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PELIEHUE YPABHEHU TEIJIONPOBOJAHOCTH C HEOJTHOPOIHBIMU TPAHUYHBIMU
YCJI0BUAMMH

AHnHomayus

3a nocienHue AecATWIETHS cdepa WHTEHCHBHOTO HCCIIEAOBaHUS M IPUMEHEHHUS SIBICHUI TemiooOMeHa
‘-Ipe3B];I‘laI>iHO pacuimpuiach. Omna BKIIOYAET Kak BEAYIIUEC HaNpaBJICHHUA TEXHUKHU (XI/IMI/I‘IGCKaﬂ TCXHOJIOI'HU,
METaLTyprusi, CTPOMUTEIbHOE naeno, Hedrepa3paboTka, MAIIMHOCTPOCHHUE, arPOTEXHHKAa M T.O.), TaK U OCHOBHBIE
€CTEeCTBCHHBIC HaykH (OMoJOrHsi, Teosiorusi, Gu3nka atMochepbl U OKeaHa U Japyrue). TeopeTHyecKoe HCCIIeI0BaHUE
MIPOIIECCOB TEIUIOOOMEHA B HACTOSIIIEE BPEMs B 3HAUUTEIEHON CTETIICHN 0a3upyeTcs Ha UX YUCICHHOM MOJICTHPOBAHUHI
¢ ucnone3oBanneM HWKT. 310 cTamo  BO3MOXHBIM — Omaromapst  3HAYUTEIBHOMY IPOTpecCy B pPa3BUTHHU
BEIYMCITUTENFHBIX METOJOB PEIICHHS 3alad Uil YPAaBHCHHH B YaCTHBIX INPOU3BOAHBIX M YBEIMYCHHIO MOIIHOCTH
COBPEMCHHBIX BRIYHCIUTEIEHBIX MAIIHH.

B naHHOW cTaThe paccCMOTPEHO pEIICHWE YpPaBHEHWS TEIUIONPOBOIHOCTH NPU HEOTHOPOTHBIX TPAHUYHBIX M
HaYaJIbHBIX yCIOBHAX MeTonoM Dypre. MccnenoBaHO paclpocTpaHeHHE Teia B 3eMHOH KOpe, B KOTOPOU MPOUCXOUT
CBOOOIHBIN TEINIOOOMEH C OKpYXKAIOIIEH Cpe/oit.

KiroueBble cioBa: ypaBHEHHE TeIJIONPOBOAHOCTH, MeTon Dypre, pacmpocTpaHeHHs Temja B IIape,
napaboar4eckoe ypaBHEHHE.

Anoamna
KA. A6oupamanos*, K.K. Kokcanog?

Y mazucmpanm, Abaii ameinoaser Kaszax ynmmoix nedazozuxanvix yuueepcumemi, Aimamel k., Kazaxcman
2h-m.2.0., Abaii amwinoazwl Kazax yimmuik nedazo2uxanviy yHueepcumeminiy npogeccopol,
Anmamer K., Kasaxcman
BIPTEKTI EMEC HIEKAPAJIBIK IIAPTTHI ) KbIUTYOTKI3I'IITIK TEHAEYJIEPAI INENTY

COHFBI OH XBULIBIK IMIIHAE, )KbUIY aIMacy KYObUIBICTAPbIH FHUIBIMHU 3€PTTEY XKOHE OJap/bl KOJIaHbICTA Naliaiany
asiChl KapKbIH/ABI KeHeii. O TEXHOJOTUSHBIH JKETEKIIi OaFbITTapbIH (XUMHUSUIBIK TEXHOJIOTHS, METAIUTYPIHsl, KYPBUIBIC
caJlachbl, MyHall @HIipy, MalllMHa XKacay, aybll IapyalllblIbIFbl TEXHOJIOTHSCHI JKOHE T.0.), )KOHE HETI3r1 KapaTbUIbICTAHy
FBUIBIMIAPBIH (OMOJIOTHSI, F€0JIOTHsI, AaTMOC(EpaNbIK XKaHE MYXUT (PU3UKACHIH) KaMTHAbL. Ka3ipri yakpITTa KbUTy anMacy
NPOLIECTEPiH TEOPHUSIIBIK 3epTTey, onapabiH AKT kemeriMeH ecentenreH caHIblK MOAENiHe HerizmenreH. byn eneysi
nporpecc, Kasipri 3aMaHfbl ecenTeyilll MallWHaJIapIblH KyaThIHBIH apTybIMEH JKOHE Je JAepOec TYBIHBI
g depeHIHaIIbIK TSHACYISP Il MEnrye CaHABIK-eCeNTeY dIiCTePiHIH JaMybIMEH THIFBI3 OaiIaHBICTEl MYMKIH OOJIIBL.

Byt skyMBICcTa KBUTYOTKITIIITIK TEHACYIEPIi, KOPCETIITeH OACTAIKEI KOHE OIPTEKTI eMec MeKapalbIK MIapTTapbIMECH
memrye Oypbe TOCUTIH KoiaHy KapacThlpblUirad. Kopiiaran opraMeH epKiH KblUTy ailblpOacTay skarJalbIHAAFEL Kep
KBIPTBICBIHAFBI JKbUTY TapallybIH 3€pTTEJIreH.

Tyiiin ce3aep: xpuTyOTKI3rimTiK TeHACY1, Dyphe oici, map OeTiHe KbUTy aIMacy, HapadoIaibIK TeHIEYIIep.
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Abstract
THE SOLUTION OF THE HEAT EQUATION WITH INHOMOGENEOUS BOUNDARY PROBLEMS
Abdiramanov Zh.!, Koksalov K.K.2
1 Student of Master’s Programme, Abai University , Almaty, Kazakhstan,
2Dr. Sci. (Phys-Math), Professor of the Abai University , Almaty, Kazakhstan

Over the past decade, the scope of the intensive research, It includes both the leading directions in technology
(chemical technology, metallurgy, construction, oil production, engineering, agricultural technology, etc.), and the basic
natural sciences (biology, geology, atmospheric and ocean physics and others). Theoretical research of heat exchange
processes at the present time is based on ICT. This became possible due to significant progress in the development of
computational methods for solving problems for partial differential equations and increasing the power of modern
computers.

In this paper we consider the solution of the heat equation for inhomogeneous boundary and initial conditions by the
Fourier method. The propagation of heat in the earth's crust, in which free heat exchange with the environment occurs.

Key words: heat equations, Fourier method, heat spreading in sphere, parabolic equation.

1. PaCCMOTpI/IM 3aJja4y Te€mjia ¢ HCOAHOPOAHBIMHU, HO HUSMCHAIOIIHUMHCA BO BPEMCHHU, TI'paHUYHBIMU
YCIOBUAMMU. PaCCMOTpI/IM r[po6neMy TEII000MEHA ¢ NEPUOJUICCKUMH I'PAHNYIHBIMU YCIIOBUSIMMU:

U =U,, 0<x<1, 1)
u(0,t) = Acos(at) , u@,t)=b,, >0

u(x,0) = f(x), O<x<l.

®u3HYeCKUid CMBICT TPaHUYHBIX ycioBud U(0,t) = ACOS(wt) COCTOMT B TOM, YTO MbI MEPHOAUYECKH

MEHsIeM TeMIIepaTypy Ha KoHLe X=0 cTepxHS.

Mpl He KJeM, 4TO pelieHue OyaeT He 3aBUCSIIUM OT BPEMEHH MpH t — oo, TaKk KaKk MbI MEPHOTUICCKU
MEHsIeM TeMIIepaTypy Ha ogHOM KoHue. OIHaKo MbI 3Ha€M, YTO IOCJE HAYaJIbHOTO IEPEXOJHOI0 BPEMEHH
pELICHUE CTAHET MEPUOIUYECKUM C YTIOBOU YaCTOTOH O,

TO €CTb
u(x,t) =v(x,t) + A(X) cos(awt + ¢(x))
I'me v(x,t) — 0 mpu t—oo sBiasercs nepexoaHbIM npoueccoM, A(X)cos(wt + @(X))- 3TO TO, YTO MBI

Ha3plBa€M  KBAa3UCTAlMOHAPHBIM  COCTOSHUEM, A(X) u  $(x) sABuAroTCa ammauMTtyza v dasza

KBa3UCTAIIMOHAPHOTO COCTOSHUSA. UTOOBI pemuTh 3ajady, HY)KHO CHadala HalTh A(X) u ¢(x), a 3aTeM

v(x,t).
Pemenne 3agaun. Bocrons3yemcst o6o3nauenneM Re{z}, Im(z), 9To0bl 0003HAUYHUTE EHCTBUTENBHYIO
MHHUMYIO YaCTH KOMIUIEKCHOTO uncia z. O0paTure BHUIMaHHUE, YTO

Re{z} = %(z + z*), cosd =Re{e"’}

Im{z}:%(z—z*), sin@ = Im{em}

IJI€ 3B€3JJ04KH 0003HAYAOT KOMILIEKCHO conpsbkeHHoe ((x+Hy) =X-iy). Takum 06pa3om, Mbl MOKEM HAIHUCATH
Hallle KBa3UCTallMOHAPHOE PEIIeHHEe B TePMHHAX KOMIUIEKCHBIX KCIIOHEHT,

A(x)cos(at +¢(x)) = Re{A(x)eW(X)ei”’t} =Re {U (x)e""t}
I'ne nnst ynoOGcTBa Mbl 3aMEHUITN A(X) ei¢(x) KOMIUICKCHOH (pyHKIIHEH U (X) . MBI iesiaem 310, IOTOMY 4TO

CJIOKHBIM JKCIIOHEHTaM TOpa3jo Jjerde padorarh, 4em COS(a)t) u Sin(a)t). Bamernm, uro U (X) UMeeT

m{U (x);

I
BEJIMUKHY A(X) =|U (X) | u dazy @(X) =arctan W(X)} . @aza ¢(x) 3anepxuBaeT >PPEKTHI TOro, YTO

IIPOUCXOJNT B KOHIIE CTEP)KHSI: €CIIM KOHEIl HarpeBaeTCs B MOMEHT BPEMEHU t:tl’ 3 exT He onryaeTcs B

#(1/2)

()
Jlemma. [HyneBast cyMMa KOMIUIEKCHBIX 9KCIIOHEHT | Eclu 1151 IBYX KOMIIIEKCHBIX ITOCTOSIHHBIX a, D MMeeM

LEHTpe /10 00JIee MO3HETO BPEMEHH t = +t, . Crieyroumii pesynbrar Oy/IET NIOJIE3EH.
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ae* +be” =0 2)
JUTS BeeX BpeMeH | B HEKOTOPOM OTKPHITOM HHTEpBale, Toraa a=h=0

JlokasatenscTso. Juddepenuupyem (2) mo Bpems L

iw(aeiwt _ be—ia)t ) _ 0 (3)

[pubasnenue (2) k 1/10 %(3) maer

2ae'” =0.

Tak xak e'”* Huxoraa e pasHo Hymo (| ' |=1), To a=0. U3 (2) be ' =0 u, cnenosatensHo, b = 0.

HuddepeHnmanbHoe ypaBHEHHE C YacTHBIMH  TMPOW3BOJHBIMH M HAYalbHOE YCIOBHE IS
KBa3HCTAIIMOHAPHOTO COCTOSTHHUSIL.

Iar 1. Haiftu pemenne kBaszuctanuoHapHoro coctosaust ansg Y ¢ UIl u rpannyHbie ycnoBus 3a1a4yu o
Harpese (1) Buaa

iot 1 ot * —iat
Ugs (1) =Re{U (x)e }ZE(U ()& +U"(x)e ™) = A(x)cos(at +4(x)) 4
rae U (X) - komriekcHas ¢pynkuus. [logcrasmsist (4) s U (X,t) B 1Y c Ull B (1), mony4yaem
%(iwu ()& —ic” (x)e )= %(U "(x)e —U (x)e )

Jia 0<x<1 u t>0. YMHOXast 00€ CTOPOHBI HA 2 ¥ MEPETPYIIUPYS claraeMble, oJTyJdaeM

(e (x)-U"(x))e" + (i (x)~U " (x))e ™ =0, 0<x<L, t>0 5)
[Mpumenss nemmy k (5), moaydyaem
i (x)-U"(x)=0=—iaU" (x)-U"" (x) (6)

3aMeTuM, UTO JeBas U IpaBas CTOPOHBI ABISIOTCS KOMIIEKCHBIMU COIPSDKEHHBIMU JAPYT C JAPYroM, H,
ClIeZIOBATEIbHO, OHU TOBOPAT OJHO M TO e (TaK 4TO Terepb Mbl OyleM mucaTh To Win apyroe). [loacrasisis
(4) B rparnuHbie ycnoBus B (1), momydaem

%(u (0)e'* +U " (0)e ™ ) - g(ei“’t re ) :

%(U e +U @e ™) =0 (7)
npu t>0. Ipynmupys koG HUIHEHTH TpH €' 1 IpUMEHss IeMMY, T10Ty4aeM
U()=A,
U@ =0. 8)

aHATM3HPYA, 331a9y KOMILIEKCHOM amMmmmTy sl U (X) , 13 (6) u (8)
U"(X)—iaJ (X) =0;
u@)=A,
U@ =0. )
3amerum, uto (1+1)?=21i, u ci1e10BaTENBHO

ia):%(1+i)2a)=£\/%(l+i)]2

[Toaromy (9) MoxHO TIepenvicaTh B BUAE

U"—[\/%(m)]zu -0;

U@ =0. (10)
Pemrenne o0p1kHOBEHHOTO M depeHImanibaoro ypasaenus (10) gaet
[—jé(lﬁ-i)x] [\/E(lﬁ-i)xj
2 2
U=ce +C,e (11)

/1€ C1, C2 - KOHCTaHTHI. C HCIOIb30BaHUE TPAHUYHBIX YCIOBHH MTOTy4aeM
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U@)=A=c+c,,
0=U(1)= cle[_\ﬁ(hi)j + cze(ﬁmi)j (12)

Pemas sTot Habop TMHEWHBIX YpaBHEHHUN IJIT HEM3BECTHBIX (C1, C2) M ITOJICTABIISIS KX OOpaTHO B

o)

Ae

c,=A-cC

A ] T

e —-€
[oxcrasmss ux B (11), momydaem

e[J/?(m)(u)] i e[ﬁ(himx)}
\E(m)] (—\/g(hi)}
e[ —-e

HOC—)TOMY pPCUICHUEC KBa3UCTAIIMOHAPHOI'O COCTOAHMA 3ala4r TCIIJIOIIPOBOJHOCTHU

(\E(lﬂ)(l—x)J (7\@1”)(14()]

e(\/?m)] :e[ﬁam]

Jlerko mpoBepuTh, 4to Ugg (X, t)YI[OBJIeTBOpHeT AY c UIl u rpannyHbM ycnoBusM B (1).

U=A

« (x,t)=Re{ A"

Hlar 2. PemuM 11 iepexogHOTO MpoIiecca, OIpeIeIeHHOT0 KaK MPeK/Ie,
V(X,t) =u(x,t) —ug (X) (13)
[Moncrasnsas (13) B 3amauy (1), yunteisas, 9ro Ugg (X, t) yaosiiersopsieT Y ¢ Ul u rpaHUYHBIM YCIOBUSIM

B (1), naet cinenyromyto 3anady st v(x,t),

V.=V, 0<x<l1
v(0,t)=0, v(Lt)=0, t>0 (14)
v(x,0)=f,(x), O<x<1

I'ne nayanbHOE ycnoBue f2 (X) 3agaeTcs popmyoi

e[ﬁ(m)(l—x)] e[—ﬁ(m)@—x)}

f,(x)=u(x,0)—-ug (x,0)= f (x)-Req A

3amaua g v(X,t) - 3HaKOMOE OHOPOIHOE ypaBHEHHE TEIIONPOBOJHOCTH, PEIICHNEe KOTOPOil 3a1aeTcs
hopmyroit

1
B =2 j sin(mzx) f,(x)dx
0

v(x,t) = i B, sin (7rnx)e’“2”2t
n=1
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(s (-fzaiex)

iot € —e
[\E(m)] _e[ %(m)}

IlepBbiii wieHn - mepexoaHass 4acTb V(X,t), SKCHOHEHIMANbHO YObIBamollas HpU t—o0, a BTOpas

IMosHoe pemenne.

u(x,t) =v(x,t) +ug (x,t) = i B, sin (7rnx)e’”2”zt +Re- Ae
n=1

€

KBa3HCTAIllMOHAPHOE COCTOSHUE, aMIUIUTYJa KOTOPOTO MPH KaXKJIOM X MOCTOSHHA.
AHaJIornyHasi mpooJieMa: HarpeB / OXJa)kKIeHue 3eMHOI MOBEPXHOCTH.
PaccmoTpum 3eMHOe KOpe, KOTopasi OXJIaXKAaeTcsi 3MMON M HarpeBaeTcsl JeToM. Bo3bMeM KoopauHATy X,
HaTpaBJICHHYI0 BEPTHKaJIbHO BHHU3, ¢ X=(0, COOTBETCTBYIOIEH 3eMHON MOBEpXHOCTH. ISl MPOCTOTHI MBI
MOJIETHPYEM CTOJOEN 3eMJIM MOIyOecKoHewHOH mnuHuer 0<x<co. MslI TpyOO MOAeTMpyeM HarpeB u

2 .
oxJaxaeHue Ha moBepxHocTu Kak U(0,t) = Acos(wt), rze a):—ﬂ-, (MacmITaOMPOBAaHHBIN) TMEPHOI T
T

cootsercTByeT 1 roay. [Ipu Hamem macmrabuposannu =k (1 romx)/02. I'paHUIHOE YCIOBHE IIPU X—>00 COCTOUT
B TOM, YTO TEMIIEpaTypa U OrpaHUYEHa («o0» HaXOAUTCS Ha JTHE 3eMHOW KOPBI, elle AaJIeKO OT sSIpa).
KBazucrannonapHoe cocTosHUE yIOBIETBOPAET YPABHEHHIO TEIJIONIPOBOJHOCTH M IPAHUYHBIM YCIOBHSM,

(ug), =(Ug ), O<x<o0 (15)
U (0,1’) =T, +T,cosat U orpanmuennblii kak x —» oo, t>0

Mer ucrnions3yem cyneprno3unmio: U (X,'[) =U, +U,rne

(uo )t - (uo )xx *

(ul)t :(ul)xx, 0<Xx<o0,t>0.

U, (O,t)=T0, Ul(O,t)=T1COSa)'[, Uy, U, orpanudeHHbIH Kak x —> oo,

OueBuaHO, uTO Uo(X,t)=To ABIAETCSA PELIEHUEM, U MO €AMHCTBEHHOCTH MBI 3HAEM, YTO 3TO €IHHCTBEHHOE
pemienre it uo(X,t). YToObI pemuTh JUIs Ui, MbI OyJdeM JeHCTBOBAaTh MO-TIPEKHEMY M IycTh ui(X,t)
=Re{U(x)e'*'}, 4T0ObI MOTYIUTH

U"(x)—ial (x)=0, 0<x<oo (16)
U(0)=T

1

U orpanudeHHslii Kak x —s oo, t>0.
Oo6mee perenne g OJ1Y (16)
[—E(Hi)x] [E(hi)xj
U=ce +C,e :
Kputepuii orpaHnueHHOCTH AaeT ¢2=0, Tak Kak 3Ta YacTh OYEHb OBICTPO PACTET NPU X—00. [ paHnuHOE
yCIoBUE Ha TIOBEpXHOCTH (X=0) maet ¢1=T1. CIIEI0BATENLHO

—\/é(hi)x

U=Te *?

OObenuHss pe3ynbTaThl, Mbl IOJTy4aeM

Ug (X,t)=T, +Re Tle_\E(M)ei”’t =T, +Tle_\EX Re e_i\j;mt =T, +T1e_\EX cos —Ex +at ((17)

Ugg (X,t) nzo0paxkaeTcsi B pa3ninuHble Oe3pazmepHble BpemeHa ot/n=0,1/4,1/2,3/4,1 na pucynke 1.

_ \/E
[TyHKTUpHBIE TMHUK Jat0T ammuuTyy T, +T.e 2 KBa3uCTaMOHApHOro Ug (X,t).
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[
T

A

.
=5 0 5 10 15 20 25
Ugl %)

Pucynox 1. I'pagpux Ugg (X, t) 6 pasnoe eépems. Qucna na pucynke ykazoieaiom /.

dusnueckue Borpochl: KakoBa uneansHast riyOuHa it morpe6a? UTtoObl morped ObUIO OTHOCHTEIBHO
MPOXJIaTHBIM TI0 CPABHEHHIO C JIETHEH TeMIIepaTypol U OTHOCUTENLHO TETUIBIM [0 3UMHEH TeMITEPaTyphl, U BCE
K€ MBI XOTHUM, YTOOBI 1T0IBaJ OBLI OJIN30K K MTOBEPXHOCTH (UTOOBI HE MTOAHUMATECS CITHIITKOM MHOTO JIECTHUII).

Tornga ™Mbl JOKHBI HAalTHM HaMMEHBIIYIO TIyOMHY X, 4TOObl Temmeparypa Ugg (X,t) Obuta OBl

IIPOTUBOIIONOXKHOA 10 (ase A0 Temmeparypsl MOBEpXHOCTH Ug (X, t). Bosemem  k=2x103cm?%/c
(TeMIepaTypanpoBOAHOCTh 3eMHOM KOpbl) u {=1M. HanomuumMm, uto nepuon cocrasisier 1 rox, T =(k/0%)(1 rox)

u 1 rox-3,15x10"c. W3 pemrenus (17) dasa Ugg (X,t) MEHSETCS Ha 00paTHYI0, KOr/ia

\/5
—X=7r
2

Pemenne mg x maer

X=x\2lw
Bo3sBpaiasick kK pa3MepHbIM KOOPIHHATAM, HMEEM

x'=Ix=Iz /5_; = J7k(1_z00) = \/ﬂx(leO_scMZ)x3,15xlO7 = 4.45x

Ha sToii rimyOrHe aMIuInTy1a M3MEHEHUS TeMIIepaTyphl

(0]
- \/:X
Te '? =Te " ~0.04T,
Takum 00pa3oM, M3MEHEHHsI TEeMIIEpPaTyphl COCTABISIIOT Bcero 4% OT TOro, 4To OHM HAXOAATCS HA
noBepxHocTH. U Temmeparypa B x=4,45M JIeTOM XOJIOJIHAS U TeTuIiasi 3MMO. DTo uieanbHas riryornHa norpeoda.

Cnucok ucnonb3068aHHOU TUMEPAMYPLL.
1 4.Matthew J. Hancock - The 1-D Heat Equation, 18.303 Linear Partial Differential Equations, Fall, 2006.
2 Stanley J. Farlow Partial Differential Equations for Scientists and Engineers-Dover,-Toronto,-1993.
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Anoamna
CUMMETPHSITBI  TIEPIICHAUKYJISAPIIBI  IOHTEICK aFbIHINAJap KaHal KaOBIpFAchIHAH YPJICHTCH YIIOJIIeM/Ii
KBUITAMJIBIFBI JBIOBIC KBUIIAMIIBIFBIHAH KOFAphl aFbIHAAP CaHIBIK MojeibicHenl. DaBp OOWBIHINIA OpTallaiaHFaH,

K —@ typOynentri monenimMen tyiibikranran Hasbe — CTokc Temaeyiepin memry ENO-cynbachiHa Herisjenren
AITOPUTM KeMeTriMeH »y3ere acanpl. I[lapamerpiepi Re=1.87*10",Pr=0.9 ,M_ =3 G6onarbiH, auamerpi

d =1.4cm xaGbipra caHpliaybIHaH JBIOBICTHI AFBIHMEH SKETIITEH Ta3ibl KOJNJIEHEH YPJeY apKbUIbl *KbUIAAMIBIFbI
IBIOBIC KBUTIAMIBIFBIHAH JKOFApHl TYpOYJICHTTI aFreiHaap 3eprreineni. KaObiprama mekapansik kabaT Oepinemi, OOMITBIK
KBUIIAMIBIK TOpPEkKETiK 3aHBIMEH alllpOKCHMaNUsIIaHabl. Bip KanslITeIIaH 0acTal aFbIHIIA MEH aFbIC KBICHIMIAPBIHBIH

apakaTeIHachIHBIH ocyine (mapamerp 3 < N <50 apansikTa e3repyi KapacThIPbUIIb) GAIAHBICTE, aFbIC IICH EKITH/II
aFBPIHHBIH OpPEKETTEeCY calJapblHAH OOJATBIH KYWBIHHBIH Taiima Ooimy MexaHmsMi 3eprrenmi. CaHIBIK ToxipuOe
HOTIDKECIHIE KHICHIMIAPBIHBIH apaKaTHIHACHIHBIH YIIFAIOBl, SFHH apakaThiHAcTHIH 10 yimkeH aepOec xkarmalima TepT
Oenrinl KYWBIHIBIK KYPBUIBIMHAH Oacka KOCHIMINA KyHbIHmap maiima Oomaapl. Exi KyWbeIH apanmacy aiiMarbIHIa Taina
Ooica, Oip KyiBbIH IIAMIIAH CKMiHAI aFrblHMEH MaX IUCKICIHeH OTeTiH aFbIHINANap ocepiHeH maima Oosampl. AFBIH
ANIBIHAAFE KBICKIM MEH SKCIIEPUMEHT apachlHAa KaHaFaTTaHAPIIBIK YHIICCIM aITbIHIBL.

Tyiiin ce3aep: caHIBIK MOACTBICY, JKBUIIAMIBIFEI TBIOBIC KBUTAAMIBIFBIHAH )KOFAPBI aFbIHAAD, JKETIITeH
ras, mekapaislk Kadbar, HaBbe — CTOKC TeHACYNEpi, aFbIC TICH aFbIHIIA KBICBIMIAPbIHBIH apaKaThIHACHIHBIH
mapameTpi, 9Cep TOIKBIHBI.

AnHomayus
M.E. Aounosa®, A.E. 3aoaynei® , A.K. Mananosa®
12 Ph.D ooxmopanm, Kaszaxckuii 2ocyoapcmeennviii ynusepcumem um. arb-Papabu, 2. Anmamol, Kazaxcman
3 Mazucmpanm Kaszaxckozo 2ocydapcmeseninozo ynueepcumema um. anb-Papabu, 2. Anmamel, Kasaxcman
HNCCJIEJIOBAHUE B3AI/IMOI[EI71CTBI/IPI MONEPEYHOM CTPYHU CO CBEPX3BYKOBBIM
IMOTOKOM B 3BABUCHUMOCTHU OT HAPAMETPA HEPACUETHOCTH

UncieHHO  MOJEIMPYETCSl  TPEXMEpHOE  CBEPX3BYKOBOE  TYypOyJNEHTHOE TEYE€HHE C  CHMMETPUYHBIM
MePHEeHANKYISIPHBIM BIYBOM KPYIJIBIX CTPYyH CO CTEHOK KaHama. PemieHne MCXOAHBIX OcpeqHEHHBIX 1o daspy

ypasHenuii HaBbe-CToKca, 3aMKHYTEIX K — (0 MOJIe/BbI0 TYpOYIICHTHOCTH, OCYIIECTBIISIETCS C TOMOIIBIO aITOPUTMA,
noctpoentoro Ha ocHoBe ENO-cxembl. Hccnemyercss CBEpX3BYKOBOE TypOYJIEHTHOE TEUEHHE C HapaMeTpamu
Re=1.87*10" ,Pr=0.9 ,M_ =3 c nonepe4HbIM BIyBOM 3ByKOBOIl CTPYH COBEpPIICHHOI'O ra3a M3 OTBEPCTHS Ha

crenxe ¢ guamerpom O =1.4CM. Ha crenke 3amaercst MOrpaHHYHBI CIOH, HPOXONBHAS COCTABISIONMIAS CKOPOCTH
aIlIpOKCUMUPYETCs CTEIIEHHBIM 3aKOHOM. M3yueH MeXxaHu3M BO3HUKHOBEHMSI BUXPEBBIX CTPYKTYP IIPU B3aUMOJECHCTBUU
CTpyH ¢ HaOerarouM MOTOKOM, B 3aBUCHMOCTH OT YMEPEHHBIX A0 OOJIBIINX IMapaMeTpoB HEPacueTHOCTH (Tapamerp
BappupoBaics B auanmazoHe 3<N<50). B pesynpraTe YHCIEHHBIX 3KCIIEPUMEHTOB OBUIO BBISBIEHO, YTO C

YBEJIMUYCHWEM HEpacueTHOCTH, B YACTHOCTH TIIpH Hapamerpe HepacueTHoctH Oosbme 10, dopmupyrorces
JIOTIOJTHUTENbHBIE BUXPH, NOMHUMO HU3BECTHBIX YETBIPEX BHUXPEBBIX CTPYKTYp. M3BecTHO, 4TO [BE mapbl BHXpeil
(opMHupYIOTCSI B 30HE CMEIIECHHS, OHA 1apa BUXPEH BO3HHMKACT 3a CUET B3aUMOJCHCTBHS CTPYH, IIPOXOSIICH depes
JIMCK Maxa co CKOpOCTHBIM HAa0EraroInuM MOTOKOM, 1loirydeHO yA0BIECTBOPUTENBHOE COTJIACHE H30BITOYHOTO 1aBICHHS
nepes] CTpyel ¢ 3KCIEePUMEHTANbHBIMU JaHHBIMU.

KinroueBble €J10Ba: YUCIEHHOE MOJCIMPOBAHNUE, CBEPX3BYKOBOE TEUEHUE, COBEPILEHHBIN I'a3, IOTPAHUYHBIN CJIOH,
ypaBHeHust HaBpe-CTokca, mapaMeTp HepacueTHOCTH, yAapHas BOJTHA.
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Abstract
INVESTIGATION OF THE TRANSVERSE JET INTERACTION SUPERSONIC FLOW
FIELD DEPENDING ON THE PRESSURE RATIO
Adilova M.E.%, Zadauly A.E.2, Manapova A.K.2
12 Ph.D doctoral student of the Al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Student of Master’s Programme, Al-Farabi Kazakh National University, Almaty, Kazakhstan

The three-dimensional supersonic turbulent flow with a symmetrical circular transverse jets injection to
the channel is numerically simulated. The Favre averaged Navier-Stokes equations, closed by k — @
turbulence model, are solved by the algorithm, based on ENO-scheme. The supersonic turbulent flow with
parameters Re=1.87*10",Pr=0.9 ,M_ =3 , with transverse jet injection from a hole in the wall with a

diameter d = 1.4cm is investigated. On the wall the boundary layer is defined, the longitudinal component of
the velocity is approximated by a power law. The mechanism of occurrence of vortex structures in the
interaction of the jet with the flow field, depending on the parameters of moderate to high pressure ratio
(parameter ranged 3<n<50) is studied. The numerical experiments are revealed that under pressure ratio
parameter of greater than 10, in addition to the four known vortex structures the new vortices are formed. It is
known that two pairs of vortices are formed in the mixing zone, one pair of vortices is formed due to the
interaction of the jet passing through the Mach disk with the high-velocity incoming flow. A satisfactory
agreement the pressure distribution on the wall with experimental data is obtained.

Key words: numerical modeling, supersonic flow, perfect gas, boundary layer, Navier-Stokes equations,
pressure ratio, the shock wave.

Kipicne

KenneHeH arbIHIIAHBIH, KBULIAMIBIFBI JBIOBIC JKbUIAAM/IBIFBIHAH JKOFAPhl aFbIHMEH ©3apa dpEKETTeCYiH
3epTTey KQXKETTLIIr, €H aJIbIMEH, YIITy )oHe KOHY KalIBIKTHIFbI KbICKA YITAKTap/Ibl, TAPTHUIBIC BEKTOPHIMEH
OacKapbUTaTBIH ~aBUANMSJIBIK ~KYINTIK  KOHIBIPFBUIAPIBI, COHAAW-aK Typa aFblHABl Oye-peaKTUBTI
KO3FAJITKBIIITAPIbI KYPACTHIPYMEH OalIaHbICThI. 3epTTey OOJIBICHI 6T ayKbIMJIbI )KOHE OChI YaKbITKa JCHIH
Oipmrama >KYMBICTap aTKapbUIBIT KOWFaH, KOHE OJapAblH KOMIILIIri HeTi3iHeH XbUIIAMABIFBI IBIOBIC
KBUITaM/IBIFBIHAH JKOFApbl OOJIATHIH aFFIHMEH JKOHE MIEKapaliblK KaOaTIeH e3apa opeKeTTecyi HOTIKECIHIe
aFbIHIIAHBIH PEAaKTUBTI KYLIIHIH apTyblH aHbIKTayFa OarbITTanaibl. AFBIHIIAHBIH ©3iHIH KO3FalbICHl MEH
KYPBUIBIMBIH 3€pPTTEYIe CaJLICTBIPMalbl TYpHe a3 Hasap ayaapbuiraH. OChl yaKbITKa JIEHIH >KapusUlaHFaH
oneOueTTepIeH KONTEereH >KYMBICTApIbIH aFbIC IEH aFbIHINA KhICHIMIAPBIHBIH apakaThIHACH! Killll JKOHE
alitapiblKTail yikeH caniap Oonatein [1-12] KesieHeH ypieTiH aFbIHIIIAHBI 3€PTTEYre apHaJIFaHbIH KOpyre
00J1a/ibl JKOHE ©3apa OPEKETTeCY OOJIBICHIHBIH (DU3UKANIBIK KapTUHACHI Ja ©Te JKaKChl 3€PTTEIreH — Oy
THIFBI3AATY CEKIpMECIHIH KypJem A -OeliHeni ) yHeciHiH naiiaa 00Iybl, OHBIH CalIapbIHAH aFbIHIIA AJBIHIA
KalTapbIMIBI aFbIHIAP OOJIBICHI MMaiia 00JaIbl; TOMEH KbICBIM/IBI 30HA TY31Tyi CalllapbIHAH aFrbIHINA aPTHIH/IA
KalTapbIMIbl aFbIHHBIH KAJIBINITACYbI; OOIIKE TOPi3/i KYPhUIBIMHBIH JKOHE aFbIHIIAHBIH ©3iHJe Max IUCKiHIH
naiiga Oomysr [1-12]. bByHBIH OapibIFBIHBIH cyii0ackl la-CypeTTe KepceTinreH, OacThl, KHFAll >KOHE
TYHBIKTAYIIBI THIFBI3AANY CeKipMenepi coiikecinme 1,2 sxoHe 3 periHae Oenrinenred. ['padykre arbIHIIAHBIH
©31H1eT1 KYUBIH/IBI KYPBUIBIM KOPCETLITCH, OJI ChIFBUIMANTBIH CYUBIK aFbIHIIACHIHBIH aFbIIl IIBIFYbIHA YKCAC
00JIbINT Keyie[l J>koHe OYphIHHAH 3€pTeiin KoWraH. AJlaiifja  aFbIC II€H aFbIHIIA KbICHIMJIAPBIHBIH
apaKaTbIHACKIHBIH MTapaMeTpl ©Te YJIKEH OOJIaThIH aFbIHAAPFA KATBICTHI , aFbIHJIAFbI CTATUKAJIBIK KHICHIMHBIH
TOJIBIK KBICHIMFa KaThIHACKH 532 -Te TeH O0JFaH COHFBI 3epPTTeyJiep KaTtaphl, MbIcalibl [13], Ta3 aFbIHBI aFbIl
IIBIKKAH Ke37¢ KOChIMINA KYWbIHIAP mNaiia OojaThIHBIH KepceTTi. [13] jKyMbICTa cUNATTajaFaH aFbic IEH
arpIHINA KBICBIMIAPBIHBIH apakaThIHACKIHBIH MOHI ©T€ YJIKeH OOJaThIH aFblHIIAHBIH KOJJICHEH Ypiiyi
HOTIKECIHIe Taiina OoNaThIH cananbl KapTuHa 10 cypeTte kepceTinreH. ['padukTe arbIHIIA apTHIHAAFEl yZ
KMMachl OeliHeNeHreH, »oHe [13] OolibiHIa Oy KepAe KapaMa-Kapchl aiiHanaThlH KYHBIHAApABIH Oec
JKYOBIHAH KYpaJIFaH KYPbUIBIM KOPIHIN TYP. AFBIC II€H arbIHINA KbICHIM/IAPbIHBIH apaKaThIHACBIHBIH Killli )KOHE
aiftapibIkTail yakeH Monaepinae ( 1,2,3 xone 5 kyiibiHaap) Oenrisi KyHblH )KynTapbiHaH 0eJiek, KochbiMia (4)
KyWbIHIap KyOsl makiaa Oonazasl. (1) sxaone (3) xyiiprHmaps! (1) sxone (3) KyibIHAAPH! aFbIH MEH aF bIHITAHBIH
apajacKaH 30HajapbiHaa Ty3uteml, (2) Ky#ibIHAap >kxyObl Max JUCKI apKbLIbl ©TETIH arbIHIIAHBIH aFbIHMEH
COKTBIFBICYHI CallAapbIHaH TY3iiei. (4) KyiblHAap *yObl aFbIHHBIH O6ILKe ToPi3Ai KYphUIBIMHBIH YCTIHEH aFry
HOTHIKECIHJIE Taiiia OoNajbl XoHE YPJICHETIH arbIHIIAHBIH MHTEHCUBTLUIITIHE alTapibIKTail OaiaHBICTHI
Oosanel. Tara Topi3aec KyibiH (5) arblHINA ajIIbIHIA KBICHIM I'DAJAMEHTIHIH YJIKEH MOHI aHBIKTAJIFaH Ke3JIe
naiiga Oomaxpl. Ochulaiilia, aFblH MEH aFrbIHIIAJAFbl KbICBIM KAaTBIHACHI MOHJIEPIHIH SPTYPJi MoHAEpiHIE
aNbIHFAH HOTIKeNnep Oip-OipiHeH es3remie Oonaabl, JKOHE aFbic IEH aFblHIA  KBICBIMJAPBIHBIH
apaKaTbIHACHIHBIH [TapaMETPiHIH YJIKEH MOHACPIHAET aFbIHIIAHBIH aFbIIl IIBIFYBIH 3€PTTEY, COHIA-aK arbiC
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TIeH aFbIHIIA KBICHIMIAPBIHBIH apAaKaTHIHACKIHBIH NapaMeTpiHe OalIaHBICTBI KOCHIMINIA KYWBIHAAPIBIH Maiaa
00JTy cypaFrbl 3epTTEIIMETEH KOHE ©3€KTI ecelTep/IiH KaTapblHa Kipei.

3epTTey MakcaThl OONBIN IBIOBICTHIK AOHTENEK aFbIHIIAHBIH TIKOYPBIIITH KaHalJa KbULAaMIBIFbI KapbIK
KBUIJAMJIBIFBIHAH KOFapbl OONATBHIH arbICKa MEPIECHIUKYJIISIP YPJICHYIH CaHIBIK MOJENIbB/CY )KOHE MKETKUTIKTI
’KOHE YJIKeH MOHJIepre ne OOJIFaH Ke3/1eri aFbIC IIeH aFbIHIIA KBICEIMIAPBIHBIH apaKaThIHACHIHBIH ITapaMeTpiHe
OaiiyIaHBICTHI aF IHIIAHBIH ©31H/1€ ’KOHE OHBIH apTHIH/Ia KOCHIMIIIA KYHBIHIIBIK KYPBUTBIMIAPABIH Mai1a 00Ty bIH
3epTTey OOJIBII TaObLIabl.

EcenTeyre piHFaiiIBI OOTYHI VINiH aFbIHINA TEK TOMEHT1 KaOBIPFaIaH YPLIe Il AeTl allbIHIbl. AFBIH CYJI0achl
MEH KYHBIH KYPBUIBIMBIHBIH Carlaibl KapTHHACH! | CypeTTe KOpCeTiIreH.

a
ArbIHHBIH OarsITe! 1 /

4

ArpIHmanare! KyIbIHIbI
KYPBUIBIM

Tara Tepiznec KyitbIH

JKorapre! KbICKIM ayMars! [ TR e

Ypinetix arsiHma ayMars!
ArpiHmanars! Oemke Tapizaec
COKKBLTBI-TOMKBIHIB! KYPhULIBIM

Max amcxi

O

Bemxe mekapacs!

Lo ( 3) TeMeHTi KyIbIH

Q> 0
T T

Cypem 1. Azvin cynéacoi.

EcenTiH KOWBLIBIMBI
JlekapT KoopauHaTanap KyHeciHae KOHCEPBATHBTI TYpe 'ka3buiraH DaBp OOWbIHIIA OpTaTaHBIPhLIFAH
CHIFBUIMAITBI TYPOYJICHTTI Ta3 yiniH ymemmeMa Hasbe-CToke TeHaeynep xylieci OepinreH:

ou ,oE-E), aF-F), aG-G,)_q ©)
ot ox oz B

U,E,F,G BEKTOpPHIHBIH KOMIIOHEHTTEPI KeJeCi OpHEKTEP apKbUIbI AHBIKTAJIA/IbI:
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» pu el el
ou pu’+P pUW puv
o pUV VW o +P
U=|pw|, E=|puw F=|pw+P | G=|pw ,
E, (E, + P (E, +Pw (E + PN
oK puk Pk vk
PO o i12) Yo 10} No

an E,, F,, G, KOMIIOHEHTTEPI TYTKBIP KEPHEYJICPMEH OaiIaHbICTHI:

1 ok 1 oo\
E, = 0' Twr Txyr Tygn urxx +VT><Z + Wrxz T Mxr 5 to PRI + O-w AL
v ( y q Re (:ul k/‘t)@X Re (/‘l ﬂ) GXJ

1 ok 1 o
F, =0, ¢,, 7, 1,, Ur,+vr,+Wwr, -0, —u tou)— — +o,u)—
Y ( y y q Re(lul kﬂt)az Re(lul ﬂ)azj

_ 1 ok 1 o)
Gv - O' Txy’ Tyy’ Tyz’ urxy +VTyy +WTyz - qy 'R_elul +0—klut 5 ’R_e(lul +0—(1)ILL)E

Keprey TeH30pnaphl ’oHE JKbITY aFbIHBI KEJIeci Type opHeKTee i

_2pu _2u _2u
TXX_§R_te(2uX_WZ_VV)’ ru—gR—‘e(sz—ux—vy), ryy—gR—‘e(Zvy—ux—w )
sz:szzg_[e(uz-'-Wx , rxy=ryx=g—;(uy+vx), Tyz:TN:g_;(Wy+Vz),

- Ha , _ t ta
&= (y—l)l\/l;PrReTx i

T, =—- 7.
(y-=1)MZ2PrRe '’ 4 (y—1M?PrRe *

Kocbimina mymenep BEeKTOpHI Kelneci Typae 0onaabl:

$=(0, 0, 0,0,0(R ~ Aok)pP, I .~ fpoo® )]

b= [ 2o _2fau )| 2 o -
MYHJarbl  — My 5Xj 8Xi 6Xj 3 an 3p an MyHJIarsl i, j,k=1,2,3

KoncranTranap keneci MoHAEpAi KaOBLUTIANTBI:
0y=0.5 & ,=0.5 p"=0.09 £=0.075 y=5/9

MYHJarbl K,w - TypOyNEeHTTUIIKTIH KWHETHUKAIBIK JHEPTUSCHl KOHE TYpPOYNEHTTUTIKTIH KUHETHKAIBIK

SHEPIUACHIHBIH JUCCUIIALNA KbIIJAMBIFEL, . P, - TypOyJIEeHTTUIKTI reHepanusiay Myueci.
(1) xyiieci anrebpanbik K —@ Buikokce TypOyseHTTiK Moseni [14] apKbUIbl TYHBIKTaIFaH, TYpOYJICHTTIK
k . .
TYTKBIPIBIK £, = Pr (hopmynacel OOMBIHIIA €CENTENE].
w

KpicbiM MeH Temneparypa YIiH KeJlecl @pHEeKTep *Ka3blIabl:

PZ(;/—l{Et —%(pu2 + pw? +pv2):|,
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T:{LJ{EI —%(pu2+pw2+pv2)] c, 1

pe, Cy-1m?2

MyH1a¥b1 7 . yakpiT, U,W,V - aFblH XbUIAaM/IBIFBIHBIH KOJJICHCH OHE OOMIIBIK OarbITTarbl

Kypaylisuiapsl, p- THIFBI3ABIK, /7 - KbICBIM, | - TemIeparypa, C, - TYPAaKTbl KbICHIM Ke31HJETI
KBLTYCBIMBIMIBUIBIK, y- aauabara KopceTKimi, M, KoHe M - aFbIHIIBI MEH arbIHAarel Max caHaapsl,

i, - TypOYJIEHTTIK TYTKBIPIBIK KOA(D(QUIMEHTI, O- arpiama napameTpiiepiHe KaTbiCTBl , [ |-  aFblH

napaMeTpliepiHe KaThICThIL.

Bbepinren xyiie (1) emmemci3 Typae >ka3purraH. AHBIKTAyIIbl MapaMeTpiep peTiHae Kipy Ke3iHme
u,,p,, T, aIblHABl >KOHE KbICBIM MEH TOIBIK JHEPIUs p u? MOHIHE KATKBI3BLIIBI, Y3BIHIBIKTBIH
CUNATTaMaJIBIK OJIIIIeMi PETIHJC IOHTSNICK CaHbLIAYIbIH UAMETPI aJIbIH]IbI.

[lekapaJbIK maprrap:

Kipy Ke3iH/e aFbIHHBIH ITapaMeTpIiepi kemeci Typae oepineni

u=1l, v=0 w=0, p=1, T=1 x=0, O0<y<H  o<z<H

k,co mapamertpnepi yuiiH Oactankel MoHuep bommyun-Jlomake anreOpaniblk TypOyJIEHTTI MOZCITIH
KOJIJaHy apKbUIbI Kipy Ke3iHJeTi aFbIHHBIH OCNTiJIi OpTanaHAbIPhUTFaH GU3UKAIBIK TapaMeTpIIepiH naianana
OTBIPBIN Ta0bUIIABL. Pc=/" oK karpiHACKIH NaiifanaHa OTHIPHIN TYpOYJIEHTTI MapaMeTpiepIiH 6acTamKkbl
Tapaiysl KeJeci Typre ue 0omazst

k=k_ , MyHJaFbI kmzﬁ A
pRe\/E Higo
W=, o, = pk
ug  Re
TOMEHT1 KaObIpraaa
u=0, v=0,w=0, ﬂ:o,@:o z=0, O<x<H,, OSySHy
oz oz

k- TypOyJIEHTTLIIK MOJIENiHIH MapaMeTpiepi yilliH KaObIpraia KeJeci meKapalblK IapTTap KOHbUIIbI

0.075p(4y, )?
arpIHIIA1A

u=0, v=0,T=0.6 W=ﬁM0/Mw, P,=nP,, z=0, ’x2+y2|sR

KaObipra sxaHbIH/IA IIEKapaJIbIK KabaT Oepiieii, )KbUIAaM/IBIKTBIH OOMIIBIK KYPayIIbIChl IOPEKEITiK 3aHMEH
amnMnpOKCUMAIIUSITAHA/IBI.
JKoraprbl KaObIpraia CHMMETPHS IIAPTHI KOWBLITA BT

w=0: a_u:O;@:O; a_T:O;%:O; 8_w=0 z=H,, 0<x<H_, OSySH

oz oz oz 0z 0z : y

€Ki YKaHBIH/IaFbl KaOBIPFa YIIIiH
—=—=—="=—=—=0 y=O,y=Hy,0<x§Hx,0£stZ

MYHJaFbl €CenTey OOJBICBIHBIH H  -y3BIHIBIFBI, H, - OWiKTIri, H y - €Hi, R - nenrenex canbLiaymbiH

paaunycBhl.
[piFy ke3inAe mWarbuIbiciay MapThl Kowbuiaasl[ 15].
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ey amici

Kazipri TaHma >KbUIIAMIBIFBI JBIOBIC KBUIIAMIBIFBIHAH KOFAPHl COKKBI TOJKBIHIIBI aFbIH €CEOiH IIernTy
ywin TVD , ENO, WENO cyn6anapsl keHiHeH KoimaHbuiansl [16-20]. [20] sxymeicta aBropiap ENO-
cyi10anbl ['oxyHOB 9/iCiHIH HUAESCHl HETi3iHAE NaMBITTHI )KoHE CYJI0aHBIH MEPICHANKYIISIP aFbIHIIA YPLIETiH
Ka3blK KaHalJa KbUIIAMIBIFBI JKapbIK KbUIIAMIIBIFBIHAH JKOFaphl OOJAThIH KOIKOMIIOHEHTTI ra3 arbIHBI
ecebiHe KongaHyFa OonateiHBIH KepceTTi. Koitbirran ecenti menry Makcateigaa ENO cynba ymr enmmemai
XKaraal yiris sxanmeiianagpl. OckiFad OaiiiaHbICTBLANJBIH aJla [IeKapajblK KadaTTa, KaObIprara »aKblH JKOHE
arpIHIIAMEH JCHTeHIIeC TYCTa, aFbIH/BI €CENTeY MAIIITIH KYIIEHTY YIIiH TOPABI XKHUIIETy Kelleci TYpIeHAipy
ApPKBUTBI )KY3eTe achIpbLIa bl

e=&(x), n=nz), ¢=¢(y). )

On xe3ne (3.1) Tenueyi kanmblIaHFaH KOOpAUHATANApa KeJeci Typae *Ka3bllabl:

U, OE  OF G _ oE,, aEm oF, oF,_ oG, &G,
——+— + + + +

3
ot o 871 8{ 6@” o¢ on on o¢ o¢ )
~1 ~§_'~_’71_'~_5x_'~_5x_'
wyngarsr U = JU , E= (JJEaF_(GJF1Eu_(jJEua&m_(jJEmy
IEVZZ ;7_2 IEvZa IE‘vm: & vam1 évzz ]7_2 sz, C-Svm: ﬂ va,
J J J J
= A&ar.9 - TYPACHIIPY SKOOWAHBI.
a(x Z,Y)
ENO- cynbansl Kypy Karugacsl OOHBIHIIIA OepiireH TeHaeYep )KYHecl Kelleci Type jKa3bliIa bl
U (7v . 2 \E™ (av . g \F" (s, 2 \OG"
—+ AT+ A +(B"+B"~ +Q"+Q" -
O A JE 8 ) v
_ a(Evz + Evm ) + a(’lfvz + ﬁvm ) _ a(C’;vz + CEvm ) —_ O (4)
o¢ on o¢
. . 1+ sign(A
MyHzarel A= E, B= ﬁ Q= E -S1ko0u MaTpuIaapsl, A= RA{; R*=R L(g) R,
ouU au ou 2
- p 1+sign - - 1+S|n
B* :TA,]T’1 :T(—g (A” )]Tl, Q= SA{S’1 ( g J

Em=E+E§+|§§, ﬁm=F+E”+5ﬂ,ém=G+E§+|§g - Gepimren (E ,F,G) KOHBEKTHBT

BEKTOpAAH JOHE >KOFaphbl JONIIKTETi (Eg,Dg, En’Dn’EC'Di) KOCBIMILIA MYLIeNepAeH TypaTbiH  (i,/,K)

HYKTeJepiHaeri Moauduimpienren arbiaaap, (4) texaeynep sxykecid menry U BEKTOpPbIHA KATBICTHI
BIIBIPATy SAICIHIH KeMETiMEH MaTpULAJIBIK Kyajay apKbUIbl XKY3€re achlpbULAbI, TOJBIFbIpaK [20] xymbicTa
KEJTipiireH.

Hotukenepai Tannay
Ecenrey Ax=0.1+0.5, 42=0.06+0.25, Ay=0.1+0.5 kenicrikri kagamaapmen, At =0.025 yaxprrre!

kagammen 201x101x101 enmemai Tipkenren Topma Kyprisinmi. Re=1.87*107,Pr=09 ,M_=3

napameTpJiepMeH KbUIIAMIIBIFBI JIBIOBIC JKBbUIIAMJIBIFBIHAH JKOFAPbl aFbIHHBIH JKETUITCH Ta3JIblH JBIOBICTHI
arpinmackin 0 =1.4CM  canpinay auameTpiMeH alHANBIN arybl 3epTTeli. KapacThIpbUIBIT OTHIPFaH
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o6nbicTeIH emmemaepi H -30, H,- 15, Hy- 30 xanuOpMeH aHBIKTAJIABI, ajl aFbIHIIAHBIH HEHTPl KipeTiH

meKapagaH x, =10, y, =15 KawbIKThIKTa Oonuael. Temenme 2-6 cyperrepne 3<n<50 arpiC neH

arbIHINA KbICBIM/IAPBIHBIH apaKaTHIHACKIHBIH MTapaMEeTPIMEH €CerTeyIepiH HOTHKeIepi KOPCeTUIreH.

2 cyperTe YpilieHeTiH arblHIIA ayMaFblHIa aFbIHIIAHBIH aFblHMEH 63apa 9pPEKeTTEeCy JKOHE apanacyblH
3epTTey OOMBIHIIA CAaHIBIK TAXKIpHOE KOpPCEeTINTeH. 2a rpadurinae ZY ka3pIKThIFbIHAA N=50 aFbIC MeH aFbIHIIA
KBICBIMJIAPBIHBIH apaKaThIHACKIHBIH TapaMETPIMEH eCenTey ayMarblHbIH OactamybiHan X=11.40 xamuOp
KAIIBIKTBIKTA JKBUIAMJIBIK BEKTOPBIHBIH OPICi (COJI KaKTa) JKOHE JKEPrilikTi Max caHbl MEH TOK >KOJIBIHBIH
Tapaiysl (OH ’aKTa) KepceTUIreH. by kep/ie araTbIH aFblH MEH YPiJIEHETIH aFbIHIIAHBIH apajacy aiMarbiHIa
e3apa OpPEKETTECYl HOTMKECIHJIE KaJbINTACAThIH XOHE aFbIHMECH TOMEH JKbUDKYbIHA Kapall eceTiH Oyiip
KyibiHHBIH (1) aFbIHIIAHBIH apThIHAA Naiga Oomysl Oaiikananpl. KyHBIHHBIH SAPOCHl aFblHIIA[A Maiga
0oJaTEIH O6IITKe TOPi3Ii KYPBIIBIMHBIH CYHip OYPHIITE MaHBIHAA KaIBITITACAAbl, OHBI N=50 YIITiH OCHI KUMaja
KeprimkTi Max caHbl MEH TOK >KOJIBIHBIH Tapalybl KOPCETUITeH 2a COJ )KaKTarbl CypeTiHeH OaiikayFra 0oabl.
By xepae KyHbIHHBIH aifHamy HeHTpi Oemke OYHipiHiH CYHip arplHAa OpHAlAacKaHbl kepiHedi. CaHIbIK
TOXiprOenep KaluThI KeJIeTiH aFblH ayMaFbIH/Ia aFbIHIIAHBIH aJIbIH/Ia OPHAIACKAH YPUJICHETiH aFbIHIIa MEH
IeKapasblK Ka0aTThIH apaiacy oOnbIchiHAa (1) KYWBIHHBIH aFblH OOMBIMEH diIeKaiia »orapsl maiina 6oma
OacTalThIHBIH KepceTeai. CyHip KYWbIHHBIH MaKCUMAIbI KAPKBIHABLIBIFB X=11.40 KMMAachIHIa KOPCETUITEH.

ArpiH OoiibiMeH ToMeH X=14.70 ke3infe 20 cypeTiHae *KbUIaM/IbIK BEKTOPJIAPhI (COJ )KaFbIHIA) MEH TOK
KoNmapsl (OH JKarblHAA), aFblHIA MEH aFblHHBIH apajacyblHa YJKEH YJec KOCAaThIH JKOHE aFbIHIIaHBIH
OastynmaThUIFaH arbiHBI Max JUCKI ©TKCHHEH KeHiH OipJeH >KOFaphbl KbUIIAMIBIKTHI CKITIHII aFbIHMEH
OPEKETTEeCyi HOTMXKECIH e KabllTacKaH (2) KyHbIHHBIH Maiiaa 00ybl KOpCeTiIreH. 3a CypeTiHIe KePriaiKTi
Max caHBIHBIH TapalyblHAaH KYHBIHHBIH Maiga OONFaH JXKEPiHJE >KBUIAMBIFBI IBIOBIC JKBUIIaMIIBIFEIHAH
TeMeH OOJNBICTHI Oaiikayra Ooxanmbl. 20 TpaduKTepiHAe COHIA aK arblHIIA MEH aFblH apachlHIa apajacy
ayMarblHJa KaJIBIITACaThIH, OipaK IIeKapajablK KadaT OOJBICBIHIA ©Te KON KalblNTacaThiH (3) TOMEHTi
KYHWBIH/IBI OalikayFa 0oaael. OHBIH Makiaa 00ysl aFbIHIIAHBIH apThIHA KaOBIPFaa HEeTi3T1 aFbIH YMTBUIATHIH
TOMEHJIETUITEH KBICHIM OOJIBICHI Taiia O0TybIMEH OaiIaHBICTHI.
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0)
Cypem 2. XKepeinikmi Max canvinwiy
a) x=11.40 sicane 6) x=14.70 xumanapvinoa n=>50 ywin jHcolioamoblKmap 6eKmopwl OpPici HcaHe MoK HCOAbL.

36 cyperinze X=15.80 xkumacbiHOa Kapama-Kapchl aiHanatbiH (2) sxoHe (1) exi >xyOblHAH TypaTbIH
KYHUBIH/BI J)KYHie KapTHHACHI KepceTinreH. Erep (2) KyibIHbBI caraT TiIiMeH aifHaica, onaa (1) KyiHbIHBI Kapama-
Kapchl OarbITTa aifHanmaabl. by sxepnae rpadukre ejmeMi eTe kol ockeH (3) KyiibiHbl kKepceTiireH. CaHabIK
HoTmxenep (1) KyHbIHHBIH aFbIH OOMBIMEH TOMEH KBUDKYBI HOTHXKECIH/IE KAPKBIHABUIBIFBIH KOFaITaThIHBIH
KepceTei, COHAbIKTaH o1 X=14.4-ten X=15.4-ke peiiHri KUMaja KapacThIpbUIMaiibl. bys1 KYHBIHHBIH algarsl
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OCJICCHITIT] aFaThIH aFbIH MEH YPIJICHETIH aFbIHIIAHBIH 63apa opeKeTTECyiMeH OalIaHBICTHL. 4a CypeTiHae
x=18 kumaceiHma (2) >koHe (1) eki XKyl KUMachl arblH OOHBIMEH TOMEH KO3FAIATHIH JKOHE €CENTEeICTiH
OONBICTBIH COHBbIHA JeHdiH OaiikanmateiH (1) Oip kumaceiHa Oipiremi. X=18 apakalIBIKTBIFBIHAA (4)
KYUBIHIAPBIHBIH KYObl KYPBUIATHIHBIH Oalikayra Oonaabl. [13] xyMbicTa OaliKanaThIHIAN KOFapFbl KYHbIH
OackanapblHa KaparaHa dJICi3/iey, COHABIKTAH CAaH/IBIK HOTIDKENEpIe KUbIH aHbIKTanaasl. CaHIbIK TOXKIpHOe
OyJ1 KYWBIHHBIH Taiia 00TyhI aFbIHIIIA MEH aFIHHBIH apaiiacy KapKbIHIBUIBIFBIHA TOYEI i eKeHIH KOPCETTI.

/\J le 215
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Cypem 3. a) JKepeinikmi Max canvinwiy cummempusi coizvlebinoa mapaiysl, 6) X=15.80 xumacwvinoa N=50 ywuin
HCHILOAMOBIK, BEKMOPBIHBIH OPICI MEH MOK HCOTbL.

Apbl Kapaii N=10 >xoHe N=3 arbIC NCH arbIHINA KbICHIMIAPBIHBIH apaKaThIHACHIHBIH MapaMeTpiepiMeH
CaH/BIK TOKipuOenep opsIHAaNAbL. [ 12] )KyMBICTa TOJBIFBIPAK Ka3bUIFaH aBTOPIIAPABIH 3€PTTEYIIEPl aFbIC MeH
aFbIHIIA KBICBIMIAPbIHBIH apaKaThIHACBIHBIH IapaMeTpIiepiHiH TOMEH MOHIEpiHAE aFbIHIIAHbIH apThiHa N 10-
HaH KeM Ke3iHJIeTi CaH/BIK TIXKIpHOeIepMeH ColKec KeNeTiH XYM KYHbIHJbl KYphUIbIM Maijga O0NaThIHBIH
kepceTTi. N=10 mapameTpi *oHE OJaH Ja KOFapbl Ke3iHIe KYMBIHIBl KYPBUIBIMHBIH KapTHHACHI e3repe
Oacraiimpl. Canpblk Toxkipube Nn=10 xe3inge 50 ke3iHmeri arpic TIEH aFbIHIIA  KBICHIMIAPBIHBIH
apakaThIHACHIHBIH TapaMeTpiiepMeH cajlbICThIpFanaa (4) KYWBIHHBIH KaJIbIITACTIAUTHIHBIH KOPCETTi, Oy
TOMEH arbiC TICH aFbIHIIA KbICHIMJIAPBIHBIH apaKaThIHACKIHBIH MapaMeTpl Ke3iHJle aFblHIIa MEH aFbIHHBIH
apanacy KapKbIHIbUIBIFBI TOMEH ICYiMeH OailnanbIcThl. Byt exi xyn KyHbIHIapAbIH aHBIKTAIMANTBIHABIFBIHA
anbIn keeni, an kayrad (1), (2), (3) KyfibIHIap KANBIITACa bl )KOHE 5 CypeTTe KOpCeTuIreH. Sa cypeTinie (coi
JKaFbIH/IA JKbUIIAMJIBIK BEKTOPBI, OH JKaFbIHJa KEPrilikTi Max caHbl MEH TOK >KOJIBIHBIH Tapanybl) x=10.90
KMMacCbIH/Ia bUIJAM/IBIK BEKTOPBIHBIH ©piCi KepceTiireH, OyJl epAe arbiC IEeH arbIHIIA KbICBIMIAPBIHBIH
apakaTbIHACHIHBIH MapaMeTpi azaifranaa (1) OyHip KyHbIH emmieMi MeH OHMIKTITi OOWBIHIIA Kilripeiesi, OHbI
arpIHINAJa Taiiga OoJlaThiH OOIKe TApi3/i KYPhUIBIMHBIH KIIIIPEHOIMEH TYCiHAipyre OoJiajpl, Oelikenep
OJIIIEM/ICPiHIH CaJbICTBIPBUTYBIH 2] CcypeTTe koHe 40 cypeTre >Keprimikri Max CaHBIHBIH TapalyblH
6akpL1ayra 6omansl (cyper 2a -N=>50, cyper 5a -n=10).
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Cypem 4. a) x=18 6) x=20.6 xumanapvinoa N=50 yuiin scvLI0AMObIK BEKMOPBIHBLY, OPICI MEH MOK HCOTbL.

(2) xyipiHHEBIH maiiaa 6odysl 56 cypetinge X=11.90 kumaceinaa Oeiineneneni, sran N=50 Ke3iHgerire
KaparaHja epre Oallkanaspl, aFbiC II€H aFbIHIIA KbICHIMAAPBIHBIH apaKaThIHACBIHBIH MTapaMeTPIIEPiHiH YIKEH
MoHzAepiHAe (2) KyWbIH nmaiina 6ona 6actarania (1) KyHbIH JKOFana 0aCTaTHIHIBIKTAH CYPETTe €Ki KYHBIHIBI
na Oip yakpITTa Oalikayra 0onaapl. CHMMETpHS JKOJIBIHAA )KEPTiNiKTI Max CaHbIHBIH Tapalybl KOPCETUITeH Su
cypeTiHeH Max AMCKiHiH acThIHIAFHI (2) KYWBIHBIHBIH Maiia OomysiHa ceber 0oJFaH KbUIAAMIBIFEl ABIOBIC
KBUITaMIBIFBIHAH TOMEH aymak N=50 (cyper 3a) ke3iHe KaparaHaa OWIKTIri OOWBIHIIIA TOMEHIpPEK >KOHE
YpJICHETIH aFbIHIIIaFa )KaKbIHBIPAK OpHaAacKaHbl KepiHeni. CoHpIMEH KaTap TpaduKTep/IeH arbIHINANa Makia
00J1aThIH THIFBI3JIANTY CEKipMeECi )KYHECIHIH KapKbIHIBLIBIFBIHBIH TOMEHICY1H Oalikayra 00ajnl. OChIHBIH 09pi
(2) xomne (1) xyitpIHmap KYyHecine acep ereni — omap N=50 Ke3iHaeTIMEH CalbICTRIPFaH/Ia eNIIeMi OOUbIHIIA
oTe as.

3<n<10 aFbiC MEH aFbIHIIA KbICHIMAAPHIHBIH apaKaTbIHACBIHBIH TOMEH MapaMeTpiepiMeH KYpTi3iireH

ToxipuOenep xorapeina atairaH (4) Kyibpraaap xyOsHaH O0acka Tek Oyiip KyibiH (1) MeH ToMeHT1 KyibiH (3)
naiiga OonmaTeIHAapel OadKanamel, OYJ1 arbIHIIAAAFbl OOIIKE TOPi3Al KYPBUTBIMHBIH KapKBIHIBLIBIFBIHBIH
TOMEHJICYIMEH TyciHmipiaeni [13].

o
8 10 2 14 16 18 0Y 22

Cypem 5. a) x=10.90, 6) x=11.90 gumanapwinoa sicepeinikmi Max canvinwviy mapanyvimen n=10 yuwin Jdcoiioamovly
BEKMOPBIHbIY OPICI MEH MOK JCOJIb, 8) CUMMEMPUSL JCOTBIHOA Jcepeinikmi Max canvinbly mapanybl.
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Kypsutran opicti anpoOarusiiay YIIiH CaHABIK HoTMKenepAi [1] ®KyMBICTBIH ToXipuOen aepexTepiMeH
N=40 yuiH canbpICTBIPY Xyprizingi. 6 cyperTe TeMeHIl KaObIpralla CUMMETPHsl Ka3bIKTBIFBIHIA P/ P,

KBICBIMHBIH Tapaly HOTHXKEIepi KOpCeTuUlai (TYTac ChI3BIK — CaHJBIK HOTWXKENEp, «°°°°» - [1] )KYMBICTHIH

Toxipubeci). Toxipubene ypiieHeTiH aFblHIIA TUIACTUHAHBIH ANJBIHFBI CYHip *KaFblHaH 14 CM KalIBIKTHIKTa
opHanactel. bys skepie TaHmanmraH JKyHeHiH OacTamkbl KOOPAWHATHI YpPJICHETiH aFbIHINA CAHbUIAYBIHBIH

LIEHTpiMeH colikec keneni. Adiucca oci 6oibiHma X, =( X — %d )— L, mamacs! aneiasl, Oy sxkepae L, -

aFbIHIIaHBIH, aJIAbIHEbI HYKTCCiHeH KBbICBIMHBIH JKOfapbllayblHa I[eﬁiHFi KalIbIKTBIK, a1 X, OarbITHI )I(Yl"ipeTiH

aFBIHHBIH JKBULIaMIBIFBIHBIH BEKTOPBIMEH Colikec Keneni. JKYTipeTiH aFbIHHBIH aFbIHIIAHBIH aJJIbIHIa
TEXKEITyIHEH KBICBIM ©celli JkoHe rpadukTe OailKalaThIHIAl KBICBIMHBIH OPTYPIi TPaJUCHTTEPIMEH OOJIBIC
naiina Oonaabl. AJIBIHFaH HOTWXKeJEepAiH [1] XKYMBICTBIH ToXKipuOeni AepeKTepiMeH CaJbICTHIPBITYbIHAH
€CeNTEeYJIEPAiH HOTIKEC] TOKIPUOEHIH ecenTeynepiMeH KETKITIKTI COUKeC KeTeTiHi MIBIFaIbl.

-1 -0.5 0
Cypem 6. Cummempus ocinde Kabwvipeaoa KblCbIMHbIY MAPALYbl.

KopbIThIHABI

CumMmeTpusbl  KOJACHEH [OHIeNieK AaFblHIIajap KaHajl KaObIprachlHAaH YpJIGHTeH  YIIeJIeMIi
KBUIIAMJIBIFBI IBIOBIC JKbUIIaMABIFBIHAH JKOFaphl TypOYyJIEHTTI arblHAAp bl XKeTiireH ra3 ymin ENO cxemara
Heriznenren HaBbe-Ctoke TeHaeynepin @asp OoifbIHIIA opTamianay apKbUIbl CAHABIK 3epTTeNi. AFBIC ITeH
aFbIHIIA KBICHIM/IAPBIHBIH apaKaThIHACBIHBIH Killll JKiHe opTamagad 3 < n <10 yikeH (N=50) napamerpiepine

NeHiHT AranazoH/ia arbin 0apa jKaTKaH aFblH MEH YPUICHETIH aFbIHIIAHBIH ©3apa 9PEKeTTeCY HOTHKECIH e
CUMMETPHUSUIBIK KYWBIHIAPBIH TOPT >KYOBIHBIH Maiaa 00y MeXaHU3Mi 3epTTeNii. AFbIC IEH arbIHIIA
KBICBIM/IAPbIHBIH apaKaThIHACBIHBIH opTaiia MoHzepinae (N=10) Tek ym >kyn KyWbIH maija OoJajibl.
AFBIHIIAIaFBI KBICHIM MEH aFbIH/IaFbl KBICBIMHBIH KaThIHACHIHBIH TOMEH MoHAepiHae (N=3) arbIHIIaaa manaa
OoJiFraH KYWBIHAp CHIFBUIMAUTBIH CYHBIKTHIH aFbIHBIMEH Oip/ieH.
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Y2 yaeucmp, X JJocmyxamedoe amvindazel Amipay memaexemmix yuueepcumeni,
Amwipay x., Kazaxcman,

PETTEJITEHAIKTIH, TEHCI3AIKTI A9JIEJAEYAE KOJIAAHBL/IYbI

Anoamna

Opra MeKTen MaTeMaTHKACHIHIAFbl €H KHBIH TaKBIPBINTApABIH Oipi TEHCI3MIKTEpIi Hoyenney OOJBIN TaObLIAIBL.
TeHci3mikTepai moNenaeymiH KapamailbIMHaH Oactam Kypaenmire JeifiH kemrereH opictepi Oap.TeHcizmikrepmi
JIONeNICYIiH ~ KONTEreH o[icTepi  OONFaHbIMEH, ONapAbl MaiianaHyia KOJJAHBUIATBIH — YFBIMAAD  MEKTell
MaTeMAaTHKAChIH/Ia KapaCThIPhUIMAIbI.

Makanaza  OKyHIbLIapFa TYCIHIKTI,  KapamaiiblM MaTeMaTHKa OKYJBIFBIHAAFbl YFBIMIAPAbl IMaliaJaHaThIH
Ti30EKTePIiH PETTENYiH, SFHA TPAHCTEHCI3MIKTEeP i cabaKTaH ThIC XKYMBICTap/a, 9Cipece OJUMITHATAIBIK TCHCI3MIKTEp /I
TIAJICTIICY MACeNeci KapacThIphLIaIbl, COHBIMEH KaTap Makajaja TPaHCTCHCI3MIKTEp/Ii bIHFAIIIbI mMakanaHa OiIreHme
KOITEreH TCHCI3MIKTEP/Ii, COHBIH IITH/IE KIIACCHKAIBIK TEHCI3MIKTEeP Il JKEHIT JJIeNIeyre 00IaThIHbI KOPCETIIS/II.

MakasiaHblH KOJIIaHBIC asiChIHBIH 30p MYMKIHJIITiHIH 631, OypbIHHAH OJIT1JIl YFBIMIApAbl OZaH dpi TOJBIKThIpa TyCeIi,
COHBIMEH 0ipre, OHBIH TEHCI3JIKTEP/I JoNeseyaeri KOMMaHbICTAphl MAKAIAHBIH MPAKTUKAJIBIK MAHbBI3/IbLUIBIFBIH allia
Tycemi.

Tyiiin ce3mep: Ti30ek, TEHCI3IK, aybICTEIpYIap, Oip/el jkoHe Kepi peTTeNreH Ti30eKTep, TpaHCTeHCI3 K, YeObineB
TEHCI3/Ir, KOOEHTIH/AI TPAaHCTEHCI3/1IK, KBa3UPET KATHICHI.

Annomayus
T.H. Axmypsuna®, J.X. Hopawosa
Mmazucmp, Amuipayckuil 2ocyoapcmeennuvlii yuugepcumem um. X, JJocmyxameoosa, e.Amuvipay, Kazaxcman,
HNPUMEHEHHUE YIIOPAJOYEHHOCTHU ITPU JOKA3ATEJBbCTBE HEPABEHCTB

2
1.2

OnvH W3 CIOXKHBIX BONPOCOB B  IIKOJBHOH MaTeMaTHKE SIBISIETCS J0Ka3aTelbCTBO HepaBeHCTB. CyIIecTBYIOT
JOCTATOYHO MHOTO METOJIOB JIOKA3aTeIbCTBA HEPABCHCTB OT IMPOCTOTO K CIOKHOMY. He cMOTpst Ha MHOXECTBO
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CYIIECTBYIOINX METOAOB JOKA3aTEIbCTBO HEPABEHCTB, MPUMEHEHHE HCIONB3YEMBIX MOHATHH HE PAcCMAaTPHBAIOTCS B
IIKOJILHOM KypC€ MaTeMaTHKH.

B cTathe XOpOImIO Pa3bICHACTCS ydaluMcs, YIOPSJ0YEHHOCTh HEPABEHCTB C MCIOIb30BAaHUEM ITOHATHH, B3SITHIX W3
Y4eOHHKOB 3JEMEHTapHOH MAaTeMaTHKH, TO €CTh pAacCMaTPHUBAECTCsl TPAaHC HEPABEHCTBA BHEYPOUHOE BpeMs, B
0COOCHHOCTH BOIIPOCHI JOKAa3aTeIbCTBA OIMMITHAIHBIX HEPABEHCTB, HO TAKXKe 00ECIeINBaET NPOCTOH COCO0 T0Ka3aTh
MHOTHE HEPAaBEHCTBA, B TOM YHCIIE TOKA3bIBACT JIETKO I0KA3yEMOCTh KIIACCHUECKUX HEPABEHCTB.

OnHOI M3 3aMevaresbHBIX OCOOCHHOCTEH CTAaThU SIBJISIETCS CIHOCOOHOCTH JAIBHEWIIEro MOHUMAaHHsS HM3BECTHBIX
MIOHATHIL, a ee MPUMEHEHHUE B J0Ka3aTeIbCTBE HEPABEHCTBA PACKPHIBACT MPAKTUUECKYIO 3HAUUMOCTb CTaThH.

KaioueBble ciioBa: 1OCHeI0BaTeNIbHOCTh, HEPABEHCTBO, ITOJCTAHOBKH, OJUHAKOBO W OOpAaTHO YMOPSIOYCHHBIC
MIOCJIE/IOBATENILHOCTH, TPAaHCHEPABEHCTBO, HepaBeHCTBO YeOblmieBa, MPOM3BEICHUE TPAHCHEPABEHCTB, OTHOIICHHE
KBa3UIOPAIKA.

Abstract
THE USE OF ORDER IN THE PROOF OF INEQUALITIES
Akhmurzina T.N ¢, Ibrashova D.H.!
12 Master of Science, Dosmukhamedov Atyrau State University, Atyrau, Kazakhstan

One of the most difficult questions in school mathematics is the proof of inequalities. There are many methods of
proving inequalities from simple to complex. Despite the many existing methods of proving inequalities, the use of the
concepts used is not considered in the school course of mathematics.

The article considers pupils' understanding of the chain of simple mathematical concepts used in the textbook, that is,
the problem of proving discrepancies in extracurricular activities, especially in the case of Olympic inequalities, and also
demonstrating that many inequalities, including classical inequalities, can be easily proved in the article.

One of the most remarkable features of the article is the existence of a well-known conceptuality of consciousness,
and the application of non-disclosure opens the practical point of view.

Key words: sequence, inequality, substitution, identical and inversely ordered sequences, trans inequality,
Chebyshev's inequality, product of transnervations, quasi-order relation

D .bekkenbaxrt xoHe P.Bemnmanusiy [1] eHberinme «..MaTeMaTHKAHBIH HETi3ri HOTIDKENIEp KoOiHece
TEHIIKIIEH eMeC TeHCI3IKIIeH OpHEeKTeNeA» AeNiHTeHIHeH TeHCI3MIKTepAiH MaTeMaTHKaIa ajJaThlH OPBIHBIH
aca 30p eKeHiH OalKaiMbI3.

Tek MmaTemMaTHKaIa FaHa €MeC op TYPJIi )KapaThUILICTAHY FRIIBIMIAPBIHIIA 3€PTTEICTIH TAOMFATTHIH Y3HIKCi3
MpoIeCTepi, 9cipece HKONOTHUSIBIK, IKOHOMHKANBIK T.0. XanblK MIapyallbUIBIFBIHAAFEl OaiiylaHBICTaAp
TEHCI3IIKTIH KOMETIMEH IIEIIIeI].

TeHci3gikTep OKyIIBUIApABI aWKBIH JKOHE JYphIC OiiayFa, [IaMallapibl CajbICThIpa OlIyre
naraeiadaeipaasl. COHOBIKTaH TEHCI3AIKTEp MaTeMAaTUKAHBIH HETi3Ti TapaylapbIHbIH 0ipi O0IBIT TaObLUTA bl
JKOHE OJIapJibl IICHIYy MEH JaJiesjied Oily MaHbBI3Ibl Macese OoJibil TaObLIiaabl. MaTeMaTHKaHbIH KOITEIeH
KOJIIaHOaJIbl Maceesep/Ii melye ajablHFaH HOTH)KEHI XKOFapbllaH HeMece TOMEHHEH Oaranay (Maxopiay
HEMece MHHOpATTay) KaXKEeTTIr TybIHAai sl by Moceneni menry OapbpIChIHAA KeiOip karmainapia naiina
0oJaThIH CcaHABIK Ti30eKTepi peTrTeyre KenTipineriHairi Oenrim. bBym OemiMae ocwhlHAaW perTenreH
Ti30€KTeP/IiH KXKETTI TEHCI3AIKTEP/Ii )KOFaphIaH Oaranayia KoJJaHy MacelieCl KapacThIphbLIaibl.

Makanana caHbIK Ti30€KTiH pEeTeNTeH IITiH THIMII Malijanana OireH/e KenTereH TeHCI3MiKTep i, COHBIH
IITiH/Ie KIIACCUKAIIBIK TEHCI3IKTEP Il JKESHIT ToJelaeyre OoIaThIHbI KOpCeTLIe .

BunapibpIk < KaTBICBIH K8a3upem Kambvlchbl JCT aTaliMbI3, erep 0 peQIIeKCUBTI KoHE TPaH3UTHBTI OoJica.
ConbiMeH, a < a *oHe a < b,b < ¢ = a < ¢ maprrapbl OpBIHIAJICA, OHJAA < KATBICBI Keazupem Jen
aTasnasl.

BuHapibIK <KBa3UpET KATBICHI pem KamblChl ST aTalajbl, erep 0J aHTUCHMMETPUSITBI OoJica.

JleMek, <- peT KaThIChl 0OJIYhI YIIIiH MbIHA IIAPTTAPABIH OPBIHAATYbI KEPEK:

a<a,a<bb<c=>a<ca<bb<a=>a=h.

Hakrtbl canmapabiy X, ..., X, Ti30eriHeH KypaiaraH X = (Xq,...,X,) — BEKTOPbIH KapacTbipaibik. CoHJa
X(1) < *** < X(ny ATl OPbIHAJICA, OH/Ia OEpiNreH Ti30EKTI Kemiverimin Jien atar, colikec BEKTOpbI X T=
(x(l), ,x(n)) apKpUIbl Oenrineiimis. lon ocbuiaiiua, X1y = ++* = X(n) WAPThI OPbIHAAJICA, OHJA OepinreH
TI30€KTI ecnetimin eIl aTal, COUKec BEeKTOpIbl X = (x(l), ...,x(n)) apkpuIbl Oenrineiimiz. Exi kemiMelTiH

JKOHE OCIICHUTIH TI30CKTEePl Oipoell MOHOMOHObL MizDeKmep JIeT aTaliMbI3.
Maskopunay aaici anramksl pet 1903 sxpuis1 P.®.Miopxentiy enOerine xapusuiaasl [1].
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Maxopnay JdereHiMi3 HE KOHE OHBI TEHCI3MIKTEpAl IoJelaeyne Kajaiima KoJNIaHBUIATHIHBIH
KapacTbIpaibiK. Mpicasira, A < B TeHCI3airin ganenaey KaxeT 00jceiH. Conmga A < C GonatelHAal, B — naH
kimi C mamaceiH Tabambrz. Connma C mamacel A YIIIH Madcopanm T arajalibl, al AQJENILY oJici —
Madicopaay 00NbIN TaObLIankl (6¥TKeHi 0i3 A < B TCHCI3AIriH ASJeNACyAiH OpHBIHA OaH KymTipek A <
C < B nemece A < C < B TeHCI3IIKTepiH Jonenneinmis).

Ocpmarima A > B TeHci3mirin  monengey ymiH A >C > B Hemece A > (C > B TeHCI3AIKTEepiH
nonengeiimiz. C mamaceld A IIamacel YIIiH MuHopawm Jen aTaimsl.Mselicamra, x? — 2x > —3 + sinx
TeHcizairin ponenaenik. Conna [—1; ) coyneci TEHCI3AIKTIH col KarbIHAaFsl f (X) = x?—2x = (x — 1)2 —
1 pyHKIMACBIHBIH 63repy 00JIbICH 00 IbI XKaHE OYIT 00JIBIC TEHCI3MIKTIH OH JKarblHAarbl g(x) = —3 + sinx
(GYHKIUSHBIH 03repy 00JBICH [—4; —2] KeciHmiCiMEH KUBUIBICTIAWTHIHIBIFBIH OaliKaiiMbI3. MyHbI Oackaria
MBbIHA TYp/ie aifiTyFa Oonanbl: KaHaaiiMa Oip ¢ (MpIcaiFa ¢ = _73) HaKTBI CaHbI TaOBUTHIT, OapibIK X € R yiriH
f(x) > c xone ¢ > g(x) TeHcizairi opbiHAanansl. byaan

x% —2x > _73 > —3 + sinx TeHci3Hiri FaHa eMec, COHbIMEH Karap OV TEHCI3MIKTeH KYIITIPeK Ke3-
kenreH  x,y € R ymin f(x) > g(y) TeHCI3airiHiH OpbIHIATATHIH/IBIFBIH anyFa Oosanbl. COHBIMEH, Ke3-
KeJITeH X, Y € R yIIiH MbIHA TEHCI3MIKTIH OPbIHAAIATHIHBIFBIH aTaMbI3: x? —2x > —3 +sin y.

Bepinren aq,a,,...,a, xoueby,b,,...,b, Ti30ekTepineH by, b,,..., b, Ti30erine KaHmaiima Oip
ayBICTBIPYABl KOJIAHBII Cq,Cy, ..., C,,  Ti30eTiH ajanmeik. CoHma opTYpil aybICTHIPYIApAaH albIHFaH
C1,Cg, .., Cp, TI30€TI YIIIH MBIHA KOCBIHABLIAPABIH 1IITHACTI KAaHCHICHI €H YJIKCH, all KAaHCBICHI €H Killli 00Ia IbI
JIETeH MACEJICHI 3ePTTeIliK: S; = aC; + ayCy + -+ + a,,Cp.

Bapneik k,m = 1,n ymin (ay — apy)(by — by) =0 Gonca, {a,} xome {b;} Ti30exTepin 6Gipoeii
pemmenzen e, an (a, — apy) (b — by,) < 0 Gosica oHIa kepi pemmeneen T aTaliMBbI3.

1 — yizapoim. {a; } xone {by} Tiz6ekrepi Gipmeit HeMece Kepi peTTeayre OailaHbICTBl S; COWKECIHIIIE el
YJIKEH HeMece €H Killli MOH/[I KaObUIIaiiIbl.

Hepbec xarnaitna a; = a, = -+ = a,, by = b, = -+ = b,, 6onca, oHna

a1¢p + aycn_q + -+ ancy; < ay by +a;,bj, + -+ a; by <

S albl + azbz + b + anbn,

MYHIAFHI iy, ..., I, KOHE fq, ..., J,, HTHISKCTEPIiH KaHAaiMa Oip OpHaJIacyhl.

Comnbimen Gipre {a;} xone {by} Ti36exrepi Oipaeit (kepi) perrenren, ain {c,} Tizoeri {by }-Hbl Kanmaiima
Oip OpHAIACTBIPY/IaH aJbIHCA, OH/IA

a,b; + azb, + -+ a,b, = a ¢ + azcy + -+ a,cp,

TEHJIr1 Oapibik kK = 1,2, ..., n YIIIiH TeK KaHa ¢, = by, 0oJiFaHa OpbIHIAIAIbI.
1 —canoap. Erep by, b,, ..., b, Ti30€r1 a4, a,, ..., a, Ti30eriH KaHaaiiMa Oip aIMacThIpy/IaH aJibIHCA, OHJIA

a;by + azby + -+ ayb, < af +ab + -+ di.

2 — canoap. Erep a4, as, ..., @y, MeH by, b, ..., b, caHIapbIHBIH KUBIHTHIFEI Oip/eli peTTenren 0ojca, OHIa

albl + azbz + b + anbn > al + a2 + e + an b]_ + b2 + b + bn
n - n n '
ByHbl YeObIIIeB TEHCI3Ir eI aTai bl )KoHE TeHIIK TaHOachl Oip KUBIHTBIKTAaFbl OAPJIBIK CaHIap ©3apa

TeH OoJIFaH a FaHA OPBIHIATA/IbL.
3 —canoap. Erep aq,as, ...,a, MeH by, by, ..., b, caHAapbIHBIH KUBIHTHIFBI KEPi peTTeNreH 0oJca, oHaa

a1b1+a2b2+"'+anbn<a1+a2+"'+an.b1+b2+"'+bn
n - n n '

By TeHci3mikTe TeHJIK TaHOAChl Oip JKUBIHTBIKTarbl OapiiblK caHaap e3apa TeH OojFaHaa FaHa
OpbIHIAIabI.
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4 — canoap. Bipaeh peTTenret oH aq, dy, ..., A, MEH by, by, ..., b, caHIapbl )KUBIHTBIFGI KoHE p > 0 OoJica,
OHjIa

n

1 1
<af+a§+--~+a£> /p<bf+b§+~~+bﬁ> /p>
" >

1
PP, PP pppN\ /P
- ayb; +a;b; + -+ ayby
o n

Enni Mpraa aibIpManapabl KapacThIPaIbIK

_ a1b1+a2b2 +"'+ambm a1+a2 +"'+an.b1+b2 +"'+bn

m m m m

2 — yuizapwim. Erep a4, ay, ..., @y MeH by, by, ..., by, caHIapBIHBIH KUBIHTHIFBI OipAel peTTenreH 0oJca,
oH/Ia

0=D; <4D, <9D; < -+ < n?D,,.

Hanenoeyi. m?D,, — (m — 1)2D,,_, allbIpMachkIH TYIEHIPiI amaMbI3:

m m-—1
m?D,, — (m—1)%D,,,_, = mz agby — (m—1) Z agby —
k=1 k=1

m m m—1 m—1 m—1
—ZakZbk+Zak bk=Zakbk+(m—1)ambm—
k=1 k=1 k=1 k=1 k=1
m-—1 m-—1 m-—1
—am Z by — by, ag = z (am — a) (b — by).
k=1 k=1 k=1

Perrtenyni aHBIKTaybIMBI3 OOWBIHIIIA COHFBI KOCBIH/IBI Ti30eKTep Oipel peTTeNnreH e Tepic emec, al Kepi
PETTEITeHIE OH eMeC 00JIaIbl.

3—yuzapuim.0 < ay < ap < -+ < a, x0He 0 < by < b, < -+ < by, TI30EKTEPIH AIMACTHIPYAAH AJIbIHFaH
Ti30eKTepCorKeciHIe Cq,Cy, ..., Cp XKHE dq,d>, ..., d,, O0Jica, OHIA Ke3 KeJreH t YIIiH MbIHA TEHCI3IIKTEp
aKUKaT 00ajbl:

(C1d1 + t)(CZdZ + t) T (Cndn + t) S

< (a.b; + t)(azb, + t) - ... (apb, + t);

(C1d1 + t)(CZdZ + t) T (Cndn + t) 2

> (ab, + t)(azby_1 +t) - ... (a,by + 1).

By ke0eiTiH/i TpaHCTEHCI3MIKTI OacKa KallbIIKa KeNTipyre 0oabl.

0<a;<a,<--<a,0<b; <b, < < b, xoHe by, by, ..., by, Ti30eriHIH KaHgalMa Oi1p AIMACTBIPYHI
€1,Cg, ..., €, 00nCHIH. COHMIA KeJIeCl TEHCI3IIK OPBIH/IAIA TbI:

(ay + by)(ay, + by) ...(a, + by) < (a; +c1)(ay +¢3) ...(a, +¢c,) <

< (ay + by (a, + b,,_1) ... (a,, + by).
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Honendeyi. ay,a,,..,a, xoue 1/b,,1/b,_1,...,1/bKUBIHTEIKTapEl OipAeil pETTENreH, IeMEK
KOOEHTIHI TPaHCTEHCI3MIKTEH MBIHAHEI aJlaMbI3

(;i:+1)(b::+1) (Z—:+ 1) > (f—11+ 1)(?—22+ 1) (Z—:+ 1) >

2(Z—j+1)(g—;+1)...(g—:+1).

Byt TeHCI3aiKTIH €Ki sKkarbiH by b, ... b, = C€1C, ...C;; — e KOOEUTII, KAKETTI HOTHIKEHI alaMbl3.

PertenreHmikTi TEHCI3MIKTIH €Ki )KaFbIHAAFBl OPHEKTEP CHMMETPHUSIIBI HEMeCce aHTHCUMMETPHSUTBI OOJIFaH
xKarjaina ere TriMi 0okl keneni [2]. MeicanFa, a, b OH caHIaphl YIIIiH, a3 + b3 > a?b + b?a reHcizairin
TIQJICTIICIIK.

(a,b) xonme (b?%,a?) op typni perrenrenmikren (a — b)(b? —a?) < 0. An, 6yn a® + b3 > a?b + b%a
€KCHIH KepceTesi.

Hakrsl oH a xone bcannaps! yiin (a3, b3) xone 1/b,1/a Tiz6extepi 6ipaeit perrenreninen: a3/b +
b3/a > a® + b? TeHci3airin anamsIs.

Engi a® + b3 + ¢® > a?b + b%c + c?a(a, b, ¢ > 0) TeHci3miriH KoneIIemiK.

(a?,b%,c?) xome (a, b, ¢) OGipmeit perenrenmikren, memHadel amambi: (a?,b?,c?)-(a, b, ¢) =
(a?,b?,¢?) - (b,c,a). byn ckanapielk KebelTymeH nonmenjey Kepektiri merransl: a’ + b3 + ¢3 > ab +
b?%c + c?a.

a, b,c — oH HaKTHI caHAapHI YIIIiH TEHCI3MIKTI JoNeaemiK:

a 4 b N c - 3
b+c c+a a+b 2
. . 1 1 1 . )
TeHci3aik cCHMMETpUsLIBI, O1ai bosica, (a, b, ¢) meH (m, o m) Oipneit perreneni. Jlemek, MbIHA
TEHCI3/IIK OPBIHIANIAIBL:
(@.b,0) ( 1 1 1 ) > (a,b,¢) ( 1 1 1 )
al lC ' ) ) — al JC ) ) ) .
b+cc+aa+b ct+aa+b b+c
JKOHE
(@b, 0) ( 1 1 1 ) > (@b, ) ( 1 1 1 )
al IC - ) ) — al ) C - ) ) .
b+cc+aa+b a+b b+cc+a
Ocsl TeHCI3AIKTEepl KOCCaK, OHIa
2( a 4 b 4 c ) - a N b 4 c N a 4 b N c
b+c ¢c+a a+b/ c+a a+b b+c a+b b+c c+a

Ogx Oeuirine 6emimaepi Oipneit OelmeKTep i TONTAIl, alaMbI3:

2<a+b+C)>
b+c c+a a+b/—

>(c +a)+<a N b)+(b N C)_3
“\c+a cHa a+b a+b b+c b+c)

Bynan nonenaey KepekTirid ajgambl3.
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EKI KOMIIOHEHTTI XUPOTA TEHJEYJIEP YKYHECIHIH,
NEPUOATBIK INEINIMJAEPI

Anoamna

Y= peTTi AUCHEePCHSIIBL, ©3/IriHeH KepHeNIyl jKoHe cepIiMci3 KOMOMHAIMANBI Tapadybl CEKUIII KOFaphl PeTTi
ocepiepi Oap exi KOMIIOHEHTTI XupoTa TeHAeyiH amram peT Tacran meH [lotacek 0O30HIAPIBIH PENATHBUCTIK €Mec
OpICiH cHUIlaTTay MakcaTbIHIa YChIHFaH OoyaThiH. EKi KOMIOHEHTTI XupoTa TEeHAeyi ONTHKAJA, )KOFaphl KapKbIHAAFbI
YABTPO JKIHILIKE UMITYJIbCTAPABIH ONTHKANBIK HIBIHBI TAJIIIBIKTAH OTY OapbICHIH CHUNATTAya MaHbI3[bl POJ aTKapajbl.
Bepinin oTeIpran Makaaa JUCHEPCHUICH JKOFAPhl PETTI ONTHUKANBIK TAJIIIBIKTa UMITYJIbCTIH TapaayblH CUIIATTaUThIH €Ki
KOMIIOHCHTTI XUPOTa TCHACYJIEp JKYHECIHIH MePHOATHIK HICUTIMACPiH aHBIKTaiMbI3. COHFBI OTBI3 KBUIIABIKTA CHI3BIKTHI
emec auddepeHITHanAbIK TeHASYICPAIH HAKThI MICIIIMACPIH aly MaKCaThIHAA dp TYPIY OIIC-TICILIIEp JKaH — YKAKThI
3epTTedil, KeHiHeH KONJaHblIbln Kesenl. CoMMTOHap TeopUsICHIHAAFbI OChIHAM Tocinnepain 6ipi JapOy Typnennipyi
onici Gombin Tabbutazbl. KapacThlpbuibll OTHIpbUTFaH Makanaza [lapOy TypJieHAipyiH KoiiaHa OTHIPbIN, OepiireH
TEHJIeyJIep KYHeCiHIH IePHOATHIK MEIIiMACPIH aTaMbl3.

Tyiiin ce3mep: Exi koMmnoHeHTTI XHUpoTa TEHACYIIEP KYHeci, COMUTOH, IEPHOATHIK IremriM, lapOy TypreHaipyi amici,
Jlakc xymTapbl, COMKECTIK IIapTHI.
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NEPUOJUYECKHUE PEIIEHUSA IBYXKOMIIOHEHTHOM CUCTEMbI YPABHEHUM XUPOTHI

2

JIByXKOMITOHEHTHasl CUCTeMa ypaBHEHHH XHUPOTHI ¢ 3 PeKTaMu BBICOKOTO TIOPsAKa, TAKUMH KaK TPEThs AUCIIEPCHs,
CaMOHAIPSDKEHHUE W HEYNPYroe paccesHue, Oblia BIiepBbie npemnoxena Tacragom u I[loTacekoMm B HESIX OMHCAHUS
HEPEIATUBUCTCKOTO 1moJisi 0030HOB. OHA WrpaeT BaXKHYIO poOJib B onTuke. Kpome Toro, maHHas chCTeMa ypaBHEHUI
MOMOTaeT MPOWLIIOCTPUPOBATh MPOIECC MepeIayd, BO BpeMs IMPOXOXKACHHS YIBTPATOHKUX HMIIYJILCOB Yepe3
ONTHYECKOE CTEKJIIOBOJIIOKHO. B MpecTaBIeHHON CTaThe, HAXOAMM IMEPHOJUYECKHE DEIICHHS JBYXKOMIIOHEHTHOU
CHCTeMbI ypaBHEHHH XHUPOThI. B TeueHue MOCHeAHUX TPHUIATH JIET yrIIyOJIEHHO U3y4aroTCsl, a TaK e MPHUMEHSIFOTCS
METO/IbI TIOJIyYSHUS] TOYHBIX PEIICHUN HeNWHEeWHbIX AudQepeHiraIbHbiX ypaBHeHHH. OJWHUM M3 TaKHX METOJIOB
TEOPHUH COJHMTOHOB SIBISIETCS MeTOM npeobpaszoBanus JlapOy. B naHHOl cTaThe HCHONB3Yys METOA MpeoOpa3oBaHuUs
JapOy, HaxoUM MepUOINIECKUE PEIICHHS IBYXKOMIIOHEHTHON CHCTEMBI YpaBHEHHUH XUPOTHI.

KiroueBbl ciioBa: [[ByXKOMIIOHEHTHAsi CHCTEMa YPaBHEHUH XHPOTHI, COJUTOH, TEPHOHMUSCKOE PEIICHUE, METO
npeobpazosanus HapOy, napsl Jlakca,yclioOBUSI COBMECTTHOCTH.

Abstract
PERIODIC SOLUTIONS FOR THE TWO COMPONENTS HIROTA SYSTEM OF EQUATIONS
Bedelkhanova A.D.?, Shaikhova G.S.?, Shaikhova G.N.3
I1Student of Master’s Programme of the General and Theoretical Physics Department at L.N. Gumilyov Eurasian
National University, 4stana, Kazakhstan
2 Cand. Sci. (Engineering), Lecturer of the Higher Mathematics Department at Karaganda State Technical
University, Karaganda, Kazakhstan
3Ph.D, Associate Professor of the General and Theoretical Physics Department at
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

The two-component Hirota system of equations with high-order effects, such as the third dispersion, self-stress and
inelastic scattering, was first proposed by Tasgal and Potasek for the description of the nonrelativistic boson field. It plays
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an important role in optics. In addition, this system of equations helps to illustrate the transmission process, during the
passage of ultra-fine pulses through optical glass fibers. We find periodic solutions of the two-component Hirota system
of equations in this paper. During the last thirty years, in-depth study has been carried out, as well as methods for obtaining
exact solutions of non-linear differential equations. The Darboux transformation method is one of the methods of the
soliton theory. In this paper, use the method of Darboux transformation we finded periodic solutions of the two-component
Hirota system of equations.

Key words: the two component Hirota system of equations, soliton, the periodic solution, Darboux transformation,
Lax pair, compatibility condition.

Kipicnme. CpbI3BIKTBI €MeC TONKBIHAAP COHFBI JKbUIJAphl MAaTEMAaTHKAJbIK (U3UKAHBIH FBUIBIMH —
3ePTTEYLIUTIK OaFbITBIH/AA YJIKEH KBI3BIFYIIBUIBIK TYIBIPHIT OTHIP. OCBIHAAN TONKBIHAAPIBI CHHATTAWTHIH
KOIITeTreH CBI3BIKTHI eMec Oip KoMmoHeHTTI TeHaeyep O6ap (Lpequarep Tenaeyi, Xupora TeHaeyi xoHe T.0.)
[1-4]. Herenmen ne, bo3e — DiHIITEH KOHICHCAThI HEMECE CBHI3BIKTBI €MEC ONTHKAIBIK TAJIIIBIK TEKTEC
KelOip Kypaemi xyienepae Oip emec OipHelle KOMIIOHEHTTI OONFaHIBIKTAH, COHFBI 3epTTEyliep Kol
KOMITOHEHTTI TeHJeylep xyiecine OarpITTanFad. byTiHri TaHaa, OCBIHIAN, CHI3BIKTHI €MEC KOI KOMITOHEHTTI
TeHAeYyJepAl HIeNly YIIiH SpTYypil SmicTepli KojnaHyFa MyMKiHAiK Oap. bepinren makamaga GainaHbicKaH
KOFapBbl peTTi TEHAEYJIep KyHeciH menry/e oTe THiMai 6ok Tadbu1aThiH JapOy TypieHaipyiH KoJaiaHaMbI3
[5-9]. Xupora Tewmeyi OpTYpJi CONUTOHIBIK TEHICYJICPAiH omOeOan HWHTErpajlIaHaThiH TUCKPETTUIINH
Oepeni. Exi komnoHeHTTI XUpoTa TeHACYiHIH JKalIbl TYpi KeJeciael aHbIKTaIa bl

ia, +2a, +alof +|p/* - iBla. +3{d* +|p/* Jo +3(@a, + p"p.Ja)=0, (1)
ip, +% Pe +aﬂq|2 +|p|2)p—iﬁ( P +3(\q\2 +\p\2jpt +3(q"q, + p*pt)pj =0, (16)

myHzarel (| koHe [0 curHaIABIH aMIUIMTyAanapel, cr, /3 Keilbip koncranrtamap [10]. (1) Tenmeynep
XKYHeciHiH comuToHIBIK ImemiMaepi dapOy Typaenaipyin konnana oteipbin [10] makanaga aneiarad. by
Kyle keneciien peaykuusra ue: § = 0 sxkarnadbIH/Ia €Ki KOMIIOHSHTTI ChI3BIKTHI eMec [lIpenuHrep TeHIeyiH,
an o = 0 >xarmaibIHIa €Ki KOMIIOHEHTTI KOMITIEKCTI Mogudukanusuianran Kopreser-ne @pus TeHaeynepin
amambI3. @ = 0 xarmaiiel [11] sxympIckIHIA KapacTeipeutrad. Makanana JlapOy TypiaeHaipyi omici kemeriMeH
€Ki KOMIIOHCHTTI KOMILIEKCTI Momudukanusianrad Kopreser-ne ®pus TeHIEYIEPiHIH KON COTMTOHJIBIK
mIenrimepi aabIHFaH.
Korapsima kenTipinreH TeHaeyep xyheci yirin Jlakc xynraps

¥, = AY¥, (2a)
¥, =BY. (20)
Conrnl Tenyieynep xyitecinneri ¥, 4:xone B monzepi kenecineit Monre ne

vV,
¥Y=|y,| A=A+K, B=(FB, +CB, +EB, + /B,),

Vs

MYH/IaFbl

-i 00 0 q p
J=|0 i O ,K=|-q 0 0},

0 0 i -p- 00

F=-8iF +2ial?, C=-4B7 +al, E = —2im+'?"‘,

000 0 q p o’ +p° o b
B,=|0 1 0|, B.=|-q" 0 0| B,=| q  -ld° -pq"}
001 —p 00 p; oo —|p’
0.0 —aa + o0 — oo, ag+2ld ek b+ 2ld” +[pf Jo
By=| -a;-2a +[p’k" -(aa -aa)  -(pa - pa;)
—pp -2’ +p B ~(@p ) ~(pp” - ppy)

(2) Tenmeynep xyiieci Keleci COMKeCTIK MapThIH KaHAFaTTaHIBIPYBI THIC:
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A, -B, +[AB]=0. 3

Conrbl TeHaeyre A xoHe B MaTpHLanapbIHBIH MOHIEPIH KOS OTHIpHIN, (1) TeHaeysep KyHeciH amaMbi3.
Jlakc KynTapel KeNTIpUITeHHEH KeWiH, OepiireH TeHAeynep XKyHeciHiH memimin amy ymiH [lapOy
TypaeHaipyine kememis [10].

Jap0y Typaenaipyi. lapOy TypaeHaipyi apHaiibl KalmuOpIlik TYpAeHaipy OOIbII TaObLIaab!

P =T, &)

mysgarsl T =Al =S¥ sxome W[1] (2) TeHmeymiH kaHa jKOHe ecki MEHIIIKTi ¢pyHKuusIapss, 1 - Jdap6y

MaTpuLachl oHe S - 3x3 marpumacel. JlapOy Typienaipyi Jlakc xynrapein sxaHa Jlakc sKynmTaphiHa
TYpieHaipeni

WL, = AL = (A0 + KDWY, (5a)

1], = B{IW[] = ((FB, [1] + CB, [1] + EB, [1] + 8 B, [1]))¥[1], (56)

mynnars ) P, A scone B Kenecizei xkaHa Monaepre aysicansl p[1], g[1], Al1]xone B[1].
(4) typnennipyai (2) TeHueynep KyleciHe KOWBIN KOHE albIHFaH HOTWKEHi (5) KyleMeH caibIcThipa
OTHIPHII, KeJleci KaTbIHACKa KelleMi3

A2 + AK[] — 23S — K[1S =S, + 2°J + AK — ASJ — SK. (6)

(6) Tenneyni 4 mapamerpiHiH mopexkeci GOMBIHINA KIKTEH OTBIPHII, TEHACYJIED KYHECIH aTaMbl3:

2’ =S, —SK =—K[]s, (7 )
A SJ-3S =K-—K[], (76)
2. J3=1, (78)
MyYH7Ja
sll le s13 0 q[l] p[l]
S=|s, S, S,/ KM=l-qi" 0 0 | )
Sa1 Sz Sa a p[l]* 0 0

(8) Ttemmeymepmi (7) TeHaeynep >KyiWeciHE KOs OTBHIPHIN KoHE MaTpUIANAPIABIH opOip Mylenepin
COMKECTEH/IIpe OTBIPHIN KelleCi MOHJIEP/1i aHBIKTaHMbI3

q[l] =q—2is,,, p[l] = p—2is;. (9)
S MaTpHUIIACBIHBIH HAKTHI MOHIH Ay YIIIiH

S=HAH™, (10)

GpHeFiH KOJIAaHaMbI3, MYHJIarbl

vi v, v, . v ViV, Vv, 20 0

* _ * 2 2 2 *
H=lv, -w U Hll T detH iy, _|l//1| *|'/’3| |'//3| A=10 4 0
va 0 -w vive  vava =l 0 0 4

Bepinren epuekti (10) Tenmeyre Koiibin, MaTpuiaHblH op Oip 3JEMEHTTEPiH TEHECTIPe OTBIPBIN KeJeci
HIaManap/sl aHBIKTaHMBI3:
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_ vy, (A-4) (11a)
il sl + |
v (A=) (11 6)

13

A 2 2
(11) Terneynep xyiiecin (9) TeHaeyep xyiecine Kost OTeIpbIN, JapOy TypreHaipyiH aJaMbl3:

ya, (A=)
|l/’1|2 +|'//2|2 +|‘//3

yws(A-4)
|‘//1|2 + |‘//2|2 +|V/3

ql]l=q-2i

(12 a)

"

p[l]=p-2i |2 : (12 6)

IHepuoarThik memimaep. (1) Teraeymnep xyieciHiH MepUOATHIK MIEITIMAEPIH KapacTepy YuIiH (kxonHe
P MoHmepin HenaeH o3re gen anamsi3 [8], sFHU

q= alei(k1t+wiz), b= azei(kthrsz), (13)

MYHJaFbl a,,a,,kK,,K,,®, oHe w,KaHzaai 1a Oip TypaKTsLIap.
HapOy TypreHmipyiHe calikec

vy =iAy, +qy, + pys, (14 2)

v =—qw, +idy,, (14 6)

Wa =—P Y, +idy,, (14 8)

Vi, =Vu W +VRpW, V¥, (14 r)

Wo =V W + VU0, V305, (14 7)

Vs, =Va W) V0, + Vs, (14¢)
MYH/JIarbl

v, =h(a’ +a’)+2ig(k,a’ +k,a?),

v, =(d +imh-aw] +2¢(a7 +al))q,

Vy, = (d +io,h—ew? +2¢(al +a2))p,

V,, =(-d —ioh+aw! -2¢(@% +a’))q’,

V,, =e—ha} - 2iew,a’, V,, = (-h+iew, +iew,)pq’,
V, =(-d —im,h+eaw’ —2¢(a} +a2))p’,

V,, = (~h—iew, —iaw,)qp".

V,, =e—ha’ - 2iaw,a’,

(13) Tenneynepai (1) TeHueysep xyiieciHe KOsl OTBIPHII, KeJieci MOHJIEpl aHBIKTaMbI3

=~ of +alal +ai)- fol +6fmal +3a3 (0, +0,),

(15)
a
k, = —szz +a(d’ +al) - pw; +6Bw,a’ +3pa% (w, + ,).
(14) Tenneynep >kyieciH 1Ielne OThIPBIIN, MEHIIIKTI GYHKIHUIIAPALI TA0aMbI3
Giks Ay Gik-ay-a
w, =Ce? +C,e 2 (16)
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1. . 1. .
a (—Zik+A)t+(iw+6)z (—=ik-A)t—(iv+0)z .
v,=——=1 C,e ? % cee +C el 17)
ly+n+A ly+n-A
1 —(iik+A)t+(i¢u+z9)z —(lik—A)t—(iaﬁH)z iem
v, = a—(czble 2 +C,be 2 +Cele (18)
2
MYHarbl

A=%\/—4al2 —4a2 —k* —4k/1—4/12,;(=—%k—g, A=eg+in, g =-8ipA +2ial?,

d =482 +al, h =—2im+'?“.

QZW, RZ_\/_4N(%NM 2h4 —iMP1h3 +M1 +M2h+%P12Pl3j +(Rl€2 +R2‘€_R3)N

N=a’+a’,J=a +a,,G=a’-a;, M =N+0’
M, :(_gngwﬁ +P, —4HeJw® + P, + P, — sthz,
M, =P, — P, + P, +(P, - 4i°P,, J—P,,,

KeJleci OpHKTePMEH

P, =—&éMo® + Mdow + an(J + 6G)—keN ?, P, =6(Nd +25(J +37—OGDaw4,

P, =(—§Nd2 —35[\] +%GJd —&°N(J +1OG)J(02, P, = 2N(Nd + 8Ge kaw,
P, :%Nz(dz +4Nd + 26’ N(2N +k?)) P, =—iN&’o’ +3i52a)5(Nd +§g(3 +%GD,

- 6 3 4 - 3 4 - 2 2 - 2 4 3
P, :5{3 —gG)kg o* —3iaw (a+25N)(Nd +§g(J +4G)), P, = 6iks’w ((j—gGJd +§gN ]

P, =iNd*® +5ig[J +%do2 +8i(J +4G)Ns?d,P, =(a, —a,)'N?k? —a] — 7a%a; —7a’a; —a!,

2

P, =iN?k(d +2eN)*,P, =&*Now* —2Naw?(d + 26N )+ 462(J —6G kw + N(d + 2eN )*,

Py =&20" +(-2ed — 467N )o? + 4N?s20 + (d + 22N ?)

R, = 4J +8iG +4iok - o)H +ie*, R, =(4id +2hk —2he)H - 2idw” + 2ho® - 4gk,

R, =ih*(a? —a2)—i(h’w® —d?)+ 2h(ig — de).

(13) tenmeyni (12) tennmeynep sxyiecine koiibin, (1) TeHmeynep XyieciHiH HMEPUOITHIK MISTiMAEPiH
aHBIKTAaMBI3

yay,(A-1) "

2 2 2 !
i+l ) 49

i(kot+wyz . *(/1_/1*)
p[1] = a,e'22? _pj ViV ,
2 il oyl 0

q[l] _ alei(klt+a)'l'2) _ 2|

mynana Yv¥2¥s (16)-(18) Temmeynep apkpuibl anblkTanagbl. (19)—~(20) NepHOATHIK MIEMIiMAEPIiH
rpaduKkanbiK OeiiHeNeHyl Keeci CypeTTepie KOpCeTiIreH
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S
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e A

e SCEEEEE R
e e
PESSNTEEN S

=

S

a) 0)
2
Cypem 1. a) |q| pyuxyusacel, mynoasgel f =1, =0.00,77=0.3,a, =l,a, =-1

2
6)| p| pyuryuscel, mynoasgel f =1, =0.00,7=0.3,8, =l,a, =-1

laf* |24’

a) 0)
2
Cypem 2. [lepuoomulx wewimoepininy molevi30biK epaguei a) |q| DYHKYUACDL YILIH, MYHOAEbL

2
£=1La=0.0017=034a =1a,=-1 6) | p| @yuryuacel ywin , Mynoazol
£=1,a=0.00L7=03,a =l,a,=-1

Kopsiteinabl. bepinren xymbicta JJapOy TypiaeHaipy 9liciH KoJiaHa OTBIPBIN €Ki KOMIOHEHTTI XHupoTa
TEHJAEYyJIep JKYWeCiHIH TNEepUONTHIK INEeIIiMAEpl albIHAbl KOHE albIHFaH IIemimMaep IpaduKTiK Typle
OeifHene.
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MO/IEJIbAEY A1 IAWJJAJIAHY - OKBITY AbIH, KOJIJAHBAJIBIFBIH KYLIEATY AIH,
HETI3TI BIP IIAPTBI

Anoamna

MareMaTrKa ajaM MOICHUETI TapUXBIHBIH OApIIBIK Ke3CHAEPIHIEe OPBIH aJaThlH aKbpIpamac O0eliri; OyJ1 KopIliaraH
OpTaHBI TaHBIT OLTY/AET] KINTI KOHE FRUIBIMU-TEXHUKAIBIK JaMyIbIH 0a3ackl MCH TYJIFa OOJIBII ©CYiHIH KypaMmaac Oeiri
Oompim  TaObpUTamBl. MareMaTHKanblK OUTIM MEH HaFabl OapiiblK MaMaHABIKTapFa KakeT, COHBIH €H HerTi3rici
’KapaTbUIBICTAHY FBUIBIMBI, TEXHUKA, SKOHOMHUKA.

Byn makanana mMaTeMaTHKaHbl OKBITY Ke3iHIE KOJIJaHOAJbl JKOHE TKIPUOETiK OarbITTarbl OKBITY, KOJIaHOAIbI
TarcelpManap/sl KOJIaHy MbIcaiiapbl OasHaajdraH. MareMaTHKaJblK MOAEIBIACYAIH AWAAKTHKAIBIK (YHKLIUIIAPHI,
KOHE JIe OKYIIBUIAPAbIH MaTeMaTHKAaNbIK JalbIHABIFBIH apTTBIPY Kypalibl peTiHjAe KOJJIaHOaibl TarchlpMaliapabl
naiijajgana OThIPBII, MAaTEMAaTHKAHbI OKBITYIBIH YHBIMIACTBIPY €PEKUICTIKTEPl MEH IApTTaphl YChIHBUIFaH.

Makasajga OKbBITYIIbIH TEOPHSUIBIK MOceiesepi oHe OKBITY/bIH MPAKTUKAIBIK OaFbITTBUIBIFBI, KOJIAAHOANbI KOHE
MPaKTHKAJBIK MAceJieliep KapacThIPbUIA/bl KOHE MaTeMaTHKaHbl OKBITYAAFbl KOJJaHOajbl MIHAETTEPIl KOJJIaHy
MBICAIIAPbl CHIIATTANIA/IbL.

Tyiiin ce3aep: MoJeNb, MOACIACY, OKYIIbI, TXKipuOe, NpodieMa, TarcepMa, Ma3MyH, MEKTEIL.
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IMPUMEHEHUA MOAEJIUPOBAHNA — OCHOBHOE YCJIOBHUE OBYYEHUSA ITPU YCUJIEHUN
MPUKJIAJTHOM HAITPABJIEHHOCTH

MareMaTrKa Ha IPOTSHKCHUN BCEH MCTOPUH YeTIOBEUECKOI KYIBTYPHI Beerja OblIa €€ HeOThEMIIEMON YacThIO; OHA
SIBIISICTCS KITFOYOM K MTO3HAHUIO OKPYKAIOIIEro MUpa, 0a30if HayIHO-TEXHUIECKOTO MPOrPecca U BaXKHOH KOMITOHEHTON
Pa3BUTHS TUYHOCTU. MaTeMaTH4ecKre 3HAHUS 1 HABBIKU HEOOXOJUMBI IIPAKTHYECKU BO BCEX MPOQECCHSX, TPEK/IC BCETO
B T€X, KOTOpbIE CBSI3aHbI C €CTECTBEHHbIMH HAayKaMHU, TEXHHUKOW, SKOHOMMKOW. [[ns peanuzanuu NpHUKIaTHON
HATPABICHHOCTH HEOOXOMUMO OpraHM30BaTh OOyYCHHE INKOJFHUKOB OJIIEMCHTAM MOJCIHPOBaHUI, KOTOpOE C
UTaKTUIECKOM TOYKU 3PECHUS SBIACTCS YICOHBIM JICHCTBHEM, BEITIOHIEMBIM B IPOLIECCE PELICHHUS 3a1a4.

B crathe paccmaTpuBaloTCS TEOPETHUECKHUE BOTIPOCH O MPUKIIATHONW M MPAKTUIECKONW HAMPaBIECHHOCTH O0y4YEeHMUS,
MIPUKJIAIHBIX W y4eOHO-TIPAKTHUECKHUX 3aJadax, OMHCHIBAIOTCS MPHUMEPHI HMCIIOJB30BAHMUS TMPUKIAJAHBIX 3a1ad TpH
00y4YeHHH MaTeMaTHKe. BBIABIIEHBI TUAAKTHUYECKHEe (PYHKIIMM MaTEMaTHIECKOTO MOJACTHPOBAHUS, a TAK)KE YCIOBUS U
0COOEHHOCTH OpTraHM3aIy 00y4eHHUs] MaTeMaTHKe C MCIOJIh30BAaHUEM NMPHUKIIAJIHBIX 33/1ad KaK CPEACTBA MOBBIIICHUS
MaTeMaTHIeCKON TTOJTOTOBKHY yUaIuXcCsl.

KuiioueBble cjioBa: MOJIeNIb, MOJISTMPOBAHNE, YUEHUK, IPAKTHKA, Mpo0IeMa, 3a/1a4a, CoAepKaHue, IKoJa
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Abstract
APPLICATIONS OF DESIGN ARE BASIC CONDITION OF EDUCATING AT STRENGTHENING OF
THE APPLIED ORIENTATION
Bekbolganova A. !, Turalyk M.B.2
Senoir Lecturer of the Kazakh State Women’s Teacher Training University, Almaty, Kazakhstan
2 Student of Master’s Programme, Kazakh State Women's Pedagogical University, Almaty, Kazakhstan

Mathematics always was inalienable part of human culture during all it’s history; she is the key to cognition of the
surrounding world, by the base of scientific and technical progress and important component of development of
personality. Mathematical knowledge and skills are needed practically in all professions, foremost in those, that related
to natural sciences, technique, economy. For realization of the applied orientation it is necessary to organize educating of
schoolchildren to the elements designs, that from the didactic point of view are educational actions executable in the
process of decision of tasks.

Theoretical questions are examined in the article about the applied and practical orientation of educating, applied
educational-practical tasks and the examples of the use of the applied tasks are described at educating to mathematics.
The didactic functions of mathematical design are educed, and also terms and feature of organization of educating to
mathematics with the use of the applied tasks as means of increase of mathematical preparation of students.

Key words: model, design, student, practice, problem, task, maintenance, school

Byrinri tanaa enimizae MektenTeri OiniM Oepy ©3iHIH JaMybIHBIH jKayalThl Ke3eHIHEe asK 0acThl. YKajmb
OimiM OepeTiH MekTenTe Oarmapiibl CHIHBINTAPIBIH YABIMIACTHIPHUTYHI, COHAAN-aK aKmaparTap arbIMBIHBIH
icTeyi, OiiM Oepy callachIHa eJeyIli e3repiCTep IiH eHri3UTyiH Tanamn eTefi. AJl, OyIT 63 Ke3eTiHae MyFalTiMaepi
Oinim Oepyperi skaHa dJlicTeMeNiK MaTepuaiapMeH KaMTaMachl3 €Ty KaKETTIrTHE oKeIeIi.

Kopmaran opraHbsl FRUIBIMHA TYPFBIIAH TaHBIN OUTy ©Te KypJemi mporecc. byriHri Tapma moaenbaey
3epTTEeYAIH FHUIBIMUA TaHBIMBIHBIH €PEKIIe dJiCi OO TaObLIaIbl, MOIEIBICY S/ICI Ke3 KEeNTeH FhUIBIM/A,
FBUIBIMH TaHBIMHBIH OapJbIK Ke3eHjaepiHae mnaiimananputyga. OObEKTiHIH, SFHH KYOBLIBICTBIH, HPOIECTIH
©31MEH eMec, OHBIH MOJIETIMEH JKYMBIC jKacay CabICTRIPMAIIbI TYPAE Te3 JKOHE SIIKAaHal eNeyill IIBIFIHCHI3
OHBIH KaCHETIH 3epTTeyre MyYMKIiHIIK Oepei.

MaremMaTHKa HeTi3epiH 3epTTEyMEH aiHalbIcaThl MaTeMaTHKTEp MeH (uIocopTapablH €HOEKTEpiHiH
HOTHXKECIHIE MOJICIIbCD TEOPHICHI xkacaibl. OHZIa MoJIeNb Oip a0CTPAaKTHUIBI MATEMATHUKAJIBIK KYPBLIBIMHBIH
OackacbiHa OelfHeney, TYPICHAIPY HOTHKeCi OOMBIT aHbIKTanaasl. X X-Facklp/ia MOJIEINb TYCIHIT1 HAKTHI JKOHE
UACANIBIK MOJIENbACPAlI KaTap KaMTUThIHAAW Oouiblll skaimbuiaHabl. COHOBIKTaH, aOCTPaKThUIBI MOZETb
TYCIHIT1 MaTeMaTHKAJIBIK MOJEJbJCP HICHOEPIHEH WIBIFBIN, 9JIeM Typallbl OuUTiMAEp MEH TaHBIMAAPIbIH
OapiBIFbIHA KATHICTHI OO

Kenreren taburaT KyOBUIBICTApHI MEH OHJIIPICTIH MPOIECTEPIH TYCIHY )KOHE KEIISHIEKTe OJapbl caraibl
Typae OackapyFa KoJl )KeTKi3y MakcaTblHa 013 01ap/bl MaTEMAaTUKAIBIK MOJIETIbIEyTe KOIITIK. AJFalIbHIa
KoJija 0ap MaTeMaTHKalbIK anmnapaTThlH KYII — KyaTblHa, MyMKIHJIKTepiHe Kapai KapamnaiibiM mporectep/i
3epTTey/eH OacTajaFaH MaTeMaTHKaJIbIK MOZAETbACY, Ka3ipri TaHaa eTe — MeTe KypJesi KyObuiblcTappl Ja
cunartan Oepe ajaTblHIAW, >KOFaphl JIeHrelre KeTepiimi. Mojenb TYCIHITIHIH alHaNachHIAFbl KEeH
TaNKBUIAY IBIH Ka31pTi Ke31e e )KaJIFachll OThIPFAaH/IBIFBIH €CTEH MIBIFapMay KakeT. bactankpla akmaparThIK,
KHOEpHETHKANBIK OarbITTapAarbl FHUIBIMHU MSHAEP asCBhIHAA, COAH COH FBUIBIMHBIH 0acka Ja cajajlapblHAa
TYPIIi TOCUIIEPMEH iCKe achIPbUIATHIH MOJIENb PeTiHAe TaHbUIBL. Herizinae Moaens MoHIH HaKThIIay TOCii
pEeTiHe KapacThIPBUIAIbIL.

«Mojieby TEPMHHI KOIl MarblHAIBL. Mopenb Aen KaHaad ga Oip 3aTThIH KIiIIPEWTIIreH KeIlipMeCiH
(camomer Mopeni, TYPFBIH YHIep MakeTi), MaTeMaeTHKAIbIK (opMynanapipl, OYpHIITaH TOPU3OHTKA
JIAKTHIPBIIFAH JICHEHIH YIITy MOJICITiH, 1IITEH KaHy JBUTaTel )KYMBICBIHBIH MOJICIIIH, KaH1al 1a Oip HOpCeHIH
STAJIOHBIH (METP 3TAJIOHBI, KUJIOIPAaMM 3TOJIOHBI) aiiTaMbI3. JKaJlIbl Typaeri «MOJIeNb» TYCIHIrT TOMeHIeriaek
HETi3/1e aHBIKTATAIbI.

