBHIOpaHHBIC MPU3HAKU IPOIECCOB
HE3aBUCHMBI, TO BEIOOp MPH3HAKA JJISl IEPBOTO YPOBHS OMpPEENsiercs YA00CTBOM
OIMCAHMS IPOLECCA PA3BUTHUS aBAPUIHON CUTYALIMH.

[TycTh MpHU3HAKOM MEPBOrO YPOBHS BETBIIGHWS Oyner mpusHak X' . Torma
YHCIIO BETBEW 3TOro YpOBHA (KJIAcCOB MPOIIECCOB C ONWHAKOBHIMHM 3HAUYEHUSMHU

npusHaka X' ) Oyxer j, ., T.e. PaBHO YHCIy 3HA4YCHMii, KOTOPbIC IPUHUMAET 3TOT

MIpU3HAK.
Bropoii ypoBeHb BETBIEHHUS CTPOMTCS OT KaXkJ0H BETBH IIEPBOI'O YPOBHS,

HO y)K€ TI0 BTOPOMY Hpu3HaKy - X' . IIpu 3TOM Kaxkaas BETBb IEPBOrO YPOBHS

JeNUTCSA Ha j, . BeTBEi. 31ech j,  — YMCIO 3HAYeHWH mpu3Haka X' . O4eBUJIHO,

o0I111ee YHCII0 BETBEH BTOPOro YpOBHS OyIeT ]inax . ]inax .

[TocTpoeHue MOCIEAYIONIMX YPOBHEH BETBICHUS IPOUCXOIUT IO TAKOMY JKe
anroputmy. Tak, [1st Mpou3BoIbHOTO k -ro ypoBHs (1 < k < 1) nmeem BeTBieHHE
oT (‘]inaX ]inax yout jr(fa;])) BETBEH (k —1) YPOBHS, KXIBIH M3 KOTOPBIX AETUTCS
(k)

Ha j - BerBeil. CieqoBaTenbHO, 001IIee YNCTIO BETBEH Kk -ro ypoBHs Oyner

e jED ) (7)

Torga ymcno BeTBel Ha TOCICIHEM N-OM YPOBHE BETBJICHUS «JIEpeBa»
Oyxaer

AR R Lo B KU Ry A (8)

OueBnaHO, 3TO 00IIEEe YMCIO KIACCOB INPOIECCOB PAa3BUTHSA aBAPUHHBIX
CUTyallii, paBHOE B COOTBETCTBUU C Gopmynoir (8) dHcIy 3IEeMEHTOB

IPOCTPAHCTBA NMPH3HAKOB V.

128



Mexanuxa >cone mexnonozusanap

Mexanuxka u mexnonozuu 2016, Ne2

ISSN 2308-9865

Mechanics & Technologies

awaround yonauLedonrowodrn en puneAno xigHundede kuLuaced goooamodu |, 080de7,, *7 YOHAIU]

YUITeALN) X19HUKdegeR

9HE0d A T0-()

guingsed 1900910d] |
_ _ _ — - = - - - ~ 7 qnos0dAWE-|
O BH
£0090dIT 0.I0MIORUIOIOHXIL , , DAL B4LOIREY
ALIdRLA HUIRIRLRAONI SN 0JOMIQhHUIOIOHXAL HIRIRERIOIT
§
T B N B ~ B - \waﬂ B B B —~ B qHog0dA 10-7
7 ::N I 7
I’ X
KUHRHOEII01I0T0d ¢ yuHarATodnoRdoTo" I | ! KHE0dA 0I0MOORHMHXOL ¢ BHHEOLJ0) 0I0M00hHH XA
7 BALIOOREN I IRERNOIT 7 BALIREN 9IALRERNOIT :M WA I 7 qIr LeERNOIT 7 qaraLeeeyon
II"
A Y F X
X L.
(U ) (K 8K ) (i ) (A ] (88 ) S| (I (ornl) () Cen ) (Con ] [ en
_ — i - 7 - - - - - ) - - - T~ - “qHog0dA-U
\4/» \4/ a.ﬂx Iy \4/ \4/
u u
[
Y

129



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

IIponiecc pa3BuTusi aBapUiHOW CUTyallUM MPEACTABISETCS B  TaKOU
BETBAMICHCS CTPYKType IIEPexXoJOM C OJHOIO YpPOBHS IpHU3HAKa IIpolecca Ha
npyroi. O4eBUIHO, KaXKasi BETBb TaKOW CTPYKTYPHI Ha JIFOOOM ypoBHE (BKIIOUas U
MOCTICIHUI /1 -i YPOBEHb) IPEACTABIISICT COOOM TPYIIIY H3y4aeMbIX ITPOIECCOB [5].

AHanM3Upyst AOCTATOYHO OOJIBIIOE KOJIUYECTBO JTUTEPATYPHBIX HCTOYHHKOB
MOXXHO CJIeJaTh BBIBOJ, YTO TMPOIIECC PA3BUTHS aBAPUUHBIX CHUTYAIlUHd TOHATHE
CiIydaiiHoe (BEpOSTHOCTHOE) M COUHCTBEHHBIM JIOCTOBEPHBIM HMCTOYHHUKOM
mojiydeHusl MHGOpMAIMK O XapaKTepe, MeCTe M NpPUYMHE aBapuil SBJISIOTCS
CTaTHCTUYECKUE JaHHBIC B PACCMAaTPUBAEMON CHCTEME OJHOTHUIIHBIX O0OBEKTOB CO
CBOMMH 3aKOHOMEPHOCTSIMHU U JIaria30HOM U3MCHEHUSI TIPU3HAKOB.
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I'UJIPOTEXHUKAJIBIK KYPBLIBIMIAPABLI HAWJIAJIAHY KE3IHJE
ANIATTBIK JKAFTAUJIAPABIH JAMYBI )KOHE TYBIHIAY
MYMKIHITTH BAFAJIAY DIICTEMECI

['uapoTeXHUKANBIK ~ KYpbUIBIMAAPABI  MaljgajaHy  Ke3iHAEe  amaTThIK
XKargalnapablH JaMybl JKOHE TYBIHJAYy MYMKIHIITIH Oaramay opjicremeci
YCBIHBUIIBL. benriiep MeH oNapablH TONTAPBIHBIH KEHICTITT TYpiHAE >KYHEHIH
3JIEMEHTTEP] JKMBIHBI, OY3BUIYABIH JAaMYBIHBIH OEIriIepiH Tagaybl KENTIPUIreH.
O3repy ayKbIMbl JKOHE OJIAPJBIH 3aHIBUIBIFBI OENriiiep MpolecTepiHiy Oy3bLTy
JAMYBIHBIH JKaJIIbl KACHETTEP1 HET131H1e aHBIKTAJIIbI.

Tyiiin ce3mep: TUAPOTEXHHUKANBIK KYPBUIBIMIAP, CEHIMILTIK, axaymap,
amaTrtap, Oarajay, Oenrijiep, MOHUTOPUHT, IEpEKTep 0a3achl, TONTACTHIPY.
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TECHNIQUE OF THE ASSESSMENT OF PROBABILITY OF
EMERGENCE AND DEVELOPMENT OF EMERGENCIES AT
OPERATION OF HYDRAULIC ENGINEERING CONSTRUCTIONS

The technique of an assessment of probability of emergence and
development of emergencies at operation of hydraulic engineering constructions is
presented. The analysis of signs of development of violations, set of elements of
system in the form of space of signs and their groups is provided. On the basis of
the general properties of signs of developments of violations their regularity and
range of changes is revealed.

Keywords: hydraulic engineering constructions, reliability, defects,
accidents, assessment, signs, monitoring, database, classification.
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DESIGNING OF VOLUMETRIC TYPE FUEL-WATER FILTER
FOR ANY SIZE DIESEL ENGINES

The article provides information about the most common methods for separating the
mechanical impurities and water out from fuel. The part of article is devoted to the
calculation of the design parameters of the fuel-water filters of any sizes. The results of
filters prototypes experimental studies are presented in the following part of this article.
General conclusions and recommendations on the usage of the fuel-water filters are given
in the end of the article.

Keywords: diesel fuel, fuel filtration, dewatering element, fuel-water filter.

1. Settling or sedimentation is the easiest method of fuels dehydration.
Removal of free water from the fuel is carried out by the deposition of water
droplets under the action of gravitational force into the settler.

The deposition speed of water particles in the gravitational field can be
determined from the next formula [1-6]:

*d2 % _
Vd:g v (P, pf)jm/s W

18% 1,

where g — the free fall acceleration, m/s*; d,.; — fhe diameter of water drop, m; p,,, Pr
— accordingly the density of water and fuel, kg/m’; Uy — the dynamic viscosity of
fuel, N*s/m>.