Monens - MOETBIeY MaKCaThl TYPFBICBIHAH OKBITT YHPEHETiH 00bEKTiHIH / KYOBITBICTBIH KeH0ip )KaKTapbIH
YKCACTBIPBII OCHHEICHTIH jKaHa O0BEKT.

Mogensb - 00BEKTiHIH HAKThI )KYMBIC i1CTEYiHE COKECTEHETiH aHBIKTAIFaH apameTpiiep OOMBbIHIIA )KYMBIC
iCTeWTiH (PU3MKaJIBIK/ aKMapaTTHIK alMacTHIPyIbICHl. Moaenbaeyeri eH 0acTbl MoJenbAeyli 0OBeKTI MeH
OHBIH MOJIETIi apachIHJIaFbl ©3apa YKCac KaThIChl OOJIBIT TaObLIa/IbI.

Mopens (Model, simulator):

1) xacuerrepi Oenrini Oip MarblHaIarbl KYHEHIHIH HeMece HpPOLECTiH KacHeTTepiHe yKcac OObeKTiiep
HeMece TpolecTep Kykeci;

2) cepuaiibl OyHBIMAAPIBI KalMali eHAIpYre apHaJIFaH YJTIi, STaJIOH; Ke3-KEJITreH Oip 00BEKTi JKYMBICHI,
MBIC, IPOLIECCOPBIH KYMBIC iCTE€yiH MOJENBACHTIH MporpaMma Hemece KypbUIFbl. Ol MaTepHaIIblK OOBEKT
TYpiHZEe, MaTeMaTUKaNbIK OalnaHbICTap JKykeci peTiHae Hemece KYpJIbIMIbl MMHUTALMSIIAMTEIH IporpaMMa
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KYHiHIE KYPacTHIPBLIAABI N1, KapacThIPBIIATEIH OOBEKTIHIH JKYMBIC ICTECYIH 3€pTTEY VIIIH KOJIAHBLIAIEL.
Mopenbre KOWBUIATBIH HETI3T1 Tajam - OHBIH KAaCHETTEPiHIH HETi3rl OOBEKTIre CoWKec Kelyi, SFHU
OapalapIIbIFbL.

Mogensaey (MoaenupoBaHue; simulation) - Ke3-KenreH KyObUIbICTap/bIH, NPOLECTePAiH HeMece OObEKT
XKYHemepiHiH KacueTTepi MEeH CHIaTTaMallapblH 3epTTey YIIH OJapbIH YITICIH Kypy (>kacay) jKoHe Taiiay;
0ap Hemece jKaHaJaH KYpacTHIPBUTFaH OOBEKTIIEPiH CUITAThIH aHBIKTAY HEMece alKbIHIAY VIIiH OJapablH
aHaJorTapblHaa (Monenbae) OOBEKTIepAiH op-Typili TaOuFaThlH 3eTTey ofici. Mojens TepT IeHreiine
TYNHYCKaHBIH THOCEJIOTHUSIIBIK OphIHOAcaphl 00Jia anmaibl:

1 — s;meMetTep meHreiinae,

2 - KYpJIBIM JIeHTeHie,

3 - KaJIbIN - KY¥ HeMece KbI3METIK JICHTeHiH,

4 — HoTHXKeNep ACHTeHiHIe.

CunaTbl OOWBIHIIIA MOJIENBIACY OOBEKTIHIH T€OMETPUSUIBIK, (PU3UKATIBIK, TUHAMUKAIBIK JKOHE KBI3METTIK
CUNATBIH HAKTHI 1971 Oepeni. Mmeannpik Mojenaeyre o0beKTiHiH olarkl OeiiHec xkaTanbl. OHIIa MoIebaey
TUT KOMETIMEH iCKe aChIPBLIAIBI.

Anam KOJIBIMEH JKacalFaH MaTepuaiabl 00BEKTiIep MoIeh Ooma anansl. MoAenpal Tanaay HOTHKECIH e,
HaKTBl KypAeii oOBEeKTiHI TepeHipek Oinyre MyMKiHAIK Tyaibl. MYHIaFbl IIBIH MOHIHAETI HAFrbI3 TaOUFU
OOBEKT, SIFHW HAKTHI OOBEKT IPOTOTHII HEMece TYNMHYCKa fen arananbl. [lIprH MoHiIHIE MaTeMaTHKaIbIK
omicTep IIBIHANBI eMip/e Tikenel KomgaHpIc Taba amMaiiibl, oap TeK MaTeMaTHKAIBIK MOJENbIep JKacayaa
FaHa KOJIaHbLIAIbI.

[cuXonorusnbpIK — TNEeJaroTUKAIBIK oJcOUeTTepAe MOJICTBbACYIl €Ki KaFblHaH KapacThIpaibl: OHBIH
OipiHIIiCI — OKYIITBIIAPABIH OKY iC-OpEKeTi HOTHKECIHIe MEHTepeTiH 0i1iM Ma3MYHBI 00Jica, COHBIH HeTi31H e
OJIApJIBIH TaHBIM KaOLIeTiH KOpCeTCe, SKIHIIIICI OKBITYIBIH KOPHEKI Kypabl peTiHae KaObUIaHabl, SIFHU COJ
apKBUIBI TOJBIKKAH/IBI OKY iC-9peKeTiH yibiMaacTeIpyFa Oonanst [1], [2].

Monenbaeyi OKBITYABIH Ma3MYHBI PETiH/IE KapacThIpa OTHIPHIN, OHBIH HETI3T1 €Ki acTeKTiH 0ol amyra
0oael, onap:

a) OKYIIbIIap/1a 3epTTENETIH 3aHIbUIBIKTAPIBIH MOJCIIBIIK CHIIATHI TYyPaJibl TYCIHIKTI KaJIbIITACTBIPY, SIFHH
OKBITY YPJIICIHE MOJENb YXOHE MOJCIbICY Typalibl TYCIHIKTI €HTi3y, FBUIBIMH TaHBIMJAFbl MOJENbBICYIIH
MaHBI3BI MEH POJIiH aHBIKTAY;

0) OKyIIbIIapFa MOZAETIBCY ICKEPJIITiH YHpETY.

MareMaTHKaJbIK MOJACTBICP Typalbl MbIHAHBI alTyFa Oosafpl: opOip FBUIBIM cajachl YIIIH KYpbUIFaH
MaTEeMaTHKAIIBIK MOJIENB/IEP COJI FRIIBIMMEH Oipre TaMBbII JkoHe KoOeHim oThIpasl. bacTamker ke3ze KypbuFaH
MaTeMaTHKAIIBIK MOJIENIb 6T€ KapamaibIM OOJybl MYMKiH, Oipak 3€pTTeNil OTBHIPFaH CYpaK Ma3MYHBIHBIH
TepeHJIeyiHe OalllaHbICThI, KYOBUIBICTHI TaHYJBIH JXaH — >KaKThUIBIFBIHA Opaii, o jga Oipre — OipTe
KypHeneHe Oacraiiiipl. OpUHE, MaTeMaTHKa OCHIHAAW MOJENbJepai KYpyMeH NIeKTenmin KamMaiiael. Kem
XKarJaiia MOJeNbIiH e3i e 3epTTeyaiH o0bekTici 6ona amaapl. COHOBIKTaH «MaremaThkama» adCTpaKTii
MOJICTIb/ICP 3EPTTENIN OKBITHUIATHIH Ooyiajapl. MyHJal jkarmaija jkaHa YFbIMIAPbl CHII3YMiH, OYKLI
TEOPHUSHBI KaliTa OHICYIIH Mai1ace! 30p, HoTmkecinae Moaesbaep i 3epTTeyIIepIiH 63/1epiHiH apHaibI Ti
mana 0osasl.

Mogenbey i OKy Kypajbl pETiHJIe KapacThIpa OTHIPHIT, 013 OKBITYIBIH OeNriii 0ip MakcaTTapblHa KETyre
apHAJIFaH MOJIENbBJEp Typallbl aiiTambl3. MBbICallbl, KAPACTHIPBUIATHIH TYPJIi MOJENbBIEpP CEPUSCHl QYHKIHS
KaCHeTTepiH 3epTTey i KOIIaHbUTYbl MYMKIiH [3]

Monenbney Oy xo0anay ic- speKeTiHiH KypaMIsl Oip Oeriri »xoHe 00bEeKTIHI MOJAENIepi apKbUIBI 3ePTTEY
onici.OHBIH €Ki )KaFbl 0ap:

1) Okymibuap MEHrepyre THiC Ma3MYH;

2) MyMKiHAITiHIIE TOMBIKKAHIIBI OKBITY KYPaJIbI.

Monenney apKbUIbl KypJeIliHi KapanaibiMFa, TAHBIC €MECTI TaHBIC KbUTyFa SFHU 00BEKTIHI TaHBIMN OLTyre
bIHFainayra Oonanel. JIorukanelk oiiayra, KHsUIIAybIH JaMbITYFa ceOen OOJaThIH «3aTTHIKY, «OETiTiKy,
«rpaduKaIBIKY) MOJIEIIEPMEH KYMBIC iCTEYi KapacThIpalbl.

Bi3gin 3epTTeyiMi3ae MOJICIIbICY allFalllKbl €Ki JKaFIaiia, sFHH OKBITY Ma3MYHBI PETIH/IE KapacThIPbLUIaIbl.
Enmi  maremaTvika KypChIH OKYy OapbIChIHIA MaTEeMaTHKAJIbIK MOJCIbIACYAl KaJbIITACThIpy —Kaian
KYPri3ijeTiHAIriH aHBIKTaHbIK.

Ke3 kenreH FBUTBIMHBIH HETi31 CHSKTHI, MATEMATUKAHbI J1a MEKTENTE OKBUIATHIH OKY MOHIHIH Ma3MYHBI
Kypaiibl, ol ©3iHe FHIIBIMH MOJICNB/IEP JKYHECIH JKoHE OChl MOJIENBAEP/Il 3epTTeyre apHaAIIFaH ammaparThl,
COHBIMEH Oipre MoOJIe/ib HOTHIKEJIEPiH MMPaKTHKAAa KOJIaHAThIH diCTep i eHriseai. bapiblk MaTeMaTHKAIbIK
TYCIHIKTEp — caH, (UTrypa XoHE T€OMETPUSUIBIK (opMmyranap oHe T.0. CaHIBIK KAaTbIHACTAPIBIH KOHE
KOpIIaFraH IIBIHAWBUTBIKTBIH KEHICTIKTer1 (opmManapbiH Oeiineneiiai. Onapapl 3epTTey YIIH TeHAeyJepi
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MIENTyaiH, (YHKIUSHBI 3epTTEYIiH, TCOMETPUSIBIK (DUTypaIapblH Y3BIHIBIFEIH, ayJaHBIH JKOHE KOJIeMIH
JKoHe T.0. eNIeydiH Typii amictepi skacaiarad. COHbIMEH Oipre MaTeMaTHKaJbIK MOICIBACPIl 3ePTTCYIiH
HOTIKEJNEpiH MpaKTHKaga KOJJAHYAbIH SAIC-TOCIIEepi J€ aHBIKTAIFaH, MbBICAJbl MPAKTHKAJIBIK €CenTepi
TEH/ICY/IiH KOMETi apKbUIbl IIBIFapYy.

XKorapeiga aTeurFanmail, MpakTUKAIBIK MpobiaeManap/ sl MeNryAe MaTeMaTHKaHbl Maiganany OipHere
Ke3eHJepAeH eTeni, OIpiHIII TONm MaTeMaTHKAJIBIK MOJEIhACYMEH OalIaHBICTHI, EKIHIIICI — KYpbhUIFaH
MOJICTIB/II 3€PTTCYMCH OailIaHBICTBI, YIIIHINICI — OacTamKbl IIBIHAWBI KaF[aia MaTeMaTHKAJIBIK €CEITi
IIBIFAPY/IaFbl AJIBIHFAH HOTHKENEP Il TYCIHAIpyMeH OaitmansicTel. Byt skepre, OipiHIIi )KoHE YIIIHII TONTHIH
Ke3eHIepiHae maiaaanral iCKepIIiK MaTeMaTHKAIBIK eMec (OyaaH KeiliH ojapasl MaTeMaTHKalaH ThIC JET
aTaiiMbI3), ajl eKIHII Ke3CHJC MalJaaHbUIFaH ICKEPJIK Ta3a MaTeMaTUKajblK (MaTeMaTHUKAJBIK €CCEITi
HIBIFapa iy iCKepJiri) jkoHe OacTamkel »XaFAalMEH CallbICTBIPFaHga OCBIHIAN ImemimMaepai THiMAL
YUBIMIACTHIPY iCKEPIIiTi OOBIT TaOBLTAIBI.

CoHbIMeH, MaTeMaTUKaHbI MPAKTHKaa MaiifanaHy icKepiiri exki Typre OemiHeal, ojap: MaTeMaTHKAIBIK
00BEKTIIep/Ie MaTEeMAaTUKANIBIK aIlllapaTThl Naiganany icKepiiri (MaTeMaTHKaJlbIK iCKepIIiK) JKOHE HIBIHAKBI
KarJainapapl 3epTTeyie MaTeMaTUKaJIbIK OLTIM MEH ICKEepINIKTI maifanaHy (MaTeMaTHKaJaH ThIC HEMece
KOJIIaHOAITBI iCKepIIiK). MeKTenTeri MaTeMaTHKa IoHI ICKePIIIKTIH eKi TOOBIH KaJIbITacTEIpy bl Aa O6enrimi 0ip
Jopekeie KapacThIpabl.

Kongan6amsl MaTeMaTHKAIBIK i1C — OPEKETTI OCHHEIICUTIH TaFsl Oip MaHBI3ABI COTTIH Oipi MaTeMaTHKAIIBIK
MOJIETIBICY I Tl TYPFBICHIHAH KapacThIpy MYMKIiHAIT. MaTeMaTHKaIBIK MOJAETBACYAIH OipiHII Ke3eHiHAe
TaOWFH TiIMEH TY)KBIPHIMJIAIFAH €CETITi ayBICTBIPY JKY3€Tre achIPbUIabI, EKiHII Ke3eHIe MaTeMaTHKAaJIbIK Tl
naiaanaHbUIa Ibl, YITIHII Ke3€HIe — MAaTeMATHUKAJIBIK TUIJICH TAOMFH TIJITe aybICy ICKE aChIPbUI bl MBICAIIBI,
H.H.Mowucees Obutaii geiini: «KoramuablK FRUIBIMAAp JKaFAAMIbIH CO3IIK OeifHeleyiH KapamalbIM Til
meHOepinae Oepei: OpbIC Tilli, HEMIC Tijli, aFbUIIIBIH Tili. @U3HKTEp KOHE TEXHUKTEp GopManb/sl OcitHeney
TIJJIEPiH Ui Maliaananaabl, Oyl »KapaThlIbICTaHy cajlajapbiHa OaliIaHBICThI, OFAH MaTeMaTHKa J1a Kipeni» [4].

ConHbIMeH, MaTeMaTHKAHbI MaiianaHyra OalIaHBICTHI iC — OpEKeT epeKIIeNiKTEePiHiH Heri3l KeJecineH,
ollap: MaTeMaTHKAIBIK TEOPWSHBI OLTy JKOHE OHBI OJIC peTiHAe NaiiianaHy iCKepiri, maibIMaayabiH
KOJJaHOalbl MaTeMaTHKaJbIK CTHJIIH MEHrepy, TaOWFW TUIH MaTeMAaTUKAIBIK TiAre aybica ajay >KoHe
KepiciHIle aybICy iCKepIIiTi.

MareMaTHKaNbIK ~MOJEIbICY, FBUIBIM, TEXHHKA, OKOHOMHKA cajajapblHaa, 63 CHOCKTepiHIe
MaTEeMaTHKAJIBIK €CeNTEPl KONJaHaThIH MaMaHIapFa 6Te KaKeT OOJIBIT OTHIP.

MareMaTHKaJbIK MOJETh — MaTEMAaTUKAIBIK CHMBOJIIAPMEH >Ka3blIFaH HAKThl KYOBUIBIC a0CTPAKIIUACH.
OHbI TaNIay OCHI KYOBIIIBICTHIH MOHIH TEpPEH/IEH anryFa MyMKIHIIK OepeTiH/Iel eTil KypacThIPhLIFaH.

MaremMaTuKanblK MOJENBACY oJiCi MOTIHIIK ecenTepiAl MISIKEeHJe >KWi KOJNJaHbUIaael. EcenTiy
OepinyiHzeri ce30eH CUMaTTaFaH axyaliJibl MOZCIbACYTe ap anyaH (Gopmyanap, KecTeiep, quarpaMmmanap,
(byHKIMsIIAp, anredpablk TeHaeyep, TudGepeHuanap TeHIeyIep MeH oJap/IblH Kyienepi, TEHCI3MIKTep,
TEHCI3IKTEp KyHenepi, Karapiap, reoMeTpHsUIBIK (urypanap, cxemanap, BeHH auarpamMManapbl, T.0.
KOJIJJAaHBLIA/TbI.

XKorapeiga aliTeUTFaHAapIaH Keleciiel KOPHITHIHABI IIBIFAPaMBbI3 .

1. Byrinri TaHAa MOJENbACYII OKBITY TEOPHICHI OHBIH Ma3MVYHBI KOHE OHBIH KYpajbl PETiHJC
KapacThIpbutaibl. OKBITYIBIH Ma3MYHBI PETiHIE MOJEIbJIEY 3ePTTENETiH KYOBUIBICTAD MEH 3aHIbLTBIKTAP/IBIH
MOJIEJIBIK CUTIATBIH JKOHE MOJIEIIBJIY YPIICIH MEHIepYAl KOpceTe/Ii, all Kypajl peTiHIe OKBITY IbIH OenTii 6ip
MaKcaThIHA )KETYTe KKETTI KOPHEKUTIK, OKY MOJIeNbJIepi peTiHAe KolIaHbiaabl. bi3mi 3epTTeyimisae oHbIH
QJIFAIIKBICHI PETIHJIE KAPACTHIPBLIA B

2. MaremaTtukaiblK MOJAETbAEY YPAICIHIH KYpbUIBIMBIHAH JKOHE MEKTel OarjapiaMachlHbIH
MYMKIHIIKTEpiHeH, TaHJan alblHFAaH MAaTeMaTHKAJbIK 3JEMEHTTEPMEH ajIMAaCThIPbUIATBIH MOJICIBACY
AJIeMEHTTepiH Oein amyra 60maner. Onap: 0acTanKbl aKapaTThIH TOJIBIKTHIFEIH OaFanail )kKoHe KaXXeT O0JIFaH
JKaraaiia JKETHeWTIH CaHABIK JEPEKTepJl €Hri3y, ecel  Ma3MYHBIHbIA COMKEC KEJETIH CaHIBIK MOHII
HaKThUIAY, allbIHFaH JEPEKTePAiH MPaKTUKAIaFbl ecenTep/i IbIFapyFa KaXeTTI MYMKIHJIKTepiH aHbIKTAy.
MoTiHaIK ecenTep aTtajifaH dJIEMEHTTEPAIH Kypalibl 0olla anajbl, OHbI HIBIFAPY OaphICHIHAA CO3/IK MOJIETH
Kypyra 0oJiabl.

MorTiHaik ecenTepi HibiFapy OapbIChIHAA CO3MIK MOJAECIBAI KYPY apKbUIbl MaTeMaTHKAJIBIK MOJICIbICY
YPZIICiHIH KYPBUIBIMBI )9HE MOJAENB/IH HEri3ri KacuerTepi Typajsl OiniM O6epyre Oonaabl. MaTeMaTHKAIIBIK
MoJieh Oi3]i KOIIaFaH IIBIHAW eMipiH MaHBI3/Ibl JKaKTapbhlH MaTeMaTHKa TUTIHAE CUIATTAWTBHIH HBICAH, OJ
MPaKTUKaaa TYbIHJAFaH €CENTEep/i WIbIFApyAbIH oici OOJbI TaObLIambl. «MaTeMaTUKAIBIK MOJICIBICY»
TYCIHITIH €HTi3y J>KOHE MOJIENbACY OJIEMEHTTEPiHE OKBITY HEri3ri MEKTeNnTeri MareMaThka KYpChIHBIH
KoJgaHOaIbl OaFbITBIH KY3€re achIPyAbIH O1p >KOJIbI OOJIBII TaObLIA b
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MEKTEIITETT MATEMATHUKA KYPCBIHAAFbI MATEMATUKAJIbIK AHAJIN3
3JIEMEHTTEPIHIH OPHbI MEH POJII

Anoamna

MaTeMTHKaHBIH KBI3METI — MaTeMaTHKa OUTIMIHIH OapibIK JKYHECiH KaMTHUTBIH HEri3ri 3jaeMeHTi. MaremaThka
MEKTeNTiK OiiM OepyaiH eH Herisri xyie Kypaylsl IoHAEpAiH Oipi Oousbin TaObutanbl. MaTeMaTHKaHBIH OCBIHIAM
MENTENTiK IOHJAEp apachblHIa ajaThlH OPHBIHBIH MOHI, OHBIH KaTbICYyIIbUIAPJBIH TyJIFa OOMBIHIIA JKaH IKAKTHI
JIlaMybIHJIaFbl €pEKIIETICHTeH poliHe ailkpiHaIaabl. MyH/IaFbl Makaiaia MEKTENTIK KypCKa MaTeMaTHKaIbIK aHATU3/1iH
KOMBLIATBIH LIAPTTaphl, TajanTapbl KapacThIPbUIFaH. AHTa KeTy KepeK, MaTeMaTHKalbIK TalJayAarbl OKBITYbIH
oniCTEMeNiK KypChIH JKETUIIIPYy MEKTeN KaObIpFachlH/A JKOHE JKOFapFbl OKY OpBIHJApbIHIA J1a 9Jli e ©3eKTi KYHiHIe
KQJIBII OTHIP. MaTeMaTHKaBIK TaJIayIblH MEKTENTeri 6acThl pesi KONTEreH MaTeMaTHKAIBIK IIOH cabaKTacTHIFBIHAA
KaTaTBIHIBIFBIHAA eMec: OyJl a3blH aylak KaTBICYIIbUIapFa FaHa KepeK, OYHBI JKOFapFbl OKY OpBIHIAPBIHAA TEPEH
OKBITBUIA/IBI XKOHE JIOTHKAIBIK Oifflay KaOiJIeTiH apTTEIPYbIHIA Ja eMeC: MaTeMaTHKAJIBIK TaJIayAblH Ke3eHAepi MeKTen
KypCBIHAFBl MaTeMaTHKaFa «Kata» OasHOaTy MYMKIHIUIIN mamansl. MaTeMaTHKaIbIK TallayAblH 3JIeMEHTTepiHiH
xKanmel OuTiM  OepeTiH MeKTenTeri MaTeMaTHKa KypCHIHIAFbl 0acTel peni — Oyl MeKTenTeri MaTeMaThKa
KOCBIMIIIAJIAPBIHBIH KeHEHTY MyMKIHIIKTepiH Kypy. by 6acka 1a MaTeMaTHKaHbl KOJIJaHATHIH IOHASpre FaHa eMec, Oy
MaTeMAaTHUKaHBIH JKaJIIbl ©31HIH KYPChIHA J1a Taliabl.

Tyiiin ce3aep: MateMaTHKAJBIK Tanay, OiIiM Oepy, TopOueney, 1aMbITy, JJOT'MKa, MaKCaT, KayaIrKepIIiIiK, MOJeb,
nporecc.
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POJIb U MECTO 2JIEMEHTOB MATEMATHUYECKOI'O AHAJIN3A B IIKOJBbHOM KYPCE

MATEMATHUKU

2

MartemaTrueckas AeSTeIbHOCTh - KIFOUEBOM AJIEMEHT BCEH CHCTEMbl MaTEMAaTHYECKOTO 00pa3oBaHusi. MaTtemaTHKa
SIBJISIETCSL OJTHUM W3 OCHOBHBIX, CHCTEMOOOPa3yIONINX MPEIMETOB IIKOJILHOTO 00pa3oBaHus. Takoe MEeCTO MaTeMaTUKH
CpeIH MIKOJBHBIX MPEAMETOB 00YCIaBIMBACT U €€ 0COOYIO POJIb ¢ TOYKH 3PEHHSI BCECTOPOHHETO Pa3BUTHUS JTUYHOCTH
ydamuxcsa. B JaHHOW cTaThe paccMaTpHBAarOTCS TpeOOBaHHS K MaTEeMAaTHUYECKOMY aHAIM3y B IIKOJBHOM Kypce
MaTeMaTuku. ClelyeT OTMETHTh, YTO COBEPIICHCTBOBAHUE METOIUUECKON CHCTEMBI O0YYCHHUS KypCY MaTeMaTHIeCKOTO
aHanM3a B ILIKOJE M MeJarornyeckoM By3e IO NpexHEeMy ocTaercsi akTyaibHOM. OCHOBHas poOjb MaTeMaTUYecKOro
aHau3a B IIKOJIBHOM Kypce MaTeMaTUKH HE B TOM, YTO OH JIE)KUT B OCHOBE MHOTHX MaTEMaTUUECKUX JUCLMIUIUH: 3TO
MTOHAJ00MTCST MCHBITMHCTBY YYaIIIXCsl, KOTOPBIe 00JIee OCHOBATEIBHO OYIYT H3Yy4aTh €ro B By3aX, U HE B TOM, UYTO OH
CHOCOOCTBYET PA3BHUTHIO JIOTUYECKOTO MBIIUICHUS: «CTPOTOE» H3JIOKCHHE DIIEMEHTOB MAaTEMaTHYCCKOTO aHalu3a B
IIKOJIbHOM KypCe MaTeMaTHUKH HEBO3MOXKHO. [ 1aBHas poJb 3JIEMEHTOB MAaTEMaTUYECKOr0 aHalIM3a B Kypce MaTeMaTUKU
CpemHeW MIKOJBI, 3TO CO3/IaHME BO3MOXKHOCTH JJISl PACIIMPEHUS 00IacTH MPHIIOKEHUH IIKONBHOW MaTeMaTtuku. OHO
SIBIISIETCS TIOJIE3HBIM KaK JIJISl TUCIUTIINH, TPUMEHSIOIMUX MaTEeMaTHKY, TaK U [T CaMOTO Kypca MaTeMAaTHKH.

KuioueBble cj10Ba: MaTeMaTHIECKHI aHATTN3, 00pa30BaHue, BOCIIUTAHUE, PA3BUTHUE, JIOTHKA, I1e]1b, OTBETCTBEHHOCTD,
MO/I€]b, MPOLECC.
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Abstract
A ROLE AND PLACE OF MATHEMATICAL ANALYSIS ELEMENTS IN SCHOOL MATHEMATICS
Bekbolganova A. !, Umirgalieva A.B. 2
Senoir Lecturer of the Kazakh State Women’s Teacher Training University, Almaty, Kazakhstan
2 Student of Master’s Programme, Kazakh State Women’s Teacher Training University, Almaty, Kazakhstan

Mathematical activity is a key element of all system of mathematical education. Mathematics is one of the basic,
system-forming disciplines of school education. Such place of mathematics among school objects stipulates it’s special
role from the point of view of all-round development of personality of students. The requirements for the mathematical
analysis in the school course of mathematics are considered in this paper. It should be noted that perfection of the
methodical system of training the course of mathematical analysis at school and pedagogical institution of higher learning
the same remains actual. Basic role mathematical analysis in the school course of mathematics not in that he is the basis
of many mathematical disciplines: it may need to the minority of students, that more thoroughly will study him in
institutions of higher learning, and not in that he assists development of the logical thinking : "strict" exposition of
elements of mathematical analysis in the school course of mathematics is impossible. Leading role of elements of
mathematical analysis in the course of mathematics of high school, this creation of possibility for expansion of area of
appendixes of school mathematics. It is useful both to disciplines, applying mathematics and for the course of
mathematics.

Key words: mathematical analysis, education, education, development, logic, aim, responsibility, model, process.

EnGaceinbin «Kazakcran xombel — 2050: 6ip makcar, 6ip mymae, 6ip Oomamak» artel JKonnmaybiHaa
«¥nTTHIK OiiM OepyniH OapIbIK OYBIHBIHBIH CAMaChIH XKaKCAPTYyFa 013/ ayKbIMIIBI )KYMBIC KYTIll Typ. OcbiFaH
Opaif,yJIKeH >XayalnKepIIiTiK >KYKTEIN OThIPFaH MyFaliMJepre >KaHAIIBULIBIKIIEH >KYMBIC jKacayFa Typa
keneni. EH angpiMen Gapiblk moHaep OOMbIHIIA O1J1iM carachlH apTThIPY KEPeK», - Ael alThuIraH [1].

Kazakcran Pecriy6mmkace! binmim typanst 3ansiana: «binim Oepy xyieciHig 0acTbl MiHIETi — YIITTHIK )KOHE
KNGl  alaM3aTThIK KYHIBUIBIKTAp, FBUTBIM MEH MPAaKTHKa JKETICTIKTEepl HETI3iHAe JKeKe alampl
KaJIBINITACTBIPYFa JKOHE KOCIOM IIbIHIAayFa OarbITTaFaH OUTIM any YIIIH KaXETTI JKarmaimap jkacay,
OKBITYIIBIH JKaHa TEXHOJIOTHSIIAPBIH €HTi3y, OuTiM Oepyni aKmapaTTaHIBIPY, XallbIKapaiblK FaTaMIIbIK
KOMMYHHKAIASIIBIK JKENiiepre MbIFy» [2], - JeTiHres.

MareMaTHKaHBI OKBITY OYKIJI MEKTEITKE TOH YIII JKaJIIbl MAKCATThI KO3ACHIi:

1. binim Oepy.

2. TopOuemney.

3.  OMipIiK-IPaKTUKAIBIK OLTiM-aF bl AaPBITY.

CoHIBIKTaH MEKTENTEeri MaTeMaTHKaHbl OKBITY MakKcaTTapbl MeH MiHaeTTepi OuriM Oepy mpoleciHaeri
OKBITYIBIH HET13T1 MiH/IEeTi OKYIIBUIAP/IBIH O1TiM JKYHECiH KoHe oiyiay KaOiJeTiH KeH Typ/ie AaMBITY MEH OHBIH
KOJIZIaHBUTYbIH MEHrepydi KaMmTamachl3 eTy. MekTenm MaTeMaThka MyFaliMAepiHe KoJaHOalbl KoHe
MPaKTUKANBIK OaFbITTANIFaH OiiM Oepyai YibIMIACThIpy/ia YIKeH MYMKIHIIKTEp Oap.

AJIBIHFBI KaTapJibl JaMbIFaH eJJIEp/iH OuUTiM Oepy JKYHECiH 3epTTey OapbIChIHIA COHFBI OH JKBUIIBIH
immiHme Jxammel opTa OuTiM Oepy KyHeciHiH KYpBUIBIMBIHAA JKOHE OKBITY Ma3MyHbBIHAA: Oinmim Oepy
¢dunocopusicll MEH 9JliCHAMACHIHBIH KaHApybl; OuUTiIM Oepy JKyieciHae >KeTUIIpUIreH MOJAENbIepAiH
Xacaiysl; OimiM Oepyzi OacKapyIblH THIMJIL JKOJIIAPBIHBIH KapacThIPBUIYBI; OKBITY- TopOHesey yiaepiciHe
KaHa TEXHOJIOTUSIIAPABIH EHTI311yi; OKBITYIBIH JSCTYPJl OHiC-TOCUINEPIH BIFBICTBHIPHII, OKYIIBLIAP.IBIH
TaHBIMJIBIK OEJICEHITIIIITI MEH O3iHIIK OWJIayblH KaMTaMackl3 eTeTiH OiTiM Oepy MoelliHe Kellly; TepeH KoHe
Oencenai kacibu Oarmap OepyliH epTe )kacTaH OacTanybl; OKYIIBI )KACTapFa a3aMaTThIK- TATPHOTTHIK, PyXaHH
- aIaMTePIIIiITiK, KOIIMOJICHUETTIIIIK, IEHCAYIIBIK CAaKTay )KOHE SKOJIOTHSIIBIK TOpOHe Oepy pemiHiH KYIIeHTimyi;
01J1iM YIBIMIAPBIHBIH OKYIIBIHBI SJI€YMETTEHIIPYAET] pOIliHiH apTyhl MPOIECTePi KY3eTe achIphLTy/Ia.

MaTemaTUKaJIbIK aHaJIU3 TYCIHIT1, 9JiCTepl )KOHE KOJJIAaHBUTYMEH TaHBIC 0O0JIy FBIIBIM MEH TEXHUKAHBIH
TYpJi cajlachlHAH ajiblHFaH KONTEreH MbICAJIap/ibl KENTipyre >KOHE 3epTTeY/AiH TEOPHUSUIBIK dAicTepiH
KepceTyre MyMKiHIIK Oepei. FpuIbIMu akapaTTap aFbIHBIHBIH XKeJ1e) KapKbIHMEH 6CYyi, KaJIbl 011iM OepeTiH
MEKTell OKYIIbUIAPBIH 63 OeTiHIIe jxaHa OumiMzep urepyre KaOineTTi erin TopOueniey MEH OKBITYJIbI Talal
eTeni. ©3 OeTiHIle OUTIM aaybl YIIiH OKYIIbl 63 TaHBIMIBIK KbI3METI HBICAHBIHBIH MOHIH YFBIHBIIN, OHBIH iC-
OpeKeT KOJAapbIH urepyre typa kenemi. Con ceOenti OKyImIbIIap/sl KaHa OLTIMIEP/Ii Ty TEeXHOJIOTHUSICHIH
Urepy JKOJIAaphl MEH KypaJiapblHa o/Ieii apHaIl MaKcaTThl TYPAE OKBITY KOKETTIrl TybIHIANIBL.

Enimi3aiH ereMeHIiK anyblHa OaiJIaHBICTBI JKaJIIIbBl OUTIM Oepy »Kyheci alTapibIKTail Iopekene Kairta
KapaJjblll, OHBI JKETUIAIPY >KOJAaphl i3fecTipinyne. bonamak koram MyllenepiHiH eMip cypinl HOTHXei
KbI3MET €TYiHJe MaTeMaTUKaJbIK OUTIMACpAIH »aCaWThIH BIKHATBI MOJ. MaTeMmaThka FBUIBIM PETiHIIE
KOJIJaHOAIbl ecenTeH Maiifa OonFaH Jecek Te O0Najbl JKoHE KOoJMaHOAIbl ecenl apKbUIbl JaMujbl. Mekrer
MaTeMaTHKaChIH KOJIJIaHOAJIbI €CeIICi3 KYypy MYMKIH eMecC.
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FoulbiMu  TyHHETaHBIMIBI  KAIBINTACTBIPYAAFbl MATEMATUKAIBIK ~aHAIW3IH MaHbBI3bl  KOITereH
FaTpIMIapaeIH — eHOekTepinae aram  kepceriumred (S.C.Jly6noB, b.B.I'memenko, A.H.Kommoropos,
A.W.Mapkymesud, A. 5. XuH4uH).

AHanu3 3JeMEHTTEpiH MEKTel KypchlHa EHTi3yHiH Oacka Aa MaHBI3Ibl CeOeNTepiH aram eTy KaxKer.
MexkrenTeri 0iTiM Ma3MYHBIH aHBIKTAHTBIH KYKaTTapra COMKEC MEKTENTe FHUIBIMHBIH HETi31 OKBUTYBI KepeK.
MaremaTrukaHbIH, COHBIMEH Oipre 0acka Ja FUTBIMH — )KapaThUIBICTAHY TIOHIEPIHIH 1aMy TapuXMEH TaHBICY
OaphIChIHIA 013 MaTEMATHKAIIBIK aHAJTU3/[IH MaTeMaTHKAJIBIK FUTBIMIAP HET131HE )KaTaThIHBIH KOPEMi3.

MareMaTHKAaNbIK aHali3 — MaTeMaTHKaHBIH (YHKIUUIApIsl MuddepeHIanibK KoHe HHTETPaIbIK
ecenTeylep dIicTepiMeH 3epTTeiTiH OemiMi. MaTeMaTHKaIBIK aHAIA3/IIH HET13T1 3epTTey KYpalbl — IIEKTep
oxici. MaremMaTHKaNbIK aHaIU3IiH JaMybl HOTHXKeciHAe QYHKIMAAaH KeHIPEeK YFbIM (QYHKIIMOHAI, ONepaTop
YFBIMIapsI naiaa 6onasl. Taburat neH TexHUKaga QyHKIMSATIAP apKbUIBI KYOBUIBICTAp, KO3FAIBICTAp KOITEN
ke3zneceni. COHABIKTaH

MareMaTHKanblK —aHAMW3MiH ~(QYyHKOMSIapAbl 3€pTTEUTIH Kypan peTiHaeri MaHwi3bl 30p. On
MaTeMaTHKaHbIH YJAKeH OeiiriH kKamtuasl. OraH >Kanmbl skargaiiga auddepeHnuanablk ecentey >KoHE
WHTETPANJIBIK ECETTEY, HAKTHI KOHE KOPhIMAT alHBIMAIbl (DYHKIUSIIAP TEOPHSCH, KOMIUICKCTI aifHbIMAIbI
(GYHKIUSUIAD TEOPHSCHI, JKYBIKTay (DYHKIHACHI, TUPPEPESHIUATIBIK TCHACYIEP TEOPHUACH, WHTETPAIIBIK
TeHeyJIep TEOPHSCHL, TU(PepeHINAIIBIK TEOMETPHSI, BAPHALMSIIBIK ecenTeyiep, GyHKIUOHAIIBIK aHAIN3,
T.0. MaTeMaTUKaHBIH OeiMaepi Kipemi. AHamnU3 O6acTaManapbIMEH TaHBIC 0OJIMal Kasipri MaTeMaTHKaHBIH
TOJIBIK CUMATBIH ATy MYMKIiH eMec.

JKanmel opTa MekTenTe OKbUIATHIH FHUIBIMIAP/IBIH HET131H calyAarbl aHann3 OacTaMallapbIHBIH KaThIHACKI
TypaJibl TE3UC HAKTHUIAY bl KAXKET €TEe/i.

MaremaTukanblK FRUTBIMHBIH HETi3iHE JKaTKbI3BUIATHIH Oacka Ja MareMaThka OeliMIepiH KepceTyre
Oonanmel, ceOebi omap MaremaTHKana Ja jkoHE Oacka FhUIbIMIApnaa na (MBICAJIbI, CHI3BIKTBHIK airedpa,
MaTEeMaTHKAIBIK CTATHCTUKA KOHE MAaTEMaTUKANIBIK JOTHKA, TONTap TEPHACH HEMECE TOOJIOTHS) MaHbI3/bI
Oonbin TabbiIaabl. JlereHMeH, MEKTEeNTeri MaTeMaTHKa KypChlH OKBITYJaFbl MaHbBI3bIHA KENTeH JKaraanja
OJIap/IBIH OapIIBIFBI MATEMAaTHKAIBIK aHATH3Te 0ACBIMIBIK Oepei, sSIFHU FRUIBIMU KO3KapacThl TapOueneymeri
POl MEH KOJJJaHy CIEKTPiHiH KeHAIri, COHbIMEH Oipre A9CTYpili MaTeMaTHKa KypChIHA )KaKbIHIAY JopeKeci
OOMBIHIIA JJa MATEMATUKAJIBIK aHAJIN3 OacKajlapblHaH YCTEM OO0JIaIbl.

MareMaTHKaNbIK aHANU3 SJEMEHTTEPIH MEKTENTiH MAaTeMaTHKa KypChIHA C€HTI3y Typalibl JKa3bUIFaH
KenTereH eHoekTep XX FachIP/IbIH OachIHIa OACHUIBII MIBIKTHI, )l Ka3ipri Ke3/1¢ 01 HEeTi3IeNin KaHa KOWFaH
JKOK, KYpPCTBhI OKBITYABIH HaKThl ojicTemeci ne xa3puiiabl. O KielHHIH TeparalbIFBIMEH >KYPri3ijareH
«MaTeMaTHKAIBIK OiiM OOWBIHINA KYPBUIBIFAH XaJIbIKapaIbIK KOMUCCHUSD )KYMBICHIHBIH HET13iHAE jKacaaraH
KYKaTTbIH, Makananap MeH kitantapasiH (2.bopens, H.S.Bunenkun, b.B.I'nenenko, A.H. Kommoropos,
AW Mapkymesuu, C.JM.IIBapuGypn) MaHb3bl 30p. By 3eprreynepieri anamms Gactamanapbl KypchlHa
KOMBLIATBIH JKAIIBI TAJANTHI KbICKAIIA CHITATTAWBIK;

1) Amnanu3 DdieMeHTTepiH MEKTeNTeri MaTeMaTHKa KypChlHA  CHTI3y[l  JKaKTayllbLIapablH
Oar1apiaMachiHIaFbl 0acTanKbl Ke3eH () yHKIIMOHAIIbI IPOTICIEBTUKAFK KOHBIJIATHIH Tajlall 00JIbIT TaObLIA b
AHaNM31iH HEeTi3Ti TYCIHITi — IIeK, TYBIHABI, HHTEeTpalt, ojiap QyHKIHS TYCiHITiHe Heri3aenreH. bizai kopimaran
IIBIHAWBI KYOBUIBICTApABI 3€epTTEY YIIiH aiHBIMANbl IIaMaiapibl OalIaHBICTBHIPATHIH TOYEIAUTIKTEPII
(GYHKIMOHANIB OpPMaFa aybICTBIPY KasKeT.

Mpicabl MaTeMaTHKAIBIK aHATU3/bIH O0BEKTICI ©3apa TOyeNAUINKTerl alHbIMasbl mamManap. Onapabiy
apachlHJIAFbl alyaH TYpJi KaThIHACTApJbl 3epTTEYIiH OAICIHIEri epeKIIenikTepae ne OaimaHbic Oonaipl.
MareMaTHKAaJbIK TalAayIblH 3E€PTTEY KYPAIbIHBIH Heridi — mektep omici. Illekke Kelly MaTeMaTHKAIBIK
TaNayAblH XKaHa onepanusiiapsl — auddepeHnuaniay MeH HHTEerpalliayAblH ipre Tackl 00Jabl.

MyHnait 6acTanksl JadBIHABIKTHIH KOKETTUIIT aHaTU3/iH HeTi3T1 TYCIHIKTEpi eHTI31IeTiH ChIHBIITAPIaFbl
albIK QYHKIIMOHAIIBI IPOTE/ICBTUKAHBIH OOJYBIH KQKET eTEIi.

2) Ananu3 6acTaManapbiH 3epTTey OApCHIHBLIA TOCTYPIIi MaTEMaTHKa KYPCHIHBIH arliaparhl OeJIceH Il poib
aTKapaabl. MBICANbl, TYBIHJBIHBIH KOMeriMeH (YHKIHUSHBI 3epTTey OapbIChIHAA KeJeMl alreOpalbik
TYPJICHAIPYJIEPAl OpbIHAYFa, TEHJEYIep MEH TeHCI3AIKTep i memyre, (yHKIUIHBIH MOHIH ecenTeyre Typa
kenemi. Coil apKbUIbl OKBITYIBIH aJJABIHFBI KE3CHIHICT COMKEC ICKepJiKTepai MeHrepyiH Oenrim Oip
JKETKUTIKTI )KOFaphl ICHI€HiH MEHIrepyre 0oJiajibl Iel €CerTeiHe .

Kazakcranubig OiniM Oepy cascaTbiHa COHKEC XKYPIi3UIil OThIpFaH KalTa >KaHFBIPTYJIapAblH 0acThl MiHAETI
— Oimim OepyaiH Kasipri 3aMaHfbl camnacblH KamMTaMachl3 €Ty oHe Oimim Oepy KyHeciHiH Oapiblk
KOMITOHEHTTEPIH MEMJICEKCTTIH, KOFAMHBIH JKOHE TYIFaHBIH ©3€KTi opi OoJjaliakTarbl Ka)KeTTEIIKTepiHe
coiikecteHipy Ooibin Tadbmanel. OckiFan opait, KP Oimim Oepy »kyieci Oimim Oepy makcarrapbl MeH
KYHJIBUIBIKTApPBIH JKaHAIla TYCIHyMeH, Y3iKci3 0i1iM Oepy sKyleciHiH pesiH KylerTeTiH eMip O0HbIHA OKyFa
KeIlly KaKETTUIINH Ce31HyMEH CHIIaTTaJIaThiH KaHApy/bIH jKaHAa Ke3eHIHEe KamaM OacThl. Y3.IKci3 OuTiM
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Oepy/i iCKe achpy OHBIH CaTbUIAPBIHBIH OaplIbIK IEHreiaepaeri cabaKTaCcThIFBIHBI KaMTaMachl3 €Tyl
ke3xeini. On ymiH moctypii OutiM Oepy »xyieciHe Oiprmama esrepicTep €HTri3y KaXeT, SIFHH  OiTiM
TyIIBUIAPABIH JIepOec TaHBIMABIK XKOHE MPAKTUKAIBIK 1C-OpEKEeT AaFIbUIapblH KalbIITACTBIPY MIiHIETI
©3€KTeJIe TYCil, OKBITYABI IBIH MOHIH/IE lapanay *KYy3ere acybl THiC.

MexkrenTeri anredpa Kypchl GyHKIMOHAIIBIK UAed HerisiHne KypsuraH. COHIBIKTAaH, OKBITY 9/ICIH OCHI
OarpITTa KAJBIITACTHIpa ajcak, MaTEeMaTHKAJIBIK TCOPWSHBIH HETi3iHe TepeHnel OonraH emik. MekTemnTe
OKBITBUIATHIH (DYHKUUSUTAPIBIH CaHBl LIEKTEYJi, CBI3BIKTHIK, KBaApATTHIK, JOPEXKETK, KOPCETKIllITIK,
morapuiMIiK KOHE TPUTOHOMETPHSUIBIK (yHKIFsUIap. byl GyHKIUSIIApIbH KacHeTTepi MaTeMaTHKAaJIBIK
OlmiMaepiH HeTi3iH UrepyAe YJIKeH POb aTKapabl.

MekTen KypchlHa MaTeMaTUKalbIK aHAIW3 DJIEMEHTTEPIH EeHTi3y Ka)KeTTUIr Kasipri yakblTTa ©3iHiH
©3CKTUIIrH Joneneaeni. AHamu3 OacraManapblH OKBITY 9JiCTeMECi MaceseliepiHe Kol KeHin OeiHyne.
MexkTenTiH aHaIN3 KYPChIHBIH Ma3MYHBIHA, HET13T1 TEOPHSIIBIK EpeKeNep MEeH YFBIMIap/Abl €HT13y o/licTepiHe,
QJIBIHFaH OKY HOTWIKENEpiHEe KOHE aTallFaH KyPCTBIH OKBITY MPOLECIH KETINipy MYMKIHIIKTEPiHe KaThICTHI
HaKTBl KOPBITHIH/IBI KaCaJbIH/IBI.

MareMaTHKAaJbIK aHAIN3 KYPChl Ma3MYHBIHBIH FRUTBIMHJIBIFBI OHJIA HETI3T KbI3MET aTKapaThiH XoHE OV
FBUIBIMHBIH MOHICIH aliKBIHIANTHIH ipreli MocenenepAid 0ap OOMybIH Tajlal eTeli; FRUTBIMHBIH 9/1iICHAMAITBIK
ACTIeKTIJIePiH alllyIbl, OHBIH JaMy >KOJIapbl MEH TaHBIM MPOOJeMaIapblHbIH 9ICTEPiH, OKY JACHIeHIepiHiH
JKOHE FhIIBIM Ma3MYHBIHBIH JCHTelsIepl MEeH KeJleMACPiHiH apachlHIarbl OalijlaHbICTBI OPHATY/IBI KAMTHIBI,
OCHI FBUIBIMHBIH TEOPUSIIBIK epeKeIepit, )KaHa Uesiapbl MEH 9JIiICTEpPiH 63 OeTTepiHIIe YHPEHY aF IbLIaphIH
OKYLIBUTAPBIH MEHIepyJiepi YIIiH KaFaai TyFbI3apbl.

3) AHanu3 OacraManapbl KypChl YIIIH OHBIH KaJIIbl OLTIMIIK CHUIIATHI Typalibl TaJalThIH OOJIybl ©Te
MaHbB3ABl OONbIT  TaObUIAABI. «..OpTa MEKTenTe MaTeMaTHKaHbl OKBITY pedopmackl Oomamak
MaTEeMaTHKTEPAIH HEMeCe TEXHHMKTEPAiH Ke3KapachlHIa €MecC, OoJialllaKk MOJEHHUETTIH KbI3bIFYIIbLUIBIFBIH
KaHaraTTaHIbIpaThIHIAN O0IYHI Kepek» [3].

MexkrenTeri MaTeMaTHKa TIOHI OOWBIHINIA >KOFApFBI CATBIAAFbl OeNiHYyNepl >KOK OollaFH Karmaima
OarmapiaMa TEK Kalmbl OLTiM Oepy MakcaThIMEH IIEKTeNreHi aypbic Oomansl. MiHe, COHOBIKTaH EKiHIII
JICHTCHIIH COHFBI CHIHBINTAPBIHA AHAJIUTHKAIBIK TCOMETPHS YKOHE aHAIM3 3JICMEHTTEPl CHTi3LIel, SIFHU
UG hepeHIHANIBIK €CeNTeYNep KapacThIPhLIaIbl.

Byn Ttapaynmapna OKbUIATBIH — TaKbIPBINTapJbl OKYIIBUIAPJBIH KAKCHI Merepyi KakeT, ON YIIiH
muddepeHInaNAbIK TEHASYIEp TYCIHIKTEpIH OKYIIbIJIapFa HOTIDKEN eTim YHpeTy KaKeT, COHJBIKTaH
TOMEH/JICT1 Macelesepre KoHin 0ereH skeH 00Japbl, oj1ap:

- OWIT FBUTBIMHBIH JaMy TapuXbl Typallbl HETi3Ti MarllyMaTTapIbl OJapblH CaHAchlHA JKETKi3e Olmynepi
THIC;

- onap nuddepeHInaIIbIK TeHASYIep TYCIHITI )KoHE OHBIH 3€PTTEY 9/iCcTepi JaJ1 Ka3ipri Ke3eHIeri Typre
ne OoJFaHFa JICHIHTT OHBIH «Tap JKOJI TalFak KEIIyIeH» OTKEH KE3CHIEepiH OKYIIbUIAPFa TYCIHAIpE KOHE
KepceTe Oiymnepi THic;

- OYJ1 KYpCTBHIH JaMy TapuXblH OuTy Oojamak MyFamiMIepAiH OKyIIbUIapFa ojapibl OasHAayJbIH eTe
BIHFAMIIBI QJIICIH TaHal ajdyiapbliHa MYMKIHJIK Oepe/i;

- muddepeHIHANABIK TEHACYJIEP JaMYybIHBIH TapUXH AacCIHeKTUIEPiH KapacThlpy JIYHHE TaHBIMHBIH
JTMHAMMKACHIH JKOHE OHBIH 9JIICTEPiHIH, TYCIHIKTEPIHIH, 3aHIAPBbIHBIH JaMYbIHbIH JUHAMHKAJIBIK CHIIATHIH
KepceTyre MyMKIH/IIK Oepeii.

AJ MaTeMaTHKAJBIK aHAIM3/IH MIiHJIETi OeNTiITi MaTiMeTTep i (aHBIKTaMamapIbl, TeOpEMaapIbl, OJIapIbIH
JIOIIEINICYNIEPiH, 63apa OalIaHbICTAPBIH, ECENTEP/I ST 9/IiCTEPiH) TAHBICTHIPBIN KOO €MEC, COHBIMEH KaTap
oJIapJibl MakaanaHybl YUpPETy OOJIbII Ta0blIa b,

MareMaTHKambIK aanu3 OacTaMaliapblH MEHIepY HOTHIKECIHIE OKYIIbLIAPBIH:

— MaTeMaTHKa op TYPJI JKeKe TIoHIEp KYPaIbIMbBI eMec, TyTac Oip FhIIBIM €KEHiH KOHE COJI FHUTBIM IITiH/Ie
«MareMaTHKaJIbIK aHATH3/1iH) OPBIHBI TYpPaJbI;

— HaKTBhl CaHIap, CaHIBIK Tiz0ekTep, (yHKIUs mieri, (QyHKIMS y3iaiccismiri, auddepeHInaiIbiK
€CenTeyAiH HeTi3ri TeopeManapsl, QyHKIHSHBI TOJNBIK 3€pTTEY;

— JIoNeNnJiey dMIicTepin Oinyi;

— MaTeMaTUKaJIbIK aHAJIM3/IIH 9IICTEPIH KOJIJaHyFa HKeM/Ii O0JTyhI;

— aNbIHFaH OLTIMIEPIH MPAKTUKAIBIK MAIIBIKTapAbl MEHTEPYAe KOJIJIaHa ayJaphbl KaKeT.

MareMaTHKaJbIK aHAIM3/IH HET13/1epiH, OHbIH TEOPHSUIBIK JKOHE MPaKTHKAJIBIK MaHBI3IBIIBIFBIH OlTy TeK
MEKTeIl OKYIIBUIAphl YIIIH FaHA eMeC, COHbIMEH KaTap OKYNIbUIAPJbIH OoJamaK MaMaHJbIFbl YIIH Je eTe
KaXer.

Kasipri yakpitta PecnyOnukampi3 OeH Oykia anemze OOJIBIN JKaTKaH casicd, SKOHOMHKAJIBIK JKoHE T.O.
e3repicTep OumiM OepyaiH OaibInThl TypAe KaWTa KypbUIFaH, jKaHa MOJEJIH €HIi3yJl Tajam €Till OThIp.
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AXIapaTThIK TEXHOJOTHSIHBIH KAPKBIH/IAI 6CYi, COJI CHSKThI OKBITY/IBIH jKaHa 3aMaH aFbIMbIHA Call TaanTapbl
MeH OumiM OepyiH €CKi Ma3MYHBIHBIH apachlHAAFbl KAHIIBUIBIKTAp JKOFaphl OUTIM Oepymi KeTUimipyre
OaFbITTAIFaH KONTETEH MPAKTHKAIIBIK TYPFBIAH KEIICHIIK MoceseNep/li alKbIHIayFa JKOHE KY3ere achlpyFra
MYMKIiHJiK Oepezi.

Kaszip 3aman ma, KoraM n1a esrepreH. byrinri 6amazapasiH MaKcaTTapsl [1a, KYHABUIBIKTAPH 2, HACSIIaphl
na OypeIHFBIAAH Mynae Oackamra. OWTKeHI ojap - ©3iHiH OoJjamlrarblHa THIMIUTIK TYPFBICBIHAH KapalThIH,
ickepitikke OeliiM, JKOFaphl Tajan Kos OuIeTiH anamaap. MiHe, COHABIKTaH KaHial 1a Oip HaKThl TAKBIPBIIITHI,
OexiMzi HeMece KypCThI OasHAayAbl TAlKbUIAY OMiCIHIH HEri3ri TUIAKTHUKAIBIK TalanTapasl (FRUIBIMUIBIK,
KOJAMITBIIBIK, KOPHEKLUTIK T.0.) KaHaFaTTaHABIPYHI THIC EKEHJIIT XKOHIH/E eIIKIMHIH Talackl KOK. JKorapsina
alTBUTFAHJAP/ABl HETi3Te aja OTHIPBIN, MAaTEMAaTHKAJBIK aHaW3 OacTamMallapbIHBIH Ma3MYHBI OKBITYIBIH
Ma3MYHBIH KaJIBIITACTHIPYJbIH TICAarOTUKANBIK JIOJIICIH aHBIKTAUTHIH JUJAKTUKA MPHHIUITEPIHACTI
TTUTaKTHKAITBIK, MIAPTTapIbI )KY3€eTre achbIpyhl THIC, COHABIKTAH 013 TOMEH/IE OJIap/bl HETi3r1 epexenep TYpiHae
KapacThIPBIK.

CoHbIMEH, JKaJIITbl aJIFaH/Ia, MEKTEIITKE KAKETTI OKYy OaraapiiaManapbia/a OLTiIMHIH TEOPUSUIBIK HETi31 MEH
OHBl KYPBUTBIMJIAYy apachblHAarbl Oipiiri; OiLTiM Ma3MyHBIH TyTacTail Oepimyi; OapiblK OKy MoHAEpi
OarmapaMaapbIHBIH ©3apa OaimaHbICHl; O6171iM Ma3MyHBIH Oepy/ie HaKThUIBIFBI )KY3€Tre acaThlHAal Tajantap
OPBIHJIATYBI KEPEK.

KopsiTa aiiTkanma, MaTeMaTHKANBIK aHaIH3 OacTaMaapblH OKBITYIBIH 0acThI MaKcaThl (Ka3ipri yaksITTa
MaTeMaTHKaHbl OKBITYIbIH 0AaCThl MaKcaThl aKbIH eMeC, aHbIK KOHbUIMaraH) — OKYIIBIHBIH aHATUTHKAIBIK
oiiJiay, JIOTUKAJIBIK MaibIMIay KaOlJIeTTEepiH JaMBITY JKOHE OJIapibl OChIHIAH KaOlaeTTepiH eMipAeri KaHaak
na Gip mpoOyiemanapra Tanaay )acail OTBIPBII, IelIe 0iayre yipery O0Iybl Kepek.
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TRAVELING WAVE SOLUTIONS FOR THE
BENJAMIN-BONA-MAHONY-BURGERS EQUATION

Abstract

In the paper, we consider the Benjamin-Bona-Mahony-Burgers (BBMB) equation which represents the fluid velocity
in the horizontal direction. The BBMB equation was proposed as a model for studying unidirectional long waves of small
amplitudes in water, which is an alternative to the Korteweg-de Vries equation. Using the extended hyperbolic tangent
method and the Maple program, we find various new solutions to this equation. Solutions in the work are found with
allowance for the integration constant. In addition, the graphs of the solutions are presented. We note that the extended
hyperbolic tangent method has found wide application for the solution of partial differential equations. The algorithm for
the extended hyperbolic tangent method consists in transforming a nonlinear partial differential equation to an ordinary
differential equation by traveling wave transformation.

Key words: extended tanh method, partial differential equation, Benjamin-Bona-Mahony-Burgers equation, traveling
wave, ordinary differential equation, solution
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NEPEMEIIAIOINMECS BOJIHOBBIE PEINIEHUWS JJI51
YPABHEHMUS BEHI’)KAMUWHA-BOHA-MAXOHU-BIOPTEPCA

1

B pabore paccmorpeHo ypaBHenue benmxamuna-bona-Maxonu-broprepca (BBMB), koTtopoe mnpencrasiser
CKOPOCTh JKHJIKOCTH B TOPH30HTAILHOM HampaBieHWH. YpaBHenne bBBMDB Obuto mpeanokeHO Kak MOAENb Ul
HCCIIeIOBaHNs OJHOHAIPABIICHHBIX AJIMHHBIX BOJIH MalbIX aMIUIUTYA B BOJE, UTO SBIISIETCS aJIbTEpPHATHBOI ypaBHEHHIO
Kopresera-ne ®pusa. C moMOLIBI0 PaCUIMPEHHOT0 METO/Ia TUIIEPOOINIEeCKOro TaHTeHea i porpammel Maple Haxoxum
pa3iUYHbIC HOBBIE pelieHus ypaBHeHue benmkamuna-bona-Maxonu-broprepca. Pemenns B pabote HaifIeHBI ¢ yIeTOM
KOHCTaHTBl MHTEeTrpupoBaHus. Kpome Ttoro, mpencraBieHbl TpadUKH  MOMYYEHHBIX pemeHud. OTMEeTHM, dTo
pacIIMPEeHHbIH METOA TUIEPOOIMIECKOro TAHICHCA HAIIE IIMPOKOE MPUMEHEHHE JUIA peneHus AnddepeHIINaIbHBIX
YpaBHEHHH B YaCTHBIX ITPOM3BOAHBIX. PacmpeHHbI METO/ rHIepOOoNInIecKoro TaHI€H a MO3BOIISET MPe0OPa3oBhIBATE
HenrHeHoe auddepeHnnansHoe ypaBHEHHE B YAaCTHBIX IPOM3BOIHBIX K OOBIKHOBEHHOMY an(¢epeHIHaIbHOMY
YPaBHEHHIO C ITOMOIIBIO IPEOOPa30BaHMUs IEPEMENIAIONIECHCS BOJTHEI.

KaioueBble ciioBa: paciIMpeHHBIH METO/I TUIIEpOOIMYECKOro TaHreHca, nuddepeHnuansHoe ypaBHEHHE B YACTHBIX
MIPOU3BOJHBIX, YypaBHeHHEe benmkamuHa-boHa-MaxoHu-broprepca, mnepememammascs BOJHA, OOBIKHOBEHHOE
mddepeHmansHOe ypaBHEHHE, PELICHUE

Anoamna
E.X. Bepuxos', I H. Illaiixosa®
YILH. I'vmunes amovindazer EYY, JKannwt ocone meopusavik usuxa kxagedpacuinwiyy Ma2ucmpanmel,
Acmana k., Kazaxcman
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doyenm m.a., Acmana ., Kazaxcman
BEH)XAMUWH-BOHA-MAXOHMU-BIOPT'EPC TEHAEYIHIH
KbLJIZKBIMAJIBI TOJKbBIHABIK IHEINIMAEPI

Byn >xkympIcTa KejJeHEH OarblTTa CYHMBIKTHIK >KbULIaMABIFBIH Oinpiperin benmkamun-bona-Maxonu-broprepc
(BBMbB) Tenneyin kapacteipbuianbl. BEMB Tenneyi Kopreser-ne ®pu3s teHaeyine 6anama OOJbIT TaObLIATHIH CY/AAFbI
LIaFbIH aMIUIUTYAANapablH Oip OaFbITTBl Y3bIH TOJKBIHIAPBIH 3€pTTEY Yirici peTiHie YChHbUIABL KeHelTinreH
rUrepOoaNBIK TAHTEHC 9IICiH xkoHe Maple OarmapiamacsiH KonnaHy apkeiisl BBMB Terneyre opTypiti skaHa memiMaep
izneneni. OChl JKYMBICTAFBl MICMIIMACP WHTETPANJaHFaH TYPaKTbIMEH Kepcerineni. COHBIMEH Katap, MICHIiMIepIiH
rpadukTepi yChHBUTFaH. KeHeHTinreH rumepOonanslK TaHreHe ofici nepOec TyBIHIB audhepeHInaNIbIK TeHACyIep Il
IIENIy YIIiH KeHiHeH KOJIJaHaThIHbI aHBIKTaIbl. KeHeHTiIreH runepOoIaiblK TaHTeHC SICIH/IE CBI3BIKTHI eMec aephec
TyBIHIB! TU(depeHIHanapK TeHaeyal KapanailbiM quddepeHnnanablK TeHIeyTre XbDKbIMAIbl TOJIKBIH TYPIICHAIPY
ApKbUIBI ayBICTBIPYFa OOJaIbI.

Tyiiin ce3mep: KeHeHTUITEeH rUITEPOOIATBIK TAHTCHC d1ici, [epOec TybIH b ud depeHIHAIIBIK TeHIeY, beHmKaMuH-
Bbona-Maxonu-broprepc TeHieyi, *KbUDKbIMabI TOJIKbIH, KapanaibiM TuddepeHanipK TeHiey, Henim

Introduction
In this paper, we have considered the Benjamin-Bona-Mahony-Burgers (BBMB) equation in the following
view

u, +u, +u-u, —a-u, —u, =0, @
where u(x, t) represents the fluid velocity in the horizontal direction x, a is a positive constant. The equation
(1) has been proposed in [1] as a model to study unidirectional long waves of small amplitudes in water, which
is an alternative to the Korteweg-de Vries equation. Conservation laws and exact solutions of a generalized
BBMB equation were found in work [2]. M.S. Bruzon, M.L. Gandariasin work [3] considered Lie group
symmetry analysis and obtained traveling wave solutions for the BBMB equation.In [4], Khaled-Momani-
Alawneh implemented the Adomian's decomposition method for obtaining explicit and numerical solutions of
the BBMB equation (1). Moreover, the BBMB equation has been investigated by authors [5-7].

The aim of the paper is to obtain some new types of traveling-wave solutions to the Benjamin—Bona—
Mahony-Burgers equation based on extended tanh method [8], and with the help of Maple. Previously, the
BBMB equation was studied by extended tanh method in work [9]. We obtain new solutions by taking into
account constant of integration which was neglected in [9].
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This work is organized as follows. In Sections 2, algorithm of the extended tanh method is presented. We
apply the extended tanh method to BBMB equation in Section 3. Finally, we have presented the conclusions
in Section 4.

Algorithm of the extended tanh method
In [8] Wazwaz has resumed using extended tanh method. Nonlinear partial differential equation

El(u'ut’ux’uxx’uxxx1"')=01 (2)
can be converted to an ordinary differential equation

E,(u,—cu’,ku’,k?u",k*u”,..)=0, 3

By using the traveling wave transformation & = kx —ct . The equation (3) is then integrated as long as all
terms contain derivatives. Introducing a new independent variable

Y =tanh(u&),  &=kx—ct, 4)

where £¢ is the wave number, leads to change of derivatives:

égzya—vﬁé%, (5a)
d? d d?

@:—Z,UZY(l—YZ)W+,uz(1—Y2)2 vy (5b)

’ 3 2 2 d 3 2\2 d2 3 2\3 d3

@ﬂﬂ 1-Y)EY —1)d—Y—6ﬂ Y(1-Y7) oz TH (1-Y%) v (5¢)
The extended tanh method allows the use of the finite extension

u(yg)zso()zzakvk +Zka’k, (6)

k=0 k=1

where M is obtained by balancing the linear terms of the highest order in the resulting equation, with the
highest order nonlinear terms in the equation (3). With M determined, we substitute equation (6) into equation

(3) and collecting all the coefficients of powers of Y in the equation. Then we equate all these coefficients to
zero.In the final analysis, we obtain a system of algebraic equations with the parameters a, ,b, , 2k, c . Having

calculated all these unknown parameters, we obtain an analytic solutionu(x,t).

Application for Benjamin-Bona-Mahony-Burgers equation
Consider the Benjamin-Bona-Mahoni-Burgers equation (1). We convert equation (1)to an ordinary
differential equation

(k—-c)-u +%-k-(u2)' —k?*-a-u +k*-c-u” =0. @)
After we integrate equation (7) until all terms have derivatives

(k—c)-u+%-k-u2—kz-a.u'+k2-c.u"+C1=0. (8)

Balancing u? and u” in the equation (8) gives 2M =M +2. So that M =2.The extended tanh method
admits the use if the finite expansion
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u(x,t)=a, +a,Y +a,Y2+bY* +b,Y 2. 9
Substituting (9) into (8), and collecting the coefficients ofy , we obtain a system of algebraic equations for
aOl a]_l aZI b]_' bZI Cll kl U, c

y* :%kai +6k’cu’a, =0, (10a)
Y?®:2a,ck?? +2aa,k?+a,a,k =0, (10Db)
Y?:—ca, +ka, —8k’cu’a, +ka,a, +%kaf +k*aua, =0, (10c)
Y : —2a,ck?u? —2aa,k’u+a,ak —a,c+a,bk +ak =0, (10d)
Y°:2k*cu’a, —ca, +%ka§ +kab, +C, +2k’*cu’b,—k*aua, +ka, +ka,b, =0, (10e)
Y ' —2bck®u® —2ab,k®u+a,bk +ab,k —bc+bk =0, (10f)
Y % :—ch, —8k’cu’b, + k*aub, +kb, +ka,b, +%kb12 =0, (10g)
Y :2b,ck®® +2ab,k®zz+bb,k =0, (10h)
Y~ : 6kZcub, +%k2b§ -0. (10i)

Solving system (10) with the aid of Maple, we obtain the following results:
Result 1:

Coefficients:

2 .2
0:_i24ak,u +20kﬂ+a,al=—£ak,u,a2:§ak,u,b1:—2ak,u,b2=§ak,u,C:—i3,
20 ku 5 5 5 5 20 u (11)
1 9216k*a’u* — 400k’ u’ —40aky —a’
' 800 kee?
Substituting (11) in (9), we obtain the following solution:
1 24ak’*u” +20ku +a 12 1a 3 ) 1a
u =(-— + (——aku) tanh(u(kx + — —1t)) + (= aku) tanh kx + ——t
L= 20 ke )+ ( 5 1) (u( 20N)) (5 L) (u( 20#))
12
2 aku) 3 aku 12
N 5 N 5
1l a 1l a
tanh(u(kx + ——t tanh® (u(kx + ——t
(u( 20 1 ) (u( 20 4 )

The graphical representation of solution (12) is depicted in Figures 1.
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Figure 1: The solution u, (x, t) of equation (1)

Result 2:
Coefficients:
0 _—i 24ak’p +20ku =2 ,a, =—Eaky, a, =—§ak,u,bl =—2ak,u,bZ =—§ak,u,c=i3,
20 7] 5 5 5 5 20 u
_ 1 9216k*a’u" —400k*u® + 40aku —a’
Y800 ke

Substituting (13) in (9), we obtain the following solution:

1 —24ak’u® +20ku—a 12 1 a 3 ) 1 a
u,=(-— + (== aku) tanh(u(kx —— — 1)) + (- = ake) tanh? (u(kx — — —t
2 =( 0 » )+( e ) tanh (u( 20#)) ( 3 kee) (u( 20#))
12 3
- 5 aku) (- 5 aku)
+ +

1 a 1 a
tanh(u(kx———=1)) tanh®(u(kx———t
(e( 20 4 ) (u( 20 4 )

The graphical representation of solution (14) is depicted in Figures 2.
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Figure 2: The solution u, (x, t) of equation (1)
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Result 3:
Coefficients:

a, =-1,a, = —2aku,a, =0,b, = —2aku,b, =0,c =0,c, = -8k*a’u® + % k
Substituting (15) in (9), we obtain the following solution:
u, = -1+ (—2akw) tanh(kx) + (F2aku)

tanh(ukx)
The graphical representation of solution (16) is depicted in Figures 1.
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Figure 3: The solution u5(x, t) of equation (1)

Result 4:
Coefficients:

a, =-1,a =-2aku,a, =0,b, =0,b, =0,c =0,c, = -2k*a’u* +%k

Substituting (17) in (9), we obtain the following solution:

u, = -1+ (—2akw) tanh@kx).
The graphical representation of solution (18) is depicted in Figures 1.
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Figure 4: The solution u, (x, t) of equation (1)
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Conclusion

In this paper, we study the Benjamin-Bona-Mahony-Burgers equations. Using the extended tanh method,
we have constructed various exact wave solutions for this equation. The graphical representation of the
obtained solutions is presented in the figures.
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A.6 Jaynemgynoea, M. Cnamosa®

n.2.x., Kazax memnexemmix Kui30ap nedaoeukanvl yHUGEPCUmMeminiy aga OKbImyublChl,
Aamamul K., Kazaxcman
’Kazax memnekemmix Kvi30ap nedazo2ukanbl YHUSepCUmeminizy aza oKblmyublCy,
Anmamul K., Kazaxcman

HETI3Ir'I MEKTEINITEI'TI MOTIHAIK ECENITEPAI INEIIY YPAICIHAE AJITEBPAHBI OKBITY 1bIH,
KOJIZAHBAJIBIFBIH XKY3ET'E ACBIPY AbIH, KOJIJAPBI MEH TOCE/IJEPI

Anoamna

Kaumier OGisiM OepeTiH MEKTENTEP/Ie aJIbIHFAH MAaTEeMATHKAJIBIK OLTIM Ka3ipri 3aMaHFbl alaMHbBIH JKaJIITbI OLTIMI XKoHE
JKAJIMbl MOJICHUETIHIH MaHBI3JIbl KypaMbIHBIH Oipi OoJbin TaObuiajgbl. Ic JKy3iHOe, Kasipri 3aMaHFbl aJamJibl
KOPIIAWTBIHBIH OapIBIFBI - TYNTEI KEJITCHe MaTeMaTHKaMeH OalmaHbICTRL. AT (hU3HMKaja, TEXHUKA )KOHE aKIIapaTThIK
TEXHOJIOTUSUIAPJBIH COHFBI JKETICTIKTEpi OoJlamiakra 3aTTapIblH OCHl KANIBIHAA KAalaThIHBIHA MYIIEM KYMOH
KenripMerai. MoTiHAI ecenTepAi MIenry OKYIIBUIApABIH Olay KaOiNeTiHiH apTyblHa, (YHKIMOHAIIB TOYEKEITUTIK
UAeATaphlH TEPEH MEHIrepyre BIKIal eTeli, OJapIblH ecelnTey MOICHHETIH apTThIpanbl. MOTIHII ecenTephi IIenry
OaphICBIHAA OKYIIBUIAPIBIH IIBIHAWBI HBICAH MEH KYOBUIBICTAPIBI MOJCNBACYAE OUTIKTUTNT MEH JaFmblUIapbl
KaJIbIITacaIpbl.

Makasaja OKyIIbUIAPbIH MaTeMaTHKAJIBbIK JIEHIeHiHIH HeTi3ri JamMy KepceTKiun peTiHje OepijeTiH KoJaaHOabl
TanChIpMaTapablH TYpJepi, OJapablH OKy MaTepUaIapblH TEPEH TYCiIHY, COHAal-aK MoHAPANBIK OaijlaHBIC Maceseci
KapacThIPBLIA B

Tyiiin ce3aep: MeKTem, Teopus, TOXipuOe, KOITaHOAIbI TallChIpMa, TallChipMaiap TypJiepi, MoHapablK OaiiaHbIC,
a0CTPaKTIJIi FHUIBIM.
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METOAbI U ITYTU PEAJIM3AIIMUA PEHIEHUSA TEKCTOBBIX 3AJIAY B ITPOIIECCE OBYUEHMU I

AJITEBPBI B OCHOBHOM HIKO.IE

1

2

MaremMaTrueckoe 00pa3oBaHKe, MoJydaeMoe B 00111e00pa30BaTeIbHOM MIKOJIE, SIBISCTCS BAXKHCHITUM KOMIIOHCHTOM
o0miero o0pa3oBaHus M OOIICH KyJITYphl COBPEMEHHOTO YesioBeKa. [IpakTHYeCKH BCe, YTO OKPYKACT COBPEMEHHOTO
YeNoBEeKa - 3TO BCE TaK WJIM WHAYC CBSI3aHO C MAaTEMATUKOH. A TIOCIEIHHWE NOCTHXKCHHS B (DU3UKE, TCXHUKE U
HH(POPMALMOHHBIX TEXHOIOTHIX HE OCTABISIFOT HUKAKOTO COMHEHHS, YTO M B Oy/AyILIEeM MOJIOXKEHHE Bellel oCTaHeTCs
NpeXHUM. PellieHrne TeKCTOBBIX 3a/lad CHOCOOCTBYET Pa3BUTHIO MBIIUICHHS ydalluxcs, 0ojee riy0oKOMY YCBOCHHUIO
ujied GpyHKIHOHAIBHOM 3aBUCUMOCTH, MOBBILIAET BHIYUCIUTENLHYIO KYJIBTYpY. B mporiecce peiieHus TEKCTOBBIX 3a1au
y yuanuxcst GOpMHUPYIOTCS YMEHUS U HABBIKA MOJICIIMPOBAHUSI PEabHBIX OOBEKTOB U SIBICHH.

B craTbe paccMaTpUBAIOTCs TUIIBI IPUKIIAIHBIX 3214, KOTOPBIE SBJISIFOTCS] OJJHUM U3 OCHOBHBIX MOKa3aTesIell ypPOBHS
MaTEeMaTHYECKOT0 Pa3BUTHSI IKOJILHUKOB, TIIYOHHBI YCBOSHHSI Y4€OHOTO MaTepuaia, a Tak)Ke MEKIIPEAMETHAS CBS3b.

KiaroueBble cjioBa: MIKojia, TEOpWs, NPaKTHKA, NPUKIamHAs 3ajada, TUIBI 3a/Ja4, MEKIIPESIMETHAs CBS3b,
abCTpakTHas HayKa, NesTEIbHOCTh

Abstract
METHODS AND WAYS OF REALIZATION OF DECISION OF TEXT TASKS IN THE PROCESS OF
EDUCATING OF ALGEBRA AT BASIC SCHOOL
Dauletkulova A.U. %, Slyamova M.2
L Cand. Sci. (Pedagogical), Senior Lecturer of the Kazakh State Women’s Teacher Training University,
Almaty, Kazakhstan
2Senior Teacher of the Kazakh State Women's Teacher Training University, Almaty, Kazakhstan

The mathematical education got at general school is the major component of universal education and general culture
of modern man. Practically all, that surrounds a modern man is all in any case related to mathematics. And the latest
achievements in physics, technology and information technologies leave no doubt that in the future the state of things will
remain the same. The decision of text tasks assists development of thinking of students, deeper mastering of idea of
functional dependence, promotes a calculable culture. In the process of decision of text tasks at students abilities and
skills of design of the real objects and phenomena are formed.

The types of mpukananeix tasks are examined in the article, xotopsicast are one of basic indexes of level of
mathematical development of schoolchildren, depth of mastering of educational material, and also intersubject
connection.

Key words: school, theory, practice, applied task, types of tasks, intersubject connection, abstract science, activity

JKanmer 6inmiM O6epeTiH MeKTen OKYIIBUIAPBIHBIH THSHAKTHI OiTIM alyblH MaKCaT €T€ OTBIPHII, OJIAPIILI 63
OeriHIe OLTIMIEPIH TONBIKTHIPY, KaHa OLTIMIEpAl any TocuIepiMeH KapyilaHAbIpy, anfaH OuliMaepiH
TEOPHSUIBIK, JKOHE MPAKTUKAIBIK MoceJeNiepAl WIeHIyre caHajibl TypAe KoJjjaHa Ouly CHSKTBI akKblI-Of
OeNCeHNUTITiH AaMBITYBl KaxkeT. EHmiri sxepme OimiM Oepy »KylieciHeH jKac YPIAaKTHIH MIBIFapMalllbL,
TeXHHMKaJa, DKOHOMHKAJA JKaHa JKOJJap MeH oiicTtepai Taba anaThlH 0aThul Ja, JKAHAIIbUI, aKbLI-OHbI
JlaMbIFaH, CaJlayaTThl, CAaHaJIbI, OUTIKTI, OUTIMII OOJIYbIH KAMTAaMachI3 €Ty Tajal eTiIeIl.

Kazipri xe3zeri OKBITYIBIH MaHBI3IbI MPUHIMITEPIHIH Oipi OKyIbl eMipMeH, Ka3ipri KOFaMIsl Kypy
TOKipHOECIMEH, SIFHM TEOpHs MEH TOKIpHOCHIH OalNIaHBICTBUILIFBI MPUHIMII OONBIN Kasa OepMek. «byi
npUHIHN QUI0CO(PUIHBIH «TaXIpHOe — TaHBIMHBIH 1IIKi OYJIaFbl)y KaruaackiHa HeriznenreH. OHbIH TyOiHIe
KONTEreH 3aHAbIIBIKTap JKaThIp:

- OKBITY/IBIH caItackl MEH THIMJIUTITIH TXKipuOe KepceTeli, TeKCepei, aHbIKTaNHIbL;

- TOXKiprOe — aKMKATTHIH KOPCETKIIII; TOpOre eMipMeH, TOKIPUOEMEH THIFbI3 OaHTaHBICTHI;

- TEOpHS MEH TaKipuOe OailjlaHbIChl OKYy Ma3MYHBIHA, 9/liCTepiHe, TYpJepiHe ToyeIi;

- OKyWIbUIAPJBl MaMaHJAbIKKA OaFfapiay camackl >KOFapbl 0ojica, onap 3aMaHayd 6HIIpicKe Te3
HKeMJIeIe .

Kasipri ke3Je, FpUIBIM TEK TEXHHUKA/Ia, OHAIPICTIK cajlajia FaHa eMec ajaM OMipiHiH OapJIbIK KbI3METIHE JIe
€HI'eH, OKBITYAbIH TEK FaHa MOJIMTEXHUKAIBIK OaFbITBIH JKY3€Te achlpy >KETKiNikci3 Oomaapl. COHIBIKTaH,
OKYIIBLIAp ajFaH OUTIMIH TYpJII TEXHHUKAIBIK CypakTapjbl HIeNIyje FaHa MaiianaHOall TeXHUKAIBIK eMec
cananap/a Jia KoJJaHaThiHaai 00ybl KaXeT JISTeH MAceJie ©3€KTi OOJIBII OTBIP.

Kasipri koFaMHBIH 9JIEyMETTIK TalChIPBICH OKY OPBIHAAPBIHBIH aJlIbIHA €HOEKTiH, KOCINTIH >KOHE FUTBIMU
KBI3METTIH OapbIChIHIA KEHiHEH KOJJJaHyFa KaXeTTi OUTIMMEH, iCKEpIIKIIeH JKoHE JIaFJbIMEH KaMTaMachl3
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€TIJIFeH, COHBIMEH O1pre XajblK IIapyaliblIbIFBIHBIH MIHICTTEPIH IICIIyre OeJiceHe apajacyra KaOliaeTTi, JKaH
— JKaKThl JaMbIfaH TYIFaHbl TOpPOMEIEY MAaKCAThIH KOWBIN OTBIP. Bi3miH eiMi3ze JKoHe IIEeT eaepiae
MearoruKajIblK FEUIBIMIAPFAa TEOPUS MEH IMPAKTUKAHBIH OalIaHBICBIHBIH MAaHBI3BIH TYCIHYT'€ XKOHE iCKe
acwIpyra, KaHaai fa Oip Gpopmasa a3apl — KeNTi KeHiT OeriHye.

TynraHblH aH — JKaKThl JaMybIMEH OaillaHBICTBI OAarbIT, OpJaiibIM ©3repill OTHIPATHIH Kardaiaa
MEHTepreH OuTiMAI CeHIMII J>KOHE caHalbl Typle TaiJanaHyra, TYBIHAaraH TPOOJIEeMaHbl MIeIryre
IIBIFAPMAIIBUIBIKTEL TYPFBIJIAH KapayFa MYMKIHJIK OCpeTiH TYJIFaHbIH €PEKIle KAaCHETTEPiH TYABIPYIbI
OoIDKan b

bi3 Teopmsnmeik 3eprreyre Heriz erin amraH B.B.®upcoBThiH «O TpHKIagHOW OpHEHTANWU Kypca
MaTeMaTHKuy» [ 1] — mereH OarmapiaMaliblK eHOETiHC MaTeMaTUKAHBIH OCBIHIAH KYPChIH Kypy Ipo0iieMachl
TOJIBIK TaJKbUIAHAMBL: «... MaTEeMaTUKara OKYy MPOIICCIHJE albIHFaH allaparThl OHAH oHE TaOWUFH TypHe
naiganaHaTeIHAal OKBITY Kepek» [1, 218 6.].

MyHnali KypcThl KYpy Hpo0eMachl 9[IeTTe Ma3MYH/IbI TaHIay apKbUIbl IIENIiieai. by sxarnai emyinmi
xbiiapabiy Oaceiana [TFA myme — koppecnongenti B.JI.I'OHUapOBTBIH KaJbIITACTBHIPFAH EPEkKECiHIIE
OepinreH, OHZIA O OKYy IOHI PETiHJIe MaTeMATHKAHBI OKBITYBIH €PEKIIeNiKTePiH Talail OTHIPHIT OKBITY/IbI
anrebpa KypCHIHBIH Ma3MYHIBI — O/iCTEMENIK IIeHOepiHAe Kypyasl YchlHambl. O JOTHKANbIK (HeTisri
TYCIHIKTEpJi JaMbITy, CaH Typajibl TYCIHIKTI KEHEWTY), IIapTTHl ONEpaTHBTIK (Teme — TEHIIKTI
TYpAeHAIpyJepl, TeHAEyIepAi Ienry), rpadukanslk — ecentey ((PYHKIHSIBIK TOYEIIUTIK, TpadHUKaIbIK
KOpiHiC) COHBIMEH Oipre Ma3MyH/IbI — KOJIaHOATBUIBIKTHI (TEHASYIep Kypy) Oemin anasl [2].

OCBIHBIH HETi31H€e, COMKeC Ma3MYHIapAbl TaHIay apKbLIbl, MAHBI3/IBI 9AICTEPre KOHIUI 061y MEH eMip/icH
aJIbIHFaH KOPHEKUIIKTI MMaiaaiaHy apKbLIbl, COHBIH IIIIHAC MIBIHANBI KaFaaiiapra YKcac ecenTep/Ii MbIFapy,
SIFHU Ma3MYHJIBI KeHITY OoJpkaHAbl. bipak, ochl cypakTapablH OopiHae OipiHIi OpBIHFAa MaTeMaTHKAIBIK
TeopHsl KOMBLIAJIbI, COJaH KEiiH FaHa OHBI IIBIHANBI OMip/e NaiijgagaHy MYMKIHJITT KapacTeIpbliaasl. Erep
MaTeMaTHKa IIbIHANHBI TAHBIMHBIH KYpasibl 00JIca, OHAa OCHI KYPAJIJIbIH KYPBUIBICHIHA KT KOH1T O6iHe .

«MareMaTHKaHBIH dcepi Ka3ipri Ke3ae MexaHuka, (U3UKa KOHE aCTPOHOMHUS CHSIKTHI FhIIBIMIAPMEH FaHa
MIeKTENMEN 1, O XUMHS, OMONOTHS, TEONOTUSl CHUAKTHI 0acka Na TaOWFaT FHUTBIMIApbIHA, COHAAM — aK
KOFaMJIbIK FBUIBIMJIAP/BIH KeHOip cajajiapblHa, €H albIMEH SKOHOMHKA MEH JUHTBUCTHKA FhUIBIMIAAPhIHA
ocepiH Turizyzae. Tipuiijik Typanbl FeUIBIM Ka3ipri MaTeMaTuKaHbIH AaMybIHIAFbI ipre Tackl 0onamak. Kaszipri
Ke3/1e 9KOHOMHKAIBIK oJeOHEeTTEePACH TOMOJOTH MeH (YHKIMOHAIIBIK aHAIN3re CyHeHymdi, abcTpakTiii
AKCHOMATHKAJIBIK TCOPHUSUIAPIbI, Kyp/elli BIKTUMAJIBIK MOJACIBACPIH ®KoOHE MaTeMaTUKAHbBIH Ka3ipri Ke3aeri
0acka J1a KypaJiJapblH MaiaaiaHy/ bl Ke3IeCTipeMis.

COHFBI KbUTIAPHl MATEMATUKANBIK 9/IiCTEp JOCTYP OOMBIHINA CUMATTAMACKI JICT SCENTENIN KeIreH TapHX
CUSIKTHI FBUIBIMIA Ja KoJJuaHeia Oactame» [2, 96 0.]. OkeITyIOsIH Oap omictepi MeH QopmalapbiH
MaTeMaTHKaHbl KOJJIaHYJaFbl OUTIIM MEH iCKEepIIIKKe OarbITTay — MaHBI3Jbl acleKT OOJIbIN TaObuiaabl. by
MaTeMaTHKaHbl OKBITYIbl OCHIHAAW KOJNJaHYJIapbIMEH OailmaHbICTRIpaThIH Oenrimi  Oip  icKepmikTi
KaJIbIITACTHIPYFa OAFbITTAYhI KEPEK.

OxicreMenik o97eOneTTepAe OChIHAAN ICKEPIIKTI KaIBINTACTBIPYFa KaTBICTHI TEPMHUHOJIOTHS Macelenepi
OolbIHIIIA KOMNTereH Kejicneymiikrep Oap. Omapra KaThICThl «KOJAAHOAIBUIBIKY, «IIPAKTUKAJIBIKY,
(TIOJINTEXHUKAIBIKY, <OKAIMBIMATEMATHKANBIK» JoHe T.0. artayiap mnainmamaseuiansl. OcbiMeH Oipre
«OKBITYIBIH KOJIZIAHOABUIBIFBD) aTaybIHBIH Ja Oip/Ied TYCIHITT XKOK.

[MonutexHU3M — 0N epeKiie MOHAI OKBITY eMec, OJ ©3iHe OapiblK MOHJEpAl CiHIpYi KepeK, MEKTem
KYPCBIHBIH 0apJIbIK IOHJICPIHIH MaTepHabiH TaHaayqa OaiKanaTbiHIal OOTybl KaXKET.

I[IFA mymeci J.A.Ommreiinnin «[loaurexHnyeckuil npuHUUI B OOyYeHHH OCHOBaM HAyK B CpenHEH
IIKOJIE» JIeTeH eHOeriHe Oblial feninemi: «KaHa MEKTEeN KypChIHAarbl MAaTEMAaTHKAHBIH MOJUTEXHHUKAIBIK
OarbITHl OHBIH €CEeNTEPiHIH TYKbIphIMIaMachIHAH OaiiKkama b, OFAaH MaTeMaTHKAJIBIK OUTIM/I1, iICKEPIIKTI )KoHE
JIAFIBIHBI CAaHAJTBI J)KOHE OepiK MEHIepy XKaTabl, oap:

1) Ka3ipri KoFaMHbBIH 9p0Oip MYIIECIHE KYHACIIKTI OMIp/Ie XKOHE HKYMBICTA KaXKETTi;

2) MekTenTe 0acka FhUIBIMJIAP/IbIH HET131H OKYIbIH KayKETTIJIII;

3) MeKTenTeH Keiin O0i1iMai ©3 OeTieH JKaIFacThIpy YIIiH JKEeTKUTIKTI O0IybI;

4) FRUIBIMU HEMECE TEXHHUKAJIBIK 91e0MeTTep Il OKY YIIiH KaxeT 00aybi» [3, 14 6.].

OpicTeMenik oneOueTTepae MOJUTEXHU3M NPHUHIMITEPIH JKy3ere achlpy OOWbIHINIA Tarbl Ja Oacka
OarpITTap Ja KapacThIPbUIAABI, MbICANIbl «KOJJAaHOANaJbIK Herisingeri anreOpa MeH (U3MKaHBIH e3apa
OaiinaHbIChIH KywueiTy» [4, 49 0.]. bi3 Tek anredpa MeH (u3MKaHBIH FaHa e3apa OaiIaHbICBIMEH MIEKTENTeH
IypeIc OONMalbsl Jaen ecenrteimis, ceOedi MyHmald e3apa OaimaHbICThl reorpadus, OHUOJIOTHSA, E€HOCK
cabarpIMeH Jie Kypyra Oonaapl. OKyIIbUIapAbIH TYHHETaHBIMBIHA Op OKY IOHI 63 YJIECiH KOCHII OTHIPAJIbl.
CoHbIH ilTiHIEe MaTEMATHKaHbI OKBITY OapBICHIHIA cA0aKTaC TIOHIEP/ICH )KOHE HAKTHLITBI OMIP/ICH OKYIIbLIAPFa
TYCIHIKTI Typ/ie KeNTipreH AepeKTep FhUIBIMU OlTiMaep/IiH naiaa 00y Heri3iH,KopIilaraH OpTaHbIH TaOurart
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KYOBUTBICTAPBIHBIH TAaHBIMAJIBI )KEKE TTOHACPAIH MaTeMaTHKAHBIH YFBIMIAPEI MEH a0CTPAKTLUTI KaFmanaapbiH
OHali cesine Oineni.

Martemaruka — abcTpakTini FeUTbiM. COHIBIKTaH OKY/BIH aJFallKbl KYHJCpiHEH OacTar-ak MyFalliMHiH
cabaKTac oHIEP/ICH JCPEKTEP KEATIPYiH KaKeT erei. MekTenTiH 6acka OKy MoHACPIHEH aliFaH OuTiMepiHe
CYlieHe OTBHIPHIIL,OKYIIbIIAP OTIJIETIH MAaTePHUANIBI CANlANIbl TYPAE MEHIepeIi.

Marematnka KypChIHBIH 9pOip TaKbIPBIOBIH OKBITY OAapBICHIH/IA OKYIIBUIAPIEI aifHalla KOpIIaraH OPTaHbI
TaHyAarbl MaTEeMaTHKaHBIH POIiH AYPbIC TYCIHYTe JKOHE ajfaH OiTiMIepiH NPaKTHKAIBIK eCenTep i ey e
KoJaHa Oinmyre acepi THeTiHAeH ToHapaTbIK OaliTaHBICTaP/IbI ICKE aCHIPHIN OTHIPYBI KaXKET.

[Tonapanbik OaiaHBICTHIH OKBITYABIH KOJIaHOANBUTBIFBIH JKY3€re achlpyZarbl pPeii Typajbl alTKaHaa
opOip MoHApaNblK OaiaHBIC OKBITYJBIH KOJIaHOAIBUIBIFBIH apTThIpyFa ocep eremi. OKyIbUIapabiH
MOJINTEXHUKAJIBIK JalbIH/IBIFBIHBIH CAHACBIH apPTTHIPYFa OaFbITTAJFaH IOHAPAJBIK OalIaHBIC ©HIIPICTIH
KApaTBUIBIC-FRUTBIMA ~ HETI31H alKbIHIAybl KakeT. TBUIBIM HETi3JepiH OKBIT Olrymeri ToHapabIK
0aiiJIaHBICTBIH KOJJIAaHOAJBUIBIFEl FHUIBIMU-TCXHUKAIIBIK PEBOJTIOIUSHBIH Ka3ipri Ma3MyHbBl MEH JaMmy
TCHICHIUSAJIAPBIH OKYIIBUIAPABIH ~ TYCIHYIHE >Karjall jkacar, FhUIBIMH-TEXHHMKAJIBIK IPOTPECTiH HEri3ri
OarpITTaphIH alllyFa JKaF/ai jkacaybl KakeT. MyHaai OaiiaHpICTapIBIH Ma3MYH/IAPHI FEUTBIM MEH OHIIPICTIH
TBHIFBI3 OaiinaHpicTa 60Ty KOKETTUIITIH KOpCceTin, OHai OaliIaHbICTapAbl HAKTHUIBl MBICATIApPMEH KOPCETI,
OKYIIbLIap/ia XaJIbIK IapyallbUIbIFEIHA CaHAIBI TYP/C KaThIHACY KQXKETTIT1H KAJIBIITACTHIPAIBI.

Marematnka caOarblHIa TIOHAPANBIK €CeNTepi IIelly apKbpUIBl OKYIIbUIAp JKaHa KargaiiapMeH
TaHBICA]IbI, MATEMATHKAIBIK TEOPHSUIAP/IBI, €CETITEP/IiH IIENTIMIH Ta0yFa KONIaHyIbl YHPEHE I, €Cell IIeryTe
KaTBICTHI JKaHa 9JICTEep/li HeMece MaTeMaTUKaHbIH JKaHa TapayjlapblH OKbIN yhpeHesdi. backamia aiTkanzaa,
eCenTepi IIeNly apKbUIbI MaTEeMaTHKAJIBIK OLTIMI MeH OuTriH jmambitaabl. KyHAEmiKTi eMmipre KaThICThI
MIPAKTUKAIBIK eCenTepi menry OapbIChIHa OKYIITHl MaTEeMATHKAIBIK OLTiIMiH KONAaHyabl yiipeHeni. COHbIMEH
Oipre moHapanbIK OailaHBICTHI KYIIEHTY, 01311iH OHbIMBI3IIA opOip O6iHIN aNbIHFaH eKi OaFBITTHIH KypaMaac
Ooutiri OOJIBII TaObUTAEI.

Kazipri ke3me FBUTBIMHBIH OapiiblK JEPIiK calladapblHAa MaTeMAaTHUKAJbIK OMiCTepIli KOJJaHy KaKeTTi
mapTtka aitHamael. On eMip TanaObIHAH, FRUTBIMA - TEXHHKAIBIK MPOTPECTIK JaMyblHaH TybIHIanApl. Kes
KEJITCH FhUIBIMIAFbl OOBEKTIHI 3€pPTTEY YIIiH MaTEeMAaTHKAJIBIK MOJICNbJICY 9JiCiH KoymaHaabl. COHBIMEH,
JKOFabIp/ia KapacThIPbUIFAH 3EPTTEYJIEPC MEKTEN KypChIHIAAFbl KOJIJaHOA bl OaFbIT MaTeMaTHKAaJIBIK
MOJIETIb/ICy KOMETIMEH IIBIHAWBUTBIKTHI CHUIIATTay apHAJFaH MAaTeMAaTHUKaHBI OKBITYIBIH €pPEeKIIeNiri OObI
TaObLUIAIBI.

TaOuraTrarel KyOBIIBICTAD MEH €3repicTepli 3epTTeyMeH, TaOWFAaTThIH PyXaHH >KOHE MaTepHalIbIK
OaIBIKTapBIH YKBINTE UTEPYE OJIIIeI, eCenTel, capajal alMail MOCENeHI MeNryre TIMTeH OOMMAaWTHIHEI
e3iHeH-031 Oenrimi. MiHe, OCHI Ke3/Ie MaTeMaTHKaHBIH TaOWFAaTTaFrbl, aaM eMIPIHJET] pei alKbIHIaTaIbl.
MaTemMaTUKaIbIK MOJIENBICY 9J1iCi Ka3ipri Ke3jie MaTeMaTUKAIbIK 3KOHOMHKA, MAaTEeMaTHUKAJIBIK OHOJIOTHS,
MaTeMaTHKAIIBIK JIMHTBHCTHKA, TEXHOJIOTHS, OMOHWKA, TaFbI Jja 0acKa FHUTBIMIAP.IBIH KONITETeH caalapblH/ia
TepeH KOJIaHbLIBIIFEUILIMHBIH JaMybIHA 30D YIIECiH THTi3y/e.

Kazipri TaHzma omicTeMeNnik 9e0MeTTepIe OKBITYIBIH KOJAaHOANbl OarbIThl MEH MPAKTHKAIBIK OarbIThl
apachIHJIaFbl ABIPMAIIBUIBIK alKbIHIAIMaFaH, 0JIap CHHOHUM TYCIHIKTEp pETiH/Ae KOJIaHbUIa/Ibl. JlereHMeH,
MPAKTUKAIBIK OAFBIT TYCIHITIH/IE €Ki JKaFIaiapl 06 aryra 00Ia k.

M.1.MopoHbIH HiKipiHIe KOJIAaH0aIbl OaFbIT:

a) Oonamrakra OiiM amyFra >KaKChl 1albIHIBIKTHI;

0) mpaKTHKAIBIK OiliM, ICKEpINIK JXoHe MarapIMeH Oipre Oaiara KYHAENIKTI eMipae KaxeT OoJaThiH
MTPAKTUKAIBIK OUTIMMEH KapyJlaHABIPYIbL;

B) Oananap e3iH KopllaraH opTa Typallbl TYCIHIKTIXYHeI Typlle TOJMBIKTBIPYAbI KaMTaMachl3 eteli [S5, 16
0.].

Korapeia aiTeurraHIapIbH 09pi KOJIIaHOATBI OAFBIT Typalbl HAKTHI eMec, JKaJlbliiaMa TYCIHIK Oepei.
Konnan6ainsl 0arbITTHI XKY3€re achlpy OapbIChIH/Ia KaH 1ail HAKThI ICKEPITIK MEH AaFAbIHBI KAJIBINTACTHIPY KEPEK
SKEHJITIH Taj1all KepCceTei i, TeK MaTeMaTUKAJIbIK €CeNTEPIl MIbFapy Ke3iHae KaHaal ecentepyJep, Temne
TEHJIK TYPJICHAIPYJIEPiH XKoHE T.0., SIFHU OKY i1C-OpEKETIH FaHa KapacThIPaIbl.

KonnmanOanel OaFbIT Typaibl TYCIHIKTIH €KIHIN JKargaidbl MaTEeMaTHKAaHBI OKBITY OapbICHIHIAFbI
«IPAKTUKAIBIK 1C-OpEKET» TYCIHITIH HaKThUIayFa OaiNaHbIcThl Oonaabl. MyHJai ic-opeKeT IIbIHAWEI
HBICAaHJap MEH MOJIEIbACP/IiH KOJINaHbLUTYbIH Ooinkaiinbt [30, 60.]. OKbITYABIH KOJIJaHOATBUIBIFBIH KYIIEHTY
MPAKTUKAIBIK iC-0peKeTKe 0aCThI OPBIH OepyMeH OallIaHBICThI 00JIa Ibl, SFHU MaTeMaTUKAHBI OKBITY YP/IiCiHIe
MYHJIail 1C-OpeKeT JKy3ere achlpbUIybl MYMKIH. Heri3ri NpakTHKaNbIK ic-opeKeToHIMII eHOeK OOoIbII
TaObLIaIbl, OHBIH HETI31H/Ie OKYIIbLIAp TYPJI HIbIHAKHBI HhICAHAAPMEH, CHOCK KYpaliJapbIMEH JKYMBIC JKacait
ayaspl.

Konnan6ansl 6arsiTTarsl ecentep. Onap eki TUIke OesiHeIl:
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a) OPBIHIATYBIHBIH THIM/II TOCUIIEPIH TaJlall €TETiH €CeNTey CUIATHIHIAFHI KATTHIFyJIap KOHE Ma3MYHBI
OHIIPICTIK-TYPMBICTBIK CHITATTAFbl Ma3MYHbI 0ap MOTIHIIK €CEeNTep: OHAIPICTErl op TYpIi MalllHHajJap MEH
MeXaHU3MIEPIiH OHIMIUTCH, 9p TYpJi JaKbUIAApBIHBIH ce0y HOPMAChIH oHE 0acThl aybll IIapyallbUIbIK
JaKbUIIAPBIHBIH ce0y HOPMACHIH jKOHE 0acThl aybUl MApyalllbUIbIK JaKbLUIIAPbIHBIH OipKaTaphIHBIH OHIMIHIH
HOPMACHIH, VITAKTHIH, KEMEHIH, 3BIMBIPAaHHBIH, aBTOKOJIKTIH >KBUIIAMIBIFBIHBIH OpTaIlla MOHIH op TYpdi
CMETAJTBIK, TAPyaITbUIBIK XKOHE T.0. )KYMBICTApIBIH MIIIMETTEPIH NailaTaHy apKbLUIbI OEpiireH ecenrep;

0) TEeXHUKAHBIH, (PU3NKAHBIH, XUMHUSHBIH, aCTPOHOMHUSHBIH MOIIMETTEpi NailadaHbUIFaH OHIIPICTIK
CUTIATTaFbl MOTIHIIK €CeNTep, MAHBI3bIK ecenTeyepre JKoHe T.0.-Fa apHaJiFaH ecenrep.

Op TYpIIi KonmaHOanpl OaFBITTaFsl MATEMATHUKAJIBIK €Cell IeTT MaTeMaTHKAaHBIH Oacka MoHAepe, oHIipic,
TEXHOJIOTHS )KOHE SKOHOMHUKA/IAa KOJIAHBUTYbIHA MYMKIHIIUTIK TYABIPAThIH €CENTEP li aliTaMBbI3.

Konnan6anel OaFbIT IEH MPAKTUKAJIBIK OAFbIT €3apa ThIFbI3 OallaHbICKaH: OHBIH CKIHINICI OipiHIIICIiH
JKY3ere achIpy/aa Heri3 OOJbI TabbLIa bl

CoHbIMEH, MaTeMaTHKAJIBIK OWJIAYABIH KOJIAHOAIBUIBLIFE MAaTEMATUKAJIBIK MOJACIBACPAlI KYPacThIpY/Ia,
KOPHEKUTIK — TpauKaiblKk oOpa3fgapra CyHeHyJe, ONapiAblH IIBIHANB MaFbIHACBIHAA MaTeMAaTUKAJBIK
oTIeparysuIap/Isl KYyprize Olryae TYp:i sficTepal malbIMIayMeH aHbIKTaIa bl

bi3 e3 3epTTeyimizze ic — opeKeT KYPHUIBIMBIH/IA TAHBIMIBIK KBI3BIFYIITBITBIK [TEH OHBIH HOTH)KECiHIH 63apa
0aiiyIaHBICKI MaHBI3MBI JCTECH KOPBITHIHBIFA KeliK. OKBITYIIbIIAPBIH MIKipl %oHE OKYIIbUIAP apachlHIa
KYPTi3UIreH cayalHaMaHBIH HOTHOKeNepi OoMbIHIIA OaifkaraHBIMBI3 KOJJAAaHOANIBI €CeNnTepi MIBIFapyaarsl
OKYIIBIIAPABIH KbI3BIFYIIBUIBIFBIH apTTHIPATHIH MACEIeNep: Chl0aiac moHaep OOWBIHINA €CETTiH MIeIiMiH
naiianany, ecen MIBIFApyAaFbl KYTIEreH skarnmainmap. JKyprizinreH Oakpiiay >KYMBICTApBIHBIH HOTHXKECI
OKyIIbLIap/a OLIiM carmachIHbIH JKOFapblIaraHblH KepceTeai. MaTeMaTUKaHbl OKBITYABIH KOJITaHOAIBIIBIFBIH
KYIIEHTy OKYIIBUTAPABIH OKYFa JIeTeH KbI3BIFYIIBUIBIFBIH apTHIPY HETI3iHE OJapIblH OLTiM caracklH KOTepy
KypaJibl 0OJIBI TaObLIAABI JIen ecenTeiiMi3. TaObICThl HOTHIKE KhI3BIFYIIBUIBIK YIIIIH OpKalllaH a Kaibl, aj ic
— OPEKETKE JIeTEH KbI3BIFYIIBUIBIK TAOBICTHI HOTH)KETE KETEIEHII.
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MATEMATHUKAJIbIK AHAJIN3 BACTAMAJIAPBIH OKbITY IAFbI KOJIZAHBAJIBIVIBIKThI
KYIIEUTY I KAMTAMACBI3 ETETIH ECEIITEP }KYUECIHIH, OAICTEMEJIIK EPEKIIE/IIKTEPI

Anoamna
Kasipri 3amanayn xargaiinapia 60JIsIn xaTKaH OL1iM Oepy xKyHeciHieri paJuKaiibl e3repictep KoFaM eMipiHiH 0/1aH
opi kahaHnaHy MeH TyMaHM3alMsUIaHybIMeH OaitanbicTbl. OchlFaH OaiiyIaHBICTBI camallbl XaHa Ke3KapacTapra Oaif
Ma3MyH/IBl KQHE 9JiCTEMENIK acHeKTLIepJl KaMTHTBIH OUTiM camacklHa Tanantap Koibutansl. Kasipri yakbeiTTa
MEKTENTerl MaTeMaTHKa MoHI KypcTapblHbIH Ma3MYHBIHA MaTeMaTHKAJIbIK Talay JIEMEHTTEPiHIH ayKbIM/bI CYpaKTaphl
Kipeni. MaTeMaTHKaNbIK Talay 3JIEMEHTTepiH OKBITYIa HETi3Ti YFBIMIApAbl KaJbIITACTRIPYFa, COHAAN-aK OHBI OKBITY
oflicTeMeciHe epeKIe OpbIH OeiHe .
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Makanajga MaTeMaTHKAIBIK TalAay dJIEMEHTTEpi pETiHAe OKYIIbIIAP/IbIH TYCIHITiHE MaTeMaTHKa FEUTBIMBI a1aM3aTKa
TEOPHSITBIK JKOHE TOKIPUOEITiK poIiHiH KaHal ayKbIMIbI OPBIH ATaTHIHBIH KOPCETY, COHIai-aK MaTeMaTHKAIIBIK TaJlaay
QJIEMEHTTEPIHIH 3epTTey OJICTeMECiH IKETUIHIpYy JKOJIApbl KapacThIpbuirad. KopimaraH oOpTaHbl 3epTTeyre
MaTeMaTUKANBIK TalJgayabl KOJJaHy JKOJJIapblH allyFa, TajJayFa KeMEKTeCeTiH KOJiaHOalpl —TarchlpManap
KapacThIPbUIFaH.

Tyiiin ce3aep: mMpaKkTUKAIBIK OAFBIT, JEHTSH, MATEMAaTHKAJIBIK YFBIM, HETi3T1 MEKTEIl, a0CTPaKIIHsL, MOJEIb.
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METOJUYECKHUE OCOBEHHOCTHU CUCTEMbBI MATEMATHYECKOM 3AJIAUM,
OBECIEYUBAIOLIUE YCUJIEHUE IPUKJIAJHOM HAIIPBJIEHHOCTHU B OBYYEHUU HAYAJIAM
AHAJIM3A

2
1

2

[Mpoucxonsiue B COBPEMEHHBIX YCIOBHAX paJUKallbHbIE M3MEHEHHsS B 00pa30BaTEIbHBIX CHUCTEMax CBS3aHBI C
JMAbHEHIIEH HeMOKpaTH3aIield U TyMaHu3aIiel OOIECTBEeHHON JKU3HU. B CBs3M ¢ 3THM BO3pacTacT TpeOOBaHHE K
pa3paboTKe Ka4eCTBEHHO HOBOTO MOJIX0/a K CO/IEPKATEILHOMY ¥ METOAMYECKOMY acliekTaM oOpa3oBaHusi. B HacTosiee
BpEMA B COACPIKAHUC HIKOJBHOI'O KypCa MAaTEMaTHKH BXOJUT IOBOJIBHO O6HalHLII71 Kpyr' BOIIPOCOB U3 3JICMCHTOB
MaTeMaTUYecKoro aHanuza. B oOydeHHM sleMEeHTaM MaTeMaTHYeCKOI'o aHaliu3a 0co00e MECTO YIENsieTCsi BOIpOoCy
(hopMHUPOBAHHUS OCHOBHBIX MOHITHH, a TAK)KE METOJUKE MPEIOJaBAHUS.

B cratbe paccMaTpUBAaIOTCS JIEMEHTHI MATEMATHUECKOTO aHANIN3a, KOTOPHIEC MO3BOJISIOT MOHSTh YUYAI[MMCS, KaKyIo
OTPOMHYIO TEOPETUYECKYIO M MPAKTHYECKYIO POJIb OKA3bIBACT YEIOBEUSCTBY MAaTeMaTHYECKas HAyKa, a Tak ke MyTH
COBEPIICHCTBOBAHUS METOJUKH M3YUEHHS DIIEMEHTOB MATEMATUYECKOTO aHAN3a. PaccMaTpUBatOTCS BUJIbI TPHUKIIATHBIX
3aja4, KOTOPbIE MOMOTAIOT PACKPHITh MyTH MPUMEHEHUS MATEMATHYECKOrO aHalu3a K HCCIICAOBAHUIO OKPYKAIOIIEH
JIEHCTBUTEIILHOCTH.

KiaioueBble c/10Ba: NpaKTHYECKOE HAMpPABJICHHE, YPOBEHb, MATEMAaTHYECKOE IIOHATHE, OCHOBHAs IIKOJIA,
abcTpakius, MoJIelb

Abstract
Dauletkulova A.U. !, Toleukhanova Z.M.?
Y Cand. Sci. (Pedagogical), Senior Lecturer of the Kazakh State Women's Teacher Training University,
Almaty, Kazakhstan
2Senior Teacher of the Kazakh State Women's Teacher Training University, Almaty, Kazakhstan
METHODICAL FEATURES ARE SYSTEMS OF MATHEMATICAL TASK, PROVIDING
STRENGTHENING OF APPLIED HATTPBJEHHOCTH IN EDUCATING TO BEGINNING OF ANALYSIS

What be going on in modern terms radical changes in the educational systems are related to further democratization
and humanizing of public life. In this connection a requirement increases to development qualitatively of the new going
near rich in content and methodical to the aspects of education. Presently in maintenance of school course of mathematics
the vast enough circle of questions is included from the elements of mathematical analysis. In educating to the elements
of mathematical analysis the special place is spared to the question of forming of basic concepts, and also teaching
methodology.

In the article examined elements of mathematical analysis that allows to understand to the students, what enormous
theoretical and practical role is rendered to humanity by mathematical science, and similarly myrueii perfections of
methodology of study of elements of mathematical analysis. The types of the applied tasks are examined that momorarorer
to expose the ways of application of mathematical analysis to research of surrounding reality.

Key words: practical direction, level, mathematical concept, basic school, abcrpaytms, model

Kasipri MemJIeKkeTTik OKy CTaHIapTTapblH, OKY XOCIapiapblH, OKy OaraapiaMaapbl MEH OKYJIBIKTapbIH
Oipi3aiaik OOMBIHINA Y3IKCI3MIKKE, CA0aKTaCTHIK ITCH MOHIIIIIK, ITOHAPAJIBIK OaijlaHbICTapFa HETI3ey KaXkeT.
Cebebi mMaTeMaTHKaHBl KeJEHIEKTe OWIarblAaii Urepy YIIiH OHBIH MEKTEN KYpPCBIHAArbl HETi3ZEepiH KeTe
TYCiHy Kepek ekeHi Oenrini. TinTi, opra MEKTENTiH ©3iH/e-aK, TOMEHI1 ChIHBIIITAPAA AJIFAIIKbl YFBIMIAPIbI
OKYIIBLIAp JYPBIC JKOHE TOJNBIK TYCIHIIT amMaca, KeJleci ChIHBIITAP/IaFbl OKY MaTepUalJIapblH TOJBIK UTepin
KeTyi KHbIH O0JIaThIHBI aHBIK. COHJBIKTAH MaTEeMAaTHKAJIBIK YFBIMIAPIIBI, YHPETUITeH aMaiappl TYCIHIIpY
OapbICBIHAA OKYIIBUIAPIBIH ©3[epiHe TaHBIC, eMipleri Oenriii NpakTHKaIbIK OciiHenepni, TYCIHIKTepaAi
KeNTipyi Kepek.

AJJIBIMEH MaTeMaTHKaHbI KOJIIaHOAIBIK OarbITTa OKBITY/Ia HEHi TYCIHY KEPEKTiri MEH OHBIH MPAKTUKAJIBIK
OarbITHIH aHBIKTAFaH JKOH.
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Bi3gig TyciHyimi3 OOibIHIIA, MaTeMaTHKAJIbIK aHaau3 OacTamalapblH OKBITYIAFbl KOJIaHOAIBUIBIKTHI
KYIIEHTYyII KaMTaMachl3 €TETiH KOJJIaHOaNbl OarbITTa OKBITY JETEHIMI3 o — OarbIT-Oarmap Oepy, Typii
KOCINTIK OaFpITTa, TEXHUKA/A )KOHE FEUTBIMHBIH TYPJIi cajajapblHAa MaTeMaTUKaHbI MaiiianaHy bl OKBITYIbIH
TocUIAepi, SFHU KYHIEIKTI eMip/e KOJIAaHy JereH co3.

MaremMaTHKaHBl OKBITYAFbl MPAKTUKAIBIK OarbITTa OKBITY MBIHA IEJarorMKaiblK CypakTapra Kayam
Oepemi:

1. Ecenreynepre, anreOpaiblk TYpJICHAIpYIEpre, enieynepre, rpa@uKTepMeH )KyMBIC jKacayFa KoHe T.0.
MaTeMaTHKAIBIK YFRIMAAPAaH TYBIHIANUTHIH iC-9peKeTTepAl TYCIHIIpYTE;

2. Ecenrti msirapy 6apbIChIHIa KQKETTI TEOPHSIBIK MaTepUaIAap bl OKBII UTEPYTe;

3. bonamakra MaTeMaTHKaHBI )KOFAphl JEHIeHIe MEHTepyTe;

4. TloHre AereH KbI3BIFYIIBUIBIFEI MEH OCIICCHILIITIH apTThIPYFa,

5. O3 OeriHIIe KYMBIC iCTEy JaFIbICHIH KaIBIITacCThIpyFa [1].

MareMaTHKaJbIK aHAINW3 OacTaMallapblH OKBITYIAFbl KOJAaHOATIBUIBIKTBI KYIIEHTYJi KaMTaMmachl3 €Ty
YIIiH MareMaTWka cabakTapblHOa TEOpUSl MEH ecenTepiH apachblHAarbl OaiaHbICTapAbl KaMTBHII,
OKYIIBITIApABI TAKBIPBIT OOMBIHIIIA KXKETTI XKoHE KOJIIaHOAIBI ecenTep i meiie Oimyre yiipeTy Kepek.

MaremaTHKaHBI OKBITY HMPOLECIHAE OKYIIBIIAp TAKBIPHINTHIH Ma3MYHBIHBIH IPAKTUKAIBIK MOHIHE, OHBIH
aIJarbl yaKbITTa KOJAAHBUTYBIHBIH MaHBI3ABI C€KeHIH OapblHIIA TepeH TyciHynepi kepek. Kes-kenren
TEOPHUSIIBIK, MaTepUAIIIBI UTEPYe OHBIH KOJIaHBLUTYy aliMarblH aTan oTy Kepek. HeriziHme Teopussk OitiM
TEK ecell IBIFapy OapbICHIH/A FaHA MBICHIKTATATHIHBIH €CTeH IIbIFapMaraH KeH.

MareMaTHKaJbIK TYPFbIIA €ceNTepi LICHy XKOJJapblH aNblH - ana OoinKaysl, )KyHeml Typae eHOeKKe
JarAbUIaHybl, OiiMre JIereH >KayamnKepuIiiri, anfaH OuTIMAl ofaH opi IIBIHAAyFa YMTBUTYHI, €3 OeTiHiie
KYMEIC iCTeyi, 13/IeHyi KoHEe MIBIFapMAaIIbLUIBIK KabieTTepi KalbInTacaibl.

[lonre pereH KBI3BIFYMIBUIBIKTAPBIH apTTHIPY YIIiH opOip aWThUIFaH, TYCIHIIPUITEH >KaHa YFBbIM
MYMKIHJITIHIIE TPaKTHKAIBIK CUIATTaFbl €CEeNTepAe KOpCeTUTyiHiH MaHbI3BI 30p. MyHpmall ecemnTep,
OipiHIIIEH >KaHAa TEOPHSUIBIK MaTepPHANABIH KAXKETTLUIriHEe >KOHE NPAaKTHKAIBIK MAaHBI3BI 0ap eKeHiHe
OKYIIBIIAPIBIH KO3IEPiH JKETKi3e i, OKYIIbUIapFa MaTeMaTHKAIBIK a0CTpaKIUsIIay MPaKTHKAAaH, KyHASTIKTI
OMIp/IiH 631HCH TYBIHJIANTHIHBIH KOPCETEI.

Ochl cypakTapabIH TOPOUEITiK MaHbI3bI J1a )KOFaphbl. MBICaJIbl HETI3I MEKTENTIH TOMEHT1 CHIHBITITAPbIH IAFbI
MaTeMaTHKa cabaKTapblHIa KaparnaibIM OKYIIbIIapFa TaHBIC dJICYMETTIK CypaKTapra OaiIaHbICTBI MbIHAIAM
ecenrtepii:

- MemMuitekeT TaparbliHaH OKYIIBUTIAP.IBIH O17iM ayblHa, MEKTENTepre )KyMcanaThlH KapKbl,

- Kiran 6acsuibIMBIHA KYMCAJIATHIH Kara3 MIBIFbIHBIHA;

- MexkTenTi, CBIHBIN OOJIMECIH KaPHIKTAH/BIPYFa KETETIH IIbIFbIH;

- KyHnine, aiibIHa, )KbUTBIHA MEKTENITEP/IET] KANATHIH HaH KAJJBIKTAPHI )KOHE T.C.C. Oepyre Oomabl.

OchIiHzal ecenTep OKYyIIbLIAp/Ibl OSICEHALTIKKE, eTiHe IeTeH JKaHAIIBIPIBIKKA, BICHIPAIIIBUIIBIKTAH ayIaK
Oonyra, HaHFa, KiTalKa KYpMETIIeH Kapayra oayiuasr [2].

[IpakTHKANBIK €cenTep OKYIIbUIapFa OCpUIreH TCOPHUSUIBIK OLIIMMEH OJIapbIH IIaMa-IIIapKbIHA JTAWBIKTHI
0O0JTYBI J)KOHE KUBIHIIBIFBI )KOFAPhl TEXHUKAJIBIK JKOHE OHJIIPICTIK MATIMETTEpICH ayJiaK OOJIFaHbI AYpHIC.

KapanaiipiM amangapian 0actanm MaTeMaTHKAJIbIK aHAJIM3 JIEMEHTTEPIH OKBIT YHpPEeHY OapbICHIHIAFbI
op0ip KajiaM OChI TaJarka xayan 0epyi Kepek.

Ecentepain xonnanOaibl OarbIThiHA Kapai OipHele Typre Oemyre 6omanbl. Onapabiy OipiHIIICiHE, SFHU
©H TOMEHII JICHrefiHe Ka)KeTTI MaTeMaTHKAJbIK MOJENbIl KYpyFa KEepeKTi Maceliesiep eCeNTiH IapThIHIa
Tikeneil Oepinmeni. MyHzmail ecenTepiiH Ta3za MaTeMAaTHKAIBIK €CENTEPACH albIpMAIIBUIBIFEl OHIAFbI
IaMajapra KaHaad fga 0ip Ma3MyHJBIK MarbiHa Oepiieni. MekTen KypchlHIa MYHJIall ecenrtep KapanaibiM
TEHJEYJIep KypyFa OepilireH MpaKTHKAIBIK ecenTep OOJIBI TaObLIa bl

Exinmi neHreiiine, OKymisiap ojap sl ety OapbIChIHA €CenTiH MapThIHAa alThUIMaFaH, OipakTa eTe
KapanaibiM, agamMaapAblH KYHICIIKTI eMIpiHIe KE3IeCeTiH MaTeMaTHKAJIbIK TOYCJIUTKTepAl (MbICAsbI
3aTTHIH KYHBI, 0aFachl )KoHE CaHbl apachIHJAFbl, JICHEHIH O1pKABINTHI KO3FaIbICHIHIAFbI JKbIULIAM/IBIK, YaKbIT
YKOHE JKYPUITeH KOJI apachIHAAFbI TOYEINIUTIKTEp T.0.) KOJIAaHy apKbUIbl LIBIFApPbUIATHIH €CETTep.

YuriHmn geHreiieri Typine, OKymblIap oJapbl MbFapy YIiH Oacka moHaepi (hu3nKa, XuMusi, GHOJIOTHs
XoHe T.0.) OKbII, Oiry OapbIChIHa MEHIEpreH KaHai aa O0ip 3aHIbUIBIKTHl HeMece OKYJIBIKTaH, st OoimMaca
aHbIKTaMazaH Oenrini 6ip MaTepuanabl TaybIll KOJAaHy apKbUIbI IBIFAPBUIATHIH €CeNTEPl XKaTKbI3aMbl3.

TepTiHw aeHreiaeri Typine, OKyIIbUIap €CenTi WbIFapyabl JKeHUIAETY YIIiH KaHAal Aa Oip yiFapsimMaap
’Kacayra HEMece eCellTi IIbIFapyFa OHIAa MaH3]bl eMeC MACceJeHI eCKepMeiii, s OonmMaca, apThiK OepiireH
MOJIIMETTEP/II KapacThIPMAJIbI, all )KETICIIEHTIH MaTepraiiap 00Jca, oJap bl TAYBII ecell MapThIMEH KOCHIT
KapacTelpagsl. MyHJail ecenTepai MIbFapy OapbIChIHAA OKYIIBLIAp KYHICTIKTI eMipAe Ke3[eceTiH
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KUBIHIIBUTBIKTAp B! MIETTyTe KaKbIH Jkaraalaa 6omansl. Ecen mbirapy MyrainiMHIH OacIIbUIBIFBIMEH XKY3ere
acybl KaKerT.

En >xorapbl mopexeneri OeciHmii aeHrediHe HakTol Oip (u3MKanblK OOBEKTIre Hemece KYOBLIBICKA
OaliaHpICTBI Macerenep Jkataabl. bys Typreri ecentepai mwblFapy yiuiH KaHaai na Oip mamanapsl aHBIKTaI
KapacThIpy KepeK HeMece KaHAai ejmeymep KYprizy Kaxer, us 0oinmaca, KaHIal TOyeIAUTIKTep/li aHbIKTay
Ka)KeT eKeHIH €CEeNTi MIBIFapyIIbIHBIH 031 aHBIKTaHIbI.

MexkrenTeri MaTeMaTUKaHbI OKBITY OapBICHIH/IA MYH/IAl €CenTepre reOMETPHSUIBIK ICHEISP/IiH KaHaak na
Oip Tikeneil emmen Tadyra OOIMANTHIH dJIEMEHTTEPIH aHBIKTayFa OepinreH ecenrtep kataapl. CoHmai-aK Oy
€CenTepaiH TypiepiHe TiKenel ep OETiHIE OpBIHAATATHIH OJIIey KYMBICTaphlHA OalIaHBICTBI €cenTepi
KaTKpI3yFra Oomazbl.

Ecentin KonmaH0a1b! OaFBITTaFbl JOPEKECI MECH OHBIH KUBIHBIFBIHBIH apachiHa CIIKAHIal 1a TOYCSI UK
*oK. Ecen eH >korapsl OarbITTarbl KOJMIaHOAIEI ecel O0FaHbIMEH, IIBIFAPYFa €H KapanaibiM O00Tybl MYMKIH.
An, KonmaHOANBIFEI OIPIHII JIOPEXKENeri €CENTiH MIBFapbUTybl ©Te KUBbIH O0ybl MyMKiH. KommanOamsi
€CEeNTeP/IiH IIBIFapbLTy KUBIHBIFBIHA Kapai YIII TOIKa 0exyre 0osaasl. Onap: MaTeMaTHKAIIBIK MOACIBII KYpy
OaphICBIHIA KE3/ECeTiH KWBIHIBIKTap; eKIHII KHBIHABIKTAp — KYPBUIFAH MOJENBII Tannay Ke3iHJe
TYBIHAAWTHIH KABIHIBIKTAP; ajl YIIIHIIICI — €CEeNTi MEeNIyAiH KOPBITBIHABICHIH TaIIaM TYCIHAIpY OapbhIChIHAA
TYBIHAQUTBIH KUBIHABIKTAP.

Konpanbaner ecentep FHUIBIMIOBI OMIPMEH, KYHAETIKTI oMipre KaKEeTTi >KaFmailapMeH YINTACTBIPBIIT
KATKAHABIKTAaH MEKTeN KYPCHIHAAFbl KOJNJIAHOANbl ecenTepliH MaTeMaTHKaHbl OKBITYyIarbl OpPHBIH
aliKpIHAAy1a MBIHAAAW MiHACTTEP Il KOIOFa OOMajbl:

- KOJ1IaHOaJTbl ecenTepAiH MPaKTUKAMEH YIITACHII )KaTKAH/IBIFbIH KOPCETY;

- KOJITaHOAITbI ecenTepAiH ca0aKThIH THIMJIUTITIH apTTHIPYAaFrbl OPHBIH aliKbIH/IAY;

- KOJ11aHOaJTbl ecenTep/l MIbIFapyFa KOMbUIATHIH 9ICTEMEIK TallanTapAbl HETI3ILY;

- KoJIJaHOAaIbl eCeNTepAiH TYpiHe OalIaHBICTHI KATTHIFYNAp KYHECIH KYpYy.

MaremaTuKanblK aHATW3/IH HETi3Ti YFBIMIAPBIH €Cell apKbUTBI OKBITY OaphICHIHAA OKYIIBLIAPABIH
TaHBIMJIBIK OEJICEHIUTITiH jXaHama Oackapa OTBIPBIN, O3MIriHeH OuTiM amyra nmaspiay — JKeKe TyIFa
KaJIBIITACTBIPYABIH Kypamac 6esiri Oombin Tadbu1ans [3].

Bapnbik ecentep OKbITY MiHICTIH OpbIHAaN b1 backaiia aliTKaH/a, Ke3 KeJTeH eCeNTi HMIbIFapFaHa OKYIIIbI
MaTeMaTHKAIBIK Oi1iM alajpl, MIbIFapy OUTIKTLTIr KalbInTacasl, 1aFablFa ue O0Iaapl, SFHU MaTeMaTHKAJIBIK
OiiM neHrelii xorapbutaiinbl. KebiHece op ecen ©3iHIH Ma3MYHbI apKbUIBI TOPOMEIIK MIiHJCTIH aTKapaibl.
Mpicalbl, KOFaM AaMybIHBIH o TYPJIi Ke3eHIepiHe OaiIaHbICThI ecell Ma3MYHEHI Jia e3repin oTeipansl. Kasipri
OKYJBIKTap/ia €cell Ma3MYHBI OKYIIBUIAPBIH JKOFAPhl MOPAIBIBIK KACHETTEPiH KaJbIITACTHIPYFa, FHUIBIMHU
KO3KapacTaphlH JaMbITyFa, OTAHIIBUABIK pyXTa TopOueneyre HeriznenreH. OKYHIBUIApABI €cell Ma3MyHBI
apKbUIbl FaHa TopOHWelien KOoHMaiibl, oJIap/bl €cell IIbIFapyFa yuperyae 0ol caHanajbl. KosmanOanbl
€CenTep/Ii MbIFapy OKYIIbIIAP/IbIH COUIIEY MOJICHUETIHE, MiHE3 - KYJIKBIHBIH KaJIBIIITACYbIHA, TAOaHIBUIBIKKA,
IIBIIAMJIBUTBIKKA, OacTaraH iCTi asFbIHA JEWiH KeTKi3y, KHBIHIBIKTHI JKeHE OUTy CHSKTHI KaCHeTTEepiHIH
TopOUEsICHYIHE BIKIIAIBIH TUTI3ETIHI astH.

MaremMaTHKaHBbIiC KY3iHJE KojaHa Oiayre yipeTy, SsFHU KOJMIaHOa bl OaFbIThIH KOPCETY OKYIIBLIAPIBIH
KO3KapacChlH KAJBINITACTHIPAAbl. MaTemaThka ca0arblHIa TEOPHSIBIK MaTephuall MEH ecel IIbIFapy
MaTepUajblH ThIFbI3 OAMJIaHBICTHIPBIN, OKYIIBIHBIH HAKThl Jla JKYHelli MaTeMaTHKAaJIbIK JaFIbIChIH
KanbpInTacThipy kepek. CeOeOi Oys1 nmarabl MaTeMaTHKaHbl opi Kapaidk MEHrepyre, OHbI eMipje, KacimTe
KOJJIaHyFa KakeT Oomnambl. MeKTenTe OKYyIIbUIAp Kem KaFdaija a0CTpakIUsuIbl Ma3MYHJBI ecemnTep
IIBIFapapl, Oananap MIApTTHl €CETKe KOIl bIHTa KOMMaFaHIbIKTaH onapiablH OenceHpimiri TomeHaerai. Con
cebenri:

- OpTaK MaTeMaTHKAIIBIK MOZIEIi 6ap op TYpIi Ma3MYH/IbI KOJIIaHOAIBI €CENTEPi;

- a0CTpaKIUsLIIBI, IEPEKCi3 ecenTepli TOKIPpUOeTiK Ma3MYHMEH TOJIBIKTHIPY KepeK.

MaTemMaTUKaHbIH ePEeKIIENITr — OHBIH KOJIIaHBUIBIMBIHBIH OMOCOAITHIFHI.

TaOuraTThIH pyXaHH )KoHE MaTepHaIAbIK OalIbIKTApbIH YKBIITHI HT€PY/IE OJIIIEI, €CENTel, capaliam aaMan
MOCEJICHI MIeNTyTe TiTeH O0JIMalThIHEI ©3i1HeH-031 Oenrini. MiHe, OChI Ke3/le MaTeMaTHKAHBIH Ta0UFATTaFbl,
ajzaM eMipiHaeri peiii aWKbIHAangaabl. MeKTenTe MaTeMaThKa KYPChIH OKBITYIbIH €H MaHbI3/bl
MaKcaTTapbIHbIH Oipi-MaTeMaTHKAaHBIH KOJJAaHOAIBl MYMKIHIIKTEPIH airy. An Oyl MyMKIHIIKTI —arrynaa
KOJIaHOAJBl eCenTepAiH  MaHbI3BI 30p. KommanOambl ecenTep Jaen MaTeMaTHKANBIK —9iCTEPMEH
IIBIFAPBUTATHIH MATEMATHKAAAH THIC KYPBUIFaH €CENTeP/Ii alTaMbl3.

Ecenrepai mrenry oicTepiMeH TaHBICTBIPFaHJAa OHBIH OKYIIBUIAPFA TYCIHIKTI OONYBIH KaMTaMachl3 €Ty
KaXer.
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Kaszipri maiigaiaHbIn KypreH oKyasIkTapaarsl, MocesneH (VII-IX) anrebpa, (X, XI k1) anredpa sxoHe aHAIN3
Oacramarnapbl MEH TEOMETPHS OKYJIBIKTAPBIHIAFbl KONTETeH eCeNnTepi KOMIaHOaNbl OaFbITTaFbl ecenTepre
XKaTKbI3yra 0oasl. MbIcallbl, MBIHA €CETITEp.

KonnganGanel OarbITTaFkl ecenTep CUMAThIHA Kapail keOiHece MOTIHIIK anreOpalblK jKoHE TeOMETPHUSIIBIK
6opIT Oepineni. 3epTTey OaphICHIHAA HETI3Ti MEKTENTe MAaTeMATUKAJIBIK aHalN3 OacTamMalapblH OKBITY/IAFbI
KOJIIaHOATBIIBIKTEI KYIIIEHTY Il KAMTaMachl3 €TeTiH ecenTepMeH TONBIKTHIPY, MAaTEMATHKAIBIK OlmiM Oepyai
i3rineHaipyre 30p bIKNAJ KACAUTHIHABIFBIHA KO3 KETKI3/IK:

1) mpaKTHKAIBIK KBI3METTE JK11 K€3/IECETIH mamMaliappl ECENTeyTe;

2) ecenTey KeCTeCiH KypyFa;

3) xapanaiibiIM HOMOTpammManap caiyFa;

4) sMIUpUKaIbIK GOpMyIanapasl KOJIAaHy )KoHE HEri3neyre;

5) mpaKTHKa/Ia Ke3ECETiH TOYeNIiK (hopMynaTapblH KOPBITHII IIbBIFAPYFa apHAJIFaH ecenTep.

1. Bipinmi Typzeri ecentepAi menry anreOpaliblK OpHEKTIH CaHIbIK MOHIH Ta0yFa KelTipisiesi.

2. Exinnn Typaeri ecentepreri ecentey KecTeciH Kypy YIIiH OKyIIbUIapFa MaTeMaTUKabIK 3aHAbUTBIKTHI
Oepy kepek. byt 3aHABUTBIK Ke0iHece Gpopmyna, Tpaduk TypiHae OepiinreH HaKThl PYHKINS OOTaIb.

Opi Kapaii TabnwIa Kypy TOMeHIeriiel )kocnapa iCKe achIpbiIaibl, oJap:

a) apryMEHTTIH MYMKIH OOJIaThIH MOHJIEPI TaObLIAIbI;

0) TKeCTCHIH KaJaaMbl OCITIICHE ],

B) (O)YHKIMSIHBIH MOHIH €CENTey MANIIT1 aHbIKTala bl

3. YwiHmi Typzeri ecenrtepre TOKTajdaiblKk. MaTeMaTrnka OaraapiamMachlHAa OpTa MEKTENTe HOMOTrpaMmma
JIIEMEHTTEPIH OKBITY KezJenMmereH. JlereHMeH HOMOTpaMMalapiblH OHAIPICTIK KbI3MeTTeri (omap
MPAKTUKAIBIK eCenTeyepre KOMIaHblIabl) POl 30p OONFaHABIKTaH, KapanaibiM HOMOTpaMMasap/bl CaTyFa
YKOHE OJIapbl IPAKTUKAIBIK €CENTeYyIIep KYPrizyre KoJIAaHbUIaATIHBIH KOPCETETIH €CeNTep KapacThIPFaH KOH.

MyHpaii ecenTep/i LIbIFapy Kejeci cxeMa OOWBIHINA iCKe aChIPbLIAIbL:

a) HeTi3iHAe HOMOrpaMMa callyFa Ka)KeTTI MaTeMaTHUKAaJbIK 3aHIbUIBIKTHI aHBIKTAY; OYJ 3aHIIBUTBIK
keOiHece (HYHKIUSHBI aHBIKTAUTHIH OpMyJIa HEMece KecTe TYpiHae 00ma sl

0) QYHKUUSHBIH aHBIKTAITy OOJIBICHIH Taly;

B) MapaMeTpAiH opOip MoHI YIIiH QYHKIUSHBIH rpadUriH TYPFBI3Y.

4. TepriHmii TypAeri ecemnrep.

OMIHUPHUKAIBIK GOpMyIianap MPaKTUKAJIBIK KbI3METTE KeHIHEeH KOJAaHblIa sl Onap KaTtain MaTeMaTHKAIBIK
KODPBITBIH/IbIFA KaTHai/Ibl, OipaK ONapIblH MPaKTHKAIBIK MaKcaTTa AYPHICTHIFBI TOKUPUOEAE oJeIeHTEH.
Mysnait popmyranapasl i3Aeyre JKOHe OIapAbl HEeTi3Aeyre KbI3bIFYIIBUIBIK 0aChM OOJaIbI.

Byn ecenrepai memyiy OenrinenreH anroputMi koK. OHmail ecenTepai mienry KaxeT OiliMMeH Koca
TaIKBIPJBIKTHI , )KaHAJIBIK alllyFa JereH KyMapJbIKThl, KbICKAPTY JKOHE JKYBIK €CenTeyiep OLTIKTLUIrH KepeK
ereni.

5. becinmi Typperi ecenrep.

Toyennminik GopMynanapblH KOPBITHI IIbIFapyFa apHaFaH ecenTep/i — IIbIFapy MIbIFapMaIlIbUIBIKTHI
tanan ereni. OnapApl WIBIFapy ITOPUTMIH KepceTy MYMKiH emec. OKyIIbUIapIbIH OHIIPICTIK Mpoliecc,
KYOBUIBICTAp JKalJIbl HAKTHI TYCIHIKTEp1 OONFaH/a FaHa, OHJIAl ecenTep/Ii ey MyMKiH O0JIa Ibl.

Xorapeia MIBIFapbUTFaH €ceNTepAeH MPAKTHKAIBIK Ma3MYHJIbI €CeNTep/iH KaHIIANBIKTBl KYHABI POJb
aTKapaTBIHJIBIFBIH KepeMi3. by ecentepaiH OapibFbl MAaTEMaTHKAJIBIK 9JiCTEp apKbUIbI IIbIFapblIaasl. by
ONIiCTEp/l KOJJIaHy ecCell Ma3MVHBIHBIH KHUBIHJBIK JICHTEHIepiHe Kapail op Typni Oonanel. Kenreren
KOJIJaHOANbl OAFbITTaFbl €CENTep/i WISy YINiH MEKTeN MaTEeMATUKACHIHBIH KOJIEMIHECH IIBIFBIN KETETiH
MaTeMaTHKaJIbIK OiTiM KaxxeT 0osa e, Ker skarmaiiia oKymbuiap KoJiaaHOanbl OaFbITTarbl €CenTep Il KaKeTTI
MaTeMaTHKAIIBIK TaHBIH/IBIFBl MEH OLTIMIHIH Cas3bIFbIHAH IIBIFapa aIMan/Ibl.

CoHbIMEH MaTeMaTHKa MoHiHJE 013 OKyLIBUIApABl TEPEH oiail Oinyre, 63 OeTiHILIE KYMBbIC JKacail Oimyre
yipery MakcaThlH KOSMbI3. ByJl MakcaTThl OpBIHJAYy, OKYIIBUIAPABIH OuTiM, OUIIK, JaFIbIChIH, ©31HIIK
TaHBIMBIH KaJIBIITACTHIPY - HAKTHI YHBIMIACTBIPBUTFaH Ke3eHIEP apKbLTBI )KY3€Te aChIPbIIATHIH KYPJIeIi ypaic.

Tatioananean adebuemmep mizimi:
1 Fnox A.A., Ilagrenxo U.A. O pewenuu 3a0au Ha dKCMpemMym npu uzydenuu npou3goonou 6 IX xnacce. - B co.:
Bonpocul npenodasanus aneedpul u Hauan anaiusa. - M.: Ipoceewenue, 2000, c.192-197.
2 Menvnukoea H.B. [Ipobiema npuxiaorol 9KOHOMUUECKOU OpUeHmayuu Kypca aneebpol cpeonetl wikouvl. Aemoped.
ouc. ... kano. neo.nayx. - M., 1980. - 20 c. HUU CuMO AITH CCCP.
3 Beiicexos K., I'vces B.A., Ecyxanos M.E. [Ipumenenue ceoiicms Henpepwi6HbIX U Ouh@eperyupyemvix Gyukyui
npu pewenuu 3a0ay. - B c6.: Bonpocel npenodasanus aneebpuvl u Hauan anaiusa 6 cpeoneti wikone. - M.: [Ipoceewenue,

2000, c.242-254.
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OPTA MEKTEI IEH TEXHUKAJIBIK »KOHE KOCINTIK BIJIIM BEPY YHBIMJAPBIH/IA
MATEMATHUKAHBI OKbITYJAAFbI CABAKTACTBIK MICEJIECI

Anoamna

Byriari xyHi OimiM amymbUTapIblH MaTeMaTHKANBIK OUTIM CamachlHBIH apTYBIHBIH OacThl TipekTepiHiH Oipi —
MaTeMaTHKaHbl OKBITYIarbl Ca0aKTACTHIK OaiilaHBICTAPBIH cakTray. Makajaga MEKTeNTeri jKOHE TEXHUKAJbBIK >KOHE
KocinTik Ou1iM Oepy YHBIMIapbIHAAFE! (HETi3ri opTa OisliM HeTi3iHAe) MaTeMaTHKaHbI OKBITYABIH ca0aKTaCTHIK Macelneci
KapacTblppuirad. COHBIMEH KaTap, cabaKTacThIK YFBIMBIH TYCIHY YILIiH, cabaKTacThIK Typalibl TYCIHIK KaJIBIIITACTBIPY
YIIiH OpTYpJl FaJbIMIapAblH ESHOeKTepiHzaeri OepreH aHbIKTamanapbl OepinreH. bip OalikaraHbIMBI3, OKBITYJarbl
ca0baKTacTBIK MaceJieci earorukaa Katiama »bpliial Oepi 3epTTeNreHine KapaMmacTaH, cadakTacThIK YFBIMBI 9p TYpIIi
TyciHmipineni. MekTenrteri MaTeMaTHKa KypPCBIHBIH OKY IOHIHIH Ma3MyHBI HETi3ri Oec OemiMi KaMTHIBI: COJapibIH
imriHeH « CTaTHCTHKA )KOHE BIKTUMAJIJIBIKTAp TEOPHUSICHD» 06JIiMi KapacThIpbliabl. TeXHUKAJBIK KHE KOCIiNTiK OiimM Oepy
YUBIMIAPBIHIAFBI KAJIFAChIH TA0ATHIH MEKTEIITIK MaTeMaTrKa OeiMIepiHiH OaillaHbIChIH Kopyre Ooaabl. CabaKTacThIK
OaliTaHBIC MAcelleCi IeJarOTUKANBIK FEUTBIM MEH TOXipruOene o3 IICHIiMiH TOJBIK Taba anMai, 3epTTey MEH i3IeHYIl
TaJa eTill OTBIPFaH KOKSHKeCTi KaJIblH CaKTaya.

Tyiiin ce3aep: cabaKkTacThIK, MaTeMaTHKa, MEKTEIl, TEXHUKAJIBIK )KOHE KOCINTIK OitiM Oepy YHBIMIapsl,
BIKTHMAJIIBIK TEOPHUSICHI, CTATHCTHKA.
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MPOBJIEMA HEITPEPBIBHOCTMU B IPEITIOJABAHUUN MATEMATHUKU B CPE)IHEFI IIKOJIE U B
OPTAHMU3BAIUAX TEXHUYECKOI'O 1 ITPOPECCUOHAJBHOI'O OGPA3OBAHUSA

OpmHUM U3 TTIaBHBIX OCHOB COBPEMEHHOTO MAaTEMAaTHIECKOTO 00pa30BaHUS SBISCTCS COXpaHEHHE MPEEMCTBCHHOCTH
B oOyueHnn. B cratbe paccMmaTpuBaeTCs HENPEPHIBHOCTH IMPEMOJaBaHUSA MAaTEMAaTHKH B IIKOJAX W B OPTaHU3ALUIX
TEXHUYECKOTO M TpodeccHoHaNbHOro 00pa3oBaHus (Ha 0a3e OCHOBHOTO cpemHero obpasopaHus). Kpome Toro, mis
OTIpe/ieIeHUs] KOHICTMH ¥ (OPMHUPOBAHUS MOHATHS O HEMPEPHIBHOCTH, AHBI JaHHBIE B pa0d0OTaxX pa3HBIX YYCHBIX.
HecMmoTpss Ha TO, 9TO MOHATHE HENPEPHIBHOCTU HCCICIOBANIOCH B IENAaroruke HECKOJBKO JIET, Pa3IHmdIus MEXIy
OTpeneeHusIMI  AocTaToyHo 3HaumMa. CopepikaHue Kypca IIKOJIBHOM MaTeMaTHKH OXBAaThIBAeT IISATh OCHOBHBIX
pa3zenoB M B CTaThe paccMaTpuBaercs pasfen «CTaTHCTHKAa M TeOpus BepoATHOCTEi». Tak ke B CTaTbe MOKa3aHbBI
CBS3aHHBIE MEXAYy c000i TeMBI IIKOJBHOW MPOTPaMMBl M MPOJODKEHHE TEMBI B OPraHM3ALUSAX TEXHHYECKOTO U
npodeccronansHoro oopasosanusi. CraTyc npodieMbl IPEEMCTBEHHOCTH B I1€1arOTMUECKON HayKe U IPaKTHKE OCTaeTCsI
HEM3MEHHBIM U COXPaHsIeT HACTOSTENbHYIO MOTPEOHOCTh B HCCIIEJOBAHUIX.

KaroueBble cjioBa: HenpepbIBHOCTh, MaTeMaTHKa, LIKOJIA, OPraHU3allid TEXHUYECKOro W NpodeccHOHaIbHOrO
00pa30BaHUs, TEOPHUS BEPOSTHOCTEH, CTATHCTHKA.

Abstract
THE ISSUE OF THE CONTINUITY IN TEACHING MATHEMATICS IN SECONDARY SCHOOL AND
IN ORGANIZATIONS OF PROFESSIONAL-TECHNICAL EDUCATION
Zhanseitova L.
'Ph.D student at Abai University, Almaty, Kazakhstan

One of the main pillars of modern mathematical education is the preservation of continuity in teaching. The article
deals with the continuity of the teaching of mathematics in schools and professional-technical education (based on basic
secondary education). In addition, to determine the concept and the formation of the concept of continuity, data from the
works of different scientists are given. Despite the fact that the concept of continuity has been studied in pedagogy for
several years, the differences between definitions given are significant enough. The content of the course of school
mathematics covers five main sections and the article is devoted to the section "Statistics and Probability Theory". Also,
the article shows related topics of the school curriculum and education in the professional-technical education. The status
of the problem of continuity in pedagogical science and practice remains unchanged and requires an urgent research.

Key words: continuity, mathematics, school, organization of technical and professional education, probability
theory, statistics.
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Kazakcran PecnyOmukaceiabig 2011-2020 sxpuigapra apHanran biniM Oepyai 1aMbITYIbIH MEMJICKETTIK
OarmapilaMacblHa COMKeC, MaTeMaTHKAIBIK OuUTIM Oepy - enmiMi3fi WHHOBAITMSIIBIK JaMy >KOJIBIHA aJIbITl
IBIFATBIH MaHbI3/IbI OAFBITTAPIBIH Oipi peTiHae KapacThipbutaabl [1].

Kazakcran PecryOnukacheinbiH «biniM Typansr»y 3ansinaa «bixim Oepy xylieciniH 6acThl MiHAETI — YIATTHIK
JKOHE JKaNIBl agaM3aTThIK KYHABUIBIKTAp, FRIIBIM MEH IPaKTHKa J>KCTICTIKTEpl HETi3iHAE JKeKe aaaMIbl
KaJIBIITACTBIPYFa JKoHE KociOW MIbIHAayFa OarpITTaFaH OUTIM aly YIIIH KaXeTTi XKaFgaimap jkacay;
OKBITYABIH >KaHa TEXHOJOTHSUIAPBIH €HTi3y, OiniM Oepyai akmapaTTaHABIPY, XaJbIKapajiblK FajJaMIbIK
KOMMYHHKAIASIIBIK JKENIepre MIBIFy» IeTiHreH [2].

Byn miamerTepai miemry yImiH MEKTel, TEXHUKAJBIK JKoHEe KocinTik Oinmim 6epy yiteimaapsi( T:xkKBBY)
YKBIMIAPBIHBIH, 9p MYFaliMHIH KYHICNIKTI 13A€HICI apKbpUIBI OapiblK >KaHAJBIKTap MEH Kaita Kypy,
e3repictepre 6aThUT XKOJ allapibIK )KaHa TOKIprOere, xKaHa KapbIM-KaTbIHACKA 6Ty KaXETTirl TybIHIal bl

OcwIHIal MIHAETTEpl JKy3ere acelpyJa MEKTEITIH OpTa >KOHE JKOFaphl CAaThICHIHIAFBl Ca0aKTaCTHIKTHI
HazapJ/aH ThIC Kaaeipmay Tuic. CabakTacThIK OalIaHbIC MACENIeCi TIeIarOrMKaIbIK FRUTBIM MEH TOXIpHuOe e
©3 LICIIIMIH TOJBIK Taba ajaMai, 3epTTey MeH i3IeHYAl Talam eTill OTBIPFaH KOKEHKeCTi KaJMBbIH CakTaya.
OiiTKeH1, KOFaMHBIH J1aMy JIeHTeliHe TYBIH/IAIFaH TajanTapra coiikec 0inim Oepyi skaHapTyAbIH Ke3-KelIreH
Me3eTiHJIe OKBITY/AaFbl CabaKTAaCTHIK ©31HIIK Ma3MYHFa ve OOJIBIT 9p TYPIIi ACHTeH 1€ MIETTTIIT KeJIe XKaThIp.

Byrinri kyHi 6iniM amymbuapApIH MaTeMaTHKAIBIK O11iM canachbIHBIH apTYbIHBIH 0aCThI TipeKTepiHiH Oipi
— MaTeMaTHKaHbI OKBITYIaFbl CA0AKTACTHIK OAIaHBICTAPBIH CaKTay. MaTeMaTHKa KyPChIHBIH TaKbIPBITTAPbIH
OKBITY OapBICHIH/Ia OHBIH OTKEH TAKBIPHIITAPMEH JIOTHKAIBIK, MATEMaTHKAIIBIK - 9[[ICTeMeIiK OaiTaHbICTapbIH
KETULIIPII, COMKeC MAcelIeepiHe TaIay JKacall, TaKbIPhIN CA0AKTACTHIFBIH CaKTal OThIPY Kepek [3]. XKaursr
cabaKTacThIK OJ Y3IiKCi3 Oi1iM OepyJeri merarorukanblk ypAaicTe (porecc) KoJMaibl xKaFaai TyFbI3y YIIiH
KaXKeT.

A.I1.CmaHIepAiH ca0aKTacThIK JKYHECi OKYIIIBI MEH CTYACHTTI MAaTeMaTHKara OKbITYIaFbl CAa0aKTaCThIKTHI
KY3ere achlpyIblH TEOpUsICHl MEH NpaKTHKAachiH 3eprreyre apHanrad. A.Jl.CMaHUepaiH OKBITYIBIH
cabaKTacThIK JKyHeci eki ImKi XYWeAeH Typajpl: OKYy-TaHBIMJIBIK ca0aKTacTBIK IIIKiI JKyieci >koHe
MPOIIECCYAIIBI-OKBITY Ca0aKTACTHIK iK1 JKyieci. byt xxylieaeri cabakTacThIK y3iicci3 OiiM Oepy kyieciHiH
TYPITi Ke3eHIEPiHJEeT] €Ki JeTepMEHaHTTHIH Oipiryi apKbUIBI iCKe acafpl: lKi, OKYIIBUIAP MEH CTYACHTTEPIiH
OKY-TaHBIMJIBIK 1C-OpPEKTTEpiH/Ier1 Ca0aKTaCTHIK )KOHE CHIPTKBI MYFAIiM MEH OKBITYIIIBIHBIH 1C-0PEKTTePiHACTI
cabakTacThIK [4].

Mekxkren sxone TxKBBY-HBIH apachlHIaFbl CabaKTACTHIKTHI MEIarOTUKaIbIK TYPFBIIAH KapacThIPabIK.
AnapIMeH, cabaKTacThIK YFBIMBIH TYCIHY YIIiH, ca0aKTaCTBIK TYpalbl TYCIHIK KaJbINTACTHIPY YIIiH SpTYpIi
FAIIBIMIIAPJIBGIH €HOEKTEepiH OKBIN, Tangadblk. bip OalikaraHBIMBI3, OKBITYHarbl CabaKTaCTBIK Moceleci
Mefarorukajga KaHllamMa »JKbUIaH Oepi 3epTTenreHiHe KapamacTaH, ca0aKTacThIK YFBIMBI 9p Typdi
Tycinaipineni. CabakTacThIK JKajIlbl MarFblHaJa «ECKiHI OWJbI FaHAa €MeC, aJJIBIHFbI caThUIapaa Kol
KETKI3T€H, OHCBI3 OOJIMBICTHI J1a, TAHBIM/IBI J1a aJIFa )KBUDKBITYFa OOJIMAWTHIH MPOTPECTIH, PalliOHAIIBIKTHIH
Opi CaKTAIIBIN KATybIH, 9pi aMYbIH» KaMTaMachl3 €TETIiH «IaMy YIEepPiCiHJe €CKi MEH KaHaHbBIH apaiapblHIa
00J1aThIH KOKETTI 00ObEKTUBTI OaiJIaHBICY JCT TYCIHIIPUIE/I].

XVII r. EBporia nie1arorukachIHbIH HET131H cayiibl YyeX neaarorsl IH AMoc KoMeHckuii ca0aKTaCcThIKThI
aJlaM JTaMybIHBIH acC epeKIIelNiriHeH, OHBIH TaHBIMIBIK OPEKETIHEH TYBIHIANTHIH OKBITY YCTaHBIMBI PETIHIIE
KapacThIPIIBL.

Oxynarbl cabakTacThIK YFHIMBIHBIH Typa Nelarorukaiblk MoHiH anram per b.I1.EcumoB kepcerri.
M.A.[lanmmoB nieH B.I1.EcuoB caGakTacTHIKTBI 3epTTEH Keil, «cabaKTacThIK - OKBITY CATBICHBIHBIH MoHI,
OHBIH aJiFa Kapai KO3FaJIbICHI, JKYHENIiK, OiTiM ca0aKTaCTHIFBIHBIH MAPThHD) IETeH KOPBITHIHIBI )Kacabl.

CabakTacThIK YFBIMBIHA KaTHICTHI FAIILIMIAP/IbIH OepreH aHbIKTaMalapbIMEH TAaHBICHIT IIBIFANBIK,

Kecre 1. CabakTacThIK YFBIMBIHA KATHICTHI aHBIKTaMalap.

ABTOpIap AHBIKTaMachl
OnaKkTeIK CabakTacThIK — JlaMy MpPoILeCiHe KyObUIbICTap apacChIHIaFbl )KaHAHBIH €CKiHi
SHIMKJIONEAUSAA BIFBICTHIPA OTBIPHIT, OHBIH KEWOIp 3JIEeMEHTTEpiH ©3iHJIe caKTall KaJlaThiH
OalytaHbIC.
IlemarorukaiibIk, OKpITYaFbl Ca0aKTaCTBIK — OKY IOHIH OKBIN-YUPEHYIIH TYpJi caTbliapblHIa
SHIMKJIONE NI OHBIH OeJIiKTepi apachiHIa KaXKETTI OaillaHbICTap MEH IYPhIC apaKaThIHACTHI

KYpyZlaH Typazabl TYpJi caThUIapblHAA OHBIH OeJikTepi apacblHOa KaeTTi
OaliiaHpICTap MEH JYPHIC apaKaThIHACTHI KYPYAaH TYPaabl

Kanpos 1. A. CabaKTaCThIK JIET€HIMI3 — O11iM Heri3epiH Oenriii Oip JOruKabIK OaiiiaHbICTa,
IL.F.JI., podeccop OKBITY MaTepuaIapbiH Oipi3iiK KyHeMeH OKBITY.

(1893-1978)

56




BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

Ecunos b.I1.

ILF.JI., podeccop CabakTacThIK — OKBITY CATBICBIHBIH MOHI, OHBIH alifa Kapai KO3FallbIChl,

(1894—1967) XKYHENTIK 011iM ca0aKTaCTHIFBIHBIH IIAPTHI.

Jlepuep W41 CabakTacThIK JIeTeHIMIi3 — OKy TopOue yaepiciHaeri apOip keieci xxaHa OybIHa

ILF.II. OTKEH caThlfa ajJbIHFaH OiTiM Ma3MYHBIH OCKITIIl, KEHEHTII, KypIACICHIIpiI

(1917—1996) JKOHE TEPCHIETII OTBIPYIAFbI YKYHEIITIK.

bamnep D.A. CabakTacThIK — JKYHMENUTIKTIH e3repMelli 3JCMEHTTEpiHIH TyTacTall HeMece

¢.F.o. Oesiek Typae YHBIMIACTBIPBUTYBIH CaKTay TYCBIHAA OOJMBIC TICH TaHBIMHBIH

(1918—1987) OipHellle caTbUIapbl MEH Ke3€HZEpl apachiHAarbl ©3apa OailllaHbIChI, SIFHU OIp
KaFJaiiian Keeci )KaraaiFa Kemryi.

XKannel anranga, OKbITyJaFbl ca0aKTaCTBHIK YFBIMBI MEJaroruKaiblK 9e0ueTTepae KYHenIiKk ypaiciHig
TapMarbl PeTiHIe KapacThIPbUIA Bl OJICHAMAIIBIK TYPFBIIAH alFaHaa, cabaKTaCTHIK OKYy-TopOue ypAiciHmeri
©31H/IIK KOPIHICTI CHITATTAlIbl, IFHU €CKIHIH )KaHAMEH aJMacybIH, )KaHAaHBIH KYPaMbIH/Ia €CKiHIH KOJIJaHbIC
TaOyBIH JKOHE OHBIH JKaKChl KaKTapblH CaKTail OTHIPBIN YWJIECIMAlI JaMyblH, UTice »alFfacyblH Oingipeni.
CoHABIKTaH 2 OKBITYAAarbl cabaKTaCTHIK OKBITY IMPOIECiHIH KypaMalaphIHbIH OdpiHE ToH, aTal alTKaHna,
OKBITYIIBIH MaKcaTTapbl MEH MiHIETTEpiHiH, Ma3MyHBl MEH OMICTEPiHIH , KypaiIapbl MeH YHBIMIACTBIPY
(hopManapbIHBIH apackIHAAFbl KaXeTTi OaittanbicTapabl Oingipeni. CoHbIMEH Oipre cabakTacTBIK TYpiepi ae
axbIpaTbuiaabl. OJapIbIH KaTapblHAa: HETi3ri opTa OiiM Oepy sKoHe *Kallbl opTa OiaiM Oepy AeHreiepine
MOHAEPAl OKBITYyJaFbl cabaKTacThIK OalIaHBICTApBI, IIOHINIUIIK JKOHE IIOHApajiblK  CcabaKTaCTHIK
OalinaHpICTapbl, TAKBIPBIIT HEMECE TapaTy MaTepUaIapbIHBIH apachIHAAFbl OaiilaHbICTAPHI JKOHE T.0.

OKy Ma3MyHBIHJIaFbl Ca0aKTAaCTBIKTHI JKY3€re achlpy jkaHa MeH OYpBhIHHAH TaHbBIC OiiMIEpIiH e3apa
OaifTaHBICBIHA JKOJ allblll, CYHEHYi, ipIKTeNIN alblHFaH OKy MaTephaiblH KOJJAHYIbl JKOHE OJaH api
JaMBITY B KakeT eTeti. CabakTacThIK OaliIaHbIC €Ki dKaKThI KYOBUIBIC, SFHH, OYJI MoceIIeHI TOMEHHEH JKOFaphl
0arbITTa KapacThIpca, UIrepi KbUDKYIBI, JaMy/Ibl )KOHE ajjIarbl MaKcaT IeH MiHAeTTepre OaraapiaHyabl, al
JKOFapbIIaH TOMEHTI OaFbITTaH KapacThIpca, OKYIIBUIAPIBIH UTEPTeH TIKIpHOECciH ap alyaH ic-opeKeTTepiae
THIMJI JKOHE OpPBIHABI KOJNIAaHYAbl cunarTaidabl. OKymarbl cabaKTaCTBIKTBI JKY3€re achIpyAblH OacTaysbl
HOPMAaTUBTI-KYKBIKTHIK JKOHE pecMH KykarTapaa (OUTiM cTaHAApThl XoHE OKYy Oaraapiiamalapsbl), OKBITY
KypangapeiHaa (OKyJbIKTap, AMJAKTHKAIBIK MaTepuaiaap, OKYy-dfiCTeMelNiK Kypajmap) »KocHapiiaHFaH
OaifmaHpICTap )KOOACHIHAH AJIaIbl.

Binim Oepy canachlHIarbl Ca0aKTaCTHIK MPOOJIEMACHIH 9P JKaFbIHAH KapaCThIPBIN TEOPUSIIBIK Herizi B.B.
Cwmupnos, I0.A. Kycros, C.4. Bareiues, B.C. JlenneB enOekTepinne Oepince, Ma3MyHBI KoHE iC-OpeKeTi
acnektinepin A.Il. Apweiarazun, ['.X. HypraeBa T.6. eHOekTepiHae Ke3ecei.

Marematukanblk OiTiM Ma3MyHBIH JKETUINIpY, OiMIMHIH cabakTacThIFRI MEH OoJaliarbl Mocelenepi
KazakcTaHbIK Fanbivaap A.E. O0inkaceiMoBa, b. baiimyxanos, O. Karaz0aesa, A.M. My0apakoB jxoHe Tarbl
OackanapiblH eHOeKTepiHAe KapacTelpbuabl. OpTa MEKTENTiH, Heri3ri opTra OiliM Oepy >KoHe >Kallllbl OpTa
Oimim Oepy neHreiepi apaceiHmarsl koHe TKKBBY-FbI «MmaTemaTwka» Kypchl OOMBIHIIA KONTETreH
TaKbIPBINITAPBI ©3apa THIFBI3 OaliiaHbicTa, Oip-OipiMEH YINTACKII )KATaThIHBI OEINTii.

OKy TMoHiHIH Ma3MyHBI MEKTEITETi MaTeMaTHKa KYPCHIHBIH TaKbIPHINTAPhIH KAMTUTHIH MaTeMaTHKAHbBIH
Heri3ri OemimaepineH typansl: «Can», «Anrebpa», «l'eomerpusi», «CTaTUCTHKA >XOHE BIKTHMAIJIBIK
TEOPHsSICHI», «MaTeMaTHKAIIBIK MOJIENIBCY JKOHE aHaTIH3».

Ocpsl GestimMaepiH OipiH KapacThIpaibIK;

Kecre 2. Mekren MaremaTWka KypCHIHIAFbl (HETi3ri opTa OiliM) «CTATUCTHKA KOHE BIKTHUMAIJIBIK
TEOpHsICHI» OOIIMIHIH Ma3MYHBI.

6 CBIHBII 77 CBHIHBII 8 ChIHBIT 9 CHIHBIT
1.Kubinpap teopust | 1. KomOunaro-puka | CraTucruka Crarucruka 1.KomOunaropuka
ChI 5K9HE JIOTHKA He ri3aepi JK9He JepeKTepai JK9He JepeKTepai Herizaepi
3JIeMeHTTepi: - ipiKTey TOCIIIMEH Taggay Tagaay - KOMOWHATOPHKA-HBIH
-)KUBIH, OHBIH KOMOMHATOpHKa- - 6acTbI XKUBIHTHIK, | - TaHJaMma epexernepi (Kocy xKoHe
3JIeMEHTTepi, 60C JIBIK €CelnTep; Ke3JIeHCOK TaHaaMma, | HOTIKelepiH KkeOeiiTy epexernepi);
JKUBIH YFBIMJIAPbI; 2.CTaTucTHKA 7K9He | BapHalMsUIBIK KaTap,| )KUUTIKTepAiH - CaHHBIH (haKTOPHAIIBI
- JKHUBIHAAPIBIH JAepeKTepAi Tanaay | HYCKalbIK HWHTEPBAJIJIBIK AHBIKTaMAaChI;
KUBUIBICYBI )KQHE - OipHerIe caHTapAbIH| YFBIMIAPEI, KecTeci; - KaTasaHOANTIH
6ipiryi ; apr(MEeTHKAIBIK - HYCKAJIbIKTBIH - KUUTIKTePIiH OpHANACTHIPY,
- OepinreH OpTAachl, CaH/IbI aOCOJIIOTTI XKoHE HWHTEPBAJIJIBIK AIMACTBIPY JKOHE Tepy
KHUBIHAAPBIH JIePEKTEP/IiH KYJIallbl,| CalbICThIPMAIIBI KECTECIHiH aHbIKTaMalaphl,
KHBLIBICYBI MEH Me/IMaHachl, MOAACHI; | JKHUTIKTEpI; JIepeKTepiH (dopmynanapsl;
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- CTaTUCTUKAJIBIK
CaHbl cUnaTTaMasap.

Oipiryinig U, M
CHUMBOJIIAPBI;
- i[IKi )KUBIH YFBIMBI;

- JKUBIHAAP
apachbIHJIaFbl
KaTbIHACTAP/IbIH
CHUIMATTaMachl
(KWBIIBICATBIH JKOHE
KHABIIBICIANTHIH
KUBIHIAD);

2. CTaTHCTHKA JKoHe
JaepeKTepai Taagay

- IOHTelIeK,
CBI3BIKTBIK KoHE
GaraH/Ibl AUarpam-
MaJiap Typaisl
TYCIHIKTED;

- KecTe Hemece
IuarpaMma TypiHzae
OepilreH cTaTUCTH-
KaJbIK aKmapar.

- CTaTHCTHUKA KHLTIKTED - Hproron 6MHOMBI
JIBIK IePEKTEP i TUCTOTPaMMAachI; (hopMyITaceIH xoHe
KHUHAY )KOHE OHBI - JKUHAKTaJFaH OHBIH KacHeTTepi;
KecTe Typi; KULITIK; 2.bIKTUMANIBIKTAP
- TaHJaMaHbIH - CTaTHCTHKAJIBIK TeOPHUSACHIHBIH
JKHMIIIIK KecTecl KECTEMEH, alIKalIeH,| Herisaepi
- TagIaMa THCTOTpaMMaMeH - OKHUFa, Ke3/1eHCcoK

HOTHIKECIH KUK

AIKAOBIHBIH TYPI; - Iucnepcus,

oJIap/bl ecentTey
(dbopmynanapsl.

OepinreH aKnapar;

CTaHIAPTTHI AYBITKY
aHBIKTaMaJaphl XKoHE

OKHFa, aKUKAT OKHUFa,
MYMKIH eMec OKHFa,
KOJIAfJIBI HOTIDKEIEP,
TEH MYMKIH/TIKTi )KOHE
Kapama-Kapchl OKUFaiap
YFBIMJIAPHI;

-2JIEMEHTAp JKOHE
JNEMEHTap eMec
OKHFajap;

-BIKTUMAJIBIKTBIH
KJIACCUKAJIBIK
AHBIKTaMachL;

-BIKTUMAaIILIKTBIH
CTAaTUCTUKAJIBIK,
aHLIKTaMackl;

-TCOMETPHSITBIK
BIKTUMAJIJIBIKTBI €CETITEP
HIbIFapy/a KoJjIaHy.

Kecre 3. Mekren mareMaTika KypchbIHIAFrb! (Kammbl opra OimiM) sxone TokKbbY-ma «cratnctuka xone
BIKTUMAJIIBIK TCOPHUSICHD) OOJIIMIHIH Ma3MYHBI.

10 ceIHBIIT

11 ceIHBII

TxKBBY
(uerisri opra OiTiM
HETI31H/IC)

1. KomOnnaTopuka Herizaepi
- KaWtajmaHOalTBIH oHE KalTagaHnOasl
«aJIMacThIpyJiap», «OpPHANACTHIPYIIapy,
«Tepysep» YFbIMIaphl;

- KaliTamaHOaWTHIH amMacTeIpyJIap,
OpHAJIACTBIPYJIap KIHE TepyJIep/i ecentey
yiuid hopmynanap;

- KaiftanaHOabl aIMacThIpyJIap,
OpHAJIACTBIPYJIap JKOHE TEPYIEPAl ecenTey
YIIiH popmynanap;

- KoMOMHaTOpHKa (hopMyaiapsl,

- )KyBIKTAIl ecenTey yiiH HproToH GMHOMBI
(HaTypas KepCeTKIIIICH);

2. bBIKTUMaJIABIKTap TEOPUSICHIHBIH
Heriznepi
- Ke3/IeiCOK OKHFa YFBIMBI, KE3/1eHCOK OKUFa
TYpJepi;

- BIKTUMAJIJIBIKTap KacUeTTepi, Ke3JelcoK
OKHFaJIap/IbIH BIKTUMAIIIBIFbI;

- BIKTHMAaJIIBIKTapbl KOCY epexenepi
* P(A + B) =P(A) + P(B)

*P(A +B) =P(A) + P(B) - P(A - B);

- BIKTUMAJIJIBIKTap/Ibl KeOeHTy epexerepi
*P(A-B)=P(A) - P(B)

*P(A - B) =P(A) - Pa(B)= P(B)P&(A);

- TOJIBIK BIKTHUMAIJIBIK (DOPMYJIAChI;

- Baitec popmynacer;

- bepuysumu cxemachl xoHe bepryu
dhopmynacsr,

- K€3/IeMCOK Iamaap ;

CTaTHCTHKA JKOHe
AepeKTepai

Tamaay

- MaTeMaTHKa

JIBIK CTATUCTHUKAHBIH HET13T1
TEepMHUHAEPI

- TUCKPETTI KOHE apabIK
BapHAIMUIIBIK KaTapliap. bl
KYpacTBIpY VIIIiH TAaHJaAMaHBI
eHJIEY;

- OepiireH mapTKa colkec
BapHAIUUIIBIK KaTapliapIbIH
JIEpEKTEePiH Tajaay;

- TaHaMa OOMBIHIIIA KE3IEHCOK
IIaMaapIblH CaH/IbIK,
cumnaTTaMalapbiH Oaranay.

1. KomOunaTopuka xoHe
Hb1oTOH OMHOMBI.
bIkTUMAIBIK,
-KOMOMHATOPH KaHbIH
HETI3T1 3JIeMEHTTEePI;

- OpHAJIACTHIPYJIAp,
aJIMacCThIPyJIap XKOHE Tepy;
-Hb0TOH OMHOMEI JKOHE
OHBIH KaCHETI;
-KOMOMHATOPHKA MEH
HreroToH OMHOMBIHBIH
BIKTUMAJIIBIK, TEOPHUACHIHIA
KOJITaHBLTYHI,

-bepHynnu Teopemachl;
-BIKTUMAJIABIKTAPIBI KOCY
XKoHE KeleilTy;
-yiinecimci3 oKuFa, Tayencis
OKHFa, TOYeJI/Ii OKHFa,
[IAPTTHI BIKTUMAJBIK,
OKHFaap KOCHIH/BICHI,
OKHUFaap KeOeHTiHmiC.
2.CTaTHCTHKA JKOHE
Hepexrtepai Tanaay

- TUCKPETTI KOHE apaibIK
BapHAIMSUTBIK KaTtapiap

- TaHaMa OOMBIHIIIA
Ke3/IeHCOK 1aMasap/ablH
CaHObIK CI/Il'[aTTaMaJ'IapBIH
Oaranmay
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- IMCKPETTI KaHe y3ilicci3 Ke3aelcoK
mamanap;

- Kei0ip TUCKPETTI Ke3/IeHCOK mamManapably
YiecTipiM 3aHBI KECTeCi;

- IUCKPETTi Ke31eHCOK IaMaHbIH
MaTeMAaTHKANIbIK KYTiMi YF¥BIMBI;

- IUCKPETTI Ke3/eHCOK MaMaHbIH
JIICIIEPCHSCHI MEH OpTalla KBaJpaTThIK
(cTaHmapTTHI) AYBITKYHI;

- IMCKPETTI Ke3AeHCOK IIaManap by CaH IbIK
cUnaTTamaiapsl;

- IMCKPETTIi Ke3AeHCOK IamManap by
YJIeCTipiM Typiiepi: OMHOMIBIK YJIECTIpiM,
TCOMETPHSIIBIK YIIECTIpiM,
THIIEPTEOMETPHUSIIBIK YIECTIPiM.

- YIIKEH caHaap 3aHBIHBIH TY)KbIPBIMIAMACEL;

XKorapeina kepcerinred 1-cyperren TxKbBbY-ma (Herisri opra OinmiM Heri3iHAe) >KalFachlH Ta0aThIH
MEKTEITIK MaTeMaTHKa 0eTIMICPiHIH OalllaHBICKIH KOpYTe 00Ja b,

/— OHCTIEPCHA, CTAHTAPTTE AVEITEY
S CRIHEII

!

CTaTHCTHEATEE, MIMeTTep Il
TONTAV EIHE TAlIay

8 crHEM
OHCEPETTI #2HE APATEIE T
EBapHAUHANIEI, KATapIap 0ACTHl AHEIHTHE, TaHIaMa
T#KBb¥(Herisri opTa GimiM 7 CEIHEI
HeriziHge) T

apHOMeTHEATEE, OPTACEL, FYJIAMT,
MeOHaHa, MOoga.
6 CEIHEI

T

JHarpamManap
5 CHIHEII

Cypem 1. Mexmen scone TocKBBY (nezizei opma 6inim neeizinde) cmamucmura JHeane blKmumManioblk meopusicol
bonimdepiniy baiinanvicmapol

ConbiMeH, MekTenTe OKputaThiH MatepuanMeH T>kKbbY-ma (Herisri opra OiiM Heri3iHAE) OKBLIATHIH
MaTepHaJIbIH ThIFbI3 OailaHbIChl Typasibl aiiTyra Oomajpl. Byn skarmaiina cabakTacThIK (YHKIUSCHI
MPOIEACBTHKAIIBIK (PYHKIIUAMEH COMKEC KEJIe/i.

CabaKTaCTBIKTHI IYPBIC TYCIHY OKY YZI€piCi MEH OHBIH XKEKe CaThUIAPbIH YHBIMIACTHIPY Ke3iHIe KOMaKThI
naiaa kenripeai. CabaKTaCcTHIKTBI OPBIH/IBI KOJIJIAHY 9/IiICTEMEIIIK 3epTTeyIep/Ie ayKbIMIbI HOTKEIEp Oepei.

Iatioanvinean aoebuemmep mizimi:
1 Kasaxcman Pecnybnuxacvinoa 6inim 6epyoi oameimyowviy 2011 — 2020 srcvindapea apranean memiekemmik

bazoapnamacel. Acmana, Axopoa, 2010.
2 «binim mypanory 2007 acoinevt 27 windedeei Ne 319-111 Kazaxcman Pecnyonuxacvinsiy 3aysi

3 Mybapaxos A.M. Mamemamukansi oxbimydaevl cabaxmacmuik. — I[lagnooap, 1999. - 230 6.
4 Cmanyep A. I1. Teopus u npaxmuxa peanusayuu npeemMcmeeHHOCmu 8 00yHeHUU WKOTbHUKOS U CIYOeHMo8 —
Munck: BI'Y, 2011. — 289c.
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3

INPEACTABJIEHUE PE30JIbBEHTBI AU®PPEPHIUA/IBHOI'O OITEPATOPA HA
TEOMETPUYECKOM I'PA®E

Annomayus

CraTps MOCBSILECHA HAXOXKACHUIO PE30JILBEHTHI ISl TU(depeHIIHaNIbHOTO olepaTopa Ha TeOMEeTpUIecKoM rpade 6e3
nerenb (TEPMHH I€OMETPUYECKHH ITOTYEepPKHBAECT, YTO pedpa SBISAIOTCS HE CHMBOJAMHU CBs3eil, a reOMETPUYECKUMHU
o0BexTaMu - orpe3kamu). OH TpeAcTaBIAeT COOOH CTPYKTYPY, COCTOSMIYIO M3 «aOCTPAaKTHBIX» OTPE3KOB ¥ BEPIIHH,
NPUMBIKAaHHE KOTOPBIX JPYr K IPYry OIMCHIBACTCS HEKOTOPHIM OTHOIICHWEM. [I3BeCTHBIE pe3ynbTaThl Uit
i depeHInanbHEIX ONepaTopoB Ha OTpPe3Ke MepeHocATcs Ha IuddepeHuranIbHble omepatopsl Ha rpadax. s
OIpe/IeNieHUs. OIepaTopa Ha 3aJaHHOM Tpade HEOOXOIUMO BBIICIHTh MHOXKECTBO MPAaHUYHBIX BEpINHH. BepIunHbl He
SIBJISIOIIIECS TPAHUYHBIMU HAa3bIBAIOTCS BHYTPSHHUMH BepirHaMu. nddepeHunansHbli onepaTop Ha 3a1aHHOM Tpade
ompesiensieTcs He TOJBKO 3aaHHBIMU Au(depeHIanbHBIMU BEIPAKESHUAMHE HA yTraX, HO M yclIoBUsME THIIa Kupxroda
BO BHYTPCHHHUX BEpIIHMHAX rpa(ba. HepequcneHHHe pE3YIbTaThl ABJIAKOTCSA HOBBIMH, paHEC HO}IO6HBIC BBIBOJbI U
MOJIOXKEHHMs OBIITM U3BECTHBI JUISl ONlepaTopa Ha OTPE3Ke U OCH.

KaioueBble ciioBa: reomerpuyeckuii rpad, nuddepeHnnanbHbli onepaTtop, MaKCUMaIIbHBIH OTIepaTop, Pe30JIbBEHTA.

Anoamna
N.T. XKanysaxosa *, M.H. Konvipxynocaesa >, A.5. Tauposa 3, C.T. Tyneyxacvim *
12Ph.D doxmopanm an-Dapabu amvindazvl Kaszax ynmmuix ynusepcumemi, Aimamvl K., Kasaxcman
Aymazucmpanm Abaii amoindaser Kazax yammelx nedazo2uxansly yuueepcumemi, Aimamel &., Kasaxcman
TEOMETPUSJIBIK TPA® BOUBIHIAFBI JU®®EPEHIIUAJJIBIK ONTEPATOPIBIH
PE3OJIbBEHTACBI

3

¥ CBIHBUIBII OTHIPFaH MaKaJIaHBIH MaKCAThI 1JIMEKCI3, FeOMETPHUSUIBIK Tpad OoibIHaaFb qudhepeHIHaNIBIK OTIepaTop
YIIIiH Pe30JIbBEHTaHbI Ta0y (FeOMETPHUSIIBIK JETeHIMI3 OaiylaHbIC POJIiH Joramap eMec, KeciHmijaep artkapansi). ['pad-
Tebenep AeT aTalaThIH HIEKTEYJi HyKTeJIep/IiH *KUbIHTHIFBI; To0epaepAiH keibipeynepi rpadThIH KbIpJIaphl A€M aTalaThIH
CBI3BIKTAphIMEH OaliTaHBICKaH OoJamel. bysm JKyMmBICTa KeciHIinep OOWBIHIOA aHBIKTATFaH au((epeHIIHaIIbIK
orepaTopiIapAbIH 3epTTey HOTIKenepi rpad OoitbiHa kemripineni. ['pad Ooitprana Tedenepai aHBIKTAY YITiH MIEKAPAIBIK
Tebenep XWBIHBIH Oenriney KaxkeT. lllexapanbik TebemepneH e3re imki tedenep Oap. bepinreH rpad OOWBIHIAFBI
nmuddepeHmanmsl oneparop auddhepeHInaNIbIK OpHEKIICH JKoHE ilTKi Tedenepae aHbIKTaiFaH Kupxrod maprrapsiMeH
aHBIKTAJaIbl. ATaIl OTUITEH HOTIXKEJEP XXAHAIBIK OOJBIT TaObuIaabl, TU(QepeHMaNIIbIK onepaTopiap YIIiH yKcac
KOPBITHIH/IBIIIAP MEH JKaFlaiiiap KeciHli MeH oc OOIbIH/Ia FaHa 3epTTEeNTeH OOIaThIH.

Tyiiin ce3aep: reomeTpusuIbIK rpad, aAuddepeHnranibsl oneparop, MAKCUMaIAbI ONIepaTop, pe30JbBEHTA.

Abstract
REPRESENTATION OF THE RESOLVENT OF A DIFFERENTIAL OPERATOR
ON A GEOMETRIC GRAPH
Zhanuzakova D.T., Konyrkulzhayeva M.N.2, Tairova A.B.%, Tuleukhasym S.T.#
12Ph.D student Al-Farabi Kazakh National University, Almaty, Kazakhstan
34 Student of Master’s Programme of the Abai University, Almaty, Kazakhstan

The article is devoted to finding the resolvent for the differential operator on a geometric graph without loops (the
geometric term emphasizes that the edges are not link symbols, but geometric objects are segments). It is a structure
consisting of "abstract" segments and vertices, the adjacency of which is described to each other by some relation. Known
results for differential operators on an interval are carried over to differential operators on graphs. To determine an
operator on a given graph, it is necessary to select a set of boundary vertices. Vertices that are not boundary are called
internal vertices. The differential operator on a given graph is determined not only by the given differential expressions
on the arcs, but also by Kirchhoff type conditions at the interior vertices of the graph. The listed results are new, earlier
similar conclusions and positions were known for the operator on the segment and the axis.

Key words: geometric graph, differential operator, maximal operator, resolvent.
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1. OcHoBHbIE NOHATHA
HuddepeHinaibHble onepaTopsl Ha rpadax (CeTsAX, AePEBbAX) YaCTO BCTPEUYAOTCS B €CTECTBO3HAHUM U
~
texuuke (cMm. [2]-[11] u nureparypy B Hux). Ilox reomerpuueckum rpadom -~ :{V,g} [IOHUMAETCs
OJHOMEpHOE CTpaTU(UIMPOBAHHOE MHOrooOpasue. MHOXecTBO BepMH Trpada o0003HAUYUM Kak
V ={l,...,N}, & —mHoxectBo pebep. PeOpo (myra) rpada - 3TO OJHOMEpHOE IIIAAKOE PETYISIPHOE

MHOrooOpasue (KpuBasi), 0003Ha4aroTCs yepe3 ) € & wiM (eclnyd OHM 3aHyMepoBaHBI MHAEKcoM | ) yepes

Vi € €, nnuna xaxxaoro pebpa paBHa | 7/i| =1, Bepumns! - uepes @ (wm a j » IPH 5TOM HyMeparLysi BEPLINH

NPENONAraeTCsl HE3aBUCUMON OT HyMmepauuu pebep). I'panudnbie BepiivHbl 0003HaunM yepes [ <V .
Bepmunbsl u3  mHoxkectBa | =V \I'  HaseiBaeM BHyTpeHHMMM TOuKaMH. MHOXKECTBO BEpUIUH,

COOTBETCTBYIOLIME BXOSIIMM JyraM K BepiuuHaM | u | st KoTopbix d

.
i = +1 o0603naunM qepes Vi ,a

MHOXCCTBO BCPIIMH, COOTBETCTBYIONIUC HUCXOAAIHUM AyTraM H3 BCPIIMHBL | u j AJI1 KOTOPBIX aij = _1

0003HaYUM Yepe3 Vi7 dlyers ¥ = Z(| A (S) | + |V - (S) |)
sel’

CymecTBYIOT J1Ba IMOJIX0/1a IIPH KCCIe0BaHNH MU PepeHInanbHOro oneparopa Ha rpadax. CyTs mepBoro
noaxona [4], [13] cocTOUT B TOM, 4TO Kax10€ peOpo ONpeAeIeHO B pa3HbIX OCSX, & PEHICHUS HYMEPYIOTCS B
COOTBETCTBHH C Kakoi-mnbo mpeaBapuTensHOW Hymeparmei pebep(ocu). Broporr momxom [8], [12]
COOTBETCTBYET IPEJCTABICHUIO O pacuieHeHWHU rpada B BEpUIMHAX U «BBIKJIAJBIBAHHIO» €€ pedep B OIHY

auamio.  Kaxknoe pebpo mapamerpusyercs CBOMM — OTPE3KOM [ai,ai+1] BCIICCTBCHHOH och  (

dy < <...<a,,I —uucno pebep). Tak kak pazTMUHbIE KIacchl rpadoB TPEOYIOT PasINIHON TEXHUKH, MbI

orpannuuBaeMcsi auddepeHIanbHBIME YpaBHEHUSMH BTOPOTO TOpsSAKa Ha Tpadax, rae OmMuchIBaeTcs
mpoliecc Ha KaXI0M pedpe, T.€. EepBbIi MOIXO0I.

2 3
L p
Il
m A A
1 ]
1 4
Pucynox 1.
~
PaccMOTpUM OpUEHTHPOBaHHBIN rpad ~3y = {V : 8} , N1300payKeHHBIN Ha pUCYHKE 1, Tie MOIITHOCTb

MHOXeCTBa BepiinH |V |= 4, konmdecTBo pedep |  |= 3. ['panmunsie Bepumasl I' V' cocrout u3 Bepumu
~
1 u 3, anementamu muoxkectsa | =V \T" asnsiorcs Bepumnbl 2 u 4. Pe6pa  rpada <3; 0603HaunM uepes:

V1:721Y3. CyMMa BXOISIIMX U HCXOSIINX BEPIIMH y = 2.
PaccMOTpHM IIPOCTPAHCTBO

L,(30) =L, (7,) ® L, (7,) ® L, (75)

C DJICMCHTaAMH

Y(X) =[y,, (x,)v,, (%), )1,

rae ®— ACKAPTOBO MPOU3BCACHUC MMOAIIPOCTPAHCTB.

~
Ha kaxoii nyre rpada Iy onpenenero auddepeHnnansHoe BEIpaKeHHe:
2

d
A71W71 (Xh) =- dX2 lf//yl + uy1 (Xyl )!’//}’1 (X;/l) = f}/1 (Xyl)’ 0 < Xyl < 1 (11)
7
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2

d
A?’z"y}’z (X72) =" (//72 + u72 (Xi’z )l//?’z (Xi’z) - f}’2 (X72 )’ 0< X72 <L

2
dxy2
2

d
A73V/73 (X73) = _WV/;/S + uy3 (Xy3)l//y3 (X}’s) = f}/s (X}/3 )! O < X;/3 < 1
73

rie A —nuddepenimanbueii onepatop, v, (X7i ),i =1, 2,3 pynkums onpesencnHas Ha KaxaoM pebpe

7/i y u7i (X7i ) — BCIICCTBCHHAsA Q)YHKIII/IH, Ha3bpIBacMas IIOTCHIIMAJIOM, f}’i (X7i ) T IJNIOTHOCTH pacrpeacjICHud

BHEIIHEU CUJIBL.
[ToTpebyem, 9TOOBI BO BHYTPEHHHUX BepimnHaxX 2,4 € | BBITOIHSINCH yCIOBHS HEMTPEPHIBHOCTH:

v, Q=y, @), npu2eV/ (12)

W}’Z (0) = l//yl (0) , [IpH 4 € Vi_
Tak sxe nmorpeGyem, 4TOObI BO BHYTPEHHHX BEpIIMHAX 2,4 € | BBINONHSAIOCH YCIOBUE COXPAHEHHUS

Oajamnca ITOTOKa:
v, Q-v, @) =0, (13)
v, ) +y, (0)=0

3amerum, uto 3akoHHI (1.2), (1.3) U3BECTHBI B 2JIEKTPOTEXHUKE Kak 3akoHbl Kupxroda [1].
B rpannyHbBIX BepiMHaxX NOTpeOyeM BHIIOTHEHNE KPAeBBIX YCIOBUU

U,(¥(X)) =y, (0)=0, (L4)
U,(¥(X))=y., (0)=0

2 o o
Onepatop B ¢ o6macmsio onpeAeneHus D(B) =W2 (‘50) U 33aBaE€Mbli  JIMHEWHBIMU

g depeHIrnaTbHBIMU BHIPAKEHUAMHU U YCIOBHAME BO BHYTPEHHHX TOYKAX
T o
B\P(X ) = [AeWe (Xe) = _Wv/e (Xe) + U, (Xe)lr//e (Xe)’ e :{7/1' )/2173}:

v, O=v, O.v, D=y, 0)2eV," 4eV,, v, O-v, ©=0y, 0)+y, (0)=0]"
HA30BEM MAaKCHUMAJIbHBIM OHepaTOpOM.

3amerum, uto sgpo KerB ={‘_I; (Y) e D(B): B@(Y) =0}, u oHO MMeeT KOHEUHYIO pPa3MEpHOCTH
dimKerB = .

HabGop nuHeWHBIX TpaHUYHBIX (GOPM {U11U2} NPEACTABIAECT JUHEHHO HE3aBHCUMYIO CHCTEMY

¢ynkuuonanos B moanpocrpanctee KerB pasmepnoctn ). Torma B mpoctpanctee KerB maiinercs [5]
eIMHCTBEHHAs cUCTeMa (DyHKIUH {‘E(X),‘I’Z(X)}, MTOTYMHEHHAs YCIOBUAM

U, (¥,(X)) = S,

0,r=t
rae O, = Lret’ rt=12.

Cucrema dynkumn {P1(X),W2(X)} nassiBaercs GuoproronansHoii B moampoctpanctee KerB k

CUCTEME JIMHEHHBIX (PYHKIIMOHAIOB {U r }

O0603HaUYNM qepe3 AO CY’KCHUC MAKCUMAJIbHOT'O OII€paTopa B ¢ 00J1aCThIO OIMPEACIICHUA

D(A,) ={¥(X) eWA(3) : U,(F,, (X)) =0,U, (¥, (X)) =0}
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Teopema 1. Eciiu Habop {Ulluz} KpaeBbIX (OpM JTMHEHHO HE3aBHCHM, TO CYIIECTBYET HEMPEPHIBHBII
oOpaTHBI omepaTop A_l, COOTBeTCTBYIOmMUK KpaeBoit 3amade (1.1), (1.2), (1.3), (1.4) B mpoctpaHCTBe
~
I-2 (‘50)-

Joka3zatenbcrBo. OO6mee pemeHne kaxaoro aupdepennuansHoro ypaBHerus (1.1) mmeer mo nBe
KOHCTaHTHI. Clie1oBaTeNnbHO, K ciucTeMe ypaBHeHni (1.1) mist KOppeKTHOI MOCTaHOBKY KpaeBoOM 3a1a4l HAJ0

n00aBHUTh 2 | & |: 6 rpaHn4HbIX ycnoBuid. CymMapHoe konudecTBo ycnoBuid Buga (1.2), (1.3) u (1.4) paBHo

CyMMe€ HH/IEKCOB BCEX BEPLINH, T.€. YIABOCHHOMY YHCIY IyT 2 | & |

SAVOI+IV OD+XAV O +IV (s))=2]e].

%‘,(IV*(i)IHV*(i)I) +ZFJ(IV*(S)I+IV*(S) )=6.

. . -1 .
Takum oOpa3om, oOpaTHBIN Tu(GEepeHIMATBHEIN omepaTop A , COOTBETCTBYIOIIMIi KPAacBOM 3anaue

(1.1), (1.2), (1.3), (1.4) KoppeKTHO ompeneneH Ha 3aJaHHOM rpade 30. Teopema noxazana.

2. Pe30/1bBEHTa KOPPEKTHOIO cy:keHHMs AuddepeHINATIBLHOIO onepaTopa Ha rpade ¢ riaagkoi
00/1acTBI0 ONpe/ieJICHHSA

Paccmotpum onepatop Ao 3aJaBaeMblii JINHEHHBIMU T PEpEeHIIHATEHBIMA BBIPAXKCHUSIMH
2

d
Aol//y1 (Xﬂ’l) = __d)(2 v, + l[//yl (X71) = 1:},1 (X71)’ 0< X},1 <1. (2.1)
71

dZ

Ao, (%)== 5w, + 20, (x,,) = f, (x,)0<x, <L
72
2

d
Aol/lﬂ’a (X731) =- dx2 W}/s + /1[//73 (X73) = f73 (X73 )’ O < X73 < 1
73

rae A — KOMILUIEKCHBIN mapaMeTp U ¢ 0OJIACTHIO OIPEIEIICHUS
D(A,) ={¥(X) eW/(T,):U, (¥, (X)) = 0,U, (¥, (X)) =0}.

Oneparop Ao TAKIKE ABIISAETCS KOPPEKTHBIM CyKEHHEM MaKCHMATLHOrO oneparopa B .

B monorpaduu [5] pemenue ypaBaenus (2.1) 3anucano uepe3 pyHkuuto ['puHa B ciaemyronieM Bue

H (%, f,4,t)

We(X,) = A

L (2.2)
rae F(X) = (fe(xe)ie :{71172’7/3}) € LZ(SO)'

QOynkuun A(A) #u H},i (X},i, f, A1) OTIpPeNIeNIAIOTCSL Yepe3 (yHAaMEHTAIbHYI0 CHCTEMY PpeLICHHH

OJIHOPOIHOTO UG hEPEHIINATBHOTO YPABHEHHUS

_%We_ﬂ"//e(xe)=0' 0<x, <Le={r,77} (2.3)

rae
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cos\/z —cosﬂ sinvA 0
Ja
A(A) = 0 1 0 —cosJA |=—Asin3Ja
Jasindi Jisinda cos/a 0
0 0 1 —Jasind2
t—
0 0 0 cos/Axy, _J.sm\/—( %) 4
cosvi  —cosyi SYA 0 S'”‘/—tf dt - s'”‘/—tf dt
\/z .!. \/Z 73 I \/Z 72
H,(x,,f,A40=| 0 1 0 —cosVa js'”‘/_tfdt

Jasinda Jasina/s cosva 0 —_[cosftf dt — J'cos\/—tf dt

0 0 1 —Jisinda js'”‘/—tf dt
. A
sinVA(x,, —1) smf(t %)
0 cos\/}(xh -1 T’ 0 j f, dt
invA smft lsm\ft
cos/ A —cosvA s/ 0 f dt— fdt
7 i v/
H, (x,, f,40=| 0 1 0 ~cosVA js'”‘ﬂ f.d
1
Jasinda  Jasinds cos/A 0 —J'cosﬂtfhdt —J'cos\/ztfndt
0 0
1
0 0 1 —Jasinda .[cos\/ztfhdt
0
LsinJA(t-x,
cosVA(x,, —1) 0 0 0 j ( D ¢ f d
. 1
cos 7 —cosJT sinv4 0 J-sm\/_t]c dt J- |n\/_t
\/Z 0 0
Jat
H, (x,f,At)= 0 1 0 —cosvA sin f, dt
73 1 '('; \/I
1
Jasinda Jasinys cosva 0 —'fcosﬁﬁysdt—'fcosﬁtfhdt
0 0
1
0 0 1 —Jisinda —J‘cosﬂtfndt
0

Toraa moxcrasisst HaliieHHbBIE 3HAYEHUS B (2.2), TOTYyINUM
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(H, (%, f.A0)]
A1) H (x,, f,4) | f ()
(Ao_ﬂl)_lE(Y): H72(X72’f’ﬂ‘1t) _ 1 H (X ,f,ﬂ) ¢ (t)
A(A) A)| 7 72
HJ’s (X73’ f 1/1"[) HJ’s (X73’ f ’;L) f;/3 (t)
A(L)

LA A A (0
) Ay A, Al T dt——TI A Fdt,
Ay Ay Ay f(t)

rac marpuna A COCTOMT U3 YJIICHOB:

~ sinvA(t— X, )
Ja

sinv/A sin/At
cosﬁ —cosﬁ 0 —_—
Ay(x, At = N N E

0 1 0 —cosvA 0
Jasinda  JasindA cosA 0 —cos /At
0 0 1 —asinda 0

= —cos\/Z(xy1 ~DeosVA(t+2),

TouHO TaKKe BBIUYHMCIISIOTCS APYTHUEC 3JIEMCHTLI MaTPHUIGI .
Takum 00pa3zoM, T0Ka3zaHa CIeayIOIas Teopema.

cosVA(x, —1) 0 0 0

-1
Teopema 2.1. CnpaBeIIuBO ClenylOLIee MPEACTABICHUE PE30JIbBEHTHI (Ao — ﬂ|) omneparopa Ao

Ha Tpade 30
(A, — A1) F(X) = _% AEdt, (2.4)

sV E(Y) =(f, (X,),7 € &) € L,(3), rae snementsl Aij MaTpusl A HpesCTaBNEHE! BBIIIE,
={n. 7273}
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EKIHIUI PETTI 3/UIMNITUKAJIBIK OTIEPATOP/IbIH, PE30JIbBEHTACBIHBIH, KOMIAKTLIITI
MEH M, —{U < D(L,) ] B,U +Q,(X)U |, < T}’KMbIHbIHbIH KOIMOT'OPOB BOMbIHIIA

KOJIJAEHEHAEPIHIH BAFAJIAYJIAPBI

Anoamna
Byt xkyMbIC Killi MyIIeci IEeKTeyci3 eKiHIIl PeTTi CHHTYIISPIIbI QJUIMITUKANBIK )KYHEMEH TYBIH/aFaH ONepaTopIbIH

. . 2 2 L
CIIEKTPJIK  KAaCHUETTEPiH Lp = Lp (R R ), 1< p<oo Jleber KeHICTIriHAe 3€pTTEYre  apHAJIFaH.

Juddepenunanganatein  QyHKUUSAIAPABIH — calIMaK KEHICTIKTEPIHIH €Hri3y TEOPHUSChIH KOJIAaHa OTBIPHII,
AIUTUNITAKANBIK OMEPaTOPIBIH CIIEKTPIIiK KaCHEeTTep OpHATHUIFaH. JleOer KeHICTITiHAe Killi MyIIeci meKTeyci3 eKiHmIi
PETTI CHHTYJSIpNIBI 3JUIMITHKAIBIK JKYHWEMEH TYBIHAAFaH OMNEpPaTOPABIH PE30JIbBEHTACHIHBIH IICHENTCHIIr MEH
KOMMAaKTLIIr monenaenred. CoHbBIMEH KaTap Kimri Ko3((HUITHMeHTI MeKTeyci3 eKiHIII PeTTi CHHTYIISPIIBEI SIDTHIITHKAIBIK
KYHECIHIH anmIpOKCHMATHBTI CHMATTaMallapbIMeH OaimaHbIcThl KoaMoropoB OoibIHIIA KOIACHEHACPIHIH Tapary
(YHKOMACBIHBIH €Ki JKaKTBl Oaramaynmapbl anblHFaH. KOMITaKTiMl KWBIHBI YIIiH, COHBIH IIIiHAC, OJ >KHUBIHIA
mudepeHMaIIbIK TeHACYAIH IIemiMaepi KaTtaTelH 0oJica, OHOAa IIEIIiMAep >KUBIHBIHBIH KorMmoropoB OoWbIHIIA
KOJIICHeHCPIHIH €Ki KaKThl OaranayjapblH OpHATY MaHbI3IBI OOJbIN Tabblaamel. KenmeHeHnepaiH Oaranaynapbl
KapacThIPBUIBII OTBIpFaH AU(GQPEepeHIUANIBIK TCHACYIIH JKYbIK MICHIIMACPIHIH oM IICIIIMI€ KXUHAKTHUIBIFBIHBIH
JKBUIIAMJIBIFBI )KAaWIIbI MalbIMIayFa MYMKIHIIK Oepei.

Tyiiin ce3nep. CHHIYISPIBI JUIMICTIK TeHuey; Jleber KeHICTiri; Kimi Mymlieci IIeKTeyci3 TeHJey; TYHbIKTaly,
OeJliHrilI oneparop, cajiMak KeHICTITr1, eHI13y oneparopbl.

Annomayus
JLK. JKancapbaeea®
Yx.gp.-m.n., u.0.0oyenma, Kazaxckuii nayuonanvuotii ynusepcumem um. anv-Papabu,
2. Anmamel, Kazaxcman
KOMIAKTHOCTSD PE30OJIbBEHTHI SJUVIMIITTUYECKOI'O OIIEPATOPA
BTOPOI'O MOPSAJKA U OHEHKHA NOINEPEYHNKOB ITO KOJIMOI'OPOBY MHOKECTBA
M, ={U e D(L,) | B,U +Q,(X)U [[,<T}

Pabora mocBsmeHa U3y4eHUIO CHEKTPAIBbHBIX CBOHCTB ONEPaTOpa, MOPOKACHHOTO CHHTYJISIPHOW SIITHITHYECKOH
i L =L (R*R®
CHCTEMOH BTOPOTO MOPSA/IKA ¢ HEOTPAHUYEHHBIM MJIaIIuM KO3 duimentom B mpoctpanctse Jlebera L, = p( ) )

, 1< p<oo. [IpuMeHsAs TEOPUIO BIIOXKEHMS BECOBBIX IPOCTPAaHCTB U (epeHunpyeMblx (GyHKIMI yCTaHOBIECHBI

CIIEKTpAJIbHbIE CBOMCTBA AJUIMITHYECKOTO omeparopa. Jloka3aHa OrpaHMY€HHOCTb U KOMIAKTHOCTh PE30JIbBEHTHI
ornepaTopa, MOpOKIAECHHOTO CUHTYJSAPHON 3JUTUNTUYECKOW CHUCTEMOM BTOPOTO MOPSAJAKAa C HEOrPAHMUYECHHBIM MJIAJIIIUM
KoddunreHToM B npoctpancTse Jlebera. A Take MOy4eHBI TOYHBIE MO MOPSAAKY ABYCTOPOHHHE OLEHKH (YHKITUU
pacnpeneneHys NonepeyHuKoB 110 KoiMoropoBy, CBA3aHHbIE C alIPOKCUMATUBHBIMU XapAKTEPUCTUKAMU CUHTYJIIPHOU
AITUNTAYECKON CHCTEMOH BTOPOTO TOPSAIKAa C HEOTPAaHWYEHHBIM MIIAAIINM KOd(pGHUIMEeHTOM. {11 KOMIaKTHOTO
MHOXECTBa, TeM 0oJiee, KOrJla OHO COAEPKUT perreHus auddepeHIuanrsHOro ypaBHeHHS, COJepKaTelbHa 3aada 00
oleHKe TnornepedyHukoB 1o KoimoropoBy. OILIEHKH NONEPEYHUKOB MO3BOJIAIOT CYAUTb O CKOPOCTH CXOJIHUMOCTH
MPHUOJIMKSHHBIX PEIICHUHA PacCMaTPUBACMOTO TUPPEPEHIIMATHHOTO YPaBHEHHUSI K TOYHOMY.

KaroueBble ciaoBa. CHHIYISIpHOE JJUIMIITHYECKOC YpaBHEHHWE, MpOCTpaHCTBO Jlebera; ypaBHEHUS C
HEOTrpaHUYEHHBIM MIIAJIIINM YJIEHOM; 3aMbIKaHUE, Pa3/IeJIUMBbII onepaTop, BECOBOE IPOCTPAHCTBO, ONIEPATOP BIOKEHHUSI.
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Abstract
COMPACTNESS OF RESOLVENT OF A SECOND ORDER ELLIPTIC OPERATOR AND ESTIMATES
OF THE WIDTHS BY KOLMOGOROV OF SET M, ={U eD(L,)[ ByU +Q,(X)U || ,<T}
Zhapsarbaeva L.K.!
! Cand. Sci. (Phys-Math), Associate Professor of the Al-Farabi Kazakh State University, Almaty, Kazakhstan

The work is devoted to the study of the spectral properties of the operator generated by a singular second order elliptic
system with unbounded lower coefficient in the Lebesgue space |-p = Lp(RZ, RZ). Applying the embedding theory of

weighted spaces of differentiable functions, the spectral properties of an elliptic operator are established. The boundedness
and compactness of the resolvent of the operator generated by a singular second order elliptic system with unbounded
lower coefficient in the Lebesgue space is proved. We also obtained exact two-sided estimates of the distribution function
of the widths by Kolmogorov, connected with approximate characteristics of the second order singular elliptic system
with an unbounded lower coefficient. For a compact set, especially when it contains solutions of a differential equation,
the problem of estimating widths by Kolmogorov is meaningful. The estimates of the widths allow us to judge the rate
of convergence of the approximate solutions of the differential equation under consideration to the exact one.

Key words. Singular elliptic equation; Lebesgue space; equation with unbounded lowest term; closure, separable
operator, weighted space, embedding operator.

1. Kipicne

CarnaJbIK CIIEKTPIIIK TalAay TCOPHACHIHIA CIIEKTP/IIH TUCKPETTIIIr MEH OHBIH aCUMIITOTHKACHI (CIIEKTPIIH
TUCKPETTUTIr JKarmaiblHoa) JKaliiel Macenenepre epekme opblH Oepineni. lllexkreym o6meicta Teric
KodhUIMeHTTepl 0ap JIUIMITHUKAIBIK OIEepaTop CHEeKTPi opaaiibIM AHUCKPETTi, OYJI TYXKBIPBIM TeTiC
KOO PHUIMEHTTI PEryyspiibl SIUIMNTUKAIBIK —OIepaTopiaapAbiH Oenrim Oip Kiactapbl YUIH J€ jKapaMIbl
OoxpIm Kamanel. An auddepeHnuanapl onepaTop Iekci3 aiimakTa Oepiice, CHeKTPAiH KYPBUTBIMEI, JKaITbl
aiiTkanma, Kod(UIMEHTTEPIH MIeKCi3miKTeri e3repicine OaimanpicThl Oonanbl [1]-[4]. XKymeicra Jleber
KeHicTirigae Oepinred Kimi KodQQUIUEHTI MEKTeYyCi3 eKiHII PEeTTi CHHTYIISPIbI IUTANTHKAIBIK )KyHeMeH
TyBIHJIAFaH OIEPaTOPIBbIH PE30JIbBEHTACHIHBIH KOMIIAKTUTIK MApTTapbl anbiHFaH. COHBIMEH Karap Kimii
KOA(P(UITUEHTI MIEKTEYCi3 eKiHIIN PeTTi CHHTYISAPIBI SJUTHNTHKAIBIK KYHECiHIH IIeNTMAep >KUBIHBIHBIH
KonmoropoB OolibiHIIa K-KenjaeHeHAEpiHiH Tapainy (QYHKIMSACHIHBIH peTi OOWBIHIIA 07 €Ki JKAKThI
Oaranayyiapbl OpHaThUIFaH. KOMIIaKTUII JKUBIHBI YIIiH, COHBIH IMIHAE, O XHUbIHAA I epeHIUATIBIK
TEHICYAIH MICHIiMIepi JKaTtaTblH OoJyica, OHAA INENIiMIep >KUBIHBIHBIH KoiMoropoB OoiibiHima K-
KOJIJICHEHIEPiH €Ki )KaKThl OaraaysiapblH OpHATY MaHbI3Ibl 00BN Ta0bbUTamb! [5]-[7].

Lp kenicririgzeri M , JKUBIHBIHBIH Kommoropos GoiibiHIa K-KemaeHeHaepi aemn

d,(M,)= inf sup ng |V-U ||Lp,k:1,2, o

i
PKE{ZK}UEMLVE k
OpHETIMEH aHBIKTAIFaH CaHJbl alTajbl, MYHJIAFbI {Zk} JIETT OTBIPFAHBIMBI3 Lp KEHICTIriHig ommeMi K-man

acHalThIH OapJbIK IIKI KEHICTIKTEepiHIH KubIHbI. KenmeHeHaepain Oaraiiayiapbl LAU =F TEHJCYIHIH

XKYBIK MICIIMIEPIHIH JOJT IICHIIMI€ KHHAKTHUIBIFBIHBIH KbUIAM/IBIFBI JKAMIbl MalbIMIayFa  MYMKIHIIK
Oepei.
ExiHII peTTi SJUTMNTHKANIBIK TCHIASY/ T

B,U +Q,(X)U =F(X), @)

R? 5ka3bIKTHIFBIH/IA KapacThIpalbIK, MYH/IAFbl

BX:ala—2+(o ﬁlj ik —Ia—zz,
ox* (B0 Joxoy oy
A+a(X) 0 10
X) = — =
Q,(X) 0 A+a(x) QX))+ Al, | [O J,

U =@v). F=(f.0). x=cy,
a(x,y) =1- ysinicci3 pynkuus, an &, ,31,,32’ A~ keneci HIapTTap/bl KaHaFaTTaHIBIPATHIH TYPAKTHLIAP

A2>0,
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B3, >0, —2<a<i21'82- 2)

AliTanelk 1< p<oo OoncelH. CJ(R?,R?) mekreyci3 auddepeHnnanianaTblH  GUHUTTIK BEKTOP-
(byHKIMsIAp )KUBIHBIH/IA TOMEHIET] KaTHIHACTICH aHBIKTAIFaH

lU=B,U+Q,(X)U
TG GepeHIMANIBIK OPHETIHIH Lp = LP(RZ,RZ) KEHICTIIHIH HOpMackl OOWBIHINA TYHBIKTANYblH L, Jen
Oenrineik, SIFHU OMepaTOpPbI

LU =B,U+Q,(X)U
©pHETIMEH |_p -Jla aHBIKTAJIFaH.

Atitaneik a(X) QyHKOMACH TOMEHJET] APTTapAbl KaHAFaTTaHBIPCHIH:

a(Xx)
|>§EJTF|)<4a—(-|')SC<OO, ®)
la(X)-a(m)| <Mfam)’|X ~T|", npu |[X-T|<1, (4)

MyHzarsl o €(0,1], 20 —o0—-2<0, M,C —TypakTsl canaap.

2. Heri3ri HoTuxkeaep

[9] (Teopema 1, (5) popmymaHbl KapaHbI3) )KYMBICTa ABIHFAH KOAPIUTHBTI Oaranaynap L ), ONIEPaTOPBIHBIH
CHEKTPIIIK KacHeTTepiH 3eprreyre auddepeHmaiiaHaTeiH QyHKIUAIApABIH caiMaK KEHICTIKTEePiHiH eHIi3y
TEOPHUSCHIHAH OENTiI MANIMETTep i KONMIaHnyFa MyMKiHAIK O6epemi. OCBIHBIH HETi31HAE KelleCi TYKbIPhIM/Ia
PE30JIbBEHTAaHBIH KOMIAKTUTITIHIH KETKITIKTI MapTTaphl allbIHFaH.

Teopema 1. Aiimanvix 1 < p < o0, A2 ﬂ«o (ﬂvo — [8] arcympicmazol meopema 1-0eci mypaxmuol) 60CHIH.
An a(X) @yuxyusacor (3), (4) ocone

lim a(X) =+ (5)

X2 4+y? —>+o0
0 Conda L, xenicmizinoe L ' L
wapmmapoli KanazammanoblPCHIH. OHOA D KeHicmiciHoe 7 onepamopuslHa Kept onepamop y

MONbIbIMEH Y3inicci3 601bin mabwliaobl

Teopema 1-1i monenaeyre KaxeTTi OeNTii TY>KBIPBIMIIBI KENTIpETiK.

Teopema 2. (®peute-Konmoropos) [8] dimarery 1< p <oo 6orcon. K C Lp (R)  orcuvirviry
NpeoOKOMNAKmini OOIYbl YUliH Keaeci Yl apmmbly OPbIHOAIYbL KAACEMMI HCIHE HCEMKILIKMI

1) sup ” f ”p <0 (axbiprovLibiesl);
feK

2) PABHOCMENeHHAsl HeNPEPLIBHOCHb N0 CO8USY (DYHKYULL U3 K occusinvinoazer pyuryusapovly
blebICy DOoUbIHUA MeyOapediceli Y3iniccizoiel:

sup sup | f(-+h)— f(-)||p -0, 6-0;

feK |h<s
3) K orcusinsinoasor pynxyusnapowiy wexcizdikmeei opmawia Gipkansinmelr Kemyi:
sup J|f(x)|pdx—>0, N — oo

fekK X|>N
. . . o -1 e
Teopema 1-1in n31enaeyi. Teopema 1-1iH mapTTapsl OpsIHIANFaH XKaFaaiaa, L, = kericriri Tyrac Lp

(1 < p < o0) KEHICTIriH TOMEeH/IeTi HOpMAaMEH aHbIKTAJIFaH

p p

1
P 2
el +|§:gy| +[a(X)u|® |dX

+ 2
| oy? |

p p 2
ot —| f12Y]”,[v] +|a Ul
” ||p,2,Q R‘,[|8X| |ay| |8X2|

68




BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

2(p2 L L
Wp (R*,Q) cammak kewicririne kemripexi. Erep (5) mapr opblHEAmaThlH Oolica, OHZAa TeopeMa 2

. 2(p2 Lo o . . =]
OoiibIHIIA Wp (R%,Q) xenicriri Lp KEHICTiriHe KoMmakTim emeni. Am Oyn L, omepaTopbiHEIH
TOJIBIFBIMEH Y31Ticci3airia qonenaeiai. Teopema gonenaeHai.

Ocobl nmonengenren Teopema 1 MeH [9] xymbicTarbl Teopema 1 Oisre L/l OIIEepaTOPHIHBIH aHBIKTATY

OOJBICHIHBIH,  KaWCHIOIp Gomiri Gomem Ta6euateir M 2 Z{U € D(Ll) ” BXU +Q4(X)U ”pST}

KUBIHBIHBIH KOJJICHEHICPiH Oaramay >KaiJibl €cenTi KapacThlpyFa MYMKIHIAIK Oepeni. M , KOMIaKTifi

JKUBIHBI YIIIIH, COHBIH iITiHAE, O )UbIHAA AuddepeHInaIIbIK TEHACYiH MeIIiMIepi )KaTaThlH 00JIca, OHIa

dk (M ,1) KeJIeHeHIepiH Oaranay >Kaiiibl ecer MaHBI3IbI OOJIBI TaObLTAIbI.

ANTanbIK Np(,u) Jen [I OH TYpPaKTBICBIHAH YJIKEH OOJaThIH dk(M ,1) KOJIZICHEHICPiHIH  CaHBbIH

oenrineHik.
Teopema 3. Aumanvix a(X) @yuxyusacel meopema 1-0iy 6apivix wiapmmapvli KAHAAMMAHOLIPCHIH

oenix. Onoa N 0 (,U) @yHKyusCcol Yuin Keneci bazaniayiap opviH aniaobl

1 1

Cp'mesl X :ja(X)] < Colu * <N, () < Cu'mes) X :[a(X)|< Co | ©

MyHOazer MeS — R? kenicmizindezi Jlebee omueni.

Teopema 3-Hi jonenzey YIIH alIbIMEH OipHEIIe KOCAIKbl JIeMMaaapibl KapacThlpambi3. TeMeHie
KENTIpUIreH OapIibIK JIeMManapaa TeopemMa 3-TiH MIapTTaphl OPBIH/IANA B ACTI eCEeNTeHMI3.

Jlemma 1. Tomenoezi mencizdikmep opbiHOAIAMbIHOALU

C’1||U||p'21Q < ByU +Q, (X)U || ,<C|U|

p.2.Q

bapnoix U (X ) € D(L /1) pyuxyusnapor ywin C >1 mypaxmovicel mabviiaob.

Joneaneyi. Teopema 3-TiH maprrapsl opblHIanaTeid conFangpikran, L, = ByU + Q(X lJ OIEPATOPHI

Lp KeHicTirinae Oominrimn oneparop 60bin Tadbuiagsl. Conapikran 6apisik U (X ) e D(L " ) (GyHKIUSIAPHI
yIIiH [9] >KyMbICTaFbl TeopeMa |-11i KOJIaHBII KeJleCi KaThIHACTAP IbI AJIaMbl3
p
L[ =ciBU 112 +11Q, (XU [17)=
P p P
+

p

p

+[aCOu; = cul;

p.2Q"
p

p

o%U
ayz

o°U
ox?

CYNEY ey
AN ET] o loxay

ExinmrineH, HOpMaHbIH KacueTi OOUBIHIIIA
|||—AU||E <[ BLU 12 +11Q,(X)U < C,|u|?

p.2.Q°

p

JlemMma ntonenjieH .
Jlemma 1-1iH canmapsl.
M, M c M,

muecininikmepi opeinoaramoinoau akvipavt K =K(T) orcone s =s(T) candapvl mabuliadsl, MyHOGbL

M, ={U < L, (R, R) | U [, ,0< sh

M, =fU e L, (R R U [, ,0< K}

Bynan Obuiaii WPZ(RZ,Q(X)) kenicririnin = W ={U EWp2 (RZ,Q) U ”p,Z,QSl} OipIiK MIapbIHBIH
Lp(RZ) keHicTirinzeri K -kenneneniepin 5 K (M /1) Iien Oenriieiik.
Jlemma 2. dk KeJIICHeH Iepl KeJleCl KacHeTTepre e 0oJaib:

@) Ug2d >d,>...
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0) ecep M M Gouca, onoa dk(M)S dk(M);

6) d,("M)=nd, (M), n>0, uynoazsr "M ={z:z=n@, & < M}.

Jlemma 2-HiH Jonenjieyi KeIJCHSHISP/IiH aHbIKTaMachlHAH Tikened mbiFaael. JlemMa 2-me KenTipiareH
KeJIICHEHICP/IiH KACUETTEPIiH HETI3re aja OTBIPHIN, JeMMa 1-IiH camgapbhlHaH KeJIeCi TYXKBIPHIMIIbI aJIaMbI3,
Jlemma 3. Keneci mencizoixmep opbinoanaovl

¢'d, <d <cd,.
Jlemma 4. Aiimanoix N (,U) — M >0 canvinan apmolx 601AMbIH dk M /1) KOJ10eHeHOepIiHiy canbl OONCHIH,

N (,U) = Zl. Conoa kanoaii 0a 6ip C>1 camnvi mabuinbin, keneci meycizoikmep opwin anadbwl
d>p
) -1
Honenneyi. Jlemma 3-ten anambiz

N(u) < Y1= S1<CN, (¢ ),

ch>u de>ciu

N ()< Y1= S1<CN(u).

dy>cu c’ldl< >u
Jlemma nonenaeHal.
Oiirini TyKeIpbIMbI KenTipernik [10].

Teopema 4. Aiimanois N(A) — Llp(Rn,q) - Lp(Rn) (1< p<oo, pl>n, | >0) eneizyiniy A >0

.. | L 0
MYpaKmol WAMACbIHAH apmvlK KeioeneyoepiHiy canvl 6oacvin. Mynoaewl Lp(Rn,C]) Kenicmizi Co (Rn)

JICUBIHBIH KeJlecCl Hopma

‘u:L'p(R",q}z (—A)lzu

+ o)’ dt ,,

botbiHWa moavikmaymer anvinean 60acein. Conoa
1

cIN(EA) <A 'mes| xeR™:q"(X) <A |<cN(c?A)

6azanaynaper opsindaradst. Myndazer 0 (X) = o i(n)f . dt:d "> Iq(t)dt , an
4 (X)c J
Qq

Qd (X) — R" xeyicmizinoezi yenmpi X nyxmecinoe opnanacxan scone Kabwvipearapor d -2a mey kyb.

Teopema 3-TiH naJenaeyi.

W Gipaik mapsiasiy 4 >0 caHbIHAH apTHIK 0OJIaTHIH dk KOJICHEHICPiHIH CaHbI N(,U) YIIiH KeJeci

Oaramaynap
1

¢ IN(u) < pmes| X :[a(X)[<C™u 2 |< eN(c ™)

OpBIHJIANATBIHBL TeOpeMa 4-TeH  ImbIFaabl. bynan xoHe ysemma 4-TeH Tikenel Teopema 3-TiH Adnenieyi
IIBIFAIbI.
Kepi yHnkiumsiapra xeiie OTBIPHIN, TeOpeMa 3-T€H TiKeJel KeJICHEHACPAIH €Ki JKaKThIK OaranayiapbiH
ayra 0oJ1ajibl.
1

Keneci Oenrineyai enriseiix F(u) = ,Ll_lmeS X eR® ||Q(X)|| < ,Ll_E
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Cannap. Aumanvix meopema 3-niy obaprvik wapmmapwl opvinoaicein. Conoa memenoe2i meycizoikmep
OpbIH AnA0bl

C.'F*(n)<d <CF™(n),

mynoager F ™t — kamary monomonowr F ynxyusceina xepi gpynxyus.
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STUDY BASICITY OF ROOT FUNCTIONS OF THE STURM-LIOUVILLE OPERATOR WITH A NON-
LOCAL PERTURBATION

Abstract

The asymptotics of the eigenvalues is received, and conclusions about the stability and instability of the basis property
of the system of Eigen-functions and associated functions of the Sturm-Liouville operator for various occasions of the
disarmed regularity of the boundary conditions are done. In the paper there is considered the Samarskii-lonkin spectral
problem for the Sturm-Liouville equation with an integral perturbation in the boundary conditions. It is assumed that the
unperturbed problem has a system of Eigen functions forming a Riesz basis in L,(0,1). It is shown that the basis property
of the systems of root functions of a problem can be varied under any arbitrarily small variation of the kernel of the
integral perturbation.

Key words: Eigen function, eigenvalue, Sturm-Liouville operator, basis, non self-adjoint, perturbation, stability,
Samarskii-lonkin.
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OYHKIUAIAPBIHBIH BABUCTIK KACUETTEPIH 3EPTTEY
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Maxkanaga [typm-JImyBumn omeparopsl yiiiH Kodbuiran Camapckuii-OHKHH CHEKTPANIBIK eCceOiHIH MIeTTiK
apTTapblH MHTETPajl apKbUIBI TOJIKBITY OapbICHIHIA OHBIH MEHIIIKTI oHE KOChIMINA ()YHKITMSUTAPBIHBIH KYHECiHiH
0a3uCTIK KacUeTTepiHiH o3repy cumathl 3eprrenred. LITypM-JInyBuiin onepaTops! yiniH Koibiiran Camapckuii-MoHKuH
CHEKTPAJIbIK eCeOiHIH MEHIIIKTI jKoHe KOChIMIIAa (YHKIMIAPbIHBIH Kyiecinin L,(0,1) kenictiringe Pucc 6asucin
KYpaTBIHABIFEl AOJENACHTeH. Perymapiel, OipaK KYIIEHTIITEH perysspisl eMec OOJIaTBIH MICTTIK IIapTTapaarbl
MHTETPAJIBIK TOJIKBITYyFa OailllaHbICTBI, TYOIpJiK (QYHKIMSIAPBIHBIH 0a3HCTIK KAaCHUETTEpiHIH OPHBIKTBUIBIFBI MEH
OPHBIKCHI3/IBIFBIH OCBI )KYMBICTBIH HOTHKEJIEpl Jamemnieiii.

Tyiiin ce3aep: meHwikTi QyHKUMsUIAp, MeHIIIKTI MoHAep, LLTypm-JInyBumn oneparopsl, 6a3uc, e3iHe-e3i TyiiHIeC
€MecC, TOJKBITY, OPHBIKTBIIBIK, Camapckuii-11oHKHH.

Annomayus
HUmanbaes H.C.
Lx.~gp.m.m., npogpeccop FOxucno-Kazaxcmanckozo 20cy0apCcmeentozo nedazo2uiecko2o yHueepcumenta,
e lvimkenm, Kazaxcman, eedywuil Hayurvli compyOHux Hucmumyma mamemamuxy U Mamemamuiecko2o
MmoOenupoganus, e.Armamei, Kazaxcman
MCCJIEJOBAHUE BA3UCHBIX CBOMCTB KOPHEBBIX ®YHKIIUI OIIEPATOPA ILITYPMA -
JNYBUJJISI C HEJIOKAJIBHBIMUA BO3SMYIMEHUSIMU

B craTpe nuccnenoBaHo u3MEHEHNE 0Aa3UCHBIX CBOMCTB CHCTEM COOCTBEHHBIX U MPHCOCTUHEHHBIX QyHKIui (Culld)
IpY MHTETPajJbHOM BO3MYIICHHH OJHOTO W3 KPAaeBBIX YCIOBHH CHEeKTpalbHOW 3amaun Camapckoro-MoHKMHA I
oneparopa lltypma-JInyBunns. Jlokazano, uro cucrema (Cull®) cnextpanbHoit 3agaun Camapckoro-MoHkuHa ist
omneparopa IlItypma-JInyBumis obpasyer Gasuc Pucca B mpoctpanctBe L,(0,1). Pesynbrarthl HacTosieil paObOThI
JIEMOHCTPUPYIOT HEYCTOMYMBOCTh U YyCTOHYMBOCTH CBOMCTB 0a3MCHOCTH KOPHEBBIX (DYHKIIHIA 38Ja4H TIPH MHTETPAIEHOM
BO3MYIICHUU KPAEBbIX YCIOBUM, SBIAIOIIUXCS PETYJISPHBIMY, HO HE YCUIICHHO PEryJISPHBIMU.

KaioueBble ciioBa: coOcTBeHHbIe (DYHKIMI, COOCTBEHHBIE 3HaYeHue, oneparop Lltypma-JlnyBuis, Gasuc,
HECaMOCOIPSDKEHHBIH, BO3MYILCHHE, YCTOHYHBOCTD, mpuMep Camapckoro-HoHknHa.

The operatorL, given by the differential expression
Liu=—-u"+qxu=Au, x € (0,1), q(x) € C[0,1], Q)
and regular, but not strongly regular boundary conditions [1] with an integral perturbation

U (w) = ag1u'(0) + agpu’ (1) + ag3u(0) + a4u(1) =0,

] 2)
Uz (W) = az3u(0) + azau(1) = [ p(x)ulx)dx, p(x) € L(0,1).

Here U;(u) — are independent linear forms with complex-valued constant coefficients, satisfied conditions
of not strong regularity

lai1] + laiz| # 0, A110z4 + Q12023 = £[A11023 + A12074] # 0.

In [2] they proved that the system of eigenfunctions and associated functions (E and AF) of the problem
(1) — (2) forms a Riesz basis [3] with the brackets in any integral perturbation of boundary conditions, and in
strong regularity of the boundary conditions E and AF form a Riesz basis. In particular case of integral
perturbation of periodical boundary conditions for multiple differentiation operator instability of the basis
property of E and AF is investigated in [4].

Note, that in [5] questions about stability of basic properties of the periodic problem for the loaded equation
with the load of the form p(x)v(0) are studied.

We get the following theorem.

Theorem 1. Let unperturbed operator L, (when p(x) = 0) have eigen-values 1% and E and AF forming a
Riesz basis in L,(0,1).

Then the characteristic determinant of the operator L, with the perturbed regular boundary conditions (2)
is represented as:

g
_ _vyo —| Vs(Wko) \[)TRVS(UM) _yo ——V3(ve1)
A (D) =Ag(D) |1 — 2R ko A-20 (A—Ag)z Yk=10k1 A-20 (3)
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where Ay(4) — is a characteristic determinant of the operator Ly; V5(v) — are linear homogeneous forms
emerging during the construction of the boundary conditions of dual unperturbed problem Lj; {v,?l, v,?o} -E

and AF of the dual unperturbed problem, a4, a;, — Fourier coefficients of the biorthogonal expansion of the
function p(x) by the following system:

p(x) = Eiza[@avis + Teovio). (4)
Due to this representation of the characteristic determinant of the problems (1) — (2), we obtain the
asymptotic behavior of the eigenvalues, and we can draw conclusions about the stability and instability of basis
property of the E and AF system for various occasions of the disarmed regularity of the boundary conditions.

As an example take the perturbed Samarskii —lonkin problem for multiple differentiation operator, i..when
q(x) =0:

w'(0) +u'(1), u(0) = [ pCIu(x)dx, (22)
w'(0) + ' (1) + f, pIux)dx, u(0) = 0, (2b)
where p(x) € L,(0,1).
One of the features of these problems is the fact that the dual problems to (1) — (2a) and (1) — (2b) are
the spectral problems for the loaded differential equations:
() = —v"(x) + p(x)v'(0) = Av(x),
Vi (v) =v'(1) =0, (2a*)
V,(v) =v(0) —v(1) =0,
() = —v"(x) + p(x)v(0) = Av(x),
Vi,(v) =v'(1) =0, (2b*)
V,(v) =v(0) —v(1) =0.
Characteristic determinant of the problem (1) — (2b):
8 (D) = B+ |1+ W2 X To ) (3)

Characteristic determinant of the problem (1) — (2b):

82 = Do)+ [1-4vZ - 52, ( ; o)) (3b)

Tk0 Gz T Ok1 3 army?
where
Ay(A) =1- cosV2,
p(X) = X% Tro - 2V2 - (1 — x) - sin2kmx + Y5, Q1 - 4V2cos2kmx. (4ab)
The function A, (1), given by the formula (3) and (3b), is a whole analytic function of a variable A.

By the formula (3) we have two rows of the eigenvalues of the perturbed problem (1) — (2):

A =29 = (2kn)?

2km + a_za)(\/i + g(\/_%))]z

Note that E and AF systems of the perturbed problems (1) — (2), (1) — (2b) and E and AF systems of the
unperturbed Samarskii — lonkin problem (forming a Riesz basis) are differ from each other only a finite number

2 _
Ay =
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of the first members. Consequently, E and AF systems of the perturbed problems (1) — (2), (1) — (2b) also form
Riesz basis in L,(0,1).
Set of the functions p(x), represented as a kind of (4b), is dense L, (0,1).

Theorem 2. Set of the functions p(x) € L,(0,1), such that E and AF systems of the perturbed problems
(1) - (2) and (1) — (2b) form a Riesz basis in L,(0,1), is dense inL,(0,1).

To show that the basis property of the E and AF system of the perturbed problems (1) — (2), (1) — (2b) is
unstable for an arbitrarily small integral perturbation of the boundary condition (2a), we find the eigenfunctions
of (1) — (2a), and for the boundary condition (2b), we find the eigenfunction of the dual problem (2b),
corresponding to the eigenvalues Aj‘? = (2jm)?,ie.

ujl = C1{cos(2jmx)

[y VT Ve

k , ,
+ ko ]Z_—RZ] sin(2jmx), (5a)

ajo i T k)

ujo(x) = Ci{cos(2jmx) — [2\/5 "+ g(}%)] sin(2jmx)

+ ¥ p(g) SnITONE gy

2jm

We choose the constant C; by the biorthogonal condition for (5),
(uj1 (x), v} (x)) =1, for (5b"), (wjo(x), vjo(x) = 1.
Then, due to the Young Theorem [6], for the problems (1) — (2), lim ||u}||. ||v}|| = oo, and for problems
jooo

@)~ @0), limlwoll- [[ooll = e
It means condition of uniform minimal [7] of the E and AF system does not hold, and therefore it does not

form a regular basis in L,(0,1).
This fact we can establish in the following.

Theorem 3. Set of the functions p(x) € L,(0,1), such that E and AF systems of the perturbed problems (1)
—(2) and (1) — (2b) do not form a regular basis in L,(0,1), is dense in L,(0,1).

Remark. Dual operators simultaneously have the property of Riesz basicity of root functions.

The result of the paper, in contrast to [2], demonstrate the instability and stability of the basis property of
root functions of the problem with an integral perturbation of the boundary conditions, which are regular, but
not strongly regular.

In conclusion, we thank the member of the National Academy of Sciences of Kazakhstan, Doctor of
Physical and Mathematical Sciences, Professor M.A.Sadybekov for discussing the results of the paper.
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Annomayus

Ha BaxHOCTB McCleOBaHHMSA YPaBHEHHH B YacCTHBIX IPOW3BOJHBIX C BBIPOXKICHHEM THIA M IOPSIKa OOpaTHI
BHMMaHue A.B. bunianze. KoppekTHOCTh KpaeBbIX 3a/1a4 Ha IVIOCKOCTH AJIS 3JUIMIITUYECKUX YPABHEHUIM METOOM TEOPUH
AHATUTHYCCKUX (QYHKIIMH KOMIUIEKCHOTO IIEPEMEHHOT0 XOPOIIo u3y4deHsl. [Ipu nceciaeqoBaHUN aHAIOTHYHBIX BOIIPOCOB,
KOTZIa YHCJIO HE3aBUCHMBIX IIEPEMEHHBIX OOJIBIIE IBYX, BOSHUKAIOT TPYyIHOCTH MPUHINIHNAIGHOTO XapakTepa. Becema
MIPUBJICKATENbHBIA W yJOOHBIA METOJ CHHTYJISIPHBIX MHTETPAIBHBIX YPABHEHUI TEPSIOT CBOIO CHIIY M3-3a OTCYTCTBHS
CKOJIbKO-HHOYIb TIOJTHOW TEOPHH MHOTOMEPHBIX CHHTYJISIPHBIX MHTErPalbHBIX ypaBHeHHH. B paborax C.A. Annamesa
MoKa3aHa OJHO3HAYHAas Pa3peIlIiMOCTh KJIACCHUYECKOT0 peleHus 3aia4un Jupuxie i BEIPOXKIAOIUXCS TPEXMEPHBIX
IIUNTHYECKUX U 3JUTUITHKO-TIapaboIuuecKuX ypaBHeHUH. PaHee aBTOpoM Moka3zaHa pa3pelnMocTh 3af1aun Jupuxie
JUIS TPEXMEPHBIX SJUTUNTHKO-NAapa0OIMUECKUX YPaBHEHMH C BBIPOXKAEGHHEM THIA M TOpAIKa B IWIMHIPUYIECKOMN
obnactu, a B JaHHOW paboTe OKa3bIBAETCS €€ CMHCTBEHHOCTD PEIICHHUSI.

KuroueBble cinoBa: 3anaua Jupuxie, ypaBHEHUS C BBIPOXKACHHEM THIA U IMOPSAAKA, €AUHCTBEHHOCTh pEIEHUS,
IUIOTHOCTD (DYYHKIMH, IMIIHHAPUYECKast 00JIacTh.

Anoamna
E.T. Keimatibexos*
Y46aii amvinoazvr Kazax ¥immou Hedazozuxanvix Yuusepcumemininy Ph.D doxmopanmor Anmamer , Kazagcman
TYPI MEH PETI ABFBIHJIAJIFAH YII OJIHTEMI SJIJIMIITUKA - ITAPABOJIAJIBIK
TEHAEYJIEPTE JUPUXJIE ECEBIHIH LHIEINIMIHIH KAJ¥FbI3IbIFbI

Typi MeH peTi a3FblHIANFaH AepOec TYbIHABUIB quddepeHInanablK TeHaeyIepli 3epTTeyaiy KaxerTinirine A.B.
bunanze Hazap aymapabl. KoMIuiekcTi aifHBIMAibl aHAJIUTHKAIBIK (QYHKIUSUIAp TEOPUSCHIHBIH 9iCIMEH Ka3bIKTHIKTA
AIUTUNTAKANBIK TEHAEYJIEpPre IMIETTIK eCenTepiH OipHIemiMAiIiri kakchl KapacThIpBUIFaH. Toyelncis aifHbIMaibLIap
eKileH kemn OoJFaHIa, OChl MaceJelepi 3epTTercHie Kol KUBIHIBIKTap Ke3mecexi. Kem esmiemai CHHrYISPIIBIK
HHTETpaIap TEOPUSACHl TOJBIK eMec OONFaHIBIKTaH, OCNTiNl CHHTYJSIPJIBIK WHTETpajiap ONICiH mMaiiianaHy KyIIiH
xorantagel. C.A. ANJAmeBTHIH >KYMBICTApbIHAA a3FbIHOAJIFaH YII OJIIEMIi DJUTMNTHKAIBIK JKOHE JJUIHIITHKA-
nmapadoraiblk TeHaeynepre Jupuxie eceOiHIH KIaCCHKANBIK MISIIIMiHIH OIpMOHALTITI KepceTinreH. ABTop OYpHIH Typi
MEH peTi a3FbIHAIFaH YII OJIEeMAl SJUTHITHKA-TIapa0oIablK TeHISYyIepre NIIHHAPIIK 00mbpicTa Jupuxie eceOiHiH
LICMIIMAUTITIH KOPCETKEH O0NaThIH, al OyJ1 )KYMbICTa OJI IISIIIMHIH YKaJFbI3JbIFbI J9JIeJICHIeH.

Tyiiin ce3nep: [upuxine ecebi, Typi MeH peTi as3FbIHIaJFaH TEHJEY, WICHIIMHIH JKaJIFbI3JBIFbl, (QYHKIMSIAD
TBIFBI3/IBIFBI, MITHHIPIIIK OOJIBIC.

Abstract
UNIQUENESS OF SOLUTION OF DIRICHLET PROBLEM FOR THREE-DIMENSIONAL ELLIPTIC-
PARABOLIC EQUATIONS WITH THE DEGENERATION OF TYPE AND ORDER
Kitaibekov E.T.!
! Ph.D doctoral student, Abai University, Almaty, Kazakhstan

The importance of studying the partial differential equations with the degeneration of type and order was raised by
A.V. Bitsadze. The well-posedness of boundary value problems on a plane for elliptic equations using the method of the
theory of analytical functions of complex variables is well studied. However, difficulties of fundamental character arise
when studying analogous questions with more than two independent variables. An attractive method of singular integral
equations loses its power because of the absence of a complete theory of multi-dimensional singular integral equations.
The works by S.A. Aldashev prove the unique solvability of the classical solution of the Dirichlet problem for degenerate
three-dimensional elliptic and elliptic-parabolic equations. Earlier, this author has shown the solvability of the Dirichlet
problem for three-dimensional elliptic-parabolic equations with the degeneration of type and order in a cylindrical
domain. This paper proves the uniqueness of its solution.

Key words: Dirichlet problem, PDEs with the degeneration of type and order, uniqueness of solution, density of
functions, cylindrical domain.
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Beenenue

Jia o0muX SIIUNTHKO-TTApaboIMYecKuX YpaBHEHHH BTOPOTO TOpPSAKA MOCTAHOBKY IEPBOM KpaeBOU
3amaun (3amava Jupuxiie) Bnepsrie ocymiectsun . dukepa [1]. B 00001meHHBIX TPOCTPAaHCTBAX 3TO 331a4a
n3ydeHa B [2]. B [3-6] ycTaHOBIEHO KOpPpEKTHOCTH 3amadn [lupuxite Iuisi BBIPOKIAIOMIMXCS TPEXMEPHBIX
AITUITHKO-TIAPA0OIIYECKUX YPaBHEHUI.

B [7] mis TpeXMEpHBIX JJUIMITUKO-IAPA00IMYECKUX YPAaBHEHUI C BBIPOKICHUEM THUIIA U TMOPSIIKA
MWIMHIPUYECKONW 00JIACTH TIOKa3aHO pa3peluMocTh 3a1aun Jupuxie, a B JaHHOW paboTe JOKa3bIBaeTCs ec
€MHCTBEHHOCTH PEIICHHUS.

IMocTanoBKa 3a1a4M U pe3yJIbTAT

[Tycts Qaﬂ — IMIMHApPHYECKas 001acTh €BKJINI0BA MPOCTPAHCTBA E3 TOYCK (X, X,,t) , OTPaHHYICHHAsI
wamagpoM ' ={(x,t):| x|=1}, miockoctsmu t=a >0 u t= <0, rue |X| — JUIMHA BEKTOpa
X = (X, %z)-

O06o03HauNM 4epe3 Qa u Q p dactu obnactu Qaﬂ , auepes Fa T p — 9acTH IIOBEpXHOCTH I, NIesxkarue B

nonynpocrpanctsax t > 0u 1 <0;0, — pepxnee,a O 5 — HIDKHEE OCHOBaHHs 00J1acTH Qaﬁ.

[lyctes manee S — oOmas 4yacTh rpaHUI obiacTei Qa n p TPEICTABIAIOIEE  MHOXKECTBO
{t:0,0<|x|<1} s E,.

B obnactu Qaﬁ paccMOTpPUM BBIPOXKAAIOIIUXCSA TPEXMEPHBIE CMELIAHHO 3JIMITUKO-TIapaboindecKue

ypaBHEHHS
2 2
D P (U, + Ps (U, +D 2 (X, t)u, +b(x,t)u, +c(x,t)u =0, t >0,
0 — i=1 i=1

2 2 (1)
D g (Mu,, —u +D di(x,u, +e(xtu, t <0,

rae pi(t)>0 npu t>0, pi(0)=0,gj(t)>0 mpu t <O wu wmoryr obpaumaioTcs B HOIb IpH
t=0, pi(t) eC([0,a]) "C*((0,@)), g, (t) eC([B,0]).i =1.2,3, j=12

B panbmedimiemM HaM NOHAZOOUTBCA CBA3b JEKAPTOBBIX KOOPAMHAT  X,X,,t C IOJAPHBIMH
r,o,t:x, =rcosé,x, =rsin@,r>0,0<60<2x.

3agaya 1. Haiitm pemenne ypaBHenus (1) B obmactu Qaﬂ npu t#0wu3 xmacca
N* (g_zaﬁ ) ~N? (Qa vQ, ) , YIOBJIETBOPSIOIIEE KPAEBBIM YCIOBUIM
u‘ =0, u\ra=o, @)
oy = 0. (3)

rﬂzO, u

npu stom @, (1,6) =y, (,6), w,(0,0)=v,(0,0), v,(5,0)=0,(10).
IIycTs

a (x,t) b(x,t) c(x,t)
P " ps() T ps(t)

€C(Qu)NCH(€,).d(x1),e(x,1) ecl(ﬁﬁ)mcz(gﬂ),c(x,t)so,

v(x1)eQ, i=12
Torna cnpaBejyinBa
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Teopema. Pemenne 3amaun 1 TpuBHaNbHOE.
Joxa3zaTenbcTBO TeopeMbl. CHauaja MoKa)xeM pa3pemmmMocTh 3aa4au (1), (3) B oomactu Q B M IOKaXeM

€€ CAMHCTBCHHOCTDH PCIICHMA. IIJ'ISI 3TOT'0 MOCTPOUM PCIICHUC nepBoﬁ KpaeBoﬁ 3aJavuu OJid YpaBHCHUA

2 2
L:UEZgi(t)Uxixi +, —Z:diuXi +dv =0, @)
i1 i1
C JIAHHBIMHU
U|S=T(r,9)=z—10(r)! U‘ :O’ (5)
re d(X,t) Zdlx 71o(r)€G, G—wmuoxectso dymximii Z'(I’) 3 KIacca N([O,l])ﬂﬂz((O,l)).

MmuosxectBo G motHO Berony B L, ((0,1)) ([8]). Pemrenne 3amaum (4), (5) B HOMAPHBIX KOOpIAWHATAX

OyzeM ncKath B BUAE psiia

00

o(r,0,t) =0, (r,t)+ Y (v, (r.t)cosnd+u,, (r.t)sinng), ©
n=1

e Uy (r, t), U, (I’, t), Ly, (I’, t) — ()YHKIMH, KOTOpbIE OYIyT OIPENEICHBI HHXKE.

[oxcrasmsis (6) B (4), B MONSAPHBIX KOOPAWHATAX OYIeM UMETh
a2 2
x sin“ @ . cos® @
Lv=g, (t)(cosz Ovyg,, + r Uyor ] +0,(t) (sz Ovyy,, + r Ujor J —Ujo —

—d, (r,0,t)cosGv,,, —d, (r,0,t)sinGu,,, +d (r,0,t)v, +

H Y,

2
+Z{gl(t) {cos2 0(cosnbu,,, +sinnbv,,,, )+ (cosnbu,, +sinnbu,, )+
i=1

r
+_nsi: 20 (sinnéu,,, —cosnbv,, )+ _nsirnZZH (cosnbu,, —sinnbu,, )~
- Sri?—z ? (cosnaw,, +sinnéu,, )} +0,(0) sin” (08N, +5iNNOL,,, )+
+M(cos N, —sinndu,, )+ cos’ 0 (cosnBu,,, —sinnbu,, )+
L 32“;220 (sinndu,, —cosndv,, ) - :—z cos® (cos nduy, +sinnbu,, )} —COS NGV, —

nsiné@
r

—sinnouv,,, —d, {cos @(cosnbu,, +sinnbv,, )+ (sinn@u,, —cosnbu,, )} -

ncos@

—d, {sin 6(cosnbu,, +sinnbv,,, )+ (cosnbu,, —sinnbu;, )} +

(7)
+d (cosndu,, +sinndu,,)} =0.

Teneps nonydeHHOE BoIpoxkeHnue (7) cHayana yMHOXHUM Ha p(@) = 0, a 3ateM npounTerpupyem ot 0 10

27. Tlocne HECIOKHBIX MPEOOPA30BAHUI MOTYUHM PSIT
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0,tg 1 0,9 1
M Pio (UlOrr + F Uior j ~ PVt — % dy, (UlOrr - F Uloj +

2
) 2 +
+ay, (1, 1) vy, +Cy (1,1) 010+Z{Z{ 9. +0:) (anrr +
=1 | j=1
1 n2 (gl_gz) 1 n2 (8)
+Fujnr _r_zujnJ_pjntnt + 2 djn anrr _Fujnr _r_2an +
g,—0g;)n Vin
+%ejn (ujn,—z—’rJ+ajn(r,t)ujnr+cjn(r,t)ujn}}=0,

2 27
O = Ip(@)cos nodo, p,, = _[psin nedo, d,, = jpcos 20 cosnddo,
0 0

27 2r 2r

d, =Ip(9)c05295in nodo,e,, :—jp(e)sin 20sinnodo, e, =Ip(0)sin29cosn9d6,
0 0 0
2z 2

a, =—I p(d,cos@+d,sing)cosnddo, a,, :—j p(d,cos@+d,sind)sinnodé,
0

0

nsinné@

2
= jp[(—dzsin9+d2cose) +ecosn9}d¢9,
0

ncosné

2z
= jp{(—dzcoséwdlsine) +esin ne}de, n=0,1,....
0

Hanee paccMOTpuM OECKOHEUHYIO cHCTeMY IU(depeHINANTBHBIX YPaBHEHUH

1 g, (t) +9,(t)
g (t)plo (UIOrr + F Uior j — Pl =0, 0 (t) = %, ©)
1 v. g,—9g,)d Uyo,
g (t)pjl (Ujlrr +Fuj1r _r_lej_plonlt = %[Umrr - 1I’O j_aioulOr — Gl (10)
1 n2 (g - g )d jn 1
g (t) Pin [anrr + F Ujnr — r_z Vin J Pl = : 22 J Ujnarr Uinaar
2
(n-1) (9:-9)(n-1) Vjnt
- r2 Ujpa |~ r ejn—l Ujn-ir — T - (11)
ajn 1UJn r _Cjn_lvjn_ll J :1, 2, n= 2,3,... .
HeTpynHo mokasarh, 4To eciu {Ulo, an} ,J=12,n=12,...— pemenne cucremsl (9)-(11), 0 oHoO
SIBJISIETCS ¥ pellleHHeM ypaBHeHHS (8).
Hanee, YUHUTHIBAS OpPTOTrOHAJIBHOCTD (I8DH CHUCTEM TPUTOHOMETPUUYECKUX hyHKIHI
{1 ,cosnd,sinnd,n=1,2, } - Ha oTpeske [0,277] u3 kpaeBoro ycinosus (5) OyneMm UMeTh
Ulo(r’t):%lo(r)’ Uy (Lt):‘//zlo (t)’ (12)
v, (r,0)=0, v, (r,f)=0, j=12,n=12,..., (13)

CrnenoBatensHoO, 3a1a4a (4), (5) cBenena k cucreme 3aaa4 1y ypasaenui (9) - (11) ¢ nanusivu (12) u
(13). Teneps OyieM HaXOIUTh PEIICHUS ITHUX 3a1a4. HeTpyIHO 3aMETUTh, UTO KaXKI0€ YPAaBHEHHE CUCTEMBbI
(9)-(11) MOXXHO MPEACTABUTD B BHJIE
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2
g(t)(l)n” +%Um _n_zun)_vnt = fnk (r,t),

r (14)

roe f (I’,t) OTIPEIEINISIOTCS U3 MPEABLIYIUX YPABHEHUH 3TON CUCTEMBI, IIPH 3TOM f0 (I’, t) =0.