The formula (1) is an expression of Stokes' law for the case of deposition of
spherical water drops in a fluid with less density than water in laminar deposition
mode.

Stokes law is valid for steady state of fuel flow, that is in the case where
flow speed is uniform and flow acceleration makes zero. However, at the liquids
interaction surface due to the surface interaction between the water and the fuel
molecules the water moving within the droplet takes place. For this case the droplet
deposition speed can be determined by the formula [1-6]:

*dl, *(p, - +
y, =8 (Pv=Pp)  Hott, )

6% 4, 2% p, 3%,
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where u,, — the dynamic viscosity of water, N*s/m”.

According to the formulas (1) and (2) the most important factor in the
deposition of water drops is the diameter, as the deposition speed of the drops
varies in direct proportion to the square diameter of the drop. Other factors
influencing the efficiency of the drop deposition, are viscosity and density of the
fuel: the higher viscosity and density, the slower the speed of deposition of the
drop.

The dependence of the deposition time of the water drops on their size for
depth H is given by the next formula [1-6]:

t 18%u, * H
= ’S
g*dl(p,—p,)

)

where ¢, — the deposition time of the water drops, s.

As it is seen from the formulas (1-3) the deposition speed and time of the
water drops are determined by an intensity of the gravitational field, water and fuel
density, viscosity and the drop size. The intensity of the gravitational field in this
case is constant, thus the speed and the deposition time depends on the temperature
of fuel, the size of water drops, and the design features of the settler.

To evaluate the effectiveness of dehydration of diesel fuels by gravitational
settling theoretical deposition speed and deposition time of water droplets were
determined.

The deposition speed of the water drops was calculated for the different
brands of diesel fuels produced in accordance with GOST 4749-93 and GOST 305-
93 in the temperature range from 273 to 323° K.

There is shown the deposition speeds range defined by the formula (1),
depending on the drops diameters and the fuel temperature in the figure 1 [1-6].

7

10

10°

5

10

10°

3

10

10°

Deposition speed of the drop, s

10

10' 10° 10° 10°
The drop diameter, micron

Figure 1. Dependence of deposition speed of the drop from its diameter and
temperature of the fuel

Analysis of the data presented in the figure 1 shows that with an increase in
temperature of the fuel the deposition speed of the drop increases as the fuel
viscosity decreases.

The deposition speed is proportional to the square diameter of the drop, the
larger the drop size is, the higher the deposition speed is.
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The results are used in the calculation of deposition time of the drops in fuels
of different brands produced by petroleum refineries.

The deposition time of the drops by 1 meter of fuel height amounts to about
10* s according to the existing requirements [1,3].

The figure 2 shows the dependence of deposition time of the drops by 1
meter of fuel height. The figure 2 shows that according to the existing requirements
the total deposition of drops is possible when they are larger than 50 microns.
Drops with a size of 10-20 microns are depositing for a long time, and 5 microns
drops are not substantially depositing in the fuel as they are in a suspended state.
Therefore, settling is not possible to provide the complete removal of water from
the fuel storage tanks [1-6].

Deposition time of the drop, s

10" 10 10° 10
The drop diameter, micron

Figure 2. Dependence of deposition time of the drop to 1 m of filling from its
diameter and temperature of the fuel
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a—FP-25; b — FP-75.
Figure 3. Dependence of deposition time of the drops from its diameter and
temperature of the fuel in fuel prefilters (FP)

Efficiency of fuel dehydration in tractors using gravity settlers type FP
depends on the time the water drops spent therein.
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The water drops stay in type FP-75 settlers varies depending on its
throughput capacity and is equal to 40-100 seconds, and FP-25 — 30-90 seconds.
The figure 3 shows that only the drops larger than 150 microns are depositing in
the settling tanks. Droplets smaller than 150 microns will be captured by the fuel
flow and further will be gone into the fuel system [1-6].

Conclusions:

1. Theoretical studies of diesel fuels dehydration by gravity sedimentation
have showed that for deposition of the water droplets with sizes less than 50
microns makes long time is required.

2. Droplets with dimensions of 20 micrometers are stored in the fuel in
suspension for 10 hours or more, with the dimensions of 10 microns — more than 2
days.

3. Fuel prefilters used on diesel engines provide efficient removal of free
water drops which are larger than 150 microns.

4. Increase of cleanliness of diesel fuels in engines is possible through the
use of more advanced methods of dehydration.

2. Modern conceptions about the mechanism of dehydration of fuels by
coagulating porous layers.

In accordance with modern concepts the mechanism of fuels dehydration by
the coagulating layers comprises the following steps: approach and contact of the
water microdroplets with fibers; adhesion of water microdroplets to the fiber; fuel
displaces the water microdroplets from the surface of the fibers; coalescence of the
water microdroplets adhered to the fibers with the water microdroplets in the flow;
droplet detachment from the surface of the fibers; flow of the water-fuel emulsions
through coagulation layer; deposition of the water droplets into a settling tank [7].

Approaching and contact of the water microdroplets with the fibers.

There are three types of approach of the water microdroplets up to the fibers
and subsequent contact: interception (direct contact of the microdroplets with the
fibers), Brownian diffusion and inertial clash [7-12].

The effectiveness of interception of the water microdroplets can be evaluated
by the next formula [7-12]:

o 1
"7 2%(2—InRe)

12*(1+K)*In(1+K,) + (1)

1+ K

d . . . . .
where K, =—" — the coefficient of interception; d,, — diameter of microdroplet,
A
m; dy— diameter of fiber, m; Re — Reynolds number.

The Reynolds number is defined as [7-12]:

p,*d,*V,
4*uf

Re = 2

where p,— the density of fuel, kg/m’; V;— the speed of fuel flow, m/s; u,— viscosity
of fuel, m%s.
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Analysis of the formulas (1) and (2) shows that the effectiveness of
interception depends on the diameter of fibers and droplets: the smaller the fiber
diameter and more droplet diameter, the greater effectiveness of interception. With
increasing of the flow rate the effectiveness of interception also increases.

The efficiency of the diffusion interaction between the water droplets and the
fibers can be evaluated by the next formula [1,3,7-12]:

1
ED:2,16>{ - ! T* 1*) 3)
2*(2-InRe) | ¥, *d,

where D — the coefficient of diffusion.

Formula (3) shows that the efficiency of diffusion decreases with an increase
of flow rate, the droplet diameter and the fiber diameter.

The effectiveness of the inertial collision of the water droplets to the fiber is
determined by the formula [1-3]:

K’
"R +1,54% K2 +1,76

4)

where K; — the coefficient of inertial force.
The coefficient of the inertial force can be calculated by the next formula:

PPV, *d,
0%, *d,

)

Analysis of equations (4) and (5) shows that the effectiveness of the inertial
clashes increases with decrease of fiber diameter, the density and dynamic
viscosity of the fuel, and at increase in the droplet diameter and the flow rate.
Naturally the inertial clash is of little importance in the approach of the drop.

General patterns obtained when considering the efficiency of interaction of
the water microdroplets with individual fiber are valid for the layers of fibers,
although it is very difficult to evaluate the overall efficiency of the water drops
approach to the fibers located in the coagulating layer, as the fibers are arranged
randomly in the layer.

It should be noted that an increase in the density of the fibers locations in the
coagulating layer the interception and diffusion efficiency is increased, and for the
interception this increase is more than for diffusion. The effectiveness of all kinds
of interactions of the water drops with fiber decreases with the decrease of
temperature. Especially inertial clash efficiency decreases as the coefficient of the
inertial forces is directly proportional to the density of water and fuel and back
proportional to the fuel viscosity [1,3,7-12].

The effectiveness of diffusion depending on temperature is more
complicated, since the diffusion coefficient is in direct proportion to the absolute
temperature and in inverse proportion on the fuel viscosity and the Reynolds
number.

Thus, the interception is the main type of approach and contact of water
droplets to the fiber. Inertial clash is not significant in this process and the diffusion
can promote the clash of very small water droplets with the fibers.
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Displacement of fuel from the surface of the fiber.

Adhesion of the water microdroplets to the fiber can occur only when there
is no fuel in between them. Therefore, a water drop must displace the fuel from the
fiber and moisten it. This process depends on the fiber surface properties.

Fuel is rather easily displaced from hydrophilic surfaces (glass, cotton), is
much more difficultly displaced from hydrophobic surfaces which are having low
surface energies (teflon, polyethylene) [1, 3, 7-12].