B [5] mokazana, uto kpaeBble 3anaun 1y ypaBHeHUs (14) ¢ yemosusmu (12), (13) nMeroT eTMHCTBEHHBIE
peleHHS.

Takxum o0pa3om, perienue 3aaaqu (4), (5) B Buae (6) mocTpoeHO.

AHaJIOTHYHBIM 00pa30M, CTPOSTCS PEIICHUS dTOH 3a1a9H, €CIIH

7(r,0)=1,,(r)cosnd +z,,(r)sinné, n-1.2...

*

4 3 OMPEACIICHUS COMPAKCHHBIX OIIEPaTOPOB Ll’ Ll

L ng (t) F—§+Zd,—+e

i=1 aX|
3 8 2 i
nmeeM ([8])
vLu—ulw=-vP(u)+uP(v) -uvQ,
rae

=igi(t)uXi cos(NL,xi), chos(Nl,t)—idi cos(N*, %),
i=1 i=1
a N* — BHyTpeHHsIs1 HOpMalb K rparune OS2 5

Ortcrona, o hopmyiie ['prHa, HoIyIHM

!r(r,@)u(r,H,O)dSZO (15)

IlockonbKy cuctema {1, cosnd,sinnd, n=1,2, } mwiotHa B L, ((O, 27[)) ([8]) 10 u3 (15) 3aKkmodaem
4T0 omnpenensrorcs U (I’, 9, 0) = 0, V(I’, 6’) eS.

Craio ObITh, IO IPUHIIMITY IKCTPEMYMa JJIsl TApa0OIMYECKOT0 YPaBHEHHS L1U =0 ([9]) nmeem U =0

B (2p.
Otcrona u u3 yciaoBus (2) MBI TTOJIy4aeM K 3amady Jupuxie B oonactu aiisa ypasHeHus (1) ¢ TaHHBIMEU
u Suo, Url', =0.

Janee, nz npunnuna Xonda ([10]) Beirekaer U=0 B Qp.
Teopema noka3aHa.
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Yuueepcumema um.C.Ceighynnuna, e. Acmana, Kazaxcman,; acnupanm xageopvl uH@GopmMayuoHHbIX
mexHono2ul u npozpammuposanus Keipevizckoeo Hayuonanvnozo ynusepcumema um. K. banacazvina,
2. buwixex, Kvipevizckas Pecnyonuka

PETYJIAPU3ALIMA HEJITMHEWUHBIX UHTETPAJIbHBIX YPABHEHHU BOJIbTEPPA
INEPBOI'O POJA

AHnnomayus

WuTterpasnbHbie ypaBHeHUs BosbTeppa UMEIOT OOJBIIOE 3HAYCHHE IPU MOCTPOCHHU MAaTEMAaTHYECKUX MOJCNei B
(u3nKe, SKOHOMHKE, 3KOJIOTHH | T.1. Ba)KHYIO pOJib BO MHOTHX TaKHX MOJICISAX UTPAIOT paccMaTpHBaeMble B JTaHHOM
CTaThe HENMHMHEHHBIC MHTErpaibHbIC YpaBHEHUs BoybTeppa MepBOro pona, y KOTOPBIX sApa MPETEPIEBAIOT Pa3phIBBI
MEPBOTO pOJa Ha OMPEICIICHHBIX KPHBBIX, MPOXOISIIMX Yepe3 Hayalo KoopAuHAT. [IpUBOIATCS TEOpETHUCCKUE
pe3yJabTaThl OTHOCHUTEIBHO BOIPOCOB CYIICCTBOBAHUS M COUHCTBEHHOCTH PCIICHHH TaKMX YpPAaBHCHUA H WX
peryispusaiun. B paboTe M3y4aroTcsi BONPOCHI PEryJsipH3aliy HEJIMHEHHBIX MHTErPAlbHBIX ypaBHEeHHH BonbTeppa
nepBoro poza. [lomaydeH peryispusupyrounMid oneparop, J0Ka3aHa PaBHOMEPHAs CXOJUMOCTh PEryJsIpU30BaHHOTO
pelIeHUs] K TOYHOMY PpEIICHHI0 PacCMaTpUBaeMbIX ypaBHEHHMH B miape. PaccMoTpeHa cucrema HeJIHHEHHOE
HHTErpajbHOE ypaBHeHHe BonbTeppa mepBoro poja, CHCTeMa ypaBHEHHUH C MalbIM mapameTpoM. ABTOPOM MOJyYeH
PeryIpU3UPYIOIIUI Oneparop, JOKa3aHa PpaBHOMEPHAs CXOIHUMOCTh PErYJISIPU30BAHHOIO PEUICHHS K TOYHOMY
PEIICHUIO PACCMATPUBAEMBIX YPABHEHHH B IIape.

KiroueBble CJIOBa: HEIMHCHHOEC MHTETPAIbHOC YPABHEHHE, CUCTEMY HEJMHEHHBIX anreOpandyecKux ypaBHEHHH,
BEKTOpa MOTPEHIHOCTH, ypaBHEeHHE BonbTeppa, Maiiblii HapaMeTp, paBHOMEPHAS CXOHUMOCTb.

Axoamna
H.T. Mycmagaesa®
LC. Ceiighynnun amvinoazor Kazax Aepomexnuxanvix ynueepcumemi, Axnapammulx scytienepi kagedpacoliuviy aza
oxuimywwicsl, Acmana ., Kazaxcman; K.banacazein amvinoagul Koip2ei3 yimmulk yHueepcumemi, aknapammaoly
MEXHON02UA Jicane npozpammanay kageopacuvinviy acnupanmel, buwkex k., Koipeviz Pecnyonuxacul
BIPIHIII TYPAEI'T BOJITEPPAHBIH HEI'I3I'T UHTET'PAJIJIBIK
BIPJIIKTEPIH KAUTAPY

BonbTepp uHTerpanabl TeHueyiep (usnkazarbl, SKOHOMHKAJa JXOHE OKOJIOTHsa MaTeMaTHKAaNbIK YITUIepiH
KYpacTBIPYBIHBIH YJIKEH MaHbI3bI Oap. KenTeren ocwhlHAal Monenbaepae Ochl OanTta KapaiaFaH OipiHIINI THITI CHI3BIKTHI
emec BombTeppa MHTETpaIbIK TEHISYIEPI MaHbI3blI PO aTKapaabl, OHAA PO TYMHYCKA apKbUIbI OTETiH Oenriii Oip
KHUCBIKTapAarsl OIpiHII TypJHeri y3umictepaeH oTemi. TeopHsuIbIK HOTIDKEIep OChIHAAW TeHJISYJep/iH MIenTiMIepiHiH
JKOHE OJIapJIbIH peTTeNyiHiH Oipereiiniri MeH OonmybiHa OaianbicThl. OChI MaKanaga 013 OipiHINI THUIITI CHI3BIKTHIK €MeC
uHTErpaj sl BonbTeppa TeHaeynepit perysipu3anusuiayabl KapacThipamMbli3. Peryssipiibl onepaTop anblHa bl JONTAFbI
TEHJEYJIepJl HaKThl MICHIy VIIIH PETTeNreH MICMIIMHIH OIpKeNKi >KaKbIHIBIFbl nosengenai. JKyhe Oipimi Tunti
Bonbreppa TeHICYIH CBI3BIKCHI3 MHTETpall JCT KapacThIpajbl, MIAFBIH MapaMeTPMEH TEHICYJep KyieciHme. ABTOp
PETYISPIBIK ONEPATOP.IBI aJIBI, JONTAFbl TCHICYJICPAiH HAKThI MICIIIMIHE PETTEITeH MICHIIMHIH OIPKEIKi KaKbIH BIFBI
JIQJIENICH/TI.

Tyiiin ce3mep: CBHI3BIKTBHI €MEC HHTETpajl TCHICYI, CBHI3BIKTBIK €MEC ainreOpaliblk TeHIESYJep JXKYyHeci, KaTewik
BeKTOpIIapsl, BoapTeppa Tenaeyi, Kimi mapaMeTp, OipKesiKi KOHBEPTeHITUS.
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Abstract
REGULARIZATION OF NONLINEAR INTEGRAL EQUATIONS OF VOLTERRA
OF THE FIRST GENUS
Mustafayeva N.T.1
1 Senior Lecturer of the Information Systems Department at Seifullin Kazakh Agrotechnical University, Astana,
Kazakhstan; Postgraduate Student of the Information Technology and Programming Department at Balasagyn Kyrgyz
National University, Bishkek, Kyrgyz Republic

Integral equations are in the core of many mathematical models in physics, economics and ecology. Volterra integral
equations of the first kind with jump discontinuous kernels play important role in such models and they are considered in
this article. Regularization method and sufficient conditions for existence and uniqueness of the solution of such integral
equations are derived. In this paper, we study the regularization of nonlinear integral Volterra equations of the first kind.
A regularizing operator is obtained, the uniform convergence of the regularized solution to the exact solution of the
equations in the ball is proved. The system is considered a nonlinear integral VVolterra equation of the first kind, a system
of equations with a small parameter. The author obtained a regularizing operator, the uniform convergence of the
regularized solution to the exact solution of the equations in the ball is proved.

Key words: nonlinear integral equation, system of nonlinear algebraic equations, error vectors, Volterra equation,
small parameter, uniform convergence.

PaccMoTpuM HenuHEWHOE HHTErpajbHOE ypaBHEHHE BobTeppa nepeoro poaa
X
Jo No (x, t,u(®))dt = g(x), (1)

rae Ny (x, t,u(t)) =K(,tu(t)+ N (x, t,u(t)). ITyctb usBectubie pyukuun K(x,t), N (x, t, u(t)), g(x)
HOMYHHSIOTCS YCIOBHAM:
a) g(x)€C[0,b],K(x,t) €CYO(D),D ={(x,t)/0<t<x<b}
g®0)=0, i=0,1,k(x) =K(xx) k(0) =0, 0< k(x)Vx € (0,b],
k (x)—neyObiBaromias QyHKIMS,
6) G(x)=dy, G(x) =L(x,x)+ C19(x),L(x,t) = C,K(x,t) + K, (x, 1), 0 <dy,Cy,C, = const;
6) N(x,t,u) € C1O1 (D x RY), My(x,t,u) € C®%1 (D X RY), My(x, t,u(t)) == C,N(x, t,u(®)) +
Nx(x, t,u(t)), o x >t, (x,5),(t,s) €D, (x,s,uw), (x,s,w), (t,s,w),(t,s,u) €D X R umeem mecmo
HepaseHcmeo

|M0(x' S, u) - MO(‘xl S, W) - MO(tl S, W) + MO(tPS' u)l < LN(x - t)lu - Wll

0 < Ly = const.
HeiictByss omepatopom (oI +D + €T, rtne | — ToxaecTtBenHslii omeparop, D — omeparop
middepennupoBanus o x, T - oneparop Bomibreppa Buna
X

(T)(x) = j w(Ov(Odt,
0
u3 (1) momy4ynMm WHTErpanbHOE ypaBHEHHE BonbTeppa TpeThero pojia
X X

k(x)u(x) + f G(u(t)dt :fM(x t,u(t))de +

0
X X

+leu(t)dth(s tu(s)ds + lefN(s t, u(t))u(s)ds dt + f(x), (2.1.2)
0t

rje M(x t, u(t)) = —Mo(x t, u(t)) + (L(t t) — L(x, t))u(t)

f(x) = Cog9(x) + g'(x).
Paccmorpum ypaBHeHHe
X

(s + k(x))us(x) + j G(t) us(t)dt = jM(x t, us(t))dt +C f u (t)dt x

0 0
x

X f K(s,t)u.(s)ds + C; f f N(S, t, ug(t))ug(s)ds dt +eu(0) + f(x), (3)
0t

t
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rae & - Mablid mapametp u3 uatepsana (0,1).
G@®)

C noMoIIbI0 pe30JIbBEHTHI SApa (— ) ypaBHeHue (3) IpuBEIEM K BHIY

e+p(x)

17 [ G G(®)
u(x) = —mof exp (‘fg + k(s) ds>s + k(t) X

t

X {f M(t,s,ug(s))ds—fM(x,s,ug(s))ds + leug(s)dsfl((v,s) u.(v)dv

0 S
t t

ug(s)dsf KW,s)u.,(v)dv + f f N(v s, ug(s)) u.(v)dvds —

N(v s, ug(s)) u.(v)dvds + f(t) — f(x) }dt + +—k() X

exp <_Of‘9 i(:gs) >U M(x, t,u () de + Clofug(t)dth(s, t) ug(s)ds +

t

+C,; f f N(s, t,us(t)) us(s)dsdt + eu(0) + f(x)} = (Au,)(x). (4)

s us(x) tig(x) € Q[0,b] = {u(x) € C[0,b]: |[u(x) — uy| <19, 0 < uy, ry = const} oueHum
paszHocth onepatopoB (Al )(x) — (Atig) (x).

17 GG G(t)
= ‘s+k(x)0 exP<_,[£+k(s)ds>e+k(t)x

t
X j[M(x, s, Ug(s)) — M(x,s,ti.(s)) + M(t, s, ﬁs(s)) — M(t,s, ﬁs(s))]ds +
0

| (Ate) (x) — (Aite) ()]

f M(x s, ug(s)) M(x s, us(s))]ds -G lf fig(s)ds %
t

X

K(v,s) (ug(v) - ug(v))dv + f fi(s)ds f KWw,s) (u.(v) — ﬁs(v))dv -

S

H” /R

X

+f(ﬂg(s) —ﬁg(s))dsf K, s) i (v)dv + f(ug(s) i (s))ds x

t
t

K(v,s) i,(v)dv + f f N(v,s,u.(s)) (@ (v) — i (v))dv ds +
0t

X X

X
v ,°

+ N(v, s, ﬁg(s)) (ﬁg(v) — ﬁs(v))dv ds +

+ [N(v, s, ﬁg(s)) — N(v, s, ﬁg(s))]ﬁg(v)dv ds +

}dt '

1 ; G ~
e kG P <_ bf € +(Ijgs) ds) {Of [MCx,t, 8 (1) — MCx, t, e (1)) dt +

+ [N(v, s, Uy (S)) — N(V, s, T, (s))]ﬁg(v)dv ds

e T T
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X X X X

f(ﬁg(t) —ﬁg(t))dtf K(s,t) i (s)ds +fﬂg(t)dth(s, t) X

0 t 0 t

(ug(s) ug(s))ds + ff [N(s, t,ug(t)) — N(s t, ug(t))]us(s)ds dt +

+C;

+[EENG, tug(t))(ug(s) s (s))ds dt]}|
Q)

Oneny nesmefinyo s 5
ke (-] ) 0
f [Mo(x,5,1(s)) — My(x,5, T (s)) — Mo(t, 5, Ue(5)) + Mo (¢, 5,1 (s))] dsdt
:

<- +L;(V(x)fexp (—tf: i(lfgs) ds)g f:(l‘fzt) x—1) Ofmg(s) 1 (s)| ds dt
s%fa@—m@Mu

ﬁof exp (— tj : i(;fzs) ds) : i(igt) X

X f[Mo(x, s, Ue(s)) — Mo(x, 5,7 (s))] ds dt| <
t

<

F G
£+k(x)bfe+k(t) %

x exp <_!‘%ds>!|M0u(x's'us(s))| [tue(s) — T (s)|ds dt <

Ky r r G(s) G(t) - ~ 3
S+ k(x)JexP <_J £ + k(s) ds)s + k(t) J () = Te(s)lds dt <

() = Te@lor Ko = max|Mou(x tue(0)]

<z
- [ G(s) G(©)

e+ k) ) ex <_!s+k(s)ds>s+k(t)x
t x

X '[-[N(V, s, ﬁg(s)) [t:(v) — tig(v)]dvds dt| <
0t

CMyb [ G(D) .
e+ k(x)) e+ k()
0

[ G(s)ds \ [ C,Myb
X exp <_!£-I(-SIZ(SS)>_[|LL5(V)_ﬁs(V)|dth <2 1”

||ﬁe(x) - ﬁs(x) ”C[O,b]'

rae My = rDriggﬂN(x, t,ue(1))|;
o [ G(s) G(t)
e+ k) ) ex (‘tfs+k(s)ds>s+k(t) %

x_[_[N(v,s,ﬂs(s))[ﬂs(v)—ﬁg(v)] dvds dt| <
t s

CMy [ G
e+ 1)) e+ k@)
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x| - [ Soksds |- Of 8.0 ~ () ldv de <

t

My [
<22 7.0 - @@ ds
1

[ G(s) G()
_tf£+k(s)ds et k(D)

X {f f[N(v, s, ﬁg(s)) — N(v, s, ﬁs(s))] ti.(v)dvds +
0t

Gy
<—— X
T e+ k(x)

I
of _tf € f—(lfzs) ds € i(lfzt)

t x
J f [N (v, 5, e ()] 116 () — ()]
0t

X |tig(v)|dvds + f f|Nu(V, s, us(s))||ﬁs(s) — ﬁs(s)llﬁs(v)ldvds} dt <
t

N

CirKy ; ; G(s)ds G(¢t) P _ 3
T e+ k(x)o ex _[ c+ k(S) €+ k(t) (X - t) dtbflug(t) - ug(t)ldt <
< Cl;K” f |7 (8) — ()] dt;

1
0

1 ‘ G x

et k(x) P f g+(;jgs) ds J [Mo(x, t, e (£)) — Mo (x, t, e (£))]dt| <
0

<o j 700 - 7(0)1dt

Cy r G(s) Fr ~ ~ 3
e+ k() P\” Of et k() ” {Of tf N(s, t, e (8)) [Ee(s) — e(s)]ds dt +

+ f f NG, £ 7,(8)) — N(s, £, (£))] 7 (s)ds dt} <
0t

X
C.(My + 1K
sl(fi—”)jws(t) —a.(Oldt.
e

TakuM 00pa3oM, HCIIONIB3Ys BBIMICHPUBEICHHBIC OLICHKH 13 (5) MOJYyYUM CIICAYIOIICEe HEPABEHCTBO

Il (Atg) (x) = (Atie) (O llcpopy < qlliie(x) = e (llcro,p), (6)

rme q=4q1t4qz q2= [b(LN + CiMy) + (Ky + bC;(My + TKN))(l +e D]diY,  qu=Db[Ly+ CoLy +

20,Mr](2 + e~ V)d;, "

Teopema 1. ITycThb BBIONHAOTCS YCIIOBHS @) - 2), ¢ < 1 n ypaBuenue (1) umeer pemenne u(x) € C|[0, b].
Torma npu € — 0 pemenue ypaBHeHHs (3) paBHOMEPHO CXOAUTCS K pemieHuto ypasHeHws (1), mpu 3Tom
CrpaBe/JINBa OLICHKA

llug () — u@)lcpop; < (1 — @)~ " x
x (4(d1e) e P llu@llerop + wuleF)), @)
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rae a)u(sﬁ) = sup Blu(x) —u(t)], 0<pB<L1L

|x—t|<e
HJoxkazaTenbcTBO. BBegeM mMOACTaHOBKY:
Ne(x) = ug(x) — ux). 8)

Torma u3 (5) cnexgyeT ypaBHEHHE

) 17 G(s) G
“e(x)“mofexp _!“k(s)ds ek

t

X I[M(t, s,ue(s)) — M(t,s,u(s)) + M(x,s,u.(s)) — M(x,s,u(s))|ds +

0
+ [M(x, s, ug(s)) —M(x, s,u(s))]ds -G [f ne(s)ds f Kw,s)u.(v)dv +
0

t

X t X

+ ne(s)dsfl((v,s) u.(v)dv + fu(s)dsfl((v,s) n:(v)dv + e[u(x) — u(t)]
s 0 t
X t x

+

H%X”\R H\lk

u(s)dsfl((v,s)ng(v)dv+ffN(v,s,ug(s)) n:(v)dv ds +
0

N t

X X t x
+ffN(v,s,u£(s)) ne(v)dv ds +J.![N(v,s,u£(s)) —N(v,s,u(s))] X

t s
}dt+

1 r G(s) ;
|~ e {f [ e ) = Mot ()] e +

n.()dt f K(s, ) u,(s)ds + C, f u(t)dt f K(s,£)n.(s)ds +

t 0 t

-[ N(s, t,u(t)) Ne(s)ds dt — e[u(x) — u(0)] +
t

X X

X u(v)dv ds + f j[N(V, s, us(s)) — N(v, s,u(s))] u(v)dv ds

t s

+C,

—+

Gy

O%XO%X

(9)

+C;

O%x

j[N(s, t,ug (t)) — N(s, t, u(t))]us(s)ds dt} .
t

C nomorpto orieHok (6) u (13) u3 (9) nomyuum

Ime(llciop) < g 1Mellciopy + 1 (HaD (Xl clo,p1s

Ine ) llcpopy < X =)t (4(dle)_1€1_B”u(x)”C[O,b] + wu(fﬁ))-

Orcroma, coryacHo moiactaHoBku (8) mpuxomum K oueHke (7). Ilpu srom dyakmms ug(x) — u(x)
paBHOMepHO, eciiu € — 0,. Teopema gokazaHa.

Caencrsue. [Ipu BbIOTHEHNH YCIIOBUIT TeopeMbl penienue ypaBHenus (1) eauncreenno B ([0, b].

CRucok ucnoib308aHHbIX UCHIOYHUKOS
1 Acanos A., Obodoesa I'. Pecyrapuzayus u eOUHCMEEHHOCMb PEUeHUll TUHEUHbIX UHMEeSPATbHbIX YPAGHEeHUll
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KJK. Hazaposa®, B.JK. Anuxanosa®, JX.C. Epxuwesa’

Lp.-m.2.x., doyenm m.a., K. A SAcayu amvinoazvt Xanvikapanvly Kasak-mypix ynueepcumenni,
Typxicman ., Kazaxcman
2Oxoimywnt, K. A. Acayu amvindasvr Xanvikapanvix kazax-mypix ynusepcumemi, Typxicman k., Kazaxcman
3 Ph.D ooxmopanm, K.A.fcayu amvindaser Xanvikapanvly Ka3ax-mypix ynusepcumeni,
Typxicman x., Kazaxcman

ChI3BIKThI JU®SEPEHIIUAIABIK TEHAEYJIEP dKYHECI YIUIH HHTETPAIJIBIK IHAPTThI
HIETTIK ECENITIH, BIPMOH/AI HIEIIJIYI 2KoHE OHbIH, INEINIMIH TABY IbIH, AJITOPUTMI

Axoamna

ChI3BIKTHI Kol TU(PEepeHIMATIBIK TSHACYICP KYHEC] YIIiH HHTETPAIBIK [IAPTThl MICTTIK €Cell KapacThIPhLIA IbI.
Ocbl KapacThIpBUIFAH €CeNTiH LIelliMiH Taly YLIIH mapamerpiey oMici KOJNIaHbLIaJbl, SFHU Oenrici3 mapamerpliep
LICHIIMHIH MOHI peTiHze OepiireH KeciHIiHiH 0eiKTey apalbIKTapbIHBIH 0acTanKbl HYKTeciHAe eHrisineni. by omicTiH
HeTi3ri MakcaTel JudQepeHnnangplK TeHACY KapacTHIPBUIBI JKaTKaH apaiblk  Oenriii oH KagaMMeH Oelikrepre
OemiHeni e OacTamKbl ecel SKBHBAJCHTTI MapaMeTpill ecemKke KeNTipijieni. DKBUBAJICHTTI MapaMeTpii MICTTIK ecelr
mapaMeTpIIi kol mudepeHIaIIbK TeHaeyep xyieci ymin Komm meTTik eceOiHeH, MHTErpaIbIK IapTEIHAH, OOTiHY
HYKTEJepiHAeri Y3UIiCCI3AiK MapTTapblHaH Typaabl. Kem HykTeni mapaMeTpii IIeTTiK €cel ImelIiMi mapaMeTp MeH
¢byHKIMA KyOBI JKy#eciHiH Ti30eKTepiHiH IIeri TypiHAe aHBIKTaldanbl. benrici3 mapaMerp MIETTIK MIapTTap MaTpUIACHl
MeH qudepeHInanIbK TSHASYIep apKbUIbl aHBIKTAIFAH ChI3BIKTHIK AITreOpablK TEHICYJIep KyHeciHeH TadbLIaabl, al
GbyHKIMS apaMeTpliH TaOblIFaH MoHiHIer! OepiireH apanbikTarsl Korm eceGiHiH menrimi 0onbin Tabbuiaabl. Ockl
OMICTIH HETi3iHAE KapacCThIPhUIFAH €CENTiH OIPMOH[I IIEHIUTIMALTITIHIH JKeTKUTIKTI MapTTapbl TaFralbIHIAIIBI JKOHE
€CENTiH LIEeNIMiH Ta0y/IbIH aJrOPUTMI YCHIHBIIJIBL.

Tyiiin ce3aep: weTTiK ecen, NapaMmeTpiiey 9/ici, HHTerpanbIK WapTThl, Komu ecebi, GipMoHIl MISMIITIM/II.

AHnnomayus
KJK. Hazaposa* , 5.)K. Anuxanoea?, JK.C.Epxuwesa®
Yx.-h.m.n., u.o.0oyenm, Mexcoynapoousiii kasaxcko-mypeyxuti ynueepcumem umenu X.A. HAcasu (MKTY),
2. Typxecman, Kazaxcman
2npenodosamens, Mescoynapoouuiii kazaxcko-mypeyxutl ynusepcumem umenu X.A. fcasu,
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OJIHO3HAYHAS PASPEIIMMOCTb KPAEBOM 3AJIAYM C UHTE-TPAJIBHBIMH YCJOBUSIMU

JIJISI CACTEM JIMHEMHBIX OBBIKHO-BEHHBIX IU®®EPEHIIAAJIBHBIX YPABHEHU U

AJITOPUTM HAXOXIEHWA UX PEIEHUM.

PaccmaTpuBaeTcss  KkpaeBas 3ajauya C HMHTETPAJbHBIMH YCIOBUSIMM JUIS CHUCTEM JIMHEHHBIX OOBIKHOBEHHBIX
muddepeHmanbHbpIX  ypaBHeHHeH. s HaXoXIEHMs pEIISHHs paccMaTpHBaeMOll 3ajaudl INPHUMEHSETCS METO[
napaMeTpu3ally, T.e. HEU3BECTHbIE MapaMeTpPhbl BBOJAATCS KaK 3HAUYEHUS PEIIEHMs B HaualbHBIX TOYKaX MHTEPBAJIOB
pa3Ouenns 3amanHoro orpeska. CyTh METO/a MapaMeTpU3alMy 3aKII0YaeTcs B TOM, YTO OTPE30K I/I€ pacCMaTpHBaETCs
muddepeHnmansHoe ypaBHEeHHE pa30MBaeTCs Ha YacTH C IOJIOKMTENIBHBIM IIArOM M MCXOJHas KpaeBas 3ajada
HNEPEeXOANT K 3KBUBAJIEHTHON MHOIOTOYEYHOM KpaeBOM 3ajadye ¢ ImapaMeTpoM. OKBHBAaJEHTHas KpaeBas 3ajada C
mapamMeTpoM cocTouT u3 3amaun Komm st cucrem nuddepeHnnatbHbIX YpaBHEHUH, U3 WHTETPANbHBIX YCIOBHH U U3
YCIIOBHI HENIPEPHIBHOCTH B TOYKAX IEJCHHS OTpe3Ka. PemeHne MHOTOTOYEYHOH KpaeBOH 3amadm ompenenseTcs Kak
IIpezes TOCIe0BAaTeIFHOCTH CHCTEM TIap HEM3BECTHOTO TTapaMeTpa U pyHKIuH. HensBecTHRIN apaMeTp HaXOAUTCS U3
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CHCTEM JIMHEWHBIX aJreOpanvecKruxX YpaBHEHHM, COCTABICHHBIH W3 WHTETPAIBLHBIX KPAaeBBIX YCJIOBHUN M M3 YCJIOBHH
HETIPEPHIBHOCTH, a (YHKIMA OIpeneNsieTcsl KaK 3HA4eHWs pemreHus 3amadn Komm mpH HaWICHHBIX 3HAYCHHAX
mapameTpa. Ha ocHOBeE 3TOT0 MeTo/1a MpeiIoKeH adrOpUTM HaXOXKACHHUS PEIICHNS M YCTAHOBICH JOCTATOYHBIC YCIOBHS
OZHO3HAYHOW Pa3pelIuMOCTH PACCMATPUBAEMON 3aJauH.

KiroueBble cj10Ba: KpacBbIe 3a/1a41, METO/T ITApaMeTPHU3allii, HHTETpAIbHBIC YCIOBUS, 3a1a4a Komm, ofHO3HAYHAS
Pa3penIMOoCTb.

Abstrakt
UNIQUE SOLVABILITY OF A BOUNDARY VALUE PROBLEM WITH INTEGRAL CONDITIONS
FOR SYSTEMS OF LINEAR ORDINARY DIFFERENTIAL EQUATIONS AND ALGORITHM TO FIND
THEIR SOLUTIONS
Nazarova K.Zh.%, Alikhanova B.Zh.?, Erkisheva Zh.S.2
! Cand.Sci.(Phys.-Math), A.Yasaui International Kazakh — Turkish University, Turkestan, Kazakhstan
2 Lecturer of the A.Yasaui International Kazakh -Turkish University, Turkestan, Kazakhstan
3Ph.D doctoral student, 4. Yasaui International Kazakh-Turkish University, Turkestan, Kazakhstan

There is considered a boundary-value problem with integral conditions for systems of linear ordinary differential
equations. Parametrization method has been applied in order to solve the problem under consideration,i.e unknown
parameters are entered as value solutions at the initial points of the intervals of the partition in the given interval.
Parameterization method essence is that segment where the differential equation is considered is divided into parts with
a positive step and the original boundary value problem passes to an equivalent multipoint boundary value problem with
a parameter. The equivalent boundary value problem with a parameter consists of Cauchy problem for systems of
differential equations, integral conditions and continuity conditions at the points of division of the interval. The solution
of the multipoint boundary value problem is defined as systems limit sequence of pairs of an unknown parameter and a
function. Unknown parameter is found from systems of linear algebraic equations, composed of integral boundary and
continuity conditions, and the function is defined as the value solution of Cauchy problem on the found parameter values.
On the basis of this method an algorithm for finding the solution is offered and sufficient conditions for the unique
solvements of the considering tasks are established.

Keywords: boundary  value problem, method of parameterization, integral conditions,
Cauchy problem, unique solvability

Koit muddepenumanapik TeHAEyIep YIIIH IIETTIK ecenTep KeOiHece FBUIBIM MEH TEXHHMKaHBIH TYPIi
ecenTepiH memryne kui ke3geceni.ChI3BIKTBI kKol AudQepeHIuanIbplK TeHASYIep YIIiH MIeTTIK ecenTep
memiMaepiHiH O1pMoH/II MEUTIMILTITIH Ta0y Maceenepi KONTereH FaTbIMAaPAbIH FRUTBIMH KYMBICTAPBIH/IA
[1-6] xapacteipbutran. IlleTTik ecentepai 3epTTeyae TYpii TOCULACPIIH KOJIIAHBLTYBI TYPJIl TEPMUHACPACH
TY3UITEH HOTIDKENepre abll Kejei. Ecentey TeXHUKAChIHBIH OpKEH/IeYl KOHE OHBIH KOJJaHOANIbI ecenTep
meniMid Tady/a KOJIaHBUTYHI JKaHa Tananrtap Korora ceben Oomyna. CoHpmail TamanTtapiplH Oipi peTiHfe
OMICTiIH KOHCTPYKTUBTI OONybIH aliTyFa Oonazpl. KOHCTPYKTHBTI 9MICTEp/iH €H HETi3Ti CHUIaTTaMachl — Ol
OHBIH MIAPTTAPAbl THIMJI TEKCepyl >KOHE aKbIpJIbl HOTHIKECIH ajyFa MYMKiHIIK Oepyi OOnbIN TaObLIajbl.
Koncrpykrusti agmictin 6ipi - [.C. IxymabaeB [7] yceinran napamerpiey oaici. H.b. MckakoBanbiH[9]
’KYMBICBIH/Ia TAapaMeTpIiey SJici MMITyJIbC acepi 0ap CBI3BIKTHI MHTErpo-nuddepeHanabK TeHaeyiep
Kyiheci yiriH meTTik ecenke, J.A.bakupopanbi[10] sxone XKX.M. KazapipbaeBansin[10,11] eHOektepinge
KYKTEJNTeH TU(QQepeHIrnanablK TEHJIeYIep YIIIH KOl HYKTeNi IIeTTIK ecentepre KoigaHblFaH. Ockl
MakaliaJa ChI3BIKTHI Kol ) (hepeHInanIbIk TeHACYIep Kyiecl YIIiH HHTErpaIIblK IAapTThI METTIK €CeIKe
napameTpIiey o/Iici JaMbIThUIFaH.

[0,T] keciHgiciHAe WHTErpajbIK MAPTTHI IIETTIK €CENTi KapacThIpaMbl3:

%zA(x)er F(x), xe€[0,T], yeR" (8]

JB(x)y(x)dx:d, deR", )

0
MyHJarbl pyHKIHoHam el MaTpuia A(X), B(x) —nxn emmemai, BekTop pynkumsa F(x) [0,T] keciHxicinme

ysiniccis.  [ly|=max|y[,  [A(X)]=max Z|a“ (9)|<a, a-const.
-1
(1), (2) ecebinig mwremmimi Jen [0, T] cerMeHrtinge y3imicciz nuddepeHnnanganathis,(1)

nuddepeHInanabIK TeHALYJIEp KYHECiH XKoHE oChbl (2) MHTETrpaIbIK IIETTIK MAPThIH KaHAFaTTaHAbIPaThIH
y(X) BekTOp QYHKUUSHBI AlTaIbI.
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[0,T] xecinniciameri y3imicci3 ¢yHKIMsIAp KEHICTITiH C([0,T], R") apKbUIbl Oenriaelmi3 *oHe OHBIH

HOpMAchl MbIHaJail ©pHEKIICH aHBIKTaJIa bl ||y|| = rTan¥]||y(x)|| h>0:Nh=T kagambn abIm, ocsl GolbIHIIA
Xeg|

OemnikTey sxacalMbI3[0,T) = U[(r —1)h,rh). [(r —2)h,rh) wunTepBaneHma y3imicci3 GyHKIMANApIaH

TYpPaTeIH JKOHE aKBIpJIBl COJ JKaK 1mieri  Oap Iirﬂoyr(x), r=1,N, Y, (X) = (Y,(X), Y, (X), -y Yy (X))

(byHKUMsUIap XKYHECiHIH KeHICTIriH C([0,T],h, R"") apKpuibl Oenrineiimi3. by keHicTikreri HopmMa MbIHaIaHl

OPHEK  apKbUIbl  aHbIKTanmansl: | y[]|, =max _sup ||yr(x)||.[(r —Dh,rh)  uHTepBanbIHAarel  Y(X)
LN xef(r-Dh r

(YHKIMACHI-HBIH CBHIFBUTYBIH Y, (x): Y. (X) =y(x), XE[(r -1)h, rh) nern  Oenrineynep eHri3in

[(r -1h, I’h) UHTEPBAJIIapbIH/IA u. =Yy, (X) Ay A=Y, ((I’ —1)h)1 r=LN aJIMacTHIPyJIapbid
xacaimbi3. Conna (1), (2) ecei SKBUBAIICHTTI MHTETPAJABIK IAPTTHI TAPAMETPIIi LIETTIK €CenKe KeNTipiiaei:
W _ Ax)[u, + 4]+ F(X), U, ((F-Dh)=0, xe[(r-Dhrh), r=LiN @3)
N rh
Z J' BO)[u, (x) + 4 Jdx=d , 4)
r=1 (r-1)h
Ilrpou XN)+A =4, s=1N-1 5)
Kommw (3) nuddepennmanabik Teraeyi Bonbrepain Il TekTi HHTErpaiabIK TCHICYIHE SKBUBAJICHTTI:
U, (X)= I AU, )+ 4] dt+ I f(t)dt, xe[(r-Dhrh), r=iN. (6)

(r-1)h (r-1)h
Wuterpanapik TeHaeyniH (6) oH karbiH (4), (5)  1mapTTapelHa KOWBIT  Oenrici3 mapamerp

Nn . L.
A=l (Zyﬂq,ﬂg,---,ﬁ«,\, ) € R™ —re GaiinansicTs! chI3bIKTEI TEHJEYIEep KYHECiH anaMbI3.

ZN: :f B(x) j A(t)dtdx+ZN: ]E B(x)dx |4, =

=l (r-1h (r-Dh =l (r-1)h

=d-— z j B(x) J' f(t)dtdx—ZN: jl B(x) I A(t)u, (t)dtdx (7)

=1 (r-1)h (r-1)h =1 (r-1)h (r-1)h
sh sh sh

j A(X)dxA, + A — A, =— J. f(X)dx — J. A(x)u, (x)dx (8)

(s-Dh (s-1)h (s-D)h

(7), (8) TenmeynepiHiH COJ )KaFbIHA COMKEC KEJIeTIH MaTPHUIIAHbI Ql(h) , OH JKarblH Fl (h), Gl (U, h) Jen

Oenrinecek, MbIHA/AN CHI3BIKTHI TEHACYIIEP )KYHECIH amambI3

Q(h)-2=-F(h)-G,(u,h), AeR™ 9)

MYHJarbl:
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Q(h)=
h X 2h X (N-Dh X T X
B(x)[ A(t)dt+|]dx B(x)[ A(t)dt+l}dx B(X)|: A(t)dt+l}dx B(x)[ A(t)dt+|]dx
Joto] o ool Jwronetlpe J o]
J.A(x)dx+l -l 0 0
0 IA(t)dt+I 0 0
(N=1)h
0 0 A(t)dt+1 -1
(N=2)h
N Th X h 2h (N-Dh
F(h)=| - +Z J- B(X)J. f (t)dtdx, f(x)dx,J‘f(x)dx,..., f (x)dx
r=l (r-1)h (r-1)h K h (N=2)h

rh (N-Dh

[ Acu.00

(N=2)h

N

G,(u,h)= Z j B(x)jA(t)ur(t)dtdx,

r=l (r-1)h

[ A(X)u, (x)dx, ...,

CoHbIMEH (/1,U [X]) *KyOsbL, (3) — (5) ecebiniH menriMid Taly yImiH (6) HHTETpAIIBIK TeHaeyl MeH (9)
CBI3BIKTHI TEHACYJIep JKYyieciH Oipre mbirapambl3. O YIIiH MbIHAAAN alTOPUTM YCHIHAMBI3:

: . pN N )
0 — xanam. a) Tannan anemran >0 ymin Ql(h)- R™ >R™ MaTpHIacklHa Kepi MaTpuiia Oap jaen

KOopamalaarn Ql(h)l:—Fl(h) CBI3BIKTHI TEHJEYJIEp XKylecineH mapaMerp GoiibiHma A'® Gacranksl

KybIKTaynbl TaGampis, srad: A :—I:Q ] F.(h). 6) ©Opbip uurepsanma [(r—1)h,rh), =1N

u©

2 (x)

0 ) ) . .
l-kamam. a) TaOBLIFAH Ur()(X) MoHzepin (9) Temmeyine koiteim  A® — i

TaGbUIFaH MapaMeTpiH coiikec MoHiHae A, =/1r

(3) Komwu ecebiH mbIFapbIn HICIIMIH

aJlaMbI3.

aIaMBbI3, SIFHU:
- _[Ql(h)] ( (h)+G, ( O),h)) . 6) Komu ece6inin (3) mrenrimMin Ur(l) (X) (bYHKIUSCHIH [(r -Dh, I‘h)

,r =1, N MHTEpBaIIapBIHLIH dpOipiHIe MapaMeTPIiH COMKEC MOHAEPIH KOO apKbUIbI TabaMbI3.

AJTOPUTM KUHAKTHUIBIFBIHBIH, TAPAMETPIIl METTIK €CeNTIH KaIFbI3 IIeNIiMi 0ap OOIyBIHBIH KETKITIKTI
MIAPTHI KeJleci TYXKBIPhIM/A TaFaibIH/Ia1a]bl.

. . . . pNn Nn .
Teopema 1. Kanpmaii g1a 6ip h>0, v =1 cansl ymiiH Ql (h) ‘R™ >R MaTpPHUIACHIHBIH Kepi MaTPHUITACHI
Oap OoJIBIN Keneci TeHCI3IKTEep OPbIHIAICHIH:

D) [[@(m] <
6) ql(h):yl(h)max(l,gm){eah

Onna (ﬂ(k) ut [X]) syrTap Tizoeri K — 0o ymreurana (3) — (5) ecebiHiH KalFbI3 MIeHIiMi (i*,u* [X])

- ¥a )XUHaKTajJaabl )KOHC Keneci 6aFaJIay OPBbIHABI

—1-ah}<1

Hz*—/ﬂk)\kgqlg )g)“ AW - °>H<[q1( ) h)max(l [)’TJahM (h) (10)
Hu u(k)H<[eah 1][q1( ()2) (h)max(l,gﬂTjahMl(h), (11)
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yroars Ml(h)=[a“—1]y1(h)xmax{11+ ﬂT}xmaX(lldll [fl)h+ex s [f ()]

te[(r-Dh,rh)
Jaaenpeyi. Ql( )MaT‘pI/IIIaCI)IHI)IH Kepl Marpuuacsl 0ap OOJybIHAH JKOHE &) TCHCI3IriHeH OacTaIlKbl

. .. -1 ..
xkybikray A - e 6ap exeniri usrazgsr. A” =—[Q1(h)] -F,(h) Tenairinen A® HOpMachIH aHBIKTACaK:

2=l (- R (n)] <
RO <7, ()| 40> j B0 [ F(Odtex max j @t <, (h)x
=L (r-1h (r-Dh (s Hh
h N
><max{l,1+§2ﬂh }xmax(||d||,||f(t)||)hs
Syl(h)xmax{1,1+gﬁ-T }xmax(||d||,||f(t)||)h (12)

. . . .o (0 . .
4, =2 momnine colikec Kommu (3) ecebinin memimi Ur( ) (t) — HbI OIPTIHAEH JKYBIKTAY 9/ICIH KOJIaHy apKbLIbI

aHBIKTANMBI3. U,(O'O) (t) =0,

t t

uio’l)(t)= I A(Z‘)[U(OO( )+,1 ]dr+ I f(z)dz, te[(r—l)h,rh] r=1N. (13)

(r-Dh (r-1h

A(t), f (t)_HI)IH [O,T] CErMEHTIHIE Y3inicci3airiHetLimrT]0u£O' )( ) I 40 dZ' + j f

(r-1)h

. 0, 0.0
LIEKTiH 0ap OOIyBI ILIBIFaIbL. Ur( )(t) —-U, ( )(t) allbIPBIMBIHBIH OaFallayblH aHBIKTaHMBI3

t
ur(o,l) (t)_ur(OYO) (t)HS j ”A( ‘dz’+ J. ” |dT Ur () dyuxuusacen t=rh mykrecinne

(r-1)h (r-1)h

u®(t)= lim u®(t) TenmiriMen ambIKTAI (I’—l)h,l’h CEerMEHTIHAE V3imicci3 (QYHKIUSHBI alambl3.
r t>rh-0 " Y y

t t
ur(o,z) (t) = J- A(z’)ur(o'l) (Z')d’[ + j A(T)/ir(o)df + J- f (T)dT TEHJIrHIH AaCTBIHAAFbl (YyHKIHUAIAPIBIH
(r-1)h (r-1)h (r-1)h
[(r —1)h, I’h] CerMeHTiHzeri y3inmiceizairin eckepin t — rh —0 mexke KoIICEK COJI JKaK IIEKTIH Oap exeHpiri

IbIFaabl:
rh rh rh

lim v, (t) = I A(0)u (r)dz + I A(r) 4, dz + j f(r)dr

t—>rh-0 r

(r=1)h (r-1)h (r-1)h
JKoHEe MBIHAJai Oaranay OpBIH,Z[I:I

ur(oz) J‘ "A
(r-1)h

t

09—y 09 de < j||A ||I||A oz,

(r-1)h

”AT" ||f (7)|dzdz te[(r-Dh,rh), r=1
(r-1)h (rtl)h

I/ITepaLII/ISUII)IK HpOLICCTi JKajnFacTbIpa OThIPbIN M- i KagaMaa aJlaTbIHbIMBI3!

t t t
)

0O ()= | A()uO" (z)dr + f A(f)ﬂ»r“’)olﬂj f(r)de 14

(r-Dh (r-1h (r-Dh

90




BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

. . . 02, .
Ilrhnou (©m) (t) merin 6ap nen sxopamannan, (13) Tenairiniy Herizinzge U,( )(t) Topizzec
torl

t t t

lim v, (t) = I A(0)u,O™ (7)dr + j A(r) 2, dz + I f(r)dr

t—>rh-0
(r-)h (r-1)h (r=Dh
0ap eKeH/IIriH TabaMbI3,

t Tm_2
00 W= [ JAE e [ A

(r=1)h (r=1)h

xu® (2,4) =0, (z,,)|d7ps-dr, te[(r=Dh,rh), r=1,

OCBII[aH IIbIFaThIHBI:

m+1
ur(0,m+1) (t) . ur(O,m) (t)” < (ah)

(0)
~ (m+1)! 4

T

max sup
r=LN te[(r-1)h,rh)

h m
|+ %” f[,h (15)

(15) TeHci3nikTeH u®m [t] GyHKuMsnap Kyiecinin Tiz0eri C([O,T],h, R4n) KEHICTITiHIH HOpMAaChI

©)

Ooiipama U [t] (GyHKIMsIIAp XKyHeciHe )KMHAKTAIAThIH/IBIFBl KOPIHE/I.

Ochbl KEHICTIKTiH TOJNBIKTHIFBIH €CKEpPCEK, OH/Ia u® [t]EC([O,T],h,R4n) I'ponyomna — Bemnman [10]

TEHCI3AITIH IaigalaHCcaK alaTEIHBIMBI3

b <[ et sp i

te[(r-1)h,rh)

(12) TeHuiriH eckepcek HU -‘2 = m?%( sup Ur HS Ml(h). Anropur™MHiH OipiHIII KagaMbIHIA
r=L% te[(r-1)h,rh)

Q (h)A¥ = —Fl(h)—Gl(ul(o),h), AeR™ tenneyinen A" BEeKTOPBIHBIH KOMIIOHEHTTEPIH aHBIKTAHMBI3,

aran AW = [Ql (h)]f1 [—Fl (h)-G, (u(") , h)] Benriciz mapamerpre OaiIaHBICTBI CBI3BIKTBIK TEHJEYJIEP

KYHECIHIH eKi memiMiHiH aibpbIMba Garanaiibik: A% — A
[2% =29 < (h)]6, (u@.h)| < 7 (h) =

X

hz j B(x) I A(t)u, (t)dtdx, srﬂ% I A(t)u (t)dt, |[<p(h)x

r=l (r-1)h (r-1)h (s=1)h

xMax hZaﬂ I Ju, @] -[[x— (r —Dh]dx],

max a j||u Ot |b<z0x
(s-1)h

s=1,N-1
r=1 (r-Dh
xmax{Zﬁ }ahx s u, (t)||<yl(h)><max{ Z,Bh }ahx
X sup ||u (t)||<yl(h)><max{1 £T }ahx sup ||u, (@] (16)
te[(r-1)h,rl te[(r-1)h,rh)

ir :/1r moHiuzgeri Komm (3) ecebOiniH Ur()(t) IeIIiMIH Taly YIIiH OIpPTIHIACH JXYBIKTAay OJiCiH

naiiiaJaHaMbl3. Ur(l’o) (t) = Ur(o) (t) ,

u, " (1) = .[ Az, "™ (r)dz + j A(z)AMdz + j f(r)dr (17)
(ren)h (re)h (r-h
t t

t
COH}J;a: Ur(l'l)(t)= I A(T).]r(l'o)(T)dT+ J. A(T)ﬂr(l)d‘[-i- I f(T)dT. Ur(o) (t) (J{)yHKIII/ISICI)IHBIH COJI

(r-1h (r-1)h (r-D)h

- — . 0
KaK aKpIpJbl LIeTi tllrhnour(o) (t) Gapmelk r=1,N yurin Gap GoIFaHIBIKTAH ur( )(t) dyuxuuscen t=rh
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HYKTECIHIH COJ JKaK IIETIHIE aHBIKTAIl te[(l’—l)h,l’h) WHTEpBaJBIHAA Y3UTiCCi3 Ur(o) (t)-(i)YHI(I_II/I}ICBIH

arambI3. A(t), f (t) - HBIH [O,T] CerMeHTIH/Ie Y3uTiCCi3aiTiHeH MIEKTiH
ty ty t
tLirhrrlour(l'l) (t)= I A (7)a,” (r)dz+ I A(7)dzA" + J f(r)dz  Gap exeHnmiri wbFambL u, (t)

(r=1)h (r-1)h (r-1)h

dymkmmscsn  t=(r—1)h  mykreciuze u ™ (t)= lim u Y (t)Temmiriven ampikran  [(r —1)h,rh]

t—>(r-1)h

. S 11
CErMEHTIH/E Y3IIicci3 U,( )(t) ¢bynkuusaceiH anaMe3.  Conpa t e[(r —1)h,rh] unTepBanbiHaa MHTErpan

ACTBIHIAFBI (YHKIFSTHBIH y3imicci3airia eckepe OTBIPHITT
t

u(l’Z)(t)z J- A(T)Gr(l’l)(r)err '[ A(f)/lr(l)drnL J. f(z)dz t— r-h0 ra ymreurFaEza mekke

r
(r-1)h (r-)h (r-1)h
KOIIICEK COJI )KaK IIEKTiH 0ap eKeHIITH KepeMi3

t—>rh-0

t t t
lim 0% (t)= j A(0) (7)dr + I A(r)2,dr + I f(c)dr.
(r-Dh (r=Dh (r-Dh
Urepanmsuist ipouecti (17) naifnanansin akpIpis con xak mektin  lim  u *™ (t) Gapnbik m=3,4,...ymin

t—>(r-1)h-0

Oap ekeHnirin amambiz. (14) Topizmec utm [t] (YHKIMSICBIHBIH C([O,T],rh,R“") KEHICTITiHIH HOPMachI

. 1) . ..
ooitpima U [t] (YHKIMSICPIHA KUHAKTAATHIHABIFGl TaralbIHAaNaael. OChl KEHICTIKTIH TOJBIKTHIFBIHAH

u[t]eC ([O,T], rh,R"" ) Ko ece6inin eKi memiMiniH aibIphIMbIH OaraaaibIK:
t

t
0 (1) -u® (b)) < j oo (r)-u® (e)for + j a

(r-Dh (r-1)h

A2,

te[(r—l)h,rh), r=LN. Oce Tencizmikke I'ponyomna — Bemaman [10] TeHcismirin maiinanassin

aNaTBIHBIMBI3:
Hur(l) (t)-u,® (t)H < (ea(t—(r—l)h) 3 1)

WrepalusiHpl jKaaracThIpy/IaH (l(k),u(k) [t]), myHnarsr A% er™, u [t]e(C[O,T],rh,RN") k=12,...

29 -2 (18)

xKyrrap Ti30eri Tadbutael 1a, I'poHyoiia — bennmman TeHci3AiriH Kaidta Koinnanyaan Kormw eceOi menriMiHiH
alBIPBIMBI OENTiCi3 MapameTpiep apKbUTbl OaFraiaHabl:

0@ () -u Y (1) < (e -1)|40 - 2“7, te[(r-Dh,rh), r=1N (19)
OcblnaH:
Ju[]-ut P[], < (e —)[a% - 2t (20)

(9) TerueyiHiH OH JXKaKTaphl ColiKeciHIe Gl(u(k),rh), Gl(u(k’l),rh) (GyHKISIIAph! OOJIFAaHAAFBl MIETiMi

A0 20 GoFaHIBIKTaH OJIAPJIBIH alBIPHIMBIHBIH HOPMACHI YIIIH KeJIeCl TeHCI3IK IYPhIC:
24 =29 = [[Qu(m)] . (u.h) =@, (w1 < 72 ()

N rh X sh

> I B(x) J' A®[U®) ~uf ) Jdtdx,  max _[ AD[u®) —ut @ ]dt] <
=l (r—1)h (r-1)h (s-1)h

rh

,maxa[sh—(s—1)h] {x
s=1,3

< 7,(h) x max hzaﬂ[’;—(r _Dh. x}

(r-1)h

N
X sup )||u§k>) —ul P (1)) < 71(h) x max {1, gz £h }ah x
r=1

te[(r-1)h,rh
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X sup
te[(r-1)h,rh)

u® ) —uf P @) <y1(h)><max{l AT }ahx sup

te[(r—1)h,rh)

u® &) —uH )

(19) TeHci3aiTiHIH OH KaFbIH COHFbI TEHCI3IIKTET1 Hur( r) - ur(k 1) (T)H, r=14 afiBIPEIMAAPBIHBIH MOHIH

OpHBIHA KO#CaK, alaThIHBIMBI3:
Hﬂ’(kﬂ) —ﬂ(k)‘ < ql(h)Hﬂ‘(k) _l(kfl)

, k=12,...... (21)
Teopema maprteiHan 0 (h) <l Gomranmpikran (21) tencisairinen A%  TisGerinin A -ra
JKUHAKTAJIaTBIHABIFEIH, a (20) TeHci3airinen u' ['[] ¢ynkuusaceael C ([O,T ], h, RN") KEHICTIriHiH HOPMACHI

Goiterama U ['[] (YHKIMSICBIHA KUHAKTAJIATHIHABIFBI IIbIFabl. KEHICTIKTIH TOJIBIKTBIFBIH €CKEPCEK, OHJIA
u'(t)eC([0.T],h,RY).
[lenriMHIH KaIFBI3 €KCHIH KOPCETEHIK.

(Z,U[t])—(?;) — (5) ecebinin Tarpr Oip mremimi GoncwiH. (20),(21) TeHcismikrepi Herizimme Keneci

q(h)<1

OoJIFaHAbIKTaH A =2, a [t] =0 [t] TEHIIK-TEePIHIH OPBIHIATYBI OPBIH/IBIL. Hemex OapIbIK

TEHCI3IKTEp/  amyFa GONablL. "u []-u []”2 <(e” 1| < ql(h)‘

te [(r -1h, I’h], r=LN ymin A, = /ir, u"(t)=0,(t). Teopema 1 nonemnenxi.
(1)-(2) xomne (3) — (5) ecenTepiHiH SKBUBAJICHTTLIITIHEH TeopeMa 1- IEH Kelleci TY)KbIPbIM allbIHAIbI:

Teopema 2. Teopema | maprrapsl opsiHaaiceiH. Ouga (1) — (2) ecebiHiH KanFpl3 MICHIiMi X (t) Oap

0oaIel XKoHE Keleci Oaranay OpBIHIBL.

* ql( )
e 0-x <L
MYHJIaFbl X" ('[) (YHKIHACHT [O,T] KeciHaiciHae y3umiceid auddepeHnnan-gaHaTbiH - QyHKIUS.
/L(k) +Ur(k) (t),r =14, k=012,..... bynkmmsace L€ [(I’ ~Dh,rh), r =LN MHTEpBAJIBIHAA X" (t)

(YHKIMSICBIHBIH CBIFBUIBIMBI OONanbl. Teopema 2 monmeneHmi.
Mpican periHzne Keneci ecenTi Kapacteipaibik.[0,0.5] kecinmicinme exiHmi peTTi auddepeHnnanibK

h)max(l ﬁTjahxe““ M, (h), (22)

TEHJIeY YIIiH eKi HYKTeNl MIEeTTiK eCeNTi KapaCThIPabIK:
% =A(X)y + F(x), x €[0,0.5], (23)
X

1

jB(x)y(x)dx=d , deR?*ycr (24)

° (52 ) ro-(, %

2x 0
mynnarsr A(X) =(; ;L(j, B(x) =( OX Jv,

(23), (24) metTik ecenke mapaMeTpIiey 9/1iCiH KOJIJaHAMBI3, SIFHU OEJNTici3 mapameTpIiep MenriMiHiH MoH1
peringe  [0,0.5] kecinaiciHiH OemikTey  apajbIKTapbIHBIH  OacTamlKbsl  HYKTECiHIE  EHrizeMis.

h>0:Nh=T, h=0.125 KaJaMBIH aJIbIII, OCBHI OOMBIHIIIA OeikTey ’KacarMBbI3
4

[0,T)= U[0.125(r —1),0.125r). [0.125(r —1),0.125r) uHTepBanblHAAFBl Y(X) (GYHKIHUACBIHBIH CBHIFBLTYBIH

r=1

Y, ()=y(x), xe[0.125(r-1);0.125r)  gen Genrineiiix. 4 =Y,(0), 4, =Y,(0.125), 4, =y,(0.25),
4, =Y,(0.375)  Gearineynep enrisin [0,0.125), [0.125,0.25), [0.25,0.375), [0.375,0.5)

MHTEPBAJIIapbIH/IA u=y, (X) -4, U, =Y, (X) ~ A Uy =Y, (X) -A, U, =Y, (X) — /A, anMacteIpymapbin
enrizemi3. Conpa (23) — (24) ecebi SKBUBAJICHTTI, KOTIHYKTEI MapaMeTpIli MIETTIK eCerKe KeTipiesi:
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X 1 i
(ijur :[O XJ[Ur + A, ] +F(x), u,((r-Dh)=0, xe [(r -Dh,rh), r=1N (25)
X
4 rh
Z J' B(X)(u, (x)+ 4, )dx=d, (26)
r=l (r-1h
xﬂshnlo ul(x) + 2’5 = A’s+l’ S ::L 2’3 (27)
(25) muddepentmangsik TeHaeyi Bonsreppain Il TekTi HHTErpanablK TEHAEYiIHE SKBUBAICHTTI
X t 1 X
u (x)= I (0 t][ur +ir]dt+IF(t)dt, xe[(r-Dh,rh), r=123. (28)
(r-1)h 0

Wnterpanapik tenaeymin (28) oH xarbH (26), (27) 1mapTrapplHa KOWBIN — Oelnrici3 mapameTp

A= (/11,/12,13,]«4) € R® - re Gaitnansicrsr TeHJIeYJIep KYHECIH anaMbI3.

> j (zox (ﬁ{ J (ct) Ud”']ﬂrdxbd*i J (ZOX Sj(rj;h[z:fxz}td“

r=l (r-1)h (r-1)h =l (r-1)h

+Z4: Ih (ZOX (1)] J' [(t) i).lr(t)dtdx (29)
(r-Dh

=1 (r-1h

sh
X 1
! J. [ de+l}lsls+l
0 X
(s=1)h

(29) — (30) TenaeynepiHiH COM KarbIHA COUKEC KEJICTiH MaTPHIIAHbI Q (h) , OH YKarbIH Fl(h), G, (U, h)

sh

[ (o pom

(s-1)h (s-1)h

nen OenrineriMi3, COHIAa MBIHAJAl CHI3BIKTHI TEHEYJIEep )KYHECIH ajJambI3

Q(h)-A=-F(h)-G,(u,h), 1eR’ (31)
MYHJarbl:
Q(0.125) =
J. B(x)[J.A(t)dt+ I]dx ‘[ B(x){j A(t)dt + I]dx J. B(x)[I A(t)dt+|]dx J. B(x)[J. A(t)dt+|]dx
| A(x)dx+ I —I 0 0
0 j A(x)dx+1 -1 0
0 0 J- A(x)dx+1 -l
Fl(h){d + J' B(X) I F (t)dtdx, I F(x)dx, j F(x)dx, IF(x)dx]
r=1 (r-1)0.125 (r-1)0.125 0 0.125 0.25
Gl(u,h){z J. B(X) I A(t)u, (t)dtdx, J. A(X)u, (x)dx, I A(X)u, (x)dx, J.A(x)us(x)dx}
r=1 (r-1)0.125 (r-1)0.125 0 0.125 0.25
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1.016 0.0013 1.048 0.0033 1.08 0.0052 1.112 0.0072

0 1.125 0 1.126 0 0.127 0 0.128
1.0078 0.125 -1 0 0 0 0 0
0 1.0078 0 -1 0 0 0 0
[Q.(0.129)]= 0 0 1.023 0125 -1 0 0 0
0 0 0 1.023 0 -1 0 0
0 0 0 0 1.039 0125 -1 0
0 0 0 0 0 1.039 0 -1

Teopema 1 mapTTapbIHBIH OPBIHAATYBIHA TEKCEPEMI3:
1) [[@(0125)] <2181
0.125

2) q,(0.125)=2.182- max [1,7-1-0.5j{e°-125 —1-0.125}=0.017 <1

TeopemaHbIH €Ki WAPTHI A2 OPBIHAANATHIHABIKTAH (25)- (27) ecebi OGipMoHI IISIiTiMIi.
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METOJAUKA OPTAHU3ALIMU OBYYEHUA KYPCY AJITEGPBI B
INEJATOTMYECKOM BY3E

AnHomayus

B craTtpe paccMoTpeHa METOINKa OpTraHU3aluH O0YUCHHS CTYICHTOB MIeIarOTMIECKOT0 By3a Kypcy anreopsl. B csazn
C TepexoJoM Ha OOHOBJICHHOE COIEpKaHWS OOpa30BaHWS, METOAWKA IPETONABAaHHS M €€ OpraHm3amus TpeOyeT
MIEPEeCMOTpPa M COBEPIICHCTBOBAHI. B HOBBIX YCIOBHAX MOMEHSUIICS IOJXO K OpPTaHU3alui 00ydeHHS B IIKOJIAX, BBUAY
4ero HEOOXOMUMO (OPMHPOBATH HABBIKM W YMCHHS CTYACHTOB TMEJarOrMYCCKUX BY30B, HEOOXOAUMBIC IS
OCYILIECTBIICHUsT Oyaymied mpoeCCHOHAIBHON MAeATeNbHOCTH. B opraHmzanmu oOyueHHMs B MIKOJaX BCE dalle
MPUMEHSIOT aKTUBHBIC METONBL. {71 TOro, 4TOOBI BBIMYCKHHMK IMEAarOTMYECKOrO By3a 3HAT U YMEN MPUMCHATH 3TH
METOJIbl 00YYEHUs, HY)KHO MPUMEHSATh MX MPEMOJaBaTE/IIM Ha CBOUX 3aHITUSX. MBI paCCMOTPEIIH aKTUBHBIC METOJIBI
00yueHHs Kypcy anreOpbl meaBy3a. Ha KOHKPETHBIX MpUMEpax MOKa3aHO MPUMEHCHUEC HETPATUIIMOHHBIX JICKIUH U
MPAKTUYCCKUX 3aHATUI B 00yUCHHH OYAYIIUX YUUTEICH MaTCMaTHKH.

KiroueBble cjioBa: opranu3anus 00y4eHus, Kypc anreOpbl, meaarorndecKiii By3.

Anoamna
.M. Hypbaesa*
Y Abaii amvinoaszor Kazax ynmmolx nedazozuxanvix ynusepcumeminiy Ph.D doxmopanmot, Anmamer k., Kazaxcman
NEJATOI'MKAJIBIK JKOFAPBI OKY OPBIHIAPBIHBIH CTYAEHTTEPIH AJITEBPA KYPCBIHA
OKBITY bl YUBIMJIACTBIPY QJICTEMECI

Makasaja neaarorukajiblk JKOFapbl OKY OPBIHIAPBIHBIH CTYACGHTTEPiH ajredpa KypchlHa OKBITYIbI YHBIMAACTHIPY
o/icTeMeci KapacThIpbUIAbL. bidiM OepyiH jkaHAPTHUIFAH Ma3MYHBIHA KOIIyre OaiIaHbICTBI OKBITY 9/IICTEMECIH JKOHE
OHBl YHBIMIACTBIPYIbl KaiiTa KapacThlpy JKOHE NaMbITy Tajlanm eTirynae. ByriHri Tanma Mekrentepie OKBITYbI
yibIMIacThIpyFa JIeTeH Ke3Kapac e3replli, COHIBIKTAH IIeJarorMKANBIK JXOFapbl OKY OPBIHIApPBIHBIH CTYACHTTEPIH
KaJIBIITACKAH JKaHA JKaFaiina Oomamak KociOu ic-opeKeTiH JKy3ere ackIpyFa MYMKIHIIK OepeTiH O0is1iM MeH OuTikTepMeH
KapyJlaHJblpy KQKETTITIrl TybIHAaAbl. MeKTenTepae OKbITYIbl YHBIMAACTHIpYJa OCICeH Il 9AiCTep K1l KONIAHBUTY .
[earorukasbIK >KOFapbl OKY OPHBIHBIH TYJIETl OKBITYABIH OCBI 9JIICTEPIMEH TaHBIC OOJIBII, OJNIAPIBI YTHIMIBI KOJIIaHa
aJTybl YIIIH OKBITYIIBUIAP ©3 cabaKTapblH/a aTajFaH dAIiCTepAl KoJlaHysapsl Kepek. bi3 memarorukansik sKOFapbl OKy
OpHBIHJA anredpa KypChlH OKBITYABIH O€JICeH/Ii 9icTepiH KapacThIpAbIK. bonamak MaTeMaTka MyFaliMaepiH OKbITY1a
JIOCTYPJIi eMeC IOPIiCTep MEH MPAKTUKANBIK cabaKTap bl KOJIIaHy JKarAaiiapbl HAKThI MbICAAPMEH KOPCETIIII.

Tyiiin ce3aep: OKBITYIBI YHBIMIACTHIPY, alire0pa KypCHl, IeJarorHKaIbIK KOFaphbl OKy OpPHEI.

Abstract
METHODS OF ALGEBRA COURSE TEACHING’S ORGANIZATION FOR STUDENTS OF
PEDAGOGICAL UNIVERSITY
Nurbayeva D.M.!
! Ph.D doctoral student, Abai University, Almaty, Kazakhstan

The article deals with the methods of teaching algebra course for students. In connection with the transition to the
updated content of education, teaching methods and its organization requires revision and improvement. In the new
conditions, the approach to the organization of education in schools has changed, which is why it is necessary to form the
skills and abilities of students of pedagogical universities necessary for the implementation of future professional
activities. Active methods are increasingly used in organizing education in schools. In order for a graduate of a
pedagogical University to know and be able to apply these methods of teaching, it is necessary to apply them to teachers
in their classes. We considered active methods of teaching algebra course in pedagogical University. Specific examples
show the use of unconventional lectures and practical classes in the teaching of future teachers of mathematics.

Key words: organization of teaching, algebra course, pedagogical University.

B npakTuke MIKONBHOTO MpenojaBaHus anreOpbl yuurtens (akTHUECKH HE PYKOBOICTBYIOTCA Heei
MPEEMCTBEHHOCTH TIPETOIaBaHus B IIKOJIE U By3€, IPH 3TOM UTHOPUPYIOTCS PO ECCHOHANTBHBIC HHTEPECH
Oyaymero cryneHtra W Oyaymiero yuumrenss. C Apyrodl CTOPOHBI, MPEToAaBaTeN MeBY30B, YUCOHUKH U
MPOTrpaMMBI IO aJire0pe HAYMHAIOT U3JIOKEHUE 3TUX MOHITUHN TaK, KaKk OyITO B ILIKOJIE OHU HE U3Yy4alOTCsl.
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TpanunuonHas opraHu3anys MPOBEACHUS 3aHATHH 1Mo anreOpe B By3e NMPOXOIUT B CIEyIOIEH (opme:
JIeKIHUs, TPAKTHYECKOE 3aHSATHE, CaMOCTOSTENIbHAs padoTa CTYAEHTa IOJ PYKOBOJACTBOM IIPENOaBaTEIL
(CPCII) u camocrositenbHas padora cryaenrta (CPC).

Kak w3BecTHO, TpagMUMOHHAas  JIEKOUs  NPEACTaBIsAeT CO0OM  MOHOJOTMYECKHH  CHOCO0
CHCTEMAaTH3UPOBAHHOTO W3NOKeHMsT HH(popManuu. KoHedHo, Takas JeKIus IenecooOpas3Ha, Koraa
Ipe/ICTaBICHHbIC HA JIEKIINH CBEACHHS HE JOCTYITHBI 00yYaloMMMCs H3-3a OTCYTCTBHUS yIEOHUKOB M YIeOHBIX
MaTepHaJIOB UM, KOTJa HEKOTOPBIE pa3esibl Kypca TPYIHBI [UIS CAMOCTOSTEILHOTO N3yUCHHS.

Ha mpaxkTndeckux 3aHATHSX MpernojaBaTelb OOBIYHO ITOKAa3bIBACT AJITOPUTM pELICHHs 3aJaHuil 10
NPOWIEHHOH TeMe Ha KOHKPETHOM IIPHMeEpE U JTAeT 3aJaHue ISl CAMOCTOATENILHOM PabOTHI CTyICHTA.

3anstust CPCII npoBoasTest B pa3nuyHoil opMe: 3TO MOXKET ObITh CEMHUHAP, B KOTOPOM OYAYT 3aTPOHYTHI
Oosee TpyImHBIE Uil CTYACHTOB BOIPOCHI, MOXKHO MPEAJIOKHUTH CTYACHTAM MaTepuall, KOTOPbIi HE ObLI
BKJIIOUYCH B cofepkanne jJekuuu u T.1. 3anatus CPCII uMeroT KOHCYIbTaTUBHBIIN XapakTep.

CamocrositensHast pabota cryaeHToB (CPC) BkmouaeT B cebs MOATOTOBKY JIOKJIAJ0B, MaTepHUaioB IO
TeMe, 3aJaHHOW TIpernoAaBaTeNieM Ha MpealIecTBYIomeM 3aHsTuH. [IpenogaBarenb COCTAaBISET TEMAaTHKY,
MIOMOTaeT MOA00PaTh TEMY WIIH 3aJaHHUE JJIsl CAMOCTOATEIbHON BHEAYAUTOPHON pabOTHI CTYACHTA.

B cBs3u ¢ mepexonoM Ha OOHOBIICHHOE cOJep)KaHHE O00pa30oBaHMS, KOTOPOE OPHEHTHPYET ydeOHBIC
MPOTrpaMMBbl Ha MPAKTHYECKYIO ACATEIbHOCTh, MEHSETCS MOAX0A K 00yUSHHIO IIKOJBFHUKOB. YUUTHIBAs 3TO,
HEOOXOZMMO OCYIIECTBIATh IIOATOTOBKY IMEarormdeckKuxX KaJpoB, HAIEICHHYI0 Ha HUX OyIymIyro
npodeccnoHaBHYIO JeATeTbHOCTh B HOBBIX YCIIOBHSIX.

[lepenoBas memaroruyeckasi MpakTHKa HAKOMWIIA OOTaThIi OMBIT aKTUBU3AIMU JICKIUH, Pa3BUTHS €c
HETPaJUIHOHHBIX (OPM, C TIOMOIIBIO KOTOPHIX YCTPAHSIOTCS MHOTHE HEIOCTATKH KIACCHYECKOW JIEKIIHH.
Pemenne mpoOieMbl aKTHBH3AIMU JIEKIHMOHHOW ()OPMBI OOydYeHHS BO3MOXKHO ITyTE€M CYIIECTBEHHBIX
W3MEHECHUH B €€ MOCTPOSHHH, B METOIMKE U3JI0KEHHS, B IPOOJIEMHOH Mmojjaue yueOHo# nHpopMaIum.

[IpenonaBarenu By30B MPaKTUYECKH HE HMCHOJIB3YIOT HETPAIUIMOHHBIE (HOpMBI OOYUYECHHUSI CTYACHTOB.
CunTaem, 4r0 3TH (OPMBI TPOBEICHMS 3aHATHH MPOCTO HEOOXOAMMO HCIIOIBH30BaTh, OCOOCHHO B
nenarorndeckux By3ax. CTy#eHTBl — OyInyIiue Y4uTelds MaTeMaTHKH TOJBKO CaMHU SIBISISICH aKTHBHBIMH
yYaCTHHUKAMH TaKOro Iporecca o0ydeHus, OyAyT UCIOIb30BaTh pa3IMYHbIC aKTHBHBIE METO/bI OOyUEHHS B
cBOeH MpodhecCHOHATBHON AEATEIEHOCTH, TO €CTh B 00yUYCHHH MaTeMaTHKE B IIKOJIE.

Jlexyua ¢ 3apanee 3anaaHuposanHbiMu owiubkamu. Takod BHA JEKIUH COAEPKHUT MPOOIEMHOCTH B
«grctoM Buze». OT ciymaTenei TpedyeTcs He MPOCTO BOCIIpUAITHE HH(OPMAIIHH, a ellle U aHAJN3 U OLICHKA.
[Tocne oOBsIBICHUS TEMBI JIGKIMU MpENojaBaTesib COOOIaeT, YTO B Heil OyAeT cAelaHo oIpeaesieHHOE
KOJMYEeCTBO OMHMOOK. OMMUOKN MOTYT OBITh PAa3IMYHOIO THIIA: COJEPKaTeNbHbIe, METOINYECKHE U T.1. Jis
o0ecriedeHus JOBepus ayIUTOPUH MPENoJaBaTeib J0JDKEH UMETh MepeyeHb 3THX omuook. 3a 10-15 munyt
JI0 KOHIIA JIEKIIUH CTYAEHTHI JIOJDKHBI 03BY4YHTh HaljeHHble omnOku. KoHneuHo, 1ienecoo0paszHo B3STh TEMY
JIEKLMH, 110 KOTOPOH y CTYIIEHTOB YK€ c(hOPMHPOBAaHBI OCHOBHBIE MOHATUS U yMEHUs. CTyIeHTHl Ha TaKOH
JEKIUM MOTYT IPOJEMOHCTPUPOBAaTh CBOM 3HAHUS Marepuaja M YMEHHE OPHEHTHUPOBAThCS B HEM.
Bo3moxHOCTh HaliTH OmMOKY Yy TpenojaBaresis BBI3BIBACT a3apT y OOYYAIOIIMXCS, YTO CIIOCOOCTBYET
AKTHBH3ALIUH JIESATEIHHOCTH CTY/ICHTOB.

Jlexyus-eusyanusayus MPeICTABISAET cOOOH NMPOBEICHHUE JEKIUH 110 ONOPHOMY KOHCIIEKTY HJIH OTIOPHOM
Joruueckor cxeme. Vcnonb3oBaHue JAaHHBIX JIGKIIUH CITY>)KUT OJHUM U3 CIIOCOOOB peai3aliy MPUHITUIIOB
MPOOJIEMHOCTH U HATISITHOCTH. JIEKIMsI-BU3yann3aius O3BOJISET CYyIIECTBEHHO OBBICUTH dPPEKTUBHOCTh
NPE/ICTAaBICHNS, BOCIIPUATHS, IOHUMAHHUS U YCBOCHHUS MH(OpMALMH, 0COOCHHO MOHATHH Kypca aireOpbl.
[TpuBeneM KOHKPETHBIH puMep U3 Kypca anreOpsl. [1pu nzydennn npasuia Kpamepa MOKHO HCIOJIB30BATh
CIIETYIONTYI0 OJIOK-CXEMY:
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ap X, tdpx, +o-+a,x, = bl
Ay X, + X, +--+a,,x, =b,
anlxl + arﬂxl + +annxﬁ = bu
HET Ja
y
HET na
Cucrema — N
ompeneneHHas.
_4d
T
d'n
X, =—
I Y
x = d, Pemenwnii HeT
" (V3
d (IpOTHBOpEUMBas CUCTEMA) MHoxecTBO peneHni

Pucynox 1

[IpakTHdeckoe 3aHATHE MOYXKHO MPOBECTH CICAYIOMIMM 00pa3oM: caenaTh KapTOUYKH Ha KOTOPBIX OYAyT
HaIlMCaHbl 3HAYEHUS ONPEAEIUTENCH CUCTEM IMHEUHBIX YPaBHEHUH U 3HAUCHUS KOPHEH 3TUX cucTteM. Takxke
cienate KOpoOOYKM, Ha OAHOM M3 BHELIHUX CTOPOH KOTOPBIX OYyIOyT 3aluCaHbl CHUCTEMBI JIMHEHHBIX
ypaBHeHuil. Pemmas nanHele cuctembl N0 mpaBuiny Kpamepa, cTyneHThl OyAyT BBIYHMCIATH 3HAYCHUS
HEOOXOIUMBIX OIpenesuTeNe u KOpHeH cucteM ypaBHeHHH. Cpeau KapTodeK CTYAEHTHI OyAyT HaXOIUTb
COOTBETCTBYIOIINE KAPTOUKH U CKJIAABIBATh X B HY>KHYIO KOPOOKY.

x+2y+3z=5

4x-3y+2z+4=0
6x—-2y+3z+1=0

S5x+2y+3z+2=0

2x -2y +35z

=0

2x-3y-5z=-9

Sx-3y+2z+3=0 3x+4y+2z+10=0

—3x+y-2z=-8

/ I
d=28 d=-56 d=-5 d =-5 d, =-112 d, =0
d, =168 d, =-56 d, =-10 d,=5 dy =112 d, =84
XIZI x‘:2 .}\‘:O x2:2 xgz_z x2:_3

x,=-2 x, =3 x, =1
Pucynok 2

CTyIeHTBI IeJarOrM4ecKoro By3a — OyAyIue yUYUuTesIsl, HOATOMY OHH JOJKHBI TPAMOTHO (POPMYIIHPOBAThH
CBOM BBICKa3bIBaHUA. [IpaBMIIBHO OpraHM30BaHHOE OOYYEHHE PEIICHMIO 3ajad NMPUydaeT O0y4aromMxcs K
MIOJIHOLIEHHOM apryMEHTallMH CO CCBUIKOM B COOTBETCTBYIOIIMX CIy4asX Ha paHee JOKa3aHHBIE TEOPEMBI,
aKCHOMBI W BBEJICHHBIC OIpeneieHud. I 3Toro BaKHO BpeMs OT BpPEMEHM IpeaiaraTb CTyAECHTaM
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3allUChIBaTh PCHICHUE 3a1aY B Ta6n1/1uy, B JICBOM CTOJI6I_IC KOTOpPOTrO HY>XHO 3aIlMChIBATHh BBIYMCIICHUA, B

MpPaBOM CTOJOIE — apryMEHTHI, T.e. MPEIIOKEHHUS, MOATBEP)KIAIOIINE MPABHIHBHOCTh BBITIOIHIEMBIX
BbIUMCICHUH [1].

P ACCMOTPHUM IIPUMEP PCIICHUA CUCTEMbIL JIMTHEHWHBIX ypaBHeHI/Iﬁ MCTOJAOM Faycca.
X, + X, —=5X, +3X, =-2
2X, —3X, + X; —2X, =6

- 5%, +2X, —3%x, — X, =-11

10x, —4x, +6Xx, + 2x, =22

Pewnre cuctemy ypaBHEHHMIA:

Pemmenne:
Berancnenus AprymMeHThI
X, + X, —5X, +3X, =—2 EcIii yMHOKHTE TPEThE YPAaBHEHHE CUCTEMBI Ha -2, TIOJTyYHTCS
_ aBHEHME, YKBUBAJEHTHOE YeTBEPTOMY YPABHEHUIO.
2X, — 3%, + X, —2X, =6 yp ) PTOMY ¥p

—5%; +2X, —3X, — X, =-11
10x, — 4x, +6x, + 2x, =22

X, + X, — 5)(3 + 3)(4 =2 Hcknrounnu 0JJHO U3 SKBUBAJICHTHBIX ypaBHeHI/Iﬁ.
2X, —3X, + X, —2X, =6
—5%, +2x, —3x, — X, =-11

UroObl HCKIIIOYMTH X, BO BTOPOM YPaBHEHHMH CHCTEMBI,
1
X, + X, —5X; +3X, =—2 YMHOXWIIA TIEPBOE ypaBHEHHE Ha -2 W MPHOaBUIM BTOPOE

~5x, +11x, —8x, =10 YPABHCHHUC,
JJIsL TOTO, 1ITO61)I HCKIIIOYUTh X B TpPEThEM YpaBHCHUHU
7X, — 28X, +14x, =-21 *

CHCTEMbl YMHOXHJIM I[I€PBOEC ypaBHEHHE HA 5 M NpHOaBHIH

TpeTbe
YroOBbl HCKIIOUHUTh X U3 TPETbErO YpPaBHEHUS CHUCTEMBI,
2
X, + X, —5X,+3X, =2 7
—5x. +11x. —8X. =10 BTOpPOE YpaBHEHHE YMHOXWIA Ha — W MPUOAaBHIN TPEThE
2 3 4
63 14 .
—— Xy +—X, =7 ypaBHeHHe YuCIO ypaBHEHHI CHCTEMBbl MEHbIIE YHCIA
5 5 HEU3BECTHBIX, TO3TOMY CHCTEMa MMEET MHOTO PELICHHH.
63 14 Beinmcanu TpeTbe ypaBHEHUE MOIYYEHHOW CUCTEMBI
— X, + Iy X, =—7
—63x, +14x, =-35 YMHOXKMIH 00€ 9acTH ypaBHEHHUS Ha 5
9%, —2x, =5 Paznenunu obe wacTu ypaBHeHUs Ha -7
542X, BeIpasuim oHy HEM3BECTHYIO Yepe3 APYTYIO
3= T
542.2 1 Haiimem omgHo wu3 pemenuid cucremel. Ilyecte  x, =2.
: 9 IloyicunTann COOTBETCTBYIOIINE 3HAYCHHUS X,, X, U X,
5x, +11-1-8-2=10
—5x, =15
X, =—3
X, +(=3)-5-1+3.2=-2
X, =0
3anmmcanu oliiee peneHnue CHCTEMBl ypaBHEHHH
x, =—2-Xx, +5x, —3x,
11x, —8x, -10
X, = — 5
S5+ 2x,
Xy = —9

3agaaus mis CPC no anrebpe MOTyT OBITH HE TOJNBKO 33JIaHUs Ha pelieHue 3a1ad, Ho U «[loaroToBka u
3amuTa pedeparoBy. B xoe moarotoBku pedepara CTYISHTHI IPOBOJIAT TEOPETUISCKUI aHATTN3 TPOOIEMBI,
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nennaroT 0000IIeHHUs, TTOAOUPAIOT KOHKPETHBIC NMpuMephl. KoHEUHO, IPOCTO NPUHATH pedepar U MOCTABUTH
OTICHKY HE MPaBWIHLHO, BAXKHO 00SI3aTEIFHO OPraHMW30BaTh 3aIMUTY M 00CYXKIeHHE pedepaToB. ITO MOKHO
cleNaTh Ha MpaKTHUeCKUX 3aHATHAX Wi Ha 3aHsaTusx CPCIL. O6bryHO Ha 3amuTy pedepata Beigensercs 15-
20 munyt. PedepaT MOXHO TOTOBUTH HE TOJBKO WHAWBUAYAIBHO KaXKIOMY CTYIEHTY, HO W MallbIMU
rpynmaMy. PedepaTsl MOKa3bIBalOT HE TOJNBKO TEOPETUIECKIE 3HAHUA CTYEHTOB, HO M HABBIKH ITPUMEHEHUS
WX Ha IPaKTHKE, YTO U ABISETCS OAHUM M3 BOKHEUIINX Moka3aTeneil ahdekTuBHOCTH 00yIeHusI.

Utak, akTUBHBIE METOABI OOY4YECHHUS! HY)KHO NMPUMEHSATH HE TOJIBKO B IIKOJIE, HO M B By3e, TeM Ooiee
rmegarornieckoM. HayduBomich MeTOMWKE OpraHW3alliil 3aHATHAS M MPUMEHEHUIO0 PAa3INIHBIX aKTHBHBIX
METOJIOB 00y4YeHHS anredpe, CTyIEHTHl CMOTYT METOJANYECKH TPAMOTHO 00y4aTh MIKOJIFHUKOB MaTeMaTHKE B
cBOCH Oynymieit npodeccnoHaaIbHON ACATETBHOCTH.

Cnucox ucnonb306anHOU Iumepamypul
1  Abwsuikacvimosa A.E., Tyakoe E.A., Kymanuesa J1./]., Hypmyxameoosa K.M. Memoouueckue ocHogvl 00yuerus
pewieHuo Mmamemamuyeckux 3aday 6 wikose. Yuebnoe nocooue. — Anmamot, 2018. — 248 c.

YK 51:37.016
I'PHTH 27.01.45

I'U. Canzapaesa Y K] Avnabex 2

Tex.2.x., Kazax memnexemmix Kui30ap nedazo2ukanviy yHugepcumeminiy npogeccopu,
Aamamul K., Kazaxcman
2 Kazax memaekemmix Kbi30ap nedazoeukanbli YHUGEpCUmeminiy Mazucmpanmot,
Anmamul K., Kazaxcman

MATEMATHUKA CABAKTAPBIHJAA AKHHAPATTBIK-KOMMYHHKALIUAJIBIK
TEXHOJIOTUAJIAPABI KOJIAAHY

Anoamna

Martemaryika cabakTapblHAa OKYIIBUIAPJABIH €Cell IIBIFApyFa JereH KbI3BIFYIIBUIBIFBIH apTTBIPy MaHBI3IbI OOJIBII
ecenrtelsiHesi. TaHBIMIBIK KBI3BIFYLIBUIBIK - OYJ1 MEKTENl OKYLIBICBIHBIH OOWBIHIAFBI €H MAaHBI3IbI aFfa UTepMeNeyIi
ceben OonbIn TaObUIaABL. TaHBIMIBIK KBI3BIFYIIBUIBIK 9CEPIHEH 9JICi3 OKYLIBUIAPIBIH ©3JepiHle allFa JaMyIIbUIbIK
Oaiikananel. OKy-oMicTEMENiK MaTepHaIAapbIHBIH KAHINAIBIKTBEI TYCIHIKTUIIN OHE KaObulmayFa bIHFAIBLIIBIFBI
Oananapra ocep ereii. MaremMaTuKaHbl OKbITY/a Oananap/blH TaHBIMIBIK KbI3BIFYIIBUIBIFBIH apTThIPY MaKCaThIH/A
aKMapaTThIK KOMMYHHUKAIUSUTBIK TEXHOJIOTHSUIAPIBI KOJIAaHy. OMICTEPIiH OPTYPJILIITi MEH COMKECTIrT MaHbI3IbI PO
aTkapajabl. MYMKIHIITI HIEKTeysli OKYIIbUIApJbIH cabak OapbIChIHIA LIapliayJiapblH TOMEHIETY, MXYMbIC icCTey
KaOlIeTTepiH apTThIpY, TYPIi SJicTep OKYIIBLIAPBIH SPTYPJIl AeHreie KaOblinaybiHa MyMKiH K Oepeni. Jlenreiinepine
Kapaii TarichlpManapIsl Tagay, op TalChpMaHbI IIENTyre MYMKIHIIT XKeTeTiH, JeHrei colikec Oanara Oepy, Oanamapra
©3 JIaFIbIIapBIH YFRIHYFa MYMKIHJIIK Oepiryi Kepek.

Tyiiin ce3mep: MaTeMaTHKa II9HI, aKIAPATTHIK-KOMMYHHKALMSUIBIK TEXHOJIOTUSIap, MYMKIHAIT IekTeyi Ganaiap,
€CerTep IMIbIFapy, MicC - TICLIaep.

Annomayus
I'U. Canzapaesa ', )K.J]. Aiinabex?
K. mex.n. ,npogheccop Kazaxckozo 2ocydapcmeentiozo Jicencko20 nedazo2uiecko2o ynusepcumema,
2. Anmameul, Kazaxcman
2Mazucmpanm Kazaxckozo 20cy0apcmeentozo JeeHCcKo20 neddzo2uiecko2o YHusepcumend,
2. Anmamul, Kazaxcman
HCIOJIb30BAHUE UH®OPMAIMOHHBIX TEXHOJIOI'UA B OBYYEHUU MATEMATHKE

[ToBbIIeHNE WHTEpECa YYEHUKOB K PEIICHHIO 3aJa4 Ha YpPOKaX MAaTeMaTHKH CUHMTAeTCs HauOoJiee Ba)KHBIM.
ITo3HaBaTenbHBIIT WHTEpPEC SBIAETCS OCHOBOW pa3BuTus yueHHKa. [loj BIMsHMEM IO3HABATEILHOIO HHTEpeca
TOSIBJISIETCST MHTEJUIEKTYalIbHOE MPOJBIKEHUE BIiepes] claObIX YUYeHHWKOB. B 00ydeHHMHM JeTeil SICHOCTh U yI00CTBO
M3YYCHHSI MATEPHUAJIOB BJIMSET HA €T0 YCBAaUBAEMOCTh. J[Jisl TOT0, YTOOBI IOBBICUTH JIETCKUI TIO3HABATEIHHBIN HHTEPEC K
M3YYCHHUIO MaTEMATUKU MBI TIpeijlaraeM HCI0JIb30BaTh HHPOPMAITMOHHBIE 1 KOMMYHHKAIIMOHHBIC TEXHOJIOTHH. TakuM
00pa3oM, BO BpeMsl YpOKa yYalIHecs: C OrPaHHYCHHBIMHA BO3MOXKHOCTSIMHA CMOT'YT TIOBBICUTH CBOIO pabOTOCIIOCOOHOCTS,
YMEHBIIUTh YCTAIOCTh, 4TO CIIOCOOCTBYET MPUHATHIO PA3IMYHBIX METOJIOB OOYUCHUS HA Pa3IIMYHBIX YPOBHIX Pa3BUTHI
yYaluxcs.

KaroueBble ci10Ba: MaTeMaTrKa, HHOOPMAIIMOHHBIC 1 KOMMYHHKAIIHOHHBIC TEXHOJIOTHH, ICTU-UHBAHUIBI, PEIICHHS
po0IeM, METOMBI.
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Abstract
THE USE OF INFORMATION TECHNOLOGY IN TEACHING MATHEMATICS
Salgaraeva G.l.1, Ainabek Zh.D.?
1 Cand.Sci. (Engineering), Professor, Kazakh State Women's Teachers Traning University.
Almaty, Kazakhstan
2 Student of Master’s Programme, Kazakh State Women's Teachers Traning University.
Almaty, Kazakhstan

In the lessons of mathematics to increase the interest of students in solving problems are considered the most
important. Cognitive interest is the most important reason for the student's progress. Under the influence of cognitive
interest there is progress among the weak pupils. In the education of children, clarity and convenience of materials affect
children. In order to improve children's cognitive interest in teaching mathematics, it is necessary to use information and
communication technologies. plays an important role in various methods and requirements. During the lesson, students
with disabilities to improve the ability to work to reduce sarsawlarin, allows the adoption of various methods at various
levels of students. Depending on the level of analysis that is able to solve each task, the tasks, according to the level of
the child, children should be able to understand their skills.

Key words: Mathematics, Information and Communication Technologies, children-invalids, problem-solving,
methods.

Byrinri Tagna koramzaa MYMKIHAIT meyTeyi Oananap/IslH CaHBIHBIH KeOetoi Oip Mocese 0oJbIl OThIpCa,
CKIHIII JKaFbIHAH OJIAPJbIH KOFaMFa CIHICII KeTyiHe »acaJlblll YKaTKaH jKaHa MYMKIHIIKTEPIiH Macelenepi
e3eKTi Oombim oThIp. KoFam JaMyBIHBIH Ka3ipri oJeyMeTTIK-DKOHOMUKAIBIK JKaFIalbIHIA, TeIaroriKaIbIK
FBUIBIM MEH TOKipHOCCiHIH alIbIHAa OPTYPIi OlTiM Oepy MYKTaKABIKTaphl Oap *oHe KabineTTi Oanagapabl
OKBITY MCH TOpOUeNey YIIIiH €H OHTAWIBI KaFaaiiap Taby Macenenepi Typ.

MyramiMaepaiH alasHIa TYpFaH OipkaTtap Macenenep:

— JIOTUKAJIBIK OMJIap bl KAOBLIIAYABIH XKYHECI3ir;

KOMITBIOTEPJIIK CayaTThIIBIKTHIH TOMCH/IITT,

OimimMzi YipeHyre KbI3bIFYIIBUTBIK O0IMayHhI;

— OKYy-9JiCTeMeIiK TarchlpMaIap sl MenTyae PENpOIyKTUBTIK oficTep Il KOIIaHyabIH 6achbiM OOYHI.

Binim Gepy mporecinge MaHbI3ABILIAPTTAPALIH Oipi - MEKTEN OKYIIbLIAPBIHBIH OOWBIHAA KBI3BIFYIIBUTBIK
KaOUIeTiH AaMbITy. TaHBIMABIK KBI3BIFYIIBUIBIK - OYJI MEKTEN OKYIIBICHIHBIH OOMBIHIAFbI €H MaHbBI3/bI aiFa
uTepMeneymr ceden Oonbim TaObUTaabl. TaHBIMABIK KBI3BIFYIIBUTBIK 9CEPIHEH, TINTI 9JCi3 OKYIIBLIApIBIH
©3JICpiHJIC aiFa TaMYIIbIIBIK OalKanaabl. BolbIHIa MyMKIHIIT IEKTEYJIITT Oap OananapIbiH 1aMybl KONITereH
(akTopiapra GailylaHBICTBI 0OJaJbI, COJAP/BIH IIIHJE OKY-9JIiICTEMENIIK MaTepHaapbIHbIH KaHIIAJIBIKTHI
TYCIHIKTUIIT jKoHE KaObUIIayFa BIHFAUIIBUIBIFEI /14 9Cep €Teli. DIEKTPOHABIK OKBITY MaTepuaiapabl OimiM
Oepylie KOJJaHy TEK IOHJIIK OUIIMIH JKOFaphLIaThIll KaHa KOWMail, akKlapaTThlK KY3BIPETTLIIN MeH
TY3ETYIIUTITHIH JaMybIHa MYMKIHIK Oepei.

MareMaTHKaHbI OKBITY JKYHECiHIe Oananap/blH TAHBIMIBIK KbI3bIFYIIBUIBIFBIH apTTHIPY JKOHE 9IICTeP/IiH
OPTYPJILIIIri MEH COMKECTIrl MaHBI3/IBI POJI aTKAPaIbl, MyMKIH/IT MEKTEYI OKYIIBUIAPIbIH cabak OapbhIChIHIIA
HIapiayiapblH TOMEHIETE/1; )KYMBIC icTey KaOlIeTTepiH apTThIpabl; TYPIIi 9MIicTep OKYIIbIIAPABIH SPTYpIi
JeHreie KaOblIayblHa MYMKIHITIK Oepei.

Bananap/iplH TaHBIMJIBIK KbI3BIFYIIBLUIBIKTAPBIH JAMBITY VIIIH MbIHAJAM MIapTTap/sl KaHaFraTTaHIBIPY
KakeT OO0JIBbIN TaObUIaIbI:

— OKYy-9[iCTeMeNiK KYHAENiKTi, OipKaJbINThl, COJFBIH, AaKMapaTThIK KEACWIIUTK, OalaHbIH KEeKe
TaxipuOeciHeH 0oy CTHIIIHAE 00IbIpMaYy;

— IIEKTEH ThIC TANChIpMaap, dananap by mapiiaybiHa oy oepmey;

— Typdi omictepai (acTapibl SHTiMe, OHBIH, KPOCCBOPTAP, MpodiieManap, 9311, KbI3BIKTHI JKATTHIFYIap
T.0.) OMBIH-CAYBIKTAp aPKbLIbI TAHBIMJIBIK KbI3bIFYIIBIIBIFBIH APTTHIPY, BIHTAIAHABIPY;

— apHaiibl aKbUI-OMMEH >XKYMBIC iCTEHTIH OKBITY SAICTEpiH KOJJIAHY, NMCHUXUKAIBIK KbI3METIHIH KoHE
TOpOHE KYMBICHI 9[IICTEPIH YHPETY. Erepne  oxkymbulap — Oimimi  JkaTTaHApl  OonMaca,  OKY
MaTepHsUIapbIMEH KYMBIC 1CTETL, ©3/1epPi IIBIFApMAIIBUTBIKIICH A HAITBICHIIT XKOHE HOTHIKEIIEPiH 63 KO3/IepiMeH
Kepce, OKYIIBUIAPIBIH O1TiMi MBIKTBI OOJIAIbI.

Kaszipri 3amanfbl cabakka KOMBLIATHIH Talarrap:

— MyMKiHAIriHIIE, TYPaKThI «Kepi 0aliIaHbICTBD JKY3€Te achlpy, SFHU, OipHEIe peT OKYIIBIHBI cabakTa
KeH1J1 061y, KeM jJereHe 3-5 peT TYCIHIKCI3 HeMece AyphIC TYCIHOETeH XepIiepiH cypay;

— OKYIIBIHBIH Oip FaHa Cypakka jkayarl OepyiHe OalaHbICTHI Oarajgamay, Oajgaiapibl cabaKThIH TYPJIi
Ke3eHJIepiH/ie KOWBLIFaH CYpaKTapra skayan OepyiHe OaliaHbICTBI OaFanaraH JyphIC;
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— TYPAaKThl )KoHE MaKCaTThl TYpAE TaHBIMABIK KaOlIETTEpiH NaMBITy, Ha3ap ayaapy >KbUIIaMABIFbL, Kall,
KOHIJI MEH KUsUT OapiibIK TYpJiepi T.0 OapibIFbIH Ha3ap/aa ycray.

OpOip MyFamiMHiH 0acThl MiHAETI - OHBIH MIOHIH JKaKChl YHPETY FaHa eMec, COJl apKbUIbI OanaHbIH oWiay
KaOineTiH naMbITy. MYMKIHAITI MIEKTEYIi OaanapablH AeHCAYIBIFBI aKITapaTThl ATy KOJIAPBIHBIH ©3TepIreHiH
KaJaiasl. MpIcalibl, TarichlpManap/sl OPbIHAAY/IBIH JKaHa TOCUIIEPiH, OJIapabl OPBIHIAY JKULTIKTEPl CHUSKTHI
apHailbl JKaFgaiiapAbpl KaMTamackl3 eTy KaxkeT. OKy YpHiciHIe aKmapaTThIK-KOMMYHHKALUSIIBIK
TEXHOJIOTHSIIAPABl Talanany - OKy MOTHBAIWMACHIH apTThipy TocimmepiniH Oipi. AKT amamHbBIH Herisri
KaKETTUTIKTEPiH iCKe achIpyFa KOMeKTeceIi - Oaitnansic, 0iiM Oepy, ©31H-031 iCKe achIpy CHIHABI TYHHUEIEP.
Oxky nponecine AKT enri3y, oky mporecinie cadakThIH 9CEPIIIITIH )KOFapbhLUIaTaIbl, MYFAIIMHIH YaKbITHIH
YHEMJIEHI1, TarichIpMaap/bIH kKaHa TYpIIepiH oiyian Taly jKoHe Kapchl OailTaHBICTHI TYPIACHIIPYTe MYMKIHIIIK
Oeperi.

Ocbl oficTepAiH opKaiChiChl TaHAAy, >KOHE OHBI OKYIIbUIApFa KOPCETETiH YaKBITBIH MYFaliM e3i
Oenrinelai, OKyWbUIApABIH OiNiM AopeKeciHe, MYMKIHAITiHE opail Tamantap Koibuiagpl. MyraliMHIH
alTaThIH TAaKBIPHIOBIHA Call IEMOHCTPALMSIIBIK MaTEPUsUIIAP, TPE3CHTAMIIAP TAKBIPBINTAH ayBITKBIMA 63
peTiMeH KepceTinyi KaxeT. JKaHa anapaTTap MYMKIHAIT IIEKTEYi Oalanapra eTe bIHFAIbI O0IyBI HIapT, KOHE
Oananapzpl )KaJIBIKTHIPBIN anMaysl THicTi. bimim Oepy npoueccinge 6ananap Tek OLTIMII anbln KaHa KoHMan
TONBIK TYCiHyiHE OapiblK MYMKIHZIKTepAi jkacay Kepek. CabakTarbl >KYMBICTap Tipi KO3FalbIcTap,
OanmanapablH KbI3BIFYIIBUIBIFEI OipiHEH COH OipiHEe TOKTamail aybICBHIIT OTHIPYHI KaxeT. JKaHa TaKbIPBIITHI
TYCIHJIpY YIIiH )acaFaH MPpe3eHTalUsI1a COH/IAFbI aJiFaH MaFIyMaTTapAbl OoJalakTa 3 eMipiHae KoJIIaHyFa,
JarAbUIaHIBIpYFa Aa yHpeTin yirepy kepek. Cescis, skaHa AYHHeNepAi YHPEHIeH Ke3Je FaHa CypaKTapIblH
IIeriMi maina 60bIn, MeHrepe 0acTaiChiH, TYCIHECIH, €CTe CAaKTalChIH KOHE OMipe KOJIIaHACHIH.

AKMapaTThIH YJIKEH KeJieMi Oaslanmapiabl akmaparThl KaObUIAayblHa KHBIHABIK TYFbI3allbl, COHJBIKTaH]IA
KEHIJT TYpA€ MaHbBI3ABl aKmaparTapAbl MbICaJIapMeH J>KETKi3y KepeK. YHPEHTEH TaKbIPhIOBIHAAFbI
aKmapartapasl Oanmamap OipHemne TarcelpManap oficTepiMeH mieme Oimyi KaxeT. COHIBIKTaHIA
Mpe3eHTaNrsAMEH TYCIHAIPIATeH >KaHa TaKbIPHIT JKATTHIFY JKYMBICTAPBIMEH J>XoHe OamaHblH OoWbIHIA
HIBIFAPMAIIBUTBIK KaOiJeTiH JaMbITaThlH TalChpMallapMEeH JKaIFachlH TaOybl KepeK. MyIbTUMETUsITBIK
Mpe3eHTanrsUIapabpl KOJIJaHFaH Ke3/le MyFalliM Oananap/IblH iC-opeKeTTepiH, KOHUI KYHIepiH Ha3apAaH ThIC
KaJApIpMaii O0IFaH KaFaaiapra Kapchl ic —9peKeTTi Aep Ke3iHAe jKacall OTHIPYHI KaXeT. Ocipece MyMKIHAIT
HIeKTeysi OanamapMeH JKYMBIC icTey OapbIChIHAa MYKHIT OONYBIHBI3 IIAPT, OHUTKEeHI MyHIail OajamapabiH
JKYMBIC iCTey KaOlleTTepi TOMEH, €CTe caKkray KaOuleTTepi Hallap JaMblFaH, bUIFHIA ©3reliep/IiH Ha3apblH
KKETCIHIN TYpajbl.

Epexuie Hazapapl Tanan eTeTiH Oananap YUIH TaKpIpBIITapbl TYCiHY, aKnapaTrTapabl Kadbuiaay, OObIn
KaTKaH KyOBUIBICTapIbl O eJeriHeH OTKi3y YILIIH KapamaibiM Oanajapra KaparaHJa jXaHa akKnapaTThl
OipHemnre KalTaman TYCIHAIpyAl KaxeT eremi. KoOMIBIOTEpIiK MUAAKTHKAIBIK MaTepwsuiaap, OUbIHAAP
OipHerre per KalTaiaca J1a ©3 SMOIMSACKHIH KOFaIITIAH, Oip ToHa OipHele peT KaiiTanail anabl.

Kazipri Tanma ket MyramiMuepiiH o3 cabakrapblHAa KOJIJAHBII JKYPreH OipHeIle KOMIIbIOTEPIIK
OWBIHIAPBI, ONIAP: OKBITY, TaHBIMIBIK-OAaKbUIAY, CIOXKETTI-POJIMIK JKOHE IIbIFapMaIlbUIBIK OarbITTapla.
MyHzaif OKy-OMBIHAAPBIH JKY3eTe achIpaThIH KOMITBTEPIIIK TEXHOJOTHSIAp TeAarorukana KOJIaHbUIATHIH
JIOCTYPITi KOPPEKLUSUIBIK 9ICTEPIiH XKaHa TypJepiHiH Haiija 00ryslHa MYMKIHJIIK Oeperi.

1) Henreiinepine Kapaii TarncsipMaiapbl TaJiay; Op TalChIPMaHBbI MISITYTe MYMKIH/IITT )KeTeTiH, IeHrei
coiikec Oanara Oepy;

2) BanaHblH IamybIHIa «KOPIHETIH» MACENENepdi JACTYPIi OKBITY SiCTepiHIEC aHBIKTay KHUBIH; OYJI
MaceeNepi apHalibl OKYy TarchlpMaliapblHa aifHAILABIPY;

3) Gasamapra 3 JaFIbUIapblH YFBIHYFa MYMKIHIIK Oepy;

4) KOMIbBIOTEp/IC KACAIAThIH TAlChIPMalap bIHFAWIbI JKOHE TalChIPMANapblH COTTI IIBIFybIHA
KOJIAMIIbIpaK eTy;

5) oKyIubl )KacaraH KaTelTiKTepiH 63 KO3IMEH Kepill, KaTeHi Ty3eTyre YMThUIa/Ibl; ©3IMEH JKYMBIC Kacail
Oacraiipl; ©31H-631 OaKbUIAY 9/IiCTEPIH 131 Ii;

6) Oasanap a3 mapiian, y3arblpak *KyMbIC )Kacau/Ibl;

7) Gaua SKpaHFa Kapar, 63 )KYMBICBIHBIH HOTH)KECIH 631 Kope/i.

AKT cabak OapbiChIHAa KOJJaHy, KOMIBIOTEPIiK OWBIHAAPMEH >KYMBIC icTey Oananmapapl aijablFa
KBUDKBITHIT, KBI3BIFYIIBUIBIFBIH apTTHIPBINT KaHa KOWMad, MakTayasl TEK MYFaliMjieplieH FaHa eMec,
KOMIIBIOTEPJICH JIe Makrayjiap eciTyiHe MYMKiHmik Oepenmi. By opTypili MmIbIFapMalibUIBIK KOHE
JaMBITYIIBUIBIK KaTThiFyiaap, AKT maiinanany apKeUibl KacajaThlH TECTTIK TalchlpMmaiap, OananapiblH
TaHBIMABIK ~OJICEHALTIriH  apTTHIPBIN, OJEYEeTTIK KaOUIeTTepiH JaMbIThINl, OKYIIBUIAPABIH  HErisri
KY3BIPETTLIIrH KaJIbIITaCThIPaIbI.
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JL.E. Cepuxbaes*
Lan-®@apabu amvindaser Kazax ynmmolx ynueepcumeminiy mazucmpanmot, Anmamo §., Kazaxcman
AUBEPTEHTTI 3JIJIMITUKAJIBIK LHETTIK ECENTIH, INEINIMALIITT

Anoamna

Byn makanana TUBEpreHTTi TYpAETi eKiHIII PETTi AMIMITHKAIBIK TEHACYIIEp JKalmbuiaMa GyHKIUsUIap, sKalbuiaMma
HIeMIMAEp HETi3iHIe KapacThIpBUIABI. ATPHOPIBIK OaraMaay, MOHOTOHIBIK OIEpaTopliiap, BapHAalMSUIBIK TEHCI3HIK
oMicTepiH KOJAAHBII, MIUIANITHKAIBIK 0acThI O6Jiri TUBEPTeHTTI SKIHII PeTTi TeHACYIepIiH MenTiMaepiHiH O0ap eKeHIirl
MKOHE IICTIIMHIH JKalfbI3 OONATBIHIBIFEI JonenaeHai. TeopeMaHbl Oyl 9fiCIeH AaMemIey, MOHOTOH/IBIK OIepaTopiIapra
KaThICTBI KONTEereH Naljanbl MaibiMIaynapra Herizmeneni. MUHTHIIH JemMMacklHa caif Oy omic Makananga
KapacThIPbUIFAH ONEPATOPJIBIK TCHICYIH BapHALMANIBIK TCHCI3MIKKE KENTIPill, OHBIH 3KBHBAJICHTTI HICHIIMIH TaOyra
MYMKiHAIK Oepeni. Con keiiiHipek, Oys Oaraibl Waes, SFHU MOHOTOHJIBI Ooleparopiiap Oenrici acThIHAa SJICI3 HIEKKEe
Kelyre 0OJaTBHIHBIFBI, CHI3BIKTHIK €MEC AIUIMITHKAIBIK TeHACYISPIiH IEeIiMALTIr TeOPUsIChIHAA TiKeNIei KoJIaHblIa
Oactazpl. MyHIa KOJJ@aHBUIATHIH MOHOTOHJBI OIEpaTopibl TeHaeyiep Tteopuscsl Muntu I'. xoHe bpaynep ©.
KYMBICTapbIHaH 0acTay ayiaibl.

Tyiiin ce3aep: xanmpuIamMa MIEIIiM, aIPHOPIBIK OaraM/ay, MOHOTOH/IBIK OTIEPaTop, BAPHALUSIIBIK TEHCI3IIK.

AnHomayus
JE. Cepuxbaes*
! macucmpanm Kasaxckozo nayuonanvrozo ynueepcumema umenu anb-Papabu, 2. Aamamet, Kazaxcman
PA3PEIIUMOCTD JUVIMIITUYECKUX KPAEBBIX 3AJJAY IUBEPTEHTHOI'O BUJIA

B craTthe paccMaTpuBaeTcs 06001eHHAS Pa3peIIIMOCTh HETHHEHHOTO SITUITHYECKOTO YPaBHEHUS BTOPOTO MOPSAKa
JUBEPreHTHOr0 BHJa. [IpM MOMOIIM aNpHOPHBIX OIEHOK, TEOPHMH MOHOTOHHBIX OIEPAaTOPOB M BapHAIMOHHBIX
HEPaBEHCTB JIOKAa3aHbl TEOPEMbI CYIIECTBOBAHMS M E€JUHCTBEHHOCTH PELICHHS JJUIMITHYECKOIO yPaBHEHUS BTOPOTO
MOpSAKA C HENMHEHHOCThIO B TMIaBHON yacTH. COriyacHo jeMMbl MUHTH 3TOT METOJ AaeT BO3MOXKHOCTH CBEIEHUS
ONEpaTOpHOrO YPaBHEHUS K BapHAllMOHHOMY HEPAaBEHCTBY M HaWTH SKBHBAJEHTHOE pElIeHHE. DTO MOJIE3Has uaes co
BpPEMEHEM JIajla BO3MOXHOCTh MEPEeXoay K ciaboMy Ipeneiny IoJ] 3HAKOM MOHOTOHHOTO OINEpaTopa W MOBCEMECTHO
HCTONB30BaNach B JJOKA3aTEIbCTBE Pa3peIIMMOCTH HEIMHEHHBIX ypaBHEHNUH JJUIMNTHUYECKOro tuna. Mcmnonb3oBaHHas
TEOpHsl ypaBHEHHUI ¢ MOHOTOHHBIMH OTlepaTopamu OepeT Havano ¢ pador I'. Muntu, ®@. Bpaynepa u ap.

KnaioueBble cioBa: 00OOLIEHHBIE pEIICHMS, AalNpHOPHBIE OLEHKH, MOHOTOHHBIM OIepaTtop, BapHalMOHHOE
HEPaBEHCTBO.

Abstract
THE SOLVABILITY OF ELLIPTIC BOUNDARY VALUE PROBLEMS OF DIVERGENCE FORM
D.E. Serikbaev'
! Student of Master’s Programme, Al-Farabi Kazakh National University, Almaty, Kazakhstan

The generalized solvability of a second-order nonlinear elliptic equation of divergent form is considered. Using a
priori estimates, the theory of monotone operators and variational inequalities, existence and uniqueness theorems for the
solution of a second-order elliptic equation with a nonlinearity in the principal part are proved. According to the Minty
lemma, this method makes it possible to reduce the operator equation to a variational inequality and find an equivalent
solution. This useful idea eventually enabled the transition to a weak limit under the sign of a monotone operator and was
used everywhere in proving the solvability of a non-linear equation of elliptic type. The used theory of equations with
monotone operators begins with the works of G. Minty, F. Browder, and others.

Key words: generalized solutions, a priori estimates, a monotonic operator, a variational inequality.
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EcenTin KOHBLIBIMBI

. n N .. .
Bisnig ecenrte mIeHeareH QcR (n > 2) aliMarelHIa OacThl OOIiri MUBEPTEHTTI CBI3BIKTBHIK EMEC

¢bunbTpaIys TeHaeyiHe KoibUIFaH J(upuxie eceOiHiH jkanmbliamMa MeNiMIUTr 3epTTeNe]li, OHJIAa ChI3BIKTHIK
emec myiie, on Jlapcu 3aHbIHAFbI

9= —k(Vzu)Vu. (1.1)

(1.1)-mi Japcui CBI3BIKTBIK €MEC 3aHBIHA, SIFHU Kelleci
divg = f(x)

OpTaHbIH TYTACTHIK TCHJEYiHE OailIaHbICTHIPBIN, U(X) (QyHKUUSICHIH TabyFa apHalIFaH Kejneci

—div(k(V2uu)= f(x)xeQ (1.2)

KBa3HCBI3bIKTHI 3JIJIMIITUKAJIBIK TeHI[eyiH aJlaMBbI3. M¥HI[af‘ bl f (X) — CBIPTKBI K63)IepI[iH TBIFBI3ABIFbI.

o o . 2
OunbTpanys 3aHIBUIBIFBIH  OCHHENEHTIH, CBHI3BIKTHIK eMec, Jlapcu 3aHbIHAH e3relie, k(éE )f
(hyHKIISICBIHA KATBICTHI apbl Kapail MbIHA MapTTap/Ibl KaHAFaTTaHABIPAIb ST YiFapaMbI3:

1) k(g5 ? )f — & >0 yuiH y3inicci3 xoHe 0enikTi-y3inicci3 quddepeHnunaniaHaab;
2) £>0 ymin k(£2)£ >0,(k(€?)g). = 0;
3) E<BK(ENE=0,E> B yumin

Co(&-p) "< k(§2)§ <c,(¢-pr*

TEHCI3IIKTEp OpbIHIATaThIH A ﬂ >0, p> 1 Co ) Cl >0 TYPaKTbUIAPHI TAObUIABI.

1)-3), |VU| alfHBIMAJIBLIaH TOYeINal 19‘ GbUIBTpaLUs KBUIIAMABIFBI KEMIMEHTIH QyHKIHUS, oo -T€ p—1>0

PeTTi mopexe GpyHKIUS peTiHAC oce.

S =const >0 Oonranaa |VU| < B rencizuiri opspamatein X € Q Hykrenepinge (1.2) Temueyi

esrerenenesti. OiTkeHi |VU| < B ywin 3=0.
(1.2) Tenpeyni GiprekTi mekapanbk Jupuxie mapTbiMeH

u . =0 (1.3)

r=o0
KapacThIpaMbi3.
0

Anpikrama. Coi3pikthl emec (1.2), (1.3) ecebinin xanmbuiama memimi e, V3 EW; (Q) Yl

Ik(Vzu)- Vu-Vadx = J' f.9dx
Q Q
0

. 1 Ny
TEHIKTI KaHaFraTTaHeIpaThiH U EWp (Q) (YHKIHMSICBIH aliTaMbI3.

(1.2), (1.3) ecenTiH :xkaanbljIaMa memriMaIirin 3eprrey

0 0
Teopema 1.1. Vf EWpTl(Q), (p': L:J YLIiH W; (Q) kewicririage (1.2), (1.3) ecebiniy menrimaep

KUBIHBI 00C eMecC, TOHEC JKOHE TYHBIK.
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TeopeMaHbIH A2J1€)IAey1 MOHOTOH/IBI ONIEPATOPIIBIK TEHACYJIEP YIIH HICHIiMHIH 0ap O0NaThIHIBIFbI TYPAJIbl
Teopemara cyiereni. ConapIKTan, TeopeMa 1.1-mi goyenaey yiIiH MOHOTOHIBIK OTIEpaTOpPIIbl TEHACYICPIIH
LISHTIMJIUTIT TypaJibl HETi3T TeopeMaHbl CHUNIATTaliMbI3:

Teopema 1. Alitaneik V —cemapabGenmi peduekcuBTik KeHicTik OonceH. Omeparop A:V —V©

MOHOTOH/IBI, IEMHY31TiCCi3, KOIPLUUTHBTI jk9HE [ieHenren 6osceiH. OHaa vf eV’ yLIiH

Au = f )
OIIEePaTOPJIBIK TCHACYIHIH MICIIIMISP XKUBIHBI 00C eMeC, JOHEC, TYWBIK YKUbIH 00 Ibl.

Teopema 1-mi nonenzey, MOHOTOHIBIK OIlepaTOpiiapFa KaTBICTHI KONTEreH Maijajibl maibiMaayiapra
Herizgeneni. Muntuaia nemmacsiHa ([1],[2]) cait 6yt amic Au = f TeHOeyiH BapHAISUTBIK TEHCI3IIKKe
KEJTipil, OHBIH 3KBUBAJICHTTI MICIIiMiH TabyFa MyMKiHAiK Oepeni. Com keHiHipek, Oy Oaranbl uaes, SFHU
MOHOTOHJIBI OllepaTopiiap Oenrici acTbiHOA oJICi3 MIEKKE KOIIyre OOJaTBIHABIFBL, CBI3BIKTHIK €MecC
JUTUNTHKANBIK TEHACYNEpIiH IMEeNIMIUTr TeOpUsACHIHAA TiKened KoimaHeuia Oactamer [9]. Mynna
KOJIIaHBIIATBIH MOHOTOH/IBI ONEPaTOPIbI TeHaeynep Teopuschl Leray J., Lions J. L. [3], JInonc XK.-JI. [4],
Muntu I'. [7,8] xone bpayaep @. [5,6] skymbIcTapbIiHaH 0acTay anajbl.

Bapuanusnelk TeHCI3MIK KOMeTriMeH TeopeMaHbl nanenzaeyae (1) TeHaey mIenriMiHIH 3KBHUBAICHTTI
AHBIKTAMACBIH KOJIAHFAH bIHFAMIIBI.

TyxbipbiM 1. Aiftansik A onepaTopbl MOHOTOH/IBI XkoHe JeMuysimiccis Goncwn. Ouna (1) TeHaeynin
wemimin taby V3 €V yuin

(A9 f,9-u)>0 2

BapHMALMSIIBIK TEHCI3MIKTI KaHaraTTanAbIpaThi U €V (yHKuuschH TabyMeH SKBHBAJIEHTTI.
TyxpIpbIiM 2. ATanslK TYKBIpEIM 1-meri maptrap opeiaaanceiH. OHga (1) TeHaeyaiH memiMia tady
V& eV yuin

(Au-f,9-u)>0 (3)

BApHALMSIIBIK TEHCI3MIKTI KaHaraTTaHabipareid U €V QyHKIMACHIH TaOyMeH SKBUBAJIEHTTI.

(2), (3) TeHci3miKTEep BapHAIUSIIBIK TEHCI3MIKTED JICI aTaiaibl.

TyxpIpbiM 3. AWTAIBIK TYKBIPEIM 1-11eri mapTrap opsiHgancea. OHaa (2), (3) TeHCi3aiKTep SKBUBAICHTTI
TEHCI3IIKTep 0OoJambl.

Teopema 1.1-aiH ga71e8€Yi.

0
Jlemma 1.1. VU GW;(Q) YIIiH Keneci
a(u,9)= jk(Vzu)-Vu -V 9dx

Q
(yHKITHOHA W; (Q) KEHICTITIH/IE CHI3BIKTEI YKOHE IIEHETEH.

Honenney. a(u, .9) (YHKIIMOHAIBIHBIH v OOMBIHIIIA CHI3BIKTHI €KeHIIT1 alKbIH. Keneci

la(u, 3] < C(u)|9|

GaraMHBIH JYPBICTBIFBIH KOpCeiK, MyHIarsl C(U)— U -IaH TOyeli TYPaKTEL.

(@)
2
k(v U)' VU -ra oiibuiran maprran Keneci

la(u, 9) = [k(vul* )-[vul- v Sldx < ¢ [[vu] " - |v glax
Q Q
Oaramipl anambiz. ['enep TeHCI3AiTiH naigaaaHbI Keleci

. 8) <C? ol 0o

P
01
w; (@)

Oarambl astaMbl3. Jlemma 1.1 goanenaes.
a(u, ,9) (YHKIIMOHAJIBI ChI3BIKTHI J)KOHE IIEHEJINeH OOJIFaH/IBIKTaH OHBI KeJIeCi
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a(u, 9)=(Au, )
0 0
Typae Gepyre Gomagel. Mynmarsr A omepaTophsl Kemeci AZW; (Q)—)W&l(Q) TYpPHET1 CBI3BIKTHI €Mec
oreparop.
Eckepty. A — menenren onepatop. AHbIKTaMa GOMbIHIIA

(Au. 9)

|Au "wf;.l(g) = sSup

9w} (@) ”‘9”\/\?;(9)

oynas (1.4) TeHci3mik OoMbIHIIA
y.
k<l

0oJaabl.
0

Jlemma 1.2. A onepatops! MoHOTOHBI, siFHH VU, 3 EW; (Q) YLIiH Keneci

<AU -AS,u- 9> >0 Tenci3mik OPBIH/IBL.

JMonengey. A ormepaTopbIHBIH aHBIKTAMACH! GOMBIHIIA

(Au—A4u-9)= _[[k(Vzu)- vu—k(v29)-v9,vu-v gfix

TEHJIITIH jka3a ajJambI3. Opi Kapai
1

k(v2u)- vu-k(v29)- v8,vu-v9)=[a(u, 4 &Kt
00JaThIHBIH OalKalMBI3, MYH/IAFbI i

alv,8.6)=k(V& *(u-9)+ 2k (Ve Ve, Vu -9,
& =tu+(1-t)9
vt e [0,1] ymin a(U, $.¢ ) >0 Gonarbinbin kepcetemis. Erep k'(Vzét )2 0 Gonca, onna a(U,vg, ft)z 0

1 2
0o0J1aThIHBI aliKbIH. Erep k (V ft ) <0 boica, oHIa

a(u, 8,&)2k(v?& )- 2k (v2& V2 v (u - 9) = k(V2E )+ 2k (v2E W26 v (u - 9)

. 2 .
COHFBI TEHJIIKTIH OH ’KarbIH/a TYpFaH epHeK, & > 0 Oosranzaa k(§ )5 > 0, (k(gg 2 )5)5 > 0 GostaThIHABIFBIHAH
Tepic emec Oonaapl. Jlemma 1.2 nonenneHmi.

Jlemma 1.3. A —ysinmiccis omepatop.
Jonenney. Anpikrama OoMbIHIIIA

||AU _ Alg"woil(g) — Sup M
’ ZEM?;(Q) ”Z”wg(g)
Opi Kapai,
(Au-A4z)= j[k(vzu)Vu — k(V23)~V3, Vz}jx
Q

TEHJIITIH jka3a ajgambi3. by Terikke [enaep TeHCI3airia KOJIAaHblII,

‘(Au ~ A9, z>‘ < Hk(Vzu)- VU - k(VZS)- V‘QHL .(Q)”Z

0
Wy ()
OaraMblH aJaMbI3, SIFHH

Au=-Ad],5, o, <[K(V2) Vu—K(v29)- v

i (1.5)
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. 2 2 : o o C
3) mapt GolbIHIIA k(pl + P, )pi A=12 ¢yuxumscsr Lp X Lp KEHiCTiriHeH va KeHicTirine ysimiccis
OcitHenelTiH HeMBITTKHiA OTIepaTOphIH JKacaIb.
Ocpinaiima, erep N — oo, ||un — u0||v\j’1( o 0, 6onca, ouna (1.5) Tencisairi merizinge 1 —> 00,
p

|Au, = Aug |2, — O-

Wpi (@)

Jlemma 1.3 monennennl.
0

. . 1 : .
Jlemma 1.4. A — kospuutBTi oneparop, Haktsi aiitkanza VU € W) (Q) YLIiH Keneci

(Au,u) = ol - u (1.6)
»(Q)
TEHCI3/IIK OpBIH/IBI OONATBIH &, 4z > 0 TYpaKTbUIAPbI TAObLIA/IBL.

Jlanenaey. Aransix (2 5= {X eQ: |VU| > [ } 2), 3) mapTrap/abl nalaanaHbIn

(Au,u) .[kVu -Vudx > C, IVu|— )pz |Vu| dx > C, jVu|— )
Q

Qs Q
Opi Kapai
||u||p0 I|Vu| dx + I|Vu| dx = I|Vu| dx+j Vu|- B+ ) dx < fPmes(Q\Q, )+
W (@) alg, 0\, Q,

+ 2%' NVu| —B)dx+ 24' jﬂpdx < ZA'CO*(Au,u) + [ﬂ” + ﬁ}mesg
Qﬁ Qﬁ
OChLIIaiIIIa,
(A= ol - p
wi(Q)

-0/, 0/, -0/,
MYHZafbl O = 2 % Co e :[ﬂp +ZA )~mesQ~2 % -C, . Jlemma 1.4 nonennenni.

(1.1)-(1.4) nemmanapabIH HOTIKenepi A omepaTopsIHBEIH Teopema 1-7iH GapiblK TalanTapblHA JKayar
OepeTiHAiriH KepceTe/i, onail 6oica Teopema 1.1 monenaeHmi.
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I".0.Tayxebaesa, I11.0. Tayxebaii®

Xumua-6uonoeus 6asvimoimoaser Hazapbaes susmrepiix mexme6i MameMamura noHi Myeanimi,
nedazo2uxa evlabIMOapulHbly Masucmpi , Anmamol K., Kazaxcman
°Nol73 mexmen-nuyeti mamemamuxa nani myeanivi, Anmamu x., Kazaxcman

KAJIBIIITACTBIPYIIBI BAFAJIAY »KYPHAJIbI - KEPI BAUJIAHBIC XKOHE OKbITY /bl
BAFAJIAY K¥PAJIbI PETIHJE

Anoamna

Y CBHIHBUIBII OTBIPFaH XYMBIC OKYIIBIHBIH KYH/ENIKTI OKY YJTepiMiH KaJbIITaCTHIPYLIbI OaranayMeH Karap, OKYIIbI
MeH aTa-aHara Kepi Oaiiyanbic OepyIiH OHTalIbl popMackl OOIaIsl IeTeH MaKcaTTa xacainraH. DopMaTHBTI Oaranmaysl
KOJIJJaHy OKYIIBLIApFa COTTI TYpAE OKYFa jKOHE MyFaliMzaepre THIMII OKBITYFa MYMKIiHIIK Oeperni. KampimracTeIpymimst
Oaramay - Kepi OaiflaHBIC KaNBIITACTHIPATHIH Y3HIKCi3 mporiecc. DopaTuBTiK Oaranmay - KYHICNIKTI ToxipuOeme
(xyHmemikTi) KonmmaHblIanel. baramaymaslH Oyl TypiMeH OKBITyJa MPOTPECTi KaMTaMmachl3 €Ty YIIiH Kepi OalimaHbIC
MIHZCTTI TYp/ie KaMTaMachI3 eTiyi KepeK. KampmTacTeIpyIIbl Oaranay MyFalliMre OKyIIBIHBIH JKETICTIKTEPiH OaKblIayFa
keMekTeceni. Ocputaiiiia, of KaJbINTACTHIPYIIBI, BIHTAJTaHIBIPYLIEl YKOHE BIHTANAHIBIPY (YHKUMACHIH OpPBIHIANIEL
dopmaruBTi Oaranay/bIH HET13r1 WAESChI — OKYLIBIHBIH JKOHE MyFaJlIMHIH )KacaraH )KYMBICBIHBIH Oeunrisi 6ip Oesirinaeri
OKY MaKCaTbIH OipJiece TYCiHyi, COJaH KeiiH oJlap KOJI )KETKI3¢ alaThliH JCHICHiH Oaraiail anajipl.

Tyiiin ce3aep: KaIbINTACTHIPYLIBI Oarasnay, XKHUbIHTHIK Oaranay, oKy MakcaTbl, Kepi OaiiaHbic.

Annomayus
I.0.Tayxebaesa?, II.0O. Tayxebaii?
YHaszapbaes unmennexmyanvias wkona Xumuko-6uoio2utecko20 Hanpaeienus yaumens MamemMamuxi, Mazucmp
nedazoeuyeckux Hayk, 2.Arimamel, Kazaxcman
2Ne]73 wKoaa-nuyel yyumens mamemamuxu, 2. Aamamol, Kasaxcman
KYPHAJ ®OPMATHUBHBIX OLIEHUBAHUM - KAK CPEJCTBO OBPATHOM CBSI3U U OIIEHKH
OBYYEHUS

[Ipennaraemast pabota mpu3BaHa 00ECIEYUTh MOBCEIHEBHBIN MPOrpecc B 00YYEHUH KaK HHCTPYMEHT OOecTieYeHHs
00paTHOM CcBs3M JUIs yyanuxcs u poauresneil. [I[pumeneHre (opMaTHBHOTO OLIEHUBAHHS TO3BOJISET CHIENATh TAK, YTOOBI
YYEHHUKH MOTJIH 0o0Jiee YCIEIIHO YYHUThCS, a yuuTels oosiee 3ddekTrBHO npenonaBats. PopMaTHBHOE OICHUBAHUE-
HEMpephIBHBIA  Tpolecc, KOTOphId 00pa3yeT o0paTHyl cBsi3b. (DOPMAaTHBHOE OIEHHMBAHWE HCIIOJIB3YETCS - B
MTOBCEHEBHOM NpakTHKe (exkeaHeBHO). [Ipyu 1aHHOM BHe OIIeHMBaHUS 0053aTENIBHO T0JIKHA OCYIIECTBISITECS 0OpaTHas
CBsI3p, oO0OecneunBaromas mnporpecc B o0ydeHHMH. DPOpMaTHBHOE OLCHMBAHHME IIOMOTAET YUYHUTENIO OTCIIEKHBATDH
ycrieBaeMocTh ydamnierocst. Takum oOpa3oM, OHO HeceT B cebe (hOpMUPYIONIYIO, CTUMYIIHPYIOIIYI0 1 MOTHBUPYIOLIYIO
¢ynkun. ['maBHast unest GOPMAaTUBHOTO OLEHWBAHHWS — COBMECTHOE IOHMMAaHHE yUCHHKa W TNpernojaBaTeis Lesln
00y4eHUsI B ONPE/ICICHHOW YacTH MPOAEIaHHOM pabOThI, TOJIBKO TOT/AAa OHM MOTYT OIIEHHTH YPOBEHb, KOTOPBI MOTYT
JIOCTUYb.

KaioueBble ci1oBa: GpopmaTnBHas OICHUBaHNE , CYMMAaTHBHOE OLICHUBAaHUE, 11e7b 00yUeHUs, 0OpaTHast CBS3b.

Abstract
G.0O.Taukebayeva?, SH.O.Taukebay?
!Nazarbayev intellectual school of chemistry and bilology teacher of mathematics, master of Education,
Almaty, Kazakhstan;
2Nel73 school-lyceum teacher of mathematics , c.Almaty, Kazakhstan.
REGISTER OF FORMATIVE ASSESSMENT AS A TOOL OF GIVING FEEDBACK AND
EVALUATING TEACHING PROCESS

The proposed work is designed to ensure daily learning progress as a tool for providing feedback to students and
parents. The use of formative assesment makes it possible for pupils to learn more successfully and teachers to teach more
effectively. Formative assesment is a continuous process that forms a feedback. Formative assessment is used - in
everyday practice (daily). With this type of assesment, feedback must necessarily be provided to ensure progress in
learning. Formative assessment helps the teacher monitor the student's progress. Thus, it carries in itself a formative,
stimulating and motivating function. The main idea of formative assesment is the joint understanding of the student and
teacher of the goal of learning in a certain part of the work done, only then can they assess the level that they can achieve.

Key words: formative assessment, summative assessment, objective of learning, feedback.

Action Research xo0acbiHga Oaranay TakbIpelObIH TaHgay ce0e0im, OKy MPOLECiHAET] KaXeTTiliK, IFHU
OKYIIBUIAP/IBl OKYFa OaFrbITTayaFbl KUSHJIBIK JeTT aiiTcaM 0oJaibl.

108



BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

Mbocee: KansmracTeIpyIisl Oaranay )KyHeCciH KeTIaipy.

Ilenrimin i3aeCTipyAe MET €T MeaaroruKajiblK JKypHAIIapbIiH, COHFBI 0aChUIBIMIAPBIH MTakiTaTaH IbIM.

Peceit rampimpaper  M.C.Oummvan, [.B.I'omy0 Ta MyramiMHIH KalbIITACTHIPYIIBl Oarajayabl
YHBIMAACTBIpYIaFbl ANTOPUTMIH ObLIAlIIA YCBIHAIBL: KOCTIApJIaHFaH OKY HOTH KENEPiH aHBIKTAY; OKYIIBIHBIH
MaHpBI3[bl OKY HOTWXKEJIEPIH JKOclapiay JKOHE OFaH JKEeTy OpEKeTiH YHBIMAACTBIPY; OKYILIbLIApAbIH
JKOCTIapJIaHFaH OKy HOTIDKeJepiHe Kepi OailaHplc MeXaHHW3Mi KeMeTriMeH JKeTyiH Xyprizy. Ocpuiaiimia,
MYFalliMHIH OKYIIBUTAPBIH OENTiil Oip OKy HOTHXKENEpiHe KEeTyiH KaMTaMachl3 €TETiH ACTYPIl Kypalaapbl
omicTeMeNiK HycKaynapaaH 0eJiek Oy TOCLI MBIHAAAH ASCTYPIIl eMec pecypcTapMeH Ae epekmenenesni. OKy
HOTIDKETIEPIH JKOCTIapiiay pecypcTapbl: OipiHIIIAeH, OKYIIBIHBIH OKY HOTIDKEIEepiH Of onepanusiapbIHbIH
KYpJemnilirine Kapaii Ti30eKTel KorFra MYMKiHAIK OepeTiH TamanTap 0oJica; eKiHIIiIeH, OKYIIBIHBIH TYHiHA1
KY3ipeTTUTIKTep/i KalbINTacThIpyFa OepiyieTiH epKiH Ma3MYH/IBI )Ky3eTe achlpyFa KoibuiaTiH Tanantap[1].

dopmaTuBTi Oaranayma MyFaliM KYMBICTHI KalaMIall )Kocrapiarn, TabbICKa JKeTy alroOpuTMiH Kypa Oimyi
kepek. COHABIKTaH KaJaMaall >Koclapiiay Ke3iHJe OKy MaTepUalIbIHBIH apaiblK JACHTCeHiH aHBIKTay
MakcaTblHIa, OaFmapiaManblK  MaTepuainibl  KalTamaylda opi  KOpBITBIHAbUIAyAa  (OpPMAaTUBTI
Oaramay TEXHHWKAChIH OPBIHBI )KOCTIapiarn, KoJganraH keH. OChl yaKbITKa ACHiH KOITETeH MyFalliMAEPAiH,
OKYIIBIJIAp MEH OJIAPIbIH aTa-aHAIAPBIHBIH TOKipHOeciHe Oaranay OKBITY MeH cabak Oepy yaepiciHeH KeliH
Oonran. byrinri kyHi Oaranay cabak Oepy MEH OKBITYIbIH aXKbIpamac 06JIiri 00BN Ta0BLIATBIHBI TypaTbl HICS
MyFaJiMIEpIiH TYCIHITIHE eNeyIli e3repicTepl Tanam eTei, anaiaa Oy OKbITY YIIiH Oaranayabl OOIKaiIbl.

dopmaruBTi OaranaynblH epeKIIeNiKTepi - OKYIIBIHBIH KYHIETIKTI OlmiM camacel; OUTIM aimynarsl
OJIKBUTBIKTApbl KYHJACTIKTI Ty3ey; OannmblK Oarajay »YHECiHIH JKaKChl KaCHUETTEPiH CaKTay; OKYIIbIHBIH
KHUBIHBIK TYIBIPATHIH CYPAKTapPBIH aHBIKTAY KOHE OHBI KOI0; OKYIIBIHBIH OaraiayiaH alfaH SMOLUOHAIIBI
HETaTHBIiHIH a3af0bl, ICHXOJOTHSIIBIK KAkl OPTaHBIH OOINTyBI; OaranmayJblH OOBEKTHUBTLNIT, aHBIKTHUIBIFEI
JKOHE allbIKTHIFBL, ©31H-631 Oarajay JarabUIaphl.

dopmaTHBTI Oaranayaa MyFaIiM )KYMBICTBI KaJamJIam xKocnapian, TaObICKa JKeTy alTOpUTMiH Kypa Oinyi
kepek. COHABIKTaH KaZaMJall >KOCIapiiay Ke3iHOe OKy MaTepHalIbIHBIH apaiblK ACHIeHiH aHBIKTay
MakcaThlHIa, OaFmapiaMalblk  MaTephaiipl  KadTamayna opi  KOPBITHIHABUIay#Aa  (opmaTuBTi
Oarajiay TEXHUKAChIH OPBIHJIBI JKOCIapJarn, KojjanraH xeH. OChkl yaKbITKa JCHIH KONTEreH MyFaTiMACp/IiH,
OKYLIBLIAp MEH OJIap/IbIH aTa-aHalapbIHBIH TOXKiprOeciHae Oaranay OKbITY MEH cabak Oepy ylepiCiHeH KeliH
OoxraH. byriari kyHi 6aranay cabak 6epy MEH OKBITYABIH aXKbIpaMac 0eJIiri 00BN TaObUIATHIHBI TYPAJIbl HIES
MYFalliMAEPIiH TYCIHITiHE eneymi e3repicTepil Tajam eTenmi, amaiina Oyl OKBITYy VIIiH Oarajaymbl
Oomkaiinel. DopMaTHBTI OaranaynblH ©3iHE TOH EPEKINENIKTEPiH Kypc Ke3iHIe TaHBITKaH Ca0aKThIH
TOMEHJIETiIel YITiCiH YCHIHOAKITBI3:

«Cabak Oipnen tomka Oemynen Oacramael. A, b, B, I', /| xeToHmapbl apKpiibl 5 MYFaTiMHEH IIaFbIH
TonTapra OeJIiK jkoHe KainraH S5 Myfamimai «Capammibuiapy TOObIHA JKUHAKTAABIK. AJIIBIHFBI cabak
TaKbIPBIOBIHIAFbl JKUBIHTHIK Oaranmaynel OekiTy MakcaTeiHna «baramaii Oinmemiz 0e?» peNiK OWBIHBI
Kyprizingi. A mMeH b ToObHBIH oOibBIHIIBIIAPE - «OntuMuctepy», B, I, JI TOOBIHBIH ONBIHIIBLIAPHL -
«[leccumuctepy» 6onabl. AKNapar Kara3aap TapaThUIbIl, OHbIHFA KaTHICYIIBLIAD OaFayay TYpJIepiHiH KbIcKala
cHUIaTTaMachIMeH Tanbicabl. «OnTuMucTepy» MeH «lleccumuctepy» e3nepine OOMIHTeH pesepre OaiIaHbICThI
YTBIM/IBI MIKipJIEp MEH HaKTbI aiFaKTap.ibl aTal eTir, Tanaaiasl. OWbsiH coHpIHAA «Capaniusiiapy KOPhITHIHIbI
kKacaiapl. MyranmiMep SKUBIHTBIK Oaranay Typajibl MOJIMETTepli Kepi OailaHBIC Taparbl apKbUIbI
MBICBIKTaFaH COH, « -Kanmaii Oaranmay ¢opmaruBti Oaranay Oosaabi? ToKcaHABIK, XBUIABIK Oaraiay
¢dopmatuBTi Oaranay Oonbinm TaObiIa Ma? Here? He ceGenri?» nmeren cypakrapra »xayamn anblHIbL JKeke,
JKYIITa, IIaFBIH TOITA TiKipalMacy, TON aliIbIHAa KOpFay, e3apa Oaramay opekeTTepi Kyprizingi. «BeHH
IUarpaMMachl» CTpaTerusAChl OOWBIHINIA MyFajaiM OuTiMi, TYCIHINT aHBIKTAIAbl. JKUBIHTBIK JKOHE
KaJIBIITACTHIPYIIBI OaranayiblH OpPTaK Oenriiepi, o3iHe TOH epeKIIeNiKTepl CaNbICTRIPbUIILL. byn Oaranay
TYpJEpiH TePEeH YFBIHABIPY MaKcaThiHAa «DopMaTuBTI Oaranay» MITiHIMEH KYMBIC JKYPri3iiai koHe cabak
KOCHApBIHBIH KpUTEpHaIbl Oaraay OOMBIHINIA TAaHBICTHIPHUIIBIMBI, OCHHEpOJUTI KepceTiai. MyraniMaep
YIIiH TEOPHSIIBIK OLTIMII TOXKipuOeMeH OaliaHbICTBIPY OapbIChIHA cabaK MKOCHapbIHBIH Y3IH/IICIH TalibIHAAY,
KaJIBINTaCTBIPYILIBI Oaranay MYMKIHZITH kocnapiay, cabak ocHapblHa €HIi3y YLIIH YCHIHBUIFaH OipHelle
YIIriHI nMaiganaHy opeKeTTepi Je iCKe achlphliaby. JleMek, «baraiay apKbUIbl OKY YAEpPICIH jKakcapTyra
BIKIIAJ €TETIH OeC KapanaibiM epeKIIeIKTI - OKYIIBUIAPMEH THIMJII Kepl OaijlaHbIC OpHATY, OKY YIEpiciHe
KbI3y apallacThIpy, OKBITY MEH Oarayiay HOTMXKENepi apacblHia OaiijlaHbIC OpPHATY, OKY TaObICTBUIBIFBIHBIH
Heri3ri ¢axTopiapsl OaranaylblH MOHIH TYCiHY, ©3 JXYMBICBIH ©31 Oaranay >koHEe e31H-e31 XKeTimipy
JKOJIIAPBIH TYCiHe Oinyai nameity» (MAH., 32 6.) nen, aram eTyimisre OoJyiajpl.

CoHFBI KBUIIAPBl ©31HIH THIMIUNCIH TaHBITBII OThIpraH (OPMATHBTI OaranayablH MaHbI3IbI
KOMIIOHEHTTEPIHIH TaFbl Oip TYpi - ©3iH-031 Oaranay xoHe e3apa Oaranay. O3iH-e3i Oaranay — e3iHe-e31 Oara
KolimaymeH, Oipak Oaranmay KbpI3METIMEH OalaHbICTBl Oaranay opekeTiHiH Oip Typi. On TancelpMaHbI
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OpBIHIAY YJAEpiCl CHIaTTaMachIMEH, SFHH OHBIH OH JKOHE TEepic JKaKTaphl, ocipece, YIaiIapMeH TBIFBI3
OaitytaHBICTEL. MyFajIiM OKYIIIbIFa ©31H-631 OaranayablH TOMEHICT1ICH alrOPUTMIH YChIHA aJIajIbl;

1. TancelpMaHBl OpBIHAAY/Aa HEHi kacay Kaker? MaxkcaT KaHnaii 0onnei? Kanmaii HoTmkE almy KakeT
6oapI?

2. Hotwxke amy my™mkiH 6omabl Ma? [llenry sxombl, sxayaObl TaObUTIBI Ma?

3. TamceipMaHbBIH 6apIBIFBIH TYPHIC OPBIHAAAB! Ma, JJIIE KaTenep xioepmai me?

4. TonbIFBIMEH JKE€KE OPBIHIAIBI Ma, dJijie OipeyiH KkeMeriHe cyieHa me?

5. TanceipMaHbl OpbIHAAY OapbICHIHIA KaHAal OUTIKTIIiKTEp Jambiabl? Erep TamcelpMaHbBl OpBIHIAM
anMaca, OHa KaHIal Karesep >ki0epinai xoHe OYJ1 KUBIHABIKTAP HEACH TYBIHIa 517

Ocsl eHOCKTEp/I TaNIall Kelle, KaparaibiM KaJdbINTACTHIPYIIBLI 0aFaiay KypPHAJIbIH KYPACTBIP/IbIM.

YchIHBUIFaH Oaranay jkykeci Kelleci KaruaaTTapra COUKec kKy3ere achIpbUIabl:

— AIIBIKTHIK :KdHe KOJLKeTiMIIiK. YCHHBUFAaH OKy YVIIiH Oaramay omici TYCIHIKTI, aWKbIH
aKnmapaTTapAsl YCHIHAABI, COHZAAl-aK, OapiblK OKy YZHAEpiciHe KaTbICYIIbIIAPAbIH KbI3bIFYIIBUTBIFBIH,
KayarnKepIIiIiriH apTThIpabl.

— Yanikcizaik. baramay okymbuapablH OKy JKETICTITIHIH inTepineyiH Aep Ke3iHIe XoHe Kyuemi
KaJaraian oTbIpyFa MyMKIHJIIK OepeTiH Y3/iKCi3 yaepic Oomblin Tabbliaibl.

— Jlamyra OarbiTTay. baranmay HOTWKenepi OKYIIBUIAPABIH JaMy OAaFbITBIH aHBIKTAWIbl JKOHE
BIHTaJaHIBIPAIbL.[2]

KaapinTacTeIpymsl 6arajiay sKypHaJdbIHBIH MiHAeTTEpi:

— OKy ynepiciame Oaranay piH KBI3METI MEH MYMKIHIIKTEP1 asiChIH KEHEHUTY;

— JKyiteni kepi OaitmaHbic OpHATY apKBUTBI OKYIIBUIAPABIH ©31H-031 YHEMI JKeTUIIIPIN OTBIPYbIHA KaFdai
xacay;

— KomxkeriMai, HaKThI, Y3IIKCi3:

— OKYIUIBLIapFa oJlapJbIH OKY Carachl TYpaJbl;

— MyFajmimMzaepre OKyIIbIIapAbIH LIrepiieyi Typasr;

— aTa-aHaJapra OKY HOTIDKEJIEpPiHiH JAeHreiiepi Typasbl,

— Oackapy opraHiapblHa YChIHBUIFaH Oi1iM Oepy KbI3METiHIH canachl Typajibl aKlaparrap YChIHY.

JlerenMeH, OKyIIBIHBIH OKY OapbICBIHIA iC-OpeKeTiH koHe OimiMiH Oaramay - Kypaeni yaepic. bimim
ATyIIBUTIAPABIH KQXKETTLITiHe OaFbITTall OTHIPHIT XKoHE CabaKTHIH HET13T1 MaKcaTTaphIHA JKETY JKOJIBIHIAFHI iC-
opekeTTepMeH (9p TYpNi OKBITY ONICTEpiMEH) ca0aKTaCTHIKTBI CaKTail OTBIPBII JKacallFaH OCHI
KaJIBIITACTHIPYIIBI Oaraliay >KypHaJIbIHBIH YITICIMEH apinTecTepiMMeH OeIicKiM Kemei.

Baranmapnarsl OiniM amymIbIHBIH ic-OpeKeTiHE curmaTtTamMa 0epy Keeci opMaia YCHIHBLIA B

JHaHa TaKEIPHNTH
TYCIHEIPreHHEH K2HiHrL
KOPHHTHET! VI epicTep OapriceEma
MYPATIMHEIE HaMac2

CafaxTem Gaceirns eTken
TAKEIPEINTEL KAITANAY VIR
5-7 snz Gzpinani. On
VAKBITTS MyFamiM Yit
HCMEICEIE TSKCEDS AMATEL

«dp»- 100% - :xorapst

«ella » - 75% - oprazan xoraps!

« === - 50 % - opta

«mm » - 25 % - ToMeHHEH KOFaph!
«.»- TOMEH
ChIHbIN Kyni TakbIpbIn:
Makcar:
Omxken cabak Kana cabax ywin popmamusmi Kanvinmacmuoipyuivl 6azanay
OotibiHa
Teopust Yii Biny Tyciny | Koagany | Ananu3 | Baranay Kannbl
TA9 KaiTajaay | sKyMbICBI Oann
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Tonmuik, Kexe scymuic WbI2APMAULBLTBIK,
HCYRMBIK,
JHCympLc

KocbiMina:

Kampmracteipymmier  Oaranmay sxyiteci bmym TakcaHOMUWSICBIHBIH 6 oOifflay AaFApUTapBIHBIH  HETi3iHIE
KyppUFaH. MyfaliM TakbIpbIl MEH COJI TaKBIPHITHIH KAMTHUTBIH MaKCATTAPBIHBIH HOMIPIEPIH >Ka3bll
KYHIemiKTi cabarbiHa KanslnracTeIpyibl Oaranay Kypanbl peTiHAe NaiijanaHa anajibl.

Kanemracteipymisl 6aranay >KypHaJbIH MaiiiajaHFaHHaH KeHiHr1 OKyIIbUIapIarkl OH e3repicrep:

- Okymbutap KYHIENIKTI Vi )KYMBICHI TallChIpMaTapbiH TOJBIK OPBIHIAT KEJIETiH O0JIbI;

- MaremaTuKanbIK TiT JaMbIFAaHBIH OalKaIbIM, OKYIIBLIAP epekesIep/i TYCiHIIl, 63 OWBIH XKETKi3e alaThIH
OOJIIbI;

- TonThIK >koHE XYNTHIK )KyMbICTap/a Oenceri 0oyra 1aFIbUIaHIb;

- JKeke >KyMBICTBI OpBIHIAI, 63 —63iHe O6ara 6epe anaTbiH OOk,

- biniM anymbuiap Kaii MakcaTTa KaHaai oiiay OeHreilin MeHrepMereHairiH HeMece UrepreHil xyieni
O1ITiTT OTHIPATHIH OOJIIBL.

MyragimMre naiaaJasl TyCTaphbl:

- Op OKyIIbIFa KOTHUTHBTI Kepi OalmaHbic Oepyre THIMI Kypa;

- KyHOenikTi OKyIIBIHBIH iC-OpeKeTiH OaKpLIayFa;

- Arta-aHara Gaacel TypaJsbl Typa )XoHE oI pyOpUKaHBIH TYPi;
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3

AJIbTEPHATHUBHbBIN U PACIIMPEHHBIA BAPUAHT METO/IA IIPOTOHKH YUCJIEHHOTO
PELLIEHUS 1-0¥ KPAEBOM 3AJAYH /11 TUHENHBIX UG PEPEHIIUA/IBHBIX YPABHEHUH
BTOPOTIO IOPSAKA

AnHOTALIHUSA

B craThe moryueHsl peKyppeHTHBIC (POPMYIIBI aHAJIOTHYHBIX (POPMYyJIaM KIACCUISCKHU MPOTOHKH (B aHTJIOS3BIYHOM
JTUTEeparype anroputM Tomaca), /Ui YHCICHHOTO pelleHus 1-oif kpaeBoi 3amaud TuQQepeHIHaTbHbIX YpaBHCHUN
BTOPOT'O MOPSIZIKA, KOTAa MIHUPOKO MPUMEHSEMBIA METO NPOTOHKK MOXET NPUBECTU K HEYTEUIUTEIbHBIM pe3yJbTaTaM.
B wacTHOCTH, pacCMOTPEHEI CITydau, SBISIONINECS OCOOCHHO BRYKHBIM: IIPOTOHOYHBIE (OPMYIIBI, KOTIa KO3IQPHUIIUEHT
ypaBHEHHs (MMEET OTPHUIATEIFHBIA 3HAK WIH SBISCTCS 3HAKOTIEPEMEHHBIM) M TPaHUYHBIC YCIOBUS HE YIOBICTBOPSIOT
YCJIOBUSIM BBIYUCIIUTEIHHON YCTOWIMBOCTH MIUPOKO MPUMEHSIEMOT'0 METOIa IPOTOHKH. B pe3ynbTare npeiokeH HOBBII
aJTOPUTM, KOTOPBIA SBISIETCS QJIbTEPHATHBOW METONY TPOTOHKH JJs YHUCIEHHOTO pEIIEHHUS JIMHEWHBIX
nuddepeHMaNbHBIX ypaBHEHUH BTOPOTO MOPSIIKA C 3aKPEIICHHBIMU KPaeBbIMU ycIOBUSAME. lomydeHHBIE (OPMYITBI
MOTYT OBITh NMPUMEHEHBI JJII YWCJICHHOTO PEIIEHUS MCXOJIHOW KpaeBOHW 3amaud C Pa3pbIBHBIMH Kod(dduimeHTamu.
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ANTOopuTM OTIIPOOOBAH Ha CIIEHAIBFHO MOIOOPaHHBIX YHCICHHBIX MPAMEPAX, OTPAKAIOIIIE XapaKTepHbIE 0COOCHHOCTH
paccMaTpUBaeMbIX KPaeBbIX 3a/1ad.
KiroueBble cjioBa: METOI MPOTOHKH, TU(PepeHInaIbHOe YpaBHEHHE, yCTOWIHBOCTbD, KPaeBhIe 3aJa4H.
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EKIHIII PETTI CbI3bIKTbhI JU®®EPEHIIMAJIBIK TEHAEYJEPIIH 1-1IT IIEKAPAJIBIK
ECEBIH CAHJABIK INEIIYAIH KYMA 9AICIHIH AJIBTEPHATHUBTI )KOHE KEHEUTUITEH

HYCKACBHI

Makanaga KeH KOJJIaHBICTAarbl Kyajay oJiCi KaHaraTaHFBICBI3 HOTIDKeNnep OepreH Kes[e eKiHOI perTi
muddepeHHaIIbIK TeHIeyaiH |- meTTik ecebiH caHABIK MIeNTyiH KIACCHKAJBIK Kyajay (arbUINIBIH onebueTiHme
Tomac anroputmi) GopmynacslHa yKcac PeKyppeHTTIiK (opmymnamapsl ainsiaFaH. [lepOec jkarmaiima, eTe MaHBI3IBI
Kargaimap KapacThIPBUIAIBL: TeHAeY KodduuueHTi (Tepic TaHOAIBI HeMece TaHOAChl aybICIIANbl) JKOHE IIeKapallbIK
mapTTap KeH KOJJAHBICTAFbl Kyallay SJICiHIH ecenTey OPHBIKTBUIBIK IIapTTapblH KaHaFaTTaHAbIpMaiinsl. HoTrmkecinne
IIeKapaIblK MIapTTapMeH OepiireH eKiHII PeTTi ChI3BIKTH AuddepeHnnanaplk TeHIeyNepai CaHAbIK ey aiH Kyanay
oficiHe ambTepHATHB OOJATHIH KAaHA AITOPUTM YCHIHBUIABL. AJBIHFAH (opMyriaiap Y3UTCTI KOA(QHUIMEHTTI 9yenTi
LIEKapalblK €CenTepli CaHIBIK IIeIy/e KOJJAHBUIYbl MYMKIH. AJTOPUTM KapacThIPBUIBIN OTHIPFaH MIEKapajbIK
€CenTep/IiH CHMaTTaMaJIbIK epEeKIIeNIKTepiH KOPCEeTEeTiH apHailbl TaHJaJIbII ABIHFaH MbICAIAAPFa KOJIAAHBUI/IBI.

Tyuiin co30ep: Kyanay ofici, nuddhepeHIHaAIIbIK THICY, OPHBIKTHUIBIK, IIIEKAPAJIBIK CCeNTEP.

Abstract
ALTERNATIVE AND EXTENDED OPTION OF THE METHOD OF PROTONING THE NUMERICAL
SOLUTION OF THE 1-ST BOUNDARY VALUE PROBLEM FOR LINEAR DIFFERENTIAL EQUATIONS
OF THE SECOND ORDER
Utemaganbetov Z.!, Kulzhagarova B.?, Kochshanova G.?, Ramazanova K. 4
12 Cand. Sci. (Phys-Math), Associate Professor, Yessenov University, Aktau, Kazakhstan
3 Cand. Sci. (Pedagogical), Associate Professor, Yessenov University, Aktau, Kazakhstan
4 Ph.D, Yessenov University, Aktau, Kazakhstan
In this article is received recurrent formulas for classical sweeps analogous to formulas (Thomas's algorithm in the
English-language literature), for the numerical solution of the first boundary-value problem of second-order differential
equations, when the widely used method of sweeping can lead to disappointing results. In particular, cases are considered
that are particularly important: sweep formulas, when the coefficient of equation (has a negative or is alternating sign)
and the boundary conditions do not satisfy the conditions of computational stability of the widely used sweep method.
As a result a new algorithm is proposed which is an alternative to the sweep method for the numerical solution of second-
order linear differential equations with fixed boundary conditions. The obtained formulas can be applied to the numerical
solution of the initial boundary-value problem with discontinuous coefficients. The algorithm is tested on specially
selected numerical examples that reflect the characteristic features of the boundary value problems under consideration.
Key words: sweep method, differential equation, stability, boundary value problems.

BBeaenue. [IprMeHeHNs MMPOKO pacpPOCTPAHEHHBIX KOHEYHO-PA3HOCTHBIX, TPOEKIIMOHHO-CETOYHBIX U
MHOTHX APYTHX METOJIOB JIJIsl YMCIIEHHOTO PEIIeHUs KpaeBbIX 3aaa4 s audhepeHnanbHbIX ypaBHEHUH, B
KOHEYHOM 3Tarle PeleH s IPUBOANUT K IPUMEHEHHIO METO/1a TPOTOHKH. [103TOMy METO1 TPOrOHKH 3aHUMAET
Ba)XHOE MECTO cpey HauOoJiee YacTo NPUMEHIAEMBIX YHCICHHBIX METOHOB.

[Ipumepsl, Koraa METOJ MPOTOHKH JIAaeT HEYIOBJIETBOPUTENbHbBIE PE3YIbTAThl MPU PEIICHWH KPaeBBIX
3aJa4, UMEIOTCSI MHOKECTBO B Pa3HBIX HCTOYHUKAX. B 4acTHOCTH, TaKUX MPUMEPOB MOXKHO HalTH B [1] (cTp.
499) u [2] (cTp. 58-62). [Ipuuem HEyHOBIETBOPUTEIHHBINA PE3yIbTAT MOXKET MOIYYUTHCS M B TOM CiIydae,
KOT'/Ia BCE YCJIOBHUS IPUMEHUMOCTH METO/1a IPOTOHKH BBHITTOJTHEHBI.

Takass HeOIArompusiTHasE CHTyalldsl MOXKET OBITh CJIEJCTBUEM HAKOIUICHHS BbIYHUCIUTEIBHBIX
norpemHocteid. [lpn pacderax ¢ JOCTaTOYHO KpPYNMHBIMH [maraMd N, BIMSHHUEM BBIYHCIUTEIHLHON
MOTPEIIHOCTH Ha PEIIEHNE YacTO MOXKHO TipeHebpeds. OTHAKO BCE e CTOUT UMETh B BU/LY, UTO MPH PEIICHUN
CHUCTEMBl DPa3HOCTHBIX YPaBHEHHMH COOTBETCTBYIONIEH KpaeBOW 3a/lade METOJO0M MPOTOHKH MOXKET
MPOUCXOUTh HAKOIICHHE BBIYUCIUTEIBHON morpemHocti. V3BecTHo, uro npu  h — 0, BhiuKCIUTENbHAS
HOTPENIHOCT MOKET BO3pacTaTh HpomnopuuoHansHo 1/h? . Takum 06pa3oM, HpH JOCTATOYHO MAbIX

3HAYCHMAX IIara N BO3MOXHA KaTacTpouyecKkas moTepsi TOYHOCTH. Takasi HeJOMyCTUMast OTEPSI TOYHOCTH
MIPOMCXOJINT M3-3a TOTO, YTO YK€ Ha dTaIe COCTABICHUS Pa3HOCTHBIX YPAaBHCHUN MPOUCXOIUT CYIIECTBEHHOE
nuckaxeHue uckomoro pemenus ([1], ctp. 499). To ecth, Takas cuTyarus sBISETCS CIEICTBHEM HEIOCTATKa
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METOZIa KOHEYHBIX pa3HOCTEeH, a He CIEJCTBHEM METOAa MPOTOHKH, YTO MOJHOCTBIO COOTBETCTBYET
u3noxxeHHoMy B kaure badenko K.U. ([3], ctp. 586, 588, 590).

Ha ocHOBe BHIIIENIPHUBEICHHBIX OOCTOSTEIILCTB MOXKHO MPUNTH K BHIBOJY, YTO CJICJIOBAJIO OBbI, UMETh B
apCeHaJIC BBIYMCIIUTEIILHON MAaTEeMaTUKU CEPUI0 PEKYPPEHTHBIX (POPMYIT, aHAJIOTHYHBIX (POPMyIIaM MPOTOHKU
HO, TEM HE MEHee, KOTopasl MPeICTaBlsuia Obl COOOM HEKYIO albTepHATUBY K (GOpMyliaMm KIIACCHYECKOMN
nporoHkw. [Ipu 3ToM xkenaTeabHO, 9TOOBI peiaraeMpie (POPMYITbI ObLTH BEIYHCIHTEIEHO YCTOHUUBBIMU JIIIS
IIUPOKOTO KJIacca 3a/1a4, YeM 3TO UMEET MECTO JIJIsl M3BECTHBIX BAPHAHTOB METOJIOB IIPOTOHKHU.

IMocTranoBka 3anaun. PaccmarpuBaercs nuddepeHnuanbHoe ypaBHEHHE BTOPOTO TOPSIIKa

(k@)y'®) -alt)ylt)=ft)  o<t<1 1)
CO CJ'ICI[y}OH.[I/IMI/I KpaeBBIMI/I yCJ‘IOBI/IHMH

y(0)= 5, @)

yd)= A 3)

rue ﬁo ) 181 eR= ] —00,+00 [ + Bynem cuntatse, 4ro ko3dduuueHTH ypaBHeHHA (), q(t) — HENPEPHIBHEI

Ha otpeske [0, 1], xoadduument k() HempepsiBHO nudpdepenuupyem Ha [0, 1], u k(t)Z ko >0.

JI71st Miccre1oBaHus BOIIPOCOB YHMCIICHHOTO PEIIeHHs JaHHOH KpaeBoil 3a1aun pa3odbeM oTpe3ok [0, 1]

Ha N uacteif, BBesienmen y3nosbix Touex 0=ty <t <...<ty =1 Bcau o6osnaunts uepes h paccrosmus

MEXy y3maMH (IIar CeTKH), TO h=%, t, =£, (n=0,2,...,N), rie N - LeJIoe YHCIO OTPE3KOB

pa30menns (IIar CeTKH MOXKeT OBITh M HepaBHOMEpHBIM). B nanpHelimem OymeM 0003HaudaTh depe3 Y(tn)

!
3Ha4YeHHE TOYHOTO penreHue KpaeBoi 3amadu (1)-(3) B Touke tn ,auepes Y, u Y, - coorBercTByIOmIEE

HOpUOIMKEHHOE PEIleHHe U €€ MPOM3BOJIHYI0, IOCTPOCHHOE C MOMOIIBI0 PAcCMaTPUBAEMOr0 YHCIEHHOIO
Metoja. Takke 1y yioOocTBa OyieM MoIb30BaThCsl 0003HAYEHUSIME B

t t t
kG)=ki s = [a@at, o,= [t I,= a1 N
t t t .y k(t)
Heo0xoanmMo momy4nTs peKyppeHTHBIE IPOTOHOYHBIE (JOPMYIIBI YHCICHHOTO PEIICHUS KPaeBOH 3a/1auu
(1)-(3) u uccnenoBaTh UX Ha MPEIMET COTIACOBAHHOCTH M YCTOWYHMBOCTH, M TEM CaMbIM YKa3aTh YCJIOBHS

MPUMEHUMOCTH TOJIyYSHHBIX (GOpPMYII.

n-1 n-1

1. PekyppeHTHbBIE GOPMYIIBI 171 YHUCIEHHOTO pernenus kpaesoit 3anaun (1) —(3), B ciyuae korna ((f) >0.
HM3BecTHO, YTO B 3TOM Cilydyae CyLIECTBYET U €IMHCTBEHHO pelieHue KpaeBoit 3axaun (1)-(3).

Onucanue aaropurma

B cnywae xorma q(t) >0 , mId 4HuCIeHHOro pelneHus kpaeBoid 3amaun (1) —(3) moryTr ObITh
WCTIOJIb30BaHbI CIEIYIOUINE PEKYPPEHTHbIE HOPMYJIbL:

Dopmynvl npamozo xooa:

a_ +l
:0, a = n-1 n ,
ao " l+an—1:un (4)
V. ,—ao,
V.= Vo= n-1 n-n , 5
o= b (5)

I Beex n=1,2,...N .
Dopmyna obpamnozo xooa:
- h hv
Y= ,Bl ' =|1- + L (6)
T k@) e+
mgaBcex n=N ,N —1,...2.
YucneHHbIE MPUMeEPHI

1°. B kayecTBe YMCJIEHHOTO TpPUMEPA PacCMOTPMM KpaeBylo 3amady Y (t)—25Y(t):0, 0<t<1,

y(0)=1, y(1)=1. B ycumosusax sroro mpumepa: k(t)=1, q(t)=25, f(t)=0 ﬁo:]-, p=1. Ilpu
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yrciaeHHoM pacuere ¢ marom N =1000, mo dopmynam (4)-(6), abconroTHas BelUYMHA HAUOOIBIICH
norpemHocTd paBHa o — 0.005. 20, B kauectBe cremyromero mnpumepa paccMoTpuM

y (-100y()=0, 0<t<1, y(0)=1, y(1)=1.3neck k(t)=1, q(t) =100, =0 f=1, g =1.
[Ipu umcnenHom pacuere ¢ tem ke marom N =1000, mo dopmynam (4)-(6), abcomoTHasT BEIWYHHA
HaunboIbInel morpenHocty qocturaet 3HayeHue o = 0.01.

30, B KauecTBe TPETHEr0 YHMCIEHHOIO NMPUMEPa PacCMOTPUM Y(t) —100003’(0 =0, o<t<1,

y(0)=1, y(1)=1.3necs; k(t)=1, q(t)=10000, f(t)=0 ﬂo = 1, B, =1. Ilpu pacyeTe ¢ TeM ke Iarom
N =1000, o dopmymnam (4)-(6), abcoaroTHasI BeIMYNHA HAUOOJIBIICH MOTPEITHOCTH JOCTUTAET 3HAUCHUC

0=0.089.

PaCCMOTpCHI/Ie OTUX W JpYyrux MHNpuMEpoOB IIOKA3bIBACT, 4YTO UYCM 0oJIbIlIe 3HAYECHUE KOE)q)(bI/IL[I/IeHTa

ypaBHeHHE ((t) W/MIM 3HAYCHHS ,30 , [, » TapaMETPOB Ha KOHLAX MHTEPBATa IS JOCTIKEHHUS JTydIleh

TOYHOCTH, HCO6XOI[I/IMO YMCHBIICHUC IIara CCTKH. 3I[6CI) BBICKA3bIBAaCTCA TOT (1)3KT, 4TO IIpH OOJBIINX

3HAYCHUAX q(t), ﬂo , ﬁl - UCXOJHas 3aJada CTaHOBHUTLHCA Ooiee JKCCTKUM, IIPpHU 3TOM PCUICHUEC KpaeBoﬁ

3a]]a4d B OKPECTHOCTH KOHIIOB U3MEHSCTCSI OYCHBb OBICTPO M 00pa3yeT «IOTpaHHYHBIN CIIOW» MM «KPaeBOM
a¢dexkT». A BHYTPH OTpe3Ka PEHICHHE M3MCHSACTCS OYCHb MEIUICHHO, T.€., NEPEeXOIUT Ha
«KBa3HUCTAIIHOHAPHBIN pexkuM». B MOAOOHBIX cilydasx, B paMKaxX JaHHOTO METOJa MOXKHO YyKa3aTh TOYKH
Mepexo/1a Iiara MHTErPUPOBaHUS 3 KPYITHOTO Ha Mallbli 1mar u oopatHo. Ho B maHHO# pabote yriyonsaThes
B 3TOT BOIPOC HE OyAeM, (UTO MOKET OBITh IPEAMETOM JaTbHEHIIINX UCCIICTOBAHNHN ) TaK KAK OCHOBHOM IEIIBIO
JaHHOM pabOTHI ABISETCS MCCIEA0BaHHs BOIIPOCOB YMcIeHHOro 3anauu (1)-(3) B cimydae, xoraa q(t) < 0.

2. PekyppeHTHBIe (OPMYIIBI AJIs YHCIICHHOTO petieHns kpaeBoi 3anaun (1) — (3) B ciyqae koraa () <0.

Onucanue aaropurma
Opeanuszayus npsmozo xooa
Cuer HayHeM TO ciexyomuM (GopMyiaaM, KOTOPBIX Ha30BeM (OpMyIaMH MpsSMOTO XojAa It

OTpl/H_[aTCHBHOFO «BXOoOa».
b = bn—1+|n bO :O- d = dn—1+bn—10-n dO :_ﬂo . (7)
n ) ] n — ,
1+ bn—l:un 1+ bn—l:un

[Monyyaem b, =1, >0, u dl = do . (cuet o 3TUM (hopMyIaM HAYMHAETCS, TOJIBKO MO0 IPUYHUHE TOTO, YTO

MPU YKa3aHHBIX HAYAIBHBIX 3HAYEHUSIX PEKYPPEHTHBIX (OPMYJ, 00CCIEeYMBAETCS BBIMOJHEHUE KPaeBbIX
ycioBuit Ha sieBoM koHIE (1)-(3)). Tak kak dopmynsr (7) npeaHa3HauEHBI ISl OTPHUIATEIHHOTO «BXOJa»,

= l >0 = i
MOJIOXKUM &y = b , v, = b W CYET HAYHEM TI0 CJEIYIONMM (OopMyliaM, KOTOPHIX HA30BEM
1 |
(hopMyTaMu MPSIMOTO XOa TS TIOJI0KUTETBHOTO «BXOIa:
_a,tu, _1 _Voato, _di,
n_—l+ | = Vn—ﬁ, 1—b—, n=2,...0,. (8)
a‘n—l n bl an—l n 1

rae @, ,- Takoi HOMED Iara, 4To JJIs BCeX n=2,....0, —1, 3Ha4eHus a, 2 O, 51 6191 <0. To ecTs, 37€Ch TOT

HOMEp N, ISl KOTOPOTO BIIEPBBIE CTAHOBUTCS, & < 0, 0603nauen 6, (ecnm Takoro HoMepa He CyIECTBYET,

TO pacuet 1o popmynam (8) GyaeT BECTHCH 0 IIPABOro KOHIA oTpeska). Tak kak BXOAHOE 3HaYeHue &y, 1is

. 1 —
(Gopmyi (8) Ha HOMEpPE ¢, CTAHOBUTCH OTPMLATENLHBIM, C IOMOLIBI0 COOTHOIIEHUI b(,l =—, dgl -
a

niepexoauM K hopmynam (7).
To ecTh cueT MPOAOIKUM 1O GOPMYJIaM MPSIMOTO XOJa JJIsi OTPUIATEINBHOTO «BXOJa:

b, +I 1 d  +b .o Vo
— n-1 n . — n-1 n-1"n —_ 1,
= p, =—; d =", dgl__, n=0,+1,...0,.

- 1+ bn—l:un ’ ! a_01 1+ bn—l:un

n
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rae ¢,,- TAKOM HOMEp, 4TO JUld BCeX n= @, +1,....0, —1., 3HaYCHUA bn <0, u be2 >0 (ecnu Takoro

HOMEpa ¢, HC CYLHIECTBYET, TO pacyeT I10 3TUM (POpMYyJI1aM 0 JCT BECTUCH JO IIPpaBOT'0 KOHIIA OTPE3Ka). I[anee,
2 1

pu HCO6XO,Z[I/IMOCTI/I BBILICOIMUCAaHHAasA Mpoucaypa IHOBTOPACTCA W B CICAYIOIIUX BO3MOXHBIX TOYKax
nepexoaa. Taxkum 06pa30M, A0 3aBCpHICHHA MPAMOIo XoJa MOryT OBITH OCYIICCTBJICHBI MHOXKCCTBa
Nnepexoa0B, MCEKIAY q)OpMYJ'IaMI/I MNpAMBIX XOJOB I OTPULATCIBHOIO M IOJOXKHUTCIBHOTO «BXOJO0B».

KonuuecTBO TakuX MEpexoI0B 3aBUCHT OT MOBEICHUE (PYHKIIUU Q(t) .

Ecmu 0603H29MM 90 =1lu Qk - TOT HOMEp, Ha KOTOPOM TIOCJICIHUI pa3 coBepIIajcs Mepexo1 u3 Gopmy
(7) x popmymnam (8) mmu HAOOOPOT, TO MHOXKECTBA WHAEKCOB, TPENCTaBISIOMIUEe co00il «HOMepa IIaros
MePexo/1a» MOXHO 0003HAYUTH Yepe3 {9 : 191 ) (92 ,,,,,Qk} . Yl cOOTBETCTBEHHO, MHOXKECTBO UHIEKCOB OT 1 110

N, pasbusarorcs Ha nommaTepsansr, |0, 190] 60,4161, 10,+1,6,1,.....[6, 16,1, [0,,+1.6,1,

[(9k +1, N] . B TepmuHax BBeIeHHBIX 0003HAYCHUI MOXHO YTBEPKAATh, uTO iepexox u3 (7) k (8) u odpatHo,

d
o 6
OCYHICCTBIIACTCS C IOMOIIBIO COOTHOIIECHUN a, = 'V, = 1, 371eCh 0] - HOME€P MHACKCA, HAYWHAasA C

i b i
0;

by,

KOTOPOI'0 OCYLIECTBIIAETCS yKa3aHHbIi nepexon ( j=0,1,2,..k.), TAe j - HOMEp Iepexoa.

Urak, moouepenHoe ucmonszoBanue dopmyn (7) u (8), mpsMoro xoma il OTPUIATEIBHOTO H IS
MOJIOKHUTEINBHOTO «BXOJIOBY, TIO3BOJISIET BECTH pacyeT JI0 MPaBOro KOHIIA PACCMaTPHUBAEMOTO OTpE3Ka U TEM
CaMbIM 3aBEPIIUTH «IPAMON Xoa». [Ipu 5TOM Ha mocieHeM OTpe3Ke, Tie BeASTCs MPSIMON X0 pacyera, TO

€CTh Ha [9k +1, N] , BO3MOJKHEI CJICTYIOIIHE IBa B3aNMOUCKITIOYAIOIINX CIIydast:

1) pacuer Begercs 1o popmysiam (7) mpsMOro Xoja Uit OTPUIATEIBHOTO «BXOIa».
2) pacuyert Benercs 1o Gpopmysnam (8) mpssMoro Xoa Julst OJIOKHTEILHOTO «BXO1a.

Opeanuzayus 06pamnozo xooa

= M h. 20 =
B nepBom ciywae, monmoxum Zy = b (mpu ycnoBum, uTo Ny ) ¥ HaYHEM OOpaTHBIM pacdeT Mo
N
cenyrmuM (GopMmynaM, KOTOPBIX Ha30BeM (GopMysiaMu 00paTHOTO X0J1a JIJIsl OTPHIIATEIIBHOTO «BXOa»
z,+ud  —o
— “n n~n-1 n - — . = —
= . Yo=b .z -d . n=NN-1..0+2 6 +1 (9)
l+bn—1:un

Hanee, HaunHasi C mara ek , IPOJIOJKUM CUET, 110 CIIEAYIOLIel peKyppeHTHOH (popMysie KOTOporo yaooHo

Ha3BaThb Q)OpMyHOﬁ 06paTHOI‘O Xo4a AJIA IMOJIOKHUTCIIBHOT'O «BXOAa».

yo.=|1 ha, Yoo hv,
i ' kn(1+an|n) ,

“karal) "= 0Ot Gath )

Jia mpopoikeHUsl pacueTa Ha MHOXKECTBE HHJIEKCOB [ek_l, ek—z +]-], B 0OpaTHOM HallpaBJCHUH,
notpedyeTcs nepexoa K GopmyinaM oOpaTHOro xoja Juis oTpuuartensHoro «sxoaa» (9). Ilocnennue nBa

3HAYCHUS y@ki1 it ygki1 paccunrtansslie Mo Gopmyne (10), mo3BoNsIeT HAUTH 3HAYCHUE 29k71 o dopmyie

+

_ yek_1+1 yak_l n=0 n=0 +1
= — . . Hanee, i1 Bcex HHAEKCOB OT =Uyq, o =0, T1l pacuer Bemercs mo

Loy hk
4

dbopmynam (9). Ha ciemyromeM uHTEpBaie [(9k_2, ek_g +1] , pacueT OCYIICCTBIIETCS CIpaBa HAJIEBO II0
¢dopmynam (10). Takum oOpazom, yepenys GpopMynbl 00paTHOrO X0ja sl OTPULATENBHOTO «BXona» (9) n
TIOJIOKHUTENBHOTO «BX0z1a» (10), MOTyT GBITH HAlIEHBI BCE MCKOMBIE 3HaueHuss Y, , (n=N —1,...1.). [lpn
aToM, rae mnorpebyercs mepeiith u3 (10) k dopmynam (9), mepexon ocyiiecTBiasieTcs Mo (Gopmylie

Y [ Yo j
i hk,

ZH , TI€ 0 i~ HOMCEp HHJACKCA, HaYuhHad C KOTOPOro OCYHICCTBIICTCA IICPEXON
j
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(G=k,k—-1,..0.), | -HOMEp mepexona.
Bo BTOpoM ciy4ae, monaraercs, 4ro Yy — ﬁl , ¥ pacder npopaospkaercs mo ¢popmynam (10) To ecth, 1o
(hopMysiaMm 00paTHOTO X0/ JJIs TOJOKHUTEIHLHOTO «BX01a» oT uHaekca N , 10 uHmekca Hk +1 Ha WHJICKCE
Yé)k 17 Y9k
hk

Ok

ek , TIe HeoOxoauMo mepeiitu K (9), BeIYHCIAEM 3HAUeHHE M0 (OopMyIIe; ng = , ¥ pacuer
nponomkutcss 1o dopmyne (9) s Bcex HHIEKCOB HHTEpBasa [Hk' ek—l +1] , copasa Haneo. [lanee,
OpraHu3ysl JaHHBIN YMCIICHHBIN MTPOLIECC 0OPATHOTO X0/Ia COBEPIICHHO aHAJIOTHYHO MPEABIAYIIEMY CIydaro,
TO €CTh, Uepeays (GopMysbl 0OpPaTHBIX XOJOB JIJISl OTPHIIATEIIBHOTO» U TOJIOKHUTEIBHOTO «BXO0J1a», MOXKHO
HOJy4YUTh BCE HHTEPECYIOIME 3HAUYCHUS Y1 , (n=N,N-1,..2)).

YuciieHHbIE IPUMEPBI

1°. B kauecTBe 4YHCIEHHOrO IPUMEPA PACCMOTPHM KpPAaeByIO 3a1ady y"(t)+49y(t)=0, 0<t<1,

y(0)=-1, y(1)=0. B ycinoBuax sroro npumepa k(t)=1, q(t)=-49, f(t)=0 ,80 = _1, B,=0. Ilpn
gyrciaeHHoM pacdere ¢ marom N =100, mo BelIeyKa3aHHOMY alTOpPUTMY, aOCOJNIOTHAs BeIUYMHA

HanOoubIeil morpemHocty paBHa o = 0.302. Takas HHM3Kas TOUYHOCTD SBISETCS CIEICTBUEM TOTO, YTO B
3ToM npuMepe QyHKIMSA ¢(t) ¥ KOIUYECTBO maroB N - BEIMYMHBI OJJHOTO NopsAaka. Tem He MeHee, Takas
TOYHOCTh HE MPOTUBOPEYHUT TapaHTHPYEMOMY IIEPBOMY MOPSAKY TOYHOCTH H3JIAraéMoro Meroga. A mpu
pacuere ¢ marom N =1000, Ta »xe camas norpemHocts paBaa 0 = 0.06.

2°. B kadecTBe CIEAYIOIIETO YHUCIEHHOTO TPUMEPA PACCMOTPUM KPAEBYIO 3a/ady y" () +100y(t)=0,

0<t<1, y(0)=-1, y(1)=0. B ycnousx sroro npumepa k(t)=1, q(t)=-100, f(t)=0 ﬁo = —1,
B,=0. Ilpu uncnennom pacuere ¢ maroMm N =100, no BelIEyKa3aHHOMY aJArOPUTMY, aOCONIOTHAS
BeMYKMHA HanOombieil norpemHoctr paBHa o = 0.724 . A npu pacuete ¢ marom N =1000, ta xe camas

norpenrHocts paBHa 0 = 0.09.

3. Pexyppentabie GpopMyIbI ISl YUCIIEHHOTO pemieHus KpaeBoi 3amaun (1)—(3) B cmydae, korma q(t)

SBIISIETCSl 3HaKolepeMeHHOW ¢yHkuueil. Tak kak, B paMKax JaHHOTO ajJrOpUTMa HPOHUCXOAUT IEPEHOC
KpaeBbIX YCJIOBHH B BEIOPAHHBIE Y3JIOBBIE TOYKH BHYTPH PaCCMAaTPHBAEMOT0 OTPEe3Ka, MOATOMY Ha JIF000H H3

Y3JIOBBIX TOUYCK tk € [01 1] MOTyT OBITh pCaIM30BaHbI CICAYIOIINC BO3MOKHBIC CI.IeHapPIﬁI

1) a2 0, Q(t) >0. B srom ciydae, MOXKeT ObITh MPUMEHEH ajJrOpWTM, YKa3aHHBIA B myHKTE (1). A

TaKXe MPUMEHUMBI (POPMYIIbI KJIACCHYECKOH IIPOTOHKH.

2)a,,<0, q(t)>0,

Torna, ecnu ‘ak_l‘g ‘\ Q, |» TO HauMHas ¢ — mara K cdeT BeleTcs clieBa Hanpaso 1o Gopmynam (8), Ho

eciu ‘akfl‘>‘\ gc|» To mo dopmynam (7). B pamkax BbllleyKa3aHHBIX YCJIOBHMH, Kak CleIyeT u3

i pepeHInanbHOro aHanora 3Tux GpopMyIl, IPOUCXOIMT PE3KHMI MOHOTOHHBIN poCT 3HadeHui d, u bn ,

U B pe3yJbTaTe 3a «Majioe» KOJMUYECTBO IIarOB OHHM CTAHOBSTCS MOJIOKUTENbHBIMHA. U 3HaUHT, A7st hopmy
(7) - (8), ycnoBre yCTOWYMBOCTH HApyIIAeTCs TOJIBKO HA «MaloOM» KOJHMYECTBE LIArOB, YTO HE BIHSCT Ha
pe3yabTaThl KOHEYHOTO cueta. OOpaTHBIN cUeT 1Mo 3TUM QOopMyJiaM OCYIIECTBIISIETCS, KaK YKa3aHO B ITyHKTE

).

3, > 0, Q(t) <0. Pacuer MPOUCXOAMT IO aJITOPUTMY, U3TI0)KEHHOMY B IyHKTE (2).

4, < 0, Q(t) <0. Pacuer MPOUCXOAMT IO aJITOPUTMY, U3TI0)KEHHOMY B IyHKTE (2).

3akmodenne. B gaHHOW paboTe MpPEAsIORKEHBI PEKyppeHTHBIE (OPMYJIBI JJIsl YHUCIEHHOTO PElIeHUs
kpaeBoit 3amaqn (1)-(3), KoTopeie UMEIOT OoJiee MHUPOKYIO 00IACTh MPUMEHUMOCTH, Y€M METOJ MTPOTOHKH,
NIPY peIieHUH KPaeBbIX 3a/1a4 Au(epeHInanbHbIX ypaBHEHUI BTOPOro nopsiaka. @opMyiibl IpUMEHUMBI BHE

3aBUCHMOCTH OT 3HaKa Ko3(duimenra q(t) MpU PEIICHUN Y(t) Pe3ynbTaThl, mogydyeHHbIE B JIaHHOM
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CTaTbe, MOJTBEPKAAIOTCA PacUETHBIMU JaHHBIMU. Bo3MoxxHOCTH coBpeMeHHbIX DBM mo3Bomnser paboraTh

npu JOCTATOYHO MaJIbIX HIarax h, U TCM CaMbIM MCTOJBI IIEPBOTO MOPAAKa TOYHOCTHU MOTYT OBITH BIIOJIHE

MPUTOAHBIM PA0OYMM UHCTPYMEHTOM 00ECIICUHBAIONINX HEOOXOIUMYIO TOYHOCTh JIJISl YUCTICHHOTO PEIICHUS
OOJIBIIMHCTBA MPAKTUYCCKUX 3a7a4.

[oBsIIIeHMs TOPSIIKA TOYHOCTH METO/IA ITPEIIOJIOTACT CYIIeCTBOBaHME 00Jiee OrPaHUYUTEIbHBIX YCIOBUN
Ha KO3 (UIIMEHTH UCXOMHOW KpaeBOM 3amaun. Ecnm Bce k€ BO3HHMKAEeT HEOOXOIMMOCTH TOBBIIICHUS
TOYHOCTH PENICHUS, TO MOXET OBITh HCIOJB30BaH METOJ PyHIre MOBBINICHUS TOYHOCTH WM JPYTHE
OOIICH3BECTHBIC METOIBI.

W3noskeHHBIA aNrOpUTM MOXKET MMETh XOPOIIWE IMEPCICKTHUBBI I pacnapauieiuBaHus cueta. EcTh
BO3MOXHOCTh OOOOIIUTH HJECH MeToJa M3IO0XKCHHOTO B HACTOSIICH paboTe HAa JPYrHe THITBI KPaeBbIX
YCIIOBHH, a TAKXKe JUTS KPaeBbIX 3aj1a4 Juisl U depeHInaTbLHBIX YpaBHEHHI 0oJiee BRICOKHX MOpsIKoB. [Tocne
HEOOJIBIION MOoAU(UKAIMI TIPEICTABICHHBIA 3/I6Ch METOJI MOXET ObITh HCIOJB30BaH M JUIS YHCICHHOTO
pelleHHs JINHEWHBIX YpaBHEHUH YacTHBIX IPOM3BOAHBIX. Pai cipaBeNIMBOCTH, XOTEIOCH OBl OTMETHUTD, YTO
nepBOHAYAIbHAS HIEs BBIIICH3I0KEHHOro MeToaa npunaaiexut Orendaesy M.O. ([4], ctp. 147-152).

HenocraTku u mpenMyIecTBa U3jaraeMoro 3/1eCh MET0J1a, MOTYT OBITh BBIICHEHBI HA OCHOBE NMPAKTUKU
MPUMEHEHUS 3TOTO METO/Ia CIICIIMATUCTAMU 110 BEIUMCIIUTEIBHON MaTeMaTHKE.
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THE USE OF THE BLOOM TAXONOMY IN THE STUDY OF PHYSICAL PROCESSES

Abstract

Benjamin Bloom created a taxonomy of measurable verbs to help us describe and classify observable knowledge,
skills, attitudes, behaviors and abilities. The theory is based upon the idea that there are levels of observable actions that
indicate something is happening in the brain (cognitive activity.) By creating learning objectives using measurable verbs,
you indicate explicitly what the student must do in order to demonstrate learning.

International trends in education indicate a transition from the traditional centered on the teacher approach to student-
centered. This alternative model focuses not only on teaching, but also on what students are expected to do at the end of
the module or program. The writing of learning outcomes should begin with the action verb, followed by the object of
this verb. This article analyzes the application of the Bloom Taxonomy in the study of physical processes.

Key words. Taxonomy, knowledge, student, education, understanding, physical processe, synthesis, analysis.
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nesTenbHOCTh). Co3aaBas nein 00y4eHHUs ¢ TOMOIIBI0 H3MEPHUMBIX TJIaroJioB, YETKO YKA3bIBAIOTCS JACHCTBHS CTyAEHTA
IUTA IeMOHCTPALUH 00y9IeHUS.

MexayHapoIHbIe TEHACHIINHA B 00pa30BaHUH CBUACTEIECTBYIOT O MEPEX0e OT TPAJUIMOHHOTO IICHTPUPOBAHHOTO
Ha TIpenojaBaree MoIXo0Aa K CTyIeHTO-IICHTPUPOBaHHOMY. JTa allbTepHATHBHAS MOJIENb (DOKYCHpPYETCs HE TOIBKO Ha
MperolaBaHiy, HO M Ha TOM, YTO, KaK OXHIAETCsA, CMOTYT IelaTh CTYACHTHl B KOHIIE MOIYNS WM MPOTPAMMEL.
Hanmcanue pe3ynsTaToB 00ydeHHS e yeT HauuHATh C TJIaroJia JeHCTBH, 32 KOTOPHIM JTOJDKEH CIIEA0BATh O0BEKT STOTO
riaroia. B nanHo# craThe npuBOAMTCS aHau3 npuMeHeHus Takconomuu biryma npu n3ydeHun GuU3nuecKux MporeccoB.

KaioueBsie cnoBa. TakcoHomust, 3HaHue, 00yJaromuiics, 00pa3oBaHue, TOHUMaHUe, PU3UIECKOE SIBIICHHUE, CHHTES,
aHau3.

Benjamin Bloom’s eponymous taxonomy emerged from a series of informal discussions with colleagues
that began at the American Psychological Association in 1948. He actually intended his work for a narrow
audience: assessment experts who were developing new ways to measure what college students learned. But
Bloom’s Taxonomy became the most widely used method of creating learning objectives. Bloom’s Taxonomy
helped make an important shift in educator’s focus: from teaching to learning. When the original taxonomy
was published, as much as 90 percent of classroom time was spent on activities designed to help learners recall
facts. Forty years later, Bloom estimated that the percentage of lower-order assessment questions had been
reduced to about 70 percent. By correlating assessment questions to Bloom’s cognitive levels, test developers
can ensure that their questions promote both retention of knowledge and critical thinking.

In 2007, Andrew Churches updated Bloom’s work one step further when he introduced Bloom’s Digital

Taxonomy. His intent was to marry Bloom’s cognitive levels to 21St-century digital skills. Churches added
ways to use Web 2.0 technologies to each cognitive level in Bloom’s revised taxonomy. Within the report are
numerous charts, job aids, and activities that allow you to make the most of the innovations and updates in
Bloom’s Taxonomy for yourself and your work team.

Measured against the criteria Bloom established in 1956, his work stands the test of time. His taxonomy is
a widely accepted metric that continues to provoke new research, shape best instructional and assessment
practice, and provide a common language and framework for collaboration.

Benjamin Bloom didn’t intend to invent educational dogma. When he began developing his taxonomy of
educational objectives (grouping educational objectives into ordered categories), his main goal was to find a
common language that educational measurement experts could use to share findings and exchange test items.

Bloom’s Taxonomy emerged from a series of informal discussions with colleagues that began at the
American Psychological Association in 1948. At the time, educators were wrestling with a number of
guestions, many prompted by the influx of World War Il veterans enrolling in college. The veterans wanted a
good education, but what makes an education “good”? How could instructors ensure that learners graduated
with more than just lower-level factual knowledge?

One of Bloom’s students, Lee S. Shulman, recalls that when these questions were raised, educators were
just beginning to consider assessment. Bloom, as the director of the examiner’s office at the University of
Chicago, was developing assessments to measure learning. When he tried to share ideas and test items with
other evaluators, he found that instructors agreed that they wanted learners to “understand,” but they had very
different ideas about what understanding meant.

Bloom envisioned a taxonomy that would organize educational goals into a hierarchy, much as biologists
classify living creatures into categories that ascend from species to kingdom. The taxonomy that bears his
name is based on the work of hundreds of collaborators, including reviewers, contributors of case studies and
examples, and a core working group of about 30 people. The result of their efforts, published in 1956, is
officially known as Taxonomy of Educational Objectives. Bloom often called this work The Handbook.
However, the educators, instructional designers, researchers, and evaluators who apply this classification
generally refer to it as Bloom’s Taxonomy. This recognizes Bloom’s foundational contribution to the project:
He convinced his collaborators to organize learning behaviors on a continuum from the simplest to the most
complex [1].

Bloom identified four principles that guided the development of the taxonomy. Categories should:

- Be based on student behaviors

- Show logical relationships among the categories

- Reflect the best current understanding of psychological processes

- Describe rather than impose value judgments

Today, Bloom’s Taxonomy is the most widely used method of creating learning objectives. Researchers
use its levels to measure outcomes and compare everything from programs to methods of learning. While
several modifications have been proposed, Bloom’s description of learning domains and levels of complexity
is still widely used.
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Bloom’s original taxonomy consisted of three domains:

* Cognitive—knowledge-based domain

* Affective—attitude-based domain

* Psychomotor—physical skills-based domain

Table 1 outlines the three domains of Bloom’s original taxonomy and gives a brief overview of each domain
with the abilities associated with each domain.

[ Content and intellectual knowledge: What do |

want learners to know?
* Abilities: *Conceptualization*Comprehension
*Application*Evaluation*Synthesis

Cognitive <

« Emotional knowledge: What do | want learners to
think or care about?

* Abilities: *Receiving *Responding *Valuing
*Organizin *Characterizing

Affective <

« Physical/mechanical knowledge: What action(s) do
| want learners to be able to perform?

« Abilities: Perception *Simulation *Conformation
*Production *Mastery

Psychomotor < |

" |

Table 1. Domains in Bloom’s original taxonomy

The cognitive domain of Bloom’s original taxonomy has six levels organized in a hierarchy (Figure 1). The
base of the pyramid is the foundation of all cognition, knowledge. Each ascending level of the pyramid depends
on the one below it: For example, learners must comprehend what a homesteader’s exemption is before they
can apply the definition to determine whether someone qualifies for a tax break. Knowledge and
comprehension are often referred to as lower-order thinking skills. The skills above them are termed higher-
order or critical thinking skills [2].

Evaluation
Synthesis

Analysis

.Y

Application

T

Comprehension

A

Knowledge

Figure 1. The cognitive domain of Bloom’s original taxonomy
The knowledge level, at the bottom of the hierarchy, is defined as remembering or retrieving previously

learned material. Learning objectives at this level often include defining key terms, listing steps in a process,
or repeating something heard or seen. For example, an objective for an orientation session might include new
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hires recognizing a correct description of how employees become vested in the company’s retirement plan. In
this case, knowledge-level objectives are clearly critical, as they are foundational to understanding additional
materials. However, designers tend to write too many knowledge-level objectives because they find it so easy
to pick out definitions and details.

Comprehension represents the largest category of cognitive skills and abilities. The key skill at this level is
processing new information. For example, after orientation new hires might be asked to use the benefits
information they were given to answer basic questions such as, if a person starts in the middle of the month,
when do medical benefits begin?

At the application level, a learner should be able to solve a new problem by applying information without
having to be prompted. Objectives at this level might require learners to interpret information, demonstrate
mastery of a concept, or apply a skill learned. At an orientation, for example, participants might be asked to
apply time-off calculations to their own schedules.

Analysis requires learners to recognize relationships among parts. Objectives at this level of the hierarchy
often include verbs such as differentiate, compare and contrast, criticize, or experiment. At an employee
orientation, participants might be asked to classify workers into different categories according to eligibility for
unpaid leave.

Synthesis calls for creative behavior because learners produce newly constructed and, many times, unique
products. At this level, objectives might have learners create a plan, propose an idea, design a product, or
organize information. During an employee orientation, for example, participants might plan the best way to
maximize use of the 401K plan [3].

Evaluation involves making judgments about value. Learning objectives at this level require learners to
measure, value, estimate, choose, or revise something, perhaps information, a product—or solve a problem. A
newly hired employee, for example, might need to evaluate which insurance plan provides the most appropriate
coverage.

Instruction that stops too low on the taxonomy doesn’t give learners the chance to think critically enough
about what they are learning. When objectives focus solely on recall and comprehension, learners may
understand what they have learned but fail to recognize when to apply their knowledge. Higher-order
objectives require learners to use what they have learned and can give them practice in developing new
approaches to problems, identifying critical variables, and making needed judgments. Both the original
Bloom’s Taxonomy and its later revisions can be used to develop much-needed critical thinking.

The use of the Bloom taxonomy in the study of physical processes include the following:

Bloom’s taxonomy provides a universally effective strategy for creating all type of content to impart
learning.

The taxonomy helps teachers make decisions about the classification of content.

Bloom’s taxonomy also helps teachers map content to tasks that students need to perform.

Bloom’s taxonomy guides teachers to develop higher levels of thinking process for critical thinking or
creative thinking.

Using the taxonomy, a teacher develops questions or projects that require the development of thinking and
reflection from the knowledge level to the evaluation level.

A teacher or a syllabus designer designs a curriculum as well as classroom assignment using Bloom’s
taxonomy to advance the learning process from recalling learning materials to higher level of thinking.

A teacher creates class activities based on Bloom’s Taxonomy.

Because learning objectives are so critical to instruction and assessment, many tools have been created to
help writers use the original taxonomy to develop them. The most basic tools are tables that suggest verbs
correlated to each level of cognition.

References

1 Bloom, Benjamin S. “Reflections on the Development and Use of the Taxonomy.” In Bloom’s Taxonomy: A
Forty-Year Retrospective, edited by Lorin Anderson and Lauren A. Sozniak. 93rd Yearbook. (Chicago: National
Society for the Study of Education).

2  Cecelia Munzenmaier, MS, with Nancy Rubin, Ph.D. Bloom’s Taxonomy: What’s Old Is New Again. The
eLearning Guild. All rights reserved. 2013

3 Airasian, Peter, W. “The Impact of the Taxonomy on Testing and Evaluation.” Bloom’s Taxonomy: A Forty-
Year Retrospective, edited by Lorin Anderson and Lauren A. Sozniak. 93rd Yearbook. (Chicago: National
Society for the Study of Education).

121




Ab6aii amvinoazvl Ka3¥I1V-niy XABAPILBICHI, « Quzuxa-mamemamura vlavimoapuly cepuscol, Nel(61), 2018

T'PHTMU 29.01.45
VJIK 53:37.016

A.A. Axxconosat

YCmapwii npenooasamens XKemvicyckozo 2ocydapcmeennozo ynusepcumema
umenu U XKancyeyposa, e. Tandvikopean, Kazaxcman

XAPAKTEPUCTHUKA UCCJEJOBATE/IbCKOY KOMIIETEHTHOCTH
BYAYIIUX YYUTEJEN ®U3UKH B IIEJATOTHYECKOM BY3E

AnHomayus

B nmpennaraeMoi#t  cTaThe pacCMaTPHBAIOTCSA HEKOTOPHIC AaCHCKTHl  ()OPMHPOBAHUS  HCCIIEAOBATECIBCKOU
KOMIICTCHTHOCTA OOYYAIONIUXCSl MeAaroruueckoro By3a. COrjacHO CoJIepKaHWI0 00pa3oBaTEIbHON MPOrpaMMbI
0akanaBpuaTa M MarucTpaTypbl GOPMHUPOBAHHE HCCIICIOBATEILCKOW KOMIECTCHTHOCTH JOJDKHO CTPOUTHCS HAa OCHOBE
npo¢)eCCHOHATBHBIX 3HAHWI, YMEHUI, HABBIKOB M OTHOIICHHWN K MENAarormdeckoMy TPYAy B TPOIECCE YCBOCHUS
(yHIAMEHTAIIBHBIX MPEMETHBIX 3HAHUH, BBIICISAIONINX TC CIIOCOOBI M MPUEMBI WX WCIOIHCHUS U MPUMCHEHUS, OT
KOTOPBIX B HawWOOJbIICH CTENCHW 3aBUCHT YCICNIHOCTh OOydYeHHsS MpeaMeTy CIeluadbHOCTH. Hamuuune
(yHIaAMEHTAIBHBIX TPO(QECCHOHANBHBIX 3HAHUH 10 MPEIMETY CIECIHANEHOCTH U YMECHHE HUCTIONB30BaHUS ITUX 3HAHUHA
IUTA PELICHUs MPAKTHYECKUX 3a7ad COCTABISIET OCHOBY NPEIMETHON KOMIETEHTHOCTH B CHCTEME IPO(eCcCHOHATBHBIX
KOMIICTCHIINI OYAYIIETo YIUTEIs.

ABTOp pAacCKphIBacT OCHOBHBIC COCTABIISIOIINE WCCIEAOBATEIHCKOW KOMIIETCHTHOCTH, KOTOPEIC CBSI3aHBI C
JUYHOCTHBIM 00pa3oBaHHeM Oymymoiumx yudTened, o0O0JamalomuX MIMPOKHM KPYro30poM W CIICIUATBLHBIMHU
KOMICTCHIIMAMU. B cTaThe aHAMM3UPYIOTCA MOHATHA «Y4eOHO-HCCIIEOBATEILCKAs KOMIICTEHTHOCTBY, «HAydHO-
HCCIICIOBATENIbCKAsl ~ KOMIICTCHTHOCTBh».  [IpeACTaBiICHO  XapaKTEPUCTHKA KOMIIOHCHTOB  HCCIICAOBATEIbCKON
KOMIIETCHTHOCTH 00yYaronuxcs B 0akanaBpuaTe U B MaruCTpaType.

KaioueBble ciioBa: oOyuaromuiicsi, oOpa3oBaHHE, KOMIIETEHTHOCTb, MCCIIEIOBATENIbCKAs KOMIIETCHTHOCTB,
uccienoBaTesbckas padoTa, pOpMUPOBAHHE.

Anoamna
0.0. Axxconoeat
Y [ )Kancyezipos amwinoasul XKemicy memnexemmix yHueepcumeminiy, aga OKblmyublCbl,
Tanovikopean ., Kazaxcman
HNEJATOT'UKAJIBIK KOO-s1 BOJIAIIAK ®U3UKA II9OHI MYFAJIIMJEPIHIH 3EPTTEY
KY3bIPETTIJIITTHIH CUTTATTAMACBHI

Maxkanaga megarorukansik JKOO-pI OUTIM adyIIbUIapaslH 3epPTTEY KY3ipeTTUTKTEePiH KaNbIITACTBHIPYABIH KEeHOip
acTeKTiiepl KapacTHIphUIFaH. Maructparypa MeH OakamaBpHaTTHIH OiumiM Oepy Oarmapiamachkl Ma3MYHBIHA COHKEC
3epTTey KY3bIPETTUIIrH KaJbIITACTRIPY OLTIM almyibuiapAbIH OUTiMI, TaFAbIChl, OLTIKTUIIN Heri3iHe koHe OlTiM Oepy iy
TaObICTHl 0ONybl MaMaHJABIK OOWbIHIIA (YHIAMEHTAJIbl IOHIIK OLTIMIEpIlI MEHrepy KesiHJe KOJIJaHbLIaThIH
MeIaroruKajblK €HOCKTIH OpBIHAANYBl MEH 9JIiC-TOCUIAEp KOJIaHBICHIHAH KYpbUly Kepek. bonamak MyfaliMHIH
MaMaH/IbIK OOMfbIHIIA ipresi KociOu OLTIMIHIH OOyl XaHE OChI OULTIMIEpAl MPaKTHKaa KOJIiaHa alybl, OHBIH KociOH
KY3BIPJIBIK JKYHECIHIET] OHIK KY3bIPJIBIFBIHBIH HET131H Kypaibl.

CoHBIMEH KaTap, aBTOp 3epTTey KY3bIPJIBIFBIHBIH HET13T1 KypaybIITapblH O0alIaK MyFaliMHIH OUTiIMIMEH, apHayJIbI
KY3IpeTTUTIKTepiMeH OaiiIaHBICHIH alllbIl KepceTkeH. Makanaga «OKy-3epTTey KY3ipeTTUTri» jKoHE «FBUTBIMU-3EPTTEY
KY3IpETTUIIr» CUSIKTHI TYCIHIKTEp TaJfaHFaH. MaructpaTypa MeH OakalaBpHaTTa OKHTHIH OUTIM alyIIbUIAp.IBIH 3ePTTCY
KY3BIPJIBIFBI KYpayYIIBIIAPBIHBIH CHITATTaMachl OepiireH.

Tyiiin ce3aep: OiniM amymisl, OLTIM Oepy, KY3IpETTITIK, 3epTTeY KY31peTTUIIr, 3epTTeY KYMBICHI, KAIIBIIITACTHIPY.

Abstract
CHARACTERISTICS OF RESEARCH COMPETENCE FUTURE TEACHERS OF PHYSICS IN THE
PEDAGOGICAL UNIVERSITY
Akzholova A
! Senior lecturer of I.Zhansugurov Zhetysu State University, Taldykorgan, Kazakhstan

In the present article, some aspects of the formation of the research competence of students of a pedagogical university
are considered. According to the content of the bachelor's and master's education program, the formation of research
competence should be based on professional knowledge, skills, attitudes and attitude to pedagogical work in the process
of assimilation of fundamental subject knowledge that distinguish those methods and techniques of their implementation
and application, on which the success of training subject of the specialty. The presence of fundamental professional
knowledge in the subject of the specialty and the ability to use this knowledge for solving practical problems forms the
basis of subject competence in the system of professional competencies of the future teacher.

The author reveals the main components of research competence, which is related to the personal education of future
teachers with broad outlook and special competencies. The article analyzes the concepts of "educational-research
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competence”, "research competence". The characteristics of the components of research competence of students in
bachelor's and master's degrees are presented.
Key words: student, education, competence, research competence, research work, formation.

B ycnoBusiX KOMIETEHTHOCTHOTO MOJX0/a KaueCTBO MOATOTOBKM OYAYIIMX y4YHTENIed MOXKET OBITh
o0ecreyeHo TECHOW B3aMMOCBS3bI0 Y4eOHOTo Mpolecca ¢ HaydHO-MCCIEA0BATeNbCKUMHU paboTamu, Tae
UMeroTcs (hyHIaMeHTaIbHbIEe HAYyYHBIE TOCTIKEHHS, HOBEHIIINE TIeIarOTMIeCKHe TEXHOJIOTHH U pa3pabOTKH.
OueBuIHO, 00pPA30BATENBHBIN MPOIIECC BHE HAYYHBIX 3HAHUI U UX METOJIOB HE MOXET Pa3BUBATHCS.

CrnenoBatensHO, 00y4eHHE, OPUEHTHPOBAHHOE Ha HAYYHO-MCCIIEIOBATENBbCKYIO NESTEIBbHOCTD, pElIaeT
3a/a4y BKIIOYEHHWS B YYEOHBI IPOIECC METOAOJOTHHA HAYyYHOTO WCCIENOBAHHS C IEJIhI0 IMOBBIIICHUS
3¢ (heKTUBHOCTH, KaK cCaMOro 00y4YeHwHsI, TaK ¥ (POpMUPOBaHUS Y OyAYIIUX YIUTENEeH TBOPUIECKOTO MOAX0/a K
peleHHIo ero Oy aymux mpodecCHOHANBHBIX 3a1ad.

[MoaroroBka Oyaymmx yduTened B By3e B cooTBeTcTBUH ¢ TpeboBanusmu ['OCO PK [1], momxHBI
CHoco0CTBOBATh (POPMHUPOBAHUIO CIEAYIOMNX KOMIETSHIINH, KOTOPhIE MOJKHO pPacCCMaTPHBATh KaK:

odujeodpazoeamenvHbvie KOMREMEHYUU:

- CnocoOHOCTh COBEPIIEHCTBOBATH M pa3BUBaTh (WIOCOPCKHE W METOJOJIOTMYECKHE OCHOBBI
MEJaroru4eckou KyJabTypbl HCCIEIOBaHUIA;

- CIOCOOHOCTH K 0000IIIEHHI0, aHAN3Y, BOCIPUATHIO HAYYHOH HH(OPMANIH, ITOCTAHOBKE IIEJIN B BEIOOPY
nyTei e€ MOCTHKEHUS, YMEHHIO JIOTHYECKH BEPHO, apTYMEHTUPOBAHO U SICHO CTPOUT YCTHYIO U TUCbMEHHYIO
peys;

- MMOHUMATh COIMAIBEHOM 3HAYMMOCTH CBOel Oymymieit mpodeccuu, 06manaHnio BRICOKOW MOTHBAIHEH K
BBITTOJIHEHHIO PO ecCHOHATTBHO-TIEAarOrHUECKON IS TeIbHOCTH;

- TOTOBHOCTh K KOMMYHHUKAIIMM C KOJUIETaMH, paboTe B KOJUIGKTHUBE, CIHOCOOHOCTHIO HAXOIUTh
OpPTraHU3ANMOHHO-YIIPABICHYECKHE PElICHUS B HECTAHAAPTHBIX CHUTYallUsSX W TOTOBHOCTHIO HECTH 32 HHX
OTBETCTBEHHOCTH;

npogheccuonanvnvie Komnemenyuu:

- TOTOBHOCTh K WCIIOJNB30BAaHUIO COBPEMEHHBIX MoOjeedl oOydeHUS W TPOSKTHPOBAHHIO YUEOHO-
BOCIIUTATENBHOTO IIpollecca B  0Opa3oBaTeNbHOM  YUPEXKACHWH, OOECIEeUMBAIONINEe BO3MOXXHOCTH
(YHKIMOHUPOBAHUS CUCTEMBI 00yUCHHS B TEUCHUE BCEH JKU3HM,

- CIOCOOHOCTH K pa3paboTKe CPEACTB peanu3aluyd HH(OPMAIMOHHO-KOMMYHHUKAIIUOHHBIX TEXHOJIOTHUH
o0ydJeHHUs] W BOCTIUTAHUS, aJeKBaTHbIE YYEOHBIM IIENISIM, BO3PACTHBIM W MHIWBUIYATBHBIM OCOOSHHOCTSIM
00y4Yaromuxcs, MO3BOJISAIONINE MM DPa3BUBaTh y4eOHYIO CaMOCTOSTEIbHOCTh, TBOPYECKYI) U TOMCKOBYIO
AKTHUBHOCTB;

- TOTOBHOCTh K HWHHOBAIIMOHHOW JESATENLHOCTH B CBOeH mpodeccnoHaabHOW o0nacTh U oTpabOTKH
METOJIONIOTUU BBIOOpPA W MEXaHH3Ma peallM3allid OTOOPAHHOTO COJEpKaHUs OOpa3oBaHUS B y4eOHOM
TMIpoLIeCCE;

- CIIOCOOHOCTh K OpraHU3aIlMH IEJOCTHOTO y4eOHO-BOCIUTATENHLHOrO Mpolecca B 00pa3oBaTeIbHOM
yupexieHun, 3h(HEeKTUBHO HCIIOB30BaTh TEXHOJIOTHH OOYYeHUS JJIs JOCTIKEHUS TTOCTABICHHBIX Il u
YMEHUS OpraHu3allii WHAWBUAYAITbHON U KOJUIGKTUBHON Y4eOHOH NesITeTbHOCTH 00yJatoIInXCs;

- TOTPeOHOCTh B COBEPIICHCTBOBAaHMU CBOCH MPO(ECCHOHATBHO-TIENATOTNIECKON NesSATebHOCTH, Ha
Hay4YHOU OCHOBE OPTaHW30BBIBATH CBOU TPY, YMEHHIO BECTH Y4eOHO-METOINYECKYI0, HAYYHO-TEXHUIECKYIO
JIOKYMEHTAIIHIO, BIIQJICHUIO METOZaMu cOopa, XpaHeHHs 1 00paboTKu HHPOPMAIHH;

- TOTOBHOCTb MCTIOJIb30BaTh COBPEMEHHBIC TEXHOJIOTHU JUATHOCTHKY U CHCTEMY MEHEPKMEHTa KauecTBa
JUTS OTICHKH 00pa30BaTEeILHOTO MPOIIECcca;

- CIOCOOHOCTh TIOHUMATh 3aKOHOMEPHOCTH CTAHOBJICGHWS W PA3BHTHS HAyYHOTO 3HAHUS Kak (eHOMEHa
KYJIBTYPBI;

- CIIOCOOHOCTH MOHUMATh HOBBIE KOHIIENITYaIbHBIE HJICH M HAITPABIICHUST Pa3BUTHUS MEarornIecKoil HayKu
B CBSI3H C COBPEMEHHOH MapaJiurMoii 00pa30BaHUs;

- CHOCOOHOCTh TIOHUMAaTh OCHOBHBIE KaTerOpWU HAYKOBEJICHUs, TIO3BOJIIONINE AaHAIU3UPOBAThH
COBpEMEHHBIE MTPOOIIEMBI I1e1arOrIeCcKoi HAYKH;

- BJIaJIeTh METOAOJIOTUEH HAYYHOTO UCCIIEIOBAHUS;

- CIOCOOHOCTDH BBIIGNATH OOIUE, YaCTHBIE U CIIEHUANIbHBIE aCIIEKTHI B IPOLECCE HAYYHOT'O HCCIIEOBAHMS
B 00j1acTH 00pa30BaHUS;

- CIIOCOOHOCTH TOHUMATh B3aUMOCBSI3b METOAOJIOTMYECKOT0, TEOPETHUECKOTO U MPUKIaTHOIO YPOBHEH B
HayYHOM HCCIICI0BAaHUU TI0 MEJAaroruKke;

- YMETh COOTHOCUTH OCHOBHBIE HAYYHbIE KOHIETIIINH TIeJTarOTUKH ¢ OOIIMMU TIpoOIeMaMy pa3BUTHS HAyKH
1 00I1IeCTBa;
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npeomemmuple KOMnEemMeHyuu:

- 3HaTh OCHOBHBIX (PM3WYECKUX MOHATHH, 3aKOHOB, TEOPUN M MCTOPUIO WX BO3HWKHOBEHUS M Pa3BUTHS,
WMETb NPEACTABICHUE O HAYYHOH M (PM3NYECKON KapTHHAX MHUpPA U COBPEMEHHBIX TEHACHIMSAX Pa3BUTHUS
¢bu3uKy;

- yMeTh pemieHus (U3WYeCKUX 3a/ad HCCIEAOBATENbCKOTO W IMPHUKIATHOTO XapaKTepa, MPOBEIECHHUEM
CTaTHCTUYECKON O00pabOTKH PEe3yIbTaTOB JKCIIEPHUMEHTA, OCYIIECTBICHHEM (PH3MUECKOTO W YHCICHHOTO
MOJICJIMPOBAHHSI CBOUCTB O0BEKTOB M TEXHOJIOTHUYECKUX MTPOLIECCOB;

- BIIaJIETh TEOPHEH W CHCTEMOW METONOB oOydeHus (hM3WKe, YMEHHEM pa3BUTHS IT03HABATEIHHOTO
WHTepeca 00yJaromuxcs K (pu3uKke ¥ TeXHUKe U (OPMUPOBAHIS MOTHBOB YUEHUS (PU3HKE;

- YMETb TEXHHYECKOTO KOHCTPYHPOBAHUS, CO3JaHMs TaOOpaTOPHBIX U JEMOHCTPALMOHHBIX YCTAHOBOK H
WCTIONB30BaHMs (PU3NUECKUX 3HAHUHN sl pelIeHUs] Y1eOHO-METOJMUECKHIX 3a/1aY;

- CIIOCOOHOCTH aHAIM3UPOBATH PE3YNbTAThl HAyYHO-METOJUYECKHX HWCCIIEIOBaHWH, BBIAENATH B HHX
000011IeHHBIE TTOAXO0bI ¥ MPUMEHSTH MX IIPH PEIICHNH KOHKPETHBIX 00pa30BaTEIbHBIX U UCCIIEA0BATEIbCKUX
3ajau;

- TOTOBHOCTH MCTIOJIF30BAaTh WHAWBHyadbHbIE KPEATHBHBIE CIIOCOOHOCTH ISl OPUTHHAIFHOTO PEIICHHS
HAyYHO-MCCIIEJIOBATEIhCKUX M 00pa30BaTENbHBIX 33/1a4;

- YMETh MPEACTaBIATh PE3yabTaThl COOCTBEHHBIX MCCIEOBaHMH B Buae pedeparoB, 0030pOB, OTUETOB,
JOKJIA/I0B U CTaTei.

Ot KoMmreTeHIMH (GOPMHUPYIOTCS B Y4eOHOH W HaydHO-HCCIENOBATENBCKON IesITeNbHOCTH, U
CHOCOOCTBYIOT Pa3BUTHIO YMEHHH, CAMOCTOSATENILHO PUOOpETaTh 3HAHHS, KPUTHYECKH MX OCMBICIUBATH U
MPUMEHSTh Ha MPaKTUKE, Pa3MBIILISATh, COMOCTABIATh pa3Hble (akThl, TOUKU 3peHHS, POPMYIUPOBATH U
apTyMEHTUPOBATh COOCTBEHHYIO ITO3HUITHIO.

Kak noxazano B pabote [2] npotiecc npodeccHoHaNbHOT0 00yUYeHHUs JOKEH ObITh HANPaBJIeH HE TOJIBKO
Ha CTAaHOBJICHHE 0a30BBIX KOMIICTEHIMH OyAyIEro y4uTelns, HO W Ha (OPMHPOBAHHE €O TBOPUYECKOTO
MOTEHIIHANA, CIIOCOOCTBYIOMIEIO PA3BUTHIO W COBEPIICHCTBOBAHUIO KOMITETEHTHOCTEH B OyAyIIeM.

UccnenoBarenbckas ASSITEILHOCTh CTYICHTOB OTIUYAETCS OT HAYYHO-UCCIIE0BATENhCKON e TEFHOCTH
MarucTpaHTOB, 3aHMMAIOMICTOCS HAyYHBIM HCCIICIOBAaHMEM, pPACcCMaTpUBAeTCs Kak OCOOBId  BHJ
WHTEJICKTYaJIbHO-TBOpYECKOil aesTensHOCcTH. OHa HampaBieHa Ha (OPMHUPOBAHHE HCCIIEAOBATEIbCKHX
YMEHHA W HaBBIKOB, Pa3BUTHE ITO3HABATENLHON MOTHBAIMK, NMPUOOpPETeHHWE 3HAHWI HAayYIHBIX METOIOB
WCCIIEIOBAHMUS ¥ HOBBIX 3HAHWUH, 3HAYMMBIX JUIsl OYAYILEro y4uTels.

Hayuno-uccnemoBarenbckas esTEILHOCTh MarCTPaHTOB (hOPMHUPYETCsl Ha OCHOBE Pa3BUTOH y4eOHOH
JeSTeNTbHOCTH OaKaIaBpOB U SBISIETCS 00Jiee BRICOKMM YPOBHEM TTOJITOTOBKH CIIEIHACTA B BBICIIIEH IIKOJIE.

Cnemyer OTMETHTh, 4YTO B TIPOIECCE HAYYHO-HUCCIIEIOBATEILCKOW JIEATEILHOCTA MPOUCXOAUT
¢dopMHpoBaHHE  JTHUYHOCTHBIX CBOWCTB M  KayecTB  HMCCIENOBATeNs: KaK  I03HABATEIILHOCTH,
CaMOCTOSITEIbHOCTh, CIIOCOOHOCTh K TBOPYECKOMY pEIICHHI0 MPAaKTHYECKUX 3aJad B COOCTBEHHOM
po(ecCUOHATBHON IEeATENEHOCTH, pa00OTOCTIOCOOHOCTH.

UccnenoBarenbekas esSTeIbHOCTh OOYyUaAIOMIUXCS B MEJArorn4eckoM By3e JII000ro ypoBHs (Oakamnasp,
MarucTpaTypa) HaMH paccMaTpUBaeTCs KaK BayKHAs COCTABIISIIONIAS B CHCTEME MOJITOTOBKHU CHIEIIUAIUCTOB JJIs
cheppl oOpa3zoBaHHs, KOTOpas JOJDKHA TMpeaycMaTpuBaTh oOJajaHue YMEHHSAMH, HaBBIKAMHU
WCCIIEIOBATENBCKOTO TOMCKA W TOTOBHOCTh K HCCIIEIOBATENbCKON JIESITENBHOCTH, a KadecTBO JTOH
JIeSITEIBHOCTH MOKET OBITh MPOAHATU3UPOBAHO Yepe3 pa3BUBACMYIO MCCIIEJOBATEIBCKYI0 KOMIIETEHTHOCTD
OyAyIIero yauTelns B Ipolecce 0OyIeHnH.

Cornacio 'OCO PK B TumoBpIX miaHax OakalaBpwaTa Ha IMEPBOM IDIAHE CTOAT 3aJaqd OCBOEHUS
00111e00pa3oBaTeNIbHBIX U O0IIETIPOPECCUOHATILHBIX 3HAHUM M Pa3BUTHS MPEAMETHBIX KoMmIeTeHuuid. Ha
MPaKTHKE OaKaaBp B OCHOBHOM PEIIaeT MOCTaBJICHHBIC 33/1a4H, & MarucTp SIBISICTCS KBATH(PHUIIMPOBAHHBIM
WCCleIoBaTeeM, KOTOPBIA JOJDKEH BIAJAETh METONOJIOTHEH HaydHOro wuccliefnoBaHus. s pasBuTHs
HCCIIEI0OBATENBCKON KOMIIETEHTHOCTH, HAYMHAs OaKajaBpuara Mpy MoJAroToBKe OyIymero yauTens Gu3uka,
HEOOXOJMMO YJIeNsATh BHUMAHHE pa3BUTHIO WCCIEA0BATEILCKOH KOMIIETCHTHOCTH HENPEPhIBHO, Ha
MPOTSDKEHUH BCETO Mpolecca 00ydeHHs B By3€e, UTO TpeOyeT HOBBIX MOAXOA0B K pa3padoTKe CoAep)KaHUs U
peanuzanuy QyHIaMeHTAITBHONW TOJATOTOBKH OaKalaBpOB U MarucTpoB.

Tax kak, mpogeccrnoHanbHasi KOMIETEHTHOCTh OakanaBpa U MarkucTpa onpeesseTcs o0meKyIbTYPHBIMY,
npo¢ecCHOHANBHBIMU U NIPEAMETHBIME KOMIIETEHIMSIMU, B €€ COCTaB BXOAAT yueOHO-MCCIIeIOBATEIbCKHE U
HAy4YHO-UCCIICIOBATEIbCKUE  KOMIIETEHIMH, KOTOPbIE M  COCTaBIIIIOT  COJEPXKATENbHYI0  CYTb
HCCIIEIOBATENBCKON KOMIIETEHTHOCTH, TO €CTh Y4eOHO-HCCIIE0BATEIbCKYIO ¥ HAYYHO-HUCCIIET0BATEIbCKYIO
KoMmreTeHTHOCTH oOydarommxcsi [3]. ChopMUpOBaHHOCTh y4eOHO-MCCIEAOBATENBCKOW KOMIIETEHTHOCTH
SABIISIETCS. HEOOXOIUMBIM 0a3ucoM Ml Pa3BUTHs HAyYHO-HCCIENOBATENBCKOW KOMIIETEHTHOCTH OyIyHIux
YUUTEJIEH.
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Takum 00pa3oM, B COBpEMEHHOM pa3BUTHH IICHXOJOTO-TIEAArOTHYECKON HAyKH HCCIeI0BaTeIbCKas
KOMIIETEHTHOCTh PacCMaTpUBAETCS KaK BaKHEHIasi cocTaBHAs YacTh MPoeCCHOHATBHON KOMIIETEHTHOCTH.
Ona (opMupyeTcs U MPOSIBISETCS B CIICIUATBHO-OPTaHIU30BaHHON KBa3U-TIPOPECCHOHATLHON S TETLHOCTH
OyAyIIero ydYuTells TpH HU3yYeHUH O0a30BBIX M NPOQWIHPYIOIIUX IUCIHUIUIMH, aHaUu3a W PEIICHUS
WCCIIEIOBATEICKUX 3a7ad, BBIMIOJHEHHH KYPCOBBIX H KBalW(UKaIMOHHBIX pabor. Tem campim
aKTyaJTU3UpyeTCsl WHTEpeC K IMPOIECCYalbHON CTOPOHE HCCIEeNOBATENFCKOM KOMIETEHTHOCTH, KOTOpas
(hopMUpyeTCs B MPOLIECCE peaTn3aluy y4eOHOH IeATSILHOCTH, TIPY 3TOM BKHBIM U 3HAYHMBIM SIBIIICTCS TO
MECTO, Ta MTO3UIH, KOTOPYIO 3aHUMAaET O0YJarOIIecs B 3TOH NesSTeNbHOCTH.

HUccnenoBanne nmpodeccrnoHambHON MOATOTOBKHA O0YYAIOIINUXCS B MEAArOrHIecKOM BY3€ 10 (pH3HUecKuM
CHEIMATLHOCTSM TI0Ka3bIBaET HEOOXOIMMOCTH OCBOCHHSI LIEJIOT0 KOMIUIEKCA PAa3JIMYHbIX HAYYHBIX 3HAHUM, B
TOM YHCJIC CBS3aHHBIX C 0COOSHHOCTSIMHU 00BEKTA €T0 JACSITEILHOCTH IEIOCTHOTO MIEAarorHIecKoro mpolecca,
B KOTOPOM OCYIIECTBIsieTcs (hOPMUPOBaHUE TIMIHOCTH OYyIIETO YIUTENs (PH3UKH.

Hcxons u3 toro, 4to (POpMUPOBAHUE U PA3BUTHE HCCIICIOBATEIILCKONH KOMIICTEHTHOCTH MIPU O0YUYCHHUH B
By3¢ CJOXHBIH MHOTOYPOBHEBBIM JMHAMUYHBIA TPOIECC, MPOTEKAIOIUN TMO3TamHO, HEO0OXOAUMO
paccMarpuBaTh pa3indHbIe €€ acleKThl, KOTOPhIE JOJKHBI M3y4aThCsl B3aMMOCBS3aHHO Ha BCEX YPOBHSIX
MMOATOTOBKK crienmanicTa. COMIacHO COAepKaHWI0 OOpa3oBaTeIBbHOW TporpaMMBl OakajmaBpuaTa |
MarucTparypbl (OpMHUPOBAaHUEC UCCIICAOBATEIBCKOW KOMIIETCHTHOCTH JIOJDKHO CTPOUTHCS HA OCHOBE
mpo(ecCHOHANBHBIX 3HAHWN, YMEHWH, HABHIKOB W OTHOIIEHWH K IEAarorH4eckoMy TPYyAy B TIpoIecce
yCBOEHHUS (pyHTaMEHTANBHBIX MTPEIMETHBIX 3HAHUH, BBIACISIONINX T€ CITOCOOBI ¥ IPUEMBI HX UCTIOTHEHHS H
IIPUMCHCHHS, OT KOTOPBIX B HaI/I6OHI>HICI>'I CTCIICHU 3aBUCHUT YCIICIIHOCTD O6y‘-ICHI/I$I npeaMeTy CuCUaIbHOCTH.
Hanuuue ¢ynmaaMeHTaNbHBIX NPO()ECCHOHATBHBIX 3HAHUH 10 MPEAMETY CICHUAIBHOCTH W YMCHHE
WCTIONB30BAaHMUS JTUX 3HAHUM I pElIeHUs TPAKTHYeCKUX 3a/Jad COCTaBIsIET OCHOBY NPEIMETHOMN
KOMIIETCHTHOCTH B CUCTEME MPOPECCHOHATLHBIX KOMITETEHIIHI Oy yIero yuaurens [4].

Takum 00pa3oM, HCCIIENOBATENBCKYIO KOMIICTCHTHOCTh MBI PacCMaTpHBacM KaK HHTETPAIbHYIO
XapaKTEePUCTUKY JHYHOCTHBIX W MPO(ECCHOHANPHO 3HAYMMBIX KA4eCTB CIICIUAIINCTA, IPEATIONArarolIyio
oOJajaHue CHUCTEeMOW HAyYHBIX 3HAHHWHA, CPEJICTBAMH W METOJaMH HAYYHOTO HCCIECIOBAHUS, a TakKe
OIPEICIICHHON CHCTEMOM IICHHOCTHBIX OPUEHTAIIMH U IIEJICBBIX YCTAHOBOK, CIICU(PUICSCKUX JIJIs HAYKH.

I/ITEIK, K KOMIIOHCHTaM y‘-IC6HO'I/ICCJ]CIlOBaTCJILCKI/IX KOMHCTCHHI/II\/'I MOXHO OTHECTHU:

- YMEHHe aHaJIM3UPOBaTh, 0000MAaTh M KPUTUYECKH OLIEHUBATh WH(POPMAIINIO, PA3TUIHbIE TIOAXOAbI U
MCTOJbI JJIsA pCIICHHA ITOCTABJICHHBIX 3a/1a4,

- CIOCOOHOCTh MPOBENEHUS 0030pa JAHHBIX JJIs MOJTOTOBKHM WH(GOPMAIIMOHHBIX U aHAIMTHYCCKUX
OTYETOB, HaMMCaHus pehepaTUBHEIX PadOT, TOKIAIOB;

- HaBBIKM TIOJB30BAThCS MPUOOPAMH, METOJIAMH W3MEPEHHS OCHOBHBIX MaKpomapaMeTpoB 00paboTKu
pe3yJIbTaTOB U3MEPEHUM, aHAJIU3UPOBAThH MOJYUYEHHBIE PE3YIbTAThl MCCIIEIOBAHUM, COCTABIIATH MPOTHO3HI,
JIeJIaTh BBIBOJIBI;

KoMmoHeHThI HayYHO-HCCIIeA0BATENbCKIX KOMITETEHITHIA:

- CIIOCOOHOCTH BUAETH U (HOPMYJIUPOBAThH MPOOJIEMY, IIOHUMATh U ONPEACIIATh LIENb UCCIISI0BATEIbCKON
paboThl, MOHUMATh U 00OOCHOBBIBATH AKTYAJILHOCTh, HOBU3HY, TEOPETHUECKYIO U MPAKTHYECKYIO0 3HAYUMOCTh
WCCIIEJIOBAHUS;

- CIIOCOOHOCTh CAaMOCTOSITEIIPHO OCBaMBAaTh HOBBIE METObI UCCIIEAOBAHUS, MPUOOPETATh 3HAHUS, B TOM
YHCJIE C TIOMOIIbI0 HH(POPMAIIMOHHBIX TEXHOJIOTHH;

- CITOCOOHOCTH MPOBOJIUTH UCCIIEIOBAHNE TI0 TOTOBOM MITM CAMOCTOSTENILHO pa3paboTaHHOM MPOrpaMMe;

- yMeHHe 000CHOBATh PE3YNbTAThI SKCIIEPUMEHTA,

- CITIOCOOHOCTH MPEJACTABIIATh U 3alMIIATh PE3yJIbTaThl CBOSH PabOTHI.

[lepeunciienHbIe MiccaeNOBATENHCKAE KOMITETEHIINN OIPEIENSIOT TOTOBHOCTh O0YYArOIIEeTocs By3a K ero
Oyaymieir mpodeCCHOHANBHON JesITeNbHOCTH W Pa3BUBAIOTCS B XOJe OOydeHWs W B OakanaBpuare, U B
MarucTparype. OBHaI[eHI/Ie BBIIICTIPHUBCICHHBIMU KOMIICTCHIIUAMU 6y,[[y1_III/II71 YUUTEIb cnocobeH
CaMOCTOSITEIbHO MIOCTABUTH TIEpe]] CO00H yueOHYI0 WIIM HAYYHYIO HCCIICI0BATEIILCKYIO 3a/1auy U PeliaTh ee B
COOTBETCTBHHU C METOIOJIOTHEH HAYYHOTO HCCIICIOBAHMSL.

Xots y 6aKaHaBpOB BJIAACHUEC YKAa3aHHBIMU KOMIICTCHUIWAMMA, BO3SMOXKXHO C HEKOTOPBIMH OI'paHUYCHUAMU
B CAMOCTOSTEIBHOCTH MPOBEICHHUS UCCIeoBaHni. HaydHO-KCCIe10BaTeIbCKas IeATSIbHOCTh MATHCTPAHTOB
OTIIMYAETCS CAMOCTOSTEIIEHOCTEIO, @ PE3YJIbTAThI UCCIIE0BAHNN — HAYYHOH HOBHU3HOM.

Hcxons w3 BeImieckazaHHOrO B Ta0iuie 1 TPeNCTaBICHO XapaKTEpPUCTUKA KOMIIOHEHTOB
HCCIIeI0BATEIbCKOM KOMIICTEHTHOCTH 00y4arouxcs B 0akajgaBpuaTe U B MarucTparype.
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Tabmmma 1. XapakTepucTrka NCCIeI0BaTeILCKONH KOMIIETEHTHOCTH OaKajaBpa M MarucTpa

KommnoHeHThI YpoBHU
bakanaspuat Maructparypa
LEHHOCTHO- - MOTPEOHOCTH UCCIIENOBATENbCKUX - CTOHKasi ¥ OCO3HAHHAS IOTPEOHOCTH B
MOTHBAI[HOHHBIN | HABBIKOB M YMEHHUH B PEIICHUU y4eOHO- OBJIaJICHUM 3HAHUSIMHU JUIS
MCCIIEeIOBATENBCKIUX 3a/1a4; OCYIIIECTBIICHUS UCCIIEI0BATEIBCKON
- HHTEPEC U OCO3HAHKME BaXKHOCTH JeSITeTbHOCTH, KOTOPYIO CUHTAIOT
HCCIIEI0BATEIbCKUX YMEHUIA; HEOOXOIMMOI1 KaK JUIsl YCICIIHON YueOsl,
- OCO3HaHWE HEOOXOIUMOCTH U3yUeHUS TaK Y ISl YCIIEUIHOW JanbHEeHIIen
BBIJICTICHHBIX TEM B AUCIMIUIMHAX IS npodeccrnoHaNBHO IeATeTbHOCTH
pelIeHHs UCCIeIOBATENIbCKUX 3a1a
KOTHUTHBHBIN - POJIb U OCBOEHHE 0a30BbIX 3HAHUIL, ANl | - BIaJeHUE METOJO0JIOTHEH
OCYIIIECTBIICHUS y4eOHO- HCCIIEJOBATEIBECKON JIESITENFHOCTH;
HCCIIEI0BATEIbCKOM NesITEIbHOCTH;
coJiep>KaTelb- - BJIaJicHHe y4eOHO-HCCIIeJOBATEILCKIMHU | - BIaJeHue Y4eOHO-UCCIIe0BATEIbCKUMHU
HOZEATEIb- ¥ HAyYHO-HCCIICI0BATEILCKUMH 1 HAy9YHO-HCCIIEI0BATEIILCKUMH
HOCTHBIN KOMITCTEHIIMSAMH Ha YPOBHE KOMITCTEHIIMSAMH Ha YPOBHE
OakanaBpuara; MarucTparypsbl, ClIOCOOHOCTh
- CIIOCOOHOCTD IIPUMCHCHUA IMPUMCHCHUA UCCIICTOBATCILCKUX yMeHI/Iﬁ
UCCIIEJOBATEIECKUX YMEHUI B B HOBBIX, HECTAH/IAPTHBIX CUTYaIlHIX;
HECTaHAAPTHBIX y‘-IC6HI)IX CUTyallusIX; PErYIIAPHOC MPOABICHUC AKTUBHOCTH U
- IIPOABJICHUC MOBBINNIEHHOM aKTUBHOCTH MMOJTHOM CaMOCTOSITEJIbHOCTH B y‘-Ie6HOM u
IIPH ITPOBEJICHUH YIEOHBIX BHEY4EOHOM IIpoIIecce, CBSI3aHHBIE C
UCCIe0BaHui, TOTPEOHOCTH B OOJIBIIIM MHTEPECOM K TIPOBOANMBIM
HaTpaBISIIOLIECH TOAIEPIKKE UCCIIeIOBaHUSM
npenoaBarens
KOMMY- - TOTOBHOCTH (hOPMYIIUPOBATH U - TOTOBHOCTb SICHO M HEJJBYCMBICIICHHO
HUKATUBHBIN apryMeHTHPOBAHO OTCTAHBATh CBOIO M3J1araTh CBOM BBIBOJIBI M 3HAHMS, HA
HCCIIEI0BATENBCKYIO MTO3UIINIO, KOTOpbIe OHU OMHUPAIOTCS; Ha HAYYHOM
OIIPOBEPraTh CY>KACHHS OIIOHEHTA; ypOBHE 0OMEHHMBAThCS MH(OPMAIHEH,
- TOTOBHOCTH OOMEHUBATHCS U/ISIMH, TIPOOJIeMaMy U PEIICHUSIMH;
nHpOpMaLIUEH, UIesIMH, TPoOIeMaMH U yMeHue paboTaTh B KOMaH/E,
PEHICHUAMU CO CICHHUAIMCTAMMU, BO3IJIABJISITb KOMaHy,
-yMeHHe paboTaTh B KOMaH/E; - yMEHHE OTCTanBaTh, OKa3bIBATh,
yYMEHHUE CO3/1aBaTh LIEJIOCTHBIC CBSI3HBIC 00OCHOBBIBATh CBOIO TOUKY 3pEHUS,
HayYHBIE TEKCTHI 110 W30paHHOM OIIPOBEPIaTh CYXKICHHUs ONIIOHEHTA;
TEeMaTHKe. - YMEHHUE CO3/1aBaTh LIEIIOCTHBIE CBSI3HBIC
Hay4YHbIE TEKCTHI 110 N30paHHON
TEMATHUKE.
pedIeKCUBHBIA | - 0OCO3HaHUE ce0st CyOBEKTOM - 0co3HaHue ce0st CyOBEKTOM
MCCIIEIOBATEILCKON EITENIbHOCTH; Yallle | UCCIIeI0BATEILCKOM eI TeIbHOCTH;
BEpHasi O[EHKa CBOMX BO3MOXHOCTEH MPH | BCETa BEPHAs OI[CHKA CBOUX
BBIOOpE M PEIICHUH UCCIIEIOBATEILCKUX | BO3MOXKHOCTEH MPH pelICHUH
3aj1a4; UCCIIeJOBATEIbCKUX 3a/1a4;
- BJIaJICHHE HaBBIKAMH aHAJIN3a CBOCH - BJIaJIeHNe HaBBIKAMH aHAJIN3a, KaK
JeSITEIBHOCTH, CIOCOOHOCTD, BEPHO CBOCH JIeSTETLHOCTH, TaK U
COOTHOCHTH JJOCTUTHYTHIE PE3YJIBTATHI C | MCCIIEA0BATENBCKOM A TEIbHOCTH
MIOCTABJICHHOH 1EIIbIO JPYTHX 00YYaIOIIUXCS

Takum 00pa3oM, B TIPOIECCE OCBOCHUS BCEX KOMIIOHEHTOB HCCIIEAOBATEILCKONH KOMIIETEHTHOCTH
00y4JaroIrecs OBIaICBAIOT CICAYIOIIMMHU UCCIICA0BATEIHCKUMH KOMIICTEHIHSIMU: PEIICHUE HECTAHIAPTHBIX
3a]a4; HWCIOJIb30BAHUE PA3TUYHBIX METOJOB HCCIICAOBAHMUS IPH PEIICHHHA TPOOTIEMHBIX CHTyaluil B
mpoecCHOHaIBHON cdepe, HCIOoNb30BaTh CHOPMYJIHPOBAHHBIC HCCIICAOBATEIbCKUE YMEHHS B JIIOOBIX
MEearOrMYeCKUX CUTYAIUSIX; ICHHOCTHOE OCMBICIICHUE POJTH UCCIIEIOBATEIBCKOTO TIOUCKA B MEAarornueckoi
JeSITEITBHOCTH.
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PHYSICAL PRINCIPLES FUNCTIONING OF IR SENSOR WITHIN SENSORY ROBOT

Abstract

Sensor robot is a remotely operated vehicle that is designed to inspect oil and gas facilities in hazardous environments.
The robot equipped with hydrogen sulfide sensor for measuring the current concentration of hydrogen sulfide,
hydrocarbon sensor for measuring the content of hydrocarbons in the atmosphere in order to detect an explosive gas-air
mixture. Infrared technology, described in this article is gradually becoming the preferred method for gas detection. It is
related to the fact that these devices are able to operate at the highest temperatures (up to 200° C) than commonly used
devices. In this paper we present characteristics of CO; sensors in internal photo effect in particular compound-
semiconductor. Carried out comparative analyses of the limiting detectability of IR sensors with controlled by spectral —
response characteristics. IR sensors of robot have the best characteristics for use in spectral range 8 — 12 um in explosive
environments. Here is shown actuality and feasibility of IR hydrocarbon sensors for sensory robot exploited in extremal
conditions.

Key words: IR gas sensor, robot, semiconductor, hydrocarbon, response time, recovery time, infrared adsorption
spectrum of gases, explosive environments.
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OU3NYECKHUE OCHOBbBI ®YHKIIMOHUPOBAHUE NH®PAKPACHOI'O JATUHUKA B

CEHCOPHOM POBOTE

2
1

2

CeHcopHbIii poOOT mpeacTaBisieT co0Oil ammapar ¢ JUCTAHIMOHHBIM YIpaBlICHWEM, NpeJHa3HAYeHHBIA JUIs
o0cie1oBaHUs MPOU3BOJICTBEHHBIX OOBEKTOB B HE(TEra3oBOM NPOMBIIIIEHHOCTH B HEOJIATONMPHUATHBIX YCIOBHAX
OKpyxaroliei cpesibl. POOOT OCHaIEH JaTYMKOM CEPOBOAOPOIA T U3MEPEHHMS TEKYIIEH KOHIIEHTPAIu1 CEPOBOIOPOA,
JATYMK YTJIEBOAOPOJA Ul M3MEPEHUs COAEpKaHUs yrIeBOAOPOIOB B aTMocdepe it OOHApYKEHUS! B3PBIBOOIIACHOMH
ra3oBO3AyIIHOW cMmecH. MH(ppakpacHas TEXHOJOTHS, ONWCaHHAas B JAaHHOW CTaTbe, IIOCTENICHHO CTAHOBHTCS
MIPEAIOYTUTEIFHBIM METOIOM OOHApPYKEHHS Ta30B. DTO CBS3aHO C TEM, YTO JaHHBIE YCTPOMCTBA CIIOCOOHBI pabOTaTh
IIpU 3HAYUTENBHO Ooiee BBICOKMX TeMmiepaTrypax (mo 200°C), gem OOBIYHO HCTIONB3yeMble HPHOOpPHL. B cTarhe
paccMmarpuBaeTcsi XxapakTepucTuku natdukoB CO; Ha coOcTBeHHOM (oTodddekTe Ha OCHOBE IMOIYHPOBOIHHUKOBOTO
coenuHeHus. [IpoBeneH CpaBHHTENBHBIM aHaIM3 NpenesbHbIX OoOHapyxkuBaeMoctH MK-maTumkoB ¢ ympasisieMoi

127




Ab6aii amvinoazvl Ka3¥I1V-niy XABAPILBICHI, « Quzuxa-mamemamura vlavimoapuly cepuscol, Nel(61), 2018

CIIEKTpIbHOHN XapakTepucTukoi. MK-matanku poOoTa MMEIOT HAWIYYIINEe XapaKTePUCTHKHU IS HCIOJb30BaHUS B
CHEeKTpaTbHOM Juama3oHe § — 12 MKM BO B3pBIBOOMACHBIX cpemax. [loka3aHBI aKTyalbHOCTH M BO3MOJKHOCTH
ncnons3oBaHust MK natamkoB yrieBogopoaa st CEHCOPHOTO po0OTa, SIKCIUTyaTHPYEMBIX B OKCTPEMAaJIbHBIX YCIOBHUSIX.

KioueBble cjioBa: MHPpaKkpacHBI AaTYMK rasza, poOOT, MOIYMPOBOTHUK, YIIIEBOAOPOI, BpeMs cpabaThIBaHUS,
BpeMmst BocctaHoBIeHMs, IK-ancopOIioHHast CHEKTPOCKOMIHS ra3a, B3PbIBOOIIACHAS 30HA.

Anoamna
A.F. Amanzocosa', M.A. Huzmemos
x.&.x., X Jlocmyxamedoe ameindazel Amulpay memiekemmik YHUGePCUMEMIHIY KaybIMOACMbIPLLIEAH Npogeccopbl,
Amuipay k., Kazaxcman
2 X Jlocmyxamedoe amvindaevl Amvipay memaexemmix ynusepcumemi, QusuKa MamaHObIEbIHbIH MASUCHIPAHbL,
Amuipay k., Kazaxcman
CEHCOPJIbI POBOTTBIH NTH®PAKDBI3bIJI K¥YPBIJIF BICBIHBIH ’)KYMbIC )KACAY INTPUHIUIITHIH
OU3NKAJBIK HET'I3EPI

2
1

CeHcopiisl poOOT — KOpIIIaFraH OpTaHbIH KOJIAChI3 JKaFJaiibIHAa MyHali-ra3 @HepKaciOiHIH OHAIPICTIK HBICAHIAPBIH
TEKCepyre apHalfaH KallbIKTHIKTaH OacKapbUIaTBIH KYpBUIFBL. P0OOOT KYKIPT CyTeri KOHICHTPALMSCHIH OJIIey
JIaTYUTIMEH, aTMoc(epaarbl KapbUIFBII ra3 KOclackl 0ap KeMipCyTeK MOJIIIEpiH oJey JaTYuriMeH ka0 IbIKTalFaH.
Ocbl Makajaja cunarTairal HHQPaKbI3bUT TEXHOJIOTHSIIAp T'a3jap/ibl aHbIKTayAaFbl OipTe-0ipTe eH KoMaiibl aici 0ok
TabbIaAbl. BYJl KYpBUIFBLIAP OETTErT KyphLIFbLIApFa Kaparania »orapbl Temmneparypaga (200° C) xymbic xacail
anybIMeH OaiaHbIcThl. Makanasia xapThliaidl eTKi3rim TyiiH Herizinzaeri ceHcopnblk CO2 narumri  ¢otoaddexTimik
ocepi OOWMBIHINA CHIIATTAMAachl KapacTHIPBUIFaH. bacKapbUIaThIH CIIEKPAIBABIK CHIATTaMachl 0Oap HHQPaKbI3bLUI
ATIUKTAPBIHBIH aHFAPBIMIBI IIEKTEpiHe Taimay Kypri3inai. PoOOTTEIH MH(PaKE3BLUT CEHCOPHI KaphUIBIC Kaymi Oap
aiiMakTa 8 — 12 MKM CIIEKTpJIK JHAITa30HBIHA )KYMBIC JKacayFa Heri3aenreH. CeHCOpIBIK poOOTKa apHaFaH KeMipTeri
WHQPAKBI3BUI JATIATIHIH 3KCTpeMal KaFaaiinapaa sKyMbIC )Kacaybl, KOJIIAHBLTY ©3€KTLIIr MCH MYMKIHAIT KOPCETIITeH.

Tyiiin ce3nep: MH(paKeBBUT ra3 AaT4ywri, poOOT, KapTHUIAH OTKI3TINI, KOMIPCYTETi, *KYMBIC yaKBITHI, KaJIBIHA
KeNTipy YakbIThI, Ta3abiH MK — ancopOLMsIIBIK CIEKTPOCKOIHSCHI, JKAPBUIBIC KayIli 6ap aiiMak.

In diverse fields of industries there exists need for carrying out technical monitoring of the environmental
state of individual operating zone as well as large industrial facilities in general. It is to be expected that
importance of implementation individual control equipment for continuous monitoring at industrial facilities
will increase.

To solve this problem mobile robots are often used in the industrial facilities. Operating safety in offshore
installation and chemical industry is leak detection and gas composition all that feasible by using sensor robotic
technologies which has consisting of gas sensor. Robotic system intended to service on extreme conditions
typified by high ranking electromagnetic interference, strong radiation, explosive hazard, gas accumulation,
high temperature and high pressure. In such a case special requirements are exercised as to a robotic system as
whole and the sensory transducers (especially to the contact system). Sensors as well as working element shall
be effectively operated under extreme conditions.

This time there are many different measuring controlling sensors for detecting leakage of hazardous gases
which makes it difficult to choose to most closely correspond to unique requirements for each industrial
consumer.

Requirements for accident-free operation and more high — reliability lead many users to make choice for
make benefit infrared gas sensors. Point IR gas sensors are extensively used into the atmosphere with increased
concentration of substances capable for poising catalyzer (sulfo-, Si — containing compounds, halogens, large
hydrocarbon emission etc.), as well as with oxygen starvation thus providing for high availability and
measurement accuracy. Liner infrared sensors are able to control leakage of hydrocarbon gases over the
sections long mileage as at the level pre-explosive concentration and within the range thereby providing early
warning of danger and environmental monitoring [1, p.5].