The fuel displacement process begins with the reduction of the thickening of
the fuel. The low-viscosity fuels thickening can male less than 0.5 microns. When
coalescence the time period between contact of the droplet with the fiber and the
breaking of the fuel stream can make several seconds and even several minutes.

It was found that the fuel stream run-off from the fiber is proportional to the
water droplets radius multiplied by 165, i.e. the time of fuel stream run-off in the
initial period when water droplets are small does not cause a significant impact on
the duration of their joining to the fibers or other droplets delayed by fibers. Later
the time of fuel draining increases as coagulated water makes big drops, and for the
fuel stream removing much longer time intervals are needed than to the water
microdroplets contained in the initial fuel [4].

The adhesion of water droplets to the surface of the fiber.

After the displacement of the fuel stream from the fiber the process of
adhesion of the water droplets to the fiber surface begins. The adhesion of water
droplets to the surface of the fibers of coagulating layer occurs by reducing the free
energy at the interface of three phases.

So that to determine the effect of various factors influences on the adhesion
of the water droplets to the fiber surface this process is usually treated on a flat,
spherical and cylindrical surfaces [1].

In three-phase systems, surface free energy at the interface between a liquid
and a flat solid surface in the equilibrium state is [1, 3, 7-12]:

F=0*S,N (6)

where o — liquid surface tension, N/m; § — the area of contact between the liquid
and the solid surface, m”.

A spherical water drop spreads on a flat solid surface and reaches the
equilibrium state with the contact angle 6 after the contact (see the figure 4).

Thus we have the relation [1,3]:

Us—f —O0, = Gw—f *0 (7)

where o4, 0;.., 0,.r— the interfacial tension accordingly at the interface «surface —
fuel», «surface — water» and «water — fuel».
The free surface energy at the interface basing on the formula (6) [1,3,7-12]:
- before the adhesion:

F=0,,*S,+0,,*S _,.N (8)
- after the adhesion:
F:Gw—f*Sw—f-i_Us—f*SS—W’N (9)
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a — the flat surface;
b — the spherical surface;
¢ — the cylindrical surface.

Figure 4. The equilibrium state of the drop on the surface [1, 3, 7-12]

Then, decrease in the free energy resulting from the adhesion of water drops
to the surface can be determined from the formulas [1,3,7-12]:

1
_L:I—l*b*(l—cose)z*(2+cos9)F (10)
o, *S, 2
1
S 3
ws 2 : (11)
S, (1-cos0)*(2+cos0)
AF Sw—f

where —

, — accordingly relative decrease of free surface energy
o, *So S,
and the relative change in the interface between the fuel and water drop because of
its adhesion to the surface for contact angles from 0 to 180°.

Thus, from the formulas (10) and (11) implies that the adhesion of water
drops to a flat solid surface is determined only by the properties of this surface, i.e.
the value of the contact angle.

It was found that the formula (6) is valid for the case of adhesion of drops on
a spherical surface. Figure 4.b shows the equilibrium state of the drop on a solid
spherical surface with a contact angle 6 [1-3].

For a spherical surface the equations are [1, 3, 7-12]:
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AF  1-r*Q2*r-y)—R*x*cos0
Gw_f*So 2r02

(12)

Sey r*Q2*r-y)
S, 2*r02

(13)

where r( — the relative radius of the drop, m.

Consequently, the adhesion of water drops to the spherical surface decreases
with decrease in the diameter the droplet and increase of the contact angle. The
relative decrease in the free surface energy on a spherical surface when the
adhesion thereto of water droplets smaller than flat.

When adhesion of water drops to the cylindrical surface (Figure 4.c), a
relative decrease in the free energy of the surface has an intermediate value
between the indexes for the flat and spherical surfaces [1].

Thus, from the analysis conducted by the adhesion process, it follows that:

- efficiency of adhesion of the water drop to the fiber is determined by its
surface properties (angle ¢) and the diameter and size of the water droplets;

- the smaller the diameter of the fibers and greater droplet size, the faster the
adhesion of the drop to the surface of the fiber [1,3,7-12].

Consequently, the development of elements for coalescing layer of the fuel-
water separator it must be taken into account the surface properties of the fibers, as
of their correct selection adhesion is largely dependent process and efficiency
coalescence of water microdroplets in the fibrous layer.

Coalescence of water droplets in a coagulating layer.

When dehydration of fuels the mechanism coalescence of water droplets in a
coagulating layer depends on their size, and therefore the two types of emulsions of
water in fuel — primary consisting of water microdroplets diameter of 10 microns
or more, and the secondary, consisting of microdroplets most of which has a
diameter less than 1 micron.

Coalescence of the droplets constituting the primary emulsion occurs by two
mechanisms.

In the first case, the drops are coagulated on the wetted by them surface of
fibrous material and form a liquid stream which flows along the outer surface of
the layer.

In the second case coalescence between the droplets in pores of coagulating
layer take place and in this case the fibers are not wetted [1,3,7-12].

Efficiency of separation of water droplets of the primary emulsion is
determined by the ratio of average diameters of droplets at the inlet of the
coagulation layer and the outlet and it depends on the mechanism of coalescence.
Typically, separation efficiency of water drops is higher when the fiber is wetted.
When choosing a fiber primary importance is attached to the structure of the
fibrous layer, the pores of which shall not be less than the size of incoming drops,
that is necessary to consider the possibility of splitting of water drops as a result of
a direct impact on the fiber.

Therefore, when optimizing the dehydration process of fuel the important
role the correct choice of the porous fiber structure of coagulating layer makes.

Mechanism of coalescence of secondary emulsions is significantly different
from the above. At the beginning of adhesion of drops to the fiber surface occurs
and only then it coalescence with other droplets take place.
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A final object of attained when coalescence of water droplets from the
secondary emulsion is to increase their size to a level at which they can be regarded
as the primary emulsion.

Separation of secondary emulsions in porous layer is more effective in
systems with high interfacial tension and a large difference in density between
water and fuel. It is especially important to choose the coagulating fiber layer. The
porous medias of fine fibers with high surface roughness are most effective. The
efficiency of separation of emulsions increases with decreasing of fiber diameter.

The separation of water droplets from the surface of the fiber.

Upon reaching certain critical sizes the droplet under the influence of
hydrodynamic flow force and its own weight the droplet breaks from the surface of
the fiber and the fiber is removed from the porous layer in the settler, where due to
a sharp decrease in the speed and direction of flow is deposited in the settler.

Critical flow rate (V,,), differential pressure (AR.) and droplet size (U,,),
under which the drop falls from the fiber can be determined by the formulas [1, 3]:

K
v, = WJF *(0,-0,+0,  *cos0) —U *g *(p,—p,)’ - s (14)

1

3
Uc,.=—\/12*(ow—o,+aw,,*cose*Kp)Z—Vz*yz*sj*Lzam (15)
K,*(p,—p)*g : :

cr

AP, =Si\/z2 *(0,-0,+0,  *cos0)> U *g>*(p, —p,)? »MPa  (16)

c

where K, — the permeability coefficient, m’; S, — the cross section of pore, m*; [ —
the contact perimeter of drop with the surface of the fiber, m.

Analysis of the equations (14-16) shows that an increase in the perimeter of
contact of drops with the fiber the above listed indicators increase.

Consequently, efforts to reduce the drops detachment from the surface of the
fiber, an important role is the proper selection of fibers for coagulating layer.

Current of water-fuel emulsions through coagulation layer.

Current of water-fuel emulsions through coagulation layer is a joint laminar
flow of two immiscible liquids under the Darcy law [1, 3, 7-12].

At the initial time of the fuel-water separator operation the fuel passes
through coagulating layer in which there is no water and hydraulic resistance to the
flow of fuel is caused only by friction. With the accumulation of water in the layer,
the hydraulic resistance is increased by reducing the cross-sectional area. As a
result, the pressure drop across the porous layer reaches a value sufficient for
forcing of water through it.

When the layer is saturated with water to equilibrium state so there is formed
continuous water channels through which water is forced in the porous layer.

When the water and fuel move in separated continuous channels the surface
tension at the interface between these fluids is absent and hydraulic losses will be
minimal depending on the flow rate of fuel [1,3,7-12].

It should be noted that the water passes through the coagulating layer by
selective channels that are used repeatedly. In the absence of water in the fuel the
water channels are broken and again are restored in the event of its appearance.

140



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

At the outlet of the coagulating layer the water droplets detach and the have
a spherical shape.

The water droplets sizes depend on the flow rate of fuel, the structure of the
porous layer at the outlet of the coagulating partition and the surface tension at the
water — fuel interface.