Sensors of this type generally contain impulsive source infrared radiation which is absorbed by each type
of gas in proportionally to its wavelength and concentration. The wavelength of infrared radiation is chosen
based on specific gas for example methane or carbon dioxide. The main advantages of IR gas sensors:
explosion safety, does not require oxygen availability, no moving part, vibration resistance, finding capability
of concentration within the range 0-100%, high accuracy of measurements, good sensibility and selectivity of
gases. In fact, every gas has clearly absorption frequency. The types of analyzers proposed for consideration
meet high requirements applicable to modern infrared system since technologically these transducers realize
on basis of compound-semiconductor with highly — homogeneous of parameters over the area with large
absorption constant. The power diagram of the concerned semiconductor structure promotes to creation of
multispectral device with electronically controllable of their spectral photosensitivity.
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Physical principles of functioning of the Infrared CO; gas sensor within sensor robot

From simplicity point of view integration into measuring and inspection equipment, infrared sensors also
have an advantage over pellistors, since have no use for the complicated sheer-oriented solutions for obtaining
high indexes of the accuracy and microprocessor for linearization and temperature compensation. Sensor
robotic technologies intended to operate environmental temperature range from — 20°C to +40°C. All
components calculated at least per temperature -20°C and are used without exceeding the corresponding
limiting high temperature. The sensor robot contains equipment that emits electromagnetic energy and radio
frequency radiation. The robot has gas hydrocarbon infrared sensors on basis of compound — semiconductor
[1, p.32]. In the model used is not considered noise related with generation through surface state, defect states,
thermal generation in the area of electron cloud since contribution of this phenomenon stand on fabrication
processing of the material and device structure i.e. on defect concentration of grating and surface state density
at the dielectric — semiconductor interface. An IR sensor for determining carbon dioxide with a measurement
range of 0-5% and 0-10% is widely used in sensor robotics. The key parameters that determine the detectability
D, and temperature t are: generation rate g, and quantum efficiency n for definiteness n-type conductivity
material is chosen.

9tn = % 1)
_ (1-R)(1—exp(-at)) _
n= 1-R-exp(-at) at, (at <1) (2)

where, ng,- carrier concentration, established by thermal generation; t — carrier lifetime; t- photosensitive
element thickness; R — reflection coefficient of surface radiation of photosensitive element; a- material
absorption constant.

The determination of the gas is measurement of output signal formed by conversion of the infrared radiation
absorbed gas. IR radiation is part of electromagnetic spectrum usually absorbed by gas molecules. When
wavelength of radiation aligns with natural frequency of vibration of the molecules their energy conditions
changes. In other words, vibrational amplitude of atom is accrued at absorption of radiation with fixed length
of wave. The absorption of infrared radiation intensifies the heat of gas. Infrared radiation is reactive with
dipole molecule of gas. Molecules based dipoles are shaped when molecules vibration non-symmetrical with
regard to different atoms or atom situated non — symmetrical way. Atoms deform interatomic bonds which
form dipole moment.

Symmetrical molecules are not energized by infrared radiation since they do not create dipoles. Some
double molecules O2, H, and N are the best examples of the symmetrical molecules which have symmetrical
and non-symmetrical vibration direction. The emission intensity of the gas molecules depending on wave
length is called absorption spectrum [2].

The use of infrared radiation provides variety of advantages as compared to catalyst method analyses of
chemical composition and gas concentration. The key aspect of these methods is that narrow-band filter of
radiation are used including separate IR sensor for detection several diapason absorption spectrum of gases in
specific a range of wave length.

In case of complex chemical gaining treatment of molecules are observed resonant vibration series. Usually
it looks like absorption peak kit in the diagram constructed with respect to the wave length. This is called the
absorption spectrum. In figure 1 is shown adsorption spectrum of gases which can be defined with infrared
sensors of robot. As well as table 1 shows the response, recovery times and detectability of Infrared Sensors.
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Figure 1. IR spectrogram of water vapor, methane, nitrogen oxide, hydrogen sulfide, Sulphur oxide, carbon dioxide

Table 1. Response and recovery time before impact to 10000 ppm CO; and CHa4

Exposure Time () Concentration, Time Time (s) Time
duration response to ppm recovery to recovery to recovery to
50% of full 50% of initial | 10% of initial | 0% of initial
scale
5 ppm (0-2000
0-50% CO3 T90<10 ¢ ppm)
0-100% CHa4 T90<30¢ 10 ppm (2000- 35 105 240
5000 ppm)
20 ppm (5000-
10000 ppm)

The choice of wave length to determine of the gas is controlled by the existing output spectrum infrared
source. Absorption spectrum of water shows strong absorption at length of wave less than 3.5 — 8 and after 16
micrometers. If spectral lines of the detected gas are in these area, then interference is observed due to the
presence of moisture. Consequently, the best results will be in the range 8 — 16 and 3 — 5 micrometer, in which
the spectral lines of gases are located. In IR sensors of the Sensor robot the 3 —5 micrometers region is selected
for the following reasons [3]:

1. Large quantity of adsorption lines in the range of spectrum 3 — 3.5 pm for hydrocarbon and 4.5 pm for
COz (Fig. 1).

2. The standard IR lamp with glass envelope emits edition with wave length to 5 um. The range more than
8 um requires the use of more expensive source of IR radiation. As well as rate accuracy of absorption line is
reduced, so this rate is rarely used. The range 5 - 8 um is not used for the reasons set out above.

3. There are no gas absorption lines at wave length of 4 um which makes it possible to fix reference signal
on this spectrum.

Radiation intensity after absorption (output signal) is compared with intensity before absorption (reference
signal).

Consequently, knowing value of intensity and enforce the Beer-Lambert-Bouguer law we get following
formula:

1) = Ipe kM (3)

Where, I,- light intensity on entering item, I-mat thickness of item wherethrough take on light; k-
absorption index which aligned with concentration as:

ky =x 4)
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where x;- coefficient characterizing the interaction of the molecule of the absorbing dissolved material on
light with wave light; A, C— gas concentration, mol/L.

Beer-Lambert-Bouguer law is used in algorithmic calculations microprocessor of sensor at determining gas
[4].

If environmental temperature and pressure changes then gas concentration can be measured according to
the Ideal Gas law:

c =V (5)

where, k — Boltzmann, equal 1,38x102 J/K, P — pressure, V — volume, T— absolute temperature.

Calculation algorithm would be modified if remote temperature and pressure sensors are used. Any
modification in the sensing system is not reflected to calculation in accordance with Ideal Gas law. As well as
infrared gas sensor can be subjected influence of ambient temperature which results incorrect output signal.
When using independent sensors linearity characteristics can be in the range — 40 - +75°C. This minimizes the
modification in the software. The hydrocarbon sensor within the Sensabot contains a temperature sensor which
improves the accuracy of the gas detection.

Conclusion

Therefore, the detectors with regulating spectral feature, particularly based on semiconductors properties,
are the most perspective among infrared systems. This type of photoelectric receiver has the highest operating
temperature within 8 — 12 microns range. Photovoltaic characteristics of sensor are analyzed. It is seen that
subject to use near surface layers it is possible to prevent the decrease of volume lifetime due to influence of
surface recombination that will result in increase of detectability. Characteristics of such type of photodetectors
make it possible to state the perspective to use semiconductor structure as monolithic photodetector with signal
processing in focal plane.

References:
1 Smith P. Sensabot Operation & Maintains Manual. 2017 — P. 5, 32
2  Cmapuxos B.1. Cmonknogumenvhoe yuupenue CnekmpaibHulX TUHUL NO2L0WEHUst MOEKYT AMMOCHEPHBIX 2308
//H30-60 Uncmumyma onmuku ammocgepvr CO PAH, 2006. — C. 308
3 Factory Acceptance Test Report. IECEx TEST REPORT// US/ULEXTR16.0021/00
4 Voun P. Ocnosvl u npumenenusi pomoxumuu. — Mup, 1991. — 304 c.

YK 517.958:539.3
I'PHTH 27.35.31; 30.19.15

HK. Amup6aeel, JK.H. Amup6aeea2, I1.C. ﬂyﬁce6aeea3, KL Anuberosa®

Y0.¢p.-m.n.,npogpeccop, KOaxncno-Kazaxcmanckuii 2ocyoapcmeennsiii ynusepcumem um. M.Ays3o06a,
2 Ulvimkenm, Kazaxcman
%k.n.1., doyenm, FOxcno-Kazaxcmanckuii 2ocyoapcmeennviii ynueepcumem um. M.Ayszosa,
e Hlvimxenm, Kazaxcman
Aem. npenoodasamens, KOocno-Kazaxcmanckuii 2ocyoapemeennuiii ynusepcumem um. M.Ays3o6a,
e Ulvimkenm, Kazaxcman

3

HUCCJIEJOBAHUE HAIIPAXKEHHOTI'O COCTOAHHUA B YIIPYT'OM TEJIE C HEOAHOPOAHbBIMHA
I'PAHUYHBIMU YC/IOBUAMU

Annomayus

B  pabore paccmarpuBaercst 3ajadya O paclpOCTPaHEHWH JAWHAMHUYECKMX BO3MYIICHHH B yNPYroMm Teie c
HEOJHOPOAHBIMH TPAHUYHBIMH yCIOBUSIMH. DOpMyIUpoOBKa 3a1ad C HEOJHOPOAHBIMM TPAaHUYHBIMH YCIOBUSMU
CYILECTBEHHO 3aTpyIHSET pELIEHHE KpaeBbIX 3a/ad paccMaTpUBaeMOro Kiacca. BoOJIHOBOM mpolecc BbI3BIBAETCS
[IPUKJIAbIBAHUEM BHEUIHEN JUHAMMUYECKON HAarpy3KH B TOUKAX JIMLEBOM I'PAaHUIbI IPSIMOYTOJIBHOM MIOJIOCHL, KOTOPOE
CBOAUTCA K 3aJaHUIO HAa JTOW IpaHMIIE BEKTOpa CKOpOCTHU cMmelleHus. Ha HIKHEH rpaHulie NpsSMOYIOJbHOW IOJIOCHI
3a[aHbl HEOIHOPOHbIE TpaHUUYHBIE yCiIoBusA. ChopMynHpoBaHHAs B TEPMHUHAX HAINPSDKEHWH M CKOPOCTEH CMEUIaHHAs
3a7la4ya MOJIEIMPYETCs UYUCIIEHHO C IIOMOUIbIKO SIBHOM PAa3HOCTHOM CXEMbl CKBO3HOIO CHETa, OCHOBAHHOM Ha METOHE
MIPOCTPAHCTBEHHBIX XapakTepucTHUK. Ha ocHOBe pa3paboTaHHOW B pabOTe YHCIEHHOT'O METOJa MOJIYYEeHO pacdyeTHOoe
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KOHEYHO — Pa3HOCTHOE COOTHOIEHHE IWHAMHUYECKOW 3aladd B OCOOOW TOYKE HIDKHEH TpaHWIBl TPSIMOYTOJLHOMN
o0nacTH, SBISIOIIEHCS TOYKOM COMpPSDKEHUS 3aKpeIUIEHHBIX W CBOOOIHBIX YYacTKOB TpaHHWIBL. FcciemoBaHa
KOHIICHTPAIUS TUHAMAYECKAX HAIPSHKCHUH B OKPECTHOCTH pa3pblBa TPAaHUYHBIX yCIOBHH. Pe3ymbTaTel mccienoBaHus
JTOBEIICHBI 10 YHCICHHOTO PEIICHHUS.

KiroueBble cji0Ba: CKOPOCTh, HAIIPsDKEHHE, pa3phIB, KOHIICHTPALXS HANIPSDKEHUH, YACICHHOE pelIeHue.
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BIP TEKTI EMEC HIEKAPAJIBIK INIAPTTAPMEH BEPUUITEH CEPIIIM/I AEHEJETT KEPHEYJIIK
KAFJIAUIBI 3EPTTEY

2

Maxkanazga 6ip TEKTi eMec meKapasblK MapTTapMeH OepisireH ceprmiMIi eHeae THHAMHUKAIBIK TOIKBIHAAPIBIH Tapay
ece0i KapacTeIpbUTFaH. KapacThIpBUTHIT OTBIPFAaH KIIACTAFBI HICTTIK ecentepnae Oip TEeKTi eMec MIeKapalblK MapTTapMeH
Oepiryl ecemrepmi Imemryne Keml KHBIHABIKTAP TYOBIpagbl. TONKBIHIBIK TIPOIECC TiK OYPHINTH ICHEHIH OETTiK
KaOBIpFachlHa  CBIPTKBl JUHAMHUKAJBIK KYKTEMEHI KOJIaHy HOTIIKECIHIE, aTal aiiTKaHIa OChbl OeTTiK KaObIprara
KBUITAMIBIK BEKTOPIAPBIH Oepy apKbLUIBI TYBIHAAWIBI. AJ TiK OYPHIIITH ICHEHIH TOMEHT1 KaOBIpFachiHa Oip TEKTi eMec
LIeKapalblK IIapTTap KoWburraH. KepHeynep MeH »KbULAaMJABIKTap TEPMHUHIHAE KOWBUIFAH apajac ecemn  ailKblH
alBIPBIMJIBIK CXEMa, aTall aWTKaH/Aa CaHJbIK KCHICTIKTIK CHMaTTaManap dJiCiMeH IemiareH. JKyMbicTa KeTUaipiiareH
CaHJIBIK OJIICTIH KOMETIMEH TOMEHI1 KaObIPFaHBIH OCKITUITCH jKoHE 00C OOJNIIKTEpiHiH TYHICKeH epeKile HYKTeCiHae,
i3aenmingl  QyHKUMsIapasl TaOyAbIH aKbIpibl ecenTey KaTblHACTapbl anbiHAbl. lllekapaiblK ImapTTarsl y3ULIiCTi
HYKTEJIepAiH MaHa#blHAa Taina OoNaThlH JUHAMHKAJBIK KepHEYJEepaAiH KOHLEHTPALMsIChl KapacThIpbUIFaH.3epTTey
HOTIDKECIHe CaH/IBIK IIEIIiM aJbIHAIbL.

Tyiiin ce3aep: KblIIaMIBIK, KEPHEY, Y31IiC, KEPHEYIIK KOHIIEHTPALMSICHI, CAH/IBIK HICIIiM.

Abstract
INVESTIGATION OF STRESSED STATE IN ELASTIC BODY WITH INHOMOGENEOUS BORDER
CONDITIONS
N.K.Ashirbayev?, Zh.N.Ashirbayeva?, P.S.Duisebayeva®, Zh.D.Alibekova*
Dr.Sci(Phys.-Math), Professor of M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan
2Cand.Sci(Ped), Assoc. Professor of M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan
3Senior lecturer of M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan,
4Senior lecturer of M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan

In this paper we consider the problem of the propagation of dynamic perturbations in an elastic body with
inhomogeneous boundary conditions. The formulation of problems with inhomogeneous boundary conditions makes it
very difficult to solve the boundary value problems of the class under consideration. The wave process is caused by
applying an external dynamic load at the points of the front boundary of a rectangular strip, which reduces to setting the
mixing velocity vector at this boundary. In the lower boundary of a rectangular strip, inhomogeneous boundary conditions
are given. Formulated in terms of stresses and velocities, the mixed problem is modeled numerically by means of an
explicit difference scheme of a through calculation, based on the method of spatial characteristics. On the basis of the
numerical method developed in this paper, a calculated finite - difference relation of the dynamic problem at a singular
point of the lower boundary of a rectangular domain, which is the point of conjugation of fixed and free sections of the
boundary, is obtained. The concentration of dynamic stresses in the neighborhood of the discontinuity of the boundary
conditions is studied. The results of the study are brought to a numerical solution.

Key words: speed, voltage, rupture, stress concentration, numerical solution.

[IporHo3upoBanre JUHAMHYIECKOTO MTOBEACHUS AIIEMEHTOB KOHCTPYKIIUI C YYETOM psAaa OCIabsronmx
(akTOpoB (pa3pblBbl B TPaHUYHBIX YCIOBHAX, OTBEPCTHUS, IMOJIOCTH, BBIPE3bl W T.J.) UMEET HE TOJBKO
TEOPETUIECKOE, HO ¥ IIPUKIIATHOE 3HAYECHHUE, OTIPEAEIIIEMOE 3alIpOCaMU HHXEHEPHOU NPaKTUKU. Bosie Takux
HECIIONIHOCTEH BO3HUKAET, KaK M3BECTHO, SBJICHWE MECTHOTO WCKAKCHHs HaNpsDKEHUH W aedopmarui,
Ha3pIBaeMOE OOBIYHO KOHICHTpalueld HampskeHUH. DTH 3QQEeKTbl BHOCAT CYIIECTBEHHOE H3MEHEHHE B
«CpENHNE) HAPSIKEHUS U HEPENKO SBIAIOTCS NPUYMHOM pa3pyiieHus. Ha kauecTBEeHHbIE N KOTMYECTBEHHBIE
3 QEKThl KOHIICHTPAIMH HANPSHKEHUH BIUSIOT pa3HOOOpa3Hble TPHYUHBI, CBSI3aHHBIE C TeoMeTpuei
KOHIIGHTpaToOpa, BHUJIOM BO3ACUCTBHSA, pEANbHBIMH CBOWMCTBaMM Marepuana. lloatomy mpobiieme
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KOHIIEHTpAIM HaMpsDKEHUH yAenseTcss B COBPEMEHHOW TEXHHKE OTPOMHOE BHHMAaHHE, YTO HAIJIo
OTpaKECHHE B MPAKTHYECKH HEOO03PUMOM KOJIHMUYECTBE OTCUECTBEHHBIX U 3apYOeKHBIX UccienoBanuii 1-4].

MartemaTrnueckasi NOCTaHOBKA 3a1aui. PaccMOTpUM OCHOBHBIE ypaBHEHUS 33a4il IHHAMUYECKON TEOpHUU
YIPYTOCTH JAJISl OTHOPOAHOTO U30TPOIHOTO YIIPYToro Teja B JeKapTOBOM cucTteMe KoopauHat. g yaobersa
M3JI0KEHUST OCH JEKapTOBOM CHCTEMBI KOOpauHAT obo3HadeHbl uepe3 OXi (i=1,2), a Bpems uepes t.
CocrapJsirolnue TeH30pa HanpspkeHui 0003HauaroTes uepes oij ( X1, X2, t), TeH30pa AedopMalmii — uepes &ij
(X1, X2, 1) (i, j = 1,2) u, nakonerr, Bekropa mepememnienns — aepes U i (X1, Xz, t) (i =1,2).

HanpsokenHo-neopMUpOBaHHOE COCTOSIHAE B YIOPYroM Tejle B OOIIEHPUHSITHIX 0003HAUCHHAX
OIMCBIBAECTCS CUCTEMOM YpaBHEHUMN JIMHEWHON TEOPUU YIIPYTOCTH

cijj=polui/ot? (i=1,2), @
Gij=k66ij+2uaij, (2)
I7ie p — IDIOTHOCTh MaTepuaia cpemsl, A, L — nocrosiHabie Jlame, 0ij — cumBox Kponekepa, 0 — o0bemMHas

nedopmarivsi, paBHas
0 = ent e nteas.
3amsTas ¢ MHIEKCOM O3HA4YaeT YacTHYI0 IPOHM3BOJHYIO IO COOTBETCTBYIOIIEMY aprymeHty. Ilo j

pOU3BOIUTCS cymmupoBanue (j=1,2).
Cnenys paborte [5], BBeneM Oe3pa3MepHbIC HE3aBHCUMBIC MTEPEMEHHBIC U HICKOMBIC BEJTUUNHBI;

- fc - X 1ou .
t=-2; xi=-; v==—=, (i=12)
b b c, ot
_ 01110y, _ 011705, 3)
- 2 2 1 q - 2 2 !
£C L
Oy, . G
T=—"2, y=
£C C,
rae b — xapakrepHast 1mHaA, C, , C, -CKOPOCTH BOJIH PACIIMPEHUs U CABHIA, ©,,,0,,, 0,,- KOMIOHCHTHI

TEH30pa HaNPsDKEHHI, Y - TOCTOSIHHEIN mapameTp. B nmampHeiineM yepra Hax 6e3pa3MepHBIMU IMapaMeTpaMu
omyckaetcs. Jupdeperuupys 3aBucumocTd (2) 1O BpPEMEHH, CKJIaJblBas W BbIUMTAs HOPMAJbHBIC
HaNpsDKEHUS! G11 U G2z, ypaBHEeHUs ABKeHH (1) U pu3MUecKre COOTHOIIEHHS (2) 3aMUChIBAIOTCS B BUIC
CHUCTEMBbI YPaBHEHUU ISl CKOPOCTEH MepeMEemeHuil Vi V2 U Tpex JWHEWHBIX KOMOWHaIui p, (, T
KOMITOHEHT TeH30pa HaNpsHKEHUI:

Vl,t—p,l—q,l—T’QZO; V2,t—p,2+q,2—’f,1=0 (4)
Y2(y2-1)"pi—Vvia—V2 2=0; Y29, t—Viat V2 2=0;
yz‘t,t—Vl,z—Vz,l:O.

OTa moCcTaHOBKAa BHIOpaHA MOTOMY, YTO TaKW€ CUCTEMBI M3ydYeHBI K HACTOSIIEMY BPEMEHHU JOBOJIEHO
XOpOIIO, U KPOME TOro, MPH BHIOOPE CKOPOCTEH MEepEeMEIICHUN W HANpsHKEHHH B KauyeCTBE 3aBHCHUMBIX
MEPEMEHHBIX UCKIIOYAIOTCS TPOU3BOIHBIE U3 TPAHUYHBIX YCIOBUU.

Uccnenyercs miockas nedopmaliysi yIpyroro Teia ¢ mpsMOYTOJIbHBIM TONepeYHbIM ceueHrneM. CedueHnne
uMeer pasmepbl 0< x, <, —L<x, <L (pucynok 1). Kpaesas 3anaua, popmynupyemas Juis pa3pelaronmx

ypaBHEHUIA (4), IPEIIOIaraeT, 4To B Ha4anbHbli MoMeHT Bpemenr T = O Teno HaXomUTCA B COCTOSHHMY MOKOS

V1(X1,X2,0) = V2(X1,X2;0) = p (X1, X2, 0) = q (X1, X2, 0) = T (X1, X2, 0) = 0. (5)

B m0Goii apyroii MoMeHT Bpemenn t>0 Ha muuesoi rpannue X, =0, ‘Xz‘ <L npsmoyronsHoii o6mactu

MPUKIaAbIBACTCA BHCIIHAA Harpy3ka

v,=f(t), v,=0mpu ¥ =0, ‘XZ‘SL. (6)
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Bbokosrie rpaHulbI X2 = i L momockl cuurarorcs CBO60)1HI>IMI/I OT KaKUX—IIH0O0 BO3,E[€I71CTBPII>1

p—q=0, =0 npu ‘XZ‘ZL, nglgl (7)
Ha nwxneit rpanu x, =1 IOJOCH PACCMOTPEHBI HEOJHOPOAHBIE TPAHUYHBIE YCIOBUS
WO < < Lovxe <Ix < x vix | < x®
v,=v,=0 mpux =1 ®u Xz_‘XZ‘_ , Xz_‘Xz‘_XZ, \xz\_xz (8)
1 0 3 2
p+q=0, =0 mpm x =1 n VG, WG <[[<X. 9)

Juia cpaBHEHHs pe3yNbTaTOB pelIeHre JaHHOM 3aJadd pacCMaTpHBaeTcCsl AOMOJHHUTENbHAs 3a7ada , B

KOTOpOI‘/'I npeanojaracTcsd, 4YTo rpaHuia X, = | IIOJIOCHI KECTKO 3aKpeIlJiCHa, T.C.

| y v | R
M »
0 R X2

0 1 2 3 2 1 0

=X, —XA5 — X, _-ﬁ XA XA XA XA

A A
C J |_ B |k
77777777777 777777777777 77777777777 \7777777777 7777777777 77777777777,
v E
B

Pucynox 1. Hccnedyemas obracmo

v, =V, =0 opu x, =1, ‘XZ‘SL_ (10)
3pecy  f(t) - 3aganHas GyHKIMS;  x°,x%,xZ,x3 - HEKOTOPBIC IOCTOSHHBIC YMCIA, yIOBICTBOPSIOLINE

i .
TpeOOBaHUIO ‘Xz‘ <L (i=0.,2,3) Hynesble HauanbHEIe ycIoBUs (5) 03HAYAIOT, YTO 110JI0CA JI0 MOMEHTA

spemenu t <0 Haxomurcs B HEBO3MYyLIEHHOM coCTOSHUHU. | panndHOE yciosue (6) — 3a/1aHue HOPMAIbHOM
KOMITOHEHTBI CKOPOCTH 4YacTHI[ X, =0 IOJIOCHI U OTCYTCTBHE KacaTeJIbHON KOMIIOHEHTBI CKOPOCTH YacCTHII

IJIsL BCEX MOMCHTOB BPEMCHU. FpaHI/I‘lHBIe YCIOBUA (7) 03Ha4aroT, YTO COOTBECTCTBYIOIINEC TOYKU I'PAHUILIBI

‘XZ‘Z L nonocsr cBoGommb oT HanpsDKEHUH Uil BCEX MOMEHTOB BpeMeHHU. ['panuunble ycnoBus (8)
COOTBETCTBYIOT YCJIOBHSIM JKECTKOIO 3aKPEIJICHUS THUIBHOM 4acTH rpaHuibl X, =| monocsl. Yciaosus (9)
O3HAYalOT, YTO JIpyras 4YacThb TBUIBHOW IpaHMIBI X, =| MOJNOCHl CBOOOJHA OT HanpsbkeHWH. OHu

MOJICJIUPYIOT yCIOBUSI pab0OThl MHOI'OONIOPHON KOHCTPYKLMH. 3ajayua 3aKJII04aeTcsl B ONpeaeiCHU BHYTPH
paccMaTpuBaeMoro Tejla BOJHOBOTO JIBWKEHHS B MOMEHT BpeMeHH t>0.

[locraBneHHas 3ajgada pelieHa METOJOM HPOCTPAHCTBEHHBIX XapaKTEPUCTHK, MOAPOOHBIA allrOpuUTM
YHUCIICHHOW pean3aluy KOTOPOro n3ioxkeH B [5]. OcoOEHHOCTBIO pacCMOTPEHHOTO Tena SIBIIsieTCs TO, YTO B
toykax Ttuna E (pucyHok 1) rpaHumbl x, =| HCCIeAyeMOro Tejla HAapyIIAeTCsl «IPUBBIYHAS» IS

JUHAMHUYECKHUX 3a/1a4 TTaIKOCTh PYHKIHM, T.€. B 3TUX TOUYKAaX UCKOMbIE ()YHKLUH U UX MPOU3BOJHBIE TEPIIST
pas3pbIB nepBoro pona. MiMeHHO Ha Takue OCOOCHHOCTH HE OBUIO PAacHpOCTPaHEHO WIIM BOOOIE, KaK HaM
M3BECTHO, HE OBLIIO METO/A PEIIeHNS TaKKX 33/1a4. B JonoTHeHne K N3BECTHBIM COOTHOIIEHUSM [5] MoTydeHsbl
pacueTHbIE COOTHOLIEHHS B 0COOBIX TOUKax THMna E rpaHunbl x, =1 A7 HAX0XKAEHUS UCKOMBIX (yHKIHH, B
KOTOpBIX TPaHUYHBIE YCIOBUS TEPIAT pa3phiB MEPBOro poaa [6].

AHanmu3 pe3ynbTaToB pacyeToB. Ha ocHOBe pa3pabOTaHHOTO UHCIEHHOTO aJTrOpUTMa COCTaBJIEHA
[IporpamMma pacueToB Ha IEPCOHAILHOM KOMIIBIOTEPE HA aITOPUTMHUYECKOM si3bike DopTpaH, KOTOpas Kak
COCTaBHAsT 4YacTb BKIIOYEHA B eIuHYI0 00myro mnporpamMy. Hacrosimue pacdeTsl HpOBEISHBI JUIS
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npsMoyrosibHO#M obmactu 0 < X3 < 100h X2| < 100h. Ilar mo BpEMEHHU K BBIOpaH B COOTBETCTBHH C

HCO6XO,Z[I/IMI:IMI/I YCIIOBUSMUA YCTOP’IHPIBOCTH

2 2 2
5 <mind -2 , 4
h yP+1 2(}/2 —1)

WCIIONIb3YeMON SIBHOM KOHEUHO—PAa3HOCTHOW pacueTHOW cxembl. Matepuan Tena o0siafaeT CIeAyHOIIMMU

xapaktepuctukamu: Moaynb ympyrocta  E=200 I'Tla, xoaddumnuent Ilyaccoma V=0.3, mioTHOCTb
p=7.9-10°xe/ m®, ¢, =5817m/cex, ¢, =3109m/cex, y =1.87. IlapaMeTpbl BOJIHOBOIO MOJIS MOJY4EHBI
NPH CIICAYIOIINX 3HAYCHHUAX HCXOJHBIX TAHHBIX:

f(t)=t-e’, k=0025 h=005 [X|=80-h, [x;|=60-h,  [x}|=40-h, [x|=20n.

W3-3a cuMMeTpuu yCJIOBHMI 3aKpeIUICHUS W XapaKTepa HArpyKeHHs HMCKOMBIC MapameTpsl Vi, P, Q
ABIISIIOTCA YETHBIMU, @ V2,7 - HEUETHBIMH (DYHKLIHUAMH OTHOCUTENIBHO ocu X, =0. IloaToMy pe3ynbTaTsl
pacyeToB MPEJCTABIEHBl TOJBKO JUIA MOJIOKUTEIBHBIX 3HaYeHMH X, (X, >0). PakTuuecKkH pacyeT ObLI
BBITIONTHEH 10 MoMeHTa BpeMeru t =600- K, kKoTopslil COOTBETCTBYET ABYXKPATHOMY OTPAKCHUIO BOJIHBI OT
TBHUIBHOW FPaHULIBI IPSIMOYTOJIBHOM MOJOCHI.

3aBUCHMOCTb KOMIIOHEHTH Hampsbkenust P+ wa rpanuue X1 =100h  or koopmmmarsr  x,/h

npejcTapieHa Ha pucyHke 2 1y momentoB Bpemenn {=300-k (1) u t =400-k (2).

3.00 —

-(p+a)

2.00 —

1.00

0.00

x2
40.00 60.00 80.00 100.00

-1.00 —

Pucynox 2. Hsmenenue nanpsocenuti P ~+0 na epanuye x1 =100 om xoopounamu X, I'h ona momenmos

epemenu 1=300-K (1) u t =400-k (2)

Pe3ysbTaThl paccMaTpuBacMOll 3aJa4d OTMEYCHBI CIUIONIHBIMH JIMHHSMH, @ ITyHKTHPHbIC JIHHUH
COOTBETCTBYIOT 3aj1aue, koraa rpanuna X;=100h  sxkecTko 3amemnena (nononnuTensHas 3amaqa). CpaBHUM
OCHOBHBIE OCOOEHHOCTH JTHX JBYX 33/1au. Bo — MepBbIX, HEKOTOPOE CHHKCHUE KOHIICHTPAIUH HAPSDKECHUIA
BO6m3u yriosoit Toukun K (x; =100h, x, =100h) nonock! o cpaBHeHMIO ¢ 3HAYEHHEM HANPSKEHHA,
BBHIUMCIICHHBIMH B 3aJa4e  C JKECTKO 3alleMJIeHHOW rpanuieid. OHO OOYCIIOBICHO HAIOKCHHEM
naudparupoBaHHBIX BOJIH HcXoasmux ot yriosoif Touku K (X3 =100h, x, =100h) npsamoyronsroii monock
n 0coObix TOuek Tuna E. Bo — BTopbIxX, HanpspkeHust P+ ( BOIM3M 0cOOBIX TOUeK B 5-18 pa3 mpeBbILIAlOT

HOMUHAJIbHBIE 3HAUCHNS 3a1aHHbIX Ha rpadune X1 =100h  manpsoxenmii.
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Ha pucynke 3 jusa momenta Bpemenn  t=300-K noxasansl msonmuum kacarensHeix T =const
HaIpPSKEHUI, 1EMOHCTPUPYIOIHUE XapaKTEPHOE ISl JaHHOMU 3a/[a4i HAIIPSKEHHOE COCTOSHUE.,

= N w S a1 [o2] ~ e} ©
o o o o o o o o o

000
00°00T

= = = = = = = = =
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000

X2/ h
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00°0€
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000 0009 000S
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0008
!
000
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Pucynok 3. Hzonunuu kacamenvhvix nanpscenuii T =CONSt ¢ yomenm epemenu t=300-K

DTO BpeMsi XapakTepHO TE€M, YTO BOJHA BO3MYILEHHS OTPa3wyiach OT ThUIbHOH Tpanuibel  X1=100h
MPSIMOYTOJILHOW 00JIACTH, HO €I€ HAaXOMUTCS Ha TIONITYTH JI0 JIMIEBON TpaHuibl X1=0. DTH U30JIMHUU NAIOT
00LIYIO0 KapTHHY HANPSKEHHOTO COCTOSHMUS BO Beell o6iacTy B onpeieneHnblii MomenT Bpemenn t =300- k.
Cynepno3unys MHOTOKPAaTHO OTPaXKEHHBIX U TU(PPAarupOBAaHHBIX BOJIH OT TPAHUI] IPSIMOYTOJIBHON TIOJIOCH H
0co0bIX Touek Tumna E mpuBOAWT K (HOPMUPOBAHUIO CIIOKHOH BOJHOBOI KapTHHBI BHYTPH MOJOCHL Jlis
HAINpPSDKEHHOTO COCTOSHHSL XapaKTepHO CJIO0KHOE B3aWMOAEHCTBUE OTPAXECHHBIX, IU(PPAKIHOHHBIX U
WHTEPPEPEHIIMOHHBIX SIBICHHH, OOYCIABIMBAIONIMX  MOSBIEHHE  OOJNBIIOrO  4YWCJA  JIOKAIBHBIX
IKCTPEMYMOB OT/IEJIHBIX KOMIIOHEHTOB HAINPSKCHUH U 3aMETHOE X U3MEHEHHE Ha MAJIBIX yYaCTKaX.

3HaK KacaTelbHOTrO HaNpsDKeHHs | He MMEeeT TaKOro ONPEeIEsSIONIero 3HaueHUs], KaKk 3HaK HOPMaJIbHBIX
Hanpsokenuit P+0, P—(. B atom ciryyae Hac OyayT, B IEpByIO O4epe/ib, HHTEPECOBaTh 00JIaCTH OOJIBIIHX

IPaJIMEHTOB U M30JIMHHMM HYJEBBIX KACATENbHBIX HANPSHKEHUH [, KOTOPBIE  SBISIOTCA MECTOM  CMEHBI
3Haka. IlosBieHMs M 0Opa30BaHMs JOKAJIBHBIX SKCTPEMYMOB KacaTeNbHBIX HanpsokeHuit | BONM3M TOYEK
paspeiBa IPAHMYHBIX yCIOBMH Ha BHyTpeHHeill ThulbHOM rpamume xi1 =100h npsmoyrombHoit o6nactu
00yCIIOBIIEHO U(PAKIUE BOJIH, HCXOISIIMX OT YKa3aHHBIX 0COOBIX TOUeK THna E.

AHanu3 M30JIMHUA HOPMAIBHBIX P+ ¥ KacaTeNbHBIX ¢ HAINPSIKEHHH, TOCTPOESHHBIX IS Pa3IMIHBIX

MOMEHTOB BPEMEHH, IOKa3bIBAET MPAKTHUYECKU WICHTHYHBI ONMCAHHOMY XapaKTep HMX pacIpeieiICHUs.
OnHako, ypoBeHb HANPSYKEHNUH, MECTO PACIIOIOKEHHS JTOKAIbHBIX 3KCTPEMYMOB, MOSABJICHNE 1 00pa3oBaHHe
30H pacTATMBAIOIUX HANPSIKEHUH B Pa3IMYHblE MOMEHTBHl BPEMEHM OTIMYAIOTCS APYr OT Apyra. TOYku
pa3pbiBa B IPAHUYHBIX YCJIOBHAX OKAa3bIBAECT 3aMETHOE BIIMSHHME M HA XapaKTEp pacIpelnesieHus CKOpocTen
JBIDKEHHS B OTAEIBHBIX TOUKaX MOJIOCHL. YPOBEHb KOHIEHTPALIMH HAPSLKEHUH SIBIIsIeTCS QYHKIMEeH BpeMEeH!
U B pa3IMYHbIE MOMEHTHI BPEMEHH IOCTUTaeT Pa3IMYHbIX 3HA4YEHUH.

AHannu3 CKOpOCTe! MmepeMenIeHui TOUEeK U HAITPsDKEHUH B HUX MTOKAa3bIBA€T, YTO JUIs 00J1aCTH € pa3pbIBaMU
B 'PAaHMYHBIX YCIOBHUSX U JUIA 001acTH Oe3 pa3pbiBa B IPaHUYHBIX YCIOBUSAX BOATU OT TOUKU Pa3pbiBa HX
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pacnpeneneHns no ocu X, /h NpaKTHYECKH coBHAnarT. OTIMYMsA JTHX MapaMeTPOB HAOIIOJAIOTCS JIMIIb

BOJIM3U TOYKHU Pa3pbiBa, HA paccTosHuAX paBHeIX 6-N—8-h or Touku paspeisa.

Pazpaborannas MeTomuKa MOXKET OBITH HMCITOJIB30BaHA JUIS WCCICIOBAHUS THHAMHYCCKHUX HaAIPSKCHHMA
MIPH CKaYKOOOPa3HOM M3MEHEHHH TPAaHUYHBIX YCIOBHH, MaKCHMAaIbHO MPUOIMKEHHBIX K PEaTbHBIM THIIAM
3aKpEIUICHUS PAJIC MHKEHEPHBIX COOPYKEHUH.
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KOMIPJIH KYPAMBIHJAFBI KYKIPTTI PEHTTEH ®J1YOPELICEHIIUSI 3BEPTTEY
OJIICIMEH AHBIKTAY

Anoamna

Byn wmakamama »HEpPTUSHBIH Herisri ke3i OONBIT TaOBUIATBIH KOMIpOIH  KypaMBIHAAFBl KYKIPTTI PEHTICH
(iryopericeHIMs 3epTTey dAiCiMEH Kajai KbLIaaM, J07 aHbIKTayFa OOJIaThIHBI Typalibl alThuIamel. KemipiH camacel
OHBIH KYPaMbIHAFbl KYKIPT KOHE KYJIIIH MOJIIIepine Tikeaei OaimanpIicTsl 00s1azpl. EXiHIN )KaFbIHAH KOMIP/Ii SHEPTHUs
Ke31 peTiH/Ie MaiaIa b )KaKKaH Ke3/1¢ KYKIpTTi ra3 O¢H KyJ1 KopiiaraH opTara OpHbI ToJMac 3usiH okeei. COHIbIKTaH
KOMip KEHILITepiH 3epTTey, OHbI Naiiagany OapbIChIH/Ia KOMIPIiH KYPaMbIHAAFbI KYKIPTTI KoHE KYJIIi XKbUIJaM aHbIKTay
COJI apKbUIbI OHBIH canackiHa O0ara 6epy KakeTTiri TybiHaai b1 Kemipai eHnipmec OypbIH KEHII KaFIaibIH/a )KOHE Kary
npoteccrepi 0apbIChIHAA KOMIP/IiH CanalibUIbIFbIH aHAIUTHKAIBIK 9J[ICTEpP/IIH apachiHIaFbl €H KOJIaiibl daicTep iy Oipi
OOJIBIN TAOBUTATHIH PEHTTCH (DITYOPEIICSHIMSIIBIK 3P TTEY 9/IICiHIH KOMETiMEeH Kallail 3epTTell, OaKpuIayFa O0IaTEIHIBIFEI
MaKaiazia alThIIabL.

Tyiiin ce3aep: peHTIeH GIIyoperceHIHs 9/1ici, KOMip, PEHTTeH COyJIeci, KYKipT, KOMIpIiH Ky, 3KOJIOTHS
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OINPEJEJIEHUE CEPBI B YIVIE C METOJOM PEHTI'EH ®JIOOPEIICEHIIHOI'O AHAJIN3A

2

2

B 31011 crarbe o0cyxaaeTcs, Kak ObICTPO M TOYHO PEHTTeH (DIYOPECIEHTHBIM METOJIOM MOXHO ONPENIENUTh Cepy B
yruIe, SIBISIONIEHCS OCHOBHBIM NCTOYHMKOM SHEpruu. KadecTBo yriist HanpsMyIO 3aBHCUT OT KOJIMYECTBA CEPhI U 30JIbI,
coneprkamuxcst B HeM. C Ipyroii CTOpOHBI, IByOKHCH CEPHI 1 30J1a BHI30BYT HEOOPAaTUMBIH yiiep0d okpy»xaromiei cpene
IIPY MCHOJB30BAHUH YIJIA B KAUeCTBE HCTOYHMKA 3HEPTuu. [1o3ToMy HEOOX0IMMO N3YUHTh U OTIPENENIUTh COICpIKaHNe
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Cepbl | 307161 YIJIS B IIPOLIECCE €r0 UCIIOIB30BaHMs M OLICHUTD ero KauecTBo. B craTbe 00CyXaaeTcst BOIpoc 0 TOM, Kak
HCCIICIOBATh M KOHTPOJIMPOBATH KA4ECTBO YITIs B IIPOLiEcce OOBIUM M CKUI'AHHS, UCIIOIB3YS PEHTTeHO(ITyOpEeCLICHTHOE
UCCIICIOBAHNE, KOTOPOE SBJIACTCS ONHUM W3 HanOojee MOAXOIALIMX METOIOB CPeO aHAJHTHYECKHX METOIOB IO
JTOOBIYH YTIISL.

KunroueBble ciioBa: yroib, peHTTeH (IIyOpelCeHTHBIH, cepa, 30JIbl YIIIs, KauecTBO, SKOJIOT U

Abstract
Baimolda D.%, Myrzatai M.?
1Ph.D, Associate Professor, Abai University, Almaty, Kazakhstan
2 Student of Master’s Programme, Abai University, Almaty, Kazakhstan
DETERMINATION OF SULPHUR IN COAL BY X-RAY FLUORESCENCE METHOD
This article discusses how quickly and accurately determine the sulfur in the coal with the X-ray fluorescent method.
The coal being the main source of energy its quality directly depends on the amount of sulfur and ash contained in it. On
the other hand, sulfur dioxide and ash will cause irreversible environmental damage when using coal as an energy source.
Therefore, it is necessary to study and determine the content of sulfur and coal ash during its use and evaluate its quality.
The paper discusses how to study and control the quality of coal in the process of extraction and combustion, using X-
ray fluorescence research, which is one of the most suitable method among analytical methods.
Key words: coal, X-ray, coal ash, sulfur, quality, ecology

CoHFBI JKBUIIAPBI KOPIIaFraH OPTaHbl KOPFay, SKOJOTHSHBI JYPBIC CaKTay Macelnesiepi oTKip KOHBUIBIT
coraH OalNaHBICTHI KOMIpIEeri KYKipT KypamblH TiKeJedl OH-TalH peXHMIMEH aHBIKTay MOcelleci aiFra
koibutbin oTeIp. KykiptTiH — 2.308 kaB S- Ka penrtren coynecin (X-ray) Tipkey, onIIey KXYMBICTapbl
HIeTEIIIK OipKaTap FaabIMAapAbIH eHOCKTEePiHAe KeHIHECH 3epTTein, TankeiianraH [1,2,3]. Ockl eHOekTepre
KaparaHja KeMmip KypaMblHIaFbl 3JIEMEHTTepiH Oip-Oipine ocep ety addekricine (inter-element effects)
0alIaHBICTBl MaTEMAaTHUKANBIK JKOIMEH THICTI  Ty3eTylep »acalfaHHAaH KeWiH J>KaKChl HOTHXKEre KO
KETKi31JITeH.

KeMip KypaMbIHIArpl KYKIpTTi, TeMipi, KYJai oHe OacKamail 3IeMEHTTep i KIACCHUKAIBIK XUMUSITBIK
O/IiCTIEH aHBIKTay/na KON MeJIepe XUMILUIBIK PeaKTUBTED KoHE OacKamail MaTepHaigap KaXeT eTuryiMeH
Oipre KeIl yakbIT )yMcaianbl. Ajl, peHTreH duryopericennus seprrey (PMD3) omicin KoyiaHFaH skaFaaliaa TeK
KaHa KYKIpT, TeMip/li FaHa eMec OJjaH Ja KOl SJIEMEHTTI Oip Me3eTTe, aca JANIKIIEH aHbIKTayFa O0JaThIHIBIFBI
Oipkatap FambIMIApAbIH O KYMBICTApbIHIA KepceTinai [7,8]. ©O3iHIH SKONOTHUSIIBIK MAaHBI3IbLIBIFBIHA
0ailJIaHBICTBI KOMIP KYpaMbIHJAFbl KOIl 3epPTTEIIl, KOl Ka3bUFaH 3JIEMEHTTIH Oipi KykipT (S) Oonmak.
Kemipzeri kykipTTiH KypaMsbl xammbl MaccanblH 10—12% apansirsiaaa 6onaast [4,5].

Komipoezi kykipm maduzamma yw mypii sxcazoaiioa 601a anaowt:
(1) kemip KypaMbIHJIaFbI OPTaHUKAIIBIK 3aTTApMEH OipIIecKeH

(2) nupuT He MapKa3UT MUHEPAIBI TYPiHIES

(3) cynbdar (SO4) Typinze

CoHppIKTaH Tac KeMip HeMece KOHBIp KOMip KYpaMbIHIAFBl KaIlbl KYKIPTTI TOMEHIET! >KaFmaaliMeH
KepceTyre 60IaIb:

St=Ssos + Sp+ So

MYHJAFbL: St — KaJIbl KYKIPT, Ssos — CyIb(aTThl KYKIPT, Sp — MUPUTTIK KYKIPT XKSHE So— OPraHUKAIIBIK KYKIPT

JKanmeicel, keMiperi KyKipTTiH Kypamsbl erep 0.6% TeH xorapsl 60sica mupuTTiK KYKIpT (FeS2) 6ackim an
OpTaHHUKAaJBIK 3aTTapMeH OipJjiecKeH Typi OachbIM aFmaiaa KYKIPTTiH Kypambl ~1% mamackiHoa Oosampl.
Erepne kykiprriH Kypamsl 0.6% TeH TeMeH xarfaiina onna kykiprtig (70-100)% opraHukamnblk 3aTTapMeH
OipyieckeH Typ/e Ke3aeceni. Op jKepJeH ajbIHFaH KOMip KypaMbIHJIaFbl KYKIPT KypamMbl MEH OHBIH Ke3JIeCeTiH
TYpI apachiH/ia KbI3bIKThI OaiiiaHbic OapbiH Oalikayra 0ojaibl. MbIcalibl, erepiie KoMip KypaMbIHaIa KYKIpT Kol
OoJica OH/Ia KYKIPTTiH IUPHUTTIK TYpi OackiM kenexi [4].

Byt xarnaiinet Kecre 1.1 nen kepyre 6onanbl. Kecrene op xepjieH alnblHFaH OUTYM KOMIpiHJETi KYKIPTTiH
TaOuFaTTa KE3/IECETIH TYPJIepi KOPCETUITEeH.
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Kecte 1.1 Op xepneH anpiHFaH OUTYM KOMIpIHAET1 KYKIPTTIH TypJiepi.

Kewmip keHimiHig aThl Kammer kykipt  |[Tupurtik kykipT |OpraHukaibik MMupuTrTik S/
(%) (%) KYKIpT Opranuka.S

axTtepckuii (Peceit) 0.38 0.09 0.29 0.031

Taiitynr (Keitait) 1.19 0.87 0.32 2.7

Tunonr (Uuauns) 3.63 1.59 2.04 0.78

Xarne No2 (AKL) 4.29 2.68 1.61 1.7

Hepoummpe (bputanus) |[2.61 1.55 0.87 1.8

— (Fepmanus) 1.78 0.92 0.76 1.2

—- (ITonpa) 0.81 0.30 0.51 0.59

Kecte 1.1 OoiibiHIIa 9p XKepleH aJbIHFaH KOMIpP ChIHBINTAPbIHAAFEl KYKIPTTIH Kanmsl Kypambel 0.38% —
4.29% apanbiFpiHAa eKeHIH Oalikayra Oonaapl. OChl KeMipiiepieri MUPUTTIK KYKIPT KypaMmbl eH a3bl 0.09%
TEH €H JKOFaprbIChl 2.68% apallbIFbIHa, all OPTaHUKAIBIK KYKIPT KypaMbl eH asbl 0.29% naH eH jKOFapFhICHI
2.04% apanbIiFbIHIA EKCHAITIHE KO3 )KETKi3yre 0oJaibl.

Kemipmeri kykipTTiH KaHmail Typae, KypaMbl KaHAai €KEHITiH aHBIKTAy >KYMBICHI Oapimara Oenriii
CTaHJAPTTHIK Nporuenaypaiap OoibHma xypineai. Kemipzeri sxanmbl KykipT Kypambia Enika ofici Ooiibiaia
AHBIKTAWUBI. AJl TUPUTTIK TYPAETi KYKIPTTI a30T KBIIKBULIBI CHIFBIH/IBIIAH (€Xtraction) eTKi3in Oapbli, ayei
KeMipHeri TeMipliH KypaMbIH €CenTel i, ail cymb(aTThIK KYKIPTTI TY3 KBIIIKBUIABI CHIFBIHABIAH OTKI3iM
0apbIll IPaBUMETPHSIIBIK JKOJIMEH all OPTaHUKAJIBIK KYKIPTI XKaJlmbl KYKIPT KoHE CyIb(aTThIK KYKIPTTEPIiH
alBIPMAIIBUIBIKTAPBI APKBUTBI ecenTei [5].

Anaiina keMipaiH 3J€MEHTTIK KYpaMblH 3€PTTEHTIH 3epTTEy MaKCaTbIHOAFbl acHaln Kypaigapbl KOFaphl
QKBIPATKBIIITHIK KACHETKE TOH peHTre criektpomerpi (High—resolution X-ray spectrometr) 6omys! ThicTi
eKEHJIIT1 COHBIMEH Oipre 3epTTeNeTiH KoMip TYHipIeKTepiHiH KeneMiHeH OonatbiH (particle size) apdexTini
a3alTy YIIiH KeMipi 90eH KYpFaThITl, OHBIH TYUIPIIIKTepiHiH MaiaanereH < (0.2 MM A€H Kimi OomaTeHai
FBITT JKAKCHUIAI TYPHIN YHTAKTay KaKETTIri OipKaTap MmIeTEeN K 3epTTeyIIiIepaiH eHOeKTepiH/e alThUIBITITHI
[9,10,11].

Kemip kypambinaarbl kykipTTi P®3 nicimen anbikTay 9aicTemeci

Kemip kypambiagarel kykipTTi PD3 omiciMeH aHBIKTay >KYMBICHIH JKyprizrenae UexocioBakusi eliHe
eHipiireH peHTreH (ayopericerus 123-1 cnekrpomerpi KypanbiH nainananabik. by Peceiine ennipinren
'CU'  ynrimeri  HpOIOPIMOHANB  JETEKTOPbIMEH, 256 KaHauabl aHAIM3aTOPMEH JKaOABIKTaIFaH
MHUKPOTPOLECCOpPIbIK Oackapysl 0ap kypai. (Cyper 1).

F ANALYZATOR

e 3y

* Penmeen ¢ryopeycenyusnvix anaruzamop 123-1

. Cypem

Conyaii-aK KO3bIPFbINI K63 peTinae Oencenmimiri (activity) 30 mKrio, KO3AbIpyliibl 3HEpruscel 5.9 kB
Fe> (temip-55) pamuousoronsl maiganaHeuigsl. PO3 123-1 cnekTpoMeTpiHe KakeT KOMIpJiH ChIHama
meodepi 10 rpamMM, kemip TyHipHIKTiri 3MM maMaceiaaa, burramaeiFel 30% an Toxipude yakpITel t= 500
CEKYyH]I.
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Temip 55 uzoTombIMEH KOMip ChIHAMAChIH Ko3mbIprad ke3ae PD3 123-1 ananmzaTtopsl S (KYKipT) MHAKIH
koHe Ca (KamplUii) MHAKIH )KOHE TEMIpACH KalTa MIarblpaFrad paauanusuiblK coynere THicTi (Bs-Fe) mukTi
tipkeiai. PD3 omicimen kemip jkoHe Oackazail MHHEpalIapAblH KYpaMmbIHOAFbl 3JIEMEHTTEpIl 3epTTey
OapbIChIHAA Ke3ireTiH Oip KHUBIHIIBUIBIK OJI KaTap OpHallacKaH JJIeMEHTTepHiH Oip OipiHe ocep eTyiHeH
TYBIHAAWTBIH MaTPUIAIBIK 3P QeKTiHi ko0 Maceneci 6onmak. COHABIKTaH OYHBI MaTEMAaTHKAIBIK >KOJIMEH
SIFHU SMITMPHUKAITBIK KOI(DHUIIMEHT S/IICiH MaliganaHy apKbelIbl TOMEHIETI TeH/IEY apKbUIbI IIEHTyTe O0MaIbl.

C(S) =b (0) + b(1)* P(S) / P(Bs-Fe) + b(2)* P(Ca) / P(Bs-Fe) + b(3)* P(Fe) / P(Bs-Fe)

Mynga: b(0), b(l), b(2), b(3) - cranmapT ceiHaManapAbl KEPEKTEHY apKbUIbI ajIblH-alla aHBIKTaIFaH
kod¢punmentrep; P(S), P(Ca), P(Fe) — kykipT, KaibLuii %oHe TeMipre KaTbICThl THKTEpAiH anaHel;, P(Bs-Fe)
— TeMip-55 TeH KaiiTa mamblparad pagruaIiisuIbIK CoyJIere THICTI MUKTIH ajJaHbl. DMIHPUKAJIBIK KOI(UITHEHT
ofliciMeH KeMip ChIHaMallapbIHAAaFbl KYKIPTTiH Memnmiepin aHbikray ymiH GW-Basic Timiageri 'Sn’
MPOTPaMMAachiH KOJNJaH IbIK.

Kecte 1.1 CranmapT periHne anbslHFaH KeMipaiH 18 ceiHaMachl OOMBIHITIA XUMISUTBIK JkoHe PD3 omicTepi
OolibIHIIIA KYKIPTTI aHBIKTaFaH KepCeTKIITep

Ne Code C(S)- chem C(S)-rfa | delta
1 21 4.40 4.22 -0.18
2 22 3.97 3.64 -0.33
3 23 4.50 3.96 -0.54
4 24 4.37 4.25 -0.12
5 25 3.39 3.19 -0.20
6 26 3.60 3.66 0.06
7 27 4.04 3.83 -0.21
8 28 3.42 3.16 -0.26
9 29 3.03 3.35 0.32
10 |30 3.56 3.72 0.16
11 |31 3.79 3.71 -0.08
12 |32 4.22 3.86 -0.36
13 |33 5.04 5.29 0.25
14 | 34 3.73 4.00 0.27
15 |35 3.02 3.10 0.08
16 | 36 3.37 3.89 0.52
17 | 37 3.56 3.56 0.00
18 | 38 2.93 3.75 0.82

Kecre 1.1 meri kepceTKilTep/Ii CAJILICTHIPBIN KapaUThiH 00JICAK XUMHSUIBIK JKOJMEH aHBIKTAIFaH KOMIip
celHamMaapbiHaarel KykiprTiH memuepi C(S) = (2.93 — 5.04) % apansirbinga Oonca, an PD3 oxicimen
anbikTaral ke3zerici C(S) = (3.10 — 5.29) % apanbIFblH/IA SIFHU aBCONIOTTIK albIPMAIIBUTBIKTEIH S 1= summa
(C(RFA) — C(Chem)) / N ere a3 sram S1= 0.261% rmramaceiima ekeHiH kepemis. Bi3 ocbl omicTemeHi
naipanansin YexusHsH Bprmosure (Vrsovice) sxkone MonronusHeIH baranyyp keMip KeHIIITepiHEH albIHFaH
KOeMIp ChlHaManapbiH 3epTTeaik. Mpicanbl, UexusHblH BpiioBuile kemip keHimiHeH anbiaran 30 cblHama
OolibIHINa OHAarbl KYKipT Medepi (0.66 - 2.41)% apanbirbinga Oosica, an MoHFOIMsAHBIH baranyyp kemip
KeHinriHeH anbiarad 40 ceiHama 6oitbrHma Kykipt (0.6 - 0.8) % apanbiFbiHIA SIFHA 3KOJIOTUSUIBIK TYPFBIIAH €H
carasbl KoMip OOJIATHIHBI AHBIKTAJIJIBI.
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PEHTTEH ®/JIYOPELLCEHCUAJIBIK 3EPTTEY 91CIMEH MUHEPAJ1 KYPAMBIHAAFbBI TEMIP
KI9HE TUTAHAbI AHBIKTAY

Axoamna

By makanana oitHek, msIHbL, (hapdop BIABICTAp B XKacayna HeTi3ri MUHepal MIFKi3aT peTiH/e eH KOl KepeKTCHIICTiH
KaOJINH KYPaMBIHIAFEl TEMip, THTaH CEKiJi XUMUSIIBIK 3JIEMEHTTEPAl PEHTIeH (IIyOpeLCeHCHUSIIBIK 3ePTTEY oiciMeH
(P®3) anbIKTayABIH apTHIKIIBLIBIKTAPEI Typalibl ce3 001azpl. OHHEK XKoHE IIBIHBIIAH JKacalFaH bIplcTap MeH dapdop
OYIBIMIapIbIH CATIANBIIBIFEI )KOHE 9CEMITi KaonnH KypaMbelHOarel TeMip (Fe) skone turtan (T1) cekimmi XUMHSIIBIK
ANIEMEHTTEP/IIH MeJIIepiHe Tikelel OaimaHpICTEI OonmaThiHBl Oenriimi. COHABIKTaH aTalMBII 3aTTapasl  OHIIpY
OapbIChIHAA OHIM camachlH TYPaKThl Oakbulay YIIIH OHBIH KYpaMbIHIAFbl TEMIp JKOHE TUTaH/bI JKEJeN TypAe
aHBIKTAy (I KaXeTTIri TyblHAaipl. COHIBIKTAH OYJ1 Makanaia sApoIbIK GU3MKa 9/1ICTEpi apachiHIa €H OHTANIIBI 9JIiC
OonateiH POA oz1ici apKbUTbl KAOJIHMH HIMKI3aTTaphl )KOHE OJIaH OHJIIpiC ITPOIIeCcCi Ke3iH/Ie acanaThIH WbHEL, Gapdopaan
OHIMJIEPIHIH carachliH Kajail OaKpuiayra OOJaThIHABIFBI )KOHIH/IE aWThLIA/IBI.

Tyiiin ce3nep: peHTreH (UIyopelceHIUsUIBIK SiC, MUHEpal, KaOJHH, PEHTIeH CayJieci, TeMip, TUTaH, LIbIHbI,

dapdop.

Abstract
DETERMINATION OF IRON AND TITANIUM CONTENTS IN MINERAL WITH X-RAY METHOD
Baymolda D.%, Chekhak T.2
1 Ph.D, Associate Professor, Abai University, Almaty, Kazakhstan
2 Dr. Sci. (Physics), Professor, Faculty of Nuclear Sciences and Physical Engineering at the Czech Technical
University in Prague, Czech Republic

This article discusses the advantages of the X-ray fluorescence anlysis method for determination of
chemical elements such as iron, titanium in the kaolin mineral. Kaolin is the most commonly used a main raw
material for the production of glass and porcelain goods. The quality and beauty of glass and glassware and
porcelain products are directly related to the amount of chemical elements in the kaolin such as iron (Fe) and
titanium (Ti). Therefore, it is necessary to quickly detect iron and titanium concentration in kaolin in order to
control the quality of its products during the production process. That is why this article discusses how to
control the quality of glass and porcelain products that are produced during the process of production of kaolin
and kaolin’s same raw materials through the X-ray fluorescence analysis method, and was shown that this
method is the one of most optimal method of nuclear physics for the such studies.

Key words: X-ray fluorescent, kaolin, mineral, iron, titanium, analyze, glass, porcelain
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OIIPEAEJIEHHUE KEJIE3A U TUTAHA B MUHEPAJIE METEJIOM P®A

B aT0#t cTathe 0OCYyX)maroTCA TMpEeNMyIecTBa METona peHTreH ¢uryopecrientHoro aHammsza (POA) s
OTpe/ICTICHHUS] XUMUUECKUX SIIEMEHTOB, TAKHX KaK KeJlie30, THTaH B MUHEpaJie KaoiauH. Kak M3BeCTHO KaoJuH
Han0O0JIee YacTO MCIIOJIb3YEMbIi MUHEpAJI B KAYECTBE OCHOBHOTO MHUHEPAIBLHOTO CHIPhS MPU MPOU3BOJICTBE
cTexstHHON U (apdopoBoii mocynpl. KawectBo m kpacora crekina U (apdopa HampsMyro CBA3aHBI C
KOJIMYECTBOM XUMHYCCKUX DJIEMEHTOB B KaOJIMHE, TakuX Kak xeine30 (Fe) u turan (Ti). [loaromy HeoOxo1umMo
OBICTPO OOHAPY)KMBATH JKEJIE30 M THTaH, YTOOBl KOHTPOJMPOBATH KAYECTBO €r0 MPOJYKTOB B IPOIECCE
MPOU3BOJCTBA. FIMEHHO MO3TOMY B 3TOH CTaThe yJeNseTcs BHUIMAHHE TOMY, KaK KOHTPOJIMPOBATh KAueCTBO
u3Jenuil u3 crexna u ¢apdopa, KOTOpbIe MPOU3BOMAATCS B MPOIECCE MPOU3BOJICTBA KAOTUHOBOTO CHIPhS IO
MeTtonry POA, KOTOpHIi SBISICTCSI HAN0O0JIEEe ONTUMABHBEIM METOJIOM SIIEPHOH (PH3HKH.

KuaroueBsbie ¢j10BO: peHTIeH (IyopeICeHIINs, aHATU3, MUHEPaJI, KA0JIWH, MUKPO3JIEMEHT, JKeJIe30, TUTAH,

cTexo, Gapdop

Pentren coynecin (X-ray) mnaiiganany apKbUIbl KaTTbl JACHEHIH aTOMIBIK KYPBUIBIMBI, XHMHSUIBIK
OaliaHbpICTapABIH AIIEKTPOHIBIK KYPBUIBIMBI KOHE 3JEMEHTTIK Kypambl KaWbIHIAFbl MaHbI3/Ibl aKMapaTThl
amyra 6omanpl. OChl TYPFBICBIHAH MaTEPUSHBI PEHTTEH COyJieNepi apKbUIbl 3epTTey — OYTiHTi FBUIBIM MeH
TEXHOJIOTHSIIAFbl €H KOJAWNbl opi yKaH-)KaKThl MaiianaHyra OONaThIH TEXHUKAIBIK Kypasl, 9JicKe aiHaJbII
othIp [1].

PeHTren coynecin XuMHUSIIBIK 3epTTeyNepre Konganyra oonaterHabFbH anram C.I'.bapkia (Barkla) sxone
X.I'. Moz (Moseley) cexinni ¢usnk ransiMaap 6omxan aitkad. 1911 xeurer C.I'. bapkia ke3 kenreH 3ar
KYpaMBIHAAFBI DJIEMEHTTEPre THECLTi ©31HAIK IMUCCHSIIBIK CIIEKTP MIANIBUIATHIH/IBIFBIH 3€pTTEI O1JIreH Ooica,
1913 xpoiel X.I.Mo3nmu 37MeMEHTTIH aTOMIBIK HOMipi MEH PEHTIeH Caylieci JKHUIrl apachlHOa HaKTHI
0aifTaHBICTHIH OAPIIBIFBIH 3€PTTEI aHBIKTAIBI [2].

Pentren ¢uyopecuenuusbik 3eprrey (PD3) omici ere cesrimi, api 3aTThl OyiaipMed 3epTTEHTIH amali
OonFaH/IBIKTaH OHBI Ke3 KeJT'eH XKarnaiaa na konnanyra 6onansl. Conapikran 1950-mi sxeuaapaan 6acran PO3
o/liciHE HETI3NIENTeH KOMMEPIMSUIBIK, TYPFBIIAFbl Kypal-acriantap KemnTel eHipiiie Oactaapl. AIramibiHia
3epTTeyIiiiep OyJI 9ICTi TEK AMEMEHTTIK 3epTTeyre FaHa KoyaanFan OonaTeiH [3 ].

DNEeMEHTTIK 3epTTey TeXHUKAchl peTinie PMD3 omiciHiH Oackazail aHAJTUTHKAIBIK 9/iC aMajiapiaH Kell
apTHIKIIBUTBIKTAphI Oap. ByTiHri KyHI OYIT o/lic aHAIMTHKAIBIK XUMHS/A JKaKCHI JKOJIFa KOWbLUTFaH. PeHTreHn
(bayopecrcennus o11ici MeHaeneeBTiH EPUOATHIK TaOIUIACHIHIAFBI OaPITBIK AIIEMEHTTEPTe KYBIFBIH (Z > 11)
KaMTU ajaabl Jeyre keneni. PO3 — kem 31MeMEHTTIK 3epTTey TEXHUKAChl PETiHAE OeNriciz 3aTThIH
ChIHAMaCBIHJIAFbI OApIIBIK AIIEMEHTTEPAIH KYPBUIBIMBI JKOHE KypaM/Iaphl )KalbIHIa Oip JKOJIa ©3iHiH CIeKTpi
apKbUIBl HAKTHI, CEHIMJII aKmapaT Oepe amajbl.

3epTTelieTiH ChiHaMasiap TYPJIi XKaFaiia sFHA KaTThl, CYHBIK, YHTAK TYPIHZE TINTeH ca3 OalllIbIK KyHiHe
ne 6ona Oepeni. Conpali—ak 3epTTeNIeTIH ChIHAMaap Macc CIIeKTPOMETPi, aTOM abCOPOIUSITBIK, CIIEKTPOMETPI
cekiii Oacka aHANMTHKAIBIK SAicTepAerifel, ajiblH-ajla apHaWbl XUMHSIIBIK AalbIHAAyNaH OTIeH- aK
ChIHaMaHBIH CHIPTKHI TYpi, KeJeMiHe Kapamail 3eprrene Oepemi. by PD3 omiciHiH sAponbIK (hHU3MKaHBIH
Oacka onicTepiHe KaparaHia Oip apTHIKIIBUIBIFBI.

Comnpaii-ak 06y ofic snemeHT KypambiH 100% TeH 106 % ( 1 ppm) apanbIFbIHIAFEI KEH TUATIO30HIBIK
ayKpIMIa aHbIKTall amanbl. OCBIHAANW apTHIKIIBUTBIKTAPEl apkacbiHna Pd3 ofici aHANUTHUKAIBIK XHMUS
caJIachIHJIa KaH JKaKThl 9pi €H THIMJI COWTe Typa KOJIJaHyFa eTe bIHFAiJIbI opi ap3aH opi JIoJ 3ePTTEHTIH
TeXHUKara aliHaIBIT OTHIp [4].

Counrbl xpuiaapsl PO3 TexHUKAChIH KOJIaHy apKbUIbI KAOJIMH JKOHE SWHEK-IIBIHBI OYHBIMAAPBIH KacayFa
KaXeT KoK 0aTmak, merMaTuT CeKili 0acka IMWKi3aTTapAblH KypaMbIHIAFbl TEMIp jKOHE TUTAHIbl aHBIKTAy
iciHe KeHIHEeH MaiiaiaHy XoHe OHBI apbl Kapall JaMbITy MOcelieepi KYH TopTiOiHe KOWBLIBIT, OYJI )KOHiHIe
OipkaTap >KyMbICTap Kyprizijie 0acrazasl [5,6].

[enel, ¢aphop OyibIMOapelH OHIIpyHeri €H Herisri IuKi3aT OoNbIl TaOBUIATBIH KAOJIMHHIH
KypambiHaarbl 0actel MuHepai kaonuHUTTIH — Alx(OH)3(Si02)2(H20) memnmepi 90 maiibi3apl Kypaiabl ai
KaJFaH OeJIiriH TeMip, THTaHHBIH TOTHIKTApHI KOHE KYpaMbIHJA KaJIbLUH, MAarHUH, HATpUil 3JeMeHTTepi Oap
Oackanaili muHepangap Kypaiasl. byrinri kyni TM/l engepi OolipiHina 51 keH OpBIHAApBIHAA KaOJUH
MUuHepanbsl eHaipineai. ByHbiH 25-1 Peceil kepiHze an KanFaH KeH OpBIHIAphl YKpawHa, O30eKCTaH,
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Kazakcran, TypikmeHncTas xoHe I py3usiga opHamackad. Kazak skepiH/ie KaoJIMHHIH 3 Ke€H OpBIHBI 6ap. OHBIH
3amacel 260 MiH ToHHa mamackiHna. CoHFBI XKbeUTHapbl KazakcTanma >xkpiasiHa 10 MBIH TOHHAmal KaojdWuH
MUHapaJbl OHAIpiiei.

Kazakcran cekingi Monronus »epi Je KaolnWH MHUHepaiblHa aca Oail kenenmi. biz Oyn 3eprrey
YKYMBICEIMBI3a MOHFOIMSIHBIH OipKaTap KaoJWH KEHIMTEPIHEH albIHFAaH ChIHAMajlapIarsl )KoHe ¥ 1aHOAThIp
KaJIachIHAAa OpHAJaCKaH IIBIHEI, dapdop OYHBIMIApPEIH OHIIPETIH OHIIPICTCH aNBIHFAH KAOJIMH ITHKI3aThI,
IIBIHBI MACCAChl, SMAJIBJIET] TEMIp XKoHe TUTaH Meiepin PD3 omiciMeH aHBIKTAy dKYMBICBIH KYPTi3IiK.

P®D3 20icimen kaonun munepanvinoazel memipoi (Fe) scone mumanowl (Ti) anvikmay adicmemeci:
b1, Gapdop OyitbIMOapsiH xKacay YIIH KaKET HETi3ri OIMKi3aT OONaThIH KAaOJIMH JKOHE IIeTMATHT, KOK
OaTnak cexingi MUHepajaapAarkl TEMipi )KoHE TUTaHAbI aHbIKTay YLIiH Oencenainiri (activity) 10 mKro
iyToHuii-238 (Pu-238) paaron30TONbIH KO3BIPYIIBI KO3 PeTiHe jkoHe UeXocnoBakus eiHae oHAipUIreH
256 kaHAIOB, MHUKPOIPOIIECCOP AapKBUIBI OacKaphLIaTBIH IPOMOPIIHOHANL AeTeKkTopiasl P®d3 123-1
aHanmM3aTophlH, coHpai-ak 4096 kanamgel, Si(Li)- xaprteulaii  etkisrim  gerektopnsl  OPTEK
aHanmu3aTopiapbiH kepekreHaik. PO3 123-1 cnekTpomeTpiHe KaxeT cbiHaMa Menepi 10 rpamm, Toxipuoe
yakpITHl t= 500 cexynx 6oznca, OPTEK crektpoMeTpine KakeT ChlHaMa MeIepi 5 rpamm, an Taxipuoe
yakpITH t=1000 cexyHz OOmmpl.

Kaonun munepanbimarel crnektpae 6.43 ksB pentreH coymeciH kepcererin Fe —mi P®3 123-1
aHAJIM3aTOPhIMEH aHBIKTaFaHIa: TEMIPIEH, KaJbLMHUHACH JXOHE IUIYyTOHMHICH KalTa INallblparaH Ke3ze
emmenred (backscatter) mukrepre xateicTel N(Fe), N(Ca), N(Bs-Pu) amagnmap xeke-keke ecenrenmi. bip-
OipiHe ocep €Tyl SJIEMEHTTEp BIKMANbIHAH TYBIHAAWTHIH (Mbicanbl Fe men Ca ekeyiHeH 0OnaThiH)
MaTpulaiIbK 3Q(EKTiHI a3aiTy YIIIH 3MIUPUKAIBIK KOAPHUIMESHT diCi KOJAAHBUIIBI dKOHE MaTEMaTHKAIBIK
KoJMeH ecentelTiH bericuk (Basic) mporpamma timiaaeri “S3Caolin® mporpamMmMacs xacanabl. Al KaoJluH
XoHe OacKanail MuHepangapaarsl Temip (6.43 k3B) xone tutanasl (4.5 k3B) Si(Li) xapTeinaid eTKIi3rimTik
nerexktopiisl OPTEK aHanm3atopeiMeH aHBIKTaIFaH TOXKIpUOE HOTIDKENEpi «AKTHB» MpPOTrpPaMMAachIHBIH
keMmerimeH «Kaommm», «K-6», «C2A» craHmapTTapbIMeH CalbICTBIPY apKbUIbl ecenrensi. PD3 omiciMeH
aHBIKTaFaH KaOJHMH J>KoHe Oackajmail MHHepanfap KypaMbIHIAFbl TeMip MOJIIEPiH XUMISIIBIK oJIiCIieH
aHBIKTAJIFaH HOTHXKEIEPMEH CaJbICTHIPBIN KopceTkeH kepceTkim Kecte 1-1e xepceTini.

Kecre 1
Mumepas aTbI P®A 123-1 (%) | P®A (OPTEK) (%) X“M“’”‘(ﬁ/‘o’; anaims

Kaomma (XoHTOp 0B0O) 0.37 0.35 0.55
Kaonus (AnyyHuynyyH) 0.36 0.21 0.30
Kaogun (Llort 0B00) 0.39 0.42 -

Kaonun (eHpipicTeH) 1.02 0.64 0.98
Kok 6armak 0.76 0.47 0.68
Kaomun (Xamaan naraan) - 0.35 0.39
[lermatur - 0.29 0.20
Kaonun (Llort oBoo 19) 1.05 - 0.95
Kaonun (TaBan Tomroii) 3.94 - 3.94
Kaonun (Ynaan Hyyp) 1.50 - 1.54
Kaomun (Manmanz 0Boo) 5.97 - 5.42
Kaomuu (bymbar) 1.14 - 1.99
BalipIThIIMaFaH OHAIpIiC KaOJIUHI 0.28 - 0.06
BalipIThUIFaH OHJIIPiC KAOIHHI 0.12 - 0.04
M3BecTh Tacs 0.41 - 0.21
IIUTAKEP 0.34 - 0.26
[Is1HbI Macca 1 0.33 - 0.19
IIs1HEI Macca 2 0.29 - 0.22

Kecre 1-ne kepcerinreninaein P®3 (123-1) xxone PO3 (OPTEK) onicrepimen anbikTanFan Temipais (Fe)
HOTHKETIepl MEH XMMHSUTBIK HOTHKEJIepl apachlHaFbl albIpMAIIbUIBIKTEIH a3 eKeHIriH O0alikayra 00abl.
MBpbicajibl, CaJIBICTBIPMAIIbI TYP/E ayBITKY KO3(HIIeHTI S1-/1iH TeMipre KaThICThl aybITKYIIBUIBIKTAPbI:

S1 =Summa (RFA (123-1) — Chem) / N = 0.102%

S1 =Summa (RFA(ORTEK) — Chem) /N = 0.105%
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KaosnuuHiH xanbikapaislk ctanaapTeinaarsl FeoOs — 0.982%, TiO, — 0.166% ekeHin eckepep 0OoJicak,
MOHFOMUSIBIK KAOJHH KEHIIITEpIHEH ajbIHFaH ChlHamanapaa TteMipain memmepi (0.21-1.84) %, tutan
momiuepi (0.04- 0.69) % apanbirblHAa €KeHI aHBIKTAIAbI.

Kecte 2. Si(Li) gerektopiasr OPTEK amamm3aTopsin Konmanran PD3 omiciMeH KaoJWH KOHE IIBIHBI
OHJIIPICIHEH aJbIHFaH chIHaManapaarel Fe, Ti-miH aHBIKTaIFaH HOTHKENEPI.

Ne | IHukizat aThl Fe (%) | Ti(%)
1. Kek Garnak 0.56 0.71
2. IlermaTur 0.29 0.03
3. BalibITeIMaran Macca 0.45 0.27
4, BaiipITeIIFaH Macca 0.35 0.26
5. BalpITBIIIMAarad MILIHEL 0.28 0.06
6. BalbITEIIFaH IIBIHEBI 0.12 0.04
7. | U3BecTh Tackl (aK Tac) 0.41 0.21
8. | llnukep 0.34 0.26
9. IIeruer Maccacsrl 0.33 0.09
10. | IIerabr Maccacsl 2 0.29 0.22
11. | Kaommsu (XoHTOp 0BOO) 0.35 0.04
12. | Kaonmun (Apyynuynyyn) | 0.21 0.06

Kecre 2 nmeri xaoyiMH XoHE IIBIHBI OHAIPICIHE KaKET KOK OaTak, MErMUTUT CEKUIAI MUHEpaijap MeH
IIBIHBI OHJIPiCiHIH OalBITEUIIMaFaH Maccachl, OaWBITHUIFAH Maccachl, OaWBITEUIMAFaH IIBIHBI, OANBITBIIFAH
IIBIHBI MaccachiHAarsl Fe sxoHe Ti —/bl aHBIKTaFaH HOTHOKENEP/Ii KOPCETTIK.

Cypem 1. XoHeop 0600 KaoIuHiniy penmeen cnekmpi

Conpati-ak cypet 1- ne Xounrop oBoo kaonusin Si(Li) nerexropibl 4096 kananast ORTEK ananuszatopsr
KOHE TUTYyTOHHMK-238 paron30TOIBIH KEPEKTEHIN 3epTTETeH JKaraalaarsl CeKTpai KepceTTik. CreKkTplieH
Tuicti sHeprusuapsl 6oitbiamIa Ti (4.51 K3B), Fe (6.4 k3B), Ni (7.47 k3B), Cu (8.04 x3B), Zn (8.63 x3B), Ga
(9.25x3B) xone As (10.54x3B) cexingi anemeHTTEepiH OapBIH OaiiKayFa Oomabl.

KopbIThIHABI

U3zotonTsl penTrex (GayopecueHIUsIIBIK 3epTTeyY 9iCiMeH WbIHBL, Gapdop OyibIMAapbIH Kacayaa Herisri
IIMKI3aThl CaHANAThIH KAaOJIMH oHe Oackanaii muHepanmap Kypambeianarel Temip (Fe) »xone turtanm (Ti)
MOJIIIIEPiH XKBUIJIAM 9Pi JI9J1 aHBIKTayFa COJI apKBUIBI IIBIHBI, 9ifHEK, papdop eHiMIEpiH oHIipy OapBICHIHAAFbI
OHIM callachblHa OHE TEXHOJIOTHs OapbIChiHA OaKpLIay >Kacayra OONaTBIHIBIFBIH KOPCETTIK. MOHFOIUSHBIH
XO0Hrop 0B0O, AyyHUYJ/UIYH KaOJMHIHJETT TeMip MeH TUTaH Meepi Peceiinin BacunbeBckuit KaoIMHIHEH
a3 eKeHJIIrH MbIcajibl TeMip 2-3 ece, ain Thtal 8-10 ece a3 00JIAThIHABIFBIH TOKIPHOE OapbICHIHIA aHBIKTAIBIK.
¥YnanOaTelpiarbl LIBIHBL OHAIPICIHAE KONJAHBUIATHIH MArHUTTIK CENapaTopblH KeMeriMeH OaibiTy

144



BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

TIpoTIeCCiHeH KeWinri eHmipic eHiMmumepine P®3 omiciMen jkacamraH Oakputay OapbICBIHIA TEMipIiH
MOJIIIIePIHIH a3alifaHbIH aJl TUTAH JKaFIalbIHIa aca Kol ©3repiCTiH OoIMaraHbl OaitKasbl.

Kazakcran >xepiHie Ke3/1eCeTiH KaoJUH KOHE KAOJIHMH CHUSKTHI MUHEPAI-IIHUKI3aTTap KYPaMBIHIIAFbl TEMIp
JKOHE TUTAH CEKUIII 3JIEMEHTTEp KypaMblH P®3 omiciMeH KbUIAaM opi J9J aHBIKTay apKbUIBI KaOJHHHEH
»KacaaThlH IIbIHBI, OIHEK XoHE Gapdop OYHBIMIAPHI MEH BIIBICTAPBIHBIH CANABLUIBIFBIHA OaKpLIAY XKacayFa
OOJATHIHIBIFBIH KOPCETTIK.
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IT'PABUTALUAJIBIK MUKPOJIMH3AJIAY - 3K30IIJ/IAHETA TABYAbIH, HET'I3I'1 9 JICI

Axoamna

Makanana TpaBUTALMSUIBIK MHKPOJIMH3aJIAyAbIH HEri3ri epekmerniri KapacTelpbUiFaH. COHFbI OHXKBUIIBIKTA
9K30IUIAHETAHBIH AlIBLTYbl — aCTPOPHU3UKAIAFbl aKTyaJ(bl TAKBIPHINTAPAIH Oipi. FaigpiMmap sx3oruiaHera Ta0yablH
KONTEreH OICTepPiH OCHI YaKbITKAa ICHiH KOJJAHBIN, COHBIH INIHIC €H THIMJi, KONAHIbl ONiC TPaBUTAIHSIIBIK
MHUKpOJNHH3a1ay eKkeHiH pgomengeni. Ocbhl Makamaga MHUKPOJNWH3ANIAy OMICIHIH OKETICTITT peTiHme KaHa
9K30IUIaHEeTANAP/IbI alllyFa OOJATHIH/BIFBIMEH TaHBICYFa 0o0Jajpl. MakanajgaH rpaBUTALMSUIBIK MUKPOJIMH3AIAYIbIH
THIMJI JKaKTapbl MEH KeMIIUTIK TYCTapblH Ja alThIl oTTiK. OHBIH TEOPUSUIBIK HETi3/IeMeci HaKTHI JKOHE Je TIXKipuoe
Ky3iHzae ne icke ackad. COHbIMEH KaTap, 0i3 OyJ1 MaKayiaja rpaBUTAIMSIIBIK MUKPOJIMH3AIaY d/1iCi apKbUIbl TAOBLIFAH
OipHele 3K30IUIaHETANAPAbIH Ti3iMiH YChIHABIK., O Ti3iMzaeri 3K30IUIaHETamap JKbUI CalblH Kebelie Tycir,
FAJIBIMIAPABIH KbI3BIFYIIBUIBIFBIH OSATHIT OThIP. COHBIH AoJieili OyriHae, TPaBUTAIMSIIBIK MHKPOJIMH3ANAY OiCiMEH
alfHaNBICATBIH OipHEIIe acTpoHOMAAp TOOBI 1a 6ap.

Tyiiin ce3mep: 5K30IUIaHETa, TPABUTAIMSIIBIK JIMH3A, MHKPOJIMH3A/Iay, TalaKTHKa, TPaBUTANUA, acTpodu3mka,
KYJIIBI3AAP HIOFBIPBI, KYJIIBI3IBIK (HOH.

Annomayus
A.A. Fasuzoea®, M.F. 860izanu?

Y mazucmpanm xagpeopur pusuxu Kasaxckozo Hayuonanonzo IledazozuueckozoYnueepcumema
umenu Abasa Kazaxcmamn, 2. Animamot

macucmpanum kageoput gusuxu Kazaxckoeo Hayuonanvreo IledacozuueckozoYnugeepcumema
umenu Abasa Kazaxcmamn, 2. Animamot

T'PABUTAIIMOHHOE MUKPOJIMH3UPOBAHUE — OCHOBHOM METO/|
OBHAPYXEHUS SK30IIJIAHET

2

B cratee paccMaTpuBaeTcs OCHOBHAS OCOOCHHOCTh T'PABHTAIIMOHHOTO MHKPOJIMH3UPOBaHUSA. OTKpbITHE
9K30IUIAaHEeTHl 3a IIOCNIEIHEE IECATWICTHE SBIISETCS OJHUM H3 aKTyaJbHBIX BOMPOCOB acTpO(H3WKH. YUEHBIE
HCTIONB30BaTM MHOTHE METOZBI IOMCKAa SK30IUIaHeT, BKI04as HawmOoisee 3((eKTUBHBIN, ONaronpHATHBIA METO.
IPaBUTAIIMOHHOTO MUKPOJIUH3UPOBAaHNUS. B 3T0if cTaThe BBI y3HAETE O MOSIBICHUH HOBBIX SKOCHCTEM B Ka4eCTBE ycIiexa
METOJ]a MUKPOJIMH3UPOBaHUsA. B cTaThe, MBI Takke YIOMUHAIU O MPEUMYIIECTBAX U HEJOCTATKaX IPABUTALIMIOHHOIO
MUKpOJHMH3UpoBaHus. Ero Tteopernieckoe o00cHOBaHME SIBISETCS peajbHBIM M IPaKTHYHBIM. Kpome Toro, B 3Toi
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CTaTbe MBI TEPEUNCIMIA CHHCOK HECKONBKHX DJK30IUIAaHET, OOHApY)KCHHBIX METOJOM T'paBUTALMOHHOTO
MHUKPOJIMH3APOBAHH. DK30IIIAHETHI B CIIMCKE PACTYT €KET0IHO, U B 3TOM YUEHBIE 3aHHTepECOBaHbI. J[0Ka3aTeTbCTBOM
9TOTO SBISETCA TO, YTO CETONHS CYIIECTBYET psAI AaCTPOHOMOB, KOTOPBIE YYacCTBYIOT B TPaBHTAIIIOHHOM
MHUKPOJIMH3UPOBAHHH.

KnroueBble cioBa: D5K30IUIaHETa, TPaBUTALMOHHAs JIMH3a, MUKDPOJIMH3MPOBAaHHME, TaJaKTHKA, paBUTALNS,
acTpodu3nKa, 3BE3THBII KIIacTep, 3BE3AHBIA (OH.

Abstract
GRAVITATIONAL MICROLENSING - THE BASIC METHOD OF DETECTING THE EXOPLANET
A.A. Gazizoval, M.G. Abdigali?
12 Student of Master’s Programme in Physics, Abai Kazakh National Pedagogical University, Almaty, Kazakhstan

In the article considered the main feature of gravitational microlensing the discovery of the exoplanet over the past
decade is one of the topical issues of astrophysics. Scientists used many methods of searching for exoplanets, including
the most effective, favorable method of gravitational microlensing. In this article, you will learn about the emergence
of new ecosystems as a success of the microlensing method. In the article, we also mentioned the advantages and
disadvantages of gravitational microlensing. It is theoretical justification is real and practical. In addition, in this article
we listed a list of several exoplanets discovered by the method of gravitational microlensing. Exoplanets in the list grow
every year, and scientists are interested in this. The proof of this is that today there are a number of astronomers who
participate in gravitational microlensing.

Key words: exoplanet, gravitational lens, microlensing, galaxy, gravitation, astrophysics, star background, star
cluster

['paBuTamusIIBIK JWH3a — MAcCHUBTI JieHe (IUTaHeTa, XYJIABI3...) HEMece aclaH JeHenepi Kyheci
(ramakTiKa, TrajaKTHKalap MIOFBIPHI), IIANIBIPAHKBI COYJENeHYIIH OaFbITBIH ©3iHIH TPaBUTAIMSIIBIK
epiCIMEH JKaphIK COYJICCIH KapanaibIM JIMH3aHbIH CHKEIO1 CUSKTHI o3repTemi. [1,3]

Byn 6i3nig [anaktukagarel OapibIK SKYJIIBI3NAPIBIH KO3FATybIMEH OailflaHBICTBI: | amakTHKaHBIH
HEHTPIHIH alHaTaChIHAAFbl KYJIBI3IApAbIH PETTENTeH KO3FaNbIChIHAH (Ta3AblH OYJITIIACHIHAH KypasFaH
KYJIIBI3/ABIH  alFAIlBIHAA SHEPTUSHBIH JKOHE WMMITYJIBCTBIH CaKTaly 3aHbsl OOWBIHINA KaHmal ma Oip
KBUIJAMJIBIFB OOJIaZbl, OFaH Tarbl OHBIH TPACKTOPHUSCHIH ©3repTe allaThlH KOPIILIeC XYJIAbI3IapMEH
TPaBHTALMSUIBIK ©3apa dcepi KOCBUIAIbI) ONAPIBIH SKbUIIAMIBIKTAPhl KOCBUIAIBI KOHE ©31HIIK XaOCThI
KO3FaJIbICBIHA, SIFHU TEJECKOI, >KYIIBI3 JKOHE JIMH3AIaHAThIH OOBEKT Oip ONTHKAIBIK OChTE OOINIYBIH
OapbIHIIIA T3 TOKTATA bl )KOHE OCBIMEH JTMH3AIAHABIPY asKTanazbl [5].

Ok3o1utaHeTa (TpeK TiMiHEH ayJapFaHaa 3K30 - CHIPTTa, CHIPTHIHIA) HeMece KYH )KYHeCiHeH ThIC TUIaHeTa.
En 6ipinmi sx3oruranetans! 1988 xbinsl Ledes moxokynasi3piHad Tankad. Anram KyHHEH ThIC TUTaHETaHBIH
alIbUTYbl — OTKCH KY3KbULIABIKTBIH €H YJIKSH FBUIBIMM KETICTIriHIH Oipi Oojbin caHaiabl. JKelimgap ete
FaJIBIMIapJIbl OENTici3 €M KBI3BIKThIpa TYCTi. byriHIe on 3amaHayd acTpOHOMUSIHBIH Heri3ri Oip Oeuiri
0oy Ta0BLTAE! [1].
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Cypem 1. Dx3onianemanapoviy auibly mapuxvi
Ok3omiaHeTagapapl Ta0y IUIaHeTajap KYHECIHIH «IEPUOATHIK KECTECIH» KypyFa >OHE OJiap.ibl
opOuTaNapbIHBIH epeKIIeniKTepi OoibiHIIa Kiaccupukanusiayra MyMkiHmik Oepeni. Conpma 6i3 Kyn
JKyiteciHiH KaHIIANBIKTBI Oiperedl €KeHiH XOoHE IUTaHeTaJlaplblH KaJbIITACYblHA KaHIai MPOIECTEePIiH
OKEJITeHIH TYCiHeMi3.
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Enni Mmysaait raneranap kebiHece ojlapablH MYMKIHIIKTEPI MIEKTEYIi FRUIBIMA 9ICTEPAIH apKaChIHIA
TaObuTael. 2018 >kpUImbIH 3 KaHTapblHAa 2792 TIaHeTanmblK KyWeme 3 726 3K30IUTaHET Oap €KEeHIITi
JIOJICTIICH I, OHBIH immiHme 622 - JeH Kem IutaHeTa Oap. DK30IUIaHeTa YIIiH CeHIMII KaHIUAaTTap CaHbl
oIIJieKaiia KOl eKeHiH atan oTkeH xeoH. Ocbuiaiima, 4706 HaKTbUIaHFaH dK30IIaHeTanap 0ap neyre 60aaabl
[1,3].

Ok3omaHeTanbl TaOynblH HETI3rl ofictepi 0Oacka KYJIABI3ABIH MaHBIHIAA AaifHANBIT JKYpPETiH
IJIaHETaIapAbl 137ey YIIiH IPaBUTAIUSUIBIK MUKPOIHH3aIayJaH 0acKa TaFbl 4 9J1iC KOJTaHBUIAIbL:

1. Pamgmanael xeumamasikTap omici [Jomutep addekTiciHe HETi3HenTeH: XYIIBI3 KOHE IUTaHeTajap
©37CPiHIH KAl MacCalbIK IEHTPIICPIHIH alfHAIaChIHAA alHAIBI JKYpedi, AeMeK, KyInb3 Oipae Oi3re
YKaKbIHJIAHIbI, Oip/Ie alTbICTalabl. BYJT )KYIJIIBI3IBIH COYIICTCHYIHIH CIIEKTPAIIBI ChI3BIKTAPHI Y3bIHTOIKBIHIBI
alimMakka (KpI3apy) JKbUDKYBIHA, SIFHU alIbICTAybIHA KOHE KBICKA TOJKBIHIBI aiiMaKKa (KOK), KaKbIH/IaybIHa
okeneni. by e3repicTep eTe KilIKeHTal jKOHE OJIapFa KOIITereH Keaepriiep Tam OoJaasl: KYIIIBI3TapIbIH
©31HJIIK KbUIIaMIbIFEI, Kepain o3 ociHeH aiHanysl, Kepain Kynai afiHany kKosramnbIchl skoHe [ amakTuka
LUeHTpiHiH aliHanaceiHga KyHHIH Ko3Fanbichl ocep eredi. Erep Oy keneprinepai eckepmecek, NEPHOATHI
KBIDKY Kalasl Aa, OYIJT COJ KYJIIBI3/IbIH ailHANAChIH A TUTAHETa aiHAIIBII XKYP JEreH Il Oimipei.

2. Tlepuoatel  corbuly  ofici  (TMynbcamms) MyldbcapiaplblH  MaHbBIHIA  afHAJbII  KYPETiH
9K30IUTaHeTANapAbl Taly YIIIH KOJaiabel. Byia oficTiH MOHI paawanabl KbULIAMIBIK OJICI CHUSKTHI:
MyJbCcapJIbIH MaHBIHJIA TUIAHETAIAP/BIH AHATYBl OHBIH TYPAKTHI JKOHE e3repe OepMEWTiH MMITYIhCHIHBIH
MEPUOATHUIBIFBEIH ©3repTeai. MaHbI3apI mapaMeTpi OONbIT OpOMTaHBIH €HKeiyi OOMNbIT TaObUIapl, SFHU
9K30IUIAHETAHBIH OPOMTACHIHBIH THIFBI3ABIFE OaKbUIAYIIbIFA KATBICTBI OYpbUIFAaH OoJiafpl. OIOETTE,
OpOUTAHBIH THIFBI3IBIFEI KOPIHY COyJIeciHe MEePIEeHANKYISp OOMyFa KaKbIH OOJFaH caiblH, OaKbUIaHATHIH
Homnep sddekrici COHMANBIKTEI a3 Oomansl (BEpTHKAIABI JKBUDKY paguaiiblgan Oipa3 a3 0omansbl).
OcphlLnaifia anFaniKhl eKi 9J1ic OpOUTaHBIH CHKEIO1 HOJIre JKaKbIH 0oJiFaH caiibiH 3 ek TUBTI OoJambl.

3. TpaH3uWTTBI 9mic —€H HOTHXKEIN XOHE KEeH TaparaH ofic Oombim TaObuTanbl. «Keruep» Fapbiir
TEJIECKOITbI TUTAHETaHBIH IUCKICIHEH COJI TUIAHETAHBIH OTYl Ke3iHJe KYJIBI3IBIH KOPIHEeTiH >KapBIFbIHBIH
e3repy eceOiHeH OapiplK Oenrim JK30IUIaHeTaNapAblH JKApTHICHIH aIlKaH. bynm omicTiH e3iHm;iK
BapHanMsyIapbl 0ap: MbICAJIBI, €rep *apblK 06JIiri miaHeTagapJaH IIarbUIca, KAPHIKTHIH KEHUT KYIICIOiH
Kajaranayra 0onaapl (0y1 KOJIIAaMHBIH AFbUIABIPYIIBICH O1p JaMIaHbIH JKapbIFbIH KYIICHTKEHTe YKcac).
Amnaiina Oy omicTiH OpOWTaHBIH MYMKIH OOJNATHIH €HKeWyiHe meKTey KoOipeK, aj IulaHeTaHbl OalkaMai
KaJly —0JlaH KOFapbl €KeHIH ecKepe KETy KepeK.

4. Typa Oakputay. JKyinapl3 Ke3 KeJreH IUTAaHeTaJaH JJJeKaiiia sKaphIFbIpaK, COJI YIIIH Oy oficIeH
9K30TUIAaHETaHbl AHBIKTAY OTE¢ KUBIH (TENEeCKONKA JKYJIbI3IaH KeIreH >KAPBIKThl TOJBIFBIMEH €CKEpMEyTe
Typa kenexi). Erep on Mmymkin 6oiica, OHIa KYIIIBI3IBIH MaHBIHIAFB! KEHOip JKaphIK KO3iH i37eyre 0omamasl
JKOHE erep Keeci enmeynep Ke3ine Oy kapblK Ke3i opouTa O0WbIMEH KO3Falica, IEeMEK OJl JKaHa IUIaHeTa.
Byriuze ocer omicrieH Gapiibirbl 39 sK3011aHeTa TadbuFaH [3].

['paBuTAIUSITBIK, MUKPOTMH3AJIAY 9/IiCIMEH IIJIAHeTa 13/1ey KYJIIBI3IBIH )KapKBUIBIHBIH ©3TrepiciH Oalkay
MaKcaTbIMEH aclaHHbIH Oenrini Oip ayJaHbIH (ayJaH HEFYPIIBIM YIIKEH 00JIca, COFYPIIBbIM KaKChl 00Ia/Ibl)
Oakpiiayra okeinemi. On 2-cyperre kepceruireH. Cyperre Oi3miH ['ajgakTvka LEHTPIHIACTI KbI3bLI
eprexxeininig MaHeiHAa aitHanateiH OGLE — 2005 — BLG — 390 sk3orianeracsiH Ta0y Ke3iHe allbIHFaH
YKAPKBUIIBIH KUCHIFbI KOPCETLITeH [6].

1,5

0,5

8 - winpe 28 - winge 17-tambI3 2005

Cypem 2. Muxpoaunsanay a0icimen OGLE — 2005 — BLG — 390 sx3zonnanemacuinviy maduliybl
30 mjgere CcoWKeC KeNETIH Heri3ri MmbIH — Oy  JKaKbIHBIPAK JKYJIIBI3 (DOHABIK  KYJIJIBI3IbIH

KapBIKTBUIBIFBIH KYIIeHTeni, an 10 Tambl3 Ke3iHzeri KilIKeHTad IUbIH (07 YJIKEUTUIreH XoHe Oelek
KUEKTEMEJIeH IIBIFBI TYp) — O IUIaHeTa KEHICTITiHIH KHCcalobl eceOiHeH (OHIBIK KYJIBI3IbIH

147




Ab6aii amvinoazvl Ka3¥I1V-niy XABAPILBICHI, « Quzuxa-mamemamura vlavimoapuly cepuscol, Nel(61), 2018

JKapKBUTBIHBIH KYIIeoi. byl MaomiMerTep eki alIbIH immiHaeri 6aKpuIayIbIH KOPCeTKINI KOHEe YII dpTYpIi
teneckonreH anbiarad. (I'paduk €so.org calTeIHAH anbiHFaH) [6].

['paBUTALMSITBIK MUKPOJIMH3AIAY apTHIKIIBUIBIKTAPBIH aiiTa KETy KepeK:

- by oanic GackanapaaH eneysti e3reneJIeHeTiH Ke3 KeIreH eHKero OYPHIIBIH/A KYMBIC iCTEH .

- A3 Maccasibl IUTaHEeTaFa «ce3iMTam OOJIBIN KeNei.

- O3 XYJIABI3bIHAH CANBICTBIPMANbl TYPAE KaTThl albICTa TYpaThiH MJIaHeTajapra cail kemexai. byn amic
opOHTacHl Kap IIBIHBIHAH (TUIAHETaIaFbl TEMIepaTypa CyIbIH KaTy HYKTECIHEeH TOMEH OOJIFaHIarbl aHAJIbIK
KYIIBI3IAH KAIBIKTHIFRl OChUIAl aTanajbl) aca OpHaJlacKaH IUlaHetanapra ThiMzai. Ockl ayaaHaa maiaa
OoJFaH MIaHeTanap YJIKEeH THIFBI3IBIKKA M€ )KOHE OJIapAblH Ta0bUTYHI IJIaHEeTaHbIH Makiaa O0ybIHBIH HeTi3r1
MOJIET - «IAPOJaFsl aKKPEIHIHbBD) TeKCepy YIIiH Te MaHbI3Abl. OChl MOJENTe COUKEC, alFallbIHIa KaTThl
HeMece CYHBIK MMPOTOIUIAHETTHIK SO OOJIBIN KYpataibl.

- bi3gin kepyiMi3liH TNEPHEHIUKYJSAP OCBhiHIC, *A3bIKTHIKTA alHAIATHIH IUTAHETA YIIIH KOJAHIIBI
(MyHIal IaHeTagap TPAaH3UTTIK 9MICTICH HEMece paanaiabl JKbIIAAMIBIK OIICiIMEH oI TaOBIIMAIBT).

- Bip «etyzne» GipHere miaHeTaHbl Kopyre 6omnasr [2].

OHicTiH KeMIITr peTiHAe KOPCETIreH OKUFaHbIH KalTalaHOANTHIHIBIFEI (erep KYOBUTBICTBI JKi0epimn
ajJica”pI3, O CKIHII peT KalTaraHOaimwl) >kKoHE OHBIH KbICKa Mep3iMmairiri (0i3miH I 'amakThkamarsl
KYIABI3IAp YIIIH MHUKPOJIHMH3aNAy KYOBUIBICBIHBIH OpTamia yakeIThl 1 amraman 1 aiira geitin). KeOipex
aJIpICTaFraH XYJIAbI3Iapad 0acKachkl TPaBUTALMSIIBIK KayCTHKAHBIH )KaHbIHAH Ty Kepek. | paBUTalHsIIbIK
KayCTHKa —KYJIIBI3IbIH KOHE OHBIH IUIAHETACHIHBIH TPAaBUTAIMSIIBIK ITOTEHIMAIAAPEI, oTiN Oapa >KaTKaH
JKAPBIKTBl KYIIEWTE OTBIPBIN KOCBHUIANbl. SIFHM MUKpONWH3anay MIHACTTI TypAe OonMaumsl, TimTi
OakpUIAYIIbI, TUIAHETAMEH Oipre >KYJIABI3 koHe (OHIBIK KYIABI3 Oip ockTe Ooica Ja: KayCTHKa ayMarbl
JKETKUTIKTI JCHIeiIe a3 ®oHe erep A¢ (OHIBIK KYJIbI3[aH IIBIFATHIH KaPBIK O )Kepre Tycrece, oHza 0i3
HET13ri MBIHAB 0aKpIIAMMBI3, T 3K30TUIAHETaHBIH 0ap €KeHi Typajibl CHTHAJ OOIBIN CaHAJaThIH EKiHIIi
PETTIK IIbIH OakpuIaHOAK B! [3].

Byrinri TaHma MUKpOJIMH3AJIAY 9/1ICIMEH ITUTaHETaJIap Il 13ICUTIH aCTPOHOMIAP/IBIH YII TOOBI Oap:

- MOA (Microlensing Observation in Astrophysics - « AcTpodu3nKagarkl MUKPOIHH3AJIAY KYOBLIBICED).
Omnap XXana 3enanausia opHaIackaH HETi3r allHaChIHBIH AuaMeTpi 1,8 M 00JIaThIH ONTHKAIIBIK TEISCKOITHIH
KeMeTiMeH OakbuIayKypriseai. by teneckomn op carar caiibid 50 kBaapar rpaayc 0ojaThiH OaKbLIay KYprise
amanel. On OaDKABIH JKalmbl KepiHeTiH aymarbliHBIH 20 % -H Kypaigel. bammk nereHiMiz 0i3mig
lamakTkaHBIH KYIIBI3IAP KO OpHAJIACKaH, OpTaibIK Oemiri. 50 KBaapar rpamyc —OyJ eTe Kem eJIeM
(canpICTBIpY YIIiH, aclaHHBIH OCBIHIAM aitmarbiHa 250 Afinbl Tocerenaeit OonartbiH eai) [4].

- OGLE (Optical Gravitational Lensing Experiment - «OnTuKajbIK IpaBUTAIMSIIBIK JTHH3aIay OOWbIHIIA
SKCIEPUMEHT») - OChl MakcaTKa apHaibin jkacairaH Jlac-Kammanactarsl (Umim) oGcepBatopusiiarbl
TEJICCKOIIThI KOJIJITaHATHIH MOJIbIIIa-aMePHUKAIIBIK Oarnapiama. Herisri aliHachbIHBIH THaMETpi aca YJIKEeH eMec
— Oap Oonransl 1,3 Mmetp. Anaiina, apHaiibl KypbutraH 8 skeke yunteH TypathiH [13C —MaTpuachbIHbIH KaKCh
OpHaJIacybl — TINTI OCBIHIAM eIIIeM KO0aHBIH HETi3ri OeJiri yIiH, Kapa MaTepUsHBI TOJIBIFBIMEH Ta0yFa
MYMKIHJIK Oepejli, COHBIMEH KaTap aHa JK30IJIaHEeTa CUSKThI «YKCAc» alllbUTyJjiap YIIiH JIe TOJbFbIMEH
xeTkuikTi. OGLE >xo00ackiHaa )xyMbIC icTeiTiH FambsiMaap Oip skpuina maMamer 2000 KyObIUIBICTBI TIpKEH .

- KMTNet (Korea Microlensing Telescope Network — «MuKposuH3adayasl AHBIKTAHTHIH
Teneckonrap s Kopeii skyiieci») — e xaHa Kopeit npoekri. 1,6 MeTpiiik KeHOYPBIITHI Tejieckon BAO,
Ynnnze xoHe ABcTpanusiia opHanackaH. onap JKep maccacsiniail sk3o1uianera Tady MakcaThIHIa, 013/1iH
lNamakTukaHBIH OPTANBIK ayMarbiH (4X 4 rpafycTa) ToyIik 00ibI OaKkbUIalab! [6].

CoHFbI JKaHaJIBIKTapFa KeJleTiH Ooicak, Mcnan ranbimaapsl Kyc *oJibl rajlakTHKaChbIHAH [IaMaMEH MbIH
ece KapblK KOHE OFIaH OH MHJUIMAP] YKApBIK KbUIbl KAIIBIKTHIFBIHA OpHATACKaH TaJIAKTUKAHBI TaIThI.
3eprrey HoTmxeci Astrophysical Journal Letters xypHasibiHAa sKapUsIaHabL.

WISE J132934 + 224327.3 artamrad TajakTHKa TPaBUTAIMSIBIK JIMH3A OMICIMEH amibUIIbl. SIFHH,
KYIIBI3IAp HeMece TajaKTHKajdap/AblH MacCHBTI LIOFBIPHI  ©3IHIH TapTBUIBIC KYIIi  apKbLIBI
3JIEKTPOMArHUTTIK CAyJeHiH OarbIThIH e3repTeai. «Teraeckon poNiH aTKapaThlH TPaBUTALMSIIBIK JIMH3A
apKbUIBI rasiakTuka 6i3re 11 ece >kapbIK opi ipi OoJibIn KepiHeni», — AeHai 3epTTey aBTOPJApbIHBIH Oipi
Amnacracuo Jlnac-Canuec.

Fansimpapieiy aliTybIHIIA, TATaKTUKAHBIH aca )KapbIKTHIFBI OHJIA XKXYJIIBI3 TIai 18 00Ty JKbIIIaMIBIFbIHBIH
aca xorapbl ekeHiH (kpuibiHa 500-men 2000 xyH MaccacklHa JIeHiH) kepcereni. MamaHaap eHIl >kaHa
raJlaKTHKaHbIH MOJIEKYJIABIK KYPaMbIH 3epTTEYMeH aiiHajbIcTakK [7].
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Kecte 1. I'paBUTaIiusIBIK MEKPOJIWH3AJIAY 9JIICIMEH alTbUIFaH SK30IUTAHETAIap Ti3iMi

KOmmrepre OpOuranasr Enkeityi AmrsuTrad
DK30IIaHeTa

KATBICTBI MaCCaChl| TMEPHOOJIbI (KYHMEH) ) KBLTBI
MOA-2009-BLG-387L b 2,6 1970 — 2011
MOA-2009-BLG-266L b 0,0327 2780 — 2010
MOA-2009-BLG-319 b 0,157 — — 2010
MOA-2008-BLG-310-L b 0,23 — — 2009
MOA-2007-BLG-400-L b 0,9 — — 2008
MOA-2007-BLG-192-L b 0,01 — — 2008
OGLE-2007-BLG-368L b 0,0694 — — 2008
OGLE-06-109L b 0,727 1790 64 2008
OGLE-06-109L c 0,271 4931 64 2008
OGLE-05-169L b 0,04 3300 — 2005
OGLE-05-390L b 0,017 3500 — 2005
OGLE-05-071L b 3,5 ~ 3600 — 2005
OGLE235-MOA53 b 2,6 — — 2004

KopBITBIHABIIANTEIH 00JICaK, IPaBUTALMSIIBIK JIMH3A JIiCi KEHIHT1 Ke3/1e KON KOJIaHbUIAThIH 9/1iCTEP IiH
Oipi OoJBIT TaOBIAABI. OHBIH TEOPHUSIIBIK HETi3ZeMeci HaKThI KOHE KOJJIAHy asChl KeH. OHBIH KOJIaHy
OO0BEKTICIHIH KETICTIT1 peTiHAe SK30IUIaHeTATapAbIH aHBIKTATYbl. DK30TUIaHETAIAP IbIH AlllbLTy TAPUXBI KOTI
YKBITThI KAMTBIJIBI KOHE XKETICTIKTePIHIH JUHAMUKACHI aHBIKTAJIFaH. MaKajlaja Heri3ri 4 ofiCcTi KepCeTTIK.
COJI 9/IiCTEp/IiH KOJNIaHyhl HETi3iHIe TPaBUTALMSIBIK MAKPOJIWH3AIAYABIH 631HIH apTHIKIIBUIBIKTaPhl MEH
KEeMIIUTIKTepIH capanam KepceTTik. Makana OapbhIChIHIa MUKPOJIMH3ANAY SJICIHIH TEOPHUSCHIHBIH JKEeMICi
peTiHe 3K30IUIaHeTaIap IbIH Ti3iMiH Oepaik (1 kecte).
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YJIKEH KAPBLIBICTBIH IAMJIA BOJYbI

Anoamna

Makasaja FhUIBIMHBIH ©3€KTI Macelneci - OJIeMHIH HeJeH, Kajal maiia OOJIFaH/IbIFbl KoHE YJIKEH JKapbUIbICTaH
KeHiHri OJIeMHIH JaMy Ke3CHIepi Typasbl )Ka3blIFaH. YJIKCH JKapbUIbIC TCOPHSCHIHA Ka3ipri 3aMaHFbl Ke3KapacTap
TaJIIaHFaH. OJEMHIH KYPbUIBIMBI MEH JaMYbIHBIH JKaJIIbl 3aHIUIBIKTAPBIH 3€PTTEHTIH aCTPOHOMHUSIHBIH CaJlachl pETiH/Ie
KOCMOJIOTHS TEOPHUSICHI KapacTHIPbUIIBL. KOCMOJIOTHSHBIH TEOPHSCHIHA CYHEHIN OJIeM BOIOLMICHIH HEeTi3T1 TOpPT dpara:
AHJIPOHIBI 3pa, JENTOHIBI 3Pa, CAyJEJCHY 3Pachl, KYIIBI3ABIK dpajlapra Oeuin TajnfaiMbl3. OJEMHIH KaJbIITacy
GapbIChIIaFbl HETI3T1 YPAICTEp YaKbIT OOMBIHINA TYPFBI3bUIFAH. YJIKEH JKapbUIbIC TEOPHSCHIH ally OapbIchiHAa ANbOepT
DOHHINTEHHHIH CaJBICTBIPMAJIBIK TEOPHUSICHI MEH OHBIH I'PaBUTALIMSUIBIK TEHJEYiHE XKYpri3iireH xxymbictapsl [le Currepre
OJIEeMHIH FapBIITHIK MOJENIH jkacayra KeMekTecTi. KeHiHri i37eHicTep OChl MOJeNre KapacThIPBUIBII JKYprisiie
Oacrazpl.  OJieMHIH OapbIHINA JKalllbl KAaCHETTepi, KYPbUIBIMBI MEH OBOJIOUMSCHIH CHNATTayAaH TYpaibl.
KocMonoTusaHBIH TYKBIPBIMIAPHI YJIKEH TYHHETaHYJIbIK MOHTE He eKeHIT TYCIHIKTI.

Tyitinai ce3nep: Onem, YIIKeH KapbUIbIC, KOCMOJIOTHS, Y JIKSH JKapbUIBIC TEOPHACHI, aCTPOHOMHUS, KOCMOJIOTHSJIBIK
CUHTYJISIPIIBIK, PETUKTUBTI COYJIEIeHY.
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MHNOSBJIEHHUE BOJIBIIIOT'O B3PBIBA

B nanHOI cTaThe paccka3bIBaeTCs O TOM, Kak MosBUIAach BeeneHHast 1 3Tamsl ee pa3BUTUA nocie bosnbiioro B3peiBa.
B cratbe pedb uzieT 0 CCOBpEMEHHOM IPEACTaBICHUH O TeopHH boibioro B3peiBa. PaccMaTpuBaeTcs KocMosIorudeckas
Teopusl Kak pas3jied acTpOHOMMH, M3Yy4Yaloluii cBONCTBA M 3BoMoLMI0 Bcenennoit B nenom. B Teopun xocmonoruu
IIPUHSATO 3BOJIIOLUIO BeeneHHON pa3fernsaTh Ha YeThIpe pbl: aHJIPOHHAS 3pa, JENTOHHAS 3pa, Ipa U3IYUEHUs, 3Be3JHas
9pa. BBIOENSAIOTCS W OMUCHIBAIOTCS OTIPaBHBIE Mepuonbl B (¢opmupoBannu Bceenmennoit. I[lpm oTkpeITHH Teopuu
Bonpmioro B3peiBa B paboTe AnpOepTa DHHINTEHA Ha/l TEOPUECH OTHOCHTEIEHOCTH U €0 TPaBUTAIIOHHBIC YPaBHEHUS
no3onuiy ie CHTTEpy CO3[aTh KOCMOJIOTHIECKYI0 Mozenb Beenennoil. JlanpHeinne n3bIcKaHus OBbIIM MPHUBA3aHBI K
sToit Mozmenn. Bes «bomnpmas BceeneHHas», ee 3aada COCTOWT B OIMCAHWW HaWOollee OOLIMX CBOICTB, CTPOCHHS U
sBomonun BeenenHoH. SICHO, YTO BBIBOABI KOCMOJIOTUH UMEFOT OOJBIIIOE MUPOBO33PEHUIECKOE 3HAUCHHUE.

KiaioueBble cioBa: Bcenennas, bBompmoil B3pbIB, KOCMOJOTHS, TEOpWs OOJBIIOTO B3pHIBA, ACTPOHOMUS,
KOCMOJIOTHYECKas CHHTYJISIPHOCTb, PEIUKTUBOE U3ITy4YEHUE.

Abstract
Damen U.S.!
THE EMERGENCE OF BIG BANG
1Student of Master’s Programme in Physics, Abai University, Almaty, Kazakhstan

This article touches on how the universe appeared and the stages of the development of the universe after the Big
Bang. The article deals with modern representations of the theory of the Big Bang. The cosmological theory is considered
as a division of astronomy, which studies the properties and evolution of the universe as a whole. In the theory of
cosmology, the evolution of the Universe is divided into four eras: the andron era, the lepton era, the era of radiation, the
stellar era. The starting periods in the formation of the universe are singled out and described. When the Big Bang theory
was discovered, Albert Einstein's work on the theory of relativity and his gravitational equations enabled De Sitter to
create a cosmological model of the universe. Further research was tied to this model. The whole "big Universe", its task
is to describe the most common properties, structure and evolution of the universe. It is clear that the conclusions of
cosmology are of great worldview significance.

Key words: Universe, Big Bang, cosmology, the theory of Big Bang, astronomy, cosmological singularity, relict
radiation.

Yaxen orcapuiivic— OnemMHiH maiiga O0TybIHBIH 0aCTalKbl, aFBIMIAFbl dKOHE COHFBI YIEPICIHIETI TapuXbIH
YJIKEH KeJIeMJIC aHbIKTayFa OarbITTalIFaH TEOpHsIIap KaTapblHa yKaTalbl.

Onem (Yuusepcym) — OYI1 631HIH JaMy TPOLIECIH/IETI MATEPHUSHBI KAOBUTIAWTHIH, MIlTiHi OONBIHINA IIIEKCi3
alyaH TYpJIi JKOHE KEHICTIri MeH YyakbIT OOMBIHINA IIEKCi3, KOJIAHBICTAFbl MATEPUAIJIBIK OJIEM.
AcTpoHOMHSITBIK OaKpuIaynap/ia KaMThUIFaH OJIeMHIH Oip Oeiri Meraranaktuka Hemece O0i3/1iH OneMimi3
Jen aTayiajpl. MeTarajiakTHKaHbIH KOeJIeMi ©Te YJIKEH: KOCMOJIOTHSUIBIK KOKXKUEKTIH paauychl ~ 20 MIIp/I.
YKapbIK KbUIBI Kypai bl XKapsik xxbut ger 300000 km/c )KpUTIaMABIKIIEH KO3FAIAThIH, Oip *KbUIIA KAMTHTHIH,
siFHU, 10 TPUIUTHOH KM KYPaWTHIH XKapbIK COYJIECIHIH apaKallbIKTHIFbIH aTai bl

Bykin aneMHIH KYpbUIBIMBI MEH 3BOJIOIUSCHIH «KOCMOJIOTHS» 3epTTeiiai. Kocmonocus — €3 MaHBI3BI
OOMBIHINIA 9P yaKBITTa FHIIBIMHBIH KalcapblHa OpHAJIacaThlH KapaThUILICTAaHy FHUIBIMBIHBIH OeMiMIepiHiH
Oipi. KocMmonoruss — Oys1 moHapaiblK FBUIBIM, ON (U3MKa, MaTeMaThka, (QriIocodUsSHBIH oIicTepi MeH
XKeTicTikTepiH Konmanaabl. Kocmonorus moHi — 613711 KopmaraH OyKin MerasieM, OYKLT «yJIKeH OlleM», OHbIH
MiH/IeTI OJIEeMHIH OapblHINIA JKallbl KacHETTEpi, KYpPhUIbIMBI MEH OBOJIONMACHIH CUIATTAyAaH TYpPajbl.
KocMonmorusHeIH TYKBIPBIMAAPHI YIIKEH JYHUETAHYIIBIK MOHTE He €KeHJIIT TYCIHIKTI.

3amMaHayHu aCTPOHOMUSI TATAKTHKAHBIH ayKBIMJIBI SJIEMIH aIlbill KaHa KoiMail, Oipereil KyObUTBICTAP I 18
AHBIKTAJIbI, OJ1: MeTarajakTHKaHbIH KEHEH01, XUMHSUIBIK JIEMEHTTEPIH FapbIIITHIK Tapailybl, Bykin amem
Y3IIKCI3 IaMbIIT )KaTKAH/IbIFbIHA KYd 0OJIaThIH PEIMKTUIIK COYJICIICHY.

OnemHiy Heeizei cypasvl: «Fanamuviy natioa 601yvLy
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KOCMUYECKAS LWKAJNA BPEMEHU N 9BONIOLNM BCEJNIEHHOWM

13,7 mnpa. nev
3 mnpa. ner
1 mnpa. ner

300,000 ner

Nepawie aneanw

NEPEBEAEHO N1 CAUTA SPACEGID.COM

Cypem 1

Fanamubig naiina OonysiHa jaeiiin He Oonapl? Hemece kanmaii kyObuibicTap Ooniwl? byn - eH Herisri
Mocelie, MeTapu3UKaIBIK CYpaK FajasIMIapapl OYTiHTI KYHTe ACHIH TOJNFaHABIPHIT KeJlemi. ONeMHIH Iaiaa
0O0JTyBI MEH DBOIIOLUSCH dpKAIlaH MYMKIH €MeC THIIOTEe3aJlapMEH JkoHe OipiH - Oipi )KOKKa IIBIFapaThiH
TeopusIap apachIHIAFbl IICHIiMI JKOK MiKipTanac 0oiyaa. bi3ai kopinaraH QyHHEHIH TYI — TETiHIH HETi3ri
HYCKACBIHBIH Oipi HIipKeymiK TyciHmipMe OOWBIHIIA KapacTHIPbUICA, Al FBUIBIMH oleM ApPHCTOTENbIIH
«QJIEMHIH TYPaKTBUIBIFbD» TYPajbl TUIIOTE3AChIH KOJAANABI. ONEMHIH IIEKi3Airt MeH TYPaKThUIbIFbIH HpI0TOH
KapacTbipca, KanT OyJ1 TeOpHsIHBI 63 eHOCKTEpiHAC JaMbITa TYCTI.

1929 xbUTbI aMEpPUKaHIBIK aCTPOHOM >KOHE KOCMOJIOT OJBMH XaOOJl FalbIMAAPAbIH oJIeMre JereH
Ke3KapacTapblH 03repTTi. O caHCHI3 TaJaKTHUKAHBIH Oap €KeH[ITiH FaHa eMec, COHBIMEH Karap OJIeMHiH
WIFAIObIH — YJIKEH KapbUIbICTaH KeWiHT1  Y3[IKCi3 FAPBIMTHIK KEHICTIK KOJEMiHiH HW30TPONTHI YIIFArObIH
AHBIKTA/IBI.

Yaxen orcapwinvicmur awty srcondapol

AnpbepT DWHINTEHHHIH CalBICTRIPMAIIBIK TEOPHSICHI MEH OHBIH TPAaBUTAIMSIIBIK TCHIIEYiIHE KYPri3iiareH
xympicTapsl  Jle CurTepre OneMHIH FapbIITHIK MOJENIH *KacayFa KeMekTecTi. KeHiHri i37eHicTep OcChI
MOJIeNITe KapacThIPBUTBIIN XKypriziie O6actanbl. 1923 xputel Belnp FapbIITHIK KEHICTIKTE OpHAIACKAH 3aT
(mene) keHeri Twic mereH Ooimkam kacalsl. by TeopusHbl eHuey OapwichiHma A.A. OpuaMaHHBIH
MaTeMaTHKa koHe (pr3rKa cajmacklHa )KacaraH Y34iK dKYMBICTaphl KaThIp. 1922 KbuTbl 071 OJEMHIH KeHEIOiH
JKacar JKOHEe OFaH MBIHAJal TY)KBIPBIM JKacaJlbl: «O0apibIK MaTepUsHBbIH 0acTaMachl IMIEKCi3 THIFbI3 HYKTE/E
OpHaJacKaH», ai OapIiIbIFBIHBIH JaMybl oFaH YJkeH JKapbuieic neren at Oepai. 1929 xbuter Xa0b0i sxapbik
KBUITAM/IBIFBIHBIH KAIIBIKTHIKKA OaiiIaHBICHIH TYCIHIPTeH alFallKbl MaKaIachlH JKapHsiiaabl. AKBIPBIHIA
OYJ1 )KYMBICTBI «Xa00J1 3aHbI» JCI aTabl.

= =%

Cypem 2. Penuxmuemi cayneneny Kapmacuol

I'.A. TamoB @puamanHbiH YJkeH JKapbuibic Typasibl TEOPHUACHIHA CYHEHE OTBIPBIN, OacTamKbl 3aTThIH
(meHeHiH) )KOFapFbl TEMIIepaTypaaarbl uaesachid oHzeai. COHbIMEH KaTap 0J1 OJIeMHIH KEHEI01 MEH CaJIKbIHAaY
0aphICHIH/IA J1a FAPBIIITHIK COYJIETIeHY [1H OONFaHAbIFbIH O0JKalbl. FanbiM KanabIK coylieneny i MYMKiH
OoJaThIH TeMIepaTypachid ecenTen mweirapapl. O Oactankeiga 1-10 K apaisirbia kamTthica, keiinipek 1950
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KBUTBI ['aMOB HAKTBI MOHI KOPCETIll Oepli, SFHUKANIBIK CoyJelIeHyiH Temmeparypacel 3 K — ra Teq
CKEH/IITIH aHbIKTaAbl. 1964 KblIbl aMEPUKAHIBIK PAIHOACTPOHOMIAP MYMKIH 00JIaThIH OapJIbIK ABIOBICTAPIbI
KOCBIT, aHTEHHAJapAbl KETUINIpy OapbIChIHAA FapBILTHIK COYJIENCHYIIH MapaMeTpiepiH aHbBIKTaIbl.
Omnapasin, Temneparypackl 3 K — ra teq Oonmel. byn momimzaeynep ['amMoB  koHE OHBIH PEIUKTHUBTI
coyJleNepiHe KYPri3reH KYMBICTaphl YIIiH ©Te MaHbI3AbI Oonael. KeiiHHeH amibIK FaphImITa XYpri3iiareH
eJIIeMICD HOTHKEC] FabIMIapABIH CEHIMIH apTThIpa TYCTI.