Deposition of the water droplets in the settling zone.

The process of dehydration of fuel is completed after the bigger drops come
out of the porous layer of the coagulating element and fall into the fuel-water filter,
where due to a sharp change of speed and direction of flow, as well as under the
influence of the effective force of gravity their is the deposition of the water drops
into settler zone of fuel-water filter [1, 3, 7-12].

To ensure maximum efficiency of deposition of the water droplets the right
choice of aspect ratio of the fuel-water filter housing and its elements is very
important.

Conclusions:

1. Increase the purity of diesel fuels in engines is possible through the use of
more advanced methods of dehydration.

2. One of the promising methods of dehydration is the filtration of fuels
through the porous coagulating layer.

3. The theoretical analysis of the mechanism of dehydration of fuels by
filtering showed that the surface properties of materials, the structural composition
of the coagulating stage of fuel-water filter, the thickness and density of the layer
have a significant impact on the efficiency of water separation.

3. Calculation of the design parameters the fuel-water filter.

Currently, there are widely used the fuel-water filters (FWF) of combined
type in fuel supply system of diesel engines.

The FWF principle of operation is based on the filtration gravitational
sedimentation of water droplets [1, 3, 13-18].

After the fuel passes through the FWF the water droplets coarsen to the
desired size and then are effectively deposited in the settling zone [1].

Deposition efficiency depends on properly selected design parameters of the
FWF.

There are the basic formulas for calculating the FWF parameters and fuel
system. These dependences can be used so that to calculate the FWF parameters
and fuel system for diesel engines of any size.

The width of the annular gap.

Calculation of design parameters of the FWF reduces to determining the
optimum width of the annular gap between the housing and water separation
element, the height of the housing and the element, and the volume of the settling
zone (Figure 1). There is not eddy flow disturbance acting on the precipitated water
drops in the FWF in the case where the fuel flow in FWF is laminar. In this case,
for the effective precipitation of drops to the settler is necessary to satisfy the
condition [1,3,13-18]:

Vo2V, ms (1)
or
V,= Sg’ nvs )

ag
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where V; — the speed of deposition of water droplets in the fuel, m/s; ¥ — the speed
of fuel flow through the annular gap, m s; O — the FWF throughput capacity, m’/s;
S.¢ — the area of the annular gap between the housing and the element, m’.

Figure 1.Scheme of the calculation of design parameters of the fuel-water filter

Thus, the deposition of droplets under the action of gravity force begins
when their size reached a value at which the gravity force will be greater dynamic
impact of fuel flow. The optimum gap between the housing and the coagulating
element is determined from the FWF specified throughput capacity.

The area of the annular gap is determined by the formula [1, 3, 13-18]:

Sag=7r*(R;—rj)=7r*(Rh— el)*(Rh"'rel)amz (3)
where R;, — the FWF housing radius, m; 7., — the element radius, m.
Transform the formula by expressing the housing radius by the element

radius and width of the annular gap (b,). As a result of the transformation we get
the formula [1,3,13-18]:

S, =m*b,, *(2%r) +b,)=n*(2%r, *b, +b,), 0’ 4)

When put the expression (4) into the formula (2) and through a series of
transformations we get the equation [1, 3, 13-18]:

b, +2%r,*b, - © _g (5)

a,
¢ T*V,

The equation (5) is the quadratic equation of the form [1, 3, 13-18]:

X+ px—q=0 (6)
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We are solving the equation (6) for (b,,) and getting [1, 3, 13-18]:

2, QO

el >
*
T*V,

m (7

When the radius of the water separating element is set, the width of the
annular gap can be determined by the formula [1, 3, 13-18]:

b = r2+L—r m (8)

ag el T % V el >
When the FWF housing radius is set so the next formula can be used [1, 3]:

b,=R,— |R - Q m )

a b
€ T*V,

Analysis of the formulas (8) and (9) shows that the width of the annular gap
is mainly dependent on the diameter of the water drops emerging from porous
layer, i.e. the larger the droplets, the less the width of the annular gap necessary for
effective deposition.

When throughput capacity increases the width of the annular gap must be
increased. This is due to the fact that the increased throughput capacity makes the
value of the dynamic impact of the fuel flow on the water drop to be increased and
the dynamic impact tends to eject the drop out. The width of the annular gap also
depends on the density and viscosity fuels: width of the annular gap should be
greater for viscous fuels than for less viscous fuels.

Consequently, the required width of the annular gap is defined specifically
for each FWF and should be based on predetermined throughput capacity, brand of
fuel, water separating element overall dimensions and droplet sizes exiting out of
the coagulating partition [1,3,13-18].

Fuel-water filter height.

Overall FWF height is determined by the height water separating element,
the volume of the settling zone and the size of the gap between the cover and the
element (see figure 1), that is [1,3,13-18]:

m (10)

HFWF :hg +hel +hsz’
where h, — the height of the gap between the cover and the element, m; 4., — the
height of the water separating element, m; /4, — the height of the settling zone, m.

The height of the water-separating element is determined from the condition
of the necessary FWF throughput capacity and permissible filtration speed
necessary for providing a required efficiency of fuel dehydration.

Calculated surface of the water separating element coagulating filtration
stage is defined by the formula [1, 3, 13-18]:

F=9 2 (11)
V/f
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where Vj;— the fuel filtration speed, m/s.
The filtration surface can be determined as follows [1, 3, 13-18]:
F=2%g*pr, *h, m (12)

Substituting the expression (12) into the formula (11) we will define the
height of the water separating element [1, 3, 13-18]:

0

o T % %, % ’
2% *r,*V,

(13)

Thus, the overall dimensions of water separating element depend on the
throughput capacity and filtration speed: the higher the capacity is, the greater the
height of the element is, and when the increase in filtration speed there is an
inverse relationship.

Consequently, the height of the water separating element must be chosen so
that the element has minimum permissible dimensions while having high
dehydration efficiency with acceptable filtration speed and ensure the required
throughput capacity.

The height of the gap between the cover and water separation element is
chosen such that it was ensured the laminar flow of fuel the element.

This requires that the area of the gap between the cover and the element was
equal to the area of the annular gap between the element and the housing, i.e. the
next condition should be satisfied [1, 3, 13-18]:

S, =S, ,m (14)

Z Oyg

where S; — the area of the gap between the cover and the element, m”.
After the conversion of the formula (14) we get the following inequality:

2% *r, *hyy 2 * (R 1), o (15)

Then the height of the gap may be defined by the formula [1,3,13-18]:

r R?
hang*(R—’;—l],m (16)

el

The volume of the FWF settling zone is determined on the basis of
conditions to ensure the accumulation of critical volume of water during one
working shift of tractor or a car running on fuel containing free water, that is:

V.2x*G,,m (17)

where x — the maximum content of free water in the fuel, %; G, — the amount of
fuel consumed per shift, m’.
To determine the height of settling zone transform formula (17) as follows:
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TRy *h, 2 x*G,, (18)
where the height of settling zone is [1,3,13-18]:

x*G,,

sz — 2
T*R,

(19)

Thus, the FWF overall height can be determined by the formula [1,3,13-18]:

2 x*G.
&—1]+ 0 Y m (20)

H —Q*(
FwE 2 Kok K * R’
2 \r 2*n*r,*V, 7w*R,

el

Analysis of formula (20) shows that the FWF height of the depends mainly
on the size of water-separating element, as well as on the volume of settling zone.
The volume of settling zone depends on the content of free water in the fuel, the
presence of which is determined by the operating conditions, fuel storage, etc.
Consequently, the main reserve to reduce the FWF height is to determine the
optimal design parameters of the water-separating element with the necessary
efficiency of fuel dehydration.

The diameter and length of the fuel lines.

The diameter and length of the fuel lines are determined from the condition
of ensuring the specified carrying capacity through the FWF. It is necessary that
the laminar flow of fuel will be in the fuel line, since in this case the hydraulic head
loss is considerably less than in the turbulent regime. This is especially important
during installation of the FWF to the suction line, as in this case it has a small
service life defined by the pressure drop across the water separating element.

Thus, the main task of the calculation is the selection of the optimum ratio of
the diameter and length of fuel line in order to reduce the hydraulic pressure losses,
that is [1, 3, 13-18]:

hy, = f(d 450) = Wi » KPR (21)
where 4, — the hydraulic head loss, kPa; dj; — the diameter of fuel line, m; / — the
length of fuel line, m.

In general, for the fuel line the hydraulic losses are determined by the
formula [1, 3, 13-18]:

By =h+ h, kPa (22)

where Zh ; — the local hydraulic head loss, kPa; h; — the hydraulic pressure losses

over the length, kPa.
Local losses in the fuel line in the suction line (from the tank to the fuel
pump) for the general case can be determined by the formula [1,3,13-18]:

Zhj = hs.c. + hs.e. + hs.t. + hr.t. 4 kPa (23)
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where A, . — the hydraulic losses for the sharp constriction, kPa; 4. — the hydraulic
losses for the sharp expansion, kPa; 4, — the hydraulic losses for the sharp turn of
fuel line, kPa; 4,, — the hydraulic losses for round turn of fuel line, kPa.

Hydraulic losses in the each case are determined by the following formulas:
2

V/f
hs.c. = és.c. * 2 kPa (24)
2% g
V2
hs e = és.e. * 7 2 kPa (25)
2%g
V2
hy =&, 5= kPa (26)
2% g
V2
b, =&, * o kPa (27)
2% g
vy =2 s (28)
S
cesfl

where &, &, & & — the coefficient of resistance, accordingly, for a sharp
constriction, sharp expansion, sharp turn and round turn of the fuel line; S, — the
cross sectional area of fuel line, m®.

Analysis of the formulas (24-28) shows that the speed of fuel flow in the fuel
line impacts on the amount of hydraulic losses, if the speed increases the losses
increase by the quadratic dependence. By increasing the diameter of fuel line flow
speed decreases. Thus, for a local reduction in hydraulic losses is necessary to
increase the diameter of the fuel line [1, 3, 13-18].

The value of head losses over the length of fuel line is determined from the
next formula:

LA (29)

where 1 — the coefficient of hydraulic friction.
The coefficient of hydraulic friction depends on the flow regime of fuel:
- at the laminar regime [1, 3, 13-18]:

7= (30)
Re

- at the turbulent regime [1, 3, 13-18]:

0,3164
A, = e 31
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The Reynolds number is defined as [1, 3, 13-18]:

V. *d
Re:ﬁv_ﬂ (32)
k

where v, — the kinematic viscosity of the fuel, cSt.

Analysis of the formulas (29-32) shows that the hydraulic head losses over
the length depend on the length and diameter of the fuel line. By increasing the
length the losses increase, by the increasing diameter the losses are reduced.
Therefore, the method of selecting the optimum ratio of diameter and length of the
fuel lines can reduce the hydraulic head loss along the fuel lines length.

Conclusions:

The dependencies can be used for the calculation of design parameters of the
fuel-water filters for diesel engines of any size.

4. Planning the experiment in the research of the filtration process of
fuels by porous partitions.

We have studied multilayer partitions so that to determine the structural
composition of the partitions, which has high coagulating and hydraulic properties
in dehydration of diesel fuels (Table 1) [1, 3, 13].

Research of multilayer partitions was conducted in two stages: the first stage
examined the hydraulic characteristics, the second examined the coagulating
properties.

Table 1
Specifications of multilayer coagulating partitions
The structural Partition No
Sample .
No | composition of L2 | 3| 4|5 |6 | 7] 58]09
partition
Superfine glass fibers | 10/2 | 10/4 | 10/2 | 15/2 | 10/6 | 10/4 | 15/4 | 10/6 | 15/6
1 Thermal insulation
gasket 13/2 | 13/4 | 26/2 | 26/2 | 13/6 | 26/4 | 26/4 | 26/6 | 26/6
Superfine glass fibers | 5/2 | 10/2 | 15/2 | 5/4 | 10/4 | 5/6 | 15/4 | 15/6 | 10/6
Thermal insulation
2 gasket 13/2 | 13/2 | 13/2 | 13/4 | 13/4 | 13/6 | 13/4 | 13/6 | 13/6
Polyurethane foam-
EO-130 10/2 | 10/2 | 10/2 | 10/4 | 10/4 | 10/6 | 10/4 | 10/6 | 10/6

* the numerator shows the thickness of the walls before the compression, mm;
the denominator shows the degree of compression.

The research of hydraulic parameters of multilayer coagulating
partitions.

In the research of coagulation partitions consisting of two or more layers, the
hydraulic characteristics are determined precisely for these conditions, as the
pressure drop of several layers of material is not equivalent to the sum of the
pressure drop across each layer separately [1, 3, 13].

In this connection the hydraulic characteristics of multilayer partitions were
investigated on diesel fuel of brand S GOST 305-73, containing no free water and
solids at 290 + 3° K.

The specifications of the multilayer coagulating partitions are shown in table
1[1,3,13].
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Sample No 1 at a specific throughput 0.75 10-2 m’/m**s has the hydraulic
losses which amount to 1-4 kPa, while Sample No 2 has the hydraulic losses which
amount to 1,2-4 kPa. Consequently, the samples No 1 and No 2 have the same
hydraulic losses. So the partition thickness, the reduction rate and the specific
throughput affect the value of the hydraulic losses.

Experimental results were processed on a matrix of full factorial experiment
(FFE) — 2° for a complex estimation of the impact of these factors on the hydraulic
losses in the multilayer partitions [1, 3, 13].

Table 2 shows the factor levels and the variation intervals of the sample No

2.
Table 2
The levels of factors and the limits of variation
The structural - The levels of factors
o The limits of
composition of the Factors o
. variation -1 0 +1
partition
Superfine glass fibers X, — initial tl'u'ckness of the 28-30 28 33 38
the partition, mm
Thermal insulation X, — the specific throughput, )
sasket 10 m/m*s 0,75-2,5 0,75 | 1,625 | 2,5
Polyurethane foam- X3 — the partition 2-6 > 4 6
EO-130 compression ratio

The thickness of the partitions of the thermal insulation gasket made from
polyurethane foam PUF-EO-130 was constant and equal to 13 and 10 mm. The
thickness of the partition made from the superfine glass fiber has the greatest
influence on hydraulic losses in the multilayer partition. Therefore, the research of
the superfine glass fiber thickness varied in the range 5-15 mm.

Table 3 shows the matrix of experiment planning and the results of its
implementation. As a function of the response the pressure drop (AP) was taken.
Processing of the results of the experiment was carried out by static methods [1, 3].

Table 3
The matrix of experiment planning and the results of its implementation
The gfo gi(: Oleues Procedure for Natural factor value Pressure drop,

X, X% | x experiments X, X, X, kPa, AP,

+ + + 4 38 2,5 6 12,6

R + |+ 3 28 2,5 6 9,6

+ R + 8 38 0,75 6 3,9

l - + 7 28 0,75 6 3,0

+ + - 5 38 2,5 2 6,8

R + | - 2 28 2,5 2 4,6

+ - - 1 38 0,75 2 2,1

- - - 6 28 0,75 2 1,4

The result of processing the experimental data is the regression model,
which is the incomplete quadratic equation [1,3,13]:

AP, =55+085X, +2.9X, +1,77X, +1,77X, X, +0,92.X, X, (1)
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Analysis of the regression equation shows that the specific throughput then
the reduction rate significantly influence on hydraulic losses. The thickness of
partition has least impact on the hydraulic loss. Therefore, the coagulation stage of
FWF must be of the partition reduction of 2-4 times.

The results of researches of hydraulic parameters were used in the selection
of multilayer partitions for the samples of water-separating elements.

Research of coagulating properties of multilayer partitions.

The partition consisting of two or three layers (see table 1) were used the
research of their coagulating properties. The purpose of research was to determine
the structural composition of the coagulating partition which has high coagulating
and hydraulic properties.

Coagulating properties of multilayer partitions were determined at a specific
throughput of 0,007 m*/m**s with free water content in the fuel of 0,15 and 0,3%
by weight.

The table 4 shows the results of the researches [1, 3, 13].

Table 4 shows that the multilayer partitions have high coagulating
properties. The fuel after these partitions contains less free water than after
monolayer. Efficiency of water dehydration for sample Nol is 85-96%, and 88-
97% for sample No 2, and the content of free water after them is accordingly and
0,009-0,022 0,007-0,02 % by weight. The increase of free water content in the fuel
has practically no effect on coagulating and hydraulic properties of multilayer
partitions [1,3,13].