Yaken orcapwinvic meopuscvina Kaszipei 3amaneel Ke3Kapac: o1 Kaiau namoa 6010u?

Ynken JKapbIIbICTBIH CTAaHIAPTTH KOMBIIBIMBL. backiH OacTamac OypbIH OJIEMHIH *KACBIH OLTIN ajJaibIK.
OkiHimKe opait o3ipre HaKTHI 0€Nrici3, COHABIKTAH KOIMIIIIKKE MM 5 MHJUTHAPA KBIT JICT alaibIK. by
JeTeHIMi3 5 MIIITHapa >KbU1 OYphIH OJeMHIH JamyblHa ceber OosFaH aca ipi kapbuibic O0JFaH.

Kocmonoeusnviy meopuscvina cytiencek Onem 360M0YUACHIH 4 9paga 6enzen:

—  AHApPOHIBI 3pa

— JlentoHae! 3pa

—  Coyneneny 3pacsl

—  Kynaei3neik apa

Bacrankpl Me3eTTe OJIeM THIFBI3IBIFEI MEH TEMIIEPATYpAchl Oap Homik kenemuae 6oiaran. 102 cex keltin
OneM anopoHObl HeMece aybip Oeonuiekmep dNO0XachlHa aybicanpl. O Ke3ge TeMiepaTrypa eTe KOFapbl
OoNFaHIBIKTAaH aHJPOHIAP KYNTapbl: ME3OHAAp, NMPOTOHAAP, HEHTPOHIAp KOHE COJ CHAKTHI OJapIbIH
aHTHOOIIIeKTepl KabINTacKaH. byl Ke3eHIe TeMmepaTypa eTe >KOFaphl OOJFaHIBIKTaH, ayblp OelIeKkTep
KapamnaisIM Typ/e Kaia anmazpsl. Onap e31epiH Kypaylibl KBapKTep TYPiHAe KaIbINTacTHl. OlieM Oy Ke3eH e
KBapKTep MEH aHTUKBapKTepleH Typabl. Kazipri yakeiTTa epkiH kBapkTep OakpiianOaiigsl. Kaszipri
TeopusIapra CYHeHCeK, onap Oip «Kamka» TYCIIll, OJaH IIbIFa ajdMai >KaThIp AENiHTeH. Ajaiia, Keroip
FanmpMzap, 0i3re JeWiHTi OCHl Ke3eHHEH KalFaH KBapKTep Oip skepiepne OONMybl KepEeK NEreH TY)KBIPBIM
*acayna. MYMKiH oJlap alThIHHBIH aTOMBI CUSIKTBI COHAAMIIBIK €CETICi3 KOl IIBIFap, Oipak onapsl Tady a3ipre
Taby MYMKiH OoJIMai Typ.

By reopusira colikec Temnepatypa (10 ¢ yakpiTTa) TOMEHIETEH 1, KBAPKTED KBULIAM «KAIKa) HKHUHAIFAH.
Byn nporieccti k6apx — andpor aywicywl Aet aTaliMbl3. byt ke3erie OjieM Me30H1ap, HEUTPOH MEH MTPOTOH AP
YKOHE OJIapIIbIH aHTHOeNIeKTepi MeH (GoToHaapAaH TypAbl. COHBIMEH KaTap ayblp OeliekTep MeH Oipiiama
Kapa oWbpIK maiiga OonraH. CoHbIMeH Oipre opOip Oeimnexkke aHTHOOINIIEK KeIlill OTBIPFaH, OJap
AHHUTWISIIHASIIAHBIT, COKTHIFBICY Ke3iHme O0ip Hemece OipHerre (OTOHFa aifHAIIBIN ObBIPFaH.

[IlamameH Ky3/1ereH CeKyH]I yaKbITTaH KeiliH, Temneparypa 100 MUIITHOH Tpaaycka TOMEeHereH e OleM
jgenToHmap Ke3eHiHe eoTemi. OChl Ke3[e JJIEKTPOH — MO3UTPOH JKYNTAPBIHBIH Maiaa OONybl JKoHE
AQHHUTWIIVSINMSICEL Oipael KbUITaMABIKTA KYPreH Ke3/eri JKbUIYJBIK Tene — TeHIIK OakpuiaHa 0acTaipl.
Amnaiina, Onemjie aHApPOH Ke3eHIHEH KallFaH IaMaMeH caHbl | MIIIHapiKa TeH NPOTOHAap MeH HeUTpOHIap
KaJIFaH.

By ke3eHHIH HETi3Ti OKUFachl — HEUTPUHOHBIH 061iHyl MeH 0ocaThiTybl. HelTprHO XoHE aHTHHEHUTPUHO
MPOTOH/IAP MEH HEWTPOHIAPABIH KAaTHICYBIMEH KYPETiH peakius Ke3iHJe KalbllTacaibl. Temrmeparypa
JKOFapbl OoJFaHa Oyl Oeiekrep 0ip — OipiMeH OaiTaHbICTHI OOJIFaH, ajl TEMIIEpaTypa TOMEH/ICTCH YaKbITTa
oJlap/IeIH O6iHyi OacTaibi, OapIibIK OeIIeKTep KEHICTIKTE epKiH KO3FAIIBII )KYPreH.

Ynken XKapputbicTaH KeliH OipHelne cekyHaTapaaH keiin temreparypa 10 Mumuapy rpagycra OonFaH.
Byn xe3eH — cayneneny keszeni. byn ke3enje OiieM ToabiFbiMeH (GoToHAapAaH TypraH. CoyselieHy Ke3eHIHIH
HETI3r1 epeKIIeNirT — CHHTE3/ICIY HOTHXKECIHIC aFallKbhl SIPOHBIH KajablTacybl. SIFHU, Oys1 ['aMOBTBIH
TYCIHAIpTiCI KeNreH OKUFacH efi. Temmeparypa MWIIHAPT TPaxyc MIAMAChIHIIA, YaKbIT CAaHAFbIHAH KeHiH 3
MUHYT YakKbITTaH COH,OJlleM CalKbIHAai Oacraiinpl. Ockl Ke3[e COFbUIFAH MPOTOHAApP MEH HEHTpOoHAap
KOCBUIBIIL, SIIPOHBI (CYTETiHIH TYPIEPiH) KYpaubl.

EXi s ApOHBIH COKTBIFBICYBI 9CEPIHEH TeJIHH SAPOCH KAIBINTacThl. OTe a3 yakpITTa mramMameH 200 re )KybIK
OnemHiH 25% - bl renuuTe aiHANBIN KeTTi. bynan 6acka cyTeriHiH relmure ailHaIybl JKYJIAbI3ap KOWHAYBIH/IA
Oosanel. bipak on skepae renuuiiH Oapiblk MaccachiHbIH 1% - raHa aybicaabl. By keseHzae esre Jie
3JIEMEHTTEP KaJIbIIITacaisl, oyap: Oipiiama TPUTHs MEH JUTHUS, Oipak ayslp sapoJiap Kypblia aMaibl.

BipHemie MbIH KbIIABIKTAap 00bI OJIeM YIIFarObl MEH CalKbIHAAYbIH KaIFacTeIpbl. byl ke3ne o OipHele
OenmiektepiiH, (HEWTPOH, SJEKTPOH, HEHTPHHO »XOHE KapamalblM aTtomJiap SIPOChIHAH) TYpABL. By
*aOBIPKAHKBI, KaJbIH TYMaHHAH TYpFaH olieM OOJJIbl JKOHE ellKaHaal esrepicrep Oonmaznpl. KyHripTTik
(dboToHIAp MEH 3aTTap apachIHAArbl TEHAIKTEH >KapbUIbI, COHBIMEH KaTap (oToHIap 3aTTapra XakKbIHBIPAK
60:11b1. 3000K Temneparypaja Oipiry HOTHIKECIHIE IPOTOHIAP MEH JICKTPOHIAP CYyTerl aTOMbIHA aliHAJIA b
Conppikran GoToHIAp 3aTTapliaH aiibipbluia anMajbl. bypbIHFbIald HEHTPUHO CHSKTHL (hOTOHIApAa OeiHin
JKOHE KEHICTIKKE OTIIl KETTI.

OleMHIK Kanbinmacy 6apulcubloazel Hezizei ypoicmep
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— 10%-107% cex —MHQIAIMOHIBIK YIFAIO

— 107 cex —xBapKTep MeH >IEKTPOHAAPABIH Haiiaa 60Iysl

— 10 cex —poTOHIAp MEH HEUTPOHAAP/IBIH KAIBIITACYHI

— 10" cex - 3 MuUH —1eliTepHiL, TeNHii JKOHE IMTHIA SAPOJIAPBIHBIH Maiiaa GoIybl
— 400 MBIH.KBIT-aTOMIAP IBIH KAIBINTACYBI

— 15 MITH. KBUT- Ta3bIK OYJIT YIIFalOBIHBIH JKaJIFacybl

— 1 MIIpA. XBUT— aNFanIKel KYIABI3IAp MEH ralaKTHKAHbIH MMaiaa 60Tybl

— 10 - 15 MiIpa. )KbUT— TUTAHETA JKOHE KYHeIl eMip/IiH KalbIITacyhl

— 10Y murpa. KbIT —KYWIBI3AD TYBUTY TPOIIECCiHIH TOKTAYBI

— 10% MuIpa. BT —KYJIIBI3AP SHEPTUACHIHBIH TAYChLTYbI

— 10% mupa. *bLT —Kapa KypaAbIMHBIH OyJIaHybl )KOHE KapanaibiM GOIIIEKTepIiH naiiaa 60ys!
— 109 Mapp. BT —OapibIK Kapa KypAbIMHBIH OYJIaHYBIHBIH TOKTaybI

Kocmonocusinwix cuneynspivix

Y JIKeH KapbUIBICTBIH 0acTaIKbl YaKbITBIHAAFbl OJIEMHIH KYHiH CHITATTANTHIH TEOPHSUIBIK KYPBLUIBIMBL Byt
KYHIiH HETi3r1 epeKIIeiri ThIFbI3IBIK KoHE Oip YaKbITTaFbI IIEKCi3 TeMIlepaTypa OOJIbIN CUIIATTaa b,

Kocmonozusinbix cuneynsipivix — rpaBUTALUSIIBIK CHHIYJISIPJIBIKTBIH Japa OKUrachl 00k TabblIaabl. Erep
013 MaTepHsiHBI Oipiiama Teric jKOHE HIeKCI3 KEHICTIK (SpTYpIUIiK) Aen Kapamn YHPEHCEK, TPaBUTAIMSUIBIK
CUHTYJIAPJIBIK ayMarblHAa KEHICTIK — YyakbIT OypMmanaHaapl. 1915 — 1916 >xbuibl bl FaibiM AJbOEpT
OWHINTEHH ©3iHiH TrpaBUTAMUIBIK S(QeKkTimep epicteri eki JeHe apachlHma KaHmadga Oip Kymrep
cajmapelHaH OOJMANTHIHIBIFEIH, OHBIH KEHICTIK — YaKBITTBIH OypMajaHybIHAH OOJIATHIHABIFBIH KOPCETETIH
©31HIH CaJIBICTBIPMAJIBLIBIKTBIH JKaJIITbl TCOPUSICHIH KapHUsIaabl. O3iHIH TeHACYIePiHiH KOMeTiIMEeH DHHINTEHH
KCHICTIKTIK — YaKbIT KOHE MaTEPHSIHBIH KUCHIKTHIK OailIaHBICHIH JKa3bITl Oepe aIbl.

Keitimipex, 1967 >xpmiel CtuBeH XOKHMHT OWHIITCHHHIH OJEMHIH JUHAMHKACHIH CHITATTaHTBIH
CAITBICTBIPMANBIKTBIH JKaJIbl TEOPUSIChIHA apHAJFaH TEHJACYiH OTKEeH YaKbITThIH IIeIIiMiH Taly YIIiH
KoJaHaabl. SIFHHM, o OJIeMHIH OacTamKbl COTTErl KYHiH aHBIKTAll JKOHE OHJAM COTTIH OOJIFaHIIbIFbIH
JIRJIETIAEH O]

Kocmonoeusanvix cuneyniapuvlkmoly Kacuemi, Kapama — KAUUblIbl2bl HCIHE Canoapbl.

CHHTYISIpIBIKTEIH HET13T1 cHMaTTaMachl — 3aTTHIH Oip YaKbITTaFbI IIEKCi3 TeMITepaTypa MEH THIFbI3ABIFHI.
Byt KyObUIBICTBI KHMHAKTAJIFaH LIEKCi3 YJIKEH MAcCaHbIH ©Te a3 KejeMze Nenl ecenteyre Oosanpl. Amnaiina
¢u3MKaNBIK ecenTeyjepre CyHeHCeK, OChl €Ki [IaMaHblH  Oip YakKpITTa MIEKCI3IKKEe YMTBUIMANIbIL.
Binerinimizzeii, TeMrepaTypa — Xaoc eJIIeMi, SSFHU, THIFBI3JIBIK apTKaHIa TOMEHICHTIH SHTPOIUSIMEH THIFbI3
0aifIaHBICTHI.

AHBIK HOpCE, OJ — CHHTYJISIPJIBIKTaH OJIEMHIH Taiia 00iybIHIaFbl Oeiril Oip yaKbITThIH OOJIFaH IbIFBL.
Bipak emkaHai FeUIBIM €cenTeyIepIcH Jie, OaKblIayiap/iaH Ja CHHIYJISPJIbIKKA ACHiH He OOJIFaHbIH aHBIKTaH
anmayza. CoHbIMEH Katap YJIKEH jKapbUlblc O0JIFaH ©3eKIIeHIH OPTaJbIK HYKTECIH ¢ Taba anMay/a.

OkiHilIKe opail, Ka3ipri TaHaa »Xacalbll >KaTKaH (PU3MKaJBIK KOHCTPYKLMSUIAD >KOHE 3aHIBUIBIKTAP
CUHTYJISIPJIBIK, JKOHE OHBIH Maiifa 0oy aschl, COHBIMEH KaTap OChl KYOBUIBICTApABIH Oap OOJYBl CHSAKTHI
KYObUTBICTapAbI 3epTTeil anMayza. 3amanayu ranbiM Mutno Kaky aiiTkanaai «CHHTYIISIPIIBIK et — 013 e31Mi3
TYCiHOGHTIH HOpCEeHI alTaMbI3y.

Onem 38omoyusicul. borauwakma He Kymyoe?

Onem 100'%kp1nnaprankeiiin kanaait 6onaapi? OHBIH IIEKCI3 YIIFAIOBIHAH GAPJIBIK IIPOTOHIAP bIABIPAI,
rajaKkTHKajgap Kapa KypAbIMFa aiiHajaisl, al Kapa KypAasiMaap Oymanein kereai. Erep Onem Oonamakrta
KOJIJIArCKe YIIbIpaca, OHJIa YIFAK0 KOHE CHIFBLTY MpoleccTepi UKL KalTanaHaasl. COHFbI YaKbITTapIaFbl
YKOFapFbI SHEPTHUSIAFbl KaparnalibiM OeJIIeKTepAiH SPEKETTECYiH 3epTTey KOCMOJIOTHS callaChlHA YIIKEH epiey
anpin kenpi. Taburatrrarel OapibIK HETI3ri Kymrepai 6ip ¢pyHIaMeHTal bl KYIITIH op TYpAe Maiiia 0omybiH
TYCIHIIpY 9peKeTTepi, dJIeMEHTap OeNIEeKTepAiH SpeKeTTecyiHiH OipiKKeH TEOpHSCHIH kKa3yda TaOBICTHI
00 bI.

Mynpaii Teopusutap Kanbinthl 1032 K TeMmeparypara Jeiinri aGCOMIOTTI TeMIiepaTypara jKaKblH, €H a3
TeMmIeparypajal OacTaqfaHAarbl TeMIlepaTypajap HHTEpBajJbIHIAFbl HEri3ri (M3MKANbIK HpoLeccTepi
’kasyra koMekrecesi. Onap MaTepusHBIH YJIKEH ThIFbI3AbIKTarsl KacueTi Men103% r/cm® mamanan 101%°r/cm®
JICHIHTI II1aMaarbl KACUETTEPIH JKajIblIaMa TYCIHAIpyre MYMKIHIIK Oepei.
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Kopvimuinowt

Kaszipri yakpITTa OYJI TEOpHS KYHAEIIKTI ©3repiCKe VIITBIPAIl OTHIPATHIHABIKTaH, HAKTH MOJIiMETTEp Oepe
anMaiinel. bi3 raneIMaapablH KacaraH ToXipHOeNnepiH CYphINTay apKbUIbl KOPCETUIreH OorKaMaapMeH
ONeMHIH Kall yakpITTa, KaHOail Kykae OONFaHbIH >KOHE COHBIMEH Karap OIEMHIH Jamy yAepicTepiMeH
KbICKAIlIa TAHBICTHIPHII OTTIK.
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A. JKamanos*, A.K. Eaﬁcanapoga2

L 0.mex.n., npogpeccop, Kazaxckuii 20cyoapcmsennviii dceHcKull nedazo2uieckutl yHueepcumen,
2. Anmamur, Kazaxcman
2 npenooasamens, mazucmp Qusuxu, Kazaxckuii 20cy0apcmeentuiii HceHcKull nedazoeudeckull
yuugepcumem, 2. Aimamet, Kazaxcman

OIITUMUBAINUA KOHCTPYKTUBHbBIX 3JIEMEHTOB U PEXKUMHBIX IAPAMETPOB
T'EJIEOKOJIJIEKTOPOB

Annomayus

B st10if craTthe 0OCyXIaeTcs 3aBUCHUMOCTb MEXAY KOHCTPYKTHBHBIMHU 3JIEMEHTaMHU COJIHEUHOI'O KOJUIEKTOpa U
POKUMHBIMH TIapamMeTpaMHd B TepMmoperyniarope. OCHOBHBIE XapaKTEPUCTHUKH TEIJIOTEXHHYECKUX IapaMeTpoB U
CTPYKTYPHBIX 3JEMEHTOB MpPHUBEACHbI B KPUTEPUU ONTUMHU3AUMUU. LI€HBI COJTHEYHOTO KOJUIEKTOpA 3aBHUCAT OT
cnenuUKAMd W CTPYKTYpPHl KOHCTPYKIMH UCIIONB3YEeMBIX MaTepHalioB W o0opyaoBaHus. B 3Toif pabote
3¢ PEKTHBHOCTH KOJUIEKTOPA HIIH €T0 MOJIe3HAS TeIUIOBas MOITHOCTh HE MOKET OBITH MpecKa3aHa. JDTO CBI3aHO C TEM,
YTO OHU B OCHOBHOM 3aBUCAT OT XapakTepa ucmoiibzyeMoil sneprun. ConneyHas sHeprusi CoyHLa 3aBUCUT OT BPEMEHU
1 MOXET BapbUPOBATHCS OT MAKCUMaIbHOIO 10 MUHUMAaJIbHOTO 3HaYEHHsI B 3aBUCUMOCTH OT MecTa yCTaHOBKH. [ToaTomy
pacueT paBHOBECHS COJIHEUHOTO KOJUIEKTOpA JOJDKEH ONPEIeNIATHCS MO OTHOIMICHUIO K 6a30BBIM MM HOPMHPOBAHHBIM
3HAYCHUSAM B ITapaMeTpax, OMUCHIBAIOIINX €ro. OTO OCHOBA PabOTHI.

KiiioueBble ¢JI0BA: COJHEYHBIN KOJUIEKTOpP, COJHEUHAs pagualivsi, MpO3payHblil CTEKISHHBIA CJIOH, KOJIEKTOP
pe3epByapa, KOJUIEKTOP U IPpYrUe 3J1EMEHTHI, KOTOPBIE PErYIUPYIOT TEILIONEpenayy.

Anoamna
A. JKamanoe', A.K. Eaﬁcanapoea2
Y mex.,2.0.,npogpeccop, Kazax memnexemmix Kui30ap nedazo2uxaislk yHUeepCumemi,
Anmamer K., Kazaxcman
2 Oxvimywivl, usuxa mazucmpi, Kazax memaexemmix xol30ap nedazo2ukaivly yHUGepCumeni,
Anmamet K., Kazaxcman
KYH KOJUIEKTOPBIHBIH KYPBIJIBIM/IBIK SJIEMEHTTEPIH )KOHE PEXXUMJIIK TIAPAMETPJIEPIH
OHTAMJIAHABIPY

By makanana xa3blK KYH KOJUIEKTOPBIHBIH KOHCTPYKTHBTI 3JIEMEHTTEP1 MEH JKBIITYJIBIK PEXKUMAET] apaMeTpIIepiHiH
apachlHIAFbl  TOYENIUNIK  AHBIKTAJBIHBIN, ONTUMH3ALMsUIay  Maceleci  KapacTelpsuiaabl.  OnruMuzanusiay
KPUTEPHUSCHIHIA JKbUIy TEXHHMKAJBIK IapamMeTpiepi MEH KOHCTPYKIMSUIBIK 3JIEMEHTTEepHAiH O0acTbl cHIaTTamaiapbl
kenripinared. KyH KoJutekTop/IsIH Oarachl OFaH NaijaaHblIaThIH MaTepHasiapbl MEH TEXHUKAHBIH SPEeKIIeIiriHe )KoHe
KOHCTPYKIMSUIBIK KYPBUIBIMBbIHA OaiIaHbICTBI. Byl jKYMBICTa KOJJIEKTOPABIH 3(GQEKTUBTI THIMALIIr HEMece OHBIH
maianel KeUTy KyaThIH ajIblH ana OoJpkaMm aiTyra OonMaiipl. OWTKeHi, Oy ImamMa maiJanaHbUIATBIH YHEPTHS
Ke3/1epiHiH cunarsiHa OaitanbicTel. KyHHIH coylenik SHeprusichl yakbITKa OaiIaHbICThI )KoHE KOHIBIPFBIHBIH Kai JKep/e
OpHaJIaCybIHA COMKeC MAaKCHMYM MOHHEH MHHHMYM MOHTe JeiiH e3repyi MyMkiH. Coi cebenti KyH KOJJIEKTOPBIHBIH
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TEHIUTITIH ecenTeyne, OHbl CHUITATTAWTBIH TapameTpieple Oa3zalblk HeMece HOpMajaHFaH IIamMaliapFa KaThICThI
AHBIKTATYBI K)KeT. By skaFmaid sKYMBICTBIH HETi31 00JIBINT TaObLIaabl.

Tyilinai ce3aep: KyH KOJUICKTOPHI, KYHHIH COYJICNK paJWamuschl, MOJJIip IIBIHEI KadaT, OakaKKyMYyJsITop,
KOJUIEKTOPFa XoHe 0acKa 3JeMEHTTEepiHe JKbIITY TaChIMaJay/Abl PETTEHTIH KOJUIEKTOP

Abstract
OPTIMIZATION OF CONSTRUCTIVE ELEMENTS AND REGIMENT PARAMETERS OF
GELECOLLECTORS
Zhamalov A.%, Baisaparova A.K.?
1 Dr. Sci. (Engineering), Professor, The Kazakh state women's teacher training university, Almaty, Kazakhstan
2 | ecturer, Master Degree in Physics, The Kazakh state women's teacher training university,
Almaty, Kazakhstan

This article discusses the relationship between the structural elements of the solar collector and the regime parameters
in the thermoregulator. The main characteristics of heat engineering parameters and structural elements are given in the
optimization criteria. The prices of the solar collector depend on the specification and structure of the materials and
equipment used.

In this work, the efficiency of the collector or its useful thermal power can not be predicted. This is due to the fact that
mainly depends on the nature of the energy used. The solar solar energy depends on time and can vary from the maximum
to the minimum value depending on the installation site. Therefore, the calculation of the equilibrium of the solar collector
should be determined with respect to the base or normalized values in the parameters describing it. This is the basis of
the work.

Key words: solar collector, solar radiation, transparent glass layer, reservoir collector, collector and other elements
that regulate heat transfer

B Hacrosiiee BpeMsi CTaBUTCS U pelaeTcs 3ajada ONTUMH3ALUU KOHCTPYKTUBHBIX 3JIEMEHTOB IIOCKUX
COJIHEYHBIX KOJUIEKTOPOB, TJIaBHBIM 00pa3oM MOTJIONIAIONIEH JTMHUH, a TAKKE THUIBHYIO TEIUIOM30JISIIUI0 U
BO3IYIIHBIA 3a30p MEXAYy TMOMIONIAIONICH MaHenpl0o W Mpo3pauHoil wmiomsueidt [1,2]. Kpurepusmu
ONTHUMM3ALUN B YKa3aHHBIX paboTax NPUHATH PAa3IUYHBIE COYETAHMS TEIUIOTEXHUYECKHX U BECOBBIX
napaMeTpoB. B To jxe BpeMs 0TCYCTBYeT Hccie10BaHHs IO ONITUMHU3AIMHN KOHCTPYKIIMH KOJUIEKTOPa C y4€TOM
€ro BaXKHEHUIIIMX MOTPEOUTEIBCKUX CBOMCTB U CTOUMOCTHBIX XapaKTePUCTHK [1].

CTonMOCTh KOJJIEKTOPA 3aBUCUT OT NPHUMEHSIEMbIX MAaTEpUAIOB U TEXHOJIOTHMH CTENEHH CJIOKHOCTH
KOHCTPYKLUH, a TAaK)Ke TPYJHOCTH €€ W3rOTOBJIECHUSI. D()(HEKTUBHOCTD T.€. KOJUIEKTOPOB MJIHM €ro IOoJIe3Hast
TEIUIOBass MOIIHOCTh HE MOTYT  OBIThb 3aJaHbl OJHO3HAYHO BCIICACTBHE HW3MEHUYMBOIO XapakTepa
HCTOJIb3YeMOI'0 UCTOUHHUKA HEPruu. [leficTBUTENbHO, 3TH HapaMeTpbl MEHSIOTCS B TEUCHHE JTHS, CE30HA OT
MYHKTa K IYHKTY, U B JIOOOH NMPOM3BOJBHBIA MOMEHT BPEMEHH MOTYT IPUHUMATh 3HAYCHHS OT HyJS A0
HEKOTOPOT'O BO3MOXHOTO Makcumyma. [lostomy 53¢dekTHBHOCTh KoJUIeKTOpa OOBIYHO OIIEHUBAETCS
gucieHasiM 3HaueHneM KIIJI, a mo m3BeCTHO# CTaIlMOHAPHBIM MOJEIHN ONpEACNseTCS B BUJEC JIMHEHHOU
3aBUCUMOCTH:

IJ=a—bx.ruea=F/(wz),b=F/UL,x=t’“E;ta (1)
WIH

= % = DCAK - aHEon; Auon = EDCAK — Qqor (2)

F/ — xo>(duruent TepMudeckoii 3))eKTHBHOCTH HOTIOMIAOIIEH TTaHENH:

Q,T — TpOIycKaTelbHas CHOCOOHOCTh MPO3PauyHON M30JSIIMK ¥ TMOTJIOIIATeNbHAsS CHOCOOHOCTD
MPO3pavHOll M3OJIAIUK W TIOTJIONIATENIbHAST CIIOCOOHOCTh IMOKPBITUSI TTaHEW OTHOCHTEIBHO COIHEYHOTO
CIIEKTpa.

U,, - 06uumii K03 (UIHEHT TeMIOBBIX OTePh KojlekTopa, BT/M2°K;

E — IIIOTHOCTb OTOKA CYMMApHO# paJMalliy B IIOCKOCTH KOJLIEKTOpa, BT/M?;

Ly, ty — TEMIIEPATYPBI CPEAHAS TCINIOHOCUTENS U HAPY KHOI'0 BO3/1yXa.

[pencrasusst mo (1) KIIJ koyekropa kak JUHEHHYIO (YHKLIHIO MIEPEMEHHBIX BHEIIHHX M PEKUMHBIX
¢dakTopoB E, t,, t, MBI OTHO3HAYHO OTpEesyIEeM MOJOKEHNE AAHHBIX NPSMON B WHTEPECYIOIIEM WHTEpBaje
or X = 0 10 " = 0 yncIeHHBIMHU 3HAYCHUSIMHU KOIDPHUIUECHTOB @ U b. DTH YKCIICHHbIC 3HAYCHHS PA3THYHBI
JUISL K&KAO0H KOHKPETHOH KOHCTPYKLMH KOJUIEKTOpPA, IIOCKOJIBKY OHM 00YyCIaBIMBAIOTCS KOHCTPYKTUBHBIMHU
napamerpamu F/, U, u CBOHCTBAMH NpHMEHSEMbIX T,Qo. B HOPMATHBHBIX JOKYMEHTaX HMMEHHO 3TH
BenmmunHbl, a He KIIJ| 3amaroTcs kak mapameTpsl TEINIOTEXHWYECKOH 3()()EKTUBHOCTH COJHEYHBIX
koiektopoB. [lpencraBnenne KIIJ| komnektopa kak (YHKIMW BHEITHHX TEPEMEHHBIX (aKTOPOB
OOIIENPUHSTO, HO, B TO K€ BPEMsI HCKITIOYAaET BO3MOXKHOCTh TIOCTAHOBKH 33/1a4 €ro ONTUMHU3AIHN KAKHM JIH00
OJIHO3HAYHBIM KpUTEPUEM.
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Opnako, Takasi BO3MOXKHOCTB TIOSBHTCS, eciii oTHecTH KIIJ] KommekTopa MM ero TemIoBy0 MOIIHOCTD K
(DUKCUPOBAHHBIM 3HAYCHUSMH MIEPEMEHHBIX (DaKTOPOB, KOTOPBIE HA30BeM 0a30BBIMH I HOPMUPOBAHHBIMHU.
BriOop uuclieHHBIX 3HaueHWH AaHHBIX O0a30BBIX BEJIMYMH CYHIECTBEHEH M IO3TOMY HE MOXET OBITh
MPON3BOJBHBIM. OYEBUAHO, YTO OHU HE JOJDKHBI COOTBETCTBOBATH SKCTPEMAJBbHBIM YCIOBHSAX PpabOTHI
KOJUIEKTOpa, KaK HAWTy4YIINMH{, TaK ¥ HAUXyANIUMH B CMBICIE TeorpaduyuecKkoro pailoHa MpUMEHEHHS U
Bpemenn ronga. C Hamell TOYKM 3peHHs, UIS KOJUIEKTOpa IpeIHAa3HAYeHHOTO /IS KPYTJIOTOJAHYHOTO
WCTIONB30BaHMs (MM B T€UCHUE OOJBILION YaCTH T0/1a), TaHHbIE YCIOBHUS JOIDKHBI COOTBETCTBOBATD YCIOBHIO
HECKOJIbKO HIKe cpenHero. Hampumep, moxHo npunats t, = 10°C, E = 500 %, HOPMUPYEM CPEIHSS YUCIIO
9acoB PabOTHI KOJUIEKTOPOB B TOJ|, 3aBHUCSIINE OT KIMMAaTHYECKHX XapaKTEPUCTUK JAHHOTO ITyHKTA: JJIs
YCIIOBUM HECKOJBKO XYAIIMX, YeM cpeiHee, cuutaeM paBHbIM 18000 d.

C npunaTHeM (UKCHPOBAHHBIX 0a30BBIX 3HAUEHHH YETHIPEX YKAa3aHHBIX MEPEMEHHBIX (PaKTOPOB MOKHO
OJTHO3HAYHO OIICHUTH KaYeCTBO COTHEYHOT'O KOJIJIEKTOPA.

C »TOH TOYKHM 3peHHUS OOOOIICHHBIA KPUTCPUH ONTHMHU3ANMK COJIHEYHOTO KOJUIEKTOpa Hamboee

IpucMJiieM
C C
k== T ®)

rine C — yienbHas CTOMMOCTh KOJUIEKTopa py6/Mm;

Q — yznenbHas TEIUIONPOU3BOAUTENBLHOCTD KOJIJIEKTOPA 3@ BECh CPOK €r0 CIyKObI, KBTY;

g — ynelbHas MOJe3Hass TeMIoBas MOLIHOCTh KOJUIEKTOpa, KBT/MZ, COOTBETCTBYyIONIas 6a3aBbIM
3HayeHsM E.

T, — CpeIHee YHCIIO YacoB pabOThI KOJUIEKTOpa B Toay (pekoMmeHnayemoe 60azoBoe 3Hauerne 1800 u).

1) — CPOK CIIy>KOBI KOJUIEKTOpA, JIET.

Kpurepuii K, wumerommii pa3mMepHOCTh pyO/KBY BBIpaKAeT CTOMMOCTh CIMHUIIBI BBIPAOOTAHHBIN
KoJleKTopoM  SHepruu. Korma  pacxomel  moTpeOsieHHs  ONPEAETSIOTCS  TONBKO — HavdaJlbHBIMU
KaIllUTaJIOBIaKeHUAMU. BbI00p B KauecTBe KpUTEPHS ONITUMH3ALNHN Ce0ECTOMMOCTH IPOU3BEICHHOM SHEPT U,
BKITIOYAIOLICH TaKKe M SKCIUTyaTallMOHHBIE 3aTPaThl, IPEICTABISETCS HAM 1eJIecOO0pa3HBIM TI0 CIIEAYIOIIEM
npuuuHaM. Bo-TiepBbIX, BEIWYMHY 3KCIUTyaTallMOHHBIX 3aTpaT HENb3s OIpENeNHUTh JTOCTOBEpHO. MOXKHO
JIMIIL KOHCTaTUPOBATh, YTO YAEIbHbIC IKCIUTyaTAllMOHHBIE 3aTPaThl 3HAUUTEIILHO HUXKE YIENbHBIX KallUTaJIbl
BJIOKCHUH. Bo-BTOpBIX, y pa3paboTuuka KoJJIeKTOpa OOJbllle BO3MOXKHOCTEH BIHATH Ha YACIBHYIO
CTOMMOCTD, JOJITOBEYHOCTH, TECIUIOBYIO 3((PEKTHBHOCTh KOJUIEKTOpA, YeM Ha IKCIUIyaTallMOHHBIC 3aTPaThl,
COCTOSIIINE, [JIABHBIM 00pa3oM, B OUHCTKE MPO3PAYHON U3OJSILUHU OT 3arps3HEHUH.

Hakonen, Ha mnpakTuKe 3aTPyAHUTEIBHO pPAa3ACIUTh SKCIUTyaTallMOHHBIE PAcXoIbl HAa COJHEYHYIO
YCTaHOBKY, B IIEJIOM, OT 3aTpaT Ha SKCHYJIyaTaliio COOCTBEHHO KOJUIEKTPOB.

OOO0OIIeHHBI ~ KpUTEpUH  ONTHMHU3ALMM  OJHO3HAYHO YYUTHIBAET OCHOBBIE  XapaKTepUCTHUKH,
OIIpEEIISIOINE Ka4eCTBA COTHEYHOT O KOJUIEKTOpa: CTOMMOCTHBIE, SKCIUTyaTallMOHHBIE U TEIUIOTEXHUIECKHUE.
OnTtuMuzanuy o MUHUMYMY K, pUroiHbIe T pa3IMYHBIX CUTYaIUIl OIIEHKH KaueCcTBa KOJIJIEKTOpa.

[IpousBoayM cpaBHEHHE LIS OLICHKH Ka4eCTB KOHCTPYKIIMH COTHEYHBIX KOJUIEKTOPOB, pa3pa0OTaHHBIX C
pasHeiMu opranuzanusmu HUU B —coapysxectse CHI', npumeHseMble B KaueCTBE BPEMsI B TETMOTEXHUUECKOM
npaktuke [3, 4]. KoHCTpyKIUU KOTJIOB COJIHEYHBIX BOAOHArpeBaTesiel oKa3aHsl Ha puc 1.

Pucynox 1. Conneunvie xonnexmopul 6 pazoeie
1 - /snun/; 2 —IICB /P.A3ep./
3 — «ucm-mpyoa» /Kuese 3HUUDIII/; 4 — «aucm» /Kues HUUCT/;
5 - «nooywxuy /OTH AH PT/; 6 — «nucy /OTH AH PT/;
7 — «wcm-mpyoay /OTH AH P.V30ex./; 8 — C TDA.
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OcCHOBHBIC ITapaMETPHI COTHEIHBIX KOJIEKTOPOB YKa3aHbl B Ta0smie Nel.

Konctpykuus | Cpok F/(za) | F/U,, BT/M?K | Y ensHas
CONIHEYHOTO | CITyXOBbI, CTOMMOCTb,
KOJUIEKTOpa | JIeT py6/m?

1 12 0,80 7,1 140

2 9 0,84 6,6 145

3 13 0,82 6,2 165

4 14 0,92 7,0 150

5 10 0,94 7,6 170

6 9 0,86 7,2 175

[Ipumeuanue: Hymepalusi KOHCTPYKIIUU COJTHEYHOTO KOJUIEKTOPa COOTBETCTBYIOT HyMepaIu Ha puc 1.
Pacuer ynenpHOM TeTIOBOH MOITHOCTH C Y9eTOM 0a30BBIX 3HaueHui E, t,, t, ans komnexTopos 1, 2, 3, 4,

5, 6 naet cootBercTBeHHO 0,24; 0,34; 0,28; 0,39; 0,54; 0,44 BT/M?, a KpUTEPHs ONTHMHU3ALMH, PACIUTAHHEII
mo (2) ¢ yuerom 0Oa3zoBoro 3Hauenus K; — 2,04 xon ; Ky — Z,SE; K; — 2,9ﬂ; K, — 1,5ﬂ; Ky —
Ko KBTY KBTY KBTY KBTY

1,6 —

KBTY
KOJUIEKTOD 4, a KOJUIEKTOp 3 — Hauxyauuid. 13 aToro nmpuMepa Takxe CleayeT, 4TO HU yJeibHas TeIioBas
MOIIHOCTh HH YJEJbHAsh CTOMMOCTb, HU CPOK CIIy)KOBI, pacCMaTpuBacMble OTICIbHBIC HE ONMPEACIISIOT
ONTHMAJILHOM KOHCTPYKIMHU. Tak, yaenabHas CTOMMOCTh KOJUIEKTOpa 2 HaWMEHbIIas, HO MO KPUTEPHIO
OIITUMU3AIIUHU OH HaHXyHmHﬁ, KOJUICKTOPD 5 umeet HaI/I6OHBHIyIO TCIUIOBYIO MOIMHOCTD, HO ABJIACTCS JTYy4YIINM.
Takum 00pa3oM, ¢ MOMOIIBIO OOOOIICHHOTO KPUTEPHS ONTUMH3AIMU JOCTaTOYHO NPOCTa OOBEKTUBHO
OLICHUTH CPAaBHUBAEMbIC KOHCTPYKIMH COJIHEYHOTO KOJUIEKTOpPA Ha CTAJUH €ro pa3pabOTKH CTaBHTCS ITIPH
OTCYTCTBUH €T0 pa3pabOTKH.

Kom
H K6 - 2,6 E KaK BUJAHO, HAWJTy4dlIasd KOHCTPYKUHSA 10 MUHUMAJIbHOMY KPUTCPHUIO ONITUMHU3AINN —
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YCTAHABJIEHUA B3AUMOCBA3U MEXAY KOHCTPYKTUBHBIMHU 3JIEMEHTAMHU U
PEXKMMHBIMU TAPAMETPAMU I'EJIMOKOJIJIEKTOPHOM CUCTEMBI

Annomayus

B a10i1 paboTe TEIIIOBOH PEXUM COTHEYHBIX KOJUIEKTOPOB 3aBHCUT OT MHOTHX (DaKTOPOB: TOJIIIMHBI BO3LyXa MEXKIY
MTOBEPXHOCTHIO TETNIOOOMEHAa M TPO3pPavyHON ITOBEPXHOCTHIO CTEKNA, TOPHU30HTAIBHOTO YIJla YCTAHOBKH, a TaKKe
3aBHCUMOCTH OT TEMIIEpaTypbl MOBEPXHOCTH KOJUIEKTOpa M TEeMIEpaTypbl OKpyKaromed cpeabl. B cramuoHapHOM
PEXUME COJHEUHOIO KOJUIEKTOPA MBI CUUTAEM, UTO TEILUIOBOMU MOTOK SIBJISI€TCS] IOCTOSHHBIM, a MOTOK TEeIUIa, KOTOPbII
SIBISIETCSI TI0 CYLIECTBY HMOCTOSIHHBIM, TaKXke OyneT cTaOMiIbHBIM. [ 1aBHOH O0COOEHHOCTBIO 3TOH PadOTHI SBIISIETCS (-
napameTp. JTo 3HaYCHHUE OIPEAEIIETCsI OTHOMIEHHEM 3 PEKTUBHOTO AUAMETPa COTHEYHOTO KOJUIEKTOPa K PACCTOSIHUIO
MEX]y TEIJIOHOCUTENEM U TEMJIOOTBOAAIIMX KaHanoB. Kpome Toro, 3HaueHHE @ MPHUHUMAETCA B Kau€CTBE OCHOBHOTO
napameTpa, onpeaessonero 3pGeKTHBHOCTD INIOCKOT0 COJIHEYHOTO KOJIIEKTOPA.

KurwueBble cj10Ba: COJMHEUHBIH KOJUIEKTOp, COJIHEYHAs pajuallvs, MPO3pAaYHBIM CTEKJISIHHBIM CJIOH, KOJUIEKTOP
pe3epByapa, KOJJIEKTOP U APYTHE AJIEMEHTHI, KOTOPhIE PETYINPYIOT TETJIoNepeaady
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KYH KOJIJIEKTOP )KYMECIHIH K¥PbLJIBIChI MEH PEKUM/IIK TAPAMETPJIEPIHIH,
APACBIHJIAFBI BAMJIAHBICTBI OPHATY

1

ByJ1 FBUIBIME KyMBICTa Ka3bIK KYH KOJUIEKTOpPJIap/a OTETIH JKbLTYJBIK IPOLECCTIH KONTereH (GakTopiapra Toyeai
€KEeHJIIT1: )KbITY KaObULIAFbILI OST IeH MOJIIp IIBIHBI OCTTIH apachIHaFbl aya KaOaThIHBIH KaJIbIH/BIFbIHA, KOHIBIPFBIHBIH
TOPU3OHT OOMBIHIIIA KACANTBIH OYPHIIBIHA, COJI CUSKTHI KOJUIEKTOP/IBbIH O€TKI KaOaThIHBIH TeMIIepaTypachl MEH OPTaHbIH
TeMIepaTypachlHa TOYEJUIri KapacTeIpblIaibl. JKa3blK KYH KOJJIGKTOPBIHBIH CTAIIMOHAP PEKUMIHJAE XKBULY aFbIHBI
Y3IIKCi3, mamachl JKaFbIHaH TYPaKTbl, COHBIMEH Oipre KOHIBIPFBIHBIH TYI HETi3iHEH IIBIFBIHAATATHIH JKBUTY arbIHBI
TYypakTel Oonansl Aem ecenteiiMmi3. Byl >KyMbIcTarbl HETi3Ti epeKmeNnik ¢ — mapameTipi eHrizimerni. byr mama xyH
KOJUICKTOPHIHBIH 3} (eKTuBTI auaMeTpiHiH, JKBUTy TACBIMAIIAFBIII JKYPETiH KYOBIpIApIbIH apaKallbIKTHIFBIHA
KaTBIHACBIMEH aHBIKTananel. COHBIMEH ¢ — Imama JKa3blK KYH KOJUICKTOPBIHBIH THIMIUTITIH aHBIKTaWTBIH HETi3ri
rapameTp peTiHAe ajbIHa bl

Tyiiinai ce3mep: KyH KOJUIEKTOPBI, KYHHIH COYNENIK paJHalMsichl, MeJIp LIBIHBI KabaT, 0aKaKKyMyJsTop,
KOJUIEKTOPFa ’KoHe 0acka 3JeMEeHTTEepiHe JKbIITY TaChIMalay/Abl PETTEHTIH KOJUIEKTOP

Abstract
INSTALLING THE RELATIONSHIP BETWEEN THE CONSTRUCTIVE ELEMENTS AND THE
REGIME PARAMETERS OF THE HELIOCOLLECTOR SYSTEM
Zhamalov A.%, Baisaparova A.K.?
1 Dr. Sci. (Engineering), Professor, The Kazakh state women's teacher training university, Almaty, Kazakhstan
2 ecturer, Master Degree in Physics, The Kazakh state women's teacher training university, Almaty,
Kazakhstan

In this work, the thermal regime of solar collectors depends on many factors: the air thickness between the heat
exchange surface and the transparent glass surface, the horizontal installation angle, and also the temperature dependence
of the collector surface and the ambient temperature.

In the stationary mode of the solar collector, we assume that the heat flux is constant, and the heat flux, which is
essentially constant, will also be stable. The main feature of this work is the @-parameter. This value is determined by the
ratio of the effective diameter of the solar collector to the distance between the coolant and the heat sink channels. In
addition, the value of ¢ is adopted as the main parameter determining the efficiency of a flat solar collector.

Key words: solar collector, solar radiation, transparent glass layer, reservoir collector, collector and other elements
that regulate heat transfer

M3y4yeHunio TEIIOBOrO peXHMa INIOCKUX KOJUIEKTOPOB IOCBSINEHO 3HAYMTEIBHOE KOJIMYECTBO pPaboT.
Hauunas paboramu B. bayma, b. Ileryxosa, b. ['apdda u apyrux, passuras B ganpreiimem P. 3axunossim, b.
TapuwxkeBckoro, A. BupanaimBuiiy v IpyruMu, METOABI pacueTa TEIUIOBOTO PEXUMA HU3KO-TTOTEHIUATBHBIX
reJMOyCTaHOBOK IOJIyYMIM ceifdac mmpokoe npuzHanue. OJHAaKo 3TH pabOThl MOCBSIIEHB! HCCIIEI0BAHUIO
TEIUIOBOTO PEKMMa HU3KO-TTOTEHIMAIBHBIX YCTAHOBOK C YUETOM OTHIENBHBIX (DaKTOPOB.

TennoBble npoLecchl, MPOUCXOAAIINE B MIIOCKUX KOJJIEKTOPAX 3aBUCAT OT MHOTUX (PAKTOPOB: TOJILIMHBI
BO3JIYITHOTO CJIOSi MEXJY TEIUIOBOCTIPUHUMAIOIIECH MOBEPXHOCTHIO M CTEKIIOM, T€OMETPUYECKOH (OpMBI
TEIUIOBOCTIPUHUMAIOIIEH TMOBEPXHOCTH, [JIMHBI SYEHKH pambl yIriia HaKIOHAa YCTaHOBKM K TOPHU3OHTY,
TeMIIepaTyphl MOBEPXHOCTH KOJJIEKTOPAa M HApY)KHOTO BO3[yXa, KauecTBa CTEKJA, CTEIIEHH MOBEPXHOCTH,
COCTOSIHMSI HeOa OT CKOPOCTHU BETpa U T.A.

B nanHoit pabote MpUBOAUTCS PE3yNbTAThl OIICHKH TEIJIOBOTO PEKUMA YCTAaHOBKU C €IMHOBPEMEHHOM
Y4€TOM KOMIUIEKCHI BHEIIHMX ¥ BHYTPEHHBIX (DaKTOPOB.

[Ipn cranmoHapHoM pexuMe padoThl IUIOCKOTO KOJUIEKTOpPa IOTOK TeIUla Ipe;IaraeTcsi CUUTaTh
HEMpPEPBIBHBIM, TOCTOSHHBIM MO BEJIWYMHE W HANPABICHHUIO, a TaKXKE NPUHUMAIOTCS TOCTOSHHBIM U
TEIUIONOTEPH OT TEIUIOBOCTIPUHUMAIOIIEH TTOBEPXHOCTH M OTpakaaromie KoHCTpyKiuH [1].

TemnoBoli M paAMaMOHHBIA OalaHC IUIOCKMX COJHEYHBIX KOJUIEKTOPOB C OAWHAPHBIM IMEPEKPUTHEM
MOKET OBITH MIPECTABICHB! YPABHEHUSIMH:

ql'[Of[ ql'IOT
Quon = EDCAK ~ Quors V= T = DCAK - E (1)

rae E — MHTEHCHBHOCTD NPSAMOM COJTHEYHOMN pajuaIuu. BT/M2y;
D, — xoadduimeHT nporyckanusi COTHEYHON paJinalliy CTeKIIa
A, —K03(pGHULMEHT NOTJIOUICHUS COJIHEUHON Paualliy TeIJIOBOCTIPMHUMAIOLIEH MOBEPXHOCTBIO.
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Gnor — CYMMapHbIE TEILIOBBIE OTEPH, BT/M2 4,
Y — KIIJ] ycTaHOBKH,
ITone3Hoe TEIIo , BOCOPUHUMAEMOE TEITIOHOCHTEIEM B IIOCKOM KOJUIEKTOPE:

Anon = 4 [(1%0)]4 + (%) -2 (%)4 +4,C (17;(0 - 1:;0)‘:1411) + qZkl ) )
Gnor = k(Ty — To) + %{A (55) +4,9E; [(1 -0 () - (&) ]} + %4.9156 [(%) - (52 ]

rie T, — cpeiHaq TeMmniepaTypa Bo3Ayxa HarpeBaetJid °K;

T. — cpefisisg TemnepaTypa CBO60/JHOM YaCTH TEMJIOBOCIPUHUMAIOIIEN TOBEPXHOCTH, °K;

(1 — ¢)- nonst cBOOOIHOM TEILIOBOCTIPUHUMAIOIICH TOBEPXHOCTH;

T., — TEMIIEpaTypa BHYTPEHHEH MOBEPXHOCTH cTekna °K;

T., — TEMIIEPAaTypa BHENIHEH MOBEPXHOCTH CcTekna °K;

¢ —oTHoIIeHUE YPHEKTHBHOTO THaMETpa TEIUIOOTBOISIINX KAHAIOB K pacCTOSHIIO MEXTy UX OCSIMHU ;

k- xoaddunment temnmonepenayr KOHBEKIMH M TEILIONPOBOJHOCTH 4Yepe3 MPUEMHYIO MOBEPXHOCTH ,
BT/M?4 rpaj
E. — cTeneHb 4epHOCTb CTEKJIa;

o, — K03)O UIMEHT TEIUIOOTAAaYH BO3yXa BHYTPH 00beMa IreJIMOyCTaHOBKH (HEMOBIKHOTO BO3/IyXa ,
BT/M?4 * I'paf)

o, — KO3QPUIMEHT TemIo0TAaun Hapy>KHOH IIOBEPXHOCTH B OKpY)Kaollee NPOCTPAHCTBA,
BT/M?4 rpag;

A=49¢y; Y = (3,26 — 3,924 + 2,64 — 0,1443) - ko3 PumeHT TerIooOMeHa IBYX MapajlIeibHbIX
TUIOCKOCTEH;

Koadduument KoHBEKIIMM HEMOABMKHOIO BO3JyXa BHYTPH HarpeBaTellsl ONPENEesIEHHO Kak (DYHKLUS
kputepueB ['packoda, Ilpauaras u i Hamero ciaydas E. = 0,1(Gr Pr)0,25, a xkoadduiment
KOHBEKTHBHBIN TEILIOOTAAYH OT MPO3PAYHON HM3OJSAIUK B OKpYXKarollyro cpeay (<,) ompenenseTcs Kak
¢dbysaxn kputepus PefiHonbaca.

[Ipu Beruncnernn K03 HUIKMeHTa TEIIO0TAAuHU 32 ONPEACIISIOIIYI0 TEMIIEpaTypy IPUHUMAIIICH CPEIHSI
TeMIlepaTypa Hapy»KHOTO BO3/yXa, a 38 ONMPEACIISIONINI pa3Mep — IIUPHHA 3aCTEKJICHHOM MOBEPXHOCTH [2].

[Ipu pacuere UCIIONB30BATIHMCH CPEIHUE CYTOUHbIE 3HAUCHHUSA CKOPOCTH BETpa, AJISl PACUETHOIO IHS, 3TO
BelleUMHA COCTaBNsIA vy = 1,2 M/C : Tpu 3Toif ckopocTH umcia Peitmambaca Re>4- 1072, Tostomy s
OIpPEACICHUA MbI ITOJIB30BAJIMCH KPUTCPHUAJIbHBIM YPABHCHHUEM

Nu = 0,32 Re®76 )

[Tpu HopmanbHO# pabote renvonarpesarens T Ty, Tc, 1 T, U3MEHAIOTCS NPAKTHYECKH B HHTEPBAJIE
40—+ 100°C, a temneparypa Bo3ayxa -10++50°C
4
T .
B ykazaHHBIX TeMIepaTypHBIX IpeAeiax BhIPaKCHHE (m) MOJKET OBITh C JOCTATOYHOM TOYHOCTBHIO

MepelaHO ypaBHEHUEM NIPSIMOH .
Jl11g mepBBIX YeThIpEX TEMIIEPATyp CIPaBEIMBO YpaBHEHNE!

T \* T T
(E) —ME+QI—168E—438 (3)
T T, T,
IS BO3JyXa (ﬁ) = Rﬁ +3= 103% — 227 4)

Jnst  mpuONMKEHHBIX PacdeToB, NAIOIIMX BIIOJIHE YIOBJIETBOPUTEIbHBIE PE3YyJbTaThl, METOJ pacdera
TUIOCKUX COJIHEYHBIX KOJJIEKTOPOB MOXKETh OBITh YIPOIICH, €CJIH CUATATH YTO

Te, = C1Ti + (1 — CTy ®)

Te, = CTx + (1 = C)Ty (6)
rae C; u C, HexoTopble PYHKIHMK OT BETUUMH CPEeJHEH TeMIIepaTyphl BO3yXa B HarpeBaTesie, TeMIIepaTyphbl
OKPY>KafoIero BO3/yXa, CKOPOCTH BETPa, PACMOJIOKEHHS TEIUIOOTBOASIINX KaHAIOB M UX T€OMETPUIECKOM
(hOopMBI, BeJTE€YMHBI TEPMUIECKOTO COMPOTHUBIIEHHS IPO3PavHON 3aIIUTHL. 3aBUCUMOCTH C; 11 C, OT yKa3aHHBIX
[apaMeTpPOB MPECTaBICHbI HUXKE:

o
C; =(48+9,644) — /(48 +0,3642—-8,6),C, =———C,; =7C
= )= G2 = e (=70
— A = lartary)
al - SC,U - a2+a12+a3 (7)

IJle @3 — TEPMUYECKOE CONPOTUBIICHUE ITPO3PAYHOE 3aLTUTHI, 1/M;
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@5 — K03 MHUIMENT TEMIONEPENAYN OT MIPO3POYHOMN 3aIMUTHI B OKPY KAOIKE ITPOCTPAHCTBO, BT/M24.rpax;

1, - KOO(PQHUIEHT TEIIonepenays YYUTHIBAIOIIMKA H3yYeHHE HApY)KHOH MMOBEPXHOCTH MPO3PadHOI
3aIIUTHI B OKPYKAIOLIEE POCTPAHCTBO, BT/M?u.rpar,

A — KOO QULMENT TEIIONPOBOJHOCTH MPO3PaYHbIi 3aiuThl BT/M?;

B - TONIIWHA MPO3PAaYHO 3alIUTHI, M;

Jnist ydeTa TemuonoTepu 4yepe3 OOKOBYIO TOBEPXHOCTh HEOOXOJMMO 3HAUCHHE MPaBOi HECTH (n yepes
YMHOKHUTH Ha BEJTHYHHY X

142H(7+3)
Qon = Xqn x=1+ m
e
(8)
rae H, |, b — reomeTprueckue pa3mMepbl HECYIIMX KOHCTPYKIMN

B cooTtBeTcTBHE € 3THM paboune ypOBEHHS, KOTOPBIMH CIIEIYeT IONb30BATHCS MPHU ONpEACIICHUH B
YIPOIIEHHOM BapHaHTE pacieTa MIOCKUX KOJJICKTOPOB, OYJET UMETh CICAYIOIIHMA BU/I;

Qur = Gnon + Gon = Qurllc )
Ty Ty
Qon = Xqn = X(‘hﬁ— a; W‘h)
Ghon = Gnon — (1 = MM )an- = (@4ay) 7 + a5 = — ag =&+ a; + g (10)
Ank- = NpNclux = EacrExncny® (11)

Ne =1—"S Fer = (ao + O)[SU — Uap)] + e(l — Uag + by)
rae U - 4ucio nmonepevHbIX HaKJIagokK ¢ ceueHneM ayx(c + b)

Qo — TOPU3OHTAJIbHBIN, C 1 D BepTHKaIbHBIN pa3mMephl Opycka

S — 4KCII0 PUIOIBHBIX OPYCKOB, M;

[ - nuHa remoHArpeBaTes, M,

N =1, F = (H+C +a)[(S + Db~ Uao +bag) + (ao + (¢ +b))] ub (12)

rae H - BeicoTa rennoHarpeBaress, M;

0, — PacCTOSIHME OT BEPTUKAIBHBIX CTEHOK IelIMOHArpeBaTelis 10 BHYTPEHHEN KPOMKH IeperieTa pamsl, M,

Hopsimox pemrenust ypaBuenuit (9), (10), (11) cmemyrommuii: cHavyama STH ypaBHEHUS pEIIAIOTCA B
MPEINONIOKEHHUH, YTO X = 1, 3TO TaeT BOXKMOXKHOCTH B ompeaenuTs koaddumuent K, a cienoparensHo U X,
II0CJIE Yero IMOBTOPHOC PCHICHUEC JOTUX ypaBHCHI/II\/'I Ja€T BO3MOXKHOCTH BBIYHCIHUTH OnM3KHE K
JEHCTBUTENBHOCTH 3HAYEHUSA (fon Quon W TepMuueckuit KITJ[  reimoycTaHOBKM pacdyeTra C ydYeToM
TemnonoTeps M G, = 399 BT, t,, = 17°C u v, ~ 3M\C B 3aBUCHMOCTH OT @ U dy TPU dy =
60°C,70°C, 80°C.

Ta6auua 1. 3aBUCMMOCTB SHEPrETHUECKUX MOKA3aTENEH IIIOCKUX KOJLIEKTOPOB OT ¢, IpH V=2M/C, v =3M/c
" trb=60°C

0} 0
dd,=23mm t,,=60°C v=31 wm/c
“tr 0 105 83 77 77 71 66 61
1) 0 2,5 4,8 55 6,8 7,7 8,5 ----
n% 0 18 37 42 52 52 65 68
Quon 0 103 207 238 291 333 364 385
d34=23mm t,,=60°C v=2 m/c
7} 11 0,55 0,36 0,27
ty 55 64 68
n% 0,82 0,68 0,64
6 10,8 8,9 8,4
Qron 463 381 359

la6n1/1ua 2 3aBI/ICI/IMOCTB DHCPICTUYCCKUX HOKa3aTeHeI>'I IIJIOCKUX KOJIJICKTOPOB OT upu t =
rb

Oo 't = 800

70°C rb — C

dd,,=233MM  t,,=70°C
P 11 0,55 0,36 0,27
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°ty 60 63 78

n% 74 65 53,5

é 9,7 8,8 6,9
ql'[Ofl

d34=23mm t,,=80°C

@ 1.1 0,55 0,36 0,27 0,22

ty 64 67 79
n% 65 63 49

) 8,45 8,1 6,4
Quon 363 350 273

Kak BumHO W3 Tabmuu 3 w 4 TpW KOHCTPYPHPOBAHWH COJTHEYHOTO KOJDIEKTOpAa C IIOCKOTOYHBIM
MIPUEMHUKOM CJEIYET PYKOBOACTBOBATHCS CICAYIOMIMMHU MOTOKEHUSIMU:

a) pu 3aaHHOM 3 (heKTHBHOM araMeTpe KaHana tepmudecknii KI1J] ycTaHOBKH yBEeTHUUBAIOTCS IO Mepe
YBEMYEHHSI OTHOIICHHUS JHaMeTpa KaHajla K pacCTOSHUIO MEXIy OCSIMH KaHaJoB (BelwdunHa (). Bepxuuit
MpeAesl 3TOTO OTHOIICHUS OTPAaHMYECH 3aJaHHOM TeMIIepaTypoil BBIXOJla HArpeBaeMOM BOJBI U JOCTHTaCT

MaKCUMaJIbHO BO3MOKHOTO 3HaYCHUs, TorAa t,, = t5, . (Tak Kak qéK > Qen)-

0) yBenuueHwe auameTpa kKanana or 14 o 30 MM yMEHBIIAET MPH TMPOYHBIX PABHBIX YCIOBHSX
tepmuueckuii KI1JI ycTaHOBKM HE3HAUUTENBHO.

B) yBenwueHrne auamerpa kaHanma (ot 14 go 30 MM) yMeHBIaeT MPH MPOYHBIX PABHBIX YCIOBHSIX
TCpMI/I‘ICCKI/Iﬁ KHI[ YCTAaHOBKHN HE3HAYUTCIIBHO. CuipHee dTO BIHSHHE CKa3bIBAETCS npu yMCHBIICHUHN
JuaMeTpa KaHaJIoB OT 14 MM u HUKe.

r) CHIDKEHHE TeMIlepaTyphl BOIBI Ha BRIXOJIE U3 YCTAaHOBKY yBenmuuBaeTcs Tepmudeckuit K11/, cnpuras
€ro B CTOPOHY BO3pAcTAaIOIIMX 3HAYEHUH ]

1) B HopMasibHOM 3KCIUTYaTallHOHHOM PEXUME COJTHEYHOTO KOJIJIEKTOpa € TNIOCKUM IPUEMHUKOM Ui t =
60°C wmmeer HauOonblIee NPAKTHUECKH JOCTIXKHUMOe 3HaueHue 0,28, KoTOpoe MO Mepe CHIDKSHHUS
TeMIiepaTypsl BeITeKarorei Bospl Ha 10°C Bo3pacraer 1o 0,4 [3].

Cnucox ucnovb3068aHHbIX Jlumepamyp:
1 Zhamalov A.zZh. Solar power. The brochure. Almaty. «Kazakhstany.-1997.-s.87.
2 Zhamalov A.Zh. Sunshine of installation of solar collectors «the Bulletin of an agricultural science of Kazakhstan,
MNe3.C.144-147.1999.
3 Zhamalov A.Zh. Umberov E.S., Kunelbayev M.M. System of a solar heat supply. Almaty.2010.
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MODELING TASK FOR THERMAL PROCESSING OF OIL-SLIME

Abstract

This article presents the numerical method for solving the heat equation and modeling of the thermal processing of oil
slime. That modeling is very relevant because of the need to solve the environmental problems of large contaminated
areas with oil slime. The concept of modeling is quite complex, it includes a huge variety of ways to represent objects
and processes. In this research work, mathematical and numerical modeling was used, and the solution is performed using
modern programming language such as C ++, also result is given with visualization. The mathematical and numerical
modeling of thermal processing of oil-slime have educational and engineering mean for students and for users.

Key words: oil sludge, numerical modeling, mathematical modeling, thermal processing, the heat equation.
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Anoamna
JK.P. Ecnonaesa ’, I''T. banaxaesa ?
'On-Papadbu amvinoazer Kazax ynmmolx ynueepcumemi, « Angopmamuxa» mamanobizbiHblly MASUCHPAHMbL,
Anmameur k., Kazakcman
2 .-m.2.0., On-Papabu ameinoasel Kazax yimmolx yHugepcumeminiy npogeccopul, Aimamsi K., Kazaxcman
MYHAM KAJJIBIKTAPBIH )KbLTY KAUTA OHJEY ECEBIH MOJIEJIBJIEY

By makanana Kputy TCHIICYiH CaHJBIK O/IiCIMEH IICHTY TOCUI KOHE MYHAHl KaJJBIFBIH JKBUTY OHJICY OJICI apKbLIbI
MoJieNbeyi kepceTiired. Kopiiraran opTaHbl KoHE TAOUFU pecypcTapibl KOpFay MaKCaThIHAA KBUTY OHJCY TICLIIMEH
MYHall KaJIJBIKTApPbIH MOJICNBACY ©T¢ ©3CKTI OOJNBIN TaOBUIAIbI, OHTKCHI Ka3ipri TaHIa KOFaMfa KaThICTBI HETI3ri
Mocenenep i 0ackiM 0eJiri KopIlaFaH OPTaHbl KOPFay CallaChlH/AA HIOFBIPIaHFaH. MoOJAEIBICY TYXKBIPBIMIaMAChl ©Te
KYpJIeli, 01 00BEKTUICp MEH MPOIIECTEPIi YCHIHYIBIH 9P TYPIi KOJNJAPbIH KAMTHIIBL. BYJT FEUTBIMU-3¢PTTEY KYMBICHIHIIA
MaTEeMaTHKAIBIK JKOHE CaHIIBIK MOJEIbACY MalIamaHbuIIs! xKoHe menriM C++ CHAKTH Ka3ipri 3aMaHFb OargapiaManay
TUTIH KOJJAQHYMEH OpBIHIAJabl, COHbIMEH KaTap BH3YyaJlH3alUsIMEH KaMTaMmachli3 eTuimi. MyHa#l KalbIKTapblH
TePMUSIIBIK OHICYIiH MaTeMaTHKAIBIK JKOHE CaHIIBIK MOJICIBACYl CTYACHTTEP MEH MaiaaNaHyIIbuIap YIIiH OitiM Oepy
YKOHE MHKSHEPITiK MOHi 0ap.

Tyiiin ce3aep: MyHail KaaabIFbl, CAHIBIK dICTEP, MATEMATHKAIIBIK MOJICIIb, JKbLITY OHJIEY, KbUTY TCHICYI.

Annomayus
Ecnonaesa JK.P.!, barakaesa I'.T.?
‘Maeucmpanm no cneyuanonocmu « ngpopmamuxay Kazaxcrkoeo Hayuonanonozo Yuusepcumema um. Ano-
@apabdu, 2. Armamol, Kazaxcman
20.¢h.-m.H., npogpeccop Kazaxcrkoeo Hayuonanvrhoeo Ynusepcumema um. anv-@apabu,
2. Anmamut, Kazaxcman
MOJEJIMPOBAHME 3AJIAYM TEPMUYECKOMN NEPEPABOTKA HE®TEIIJIAMA

B nmaHHO# cTaThe NpeACTaBICH YHMCICHHBIM METOJA PEUICHUS YPAaBHEHUS TEIUIONPOBOJHOCTH M MOJEIMPOBAHUS
TepMHUUYeCcKOi 00paboTkm Hedremutama. MopaenupoBaHue 3aJadll TEPMHUYECKOHW MepepaboTKy HedTenuiamMa BecbMa
aKTyaJlbHa BBHY HEOOXOMMOCTH PEIICHHMS 3aja4y 3KOJIOTHH B CJIE/ICTBHE 3aTrPSI3HEHHS 3HAUYNTEIIFHBIX YYaCTKOB 3€MIIH
HeTSAHBIMM OTXOJAMHM, TaK KaKk B HACTOsIee BpeMs OOJIBIIMHCTBO KIIIOYEBHIX BOMPOCOB, KACAIOUIMXCs OOIIECTBa,
COCpPENIOTOUCHBl B OOJACTH OXpaHbl OKpyXKaromed cpensl. KoHnenmus MOAENMPOBAaHUS [OBOJBHO CIOXHAs, OHA
BKJIIOYAET B ce0s pa3HOOOpa3Hble CIIOCOO0B MPEICTaBICHUs 0OBEKTOB U IIPOLIECCOB. B 3Toii nccnenoBaTenbekoil padore
UCIIONIb30BAIOCh MAaTEMaTHYECKOE U YHCJIEHHOE MOJEIMPOBAHUE, U pELIEHHE IPOBOJUTCS C HCHOIb30BAHUEM
COBPEMEHHOTO SI3bIKa IPOrpaMMHpOBaHus, Takoro kak C/C ++, u pe3ynbrar gaeTcs ¢ Bu3yanusanueir. Maremaruueckoe
Y YUCITIEHHOE MOJIENUPOBaHUE TEPMHUIECKOI 00paboTKH HedTelnuiaMa UMEI0T 00pa30BaTeIbHOE U HHXKEHEPHOE 3HAUCHHE
JUISL CTYJCHTOB U JJISl TOJI30BaTENICH.

KaioueBnie cjioBa: HeTSIHON IITaM, YUCIEHHOE MOJEINPOBaHNE, MaTEMaTHIECKOE MOACINPOBAHUE, TEPMHUIECKAs
00paboTKa, ypaBHEHHE TETUIONPOBOIHOCTH.

. Introduction

Nowadays, Kazakhstan is one of the leading countries in the production and processing of oil and oil
products. But along with the growth in oil production, increase in the volume of its processing and
transportation problems are exacerbated ever-increasing utilization of oil pollution and other toxic waste. Why
the decision of these problems is important for the international community? The main reason for that oil
refineries and enterprises cause enormous damage to the environment and thereby violate the ecological system
of our entire planet.

Annually in our country during the processing or transportation of oil, as a result of spills and accidents,
about 400 thousand tons of oil wastes are generated, and the resources located in earthen barns are estimated
at 4.5 million tons [1]. It should be understood that the presence of such barns increases the risk of animal
death, pollution of groundwater, air. Moreover, soil contamination with oil, in addition to its direct impact, can
lead to an excessive accumulation in them of heavy metals - zinc, copper, lead, which has the worst effect both
on the ecology of the region and on the quality of life of people. In other words, for many years the huge
country was only thinking about how to over fulfill the plan.

After the collapse of the Soviet Union, the republics, actively developing the oil industry, were forced to
recognize serious problems related to waste disposal. Fortunately, the situation in the petroleum waste
management industry is changing for the better, including in neighboring Russia, where a total of about 100
million tons of granary oil slime have been accumulated. In Kazakhstan, the urgency of this urgent task was
firstly noted in the Environmental Code of the Republic of Kazakhstan on January 9, 2007 [2]. The direction
of "green" growth and low-carbon economy as an instrument of sustainable development is laid down in
Strategy 2020, in international initiatives of our country. The head of state constantly emphasizes that the
mineral wealth should be used with minimal environmental damage.
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As a result, the requirements of regulatory authorities are tightened to environmental standards in the
industry. Large market players began to recognize their responsibility for the state of the environment and are
looking for effective ways of processing oil waste. After all, everything that existed up to now is based on
outdated technologies of the past, when very few people thought about the problems of ecology.

Some of the most hazardous contaminants and the most significant wastes by weight in the oil industry are
crude oil sludges and also acid resids. Oil sludges are formed during construction of oil and gas wells, during
operation of oil fields due to discharges during oil processing, during tank cleaning, discharges of oil-
containing wash liquids used in drilling operations, discharges during testing and major overhauls of wells,
and during accidental spills. According to approximate estimates, the volume of such wastes worldwide is at
least 60 million tons/year (1 ton per 500 tons of produced oil), and accumulated wastes due to the lack of
options for their proper treatment amounts to more than a billion tons [3, 4].

As we know, oil slime is a waste that is different in its characteristics, the formation of which is inevitable
when processing oil. Utilization of oil slime is an urgently needed mission in environmental protection.
Processing of oil slime is a problem of high importance ecology all over the world. Industrial waste is a source
of danger, both for man and for the surrounding nature. The task of modern technologies is the introduction of
waste into the natural cycle, their destruction and exploitation.

Moreover, oil slime formed in the extraction, transportation and processing of oil, depending on the
conditions of their formation, can be divided into 3 main groups: ground, bottom and reservoir type [5]. Slurry-
type oil slime are formed during oil spills on soil, for example, in case of accidents; bottom type - with the
settling of oil spills on the bottom of reservoirs; reservoir type - for transportation and storage of petroleum
products in containers of various types. The structure of oil slime is a physicochemical system that includes
oil products, water and mineral additives (clay, sand, metal oxides, etc.). One of the reasons for the formation
of reservoir oil slime is the interaction of oil products with moisture, oxygen, mechanical impurities and the
material of the walls of the reservoir. The result of such interactions is the partial oxidation of the feed oil to
form resin-like joints and corrosion of the tank walls. Entry into reservoirs with oil products of moisture and
mechanical contaminants promotes the formation of water-oil emulsions and mineral dispersions. All oil slime
differ in their physic-chemicaO | characteristics, which is due to the different composition of the raw materials,
the environmental conditions. As a result of various studies, oil slime reservoir type impurities: hydrocarbons
are from 5 to 90%, water from 1 to 70%, solid impurities from 0.8 to 65% have a wide range of ratios of oil,
water, and mechanical. The method of processing depends directly on the amount of slime that is in oil products
[6].

Oil sludges have extremely diverse compositions and represent complex systems consisting of petroleum
products, water, and a mineral portion (sand, clay, silt). The ratio of these components fluctuates over a very
broad range. The organic materials on the average comprise from 10 to 56%; water, 30 to 85 %; solids, 1-46
%. Oil wastes can be arbitrarily divided according to the way they form into soil, resid, and tank types and can
be divided according to phase state into liquid and solid oil sludges. By liquid sludges, we mean oil wastes in
which the crude oil content is greater than 50%-90%, and accordingly solid oil sludges are oil wastes in which
the crude oil content does not exceed 50%, i.e., this is oil-contaminated soil [7, 8].

At the moment as a result of disposal of slime is already getting a lot of useful products: commercial oil,
fuel for heating plants, some building materials. There are also technology and special equipment for
processing oil slime with recovery of residual oil and solid waste in materials for road construction. Huge
amounts of raw materials provided in the recycling of oil slime, make it possible to produce large quantities of
asphaltic concrete - durable road surface friction with improved performance and durability.

Total can be divided into 3 main areas of application of slime:

— involvement in the boiler fuel;

— obtaining fuel components and preventive lubricants;

— production of building materials.

Nowadays, as we know the most common methods of disposal of oil slime can be classified into:

— mechanical;

— physical and chemical,

— thermal;

— biochemical;

— combined methods based on a combination of the above methods.

Il.  Methods of thermal processing of oil slime.
Thermal methods for processing oil slime are based on the processes of thermal decomposition of petroleum
products. As a result of complete thermal decomposition of petroleum products, the final products of
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destruction - CO2 and H20 - are formed. The most common method of neutralizing oil-contaminated soils is
organized combustion in ovens. However, this is an expensive process, in which the valuable hydrocarbon
component is irretrievably destroyed [9]. Therefore, in practice, so-called pyrolysis is used - a high-temperature
process of deep oxygen-free thermal transformation of petroleum or gas feedstock, consisting in the destruction
of starting materials with the formation of products of lower molecular weight (including simple substances of
CO02 and H20). In the process of anoxic thermal decomposition, liquid and gaseous products are formed.
Pyrolysis is more environmentally friendly than burning, since it allows the organic part of the waste not to be
converted to toxic combustion products, but to be used as an additional fuel for incineration of waste or
condense to produce by-products. Combined methods of neutralizing oil slime have become widespread due
to the possibility of processing oil slime with various physical and physic-chemical properties.

As a rule, these methods are based on a combination of mechanical methods and methods of centrifugal
separation with physicochemical methods. Thus, to date, there are many different methods for processing oil
slime. Such methods as defending, burning, filtering, are still used in the 21st century, although they have long
been out of date. Every year they lose their popularity and are replaced by more modern and efficient,
economically viable methods, through which it is possible to process oil slime and other types of oil waste,
while eliminating the negative consequences from their impact on the environment and on human health. An
example of a high-efficiency and low-cost method for the complete utilization of oil slime is also the electric
fire utilization of oil slime, including successive separation operations and the removal of the upper layer of
clean petroleum products, and the subsequent clean electric combustion of other heavy oil slime fractions in a
strong electric field [10].

The most commonly used method of "utilization" of oil slime in Kazakhstan is a burial with its subsequent
either settling, or filtering through a press, or by burning. And this, as we have already explained, is far from
the most modern technologies for neutralizing this kind of waste, even on the contrary, primitive, absolutely
inefficient and dangerous from the ecological point of view.

The thermal method of neutralizing of oil slime is quite effective, but not always economically viable. It
allows the processing of oil slime by enterprises with the use of compact units of small capacity. This can be
rotary drum furnaces, furnaces with fluidized bed of coolant, furnaces with nozzles, and furnaces with bubble
burners.

The thermal method allows to burn not only oil slime, but also contaminated filters, oiled rags, solid
household waste. During the burning of oil slime, secondary wastes of the 4th hazard class are formed, which
are subject to disposal. At the same time, the volume of secondary waste can amount to 1/10 of the processed
oil slime.

An intermediate link to reduce the volume and toxicity of waste and prepare them for future processing or
disposal may be thermal processing. It can also be used as the final process of processing into a solid inert
phase and, in some cases, in water and petroleum products. There are both stationary thermal processing plants,
and mobile.

Technologies of thermal processing are divided into two groups. The first group includes combustion
processes (in cement, hearth, drum furnaces), they completely oxidize hydrocarbons in the presence of air at a
very high temperature. Often, incineration is used to destroy domestic and certain types of industrial waste.
Combustion processes are very widespread and do not require significant alteration for the disposal of oil-
containing drilling wastes.

The second group includes the processes of thermal desorption, in which, through an intermediary or
directly, heat is supplied to waste to destroy volatile and partially volatile components from a solid base. In
some solutions, waste gases condense and separate from water, to extract hydrocarbons; in others, they are
simply burned. Thus there is a recycling.

In this technology waste is incinerated at temperatures of 1200 - 1500 °, thereby reducing the volume and
danger of the product of processing [11]. Usually, incineration is used for the processing of flammable, highly
toxic or medically dangerous organic substances. The efficiency of the method is achieved with increasing
temperature. To achieve complete destruction of organic matter, the residence time of waste in the combustion
chamber can vary. When the disposal of waste is unacceptable and other technologies for processing drilling
wastes are not available, simple incineration is used in such cases. The most acceptable solution becomes an
incinerator; it is installed nearby, for burning other types of waste. All operated incinerators are equipped with
facilities that remove particulate emissions and control emissions of nitrogen and sulfuric oxidants. In addition,
often many incinerators are equipped with heat recovery units. and positively charged ions, which are formed
as a result of dissociation of water.
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I11. Mathematical modeling for thermal processing of oil-slime

Let us consider heating a layer of oil-slime with a stream of hot air. The problem is two-dimensional, non-
stationary, the values of the flow velocity are assumed constant. We solve the problem in a rectangular region.
The flow pattern is shown in figure 1.
A

X
To, Co,

1111

Figure 1. The scheme of the heat treatment process

The improvement of computer technology and the widespread use of personal computers have opened up
enormous prospects for studying the processes and phenomena of the surrounding world, including human
society. Modeling is one way of knowing the world. The concept of modeling is quite complex, it includes a
huge variety of ways to represent objects and processes: from creating natural models (reduced or enlarged
copies of real objects) to the derivation of mathematical formulas. The object that is obtained as a result of
modeling is called a model. It can be a mathematical formula, a graphical representation, and not necessarily
a real object.

Thus, first of all we should do mathematical model of the process. The mathematical model of the process
is described by the equation of heat conduction. There are various methods for solving boundary value
problems for the heat equation, in particular, the method of variable directions and the method of fractional
steps.

I will solve this issue by alternating direction implicit method.

Some concepts of alternating direction implicit method

In numerical analysis, the Alternating Direction Implicit (ADI) method is a finite difference method for
solving parabolic, hyperbolic and elliptic partial differential equations.[12] It is most notably used to solve the
problem of heat conduction or solving the diffusion equation in two or more dimensions. It is an example of
an operator splitting method [13].

The traditional method for solving the heat conduction equation numerically is the Crank—Nicolson method.
This method results in a very complicated set of equations in multiple dimensions, which are costly to solve.
The advantage of the ADI method is that the equations that have to be solved in each step have a simpler
structure and can be solved efficiently with the tridiagonal matrix algorithm.

In the scheme of the variable direction method, as in all splitting methods, the time step T is divided into
the number of independent spatial variables (in the two-dimensional case, two). On each fractional time layer,
one of the spatial differential operators is approximated implicitly (scalar sweeps are performed in the
corresponding coordinate direction), while the others are explicit [14]. At the next fractional step, the next-
order differential operator is approximated implicitly, and the remaining ones are explicitly, etc.

If we use Burgers equation, then heat equation can be rewritten as:

Heat transfer equation:

oT oT oT o%T | 9%T
E+U5+V£—a(ﬁ+a—yz) (1)

Concentration transfer equation:

ac ac ac a%c , 9*c
E-l_ Ua-I-Va—a(ﬁ-l-a—yz)(Z)

Initial and boundary conditions:
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T,Clio = 0
T,Clyeo = 1
T,Clyey =1
T,Cly—o = 0
T,Cly—y = 0

In the case of a two-dimensional diagram of alternating direction method for our problem has the form:
subcircuit 1:

Tﬂ+1/2— n 1
L = T2 + 2,7,
subcircuit 2;

TRtl_pnt1/2 +1
i 1
J Atl} — AlTn > AzTn'H.
02 02

Here, 1, = Pyt Ay = Fe

Graphical result of this task shown in below picture:

o4 0z 03 o4 4.5 a8 a7 k]

Figure 2. The graphical result

It can be shown that in the two-dimensional case the scheme of variable direction method is absolutely
stable. The advantages of the method of alternating directions include high accuracy, because the method is
second-order accuracy in time. The disadvantage is the conditional stability of spatial variables including more

than two. Additionally, this method conditionally stable in problems with mixed already in the two-
dimensional case.

IVV. Conclusion

The aim of the task was to develop of thermal processing oil-slime with numerical methods in order to
protect the environment and natural resources. Nowadays, the most of the major issues that concern societies
are concentrated in the field of environmental protection. Solid, liquid and gaseous waste generated in the
production after rejections have a harmful effect on both the natural components of the air, and on soil and
water. This is extremely dangerous for living organisms and is a threat to the health of future generations. The
set goals were achieved.

The mathematical and numerical modeling of thermal processing of oil-slime have educational and
engineering mean for students and for users. In the future it is planned to develop and improve.
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CIHEKTPBI PEHTTEHOJIIOMUWHECHEHIIMH KPUCTAJIJIOB KBr U KCl
B UHTEPBAJIE TEMIIEPATYP 10-325 K

Annomayus

B craTbe onmcana TeMiiepatypHast 3aBUCHMOCTb 1oJIoc n3mydenus B kpuctauiax KBr u KCI B unTepBane remmeparyp
10-325 K Ha OCHOBE 9KCIIEpUMEHTOB, TPOBEACHHBIX Ha YCTAHOBKE MO H3MEPEHHIO CIIEKTPOB PEHTTCHOMIOMHHECLICHIINH
B yHuBepcutere UMeHn Huxonas Konepuuka B Topynu (IToneina). [Ipu 3ToM 0OHapyXeHBI TOJIOCHI, HHTEHCUBHOCTb
KOTOPBIX YBEIMYHMBACTCS IPH MOHIDKEHUH TeMiepatypsl oT 30 K, HHTeprpeTHpOBaHHbIC H3Ty4aTelbHOW aHHUTHILSIUEH
9KCHTOHOB ¢ 0oliee «CUMMETpUYHOI» KoHpurypamueil, mo cpaBHeHHIO co «Strong-off»y. 3aBucumoctsb
peHTreHomomMuHecueHmn kpucrawia KBr nmoareepkaaercss TEOpeTHYECKUMH pacdeTaMy BBICOTHI IOTEHIHAIBHOTO
Oapbepa aBTOJOKaIM3alMH SKCHTOHOB. B kpuctaimne KCl oOHapyKeH pOCT HHTEHCHMBHOCTH MOJOCHI peabcopOumu F-
LEHTPOB NpH NOoHIKeHNH TemrepaTypsl ot 30 K. OOHapyKeHHbIE MOJIOCH CBEYCHHUS U 3aKOHOMEPHOCTH WX MOBE/ICHHS
UTPAIOT BXKHYIO POJIb IS CO3/[aHUsI CLIMHTHIUISILIMOHHBIX U (DOTOXPOMHBIX MaTEpHAalOB JIJIsl 3aIIHCH OJIOTPAMM.

KnroueBble  clioBa:  PEHITCHONIOMHMHECIEHIIMS,  OKCHTOH,  7m-cBeueHme,  «Strong-offy-konduryparms,
ABTOJIOKAJIM3ALIHS.
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KBr ) KOHE KCl KPUCTAJIJAPBIHIAFBI 10-325 K TEMIIEPATYPAJIAP UHTEPBAJIBIHIAFbI
PEHTTEHJIIOMUHECHEHIUSA CIIHEKTPJIEPI

Maxkanana Topynneri Hukonait KomepHuk atbinarsl yHuepcuteriHzeri (Ilonbmna) peHTreHOIIOMUHECHCHIHS
CHEKTpJiepiH eumeiTiH KoHxablprbina ansiHFaH KBr sxene KCl kpucrammapemnsiy 10-325 K temneparypanap
apanbpIFaHIaFel  CoyJNie IIBIFApy JKONAKTAPBIHBIH TEMIIEPAaTypalblK TOYENIimri cumaTraiFaH. MyHnma «strong-offy
KOH(UTypanusulbl 3KCHTOHIApFa KaparaHIa «CHMMETPHSAIAy» SKCHTOHIAPIBIH COyJe IIbIFapy aHHUTWIISALMSICHIMCH
OalTaHBICTEI MHTEHCHUBTLNIT Temmeparypa 30 K-HeH TemeHzereHme maiima OomaTeIH Jkonmakrap TipkenreH. KBr
KPUCTAJIBIHAAFEl PEHTTCHOMIOMHUHECIICHITNSHBIH TeMIepaTypagaH TOYeIAUIri 3KCHUTOHAAPIBIH KapMalxy OereTiHiH
Temneparypagan Toyennumirimen coiikec kememi. KCI kpucrameiama temmeparypa 30 K-meH temenpmerenzeri F-
OPTANIBIKTAPHIHBIH PeadCOpOIIsICEIMEH OallTaHBICTRIPFaH KOJIAaK MHTEHCUBTLIIT ece Keieni. TipKenreH coyie IbFapy
KOJIAKTapbl JKOHE OJIApJbIH ©3repy 3aHIbUIBIKTAphl CHMHTWULILMAIBIK JKQHE ToJorpaMma jkadyra apHaJFaH
(hOTOXPOMIBIK MaTepUaIAPbIH KacaKTaybIHIa MaHBI3IbI POJT aTKAPaIbI.

Tyiiin ce3mep: pPEHTTCHOTIOMHHECIICHIIUS, JKCHTOH, 7-COyJe IIbiFapy, «strong-offy-xonpurypaius, e3niriHeH
KapMaysbl.

Abstract
SPECTRA OF LUMINESCENCE OF KBr AND KCI CRYSTALS IN TEMPERATURE RANGE 10-325 K
Zhanturina N.N.%, Shunkeyev K.Sh.2, Aymagambetova Z.K.3
1Ph.D, Associate Professor, K. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
2Dr.Sci.(Phys-Math), Professor, K. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan
3Ph.D, Associate Professor, K. Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

The article describes the temperature dependence of the emission bands in crystals of KBr and KCI in the
temperature range 10-325 K on the basis of experiments conducted at the facility for the measurement of X-
ray spectra at the University of Nicolaus Copernicus in Torun (Poland). At the same time found the band, the
intensity of which increases with decreasing temperature of 30 K, interpreted radiative annihilation of excitons
with a "symmetric" configuration, as compared with «strong-off». The dependence of the X-ray luminescence
of the KBr crystal is confirmed by theoretical calculations of the height of the potential barrier of self-trapping.
In KCI crystal growth observed intensity of the band reabsorption of F-centers at low temperatures of 30 K.
The observed luminescence bands and patterns of behavior play an important role in the establishment of
scintillation and photochromic materials for recording holograms.

Key words: X-ray luminescence, exciton, z-emission, «strong-off»-configuration, self-trapping.

JIroMUHECHIEHIIMSI MAaTEpUAJIOB SBJSIETCS TJIABHOM XapaKTEPHUCTHUKOM ISl MX MCHOJIb30BAHHUA B Ka4eCTBE
CIMHTHJUIATOPOB, a TakXe (POTOXPOMHBIX MaT€pPHAIOB Ul 3alMCH TOJIOrPaMM. 3aliCh rOJIOrPaMM BEIETCS
OpY HU3KUX TEMIIepaTypax M pa3iMyHble II0JIOCHI JIIOMHUHECLECHLUMH M 3HAHHE HX 3aKOHOMEPHOCTEH
MOBE/ICHUS TIPY BO3AEUCTBUHM TEMIIEPATYPHI SBJSETCS TEOPETHUECKON OCHOBOM I CO3/1aHUS YCIOBUU IS
3¢ GEKTUBHBIX CUMHTWULILMN, a Takke 3(QQEeKTUBHBIX (OTOXPOMHBIX MaTepHalloB C 3aJaHHBIMHU
xapaktepucTukaMu. OJTHUMH U3 TAKUX MaTEPUANIOB, YCIEIIHO HCIIOIB3YEMBIX B KAUECTBE CLIUHTHIUIATOPOB H
3alyiCH TOJIOTPAMM SIBIIIOTCSA IIENOYHOTAJIOWAHbIE KpUCTAUbl. C ILENbI0 HM3Y4eHHUs TOBEACHHS II0JI0C
JIOMUHECIIEHIIMY B IIMPOKOM HHTEpBAJIe TEMIIEPATypP MbI IPOBOAMITH SKCIIEPUMEHTHI.

CriexTpbl PEHTICHOJIOMHUHECHCHIIMU U TepMmotoMuHecteniun kpuctamuioB KBr u KCI B unTepBaie
temneparyp 10+325 K Obimu mosryuensl B UTHCTUTYTE 3KCTIepUMeHTaNbHOM Qu3nkn yHHBepcuTeTa Hukomas
Konepnunka B Topynu (Topyss, [Tonsira).

Ha pucynkax 1, 2, 3, 4 moka3aHbl ClIEKTpbI peHTreHoaroMuHectenmy kpucrauioB KCIl u KBr.

Kak BugHO U3 prucyHKa 1, CIEKTp peHTreHOMIOMHUHEeCIeHIMN KpucTamia KBr cocTonT U3 0OCHOBHBIX Tpex
nostoc — 1ipu 4,42 3B (280 um), 3,58 3B (340 uam) u 2,28 3B (490 um). [Tuk npu 2,28 3B — 310 7-CBEUCHUE C
TPUILIETHOTO COCTOSIHHS SKCUTOHOB [1], €¢ HHTEHCHBHOCTD PacTeT MPU YMEHBIIEHUH TemIiepaTypsl ot 25 K,
3aTeM HauMHACT MOHKATHCS; TipH 4,42 3B — 310 O - TIOMUHECHIEHIIHS C CHHIJIETHOTO COCTOSIHHS 9KCUTOHOB,
JOCTUTAIONIAS CBOETO MAaKCUMyMa IPH HU3KUX TemrepaTypax. C MOBBIIIEHHEM TEMIEPaTyphl 3TH CBEUCHUS
tymarcsi Tak, uto npu 80 K unrencurnocts O - cBeuenus B 50 pa3, 7-cBeueHust B 15 pa3 cnabee uem npu 25
K. Ilpuuem, i 7-CBeYeHHA pPEHTICHONIOMHHECHEHIIMM B Kpuctauie KBr Boiaensercs ciemyromas
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3aKOHOMEPHOCTB: C TOBBIIIEHHEM TemmepaTypsl oT 10 K HHTEHCHMBHOCTh HAaYMHAET YBEITUYHMBATHCS O
Temriepatypel B paiione 30 K, 3aTeM NmpoWCXOOUT yMEHBIIEHHE. JTOT JKCIIEPUMEHTAIBHBIN pe3ynbTaT
OTJIMYHO MOATBEPKIACT HAILY MOJICIb aBTOJOKATH3AIUU YKCUTOHOB B 3aBUCUMOCTH OT TeMIEepaTypsl [2].

T
10K 175K
15K — 185K
25K 195K
35K 205K
45K 215k H
55K 225K
B5 K 235K
75K 245K
85 K 255K
95 K 265K |
105K 275K
115K 285K
125K 295K
135K 305 K
145K 315k |
155K 325K
165 K

800000

600000

400000

Intensity (arb. u.)

Total intensity (arb. u.)

200000

|

|

|

|

- |

— L

0 500 600 700 800
Wavelength (nm)

Pucynox 1. Penmeenoniomunecyenyus kpucmania KBr ¢ unmepesane memnepamyp 10-325 K

o HammM pacueram, HOTEHIMATBHBIN Oapbepa aBTOJIOKATU3aMK SKCUTOHOB B kpuctaiuie KBr nocturaer
MHUHHUMYyMa IpH Temneparypax B pailone 25-30 K. To ecTs HHTEHCUBHOCTH JIIOMHUHECLeHIIMU AJID pacTteT 1o
nepexona OOJNBIIMHCTBA OKCHUTOHOB B  aBTOJIOKATM30BAHHOE COCTOSIHAE C JAIBHEHWIINM  CIaJo0M
addexrruBHOCTH ITOMHUHECHICHIMH. C MOHMKEHHEM TeMrepatypbl kKpome O - U 7-TFOMUHECICHIINH B CIICKTPE
PEHTICHOIIOMUHECIICHIIUU TIOSIBIISIETCS HOBAsl MOJIOCa CBEUEHUSI ¢ MakcuMymoM mpu 3,58 sB. Dta monoca
HaXoIuTcs B 00Jiee BEICOKOYHEPTeTUIECKON YaCTH CIIEKTPa, YeM 77-CBEUCHUE, HHTEHCUBHOCTh yBEIMUUBACTCS
npu noHmwxeHuu temnepatypsl oT 40 K. ITo BuaumMoMy, npupoaa 3Toi MOJ0CkH! cBsi3aHa ¢ co3nanueM AJID
0oJiee «CHMMETPUYHOI» KOHpUTYpaLn,ueM «Strong-off», mockosbky:

- U3JIYUYCHHC TPOHUCXOOUT B BI)ICOKOE)HCpFCTI/I‘-ICCKOI\/'I YacCTH CIICKTpa 4Y€M 7-CBCUYCHUC,

- B JIUTEPAType YKa3bIBAIOTCSI PEKOMOMHAILIMOHHBIE MEXaHNU3Mbl CBCUCHHUH MPU HU3KUX TEMIIEPAaTypax B
KPHCTAJUIaX ¢ MOBBIIICHHBIM BBIXOOM PaIHAIlMOHHOTO nedextoodpasoBanus [3];

- II0Ka3aHo, YTO IIPH HU3KHUX TEMIIEpATypax | -IIEHTPBI PEKOMOUHHUPYIOT C 3JICKTPOHHBIMH LIEHTPaMH ( F
-IIEHTPaMHU) IO CXEMeE:

F (U;e_)+ I (ig) €
9TO BEJIET K PEKOMOMHAIMOHHOM JtoMuHecieHInu AJID [4]
e +el »>el shy.

Ho Tak kak m3nmyuenne AJID nmpoucxoaut B KBr mpu 3,58 3B, o, mo-Bunumomy, coznaerca AJID mpyroit
KOH()UTYpaIMH TI0 CPaBHEHUIO C CHIILHO aCCHMETPHYHOM.
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[lo pucysky 2  MOXHO  TPOAHATU3UPOBATH  3aBHCMMOCTh  CyYMMapHOW  HMHTEHCHUBHOCTH
peHTreHomoMuHecennnu kpucramuia KBr ot Temneparypbl. IHTEHCHBHOCTD M3ITy4YeHHs B MHTEpPBaJe IJIHH
BoiiH 201-400 M (4,38 3B) ocnabeBaet npu remneparype 6sm3koii k 50 K, a uznyuenns npu 401-700 um (2,5
3B) pu Temnieparype 6m3koii k 43 K. IHTeHCMBHOCTD M3Ty4YeHHs B JAHHOM WHTEPBAJIE IJTUH BOJH SBISCTCS,

169




Ab6aii amvinoazvl Ka3¥I1V-niy XABAPILBICHI, « Quzuxa-mamemamura vlavimoapuly cepuscol, Nel(61), 2018

B OCHOBHOM, m3iyueHreM AJID [5]. UeTko MOKHO 3aMETHUTh YBEINYCHHE HHTCHCHBHOCTH JI0 TEMIICPATyphl B
patione 25-30 K u nanmpHelIIIee ee yMEHBITICHHUE, UTO €IIe pa3 MOATBEep)KaaeT Halry Teoputo. [lomHoe Tymenne
PEHTTEHOIIOMUHECIICHIIMU IPOUCXOIUT MPH TeMiepatype okoio 80 K.
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Pucynoxk 3. Penmeenonomunecyenyus kpucmania KCl ¢ unmepsane memnepamyp 10-325 K

B cnektpe penrrenomomunecueHnnu kpucramia KCl npu remneparypax aimwke 80 K MoxkHO BbIIEIHUTH 3
OCHOBHBIE TIOJIOCHI - 3,88 5B (320 aM), 2,3 3B (482 aMm), 2,15 3B (580 aM). Makcumywm mipu 3,88 3B mosnsiercst
npu noHwxkeHuu temreparypsl or 80 K, M CBA3aH ¢ TYHHEIBHOM mepe3apsaKoil MeXOy OCHOBHBIMHU

coctosauaMu F'u Vk -ieHTpoB. [Ipupoaa 3Toii monock aHaIoruyHa npupoe noiocs npu 3,58 B KBr. ITuk

pu 2,3 3B coOTBETCTBYET 7 - CBEUECHHUIO. 13 pUCYHKa HETPYJHO 3aMETUTh, YTO MAKCUMYMa CBOETr'O 3HAYEHUS
WHTEHCHBHOCTH JOCTUTaeT NMpHU HU3KUX Temreparypax. llomoca mpu 2,15 3B cBszana ¢ peabcopOrmein F-
uentpoB [6]. Ilpu stom F-1ieHTp sIBIsieTCsl CBOEro poja CEHCHOMIM3aTopoM. B ciyuae TyHHENIBHOI
nepe3apsaaKu IporucCxoauT pCKOM6I/IHa]_[I/IOHHa$I JIIOMUHECICHI M, B TO K€ BPEMS ITPOUCXOJUT NOTJIONICHUC F-
IIEHTPOM COOCTBEHHOT'O U3IIYYEHHUs, BOSHUKAET 10JI0ca ¢ MakcuMyMoM mipu 2,15 3B. CienoBatensHo, mpoBai
B CIIEKTPE M3IIyYCHHsS €CTh PE3yNbTaT peabcopOIuK aKTUBATOPHOTO CBEUCHUS PaAMAIHOHHBIME JeQeKTaMu
F- LOCHTpaMHU. HOKaSaTCHI)CTBOM Hamen HUHTCPIPETALUH ABJIACTCA OTCYTCTBHUE PACHICIUICHHUA MAKCUMYMa IIpU
2,82 3B mipu remmieparypax Beime 80 K korma mpoucxoanut oTxur F-ieHTpoB. ITOT 3P PeKT CBs3aH C BRICOKOH
sddextuBHOCTRIO MeexTooOpasoBanus B kpuctawie KCl ¥ 3HaYNTEIbHON IUIOTHOCTHIO PaJUallHOHHBIX
nedexros [2].
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Pucynox 4. 3asucumocms cymmapnon unmencugnocmu penmeenoniomunecyenyuu kpucmania KCl om

memnepamypul

B kpucramie KCI B ¢Bsi3u ¢ TeM, 4TO CO3/1aHHBIE SKCUTOHBI MTHOBEHHO aBTOJIOKAIU3YIOTCS, MUHUMAaJIbHAS
TeMreparypa tymenus [7,8]. 13 pucyHka HETpyJHO 3aMETHTD, UTO M3 Ty4deHue B nateppaie 191-200 M, 201-
700 HM MOJIHOCTBIO MOTYLICHO yXKe Npu Temneparype okoio 10 K, cymmapHas HHTEHCHBHOCTB ocliabeBaeT
npu temreparype okoso 130 K. Dto cBsizaHo co cOOpKOii 37eKTpOHHO-ABIPOUHBIX Hap B kpuctamwie KCl u
BO3HUKHOBEHHEM SKCHTOHOMIOJOOHOTO CBEYeHHA B paiioHe Temnepatypsl 80 K.
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PACYET MOIIIHOCTH Y ONIPEJEJIEHUE KAITUTAJIbHBIX BJIOXKEHUMA HA YCTAHOBKY
BETPOTEHEPATOPA

Annomayus

B crathe paccMaTpuBaeTCS CIIOCOOHOCTH BBHIPAOOTKH 3JIEKTPOIHEPTHH BeTpodJieKTpocTanuueil. [lyis pacuera
BBIPAOOTAHHOW HCCIIEAYeMON BETPOIICKTPOCTAHIIUEH 3JICKTPUUCCKOW DHEPIHH, HEOOXOIMMO YYHUTHIBATH CKOPOCTH
BETpa, MPOU3BECTH YUET BEPTUKAIHHOTO MPOGHIIL BETpa Ha ONPEACICHHBIX TOUYKAX BBICOTHI, a TAKXKE OOJiee MOIpOOHO
OIICHUTHh BETPOIHEPTETHUECKUE BO3MOXKHOCTH 3aJaHHONM MECTHOCTH. PeryssipHoe HaOJIOJCHHE 32 METeOCTaHIHeH
KaXIbIA MeCsI[ 3a Pachpe/e/ICHHEM CKOPOCTH BETpa MO IPAJaIlUsiM MO3BOJIUT PACCUMTATH ONTUMAIBHYIO BBIPAOOTKY
BETPOAIEKTPOCTAHIMU. TpyaHO BBIOpaTh HanOOJEEe ONTHMAIBHBIA BapHAHT JICKTPOCHAOKEHUS, TAK KaK OHU MMEIOT
CBOU JIOCTOMHCTBA M HEAOCTATKH. [IpEeMMYIECTBO WMEIOT BAPHAHTHI, MMEIONIME CTAOMIbHBIA U OecrepeOoiHbIN
XapakTep, a IJIaBHOE HAJICKHBIH MCTOYHHK MMUTAHUS. B CcTaThe MpeacTaBieHbl Pe3ylbTaThl HAOIIOICHUH, POBOIUMBIX
HECKOJIbKO MECSIIeB Ha METEOCTAHIIMH, HA OCHOBE KOTOPBIX COCTaBJISETCS TPadUK CKOPOCTH BETpPa M MPOU3BE/ICHBI
HEOOXOAUMBIEC PACUETHI.

KiiroueBble ¢JIOBa: BETPOICHEPATOP, KAIUTAIBHBIC BIOKEHUS, SJICKTPHUECKAs SHEPTHSI, MOIIHOCTh, METCOCTAHIHS,
BETPOBJICKTPOCTAHIIMS, HCTOUHHK MTUTAHHS.
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KEJT'EHEPATOPJIAPBIH OPHATYFYA KETETIH KYPAEJII CAJIBIMJIAP/IbI AHBIKTAY )KOHE
KYATTBLUIBIFBIH ECEIITEY

2

Makanana KEIDIIEKTPOCTAHIMSUIAPBIHBIH  3JEKTP DHEPrUsCHIH OHAIPY KaOUIeTTUTiKTepi KapacThIPBUIFaH.
JKemIeKTpoCTaHIMSITAPBIHBIH  AJIEKTPIHEPTHACKIH OHIIPYIH €CENTey YIIH JKEIIIH KBUIJAMIBIFBIH €CKepy Kepek,
OMIKTIKTiH OCNTiIEHreH HYKTEICePiHAe JKeNIiH BEPTHKAIABI MPOQIIIIH TIPKEY KaXKEeT, COJI CHAKTHI aJbIHFAH aliMaKThIH
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JKEJPHEPreTHKa MYMKIHIIKTEpiH TOJBIFBIpAK Oaranay Kepek. AN callblH METEOCTaHIMsIIapla TYPaKThl OakplIay
JKYPTi3iiyi THIC, aTal anTKaH/a, )KEJIiH rpagausara 0eiHiyiH. By sKemIekTpoCcTaHIUsAIaPBIHBIH MJISKTP SHEPTUICHIH
THIMII OHIIPYiH ecenTeyre MYMKIHIIK Oepemi. DIeKTpKaMChI3NaHABIPYAbIH THIMII HYCKACHIH TaHAANl aly KUBIHFA
corapl, cebebi omapaplH KaHCHICHIHAA 00JIca Aa apTHIKIIBUIBIFEI MEH KeMIIIiri 6ap. Heri3iHeH TypakTsl skoHE y3imicei3
CHTIATTaFbl HYCKallapra YCTeMIIK Oepimeni >koHene eH MaHBI3ABICH CeHIMIlI Kepek Ke3i Oomsim Tabbutaapl. Makamana
METEOCTaHIMA/Ia aijlan XYPri3iireH Oakpuiay HoTwmkenepi Oepinren. OCBHIHBIH HETi3iHAE JKEIiH >KbUIAAMIBIFBIHBIH
rpaduri TYPFBI3BUIBIIN, KKETTI €CENTEYIIEp KacaaFaH.

TyitiH ce3mep: KeIreHepaTopsl, KYpIeNi calbIMAApAbl JJIEKTP JHEPTUsACHIH, KyaT, METCOCTaHIIH,
KEIDIICKTPOCTAHIHSI, KOPEK KO3l.
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PACYET MOIIHOCTH Y ONPEJAEJIJEHUE KATIMTAJBHBIX BJJOJKEHUM HA YCTAHOBKY
BETPOI'EHEPATOPA

The power generation capacity of a wind power plant is considered in this paper. To calculate the electric energy
produced by the wind power station under study, it is necessary to take into account the wind speed, take into account the
vertical wind profile at certain points of altitude, and also to assess in more detail the wind power potential of the given
terrain. Regular monitoring of the meteorological station every month for the distribution of wind speed by gradation will
allow to calculate the optimal production of wind power station. It is difficult to choose the most optimal variant of power
supply, since they have their advantages and disadvantages. Advantage have options that are stable and uninterrupted in
nature, and most importantly a reliable power source. The results of observations conducted for several months at a
weather station presented in paper. On the basis of which a graph of wind speed is compiled and the necessary calculations
are made.

Key words: wind generator, capital investments, electric energy, power, weather station, wind power station, power
source.

Pacnipenenenue CKOpocTH BeTpa MO TPafalisIM IIO3BOJISET PACCUUTATh BIPAOOTKY BETPOIICKTPOCTAHIINU
0 KayKAOMY Mecsty. s 3Toro cienyer NpoLeHT IOBTOPIEMOCTH HHTEpBaia CKOPOCTH BETpa IpeoOpa3oBaTh
B COOTBETCTBYIOIIMI BPEMEHHOM MHTEpBal. Toraa MOIHOCTE BETPOT€HEPATOPa, COOTBETCTBYIOIIASL JAHHOM
BETPOBOH TIpamanuu, U BpeMsi paborei BOC B naHHOM peXMMe MO3BOJSIFOT OMPEACTUTh KOJIHMYECTBO
3JIEKTPO3HEPIUH 32 paCCMATPUBAEMBIN MECAIl TPH COOTBETCTBYIOIIEH CKOPOCTH BeTpa. CyMMapHas SJHEprus,
KOTOPYIO MOKET NMPOU3BECTH BETPOIIEKTPOCTAHLINS KOHKPETHOI'O THIA 33 PAaCCMATPHUBAEMBI BPEMEHHOH
WHTEPBaJ, OIIPENEIAETCS KaK CyMMa SHEPIUid, COOTBETCTBYIOLIMX KaXK 101 Ipajaliiy BETpa:

Wy = e

rae Pi —momuocTh BOC nipu cpemHeit ckopocTH BeTpa i — rpaganu; Ti — MpoAoDKUTENbHOCTD 1 — Tpajaiun
CKOPOCTH BETpa B TEYEHUHU MECAIa; N — KOIUYECTBO Ipajaluii CKopocTH Betpa [1].

IIpu pacdere BEIpaOOTKU SIEKTPOIHEPTUH CICAYET YUUTHIBATH YBEIMUYCHHUE CKOPOCTH BETPa HA BBICOTE
OCH BETPOJBHTATEIS 10 CPAaBHEHWIO C JaHHBIMH HaONroAeHWi Ha BhicoTe (rorepa. OOBIYHO OamrHs s
BETPOAIEKTPOCTAHIINH BXOJNUT B COCTAB €€ KOMILIEKTAIINH C YKa3aHHEeM KOHCTPYKTHUBHBIX HapaMeTpoB. J{ims
aBToHoMHbIX BODC Ha wmomuoctu g0 100-200 kBT BbicoTa OammHuM 0OOBIYHO He mpeBbimaer 50 M.
CoOTBETCTBEHHO, YUYET BEepTUKAIBHOTO nipoduis BeTpa Ha Beicotax 20, 30, 40, 50 M. mo3BoiHT OoJiee TOYHO
OLICHUTb BETPOIHEPTETUUECKUIN NOTEHLIMAI MECTHOCTH [2].

Pacuer pacnpeneneHus MpoA0DKUTEIBHOCTH IPaJaliiii CKOPOCTH BETpa 3a JBa Mecslla HaOIr0AeHUs Ha
METEOCTaHITNH MPUBEICH Ha pUCYHKE 1.
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Pucynox 1. I'pagux pacnpedenenusi npoooaicumenbHOCmu epadayuii CKOpocmu 6empa

JIJis OLIeHKH MPEBANMPYIONIETO HANPABICHHSI BETPOB CTPOUTCS PO3a BETPOB (pHUC.2), MPEICTABIISIONIASL
c000if BEKTOPHYIO JUarpamMMmy, y KOTOPOW IUIMHA Jy4el, pacXOAAIIUXCS OT IEHTPa IuarpaMmbl B Pa3HBIX
HarpaBieHUsIX (pymMOax rOpU30HTA), MPOIIOPIIMOHATIBFHA TOBTOPSIEMOCTH BETPOB ATHX HAlpaBJICHUM.
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Pucynok 2. Posa éempos

[IpeBanupytoiee HampaBieHHe BeTpa Ha BRIOPAHHON IDIOMIAIKE CIIEAYET YIUTHIBATH IIPH CTPOUTEIHCTBE
BETPOIapKa, & TAK)KE COOTHOCHUTH €ro C JaHImadTOM (38 UCKIIOUCHHEM PAaBHUHHOTO XapaKTepa MECTHOCTH)
[3]. Takum 0Opa3oM, pe3ynbTaTaMu HCCIEIOBAHMS BETPOIHEPTETUIECKOTO TTOTEHIIMANA B MIPEIIOIaraeéMoM
MECTe pa3MeIIeHUs BETPORJIEKTPOCTAHIINY SBISIFOTCS CIEIYIOIINE XapaKTEPUCTUKH:

1) OmpeneneHue CpeaHEIHEBHOW, CPEAHEMECSYHOW WM CPEIHETOJOBOM CKOPOCTH BETpa IO JaHHBIM
MeTeoHa0IoieHuit 3a 5-10 ner [4].

2) Ilepecdyer cpemHel CKOPOCTH BETpa KaXKIOTO Mecslla Ha IMpearojiaraeéMyir BBICOTY OallHu
BETpOreHepaTopa.

3) Pacnipenenenue CKOPOCTH BETpa Ha BEICOTE OCH BETPOTEHTepaTopa Mo rpafgauaM s KaXI0To Mecsa
roxaa [5].

4) [loctpoeHue po3sl BeTpoB s Topona XKutukapa [6].

[lony4yeHHble  BETPOIHEPTETHUECKHE  XAPAKTEPUCTHUKH  TO3BOJSIOT  ONTHMH3UPOBATH  BBIOOD
BETPOIHEPTeTHYECKOTO 000PYIOBaHMUSI U, IaJiee, HHTETPUPOBATDH €r0 B CHCTEMY AJIEKTPOCHAOKEHUS TOPO/Ia.

I'ubpuHas aBTOHOMHAS CUCTEMa — COJTHIIE-BeTep (MHBEPTOPHO-aKKYyMYIIATOPHAs ).

Bo03M0XHO TIOAKIIIOYEHHE COTHEUHBIX (POTOMOYINIEH K BETPOTreHEPaTOPHOIN CHCTEME Yepe3 KOHTPOJLIEPHI
JUIs1 COJIHEUHbIX cuctem. + JIT'Y.

B maHHBIX yCIOBHSAX CleIyeT MPUHATH BO3MOXKHOCTh 00€CIIEYNTh OOBEKT YCTAHOBKOH JOMOTHUTEIHLHOTO
000pyTOBaHUS:

1. MHBEpTOpHO-aKKYyMYJISATOPHOW cucteMoil + ABP (mna HakammuBaHWS SHEPTUHM TPH OTCYTCTBHH
Harpy3Kkd, W AJisl IUTaHUSl OT aKKyMYJIATOPOB IPU OTCYTCTBHH BeTpa), npu moiaHoM paspsne AKB, ABP
MEPEKIIIOYUT MTUTaHUE OT aKKyMyssaTopoB Ha Y.

2. YcranosnenHas MomHOCTE BOC u TpeboBaHus K pa3MeIieHuIo BeTpo-mapka [7].

BPTE - BerpoanekTpocTaHIMsi C BEPTHKAJIBHO DACIONOXKEHHBIM BajioM TreHepatopa (VAWT) [8].
OCHOBHBIM NPEUMYIIECTBOM KOHCTPYKIIUN BETPOCTAHIIMY SIBJISETCS €€ HE3aBUCHUMOE «HABEICHUE Ha BETEPY.
BerpocunoBas 4acTh NpUHEMAET BETEp C JIOOOH CTOPOHBI aBTOMATHYECKH 0€3 KaKUX-IM0O HACTPOSHHBIX
orepaiuii 1 He TpebyeT pa3BopoTa CTAaHIMY NPU U3MEHEHUH HANPABJICHUS BETPA.

Kommnekcnas snepreruyeckas cucrema BPTB Brmowaer cnenyrome (yHKIHOHANBHBIE 3JIEMEHTHI: -
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Monynu BPTB mis mpeoOpa3oBaHus SHEPTHH BETPA; - COTHEYHYIO (OTOIIEKTPHUECKYIO YCTAaHOBKY ISt
TeHepaIys dIeKTPUIECKON SHEPTUH; - aKKyMYJIATOPHBIE OaTapew Ui XpaHeHHUs! BRIPA0OTaHHOW SHEPTHH U
obecrieuenus: moTpeOutens snekrposnepruei; - 1IIY3 BPTB — ycrpolicTBo obecrieueHuss KOPPEKTHOTO
(YHKIMOHUPOBAHUS CTAaHIIMH, KOHTPOJIS 3apsiia, aBTOMAaTUKY; - FeHepaTop (peobpa3zoBaHue MEXaHUIECKOTO
BpallleHUus MOJIyJel B AIIEKTPOIHEPTHIO); - HHBEPTOp - MpHOOp MpeoOpa3oBaHHS MOCTOSHHOTO TOKa,
BeIpabaTteiBaeMoro KOC, B mepeMeHHbIH, TpeOyemMblii MOTPEOUTEN0, C BO3MOXXKHOCTHIO BBIIAYH
AIIEKTPOIHEPTHH B CETh.

[Ipenmymectsa BPTH - npu oguHakoBEIX pa3Mepax ¢ BUHTOBBIMH POTOPHBIE UMEIOT OOJIBIIYIO TUIOIIATh;
- «OMeTaeMoi» MOBEPXHOCTH U, CIEJAOBATENHbHO, OOJBIIYI0 MOIIHOCTH (B 2-3 pa3a); - He OOSATCS pPEe3KHX
KpaTKOBPEMEHHBIX MOPHIBOB BeTpa (IIKBAIOB); - POTOP HE CTOUT Ha MecTe (B OJHOM IUTOCKOCTH, Kak
BO3AYIIHBIA BUHT), a TIOCTOSHHO YXOAMT OT BETpPa, MOATOMY YCTAaHOBKH HE OOSTCA IITOPMOBBIX BETPOB U
JIeTKOo, 0€3 JOMOIHUTENBHBIX Mep 0e30MacHOCTH, B TOM YHCJIE KOHCTPYKTHUBHBIX, MCHOJB3YIOTCS B Ooiee
IIUPOKOM Juarna3zoHe BeTpoB (0T 2 10 50 m/cek) [9] . C noBbIIIEHHEM CKOPOCTH BETPA TOIBKO YBEIMYUBACTCS
ycTOWYMBOCTH (3()(eKT BOIUKA WM TUpOCKoMNa); - apQekTrBHas padoTa MpHu MajbIX CKOpPOCTsX Berpa (3-4
M/CeK); - BOBMOXHOCTh MOHTaKa YCTAaHOBKHM Ha PA3TMYHBIX IDIOMIANAX (KPBIIIH 30aHAHN, IIaTQOPMBI, BBIIIKH,
MOOWITBHBIE COOPYXEeHHS (OBITOBKM, BATOHYHMKH U TIP.); - TIOJTHAS OECITYMHOCTh MPHU BCEX PEeXUMax pabOTHI
(30 B Ha paccrosHum 5 mpu BeTrpe 15 M/C); - OTCYTCTBHE HEOOXOAMMOCTH (DIIFOTEPHON CHCTEMBI,
OpPHEHTHPYIOIIEH BUHT Ha BETEP, YTO IMO3BOJISIET YCTAHOBKE padOTaTh P HEYCTONYMBEIX 110 HATIPABICHUIO
BETpax, MPH Pe3KOH; - CMEHE HaIlPaBJICHUS BETPA; - CPABHUTENIEHO Majlas CKOPOCTh BpareHus poropa (1o 200
00/MHH) yBEITMYUBAECT pecypc pabOThl MOANIMITHUKOB, HWHTEPBAI MEXIY CMa3KoH JBHXKYIIUXCS
MOBEPXHOCTEH, 00mUA pecypc paboThl; - BO3MOKHOCTH HMCIIONB30BAHUSI MPU3EMHOTO HH30BOTO BETpPA; -
YHUKAIBHBII TEHEpaTop C KOHTPBpAIICHHWEM; - MPOCTOTA MOHTaXa M TEXHUYECKOTO OOCTYXKUBaHWUS, -
OBICTPBIN BBOJ B 3KcILTyaTaruio [10].

HuBeprop — Loher DYNAVERT T 560 kBt 230/400 B, c¢ BxoaneiM HampsbkeHneM Ha 230 B,
HOMHHAJIHHBIM BbIXOmHbIM HampspkeHueM 380 B [11]. DYNAVERT T nmoanepxuBaeT BCe CTaHIApTHBIC
HaNpsDKEHUST TIUTAHUS W MOXET OOecIeuMBaTh YIpaBlieHHE KaK AaCHHXPOHHBIMH, TaK M CHHXPOHHBIMHU
JIBUTATEIISIMH.

CaMpIM JIy4lIMM BapUaHTOM MJJISi CHCTEM ABTOHOMHOTO M PE3EPBHOIO DIICKTPOCHAOKEHHS SIBIISACTCS
WCTIONIb30BaHME CIIEUANTBHBIX aKKyMYIIITOPHBIX OaTtapei, pacCUNTaHHBIX Ha MUKINIECKHE PEKUMBI paOOTHI
W PEeryJISIpHBINA TITyOOKHi paspsa. MokHO npuMeHsTh Kak Ab ¢ xunkum snekrponutoM (cepus OpzS), Tak u
repMeTnuHble, renuesbie Ab (cepust OpzV). Takue Gatapen, HAMHOTO JOPOXKE aBTOMOOWIIBHBIX, HO 3aTO, TIPU
MPAaBUIILHOM IIPOEKTUPOBAHUH CHCTEMBI, TAPAHTHPYIOT HA/IeXKHOE deKTpocHabxkenHue [11].

Y nenpHas MOITHOCTH BO3YIITHOTO ITOTOKA MTPEJICTABIISIETCS KaK SJHEPT s, OCTYIIAOIIAs Yepe3 ero CeUeHNe
WIoma b0 1M? | pacronoKeHHOE TIEPIIEHIMKYIIPHO €r0 HAIIPABJICHUIO. Bennunna pa3BUBaeMol MOIHOCTH
3aBHCHT OT IUIOTHOCTH BO31yXa P, CKOPOCTH €0 ABIKEHUS V U ompenessieTcs BolpaxeHueM [12]:

P(V,)=05%x pxV? Brae

rae O - IWIOTHOCTH BO31yXa, BT/M% B HOpManbHOM pexume — 1,226;

V' - ckopocts Betpa.
Paccunrtaem morenmnman 3aepruu Betpa [13]:

W, =P, xV, xt,(V;) x8760
rae P o - coOCTBEHHAs MOIHOCTh BeTpa,BT/M? ;

t.(V,) - saBucumocTs i-ro BpeMeHn oT CKOPOCTH BETpa.

Pacuer cBenem B TabmuILy

Tabmmma 1. DHEpreTHvecKuii MOTEHIIMAT BETPa

2
\/i e t, yac Py, xBT/M W o KBT*u/ v
1 600 0,613 367,8
2 900 4,904 8892
3 1550 16,551 76962,15
4 1410 39,232 221268,48
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5 630 76,625 241368,75
6 620 132,408 492825,6
7 600 210,259 885595,2
8 570 313,856 1431279,1
9 540 446,877 21718222
10 490 613 3003700
11 450 815,903 403871,98
12 400 1059,264 5084467,2
8760 14022420

I'onoByto momtHOCTE BOY Haiinem no ¢popmyre:
Wya = Z Pes’ay(\/i) xt (V) xT,,,
CBegnieM pacdeThl B TAOIHUITY

Tab6nuua 2. 'ogosas momnHocts BOY

\/i e t, yac V sy, M/C Pusy, kBT W . KBr*u

1 600 12 0,0057 3,42
2 900 12 0,046 41,4
3 1550 12 0,15624 242,172
4 1410 12 0,37 521,7
5 630 12 0,723 455,5
6 620 12 1,25 775
7 600 12 1,98 1188
8 570 12 2,96 1687,2
9 540 12 4,2 2268
10 490 12 5,78 2832,2
11 450 12 1,7 3465
12 400 12 10 4000

Bcero 35,171 17479,6

[IpumepHoe TomoOBOe TOTpebieHne 3meKTpodHeprueit cocrtaBisser W= 115365,36 kBt4., a romosas
MOIIIHOCTh  BETPOYCTAHOBKM cocTaBiusier Wpoy=17479,6 «xBtu [14]. [lnan comHEeYHO-BETpOBOU
anekTpoctanimy Ha 12 MBT, u3 kotopsix 1 MBT Oyzet uepniaTbest U3 3HEpruu conHua u 11 u3 s3Hepruu BeTpa
[15]. MoruHOCTB 01HO# TypOUHBI cocTaBisier 1,65 MBT. PaccuntaeM KOJIM4eCTBO BETPOArperaTton

115365,36
=—=0,0= 7 BETpOarperaTos.

17479.6

TexHonornyeckas 4acTb MpeAcTaBisieT cO00H YCTaHOBKY, COCTOSIIYIO U3 175 cTaliMoHapHOTO MOIYJIS U
61 Tpakepa.

Kaxxnprit cranimoHapHbIii MOIYIIh COCTOUT U3 16 hoTosnekTpudeckux manenei mapku BM0250.

TpakepsI MpeICTaBIAIOT OO0 CIEAIYIO 32 TTOJI0KEHNUEM COJTHIIA cucTeMy [16].

YcraHoBiIeHHAasT MOITHOCTh CTallMOHAPHBIX MOAyJei coctaBisieT 702 kBT, a TpakepoB — 606,64 kBt
(61x39%0,255).

[Ipoextuposanue renuycraHoBok I'BC npu nomomu nporpaMmsl Mmojenuposanus T-SOL. CrannonapHsie
MOAYJIM M TPAKepbl 4Yepe3 WHBEPTOPbl W MKapbhl MEPEMEHHOTO TOKa IOAKIIOYAIOTCS K COOCTBEHHOU
MTOJICTAHIINH, OTKYZa IBYMsI BO3AYITHBIMHU JIMHUAMH HanpspkeHneM 10 kB BeipabaTeiBaemast 371€KTPOIHEPTUS
nepenaeTcs Ha nojctanuuio. s nogkmrodenus BJI10 kB npenycmorpeno pacummpenue I1C-57A Ha nBe
nuHennble sueiiku 10 kB [17].