Table 4
Efficiency of dehydration of diesel fuel by multilayer porous partitions
Partition .
thickness free water content in '
Sample | Partition mm Pressure | the fuel, % by weight Efﬁ%‘fncy
No No Before After drop Bef dehydration
reducti reducti clore Aﬁ;r
on on partltlon partltlon
1 23 115 1,5/1,9 0,128 0,014/0,019 89/85
’ 1,8/3,0 0,283 0,016/0,022 94/92
> 23 53 2,0/2,8 0,129 0,011/0,014 91/89
’ 2,5/3,8 0,283 0,012/0,018 96/94
3 36 18 1,9/2,3 0,122 0,008/0,013 93/89
1 2,1/3,3 0,290 0,008/0,016 97/95
6 36 9 2,9/4,2 0,131 0,006/0,010 95/92
3,0/4,6 0,278 0,005/0,016 98/94
4 41 205 2,8/3,8 0,117 0,005/0,009 96/92
’ 3,2/4,9 0,286 0,005/0,012 98/96
7 41 102 4,3/5,1 0,132 0,004/0,009 97/94
’ 4,8/3,2 0,293 0,005/0,013 98/96
1 28 14 20/2,7 0,136 0,011/0,016 92/88
) 2,4/3,3 0,273 0,011/0,020 96/92
4 28 7 2,6/3,4 0,138 0,007/0,011 95/92
2,8/3,6 0,289 0,010/0,016 97/94
> 33 16.5 2,2/2,7 0,129 0,006/0,008 95/94
’ 2,5/3,0 0,283 0,006/0,009 98/97
5 33 ]2 2,7/3,9 0,139 0,005/0,009 96/94
3 ’ 3,3/4,4 0,280 0,006/0,011 98/96
3 38 19 3,7/4,5 0,135 0,003/0,007 98/95
4,2/5,0 0,295 0,006/0,012 98/96
7 38 95 3,9/4,9 0,143 0,003/0,009 98/94
’ 4,5/5,3 0,276 0,006/0,013 98/95
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However, it should be noted that with reduction rate of partitions increases
the dehydration efficiency also increases, but the hydraulic losses increase as well.
Thus, for partitions 1 and 2 (Sample Nol) at the free water content in the fuel of
0,283% by weight the hydraulic losses are 3,0 and 3,8 kPa and the dehydration
efficiency makes accordingly 92 and 94%.

So when choosing the partitions for coagulating stage of the FWF, it is
firstly necessary to consider the hydraulic losses. The results of researches
determined that the minimum hydraulic losses and high coagulating properties
partitions 1, 3 (Sample No 1) and 2 (Sample No 2) have. The free water content
after these the partitions ranged of 0,019-0,022; 0,013-0,016 and 0,008-0,009% by
weight, the hydraulic losses at the same time amounted to 1,9-3,0; 2,3-3,3 and 2.7-
3.0 kPa.

Thus, the best hydraulic properties partition No 1 has, however, after it the
fuel contains a large amount of free water. Partition 2, unlike the partitions 1 and 3
has high coagulating and hydraulic properties. This is because of the polyurethane
foam PUF-EO-130 is enabled in the partition [1,3,13].

Despite the fact that the polyurethane foam PPF-EO-130 has low
coagulating properties its usage in the partition No 2 (sample No 2) results in a
significant increase of its coagulating properties. This is due to the fact that the
porous structure of the flexible polyurethane foam contributes the accumulation in
the pores of the certain size water droplets.

When the critical drop of pressure of the fuel flow the water drops whose
diameter is greater than the diameter of the droplets entering into the polyurethane
foam are squeezed out of polyurethane pore foam. Thanks to this the efficiency of
droplet deposition increase. Furthermore, polyurethane delays the fiber washed out
of fiberglass partitions.

Analysis of the researches results showed that the three-layer partitions have
higher hydraulic and coagulating properties than the double-layer partitions.

The methods of mathematical planning were used so that to determine the
rational parameters of three-layer partitions [1,3,13].

Determination of rational parameters of multilayer coagulating
partitions.

Research of multilayer coagulating partitions in order to determine its
rational parameters were carried out using the methods of mathematical planning
of the experiment [1,3,13].

Experimental researches of the coagulating properties of the partitions were
carried out by the design matrix B4 (table 6), the basis for the selection of which
was the results of preliminary experiments and analysis of the a priori information.
As the researched factors were adopted: X; — the thickness of partitions, mm; X, —
the reduction rate; X5 — the free water content in the fuel,% by weight; X4 — the
filtration speed, cmy/s.

Levels of variation of factors are shown in table 5.

We used the structural composition of the sample No 2 (see table 1) in the
experimental researches.

The thickness of thermal heat gaskets and polyurethane foam remained
constant accordingly 13 and 10 mm during the researches, and the thickness of
superfine glass fibers varied from 5 to 15 mm.

The free water content of the partition (x, wt.%) and the pressure drop (AP,
kPa) were the parameters of the response function [1,3,13].
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X, AP = f(x;,%,,%;,%,) ()
Table 5
The levels of factors and the limits of variation
The limits of The levels of factors
The factors .
variation -1 0 +1
X; —the thickness of partition, cm 5 28 33 38
X, - ‘Ehe reduction rate of the 5 5 4 6
partition
_ 1 0

X3 tbe free water content in fuel, % 0.225 0.05 | 0275 | 0.5
by weight
X4 — filtration speed, cm/s 0,625 0,25 [ 0,825 | 1,5

Planning Matrix and the results of its implementation are presented in table 6.

Processing of the results of the experimental material was carried out by
statistical methods [1, 3].

Checking the reproducibility of the experiment (by Cochran's Q test) and the
significance of the coefficients of the regression equation (by Student's t test),
establishing the adequacy of models (Fisher test) were performed at a significance
level of a =0,05 [1].

Table 6
Matrix of experiment planning in coded form and the results of its implementation
Experiment The factors The functions
No X, | X | X5 | X4 | x*107, % by weight AP, kPa
1 + + + + 5,0 16,0
2 - + + + 21,0 7,0
3 + - + + 6,8 9,0
4 - - + + 23,0 4.0
5 + + - + 2,5 12,0
6 - + - + 6,0 5,0
7 + - - + 3,3 6,5
8 - - - + 8,0 1,5
9 + + + - 1,5 5,0
10 - + + - 14,8 2,6
11 + - + - 3,0 2,2
12 - - + - 17,0 1,8
13 + + - - 2,7 5,0
14 - + - - 4,0 2,3
15 + - - - 3,5 1,6
16 - - - - 5,5 1,3
17 + 0 0 0 1,6 7,0
18 - 0 0 0 10,0 3,0
19 0 + 0 0 2,3 6,5
20 0 - 0 0 3,8 3,5
21 0 0 + 0 7,0 6,0
22 0 0 - 0 0,5 4,5
23 0 0 0 + 5,0 7,6
24 0 0 0 - 2,0 2,8
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The result of processing the experimental data obtained by regression
models, defining the nature of the dependencies of the response function of the
examined factors:

- free water content after the partition, % by weight [1, 3, 13]:

x=(2,62—4,5x, —0,75x, +3,65x, +1,43x, +3,28x" +0,23¢ + 1,15 +0,77x; +

3)
+0,25%,x, —3,1 9x,x, —0,56x,x, —0,26x,x, +0,94x,x,) - 10”
- pressure drop at partition (hydraulic losses:), kPa:
AP =518+199x, —1,69x, +0,78x, +2,45x, +0,65x,x, +1,26x,x, + )

+0,69x,x, +0,6x;x,

The obtained regression models allows to study the dehydration process of
the diesel fuel dependence on the conditions of the filtration and partition design
parameters, depending on the thickness and the partition reduction rate. Response
surfaces are shown in Figures 1 and 2.

X*1073

1 /
0 2 4 6
The partition reduction rate

Free water content after the
partition, % by weight.
W
1

Figure 1. Dependence of free water content after the partition of the reduction rate
and partition thickness (X5=0,06% by weight; X,=0,25x107 m/s)

AP " ; ;
. / i ’
g 5 & /
g § /X ' |
e 44 & eF - - - e Jo==
3 & 8
g 3 ! 4
3 N /ey T
4 2] ¢ /.33
5 &
n 1
[+] -
= 28
X2
0 2 4 6
The partition reduction rate

Figure 2. Dependence of the hydraulic losses from the reduction rate and partition
thickness (X5=0,06% by weight; X,=0,25x107 m/s)
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Analysis of equations (3) and (4) shows that the greatest impact on the
coagulating properties of partition the thickness of the wall, the free water content
of the fuel and the filtration speed have. The reduction rate has no significant effect
on the efficiency of dehydration of diesel fuels [1, 3, 13].

Conclusions:

1. The researches of multilayer filtrating partition hydraulic properties have
been studied.

2. The researches of multilayer filtrating partition coagulating properties
have been studied.

3. Experimental results were processed by full factor experiment matrix
(FFE) —2°.

4. The result of processing the experimental data obtained by regression
models which is the incomplete quadratic equation defining the nature of the
dependencies of the response function of the examined factors:

5. The processing of the experimental data obtained by regression models,
defining the nature of the dependencies of the response function of the studied
factors.

6. Analysis of equation shows that the greatest impact on the coagulating
properties of partition the thickness of the wall, the free water content of the fuel
and the filtration speed have. The reduction rate has no significant effect on the
efficiency of dehydration of diesel fuels.

5. Recommended application of fuel-water filter.

Efficiency of high-speed diesel engines, their power indicators and reliability
depend largely on the technical condition of their fuel apparatus.

One of the main causes of failure of units and assemblies of fuel apparatus is
the high pollution and water content of diesel fuel [19-23].

Reasons for watering of fuel are: fuelling of tanks with watered fuel, natural
accumulation of water due to the physic-chemical properties of hydrocarbon fuels
being capable of dissolving the water and then release it at lower temperatures.

The presence of free water in the fuel has a negative impact on the quality of
the fuel. Moreover, the losses in operational properties of fuels depends on the
aggregate state of water in it.

In the presence of water the low-temperature fuels properties deteriorate;
viscosity, cloud point temperature increases; pumpability and filterability of fuels
decrease.

In this connection, a large number of fuel equipment failures of vehicles with
diesel engines take place due to the higher content of pollutions and water.

Economic costs associated with diesel engines failures, their increased wear
of fuel apparatus, increased fuel consumption during their operation, are very large.
So the development of effective means of cleaning the water from fuel presents the
actual problem [19-23].

The problem of improving the reliability of the fuel apparatus can largely be
solved through the use of the developed fuel system.

Fuel system of a vehicle with a diesel engine includes a fuel tank, hand feed
pump, a coarse filter, two fine filter, high pressure pump, injectors, and fuel lines.
The coarse fuel filter of gravity type is designed to clean fuel from water and
mechanical impurities. The fuel fine filter consists of two parallel working paper
filters. The significant disadvantage of serial filters is their low effectiveness when
working on heavily watered fuel. This is because gravity filters operate effectively
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at the water content in the fuel up to 0,05%, while at a higher water content of the
fuel the filters efficiency drops. As a result, sharply shortens the life of the fine
filters and high pressure fuel pump. This disadvantage is reinforced by the fact that
draining the water from the sedimentation area is made out of time. As a result,
there is an accumulation of water which changes the physical properties of the
paper elements. In turn, the deformation of the elements and breakthrough of
filtration partitions take place [19-23].

In the existing fuel system of the KamAZ automobiles the control over the
functioning of the units and assemblies of fuel equipment is not carried out,
because there are no indicators and automatic valves, to monitor their performance.

The design of the fuel tank is far from perfect, in it settling area for water are
not available, as well as the removal of dirt from it is difficult. Temperature
conditions in which the fuel system operates has a significant influence on the
accumulation of water in the tank during operation, because the excess of fuel
heated to 50C + ... + 60° C merges back into the fuel tank. Due to the temperature
of fuel sharp change in the tank the dissolved water condenses in the fuel, and that
leads to its accumulation in the sedimentation area [19-23].

Analysis of the fuel systems of the KamAZ automobiles shows that a
number of requirements to the system performance on a heavily contaminated with
fuel are not provided due to the following shortcomings:

- sedimentation chamber of the tank is located below filling neck tube, so
when filling of fuel flows tend to discard the sediment in the area without having
drainage devices; with this construction, the tank sediment is distributed over the
entire volume and is not removed by sedimentation cranes;

- placement of the intake fitting with a grid at the bottom leads to the fact
that treatment of grid is associated with a loss of fuel during removal;

- coarse filters used to clean the water from fuel do not provide the quality of
this treatment, which leads to failure of the of the fine filters and precision
assemblies of fuel equipment;

- there is no available indicators and sensors which shows the functioning of
the system and the degree of contamination of filters in the fuel system;

- the lack of devices intended for the automatically draining the water from
sedimentation areas reduces efficiency of units and assemblies of the system.

Improvement of cleaning units, the development of additional devices to
improve the quality of fuel cleaning are the primary tasks in the development of
fuel systems of the KamAZ automobiles.

Recommended fuel system (see figure 1) should include the fuel tank (8)
with fuel level indicator (L), inertial water separator, which can be welded to the
tank (8). The brass grid is installed in the fuelling neck tube (9). Sediment crane
(V) must be installed in a water separator, where water sediment is drained off and
fuel for auxiliary purposes is taking out. Coarse filter (6) is equipped with a sensor-
signaling device (A) which presence the water in the sedimentation area (7). At a
critical level of water in the sedimentation area (7) the warning light
"Sedimentation should be drained!" is lightning in the driver cab [19-23].

It is necessary to install fuel-water filters (3) instead of standard paper fine
filters, and to equip them with an automatic valve (4) to drain sediment out of the
housing. To diagnose the state of fine filter there is installed the differential
manometer (M) before the pump. It allows you to monitor the operability filtration
elements.
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HPFP

V1-V;s —locking valves; A — alarm sensor; L — fuel level indicator; M —
differential manometer; H — heater; AV — automatic valve; CF — coarse filter; FF —
fine filter; HPFP — high pressure fuel pump.

1 —injectors; 2 — fuel pump; 3 — fine filters; 4 — automatic valve; 5 — handy-
feeding pump; 6 — coarse filter; 7 — sedimentation area; 8 — fuel tank; 9 — fueling
tube; 10 — fuel level meter; 11 — fuel pipelines.

Figure 1. Developed fuel system for the KamAZ automobiles [19-23]

Application of the developed devices will significantly improve the
reliability of high pressure fuel pump and injectors [19-23].

Operational testing of the developed fuel system in vehicles with diesel
engines in motor companies of Zhambyl region of the Republic of Kazakhstan
showed that the reliability of units and assemblies of fuel apparatus of the KamAZ
automobiles had been increased by 30-40%.

Basing on the above, we can make the following conclusions:

- currently, there are various fuel systems, which are used for cleaning the
water and mechanical impurities from diesel fuels;

- dead-end fuel systems are most widely presented in diesel engines;

- the developed fuel system is constructed taken into account all
disadvantages inherent in the existing system of fuel supply;

- it is useful to recommend the developed fuel system on the KAMAZ
automobiles.

REFERENCES

1. Semernin A.N., Semernin N.A., Shamahmudov D.A. (2015). Substantiation
of development of the volumetric-type fuel-water filter for filtration of diesel
fuels. ISJ Theoretical & Applied Science 09 (29): 63-71. Available: Soi:
http://s-o-i.org/1.1/TAS-09-29-15.
http://dx.doi.org/10.15863/TAS.2015.09.29.15 (Accesed: 25.02.2016).

2. Semernin A.N., Shilibek K.K., Semernin N.A., Narmagambetov S.A. (2014).
Universalnaya sistema pitaniya dlya dizelej / Materialy X mezinarodni
vedecko-prakticka konference “Dny vedy-2014”. Dil 33. Technicke vedy.:
Praha. Publishing house “Education and science” s.r.o., ISBN 978-966-
8736-05-6, - 2014, pp- 22-24. Available:

155



Mexanuxa >cone mexnonozusanap

ISSN 2308-9865 Mexanuxka u mexnonozuu 2016, Ne2

Mechanics & Technologies

10.

11.

12.

13.

14.
15.

16.

156

http://www.rusnauka.com/10_DN 2014/Tecnic/4 164852.doc.htm
(Accesed: 27.09.2015).

Semernin A.N. (1984). Povisheniye chistoty dizelnyh topliv v traktorah,
ekspluatiruyemyh v usloviyah selskogo hozyajstva. — Dis. cand. tekhn. nauk.
— Moskva, 1984. — 243 p.

Semernin  N.A. (2009). Sovershenstvovaniye sistemy toplivipodachi
tehnologicheskih mashin na baze avtomobilej KamAZ. — Dissertation of
master. — Taraz, 2009. — 82 p.

Semernin A.N., Semernin N.A., Kokayev U.S., Apsamatov M.B.,
Shamahmudov D.A., Atamkulova A.N. (2012). Analiz mehanizma
obezvozhivaniya svetlyh nefteproduktov // Mechanika i modelirovaniye
protsessov tehnologii, Taraz: Taraz Universiteti, — 2012, No. 1, pp. 117-126.
Semernin A.N., Shilibek K.K., Semernin N.A., Narmagambetov S.A.
(2014). Gravitatsionnoye otstaivaniye dizelnyh topliv // Materialy X
mezinarodni vedecko-prakticka konference “Dny vedy-2014”. Dil 33.
Technicke vedy.: Praha. Publishing house “Education and science” s.r.o.,
ISBN  978-966-8736-05-6, — 2014, pp. 63-66.  Available:
http://www.rusnauka.com/10_ DN 2014/Tecnic/2_164853.doc.htm
(Accesed: 27.09.2015).

Semernin A.N., Semernin N.A., Kokayev U.S., Narmagambetov S.A.
(2014). Teoriya obezvozhivaniya topliv koaguliruyushimi peregorodkami //
Materials of the X International scientific and practical conference,
“Scientific horizons”- 2014. — Vol. 10.Technical sciences. Shiefild. Science
and education, ISBN 978-966-8736-05-6, — 2014, pp. 16-18. Available:
http://www.rusnauka.com/31 NG 2014/Tecnic/4 178176.doc.htm
(Accesed: 27.09.2015).

Hartland S. (1967). The coalescence of a liquid drop at liquid — liquid
interface. Trans. Jnst. Chem. Vol. 46 No. 1, pp. 97-99.

Lawson G.B. (1967). Coalescence processes. Chem. Process. Vol. 48, No. 5,
P. 45.

Osipow L.J. (1962). Surface chemistry. American society monograph series.
— New York: Renhold publishing corporation, — 1962. — 481 p.

Voyutskiy S.S. (1969). Fiziko-himicheskiye osnovy propityvaniya I
imprenionorovaniya voloknistyh materialov fispersiyami polimerov. —
Leningrad: Himiya. — 1969, — 336 p.

Semernin A.N., Semernin N.A. (2013). Teoriya obezvozhivaniya topliv
poristymi peregorodkami // Bulletin d’EUROTALENT-FIDJIP, France:
Editions du JIPTO, ISSN 2101-5317, — 2013, Vol. 3, pp. 34-41. Available:
http://elibrary.ru/item.asp?id=20260267 (Accesed: 27.09.2015).

Semernin A.N., Semernin N.A., Kokayev U.S., Narmagambetov S.A. (2014)
Raschet parametrov filtrov-vodootdelitelej // Materialy X mezinarodni
vedecko-prakticka konference “Nastoleni moderni vedy-2014”. — Dil 13.
Technicke vedy.: Praha. Publishing house “Education and science” s.r.o.,
ISBN  978-966-8736-05-6, — 2014, pp. 24-27.  Available:
http://www.rusnauka.com/30 NNM _2014/Tecnic/4 178175.doc.htm
(Accesed: 27.09.2015).

Chugayev R.R. (1977). Gidravlika. — Moskva: Energiya, — 1977. — 437 p.
Romanov P.G., Kurachkina M.I. (1982). Gidromehanicheskiye protsessy
himicheskoy tehnologii. Leningrad: Himiya, — 1982. — 288 p.

Semernin A.N., Semernin N.A., Atamkulova A.N., Shamahmudov D.A.
(2013). Planirovaniye eksperimenta pri issledovanii ghotsessov filtratsii



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2016, Ne2
Mechanics & Technologies

poristymi peregorodkami // Mechanika 1 modelirovaniye protsessov
tehnologii, Taraz: Taraz Universiteti, — 2013, No. 1, pp. 87-94.

17.  Semernin A.N., Semernin N.A. (2013). Issledovaniye effektivnosti
vodootdeleniya poristymi peregorodkami // Bulletin d’EUROTALENT-
FIDJIP, France: Editions du JIPTO, ISSN 2101-5317, - 2013, Vol. 2, pp. 31-
37. Available: http://elibrary.ru/item.asp?id=20205796 (Accesed:
27.09.2015).

18. Semernin A.N., Semernin N.A., Kokayev U.S. Sartay A.E. (2014).
Planirovaniye eksperimenta pri issledovanii koaguliruyushih peregorodok //
Materialy X mezinarodni vedecko-prakticka konference “Nastoleni moderni
vedy-2014”. — Dil 13. Technicke vedy.: Praha. Publishing house “Education
and science” s.r.0., ISBN 978-966-8736-05-6, — 2014, pp. 19-23.

19. Semernin A.N., Ashyrov F.A., Miroshnichenko V.V. Analysis of fuel
cleaning systems: an analytical review. — Taraz, Zhambyl CSTI, 2007. — 20
p-

20. Semernin A.N., Semernin N.A. Improving the fuel supply system of
technological machines based on KamAZ trucks: an analytical review. —
Taraz, Zhambyl CSTI, 2009. — 24 p.

21.  Semernin A.N. Universal fuel system for diesel engines [Text] / A.N.
Semernin, N.A. Semernin // Mechanics & Technologies, Taraz: Taraz
University, — 2014, Ne4, P. 145-148.

22.  Semernin A.N. The universal fuel system for diesel engines [Text] / A.N.
Semernin, N.A. Semernin // Bulletin ’EUROTALENT-FIDJIP, Editions du
JIPTO, ISSN 2101-5317, — 2013, Volume 1, P. 57-60.

23.  Semernin A.N. Universal fuel system for diesels [Text] / A.N. Semernin,
N.A. Semernin, S.A. Narmagambetov, A.E. Sartai // Materialy X
mezinarodny vedecko-practika conference “Dny vedy — 2014”, Publishing
house “Education and science” s.r.o., ISBN 978-966-8736-05-6, — 2014,
Volume 1, P. 63-66.

Material received 29.02.16.

H.A. Cemepuun, A.H. Cemepuun, I.A. llamaxmynos,
P.A. Atbiraes, I.I'. Bacun

M.X. Jlynamu ameinoaevl Tapas memiekemmix yHueepcumeni,
Tapas kanacvl, Kazaxcman Pecnybnukacul

KE3-KEJIT'EH TUHITI OJIINEMAEI'T AU3EJIb KO3FAJITKBILITAPBI
YIIIH KOJEMAI TYPHATTBI CY BOJIT'THI-CY3I'IVIEPIH )KOBAJIAY

Makanaga au3enb OTBIHBIH CyJaH OHE MEXaHHMKaJblK KochamapiaH
Ta3apTyIblH KEHIpEK TapaifaH oicTepi Typaibl akmapaT kentipiuiren. Typii
TUOTEr1 JKOHE eNIeMJeri CcylaH Ta3apTKBIIl CY3TUIepAiH KOHCTPYKTHBTIK
mapamerpiiepin  ecentey kepceriireH. CymaH — Ta3apTKBII  CY3TUICPAiH
MPOTOTUNITEPIH TIKIpUOENiK 3epTTeynepAin HoTkenepi OepinreH. CoHbIHIAQ
CyJaH Ta3apTKBIII CY3TiIepli KoJJaHy OOMBIHINA >KalMbl KOPBITBIHABLIAD MKOHE
YCBIHBICTAp KacaJFaH.

Tyiiin ce3mep: nu3enb OTHIHBI, OTBIHIBI CY3TiZIEH OTKI3y, CYCBI3IAHIBIPY
3JIEMEHTI, CyJlaH Ta3apTKBIII CY3Ti.
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Tapasckuit 2ocyoapcmeennulil ynusepcumem um. M.X. /[ynamu,
2. Tapas, Pecnybnuxa Kazaxcman

ITPOEKTUPOBAHUE ®UJIbTPA-BOJOOTAE/JIUTEIISI OB BEMHOI'O
THUIA JJIA AU3EJIBHBIX JIBUT'ATEJIEU JIIOBOI'O TUIIOPASMEPA

B crarbe npuBenena nHdpopManys o Hauboee pacpoCTPaHEHHBIX METO/IaX
OYHCTKH TOIIJIUB OT BOABI U MEXAaHHUYCCKUX an/IMeceﬁ. YacTtp cTaThu IIOCBJAIIICHA
pacuery KOHCTPYKTHUBHBIX TIapameTpoB (UIBTPOB-BOAOOTACTHUTENECH JIOOBIX
THIIOPa3MEPOB. Hanee IIPUBEICHBI pe3yabTaThl SKCIIEPUMEHTAIBHBIX
HCCIICIOBAHMN TPOTOTHIOB  (puibTpa-BomooTaeauteas. OOIme BBIBOABI U
PEKOMEHIAINH 10 IPUMEHEHUIO (HIILTPOB-BOJIOOTICNTUTEEH TPUBEACHBI B KOHIIE
CTaTbH.

KamoueBble ciaoBa: IU3TOIUIMBO, (MIBTpAlMs TOILIMBA, DJEMEHT
00e3BOKHUBaHUS, (PUIBTP-BOAOOTACINUTEb.
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