Ha mmomaake COC mpemycmoTpeHa cOOCTBEHHAsl MOBBIMIAIONIAS TpaHCPOpPMATOpHAs TOJCTAHIIUS
Hanpspkenuem 0,4/10 kB ¢ nByms TpanchopmaTopamu MoriHOcThIO 110 1600 kB- A. Ha npoektupyemoi JuHuM
10 kB mpeycMoTpeHsl JByXCTylIEHUaTasl HalpaBJIeHHAs TOKOBAs 3aIlMTa M aBTOMAaTHKa CHHXPOHM3ALHH.
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Tpokepsl KOMIUIEKTYIOTCSI OJIOKaMu YIpaBieHUS M JaTYUKaMH 3aMepa COJHEYHOW pajualuu,
TeMIIepaTypbl MOXYJIEH W TeMIepaTyphl OKpysKaromeil cpenpl. Bece ONMOKHM ympaBieHHs COSOUHSIIOTCS C
IEHTPaJIbHBIM IUTOM YIIPABJICHUS, YCTAHOBJICHHBIM B aJIMHHUCTPATUBHOM 3/aHUH. LleHTpanbHBIN mIUT
MPUHUMAET JIaHHBIC OT JAaTYUKOB CKOPOCTH BETPa, M B CIydyae CUIBHOI'O BETPa TPIKEP YCTAaHABIMBACTCS B
ropu3oHTaIbHOE TToNIoKeHwue [18].

KonmuaecTBO akkyMyJSTOpPHBIX Oatapeil BETPO — CONHEYHOH YCTaHOBKU JOJDKHO PacCUUTHIBATHCS W3
CIENYIONINX COOOpaKeHMI. YcTaHOBKa OyIeT mpoekTupoBatbes Ha 12 MBT. Takmm oOpa3sowm,
BbIpa0aThIBaeMasi COJHEYHas HSHEpPrusi IOJHOCThIO MOTPeOseTcs TOopoIoM B TIpOIecce BBHIPAOOTKH B
HakKoOIUIeHWH He HyxmaeTca. KomeOaHusi BBIpaOOTKM CONHEYHOW OHHEPrHMH B JTHEBHOE Bpems Oynmer
JIEeMII(UPOBATHCS 32 CUET BETPSHOW YCTAHOBKU. AKKYMYJIATOpHas OaTapest HeOOJbIIOW MOITHOCTH JOJDKHA
OBITh YCTaHOBJICHA, YTOOBI KOMIICHCUPOBATh OBICTPHIC W3MEHEHHUS T€HEPUPYEMOW MOIIHOCTH COTHEUHBIX
OaTapeii (HarpuMep, IPH IEPEMEHHON 00TaTHOCTH WM PE3KHUX KOJIEOaHUAX BETpa) U 00CCIICUUTh TEM CaMbIM
OoJiee paBHOMEPHYIO Harpy3Ky JU3EIb — TeHepaTopa, WIIH B CIIydae BBIX0/1a U3 CTPOsI reHepaTopa He0OX0 MO
B TCYCHHE OJHOI0 Yaca MOAACPKHMBATh MaKCHMAalbHOE SHEpromorpedieHue mnocenka [19]. s sroro
HEOOXOAMMO HWMETh aKKyMYJSITOpPHYIO OaTapero MOIMHOCTRI0 55 kBT. Ilpm HampsokeHUH OIIHOM
akkymynsiTopHor 6arapen 12,6 B u Toke 200 Au, motpebyetcst 21 akkyMmynsiTopHas OaTapes.

PaccuntaeM kanmuTanbHBIC BIOKCHUS JJIs TICPBOTO BapUaHTA AIEKTPOCHAOXKEHUS, KOTOPBIHA MTPEICTABIISCT
coboit anexTpudukanmio oobekTa mpu oMo K3C BPTB, B xauecTBe pe3epBHOTO MCTOYHUKA TTHUTAHUS
ObLTa IPUHSTA AU3ENb-TeHEPATOPHAS YCTAHOBKA, paboTaromas Ha TOIHYI0 Harpy3ky 20 qHeit B roxy. UToOb!
MOKPBIBAThH MOTPEOHOCTH B 3JICKTPOIHEPTUU B ITMKOBBIC YaChl HCTIOIB3YIOT aKKYMYJIATOPHBIC OaTapew.

Tabnuma 3. KannranpHble BIOXKEHUS Ha MOKYNIKY 000PY/TOBaHHS

No HawmmenoBanue o0opynoBaHus Kon-Bo, mr. CTOuUMOCTB, THIC. TEHIE
1 AKKyMYJSITOpHBIE OaTapen 28 2800
2 Huseprop 1 766,36
3 ABTOMAaTHYECKNN BBIKIFOYATED 1 8,585
4 [Tpenoxpanurens 8 16
5 Berporeneparop 3 24000
6 DOTOINEKTPHUECKUIT MOY I 24 1680
7 Jwn3enpHBIN reHepaTop 1 3000
Htoro 32270,945

KanuranbHbie BIIOXKEHUS HA MTOKYNKY 000pY/I0BaHMS JUIS IEPBOTO CIIydasi PaBHBIL:
K. =32270,945 TbIC.TCHTE

Wznepxku Ha MaTepHalb:

Nyar = 0,1 X 32270,945 = 3227,0945 TBIC.TEHTE

Hanee mpocuutaeM 3apaboTHyIO miaty pabouero nepcoHaina. Ilepconan HyXeH AN CTPOUTEIHCTBA
BETPOAIEKTPOCTAHINH, KOTOPOE MPOATIUTCS OPUEHTHPOBOYHO JBE HEJEIN

Tabnuua 4. Pacuer u3nepxek Ha 3apaboTHYIO I1aTy paboyumM

Kpamupukanus Paspsin Konunuectso 3I1;, TeIC.TEHTE > 311, TeIC.
TEHTE
MOHTaXHUK i1l 2 65 130
MoHTaXKHHK v 2 80 160
Caapmuk i 3 55 165
Hanamguuk AV 1 100 100
Bpuramup V 1 120 120
Wznepkku Ha 3apaboTHYIO TUIATY paOOTHUKAM 675
Cpoxku npoBeJieHHsi COOPKH ¥ MOHTa)Ka 00bEKTa 14 cyTox

KanuranbHble BIOXKEHUS HA MOHTaXX 000PYI0BaHUS PAaCCUUTHIBACTCS IO PopmyIie:
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Kuour = Wyar + ), U311, MitH.TEHTC

Kionr = 3,2270945 + 9,45 = 12,68 MnH.TEHTE
CyMMapHbIe KaluTaabHbIC BIOXKECHUSL:
K=K. + Kyour

K=3,2270945 + 12,68 = 15,9 MiH.TeHTe

Pacuer SKCINTyaTallUOHHBIX U3CPIKCK:
AMOpTI/IBaHI/IOHHLIC OTYHCJICHUA OCHOBHBIX IIPOU3BOACTBCHHBIX (l)OHI[OBZ

W, = 0,08x K
M. = 0,08%15,9 = 1,272 MuH. TeHTE

CyMMapHbIe 3aTpaThl Ha TEKYIUI PEMOHT:
W =0,1% 15,9 =1,59 muH. Tenre
OO01enPON3BOICTBEHHBIC PACXO/IbI CUCTEMBbI AJICKTPOCHA0KECHHUS TIEPBOT0 BapUaHTA:

HNosi = 0,2% (M3 + Uao + Urte)
Wopuy = 0,2%(9,45+1,272+1,59) = 2,4624 miH. TeHTe

CyMMapHBbI€ 3KCIUTyaTalluOHHBIE U3IEPKKH PACCUUTHIBAIOTCS 110 hopmyIie:

N =Uao + Utp + Uos
N=1,272 + 1,59 + 2,4624 = 5,3244 miH. TeHTe

OrnpenenuM MpUBEACHHBIC 3aTPATHI:

I, =0,15% (K + )
I, = 0,15X%(15,9 + 5,3244) = 3,18366 myiH. TeHTe.

Pacuer 11 BTOporo BapuaHTa 3JIeKTPOCHAOKEHHUS.

Pacuem xanumanvnvix énodcenuti

AHaJIOTMYHBIA pacyeT MPOBeIEM JJIsl BTOPOTO BapHaHTa AIEKTPOCHAOKEHUS, IPU KOTOPOM HCIIONB3YIOT
KOMOWHALIMIO TM3€JIb-TEHEPATOPHOW YCTaHOBKHM, paboTalolled ITOCTOSHHO Ha 3HA4YeHHE CpeaHel
notpebsssemoit Harpy3ku, 1 KOC BPTB, paboratomiei B mukoBble yachl. B kauecTBe pe3epBHOIO UCTOUHHUKA
SHEPTUU OBbLIHM MPUHSATH AKKYMYJISITOpHBIE OaTaper, KOTOpble HAKAITMBAIOT MOIIHOCTh B TEUEHHE JIHS.

PaccunraeM kanmuTanbHbIE BIOKEHHS Ha TIOKYIIKY 000pyA0BaHUSI.

Tabnuua 5. KanuTanbHble BI0XKEHHUS HA TIOKYIIKY 000py10BaHuUs

Ne | HaumenoBanue 060py1oBaHUS Kon-Bo, mt. CTOUMOCTE, THIC. TCHTE
1 AKKyMyJSTOpHBEIE OaTapen 28 2800
2 WHuBepTop 1 766,36
3 ABTOMAaTAYECKUN BBIKIFOYATED 1 8,585
4 | TlpenoxpaHuTenb 8 16
5 BerporenepaTtop 3 24000
6 POTONEKTPUUECKUI MOTYIb 24 1680
7 Jn3enbHbIN reHepaTop 1 2200
Uroro 31470,945

KanuranbHble 3aTpaThl 4J11 BTOPOro BapUaHTa PABHBL:
K. =31470,945 TbIC. TEHTE
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N3aepxku Ha MaTepUaIbl:

Hmat = 0,1%31470,945 = 3147,0945 TrIC. TEHTE

Janee mpocunTaeMm 3apaboTHYI wiaTy pabodero mepcoHana. [lepcoHan HyXeH IS CTPOUTEILCTBA
BETPORJIEKTPOCTAHIINH, KOTOPOE MPOIUTCS OPUSHTUPOBOYHO JIBE HEJIETN

Tabnuma 6. Pacuet n3nepkek Ha 3apadOTHYIO IJIaTy pabodynmM

Kpanuduxaums Paspsn KonuuecTso 3I1;, ThIC.TEHTE Y. 311, TbIC.TCHTE
MOoOHTaX)HHUK i 2 65 130
MOHTaKHUK v 2 80 160

CBapIiuk i 3 55 165

Hanamunk v 1 100 100

Bpuranup \Y% 1 120 120

Uznepxku Ha 3apaboTHYIO TUIATy pabOTHUKAM 675

Cpoxu mpoBeIeHns COOPKH M MOHTa)ka 00OBEKTa 14 cytox

Kyonr = 3147,0945 + 9,45 = 3,16 MuiH. TeHre

CyMMapHBIe KaluTaIbHbIE BIOKEHUS:
K=3,147 + 9,45 = 12,597 Ttenre

Pacuem sxcniyamayuonnwix uzoepoicex

AMOPTH3alIMOHHBIE OTYMCIICHNS OCHOBHBIX IMPOU3BOJICTBEHHBIX (DOH/IOB!
Hao =0,08%12,597 = 1,008 MaH. TeHTe

CyMMapHbIe 3aTpaThl Ha TEKYITUH PEMOHT:
Hrp=0,1%12,597 = 0,16 muH. TeHTE

OO01enpon3BOICTBEHHBIC PACXOIBI CHCTEMBI SJIEKTPOCHA0KEHUSI BTOPOTO BapUAHTA!
Nos; = 0,2% (9,45 + 1,008 + 0,16) = 2,12 MiH. TeHre

CyMMapHbI€ SKCIUTyaTallMOHHBIE H3ICPKKU
n=1,008+0,16+2,12=3,288 MiH. TCHre

OnpenenuM npuBeeHHBIE 3aTPATHI:
I, =0,15% (K + 1)
I, = 0,15%(12,597 + 3,288) = 2,3823 muH. TeHTe.

CpaBHHM BapHUaHThI

Tabnuna 7. CpaBHeHHE BapUaHTOB IO ITPUBEIEHHBIM 3aTpaTaM
Howmep BapuaHTa [TpuBeneHHBIE 3aTPAThl, MITH TEHT'e
I 3,18366
1 2,3823

HpOBC}IH PacUcCThbl U CPABHHMB /IBa BapHaHTa 3J'I€KTpOCHEl6)I(eHI/IH BUAWM, YTO HAMMCHBIIUEC IMPUBCACHHBIC
3aTpaThbl BO BTOPOM BapHUaHTC. HpI/IBeI[eHHBIe 3aTpaThbl CHU3UIINCH U3-3a CTOUMOCTHU JU3CJIIbHBIX YCTAHOBOK.

C10>kHO Ha3BaTh KAKOKU-TO U3 BAapHUaHTOB SHeKTpOCHa6)KeHI/IH Hanbosee OIITUMAJIBHBIM, TaK KaK y KaXXJ10ro
U3 HUX €CTh CBOM JOCTOMHCTBA M HEAOCTATKHU. OHHaKO, Ka)KI[beI BapuaHT UMECT IIPaBO Ha CYIICCTBOBAHME.
HecoMHEHHBIM ILIIOCOM NEPBOro U BTOPOTO BapHvaHTa SABJISACTCA CTa6HJ’ILHBIﬁ, 6GCH6p€60ﬁHBIﬁ, a I'JIaBHOC
Haﬂe)l(HBIﬁ HUCTOYHHUK IMUTAHUSA — NANU3CIIbHAA YCTAHOBKA. O,I[HaKO, €CTh U 06paTHLI€ CTOPOHBI UCTIOJIb30BAHUA
JaHHBIX YCTAaHOBOK Ha MAaKCHMAJIbHYIO Harpys3Ky. YcranoBka MMpeTepreBacT MNOCTOAHHBIC HW3MCHCHUSA
HAarpys3ku, Io3TOMY CHUIKACTCA €€ 3KCHJ’IyaTaI.IHOHHLII>i CpOK.
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KOO JIEKTPOANHAMMUKA BOJIIMIH TEPEHAETE OKbITY MOCEJIECIH X KETUIAIPY

Anoamna

Makasiazia KOraprbl OKYy OpHbIHIA (U3MKA IOHIH OKBITY JKYHECI MEH ojicTeMeci, 3JeKTpOJHHAMHUKA OeiMiH
MEHIepTy MoceleNepi Kosranaabl. by Mocenenep/iH TyblHIayblHA TYPTKi OonateiH (hakropiap kepcerinred. dusnka
IIOHIH OKBITY/Ia YKaHA TEXHOJIOTHSIIAP/IbIH OPHBI XKoHe (U3MKA d/IICTEMECIHIH TEOPHUSICHl MEH diCTepl KapacThIpbUIFaH.
Ou3rKaHbl OKBITYJAarbl JaHa TEXHOJOTusuap, (GHU3MKa JKOHE TEOpHs OMICTepl JKOHE KOJAAHBUIFAH oJlicTep
KapacThIPbUIAIbL. DIIEKTPOIMHAMUKAIAFbI JaMY bl YHPEHY Macerenepi OoibIHIIA 6i3: JTIOTHKABIK, TEOPHSIIBIK, FHUTBIMHU-
TeXHUKaJbIK, TUAJICKTHKANBIK OiNiay bl yipeHeMi3. Byl Makanaaa TaOUFaTThIH JIEKTP KYObUIBICTAPBIHBIH aHBIKTaMAaChI,
OKYIIBUTAPIBI TYCIHY XoHE KoymaHy. CTymeHT OipiHmn Kypc OarmapiiaMachlH TYCIHOCHUTIHIIKTEH JKOHE OKYy YpHicCiHIe
TANIMIepIIep/Ii OKBITY YPIICIH KABIHAATAIbI, YHUBEPCUTETTIH JIEKTp OOMiMiHIe TePEH TaibIHIBIK MOCEIeci ©3¢KTi OOIIBII
TaObUTaAbl. EHI j)kaHa TEXHONOTHSUIApIBI HTEPIeH Ke3e OUTIKTI, apTypii MaMaH 00y MyYMKiH emec. byt ymrin gusnka
TYPJIi )KOJIIapMEH OKBITBUTYBI MYMKiH. CTYIEHTTEpAiH MaKcaThl - JIEKTPOIUHAMUKAHBI TEPEHIPEK 3epPTTey.

Tyiiin ce3aep: 3jeKkTpoAMHAMHUKA, 3JIEKTp KYObUIBICTaphl, (pU3MKa, DIEKTPOMATHHUTTIK OpIC, 3JIEKTPOMArHUTTIK
WHIYKLUS, TOKIpUOENep, OKBbITY 9licTeMeci, TEXHUKaJIbIK OL1iM.
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PA3BUTUE METOJUKHU OBYYEHUS PA3JEJIA OBIIEN JIEKTPOJUHAMMKHA B BBICIIAX

YUYEBHbIX 3ABEJIEHUSIX

B cratee paccmaTpuBalOTCS METOAWMKA W CHCTEMa TNpenojaBaHus (QU3UKKA B BBICIIUX Y4YEOHBIX 3aBEJCHHSIX,
TPYIHOCTH TIPH TPETOJaBaHUM pasfiena dIeKTpoaAuHaMuKH. OmnucaHbl (HaKTOphl, CIOCOOCTBYIONINE BO3ZHUKHOBEHUIO
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THX TpobseM. PaccmarpuBaloTCsS HOBBIE TEXHOJOTHH B MPEMOJABAHWN (QHU3UKH, METOABl (PH3WKH M TEOpHH U
HCTIONB3yeMble MeToaukd. Ilo Bompocam pasBuBaiomero oOydeHHs] B SJIEKTPOJMHAMUKE H3y4aroT: JIOTHYECKOE,
TEOPETHYECKOe, HAyJYHO-TEXHHMUECKOE, AHAJICKTHYeCKOe MBINUICHWA. B 3TOH cTaThe OMHCAHO OIpeAeTICHHE
ANEKTPUUYECKUX SBJICHUN NPHUPOIBI, €ro IMOHNMAaHHE CTYACHTaAaMH M NPUMEHEHHe. B CBSI3M ¢ TeM, 4TO CTyACHT HE
MTOHUMAET MIPOTPAMMY IIEPBOTO TOAA U YCIOXKHAET Mpoliecc 00ydeHHs HACTABHUKOB B IIPOIIECCe 00yUeHHs, aKTyaabHOMH
SBIISIETCA TIpoOiieMa TITyOOKOH IOATOTOBKH B pas3zele >JeKTpPOIWHAMHUKE B YHHBepcuTeTe. B Hacrosiee Bpems
HEBO3MOXHO CTaTh KOMIIETEHTHBIM, Pa3HOOOPa3HBIM CIELHAIMCTOM, TIOKa HE OCBOSTCS HOBBIE 3(h()EKTUBHBIE METOJIBI
npenoaaBanus. Llenbio cTyIeHTOB sIBIsieTCs yIiTyOlIeHHOE N3yYEeHUE JIIEKTPOJMHAMUKH.

KnaioueBble cioBa: 9JIEKTpOJMHAMMKA, JJIEKTPUYECKHE SIBICHUS, (U3MKA, DSJIEKTPOMAarHWTHOE  TIOJIE,
9JIEKTPOMarHuTHas MHIYKIHS, OIBITHI, METOJIMKA MPEIoIaBaHusl, TEXHHYECKoe 00pa3oBaHue.

Abstract
THE DEVELOPMENT OF EDUCATION METHODS OF ELECTRODYNAMICS DISCIPLINE IN
HIGHER EDUCATION
Kalieva A.A%, Baymenshina G.K.2, Alimbekova G.B.3, Botabayeva G.B.%, Zhaparova M.S.5
12 Doctoral Student of the Abai University, Almaty, Kazakhstan
3 Dr. Sci. (Pedagogical), Professor, Abai University, Almaty, Kazakhstan
45S. Amanzholov East-Kazakhstan State University, Ust-Kamenogorsk, Kazakhstan

The article deals with the methodology and system of teaching physics in higher educational institutions such as the
difficulties in teaching the section of electrodynamics. The factors that contribute to the emergence of these problems are
described. New technologies in the teaching of physics, methods of physics and theory, and methods used are considered.
On the issues of developmental learning in electrodynamics, we study: logical, theoretical, scientific and technical,
dialectical thinking. This article describes the definition of electrical phenomena of nature, its understanding by students
and application. In connection with the fact that the student does not understand the program of the first year and
complicates the process of training mentors in the process of training, the problem of preparation in the section of
electrodynamics is considered to be actual at the university. At present it is impossible to become a competent specialist,
until new effective methods are applied. The aim of the students is to study an in-depth of electrodynamics.

Key words: electrodynamics, electrical phenomena, physics, electromagnetic field, electromagnetic induction,
experiments, teaching methods, technical education.

®dusukansl JKOO OKBITYIBIH 9/TICTEMECIMEH TCOPHUSChIHA Ka3ipri yaKbITTa KOl KOHLI 06,1y KaxeT. OUTKeH1
MEKTeIl OITipreH OKymIbl OipiHIN Kypc OargapiaMMachlH TYCIHOETeHIIKTEH >KOHE OKBITYy OapbIChIHAA
ToJIMIepIepIiH OKy ypaici kKypaenenyine 6aimanpicTsl JKOO snexTp OenmiMiHIe TEPEH OKBITY MACEIeci 03eKTi
0oJ1bIT TaObLTA L. Ka3ipri TaHaa s)kaHa TEXHOIOTUsIap bl MEHIepMEHiHIIIe cayaTThl, )KaH-)KaKThl MaMaH 001y
MyMKiH eMec. Ocbl Makcarta (u3uKa IOHIH op TYpJi 9iCTepMEH »Kyprizyre Oomnanbl. Kasipri kesne
cabaKTaleKIys, CTYyISHTTep KOH(EpPEHLMSCHl, CEeMUHAp, XKapbic cadarbl, OHBIH cabarbl, Tarblga Oacka
TYpJIepiH KeHiHEH naiiaananyra 6omasl [1].

CryneHTTepAiH alibiHa KOWBLUTFaH MaKcaTTap OChI 3JI€KTPOAMHAMHKAHBI OKBII YiipeTy. Ou3nKka KypChIHBIH
AJIEKTP KOHE MarHeTH3M OeJiMiH opi Kapall TepeHIPeK OKBITATHIH 3JICKTPOJAWHAMHUKA OOJBINT TaOBLIAJIBL.
OnexTpoarHaMuKa OeNMIHJE TEpPEeHIpeK MEHrepy OKBIN YHpEHTeHJIEe aHAIOTHUSIIBIK oJic KeHiHeH
KOJIJaHbUIaAbl. MBICAJBl: 3JEKTPOMArHUTTIK TepOemicTep. DNEKTp KOHE MAarHuT epici SHEprHsIapbIHBIH
@3apa TYpJeHYyIMEH KOca JKYPETiH 3JIeKTp IIaMallapbIHbIH (3apsiIThIH, TOK KYIIiHIH, KEpHEYIiH *oHe T.0.)
NEPHOATHl  ©3TEPICTEPIH  dIeKmpoMacHummix mepoenicmep JIeN ataiapl. EpKiH 2J1€KTpOMarHUTTIK
Tepbenictepni  mepbenmeni kKowmyp eIl aTanaThlH >KOHE Tiz0ekTel >kanFauFaH wuHAyKTHBTimri L
KarymkameH colibiMabuibirl C  kompmencaropman Typatein (KoHTypaslH kemeprici R~ 0) kapanaiibiv
Ky#eHiH keMeriMeH anyra 6omasl [2].

KonneHcatop/abiH 3JIEKTp Opici jkoHEe KaTyIIKaHBIH MarHUT epici SHEPTUSUIAPBIHBIH KOCBHIHIBICHI OOJIBIT
TaOBUIATBIH TepOeMeli KOHTYP/IBIH TOJIBIK SHEPTUSCH YaKbITKA OaliTaHBICTBI ©3repME/Ii:

2 2
W:S—C+%:c0nst_ 1)

byn epHekTi yakpIT OoibiHINA AuddepeHranan aabll *KOHE TOK KYLIIMEH 3apsaaTelH | = (¢ e3apa

0aliIaHBICBIH €CKEePCEK, KOHTYPIAFhI 3apsij TepOemiciHiH auddepeHurnanasl TeHACYIH anaMbl3:

q+iq =0
LC (2)
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byn tenneynin memniMi 6onbin Tadbbumiatein =0, COS(wot + (D)epHeriHneri (O, - 3apsax Tepbenicinin

2z
aMILIATYNaChL, g, :L - OUKIAIK JKAIT, P - GacTankel Qaszacel. LMKIIiK KAlTiKIIeH T=— epHeT1
LC @,
apKbUIBI OalianpIcKaH Tepoeric meproasl ToMcoH (GopMyIachIHBIH KOMETIMEH aHBIKTAIa b
T=21/LC. (3)

CeiiTin, KOHTYpIAFrbl 3apsITHIH €PKiH 3JEKTPOMArHUTTIK TepOericTepi TapMOHUSUIBIK TepOeiic OO
TabbuIanbl. TepOenverni KOHTYpAarsl TOK KYIIi

. . T
I =g =—w0quIn(w0t+(p)= Imcos(wot+q0+EJ (4)
mynnarel | =@ (, - Tox kymrinig ammmrynacel. | Tok kyminin TepGerici (| 3apsu TepOericinen dasa

. T o T . o
OOMBIHIIIA ~— —T¢ , a1 yaKbIT OOMBIHIIA - — -K€ 03BII OThIpaIbl. KOHICHCATOpaFbl KEPHEYIiH YaKbITKa Opaii
2 4

e3repy 3aHbl

U, = % = %—"‘cos(wot +¢@)=U,, cos(w,t+ ) (5)
_ U

myHzaarsl U = ? - KepHey TepOericinin ammuTynackl. Kes kenren HakTel koHTypasiH R xemeprici

6onanpl. COHIBIKTAaH OH/Ial KOHTYpJArkl epKiH TepOemicrep Oapa-6apa emeni. Kupxrog epexecine coiikec

IR+U, =¢,, mynnarst IR - kourypaem R kenepricingeri keprey,
U, = 9 . konzeHcaToparsl KepHey, £, = _Lﬂ - aliHBIMAIIBI TOK OTKEH/IE KaTyIIKaaFbl Maiaa 601aThH
C dt

©3/IIK MHIYKIUIHBIH 3.K.K.-1. 3apsn Tepoeniciniy nuddepeHmnaniblK TeHASYiH Oyl KaFaaiiia MbIHA TYpIe
xazyra Oomajpl:

R 1
a L a LC g
By tenpeyain memnrimi 3apsITHIH €pKiH emIeTiH TepOerici O0IbIT TaObLIa bl
-&
q =0, cos(at +¢), (7)
MYHJIAFBl § = R oy ko3p¢uuuenti. TepGeic xuiniri 4 _ |1 _R® ©pHETiHIH KOMETIMEH
2L LC 4L°

AHBIKTAJIA]IBI.

Oy aiH JorapuMIiK JeKPEMEHTI

A R 2
oo M) g Rt R (8)
At+T) 2Ll Lo

ChIPTKBI MEPUOATHI ©3repeTiH 3.K.K.-H 9CEpiHEH Maijaa 0ojaThiH TEepOENiCTi epiKCi3 JIEKTPOMArHUTTIK
TepOenic gen araiiasl. CepTKbl 9.K.K. U =U _COSa@t 3aHbl OoibiHIIA e3repeni fecek, Kupxrod epexecine

cotikec IR+U . =¢,+U  cosat.
Epikciz TepoOemnicTiy muddhepeHnnanipiK TeHIeYiH MbIHA TYpJIE Ka3yFa Oomab:

q+ R q+ % q= Un cos @t .Byi1 TeHaey i mienniMi 3apsAThIH OPHBIKTAJIFAH KYHIeri epikci3 Tepoenici
L L

U

1Y —~ _al
@ |R*+| ol ——
( wcj ot

STyl aiHbIMaJIbl KePHEY/IIH KHMUIIrT TepOeaMeni *KyHeHIH MEHIIIKTI KHUUIHE JKaKbIHIaraHIarbl maiaa
0oJaThIH epikci3 TepOenicTep aMILIUTY JaCHIHBIH KEHET OCyi 3JIEKTpP PE30HAHCHI Aen atanasl. ToK Kyl yiiH

Oonein TaOBLIAABL (=0, Cos(zat—a) MyHJarbl (,, =
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PE30HAHCTHIK KUK &, = @, = ﬁ Konpnencaropaarsr (| 3apsn xoHe U ¢ KepHey YIIIH pe30HaHCTHIK
KHULTIK:

(9)

CoOHBIH IMIIHAE HETI3T1 TaKBIPHIOBIMBI3Fa OAMIaHBICTHI TEOPHSIIBIK MAaTepHATIAPABIH Ma3MYHBIH KOJIIaHa
OTBIPHIT, SICTEMENIK HYCKayIapAblH OEJICeHIUTITH TIe1arOTHKAIBIK AKCIIEPUMEHT JKaFIaibIHIa TeKCepyaeH
OTKIi3iK.[3]

[lemarorukanbIK 9KCIIEPUMEHTT] €Ki CaTBUIBI dKYHEMEH JKYPri3il KepIik.

AJFamIKel aHBIKTAY SKCIIEPUMEHTTI Ke3iHae Oipramaii macenenep Oomnael. CTyOeHTTEpIIH KaIIbl O1TiM
JICHTeHiH JKOHE 3JICKTPOAMHAMHUKA OeiiMi OOWBIHINA alFaH OUTIMIEPiIHIH KeJIeMi aHBIKTAIAbl. AHBIKTAY
SKCHEPEMEHTI OaphIChIHAA CTYACHTTEPMEH aljblHala AalbIHAANFaH MarepHangap OOWBbIHIIA OHriMelecy,
TECTUTIK cayallHaMa aily, TalchlpMaliap OpPBIHIATY CHSKTHI OakpUIay oficTepiH KoimmaHAsK. HoTmkeciHme
OKYIIBIJIAp YIIiH KaHAal MaTepuaimap KypAesl HeMece MEHIrepyre KUBIHIBIK TYFBI3aTBIHBI OeNTilmi OOJIbI.
TectTik cayanHama KYpri3y apKbuibl OiTiMi MEH OUTIKTNIIriHE OaiyIaHBICTHI CTYJCHTTEPAl YII TONKa Oemyre
Typa KeJii.

Tomenei Oeneetioeei TonKa (HU3UKAIBIK TYCIHITI TONBIK KAJBIITACTIaFaH, HETI3T 3aHABUIBIKTAD TYpajbl
YFBIMBI Halllap, OTUINCH MaTepHaIbl capaiian alTy KabijeTi skeTiiMereH oKymbsuiap euai. Opmauia deyeetini
monmapU3NKaJIBIK TYCIHITI 0ap, TEOPHSUIBIK MaTepUANIAP/IbI iC )KY3iH/IE KOJNIaHyFa TAJIIBIHATHIH CTYACHTTED
6onmpel. JKorapel aeHredne (QU3MKaHBIH HETI3TI KaFuaalnapbl, 3aHAaphl Typalbl YFBIMBI O€pikK, OJapibl
IIBIFAPMAIIBUIBIKIICH KOJIJaHa O1JIETiH, COHBIH HETI31H/e )KaHa KYOBLIBICTBI, TPOLIECCTI TaJIJayFa TaJIbIHATHIH
CTYACHTTEp >KaTKbI3BUIIABI. OpUHE op TonThlH yieci op KOO opTypni ekeHairi aiftmacama TYCIHIKTI.
CoHZIBIKTaH PKCIICPUMEHT HOTIKEJIEPiH MaiJajaHy MaTeMaTHKAIBIK CTATUCTHUKA TYPFBICHIHAH KYPTi3iIi.
Hotmxecinne, Temenzeri neHreiineri Tontely yneci 46%, opra aenreigeri TontsiH yieci 30 %, xorapbl
JeHreaeri TONTHIH yieci 15%ekeHmiri aHpIKTangpl. OKCHEPUMEHTTIK OKBITY-YHpPETy caThICBHIHIA
JNIEKTPONMHAMHUKA OeiiMi OOWBIHINA OKBIIATHIH MAaTepUANIbl KEHEWTE OTBIPBI TYCIHIIpYTe JKOHE
CTYINCHTTEpIiH OLTiMre KYIITApJIBIFBIH IaMbBITYyFa OaFbITTAIFaH OJICTEMENIK HYCKaylap JalbIH[AJIbL.
DKCIEPUMEHT COJI MaTepualiap HeriziHae (U3UKaIBIK OLTiMi OpTYpJi JeHreleri cTyaeHTTepMeH (0o
xapmaii) Oip ke3eHze, Oip Me3riiae oTKi3ial. DKCIepUMEHT HOTHXKeCI oNlapAbl 63apa )KeKe capanay apKbUIbI
KOPBITBUIABI. OpOip TaKBIPBINT TAJAAHEIN, TOJBIK 3€pIEICHIeHHEH KeHiHTi yarepiMai opOip TONTHIH COFaH
JeHiHT1 yITepiMi jKoHe OakpLIaylarbl TONTHIH YITepiMIMEH CajbICTBIPY NEJaroTHKAIBIK SKCICPUMEHT
TYPFBICBIHAH QJIIeKalia KyHAbIpaK 0osaapl. OKBITY MEH YHPETY caThIChl OOMBIHIIA OTKI31IITeH SKCIICPUMEHT
HoTWKecl  l-kecteme  kenripiareH. [lemarormkaiblK — SKCmepuMeHT 1-tomTa — Oactamsin, —2-TomTa
’KaJFaCTBHIPBLIA IBI.

BisiM canachIHbIH KaJbITacybl %
Oky TemeHr1 neHren Oprta neHreit ’Koraps! nenreit
SKBUIBI 1 2 3
2017 | cemectp 1-rom | 1 2 3 1 2 3 1 2 3
2017 | cemectp 2-Tort | 5 10 | 11 7 6 13 4 6 16

OKy >KbUIBIHJIA CTYJICHTTEP YIII PEeT OaKblUIay/laH ©TKI31IiN OThIpAbL. balikan oThipraniai, OKyIIbLUIAPABIH
OUJIIM camachIHBIH KOPCETKIIIl op TOMTa IPTYpJIi JeHreiae 0omabl. bactankel OUTIKTIIIK mapexeci Oipaei
€MEC,CTYICHTTEpre KYPACIUIri KoFapel MaTepuanipl O9piHiH TEH Urepyl KublHFa TyceTiHi Oenrimi. Erep
eKiHIII KypC CTYACHTTEPIHIH XapTbl >KbULABIK KOPCETKIIIITOMEHIETi TONTHIHCTYJCHTTEPl AJIFallKbl
TeKcepy/ieH KeiiH 5% eciM kepcerce, lceMecTpaerioKy *bIIbIHBIH asrbiHaa Oy kepcerkimn 20%-Fa jkeTTi.
AJ1 opTa XoHE KOFaphl JICHreHIeri TOnTapablH OLIiM JCHreiiHIH KOpPCETKIIl TOeMEHIT TOMKa KaparaHja
Oipiama >Korapbl eKeHir Oaiikanasl. OKpITYyMEH YHpeTy 3KCIIEpHMEHTIHIH NMopMEeHIUNriHIH Oip KepiHici
eKIiHIII apajblK OKY JKBUIBIHBIH asfbIH/Ia KOFapbl TOI CTYACHTTEPIiHIH OLTIM camachl JApbIHIbI TOITAFBI
CTYJCHTTEPIIH O1JIIM KOPCETKIIIIHE )KaKbIHIaybIHaH OalKaibl. [8]

Keiiin 0akpuiay TOOBIHBIH KepceTKimi Qo KoHe SKCIEPUMEHTTIK TONTBHIH HOTIXKenepiMeH (QiapachIHAarbl
albIpMAIIBUIBIKTAp TaObLIA b
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Q=Qi+1)- Q: (10

By aiipipmarnsuisikTap (1), (0) Hemece (-) CUMBOIIIAPBI aPKBLIBI OeriieHin, apOip TONTHIH CTYIACHTTEP1
VIIIH JKEKEe AaHBIKTAIAbI. OICTEMENiK JXYMBICTBIH THIMAUTIC (+) TaHOamapbiHbiH canbl N1 muayc (-)
TaHOAMapBIHBIH caHbl N2 apThIK 00Ty eciMiMeH OararaHafpl:

AN =N, -N, -N; (11)

Erep skcnepuMenTt HoTmxkecinae N>0 6osca, YChIHFAH 9JICTEMEHIH THIMII OOJFaHBIH KepceTemi. bimim
camnachbIHBIH KaIBINITACY TMHAMHUKACBHIH TYPFBI3Y YIIiH 6CIMHIH CTYACHTTEP CaHbIHA KATHIHACHI TAOBLIIBI:

AN
5 =—-100% (12)
NO
25
20
15 W TemeHri aeHren 0-10
opTa geHren 0-10
10 YKOFapfbl AeHren
' e =
0 - |

Cypem 1. Ileoazocuxanvli SKChepUMeHm Hamudiceci- ouazpamma mypinoe oeiineney.

CoraH colikec dKCIEPUMEHTKE KaTBICKAH CTYICHTTEPIIH opOip KUMaaaH KeWiHri OLTiMi JIoCTYpii Typae
OaralaHbIll  OTHIPIBL.  DNEKTPOAMHAMHUKATA CTYACHTTEp TYPAKThl TOKTBIH HETi3ri  3aHIapbIMEH,
ANEKTPOTEXHHUKA HET13Ti-3JIEKTPOMArHUTTIK HHAYKIHAA KYOBLUTBICEIMEH TaHBICAbI. ByIT TaKbIpEITTap OOHBIHIIIA
CTYACGHTTEp OHJIIPICTIK, OMIpIiK MarblHackl Oap ecenTep INBIFAPTY CTYACHTTEPre HHKCHEPIIK,
MOJIMTEXHUKAIBIK TopOue Oepei, KapanaibiM Macenesep/i nenryre keMexrecei [9].

Tatioanauvinean a0ebuemmep mizimi.
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3

JAEPOEKTOOBPA30BAHME B KPEMHUU IIPHU ET'O TEPMUYECKOM OKUC/IEHUU

AnHomayus

C moMomp0 METO/a PEHTTCHOCTPYKTYPHOTO aHAIM3a HCCIEAOBAINCh M3MEHEHUS, BO3HUKIINE NIPU BHYTPEHHEM
HaNpspKEeHWU B MPUIIOBEPXHOCTHBIX CIIOSAX IUIACTUHBI KPEMHUS, a TaKXKe NUHAMHKA IOSBICHHSA M POCTa OKCHAHBIX
oOpazoBanuil npu tepmooTkurax: 400, 500, 600 n 1000°C ¢ pa3iIu4yHBIM HHTEPBAJIOM BPEMEHU M IOCIEIYIOIIEM
nazepHoM BoznercTBuU 0T 10 1o 360 MuHYT. YCTaHOBJIEHO, YTO NPU ITHUX YCIOBHSAX TEPMOOTXKHMra y oOpasloB
HAOJIIOIAI0TCs CTPYKTYPHBIC H3MCHEHU, OKCHUIHBIC 00pa3oBanusi. [lokaszaHo, 4yTo mpu nporpese oopasios (400, 500°C),
B HUX BO3HHMKAIOT HeycTOW4HBBHIE JedeKThl. DPQEKThl, CBA3aHHbIE C ITHM Je(eKkTaMyu NPUBOJAT K CHIIKECHHIO
BO3HUKIIUX B CTPYKType HanpshkeHUi. TepMOOTKHUr KpeMHUs 00yCIJIaBIMBAET IOSIBJICHUE Ha MOBEPXHOCTH 00pa3LoB
OKCHAHBIX oOpa3zoBanmii. HenpepbsiBHOE JlazepHOe O0OJNyuYeHHE B TEUEHHE JUIMTEIBHOTO BPEMEHH, IMOCIe
IIPeABaPUTEIHHOTO TEPMOOTKHITa 00pa3Ia, MPUBOINUT K PA3THIHBIM ITPOIIECCaM OKHCICHHUS. MeXaHu3M HX 00pa30BaHHs

paccMaTpUBAETCA KaK NEHCTBHE H3MydIeHue Ha cuctemy Si— SiO, u Si-Si0

BelsBeHa TecHas CBA3b M3MEHEHUH MapaMeTpa @ B 3aBUCUMOCTH OT BPEMEHH U TEMIIEPATypbl TEPMOOTKUTA H
JIA3€PHOTO BO3ACUCTBHS.
KarodeBble c/10Ba: CTPYKTypa, BHYyTPEHHee HalpsKEeHHE, OKCHIHbIE 00pazoBanus, AePeKThl, cucTeMbl  Si— SiO,

Si—Sio.
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KPEMHUJAIH TEPMOTOTBITY KE3IHAETT AKAY TY3IJIIMJIEPI

3

Maxkanaga peHTTeH KYPhUIBIMIBIK Ty 9ICIHIH KOMETiMEeH KpeMHUIIH OeTKi KadaTTapbIHIaFb iIKi KepHEYIepIiH
KYPBUIBIM/IBIK ©3TepPICTEepiHe JTa3epiik ocep €TKEH Ke3/eri jKoHe OpTypii yakeiT mHTepBanbiHaa 10 munyrran 360
MuHyTKa neitinari 200, 400, 600°C skome 1000°C Tpagyc TepMoO KYHAIpy Ke3iHae KpeMHUIIH OKCHATIK TY3LTIMIepiHiH
ecyi 3eprreneni. OchlHAaN KyHeMeH Yarire oacep €Ty Ke3iHAe KPEeMHHIIH KYPBUIBIMIBIK ©3TepicTepi jKoHE KpEeMHH
IUTaCTHHAJIAPBIHBIH OCTKI KaaTTaphlHAa TOTHIFY Haiaa 0omaTeIHABIFG! Oalikataael. Kpemuuai tepmo enaey (400, 500°C)
Ke3iH/Ie OPHBIKCHI3 aKkayap TybIHAANTHIHBI kepcerineai. Ocbl akayaapMeH OailllaHbICTBI dcepliep KEpPHEY KYPBUIBIMIBIK
naiija OOJybIHBIH TOMEH/IeYyiHe anbin Keneni. KpeMHuIi TepMOKyiinipy yiri GeTiHmeri OKCUITI TY3UTMIepaiH naiina
OonybIH MeH3elai. OipHelle Ke3eHre CO3bUIAThIH YJITiHI aliblH-alla TePMOKYHIIpYIeH KeWiH Y3IIKCi3 JazepMeH
CoyJesneHiipy TYpii TOTBIFY TpoLleCTepiHe abim Keedi. OmapasiH Tysimy mexanmsmi  Si—SiO, xone Si—SIO
KyiieciHe coyreni acep eTy peTiH/e KapacThIpbUIAIbI.

Tyidin cesmep: KypbUIBIM, illKi KEPHEY, OKCHUATI Ty3imimzep, akay, Si—SiO,, Si —SIO xyitenep

Abstract
DEFFEKT FORMANION IN SILICON UNDER ITS THERMAL OXIDATION
Kosherov T.S.!, Zhanbekova G.1.2, Akhmetkaliyeva G.A.2
1 Dr. Sci. (Phys-Math), Professor, M.Tynyshpaev Kazakh Academian of Transport and Communication,
Almaty, Kazakhstan
2 Lecturer of the M.Tynyshpaev Kazakh Academian of Transport and Communication, Almaty, Kazakhstan
3Senior Lecturer of the M.Tynyshpaev Kazakh Academian of Transport and Communication, Almaty, Kazakhstan

Using the method of X-ray structural analysis, the changes that occurred at internal stress in the near-surface layers of
a silicon wafer were studied, as well as the dynamics of the appearance and growth of oxide formations during thermal
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annealing at 400, 500, 600, and 1000 ° C with a different time interval and subsequent laser exposure from 10 to 360
minutes. It has been established that under these conditions of thermal annealing, samples are subject to stru- ature
changes, oxide formations. It is shown that when samples are heated (400, 500 ° C), unstable defects appear in it. The
effects associated with this defect lead to a decrease in the stresses arising in the structure. Thermal annealing of silicon
causes the appearance of oxide formations on the surface. Continuous laser irradiation for a long time, after the
preliminary thermal annealing of the sample, leads to different oxidation processes. The mechanism of their formation is
regarded as the action of radiation on the system and

A close correlation is found between the changes in the parameter ® as a function of time and temperature of thermal
annealing and laser action.

Key words: structure, internal tension, oxide formations, defects, Si— SiO,, Si —SiO systems.

BBenenne

OpHuM U3 CHOCOOOB M3MCHEHHS AJICKTPO(PHU3UUECKUX CBONCTB M MApaMETPOB MOIYIPOBOIHUKOBOTO
KpEMHUS SBISETCS TepMudeckas oOpaboTka. [Ipu TEepMHUYECKOM OTXKHIE IONYIMPOBOJHUKA MPOTEKAIOT
HPOILIECCH] OKUCIICHNS, U3MEHEHHME DJIEKTPOHHBIX COCTOSHMM Ha TpaHuLe pasaena Si— SiO,, 9TO BIUAET HE

TOJIBKO Ha TEXHOJIOTMIO M3TOTOBJICHHS MOJIYNPOBOAHUKOBBIX MPHOOPOB, HO M MPU MX IKCIUTyaTanuu. B
npolecce TePMUYECKOTO OTKUTa 00pasiia B 3aBUCUMOCTH OT BPEMEHHU U TeMIIEpaTyphl OTKUTa 00pa3yroTCs
Ha e€ MOBEPXHOCTH OKCUIHBIE (pa3bl He TOJIBKO caMoro oopasua ( Sl ), HO M METaIT000pa3yrOIIUX MPUMECHBIX
anemMeHnToB. JlnurenbHbie nporpessl mpu 450-600°C BRI3BIBAIOT 00pa3oBaHUE KUCIOPOTHBIX MPEIUITHTATOB
(TepmogonopsI) [1].

JlazepHbIil OTKHUT TOBEPXHOCTHBIX CJIOEB-OANH U3 HanboJjee pe3yabTaTUBHBIX CIIOCOOOB aKTUBALIUHU TAKUX
MaTepuanoB, kak Si. Beap NpeMMyIIeCTBOM TaKHX CHOCOOOB 0OpaOOTKM SBISETCS BO3MOMKHOCTD
MIPOBENEHHs OTKHUra B aTMOC(EPHBIX YCIOBMAX M JOKAIM3ALUs Y4acTKa OT)KUra. DTOT BUJ OT)KUTIA CBSI3aH
TaKXKe C JIOKAJIBHBIM DPacIUIaBICHUEM aKTUBUPYEMOro o0beMa WM MOBEPXHOCTH o0pa3lia MpH KOTOPOM
MPOUCXOJUT KPUCTAUTU3AIMS ¢ BO3pacTaHHEeM Kod(pduuueHTa TUPPY3Ud U BO3MOKHOCTHIO TOTYUEHHS
6e3nedexTHbIX cioeB [2,3].

CrpykTypHBIE U MOpP(]OIOrHUecKue U3MEHEHHsS MOTYT NPETEpIeBaTh M B 3aBHUCUMOCTH OT XapakTepa
JIa3epHOTO M3IYYCHHS — [UTMHBI BOJIHBI, [UIMTEIBHOCTH 1 3Hepruu [4]. Tepmudeckoe u Jla3epHOE BO3ICHCTBHE
Ha KPEeMHHUH HEOTHO3HAYHBI, B PE3Y/IbTaTax, IOJNyYCHHBIX HKCIEPHUMEHTOM, U MO3TOMY HCCIIEAOBaBaHHE
mporiecca CTPYKTYpHBIX HM3MEHeHWH nedekrooOpazoBaHuss u Auddys3un, 00pa3oBaHUA JIOKAIbHBIX
HEOJJHOPOIHOCTEH B 00pasiie, TUIAaBICHUE W KPUCTAILIM3ALUS, a TAKXKE OKCHIIHBbIE 00pa30BaHus, BIUSIOIINE
Ha JIEeKTPOPU3NIECKUE CBOMCTBA KPEMHHS PEACTABIISIOT ONpPEACTICHHBIA HHTEPEC.

Lenp HacTosAmui pabOThl YCTAHOBUTH UMEIOIINE 0COOEHHOCTH U3MEHEHHSI CTPYKTYPBI U UX HalpsDKEHUH,
o0pa3oBaHHE OKCHJOB M HUX B3aWMOCBS3b CO CTPYKTYPHBIMH H3MEHEHUSMHU TIPU OTKUTAX, a TaKKe
BO3/ICHCTBIE TEPMOOTIKUIOB Ha oOpasoBaBiunecs cucteMsl Si—Si0O,, SI—SIO B noBepxHOCTHBIX COsIX

KpEeMHUH.

MaTepuansl 1 METOJUKA IKCTIEPUMEHTA

HcceioBanus IpoBOAUINCH ¢ kpuctamiamu (c) Si € yaensueiM conpotusienueM 10 Om-cm. O6pasipl
MPeIBapUTEILHO TI0JBEprajid TepMHUECKOil 00padoTke B aTMochepe Bo3ayxa npu temieparypax 400, 500,
600 u 1000°C. Bpems otxwura cocrauia 10, 30, 60, 120, 240 u 360 munyT. PenTreHorpaduueckie n3MepeHus
MPEIBApUTEIbHO TEPMOOTOXKEHHBIX  00pasloB  KpPEeMHHS H, MOCJIEAyIollee HX OOIydeHHE Ja3epoM,
BoINOJTHEHBI Ha audpakromerpe XPertPRO dupmser Philips. McTOYHUKOM U3ITydeHUs CIYKWI Jla3ep THIA
LCS-DTL 317-50, momHocTh KOTOporo coctaBmwio 50 MBT, paboTarommii B HENPEPHIBHOM pEKUME.
D¢ dexTuBHBI AnamMeTp CPOKYCHPOBAHHOIO JIa3epHOTO MSATHA cocTaBmwi 1,2 MM. Mepoil CTpyKTYpHOTO
COBEPILUCHCTBA MOJMKPUCTAJUINYECKOTO KPEMHHS, IIOJBEPraBIIErocsi BO3IACHCTBHIO TEPMOOTXKUIA U
JIA3epHOTO JIyYa, U3MEPSIEMOr0 Ha OCHOBE JUPPAKTPOMETPUUECKUX 3aBUCUMOCTEH SBHJIACH BEIWYHHA
napamerpa ®, KOTOpas XapakTepuzyeT W3MEHEHHE CTPYKTYpbl BHYTPEHHHX HAINPSHKEHUH B
MPUITIOBEPXHOCTHBIX CIIOSX KpeMHus [5,6].

Pe3yabTaThl M 00CyKIEHHE

HccnenoBanne n3MeHEHUH CTPYKTYpbl BHYTPEHHUX HANpPsKEHUH B MPUIOBEPXHOCTHBIX CJOSIX IIACTHH
KpeMHHUS (®) B 3aBUCHMOCTH OT BPEMEHH TEPMOOTXKUTa JJISl Pa3IMYHbIX TeMIeparyp oOpaboTku oOpa3imoB
(Puc.1) mokazay, 9TO BENWYMHA ® MPETEPIICBACT CBOEC HM3MEHEHHE KaK B 3aBHCUMOCTH OT BpPEMEHHU
TEPMOOT)KUTA, TaK U B 3aBUCHMOCTh OT TEMIIEpaTypsl TepMooTkura odpasua. Tak ecnmu mpu 400°C @
npereprneBaeT U3MeHeHue mpu 60-MUHYTHOM TepMooTxkure, To npu 500°C @ CyIEeCTBEHHO HE U3MEHSETCA
(Puc.1). TIpu temmeparype 600°C mnapaMeTp CTpPyKTypHOTO oOpasiia BHYTPEHHErO HAaIrpsHKSHUS
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MIPETEPIICBACT 3aMETHOEC M3MEHEHHE TOJIBKO TpH 240-MUHYTHOM TIporpeBe oOpasia. OJHAKO yBEITHUYCHUE
TeMIiepaTypbl, TepMooTxkura kpemanst 10 1000°C MpI BHIUM 3aMeTHOE M3MEHEHHUE  TpHu 10-MHHYTHOM,
4Ype3BBIUAHO BBICOKOE TIpH 60-u HeOombioe npu 240-MUHYTHBIX BpeMeHH Tporpesa oopasuos (Puc.l1).
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Pucynox 1. HUsmenenue napamempa @ KpemHus Om peMeHl €20 MePMOOMAUCUSA NPU PA3TUYHBIX MEMNEPAMYPAx

OTH pe3ynbTaThl MOKA3bIBAIOT, YTO TEPMOOTKUI KPEMHHs IPH HAIIMX PEKUMax TEepMOOOpabOTKH
TIPUBOJUT K CTPYKTYPHBIM HM3MEHEHHSM MpPHTIOBEPXHOCTHOTO CIOS MCCIEAyeMBIX IIACTHH S, Tpudem,
BCIUIECK MapaMeTpa ® CBUCTEIBbCTBYIOT 00 YBEIWYEHUH Ae(HEKTHOCTH IMPHUIIOBEPXHOCTHOTO CIOS U
COOTBETCTBEHHO, CBSI3aHHBIX C Je(eKTaMU BHYTPEHHUX HanpspkeHuil. IIpuuem 3ameTHbIe H3MEHEHHE O JUIS
pasznmuubbix T° omkura pasnuunoe. Eciam 5Tu m3MeHeHne ® y oOpas3moB TepMOTOXeHHBIX mpu 400°C
HaunHaeTcst npu 30-MUHYTHOM NPOTPEBE, AOCTUTass MakcuMyMa npu 60-MHHYTHOM oTxure, To mpu 600°C
KapTHHA HECKOIbKO HHas. 3MeHeHue o HauuHaetcs npu 120-MUHYTHOM, JOCTUras Makcumyma mnpu 240—
MHUHYTHOM, IIPOTPEBa HCCIEeIyeMoro o0pasla KpeMHHA. Y BEIHMYCHUE TEMIIEpaTypbl TEPMOOT)KUTA IIACTUH
kpemuus (1000°C) IpuBOAUT K U3MEHEHUIO M HEOAHOKPATHO, JOCTHras HanbOoubInero sHauenus npu 10-u
240 u ocobenHo npu 60-MUHYTHOM OTKUTe 00pasiia B atmocdepe Bo3myxa (Puc.l1).

PesynbpraTel SKCIIeprMeEHTa MOKAa3bIBAIOT, YTO MPH YMEPEHHBIX TeMmmepaTypax orTxura oopasmos (400,
500°C) wuccrenyeMbie 00pasiibl NPETEPIICBAIOT CTPYKTYPHBIC M3MEHECHUS YK€ MPU HEOONBIIOM BPEMEHU
TepMooOpaboTku kpemuus (0T 30 10 120 MUHYT), TOTAa KaK MPH TEPMOOTIKUIE KpeMHuUs, HaunHas ¢ 600°C,
CTPYKTYpHBIC W3MEHEHHUS MOKHO 3aMETUTh IPH PAa3HOM BPEMEHHM OT)KUIAa B HECKOJIBKO 3TamoB. OTH
W3MEHEHUS TECHO CBS3aHbI HA HAII B3IJISL C PSIIOM NPUYUH. Bo-TIepBbIX, ¢ mepecTpoKoi CTPYKTYp 00pa3inoB
HE TOJIbKO TIOBEPXHOCTHBIX CJIOE€B, HO U Bcero oowvema. Tak, namenenus o 1o 400 u 500°C tepmooTkura
o0pa3ua NpuxoIsIIero Ha BpeMsi TepMooopadoTkn 60 MUHYT MOKHO CBSI3aTh Hapsily CO CTPYKTYPHBIMH
W3MEHEHUSIMH (® aKTMBHOM HPOTEKaHUs (PU3NKO-XMMUYECKUX MPOLIECCOB HA MOBEPXHOCTH HCCIEIYEMOIo

o6pasua. B yacTHOCTH, OKHCIeHUH KpeMHus ¢ oopasosanuem SIO, SiO, , MUTpaluy METaII000pa3y OMIHUX

2
JJIEMEHTOB U OOOTOLICHWH UMM TIOBEPXHOCTH KPEMHHs, KOTOPBIE B ITOCIEAYIONEM MOTYT BCTYNarh B
XUMHYECKYIO PEaKIUI0 C KHCIOpOIOoM arMocdepsl, obpasys mperumurathl (Tepmomonopsi) [10]. He
MCKITIOYEHO UX Y4acThe B Mepepacrpe/ieiieHUH CTPYKTYPHBIX Je(eKTOB U MeKaTOMHBIX oOpa3oBanuu [11].
Tax xak mapameTp o XapaKTepH3yeT CTPYKTYPHOE COCTOSHUE MPUITOBEPXHOCTHEBIX CIIOEB, €T0 YBEITUUEHHE, a
3aTeM YMEHBILICHHUE CBHUJIETEIBCTBYET 00 YBEIMUCHWH W YMEHBIICHUH Ae(PEKTHOCTH HMPUIIOBEPXHOCTHOTO
CIIOSL M COOTBETCTBEHHO BHYTPEHHHX HANPSDKEHUH NMPU TEPMOOTKHIaX KPEeMHUs. AHAIU3UPYS Pe3yIbTaThl
AKCTIEPUMEHTA, MO)KHO OJTHO3HAYHO MPEATNONIOKHUTh, YTO B HAIIIMX YCIOBHSAX TEPMOOTIKUTA ITACTHH KPEMHUS
npoTekaerT mpouecc naedexkrooOpazoBaHHs, OOYCIOBIEHHBIH NPHUMECHO-MOHU3AIMOHHBIM MEXaHU3MOM
[7,8,9].

B HavanpHBII TIEpUOJ] JKCIEPUMEHTa HEYCTOWYHMBBIE MeTacTaOWibHble Ae(eKThl pacnajarTcs u
omxwurarTces. et nanee npoecc aHHUTHIISIN TIEPBHYHBIX 1e()EKTOB IPU B3aUMOJICHCTBUH JIPYT C JPYTrOM
W aTOMaMHU TOBEPXHOCTH. DTH IPOLECCH COMPOBOXAAIOTCS YMEHBIIEHHEM KOHLEHTPAalUW BAaKaHCUH WU
MEXJOy3elbHBIX aToOMOB. B CcBo ouepenp yMEHbIICHHE KOHLEHTPALUUH YKa3aHHBIX Je(eKTOB
COIIPOBOXK/IAETCS CHIDKCHHUEM CBS3aHHOTO C JTHMHU Je(deKTaMH CKaTHi U TEM CaMbiM IPHBOJUT K
YMEHBIICHUIO BHYTPEHHHX HANpPSOHKCHWH B MPUIOBEPXHOCTHBIX CJOSX KPEMHHUS U COOTBETCTBYIOLIEMY
yObIBaHUIO MapaMeTpa ®. He HCKiIOueHo, 4To BKIaJ B paccMarpuBaeMblii 3(G(GEKT BHOCAT HE TOJBKO
HEYCTOHYMBBIE MeTacTaOWIIbHbIE JEe(EKThl, HO M TaK Ha3bIBaeMbId d(PQEKT CBAZBIBAHUS MEKIO0Y3EIbHBIX
aromMoB B KoMIutekchl [8]. [lepBuuHbie Ae(eKThI MOTYT TAK)KE BCTYNATh B CBSI3b C OCTATBHBIMH IPUMECSIMH
[12]. CasasbiBaHus BakaHCHl B KOMIUIEKCHI TaKXKE€ MOXET IPHBOJUT K YMEHBIICHHIO BHYTPEHHHX
HanpspkeHuil. OcOOGHHO SICHO TMPOsIBISIETCs MepevyrcieHHbie 3GdekTsl paccMarprBaeMoro mporecca mpu
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BBICOKOTEMIIEPATYpHBIX OTxkHrax oopasioB ot 700 mo 1100°C [11], 4TO rOBOPHUT O TOM, YTO M3MEHECHHE
BHYTPEHHHX HANPSHKCHUH HMEET CIIOMHBIN XapaKkTep U TECHO CBSA3aHO C YCIOBUEM TEPMOOTKHTa 00pa3IioB, a
TaKXKe MPOTEKAIOIUMH B TPUIIOBEPXHOCTHBIX CJIOSIX TUIACTHH (DU3MKO-XMMHUYECKUX MPOLIECCOB Hapsay CO
CTPYKTYPHBIMU U3MEHCHUSAMMU.

He wuckmoueno Ttarke W TO, 4To B HabmomaeMble A(D(EKTs BHOCAT HE TONBKO MexIaedexTHbIC
npeoOpa3zoBannus W (Pa3oBbIe TPEBpABIICHHS, HO W 3(PQEKTHI, CBSI3aHHBIC C ITOSBICHUEM IHCIIOKAITHH,
00YyCIOBICHHbIE HATMYUEM TIEPEMEHHBIX IPaUeHTOB TeMreparyp. Ilpuuem uem bime T® oTxura obpasia,
TEM BHIIIE TPAANEHT TEMIEepaTypsl W OOJbINE TAaKUX YYaCTKOB TUCIONHMPYIOIINXCS MO MoBepxHOCTH. Kak
M3BECTHO, JI000€ OTKIIOHEHHWE OT IIOCTOSHHOTO TPAAMEeHTa TeMIIepaTypbl Ha TPAaHHIE KPUCTAJUTH3AINA
BBI3BIBAET HEOJAHOPOJHOE TEPMHUYECKOE PACIIMPEHHE, Beyllee K BHYTPEHHUM CHIIHBIM HANPSHKEHUSIM U, Kak
CIIEICTBHE, K OOpa30BaHMIO AMCIOKAIMM, OHAa B CBOIO OuepeAb OcialiseT BHYTPEHHEE HaNpPSIKCHUE B
KpHUCTaJIIe.

Ha puc. 2 npeacTaBieHbl H3MEHEHHE IPOLICHTHOTO cofep)annst Si ¥ SiO, B 3aBUCHMOCTH OT BPEMEHH

u Ttemmeparypbl TepmoorTxkura ot 400 mo 600°C. Ux ananu3 mokaseiBaeT, uro npu 400 u 500 °C
TEpPMOOT)KUTA 00pa3la CyIEeCTBYET INpsMasi 3aBUCHMOCTh YBEITHUYCHUS IIPOLIEHTHOTO COJIEP)KaHMs TUOKCUIA
KpemHus (Sj0,) U COOTBETCTBEHHO YMEHBIICHHE MPOLECHTHOIO COAEPXKAHUS KPEMHHUS HA MOBEPXHOCTH

obpasna (puc. 2). I[Ipuyem oOpa3oBaHHEe OKCHIOB COCTABISECT HAUOOIBIIIEE KOMUIESCTBO TPHU 240-MUHYTHOM
nporpese oopasiia B atMochepe Bo3ayxa. Heckoybko nHasi KapTuHA PH TepMooTkure odpasia 600°C.
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Pucynox 2. Hzmenenue npoyenmnoz2o cooepycanus Sl u SiO, 6 3asucumocmu om epemenu u memnepamypbl
mepmoomoicuza

31eck MBI BUIUM, YTO 00pa30BaHUE OKCHIOB HET B HECKOJIBKO 3TanoB. [lepBoe 1 3aMeTHOE UX MOSBICHUE
HayMHaeTcs ¢ 30-MUHYTHOTO TEPMOOT)KUTA, 3aTEM MJET 3aMETHBIN CIlaj] UX MPOLIEHTHOTrO cofepxkanus Ilpu
120-MuHYTHOM TEPMOOTKMI€ HAYMHAETCA BTOPOH 3Talm 0Opa3oBaHMS HAa HMOBEPXHOCTH KpeMHHUA SiO,

KOTOPBIM JOCTHraeT CBOETO MaKCHMAJIbHOTO HAKOIUICHUS HpU yxke 360-MUHYTHOM TEPMOOTXKHIe. DTH
nepenaasl 00pa3oBaHUA AMOKCHIA KPEMHHs CKa3bIBAlOTCS HA MPOLIEHTHOE €ro COAEp)KaHUe B JIMHEHHOM
(dbopMe T.e. UIeT MOCTEIICHHBIN CIajl B KOJIMYecTBe aToMoB Kpemuust oT 100% 1o 3%.

Tepmootkur kpemuusi pu 600°C 00yclnaBIMBaeT He TOJIBKO M3MEHEHHE OOBEMHOW M MOBEPXHOCTHOMN
CTPYKTYpPBI HCCIEeIyeMOoro obpasia 3a cueT ABIKCHHUS, Pa3MHOKEHHMS M YBEJIMUYEHHS YHCIA JUCIIOKaluH,
MOJIBUKHOCTH TPUNIOBEPXHOCTHBIX W OOBEMHBIX aTOMOB, HO U BBI3bIBAET OOpa30BaHME KHCIOPOIHBIX
MIPEIUITUTATOB. 3aMETHOE 00pa30BaHMS JMOKCHIA KPEMHUS U APYTUX OKCHUIOB (Touka A B Pmc.2) mpu 30-
MUHYTHOM TEPMOOT)KHIE, a 3aTEM CEPbE3HOE UX YBEIMUEHHE B IIPOLIEHTHOM COJIep’KaHu HauuHaeTcs ¢ 120-
MHUHYTHOTO TepMooTkura (Puc. 2)

OG6pa3oBaHKe JBYOKHCH KPEMHHS (OPMHPYETCs 0OBIYHO HA TIOBEPXHOCTH TLIACTHH S, a 3aTeM ee pocT
MPOUCXOAUT 3a cyeT Au(ddy3uil aTOMOB KHCIIOpOJa K MOBEPXHOCTH KPEMHHUSI M KHUCIOpOJAa aTMochepsl
BO3[yXa TIpM WX XMMHUYECKOM B3aMMOJEHCTBHUA. BbhIXon MuOKcHIA 3a TpaHUIBl HAYaJBHOTO OOBEMa,
3aHUMaeMOTro KpeMHHUEM, OOYCIIOBIICH UX Pa3HBIMHU IDIOTHOCTSIMHU. Heboublne BpeMeHa TePMOOTKUTA TIPH
nanHoi Temneparype (600°C), okucieHue u ee HeOOIbIIOE HApAIIMBaHUE 110 BCEH OBEPXHOCTH IIACTHHEI
mpoucxoauT A0 120-MUHYTHOTO TEPMOOTKUTA U TOJBKO 3aT€M yBEJIWYEHHE OOpa30BaHHE OKCHIHO IJICHOK
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Hactymaer ¢ 120-muHyTHOTO TepMooTkmra (Puc.2). KpoMme Toro, ceppe3Hoe OKHCICHHE IOBEPXHOCTH
KPEMHUS BBI3BIBAIOT 3HAUNTENLHBIC MeXaHn4Yeckue m3mMeHnenus (Puc. 1), mox gelcTBrHEeM KOTOPBIX BO3ZMOMXKHEI
Mex1e(DeKTHEIC MPeoOpa30BaHUS KOHIICHTPAIMY BAKAHCUHN M MEXI0Y3€JILHBIX aTOMOB U UX YHUCIIa, ()a30BbIC
npeBpanicHus, 3)(EKThl CBI3aHHBIC C IMOSBICHUEM JTUCIOKAIMA C POCTOM TPAJMCHTOB TEMIIEpaTyp B
pasmMuHEIX 06macTsax nosepxHoctn Si [13].

HccnenoBanre MpOLEHTHOTO COACPKaHHUA KPEMHHsI MCXOTHOTO oOpasla B Mpolecce TEPMOOTKHUTA J0
600°C u okcuaHBIX 00pa30BaHUN TP Pa3IMYHOM BPEMEHH TEPMOOT)KHTa B aTMoc(epe BO3AyXa MPHUBEIH K
OIpeeeHHON 3aBUCUMOCTH yBEIMYEH s IPOLIEHTHOTO COJIepKaHKsl 0OpPa30BaBIIMXCsl HA HOBEPXHOCTH Si

okcuoB [14]. Ananus conepxanus Si ¥ 00pa30BaBUIMXCS Ha TIOBEPXHOCTH €r0 OKCH/A TOKA3bIBAET, YTO
M0 Mepey BENWYECHUS BPEMEHH TEPMOOTKHId, B OCHOBHOM, OOPa3yIOTCS JHOKCHJA KPEMHHUS! KOTOPBIU IO
ucteyeHnto 120-MHUHYTHOT'O TEPMOOTIKHUTa HACBIIIAETCS B IPOLIGHTHOM coaepkanue. Jpyrux ¢opm okcumos
KPEMHHUSI U METaJI000pa3yromux npuMeceil He oOHapyKuBaeTcs. bbuia clienaHa MOTBITKA ONpeeieHus
BO3MOYHOI 3aBHCUMOCTH TPOIICHTHOTO COJEPKAHUSI KUCIOPO/a M JUOKCUIA KPEMHHS TIPU TEPMOOTKUTAX
kpemuus (600°C) B atmoctepe Bozayxa. Bo-mepBbix, ObUIa yCTaHOBJICHA, YTO B BCIIECK YBEIIMYEHHUS BEIXOIA
aToMa Kuciopoaa Habmromaercs mpu 60 MHHYTHOM TEPMOOTXKHTE, TOCTETIEHHO yMeHbIasch mo0 120-
MUHYTHOM TEPMOOTXKHIe, a 3aTeM BTOPOW MakCcCHMyM HaOmromaercs yxe mpu 360-MHHYTHOM MpoOrpeBe
oOpasua. B aTux MHTEpBanax BpeMeHH HauOOJBbIIEro KOJIMYECTBA BHIX0/Ia AaTOMOB KHCIOPO/Aa KaK BHUIHO M3
pesynbTaToB 3kcnepumenta (Puc.3), Bcrieck SiO, He HaOmogaeTcs. 3aBUCUMOCTD yBelIuYeHus SiO, 10

Mepe YBEJIMYECHUS] BPEMEHHU TEPMOOTKUTra MPAKTUYECKU JIUHEWHas, a npu 240 10 360 MUHYT TEPMOOTKUIa,
naxxe Heckonbko cHmkaercs (Puc.3). Ilpu omxure Ha BO3ayxe, MOBEPXHOCTh KPEMHHUsS IMaCCHBHPOBaHA
00pa30BaBILaeMCsI CJIOEM II€PBOHAYAIBHOTO OKUCIIA, KOTOPBIH, II0-BUAUMOMY, 00pa3yeTcs 3a CUeT KHCI0poa
BO3/yXa, a 3aTEM OCHOBHBIMHM CTOKAMHU KHCJIOpPOJa CTaHOBETCS HOPbl B KPEMHHM BAaKaHCHOHHOTO THIIA,
KOTOpbIC aKTUBUPYIOTCS, HaunHas ¢ 240- MHHYTHOTO TepMOOTXKHra oOpasia. PacTBopeHHbIE B KpEMHUU
aTOMBI KHCJIOpOJa OOBIYHO YBEIMUYUBAIOT pa3Mep KPHCTAJUIMUECKOH pemieTku. B Hamem ciyuae mo mepe
YBEJIUYEHHUsS] BPEMEHH TEPMOOTKHUIa TEPMOHANPSIKCHUE HAauMHAET U3MEHAThCA ¢ 120-MHHYTHOro OTXMWra,
JOCTUTAst CBOETO HanOOoJIbIero 3HadeHus npu 240-muHyTHOM TepmooTxure (Puc.1).

C apyroii CTOpOHBI, aTOMBI KACJIOPO/Ia PACIPENENIAIOTCS B KPUCTAILIE B I00CUaTyI0 KapTuHy. Ilonocsl ¢
MOBBIILICHHON KOHIEHTpAlMi KUCIIOpOJa SIBISIIOTCS O0JAcTAMHU 3apOXAEHHUs INe(EeKTOB MpHU TEPMHUYECKOM
o0paboTke Kpuctayua. Kucmoponq MoXeT HaxOOUTHCS TaKkKe KaK B MEXKAOY3EIbHOM IIOJIOKCHHH, TaK H
00pa30BBIBAaTh aKTUBHbIE KOMILIEKCHI. M yBennuenre BpeMeHH TEPMOOTKUTa IPUBOJMT K yBEIMIEHUIO SiO,

Ha TIOBEPXHOCTM IUIACTUHBI Sl 3a cueT au(Qy3uM KHUCIOpOAa, HE OKa3blBas 3aMETHOTO BIMSHMS Ha
cTpykTypy Si.

OGpazoBanne SiO, Ha IOBEPXHOCTH HCCIEIYeMOH IUIACTUHBI Sl B 3aBHCHMOCTH  OT BPEMEHH
TepMooTKHUTa JHEiHOe (Puc.3).

L% A
100 5i0z(mazep)
80 P Si0:(nazep, )
1
60 Si0:(600°C)
40
JIA3
\ Si0{mazep.t)
>
0 10 30 60 90 120 240 360 t.MHH.

Pucynox 3. Pezynsmamsl noayKoauuecmeeHH020 aHAIU3a cocmasa az 6 nocuedyroujem Oeucmseuu 1a3epHo2o
ayua. Temnepamypa npedsapumenvroco mepmoomoicuea oopaszya 600°C.
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JeiicTBre naszepHoro jy4a B TedeHHe 60-MUHYT Ha 00pasipl, IPEABAPUTEIEHO TEPMOOTOXKCHHBIE, TIPH
pasnmuuroMm Bpemenu (Puc.3) mpHBOOWT K JajbHeiIIeMy oOpa3oBaHHMi0 W pocTy Si0, Ha IIOBEPXHOCTH
miacTHH S|, MAaKCHMyMBI KOTOPHIX MOSBISIOTCS HAa 00pasIax IpeaBapHTeIbHO TEPMOOTOXKEHHbIE pu 30-
MUHYTHOM TEPMOOT)KHTE W PE3KO yBEIMICHHbIE Ha 00pa3Iax, IMpeaBapUTeI-HO TEPMOOTOXEeHHbIe ipr 360
MUHYT.

Takum 00pa3oM, COIMOCTaBIsAsl OKCHJIHBIC OOpa30BaHMsS HA MOBEPXHOCTH MBI BUIMM, YTO TPOIECC UX
MTOSIBIICHUUS 3aBUCUT OT BPEMEHH MX OTXKHUra ¥ BPEMEHH JabHEHIIero MeHCTBUS JTa3ePHOTO MIIMyICHUS Ha
MIPEABAPUTEILHO TEPMOOTOXKCHHBINH KpemHHH. [lpm Tepmudeckorl 00pabOTKe KpEMHHS SBHO BHUIHO
MOSIBJICHUE TEPMUYCCKUX HANPsDKEHUI HaunHas ¢ 120-MUHYTHOTO peIBapUTEIILHOTO MPOrpeBa 00pasia, npu

KOTOpPOM MOSIBIIEHUE S|02 Ha MOBEpXHOCTHU KpeMHus Haubomnbmee (Puc.1,3). [leiicTBuiie na3epHoro yda

B TeueHun 60 MUHYT Ha 00pa3iibl MPEIBAPUTENILHO TEPMOOTOKEHHBIE MpPH pa3nyHoM Bpemenu (ot 10-360
MuHyT) (Puc.3) npuBoaut x nanpHeimemMy o6pa3oBaHHIO

TepMmuueckuii OTXKHT, SBISIOMIMACS OAHOW W3 COCTaBIIIOUIMX JIA3€PHOTO H3IYYCHUS, MO CYIIECTBY
IPOJOJIKAET BO3AEHCTBOBATE HA CUCTEMY Si — SiO, ¥ HANPsHKEHHE, BOSHUKIIEE NP TEPMOOTHKUIE, HAPACTAET

Ha rpanune Si-SiO,, IZe CyIECTBYeT NPOMOKYTOYHHMH CJIOH, OOOTOIIEHHBIA B OKCHIE-KDEMHHS, a B

KPEMHHUH - KUCIIOPOJOM H Pa3IMYHBIMU CTPYKTYPHBIMH Ae(eKTaMu, BOSHUKAIOLUIMMH B MPOLECCE OKUCICHUSI
[15]. ITpu 3TOM OYEBHIHO, YTO HENPEPHIBHOE JIA3EPHOE M3TydIEHHE PHU BO3JIEHCTBIUH Ha cucTeMy Si— SiO,,

00pa3oBaBIIMXCSl MOCTE NPEABAPUTEIBHOTO TEPMOOTKHIa, MPUBOJUT K CTPYKTYPHOH TepecTpoiike,
BO3HUKHOBEHHIO TPaIUCHTA TEMIIEPATYP, CIIOCOOCTBYIOLIETO €T0 3aKallKe, TeHepannu Je(eKTOB, TIIaBICHHUIO
MOBEPXHOCTHBIX CJIOEB KPEMHHA ¢ 00pa30BaHMEM AMCIOKALMH W U3MEHEHUIO MEXaHWYECKUX HAIPSIKCHUI
[16]. He uckitodeH pOCT MJIOTHOCTH TMOBEPXHOCTHBIX AJIEKTPOHHBIX COCTOSHHUII MOCIE OOIy4eHHs TaKo
cucTeMbl, 00yCI0BIEHHOH mpeoOnaganueM MexaHmsMa AeddexkrooOpaszoBanus Ha rpanuue Si—SiO, 4
MPUITOBEPXHOCTHOMN 00acTu kpemuus [17].

Heckonpko uHTEpecHbIE pe3yibTaThl ObUTM IOMY4YEHbl INpPH HEOONBbIIOM W3MEHEHHH  yCJIOBHUIl
SKCiepuMeHTa. JlelicTBHE J1a3epHOT0 M3IYUYEHHUSI Ha 00pa3libl KPEMHHUS MPEABAPUTEIILHO TEPMOOTOKEHHEIE
npu 60 MHHYT TPOBOIWINCH B HMHTepBaje Bpemenu oT 10 mo 360 munyt (puc.3). B 3THX ycinoBusx
SKCIIEPUMEHTA OKCUI000pa30BaHHE KPEMHHs OCYLIECTBIUIOCh B AByX asax: SiO, u SiO. Ecau coe
o0pa3zoBaHMe JAUOKCH] KpeMHHS HanboJiee MPOSBISUI MPH JISHCTBUU JIa3epHOTO JIyda BTeueHHe NepBbix 10
MUHYT, a 3aTeM [0 HapacTalolle CHOBa JOCTHrajga OOJBIIOro MPOLEHTHOTO cojaepkaHus mpu 120 MUHYT
JeUCTBUH J1a3epa, TO PH JEHCTBUH Ja3epPHOro Jiy4a B TeueHrne 360 MUHYT Obita Haubombiie (Puc.3).

Wnas kapruna nabmomaercs ¢ okcuaoM kpemuus (SIO). Ee mosiBieHne 10CTaTodHO B GOIBIIOM
konnuecTBe (~70%) OblIO 3aMedeHo Ha oOpas3uax, oOJIydeHHBIX JlazepoM B TedeHud 30 munyt. Ilpu 60
MUHYTHOM BO3CHCTBHH J1a3epHOro Jiyda €€ KOJMYECTBO CHMXKAaeTcs IO MHHHMyMa, a 3aTeM HJAET pocT,
JIOCTHTAsi CBOETO CIEAYIONMEro MakcumMmyMa pu 240- MUHYTHOM JCHCTBUU HETPEPBHIBHOTO JIA3EPHOTO JIyda. A
npu jeiictBuM nasepa B Teuenust 360 munyr SIO mpaktuuecku orcyrctyer (Puc.3). Takas HoBas (aza
MOXeT 00pa30BBIBATHCS HA MOBEPXHOCTH U B 30HE akTHBHOU nedopmarnuu [18]. CTpyKkTypHBIE U3MEHEHHUS
KPUCTaTMUECKON PEIeTKH KPEMHHUs, MPUBOAMAIINE B AajbHeleM K auddy3un 00BEMHOTO KHCIOPO/a,
YMEHBUIEHUIO KOHLEHTPALUH MEXKI0Y3€IbHOr0 (), B KOHEYHOM CYETE MOTYT IIPUBECTH K OOPa30BaHMIO
npermnuratoB SIOX mwin SiyOX B o0beMe KpHcTa/uia Tak U Ha e€ MoBepXHOCTH. He MCKITI0YEeHO TakKe, YTo
Ha COCTOSHHE aTOMOB KHCJIOpPOJa B KPEMHHH OKa3bIBAIOT BIUSHHE M Auciokanuu.He HacAleHHbIE CBA3M
JUCTIOKAIIK 3aIlOJIHSAIOTCS aTOMaMH KUCIOPOAa M MPH OXJIOKIECHUHW KPEMHHUS IMOcie JIEHCTBUS J1a3epHOTO
Jyga KMCJIOpoJ B BHje KomriekcoB Si— O Bblzensercs nmpenmyluecTBeHHO Ha auciaokanusax [19]. Kak
MOKa3bIBAIOT HAIM PE3yJIbTaThl, MCCIEIOBAHMS IIOCIE TEPMOOTKHIa W IOCIEOYIOLIEr0 HENpPEPHIBHOTO
JIA3epHOTO BO3/ACHCTBUS MOMHMO KPHUCTAUIM3ALMM HA TOBEPXHOCTH KPEMHHUSI Hapsly ¢ 0Opa3oBaHHEM
JMOKCHUJIOB KPEMHUS! MOSIBIISIFOTCS OKCHJIBI KPEMHUSI, TIPUYEM UX YOBIBAaHHE KOJIMYECTBEHHO MPUXOIUTCS Ha
yBeneuenue SiO, . OT0, BUAMMO, CBA3aHO C TEM, YTO B IIYYKE JIa3€pHOTO Jiyda SiO, , Pa3jIararorcs Ha SiO

nanee Ha Si u O KoTOpbIE 3aTeM IKCTPArUPYIOTCS B OKPYKAIOLIYIO CPELY.

BrIiBoabI

OnpeneneHHble YCIOBUS M PEXUM TEPMOOT)KHUTa KpeMHUsS IpH kKoTtopoM, HaunHasg oT 400°C go 600°C
W3MEHEHUS IapaMeTpa @ YKa3bIBatolle Ha HATMUUe CTPYKTYPHOTO HANPSKCHHUS B KPUCTAJUIMIECKOM pelieTke
Si mocratouno crnabsie. Ilpu BhIcOKOI Temneparype oTxkura (1000°C) o6pasua u3MeHEHHE TapaMETPOB @
MPOXOJUT B HECKOJNBKO JTaloB, YyKa3blBas Ha aKTUBALMI0O W TepepacupenesieHne IUCIOKAIHi,
MexaeddexTHoro nmpeodpazoBanus u (Ha3oBoro npespaieHus. TepMOOTKUT CIOCOOCTBYET TOMOTCHU3ALINN
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MOBEPXHOCTH U (POPMUPOBAHMIO OKCHIHOTO MOKPHITHS MOBEPXHOCTH IUIEHOK M MNpelUnuTanuu. Ilpu
Na3epHOM ~ OTXAKUre TnpeobnagaeT JajibHeiiias reHepauuss — AedeKToB, HapacTaHHE  IIpollecca
oxcunooOpasoBanuii 1 Qopmuposanue cucrems SIO-SiO,, Si-SIO. VYcranoenenst ocoGeHHOCTH

BO3HUKHOBCHU OKCUAHBIX IIJICHOK IPH JIa3€PHOM U TCPMUYCCKOM OTKHUI'C KPEMHUA
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«TEPMOAWHAMMUKA HETI3JEPI» TAPAYBIH OKBITY BAPBICBIHAA MYJIbTUMEAUAJIBIK
TEXHOJIOTUAJIAP/IbI AWJAJIAHY MOCEJEPI

Axoamna
Makanaga MyTbTUMEIUANbIK TEXHOJOTHIapAsl (HU3WKa TOHIH OKBITY OapbhICBIHAA TMaigalaHy Mocelenepi
OasgHmanFaH. ATam aWTKaHma, Oy Mocerne HeridiHeH «TepMoaWHaMHKa HETi3Aepi» TapayblH OKBITyFa OaWIaHBICTHI
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KapacThIpbUIFaH. Oyelli MeKTen (M3UKAChIHAA aTaJFaH TapayAbl OKBITY JKaF Haiylapbl KapacThIPbUIBI, Tanganrad. Ockl
Tapayra KaTBICTBI TEPMOJMHAMHKAHBIH OIpiHIINI 3aHBIH H30MPOIECTepre KOJIAaHy d>KOHE aauadaTallblK TMpoIlece
TaKBIPBITITAPBIH OKBITY/Ia MYJbTUMEIUSIIBIK TEXHOJOTHUSHBI MaliJaaHyablH Mblcanaapsl perinae Ispring QuizMaker
OarmapiIaMachIHBIH KOJIaHy TOciumepi KapacTelpburad. OKYIIBIIapABIH TaKBIPEIITE TEPEH TYCiHyiHE MYMKIHIIK Oepy
YIIiH dyei TepMOIUHAMUKAHBIH OipiHIII 3aHBI, OHBI H30TIPOLIECTEPre KOJIaHy MoceleNlepiH OKpITY OaprichiHAa [Spring
QuizMaker 7 6armapiamMacklHOa TECT CypaKTapbIMEH KOca ayanTapblH 11a, popMynanap MEH CypeTTep, ayauo >KoHe
OeitHexxaz0anap/bl 1a KOJlaHyFa MYMKIHAIKTEp OepeTiHAIri alThUIFaH. ATajFaH TaKbIPBIITApIbl OKBITY OapbIChIHAA
MYJIbTUMEAHANBIK TEXHOIOTHSIIApAbl KOJIaHYABIH OipHEIle HAaKThl MBICAIIAAPHI KEITipireH.
Tyiiin ce3: TepmonuHamuka, MyIbTUMEINS, TEXHOJIOTHS, U30TIPOLIeCTep, OKbITY, ISpring QuizMaker.

AnHomayus
M.K. Kynbex', b. XKaiinayoe?
L0.¢p.-m.n., npogpeccop, Kaszaxcxuii nayuonanvuwiii nedazo2uyeckuii ynusepcumem um. Abas,
2. Anmamel, Kazaxcman
2 mazucmpanm no cneyuanvhocmu « Puzuxa» Kazaxckozo nayuonanbno2o nedazo2uuecko2o yHugepCumema um.
Abasa, 2. Anmamel, Kazaxcman
BOITPOCHI UCTIOJIb30BAHUS MYJIbTUMEJIUMAHON TEXHOJIOT UM ITPU OBYYEHUN
PA3JEJIA «OCHOBbBI TEPMOJINHAMUWKHN»

B craTtbe M3510KEeHBI BONPOCH HCIIOJIb30BAaHUSI MYJIBTHMEIUHHON TEXHOJOTUH B Tporecce o0ydeHus! GU3UKU. DTH
BOIIPOCHI, B OCHOBHOM, PacCMOTpPEHBI OTHOCHUTEIBHO 00ydeHuio pasgena «OCHOBBI TepMOJMHAMUKW». B Hagame
NIPUBEJICHBl OCHOBHBIE IMOJOXKEHHs O0YUeHHMsl JaHHOTO pa3jena B Kypce LIKOIbHOM (u3uku. B kauectBe mpumepoB
UCIIONIb30BaHHs MYJIbTUMEIMIHON TEXHOJOTHU B Ipoliecce 00y4eHHs OTIEIbHBIX TeM pasjena «[IpruMeHeHue nepBoro
3aKOHa TEPMOAMHAMUKH K M30Ipoleccam»; «AanadaTHYecKuii Ipoleccy» MPUBEICHBl HEKOTOPbIE METO/IbI MPOTPaMMBI
ISpring QuizMaker. IIpu sToM s TIyOOKOro NOHUMAHHS yYEHHKaMH MEPBOro 3aKOHA TEPMOANHAMUKH, IPUMCHEHHE
€ro K M30IpoleccaM ¢ MoMoulpio nmporpammsl [Spring QuizMaker 7 MoryT OyTh MCHOJIB30BaHBI IPUMEPHI TECTOBBIX
BOIIPOCOB, UX OTBETOB, (OPMYJIBI, PUCYHKH, a TaK X€ ayAHO W BHICO 3amicH. IIpuBeNeHBI KOHKPETHBIE MPHUMEPHI
HCTIONIb30BAHMA MYJIBTHMEANIHON TEXHOJIOTHU IPH 00YYEHHUHN OTACJIBHBIX TEM YKa3aHHOTO pa3ziena.

KaioueBble ci10Ba: TepMOJHAMUKA, MYJIbTUMEINS, TEXHOJIOTH, U30Iponecchl, o0ydenus, [Spring QuizMaker.

Abstract
ISSUES OF USE OF MULTIMEDIA TECHNOLOGY AT THE TRAINING
OF THE "BASIS OF THERMODYNAMICS™
Kulbek M.K.%, Zhaylauov B.?
1Dr. Sci. (Phys-Math), Professor, Abai University, Almaty, Kazakhstan
2 Student of Master’s Programme in Physics, Abai University, Almaty, Kazakhstan

The article outlines the use of multimedia technology in the teaching of physics. These issues are mainly considered
in relation to the training of the section "Fundamentals of Thermodynamics". In the beginning, the main provisions of the
teaching of this section in the course of school physics are given. As examples of the use of multimedia technology in the
process of teaching certain topics in the section "Application of the first law of thermodynamics to isoprocesses”;
"Adiabatic Process" lists some of the methods of the ISpring QuizMaker program. At the same time, for the students'
deep understanding of the first law of thermodynamics, application of it to isoprocesses using the 1Spring QuizMaker 7
program can be used examples of test questions, their answers, formulas, drawings, as well as audio and video recordings.
Specific examples of the use of multimedia technology for teaching specific topics of this section are given.

Key words: thermodynamics, multimedia, technology, isoprocesses, training, 1Spring QuizMaker.

Kazipri tapma Oimim Oepy XyHeciH aKmapaTTaHABIPY IMpoIieciHe OalIaHBICTHI aKMapaTThI-OUTIM Oepy
OpTachl, aKMapaTThI-MIOHMAIK OpTa, KociOM-aKMapaTThIK OuTiM Oepy OpTachl, OKBITYABIH KOMITBIOTEPIIK
TEXHOJIOTHSIIAPBI, OKBITY/IBIH aKMapaTThIK TEXHOJIOTUSIIAPHI, aKNapaTThI-KOMMYHHUKAITUSIIBIK TEXHOIOTHSIIAP,
Oimim Oepyre apHajFaH aKlapaTTbl-KOMMYHHUKAIMSIIBIK TEXHOJIOTHSUIAP, MYJIbTUMENNA, MYJIbTHMEAUAIIBIK
TeXHOJOTHsIap, OimiM  Oepyneri MynbTUMeNWa, MYJbTUMEAWAHBIH OaFfapiaMainblK  Kypalgapsl,
MYJIbTUMEIUANBIK pecypcTap ceKimi Oipkarap TepMHHJIEP OKYJIBIKTap MEH FBUIBIMH Makaiajap Ja
KoJigaHblIa 6actazsr [1].

MysbpTuMena TepMHHI JIATBIH TUTiHIH ,,multy” (kem) xoHe ,,media” (opTa) aereH cesnepiHiH OipiryiHeH
kypairad. COHIBIKTaH J1a, MyJIbTUMEINANBIK JKYHere apHaJIFaH OKYJBIKTAp/Ibl, FEUIBIMU €HOCKTEPIi capanai
Kelne Oyl TepMHUHTE ,,aKIMapaTThIK opTa” JiereH MarbiHa Oepyre Oonansl. AJl, aknapaTThIK OpTa TYCIHITIH
Oenrini Oip opraja akmapaTTHIK TEXHOJOTHSUIApIbl MaianaHy apKbUIbl aKapaTThl YCHIHY MEH ©HJeyre
OarpITTaIFaH apHANbl YHBIMIACTHIPBLUIFAH Tpolece Jel KaObuiayra 00abl.

Enni oyeni kapacThIpbUIbIl OTBIpFaH «TepMoOJMHAMUKA HETi3liepi TaKbIPHIOBIHY» MEKTel (U3UKACHIH/A
OKBITY JKaFJaiapbelHa KpICKaIlla TOKTana ketedik. Kasipri Tanna MekrenTe 8-ChIHBINTA OKBITHUIATHIH «KbLTY
KYObUTBICTaphl» TapayblHa 22 carar OeiliHreH. ATaiFaH TapayZa >KbUTYJIBIK KO3FaJbIC, TeMIEpaTypa, OHbI
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OIIIIIEy TOCUTAEPl (TEPMOMETp, TEMIEPATYPalbIK IIKajaiap), IMKi 3HEPTHs, MK SHEPTUSHBI ©3TepTy
TOCUTAEP1, KBUTy OTKI3TIIITIK, KOHBEKITUS, COyJIe MIBIFAPY - JKbUTy OepilymiH Typiepi, TaOUFaTTarbl JKOHE
TEXHHUKAJIaFbl KbUTy O€pily, 3aTTBIH MEHINIKTI JKBUTY CHIABIMABUIBIFEI, JKBLUTY MOJIIIEPIH  €CemTey,
TEPMOAMHAMUKAHBIH OipiHIII 3aHBI )KOHE T.0. TAKBIPHINTAp OKBITHUIAABI [2-3].

Opra mexrenTiH 10-pHIIBI CHIHBIOBIHAA « TepMOAMHAMIKA HET13epi» TapaybiHa 6 carat OeniHreH. MyH/a
KeJleci TaKBIPBINTap OKBITBUIANBI: HMIead Ta3[blH IIMMKI 3HEPTHACH, TEPMOTWHAMHKAHBIH OIpiHII 3aHBI,
U30TpOoLIeCTepre TePMOANHAMHUKAHBIH OipiHII 3aHBIH KOJJaHy, TEPMOANHAMHUKAHBIH €KiHIIII 3aHbI )KOHE OHBIH
CTATUCTUKAIBIK MaFBIHACKI, XKBUTYJIBIK MPOIECTEPAIH KAUTHIMCBI3IBIFBI, )KBLUTY MAIlTHATAPHI dKOHE TAOUFATTHI
Kopray. JKoFaprbl CHIHBII OKYIIBIIAPEl TAOUFATTHIH ipTeii 3aHAAPBIHBIH Oipl YHEPTUSHBIH CaKTay 3aHBIHBIH
KOJIJAHBICBIHBIH Oip MBICAIIBI  PETiHAE TEPMOAWHAMUKAHBIH OipiHIN 3aHBIH OKbIN YyipeHeni. OcblFaH
0aliaHBICTHl TEPMOAWHAMUKAHBIH OIpIiHII 3aHBIH M30MpOIEcTepre KoJAaHy jKoHEe aauadaTaiblK MpoLece
TaKBIPBINTAPBIH OKBITY/la MYJIBTHMEIMSUIBIK TEXHOJOTHSHBIH Oip MbIcanmbl periHfe Ispring QuizMaker
OarapiamMachIHBIH KOJAAHY TOCIIIEPiH KapacThIpabIK [4].

Oyeuni ockl iSpring QuizMaker OarmapiaMachblHBIH MYMKIiHAIKTepiH atam eTeiik. 1Spring QuizMaker —
WHTEPaKTHUBTI TeCT KypayFa apHaJlFaH jkaHa Ja camnaisl Oarmapiama. Ockl OarmapiaMaHblH MYMKIHIIKTEPiH
naiganaHa OTBIPHII, KBIIIaM opi OHal KaciOM eHTelIe TeCT CypaKTapblH KYPacThIpyFa OOoJabl.

HTMLS xone Flash komOuHMpiieHTeH (haliiIbIK TYPJICPMEH KAIIBIKTBIKTAH OKBITY XKYHECIHIH OKYIIBLIAP
YIIiH TECTLIey TalchlpMalapbiH KypyFa MyMKiazaik Oepemni. ConsiMeH KaTtap iSpring Suite, iSpring Pro xone
iSpring QuizMaker mnporpammanapsiaei kemerimeH AICC, SCORM 1.2, SCORM 2004 (Gapmbik
0acBUIBIMIAPhl) CTaHIAPTTAPbIH KOJJIAHATBHIH AJICKTPOHIBIK OKY KypCTapbhlH Kypyra Oojaabl. CoHnmai-ak
KOCIOM TecT CypaKTapblH KypacThIPbIN, OHBI TAlChIpy Ke3iHme Oaranmay MakcateiHaa Drag-and-drop
TapMaKTaJlFaH CIICHapHil OaFaapIaMachklH KONJaHyFa 0omaael. AtanraH OarapiaMa HHTepaKTUBTI TeCTLIepi
KYpy YIIiH Jie THIM/i KypaJl O0JIbIN TaObLIa bl

Hzorepmannt lazfa GepinreH
K mporece 6api
_ Q=A KbINyAbIH 6api
(yrFarosr) AU=0 A>0 ! KYMBIC
)acayFa
T= const Kymcanaapi
r
P, ¥
P, 2
v i
- 2 Lg i
0 I J ¥
A >0, AU =0
u 14124 00:00 / 00:00 m

Cypem 1. Ispring Suite 6az0apramacei

TepmoanHaMukaHbIH OipiHII 3aHBIH M30MPOLIECTEPre KOJIAaHy MAceleIepiH Tajuaay aaablHIa, MbIHAaH
HaKTBl MBICAIIZIAP/IBI KAPACTHIPBIT KETKEH OH. MbIcalbl, KaIOPUMETPIET] CYy/Ibl CIIMPTOBKA apKbLJIbI HEMECe
KATThl ICHEH] COFY apKblIbl KBI3IBIPY JKaFIaiIapblH TXipuoeep xaca, ilki SHEprUsIHbIH ©3repiciH Tanaan
eTKeH xoH. OfaH opi uzean ra3apra U30mpouecTepl KOJAany MbICAIAAPBIH KapacThIpaMbl3. Op MpoLecTeri
1IK1 SHEPTHSIHBIH 63Tepy OJIIIeMi Here TeH O0JIaThIHBIH Tajay KakeT. OKyIIbIap iliKi SHeprus )KYMBIC icTey
apKBUIBI ©3repreH/ie onuemi - ICTeNTeH KYMBICKA, all KbUTy aMacy apKbUIbl ©3repreHie onuemi - Kbury
MeJIIIIEpiHe TEH JIereH KOPBITHIHIIBI jKkacaiipl. Ochl MaManapasl KapacThlpy OapbIChIHAA OJapAblH TaHOACKI
TypaJibl aiiTa KETKEH JKOH, MbICAJIbI, JKYHere skbuty mejiiepi oepinace (Q>0) oH TaHOaJbI, ajl )KYHEACH KbLIY
anbiHca (Q<0) Tepic TaHOanbl 0ojambl. OPTYPJi MbICAIAAPABI KapacThipa OTHIPHIN, TEPMOIUHAMHKAHBIH
OipiHILI 3aHBIH U30MPOLIECTEPre KONJaHy 3aHIbUIBIKTapbIH OblIall TYKbIpEIMAayFa O0aibl.
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Hzomepmusiiviy npoyecc. I30TepMUAIIBIK TpoliecTe Temieparypa Typakrsl (T=const), coumpikran AU =
0, sraum 1mKi SHeprus e3repmeiini. Erepae sxyiiere skpi1y Medmepi Oepisice, OHIa ra3 yJIFalbIIl dKYMBIC iCTEHII.
Icrenren xyMbICTaH mamMachl 1-cypeTTeri IITpUXTajiFaH ayganra TeH Q=A'".

Erep raz sxxpury anca (Q>0), oHza o1 0H )KYMBIC aTKapazsl, SFHU A' >0, ai KepiciHIle ra3 KopIiaraH opTara
xbITy Oepce, oHna Q<0 xone A' <0 .

TepMoAMHEMMKEHEIH T SaHbIH 13 oLECTEPre NalaanaHy

T23456 vV

- 0 +
LI

AQl
A

o
nm AU
4 OB

n 1724 D000 1 00200 m

(=) (&) =

Cypem 2. H30bapa npoyecin kepcememin aHumMayus

H3z06apanvix npoyecc. Vinean ra3ael n300apanslk skargaiaa KeI3IbIpFaH Ke3ze, Kyiiere OepiireH b1y
MOJIIIIEpi OHBIH iIIKI SHEPTHSCHIH ©3TepPTyre OHE TYPAaKThl KhICHIMIA Ta3/bl YIIFAWTBIN KYMBIC icTeyre
Kymcanaapsl. (cyper 2.)¥raiiran ke3zeri sxyMbic oH (A' >0) xxone A'=p A 'V (popMynacsIMeH ecenTenesi.

By nponiecTe imki SHEPTUSHBIH ©3Tepici:

AU =Q— pAV (1)

Uzoxopanvig npoyecc. I30X0pabIK MPOLECTE KOJIEM ©3rePME/Ii, COHIBIKTAH Jia ra3/IbIH KYMBICHI HOJITE
TeH, aJl iIIKi SHEPTUAHBIH ©3repici Kbty Meosmepine TeH 6onaasl. AU = Q. Erep ras kpi3ca, Kby MeJepi
Q KoHe iIIKI PHEPTUSIHBIH ©3repici OH TaHOANbI, SFHU 1IIKI HEPTUs apTajibl, ajl ra3ibl CyBITKAHAa JKbUTY
meumepi Q<0 xone AU < 0 tepic TanOabl, SFHY IIKI SHEPIUs KEMUII.

Aouabammuix npoyecc. AnuadaTThIK IPOIECTE )KYHCHIH OpTaMEH XKbUTY aJIMacybl 00JIMa b, COHIBIKTAH
na Q=0. An imKi 3HEprHsi TEK KYMBIC iCTey apKbUIbI e3repeli. MyHa ra3 yiraifraga oH xkymbic (A>0)
aTKApBUIBII, OHBIH iIIKi YHEPTHSCH a3aiblll, SIFHH Ta3 CYBIHIBI.

I"a3 cpIFBUTFAH Ke3/1e KYIITEpP OH OOJIBIN, ra3 Tepic )KYMBIC aTKapabl 1a )KYHEHIH ilIKi SHEPTUSICHl apThII
ra3 KbI3a/Ibl.

Wzonponiectepni Toxipube Ky3iHIE KOpCeTy apKbUIbl OKYIIBUIAPIBIH TaKBIPHIITHl TEpeH TYCiHYyiHE
MYMKIiHIIK kacaii amambl3. Ockl makcarra ISpring QuizMaker 7 OGarmapiamachl cypakTapMeH Koca
JKayanTapblH J1a, GopMyliajgap MEH CypeTTep, ayIuo jKoHe OciiHekazOayiapiblia KOoJaHyFa MYMKIHIIKTEp
Oepemi.

Teopusinblk Macenenepiai OekiTy YIIiH TrpadUKTIK >KaTTBIFYJIapAbl OpPBIHAAY AapKbUIbl OKYLIBLIAPBI
(dbopMynanarsl maMasaapablH TaHOACKIH aHBIKTAYyFa, ra3 KbI3a Ma, )Kyie )KbUTy MeJILIEepiH ajla Ma, ilIKi SHeprus
aprta Ma, KeMH Me, KYMbIC icTerne Me? — JiereH cypakrapbl Tajjiay MaKCaTbhlHJa MbICANl ecenTepi
KapacThIpaMbl3.
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Bys1 TakpIphINTEl OEKITYre OKYIIBUIAPABIH OLIIM JICHIeHiH aHBIKTAay YIIIH TECTTIH OipHeIe TypJepiH
naligananyra 6omaabl. MpIcan peTiHae, TOMEHIE OepiareH 3-cypeTTe ra3 3aHiapblH TpadUKTepi apKBUIBI
ColiKecTeHAIpY TalChIPMAachl KENTipiireH.

TemeHae KepceTinreH ras saHaapbiH calikecTeHaipiHi3

Wapne saHe

ei-ITroccak 3aHbl

Boiine-MaproTT 3aHe!

Kidepy

- 24 {24 00:00 / 0000 m

Cypem 3. iSpring QuizMaker 6azdapramaceimen sxcacanizan mecmmiy CaukecmeHoipy HYCKACol

Coun cHSKTBHI TecTTiH OipHele MYphIC JKayanTapblH Taly, ceilieM apachlHIA CO3/AEpAl KaJABIPHIT KETy
apKBUTBI JKacaJlaThlH HYCKATAPBhIH HeMece popMyliayiap MeH CypeTTep JKoHe BujaeoOeitHenep Typliepine ae
OepiiireH TarmchipManap apKbUIBl OKYIIBUIAPABIH TAaKbIPBINTHl KaHIAH JIEHTEeWIE TYCIHTCHICPIH >KbUIIAM
TEKcepe aambl3.

Xabapnamanap >xacay (QYHKIUSCHI apKbUTBI opOip cypakka xabapiiama eHTi3in, OHBI OapiibIK TECTKE
naiaanana anambi3. OKyIIbUIap TECTKE AYPHIC JKayarl Oepce,0Jiapibl MaKTall, MbICANIBI, “Kapaichl3” IeTeH, all
erep kayalbl TyphIc O0JIMaca, COFaH cail xabapiiamanap eHrise ajnamsi3. (Cyper 4).

Tapmakray clieHapuiiiH MalJalaHbIIl, TECTTIH SCEPIILUIIriH JKOFapbhuIaTaMbi3. TapMaKkTayibl, erep OKYIIbI
CypaKka JypbIC jkayam Oepce Keleci cypakka »xayar OepeTiHel, anm erep Jayphic Jkayan Oepe ammaca-
aKIapaTThIK ClIaliJIKa OTeTIHICH eTil jkacail anamsbi3. 1Spring QuizMaker,0araapinaMachl TECT CypaKTapbiH
KajaybIMbI3IIa KHBIH HE OHAl eTill opTYpJi JCHreWlepie KypacTblpyFa MyMKiHIIK Oepenmi. by
OarapaamMaHblH OChI MYMKIHIKTEpIiH MaiianaHa OThIPHIN, cabaK 0apbIChIHA OKYIIbUIAPIBIH MATSPHAIIbI
KaHIIAIBIKTBI TYCIHTCH/IIT1H XbIJIIaM aHbIKTal ajambi3 [4].

Mpaean rasfa xbiny menwepi Q ofaH Kapchl XacanfaH XyMbICKa
A TeH Bonbin oTbipaTeiHAAa eTinin 6epineai. CoHaa kanpan
npouecc icke acbipbinagbl?

Maobapanik

@ MWsoxopansik @ Aypeic emec

Mysaingjrisiz kange: 1

Anuabatansik

Tarel Aa Balkan Kepy

MaoTepmantikg

- 24 /24 00000 { D000 n

Cypem 4. iSpring QuizMaker baz0apramacsin Ko10amy mbicaubl
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CoHBIMEH JKOFapbla KeNTIpUIreH OaraapiaManapisl MmaiaaiaHa OTBHIPBIIT TEPMOAMHAMUKAHBIH OipiHIII
3aHBIH M30IpoIlecTepre KoJjiaHy, anuabaTa TpoIeci TaKbIPBINTAPHIH OKYIIbUIApFa OapbIHINA KAKCHI
TYCIHZIpIN KETiK MEHrepyJiepine MyMKiHIiK Oepyre Oomaabl.

KapacTpIpburaH MyIbTUMEIVSUIBIK TEXHOJOTHSUIAP/IBI aTajFaH TaKbIPBINTHI KOFAPhl OKY OPBIHIApPhIHIIA
THICTI MaMaHABIKTapJa OKBITHIIATHIH KaJIbl (PH3MKa MOHIHIH asACBHIHIA a OKBITY OapBICHIHAA YKaH-KaKThI
KOJIIaHyFa TOJBIK MYMKIHIIKTEp Oap.
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KIIOCTYHNATEJ/JIbHO-BPAIIATE/IbHOMY ABHWKEHHWUIO TPEXOCHOT'O HECTAITMOHAPHOT O
CITYTHUKA

AnHomayus

B crathe paccmaTpuBaeTcs 3a1aya ABYX T€Jl C IEPEMEHHBIMU MaccaMu, TPEXOCHOE HECTAMOHAPHOE UCKYCCTBEHHOE
HeOecHOe TeNa-CIIyTHUK B BUJI€ HECTAIIMOHAPHOM KpeCTOBUHBI benernkoro B moJie MpUTSHKEHUH HECTAIIMOHAPHOTO 111apa.
BriBeneHsl ypaBHEHHUS MOCTYIATEIbHOTO-BpallaTeIbHOTO JIBUKEHHSI HECTAlIMOHAPHOM KpecTOBUHBI benenkoro B mnonie
MPUTSKEHNUS HECTAlMOHAPHOIrO IIapa B OTHOCHUTEJIbHOW CHCTEME KOOPAMHAT HEOTPaHMYEHHON NMOCTaHOBKE 3aJayH.
HccnenoBaHbl 4acTHbIE Clydad YpaBHEHMs JABUKEHHUS HECTAIIMOHAPHOM KpecTOBUHBI benenkoro, Koraa TpexocHBIN
CIYyTHUK ITPEBPAIIAETCS B OCECUMMETPUYHOE TEJO, KOTJJa Macca CIIyTHUKA IOCTOSIHHAs,, MOMEHTbI HHEPLIUY [IEpEMEHHbBIE
1 KOTrJja pa3Mepbl IOCTOSHHBIE, HO MacChl IEPEMEHHBIE, TPEXOCHBIN CITYTHUK JIBUTAETCSI B CTALIMOHAPHOM LEHTPAJTLHOM
[ojie TAroTeHUs. B orpaHWYeHHONW MOCTAaHOBKE 3aJaud IMOJIyYE€Hbl YpaBHEHUS BpAIIATENILHOTO  JABM)KEHHUS
HecTalMOHapHOU KpecToBUHBI benenkoro. OTmedaercs BO3MOXKHOCTh HAaXOXKIAEHUsI YaCTHBIX PEIIEHUH B yKa3aHHOM
IIOCTAHOBKE 3aJ1a4H.

KuroueBble cj10Ba: TPEXOCHOE HECTALIMOHAPHOE TEJI0, IEPEMEHHOCTh MacC, MOMEHThI HHEPIIMH.

Anoamna
M. JK. Munenubaest, O.F.Baiicoaesa®
YIIOCTI BEMCTAIIMOHAP ) KACAH/IbI CEPIKTIH, IITEPLJIMEJI-AMHAJIMAJIBI KO3FAJIBICHI
Y gp-m.2.0., mexanuxa xagedpacwinviy npogeccopet, an-Papabu ameindazel Kazax yammulx ynusepcumenti,
Anmameur K., Kazakcman
2Ph.D doxmopanm, mexanuxa xapeoacwl, an-Papabu amvinoager Kasax yimmuly yHueepcumeni,
Anmamer K., Kazaxcman

Makanaga Maccachl adHbIManbl beneukuiiiin OelicTallMOHAp KPECTOBHMHACHI TYDiHJE aJbIHFaH YIIOCTI
OeiicTallMOHAp acmaH JCHeCi-KacaHIbl CEpIKTIH OeHcTaloHap MapablH TapThUIBIC OPICIHIET1 €Ki JeHe Moceleci
KapacTeIpbutazibl. EcCenTiH IIeKTeIMereH KOWBbUIBIMBIHIA, CaJbICTBIPMAaJbl KOOpJIMHATAa KyieciHne OeiicTannoHap
IIapAbIH TapTHUIBIC epicinjaeri benenkuiimiy OelicTallMOHAp KPECTOBHMHACHI TYPIHJE ajblHFAaH YIIOCTI OeHcTamnoHap
KacaHABl CEpIKTIH  UIrepiiMeNi-aifHaIMa bl KO3FAJIBIC TEHICYIEpPl KOPBITBUIBIN IIBIFAPBULIEL. Benenuxuniiniy
OelicTallMOHAp KPECTOBMHACHIHBIH KO3FaJbIC TEHICYJCPIHIH: YIIOCTI kKacaHABl CEpiK OCTIK CHMMETPHUSIIBI JICHETe
alfHaIIFaH Ke3/IeT1; JKacaHIbl CEPiK CTAI[MOHAP IICHTPIIIK TAPTHUIBIC OPICiH/IE KO3FaIFaH Ke3/I¢ OHBIH Maccalapbl TYPaKTHI,
WHEpIMsT MOMEHTTEpi alHBIMANBl JKOHE OINIIeMAepi TYpakThl, Oipak Maccajapsl allHBIMANbl OONaThHIH aepOec
KaFrmaimapsl 3epTrenai. EcenTiH mexkTenreH KOWBIIBIMBIHAA benmernkuiinin OeiicTaimoHap KpeCTOBHHACHIHBIH
alfHaNIMaJbl KO3FAJIBICBIHBIH TEHAEYNepi aimbslHAbl. KepcerinreH ecenTiH KOWBUIBIMBIHAA aepOec mermmiMaepai Taly
MYMKIHJIT1 alTBUTA B

Tyiiin ce3aep: ymecri 6eficTanmonap AeHe, MaccalapIbIH AHHBIMAJIBUIBIFGI, HHEPIHUS MOMEHTTEPI.
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Abstract
TO THE TRANSLATIONAL-ROTATIONAL MOTION OF THE THREE-AXIS NON-STATIONARY
SATELLITE
M.Zh.Minglibayev!, O.B. Baisbayeva?
1Dr. Sci. (Phys-Math), Professor of Mechanic Department at al-Farabi Kazakh National University,
Almaty, Kazakhstan
2Ph.D student of Mechanics Department at al-Farabi Kazakh National University, Almaty, Kazakhstan

The article deals with the two-body problem with variable masses: the three-axis non-stationary artificial celestial
body-satellite in the form of the non-stationary cross of Beletsky in the field attraction of a non-stationary sphere.
Equations of the translational-rotational motion of the non-stationary Beletsky cross are derived in the field of attraction
of a non-stationary sphere in a relative coordinate system in an unbounded formulation of the problem. Particular cases
of the equation of motion of the non-stationary Beletsky cross are investigated. In a limited formulation of the problem,
the equations of the rotational motion of the non-stationary Beletsky cross were obtained.

Key words: three-axis non-stationary body, the variability of mass, moments of inertia.

1. HeorpanmyeHHasi MOCTAHOBKA 3aJa4M

PaccmoTpum nmoctynaTenbHO-BpaIaTeIbHOTO ABMKEHHS TPEXOCHOI'0 HECTAIIMOHAPHOTO TeJla — CIIYTHUKA
B TIOJI€ TIPUTSHKEHUH [EHTPAIBHOTO TeJla - HECTAIIMOHAPHOTO IIapa B OTHOCHTENBHON CHCTEME KOOPIUHAT.
[Ipumem crienyromuye JOMyIICHHS.

LenTtpanpHoe Teno — map co chepruvecKuM pacrpeieliecHHeM Macc ¢ mepeMeHHoi Maccoit M =M (t) u C

nepeMeHHbIM paguycoM | =I(t). CoyTHHK — TPEXOCHOE TeJo C MepeMeHHOM Maccoil m=m(t) obnamaer
[IPOU3BOJIBHBIM JUHAMUYECKUM CTPOCHUEM U XapPAKTEPHBIM JIMHEMHBIM pa3MepoM a=a(t).

bynem MopemupoBaTh TPEXOCHOTO CIYTHHKA, HECTAlMOHAPHOW KPECTOBUHOU benenkoro,
COBOKYIHOCTBIO ILECTBI) TOYEYHBIX Macc mg/2=mg(t)/ 2 (Tpu «raHTeNnW»), PaCIOJIOKEHHBIX

CHMMMETPHYHO HA PACCTOSHMM a, =a,(t) Ha IPOTUBOIMOJIOKHBIX CTOPOHAX OT IIEHTPA, HA TPEX B3AMMHO
NePIEeHAMKYIISAPHBIX quametpax d,,d,,d, 6e3maccoBoro mapa paguycaa = a(t)=maxa, (t)}

m=m(t)=m,(t)+m,(t)+m,(t) (1.2)

be3 ymeHbIIeHHMs OOMIHOCTHM MHPEANONOXKUM, 4TO, & (t,)>a,(t,)>a,(t,), t,- HaYalbHBIA MOMEHT

BpeMenH. B o6mieM ciryuae M / M =/ m. Toraa, MOMEHTBI HHEPLIMH KPECTOBUHBI IEPEMEHHEIE, M B 00IEM
cllydae He paBHBI MEXIy COOOM

A=A(t), B=B(t), C=C(t) (1.2)
A=B=C, (1.3)

Cunraem, 4to ag =a,(t) U mg = m(t) 3a1aHHble U3BeCTHbIE QyHKUUM BpemeHu. Ilycts O&ng-
HEMOJIBMKHAsI CUCTeMa KOOPAMWHAT ¢ HAa4ajoM B LIEHTpe Iapa, a (GXyz - KeCTKO CBS3aHHAs C CITyTHUKOM
Bpalllaroleecst CHCTeEMa KOOPMHAT ¢ HAa4ajaoM B IIEHTPE MacC KPECTOBUHBI U OCSMH, HATIPABJICHHBIMH BJIOJTh
anameTpoB d,,d,,d, - raBHbele ocu uHepiuu. [Tonoxenue nenrpa Macc G KpecTOBHHBI O OTHOLIEHHIO K
HETOJBIKHOM CHUCTEME KOOPIMHAT OyIeM ONPENENaTh chepuIecKuMu Koopaunatamu F,8,A rtme [>ad -

JUTMHA Pajiiyc-BeKTOp OG , §- yrol Mex/y BEKTOpoM OG H IIIOCKocThio OCE , A - yron mesxay ockio O

npoeknueld BekTopa OG Ha 1wiockocTh OCf . OpueHTanuio OpOWTHI LIEHTPa Macc KPECTOBHHBI W

—

OPHUCHTALUIO camoi KPECTOBUHBI 6y)1€M OMpeACIATL NPOCKIUAMU Bs H vy CIMHUYHBIX BECKTOPOB ﬂ nu ?

—_—

HaIpaBJICHHbIX, COOTBCTCTBCHHO, BAOJIb OCHU OT] " paanyC-BEKTOpPa OG , Ha TJIaBHBIC IICHTPAJIbHBIC OCHU

unepuun GX,Gy,Gz. Torna, Sine:(B'?):BlYl +B,7, +Bs7s,
E=rcosdsinA, C=rcosdCoSA, N=rsiNd, &> +C?+n?=r2 (1.4)

Kunernueckas T " IOoTCHIMaJIbHAasA Vv SHCPrur KpCCTOBUHBI MOXHO HANIMCAaTh B BUJC [1 ,2]
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2T :[m(f2 +r22 cos’ 5+ r282)+ Ap® +Bg® +Cr?],

(15)
N =—fM st[Fs(as)ws(—as)], (1.6)
I:i (ai ): (rz + a52 + 2asr7/s )71/2 ' (17)

rae P,0,r - mpoekimu abCOMOTHON YIIOBOH CKOPOCTH (© KPECTOBHHBI HA BPAIIAOIICHCS OCH CHCTEMBI
KoopauHat GXxyz, f - rpaBUTalMOHHAs NOCTOSHHAS.

Mowmentbl unepuun Ha ocu GX, Gy, GZ cOOTBETCTBEHHO HMEIOT BUJL

A=ma’+mal, B=ma’+mal, C=ma’+mal, (1.8)

Toueunbie Macchl HAXOATCS Ha MMPOTUBOTIOJIOXKHBIX CTOPOHAX KPECTOBUHBI Benernkoro, u pacCTOSHUS OT
[ICHTPa MHEPIIMU MEHSIOTCS, B O0IIEM CiTy4yae, pa3HbIMHU yISIbHBIMU TeMmamu [2]

my(t) , M, , m, () a,) |, 4, a0 (1.9)
m(t)  my(t) my(t)’ a,(t) a,t) a )’

3aMeTHM, 4TO IPU 3TOM OPHEHTALMU OCeH MHEPLIMU U LEHTPa HHEPLIMH COXPAHSIIOTCS.
[IycTh OTHOCHTENBHAS CKOPOCTH OTHEINSEMBIX (IPUCOEINHIEMBIX) YACTUL] OTHOCUTEJIEHO TOYEUHBIX MAacC
paBHa HYJIO

u., —&, =0, u, -ns=0, u, -, =0 =123, (1.10)
TO €CTh HC BO3HUKACT IOOIIOJHUTCIIbHAS peaKTI/IBHaﬂ cuJia 1 I[OHOJ'ILHI/ITGJ'II;HHﬁ BpaLLIaTeJII:HLIfI MOMCHT.

HpI/I BBIIIOJIHCHUU BI)IH_[eyKaSaHHBIX I[OHYIHCHHP'I ypaBHCHI/Iﬂ HOCTynaTCJII)HOFO JOBUKCHUA HCHTpa
I/IHCpHI/II/I TpeXOCHOFO TClIa, B BHIC HeCTaHHOHapHOﬁ KpCCTOBI/IHBI ECHCHKOFO, B HCCTaHI/IOHapHOM
LIGHTpaJ'IBHOM TI10JIC HpI/ITSI)KCHI/II/I mapa MOX>XXHO 3aI1icaTh B cne/:[ylomeM BUIC

Y

- U . AU
-2 =S, 424, 1.11
= ¢ (1.11)

T "o

r/ie CHIIoBasi YHKIIUS UMEET BU]T

3
U=1fM E ;ns [(r*+aZ+2a,ry,)"? +(r? +a2 -2a,ry,)™’], (1.12)
m
s=1

VYpaBHEHHS BpamaTreiIbHOrO JBW)KEHUS KpPECTOBHHBI BOKDYI COOCTBEHHOTO LIEHTpa HMHEPLUH B
MEpEeMEHHBIX Diijiepa 3anrchIBalOTCS CIEAYIOMNUM 00pa3oM

& a0 p) - @0 -coar=" Y o6 | cosp Y

a(A(t) p)—(B(t)-C(t))qr sine{aw cos0 3 }+cos¢ 5’

d _cosp[oU _ eaU] g b aU
a(B(t)q)—(C(t)—A(t))rp—Sine{ 7y 050 aqj sing—, (113)
d oJ

E(C(t)r)—(A(t)—B(t))pq:a—d),

rae 0,0, r - mpoeKkuuu yrioBoi CKOPOCTH BpaIaTeIbHOTO ABMYKEHHS CITyTHUKA Ha OCH COOCTBEHHOM CUCTEMBI
KoopauHat GXyz depes yriibl Jiliepa OMUCHIBAIOTCS KUHEMAaTHYECKUMH YpaBHEHUSAMH Dilepa
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p = sin Osin ¢+ 6cosd,

g = \sin 6cosd — Osin o, (1.24)
r =\ycoso + ¢.

[lomyuennsie ypaBuenns (1.11) — (1.14) momHOCTBIO XapakTepu3yeT MOCTYIaTeIbHO-BpamaTelbHOe
JIBIOKCHUE HECTAIIMOHAPHOW KPECTOBUHBI BEekoro B 1moje NpUTsHKEHUS HECTAIMOHAPHOTO 111apa, B 00IeM
cllydyae, B pacCMaTpUBAeMOi MTOCTAaHOBKE.

2. YacTHbIe cJIy4ad ypaBHeHHUs ABHKeHHs HECTALMOHAPHOH KpecTOBUHBI Benenkoro
I. PaccMoTpuM citydau, KOTJja TPEXOCHBIH CITYTHHK MPEBPAILACTCS B OCECHMMETPUYHOE TEJIO

1. TIycts  A=B rtoraa momyunm

m
a’=a’—=2 (2.1)

1

2. Ananornuno nmeem, ecit B=C | to

m

2 _ 2 My
a, =a; — (22)

m

3. Wm C = A torma nomy4anm

az=a? ™ (2.3)

m3

B cayyasx (2.1) - (2.3) uMeeTcs COOTBETCTBYIOLIUE HHTETPAJIBI.

Il. Temeps paccmoTpum ciydail, KOTJAa Macca CIyTHHKA TOCTOSIHHAs W JIBUTAETCS B CTallMOHAPHOM
[EHTPaJIbHOM TMoJIe TSAroTeHus. OIHAaKO, €r0 MOMEHTHI MHEPIUH TNEepeMeHHBIE, TO €CTh CIYTHHUK HMEeT
MIEPEeMEHHYI0 T€OMETPHIO Macc

a) M =const, m =m(t) = m,(t) + m,(t) + m,(t) = m, =const, a, =a,(t) (2.4)

0) B npyrom ciy4ae, korja pa3Mepsl MOCTOSTHHBIE, & MaCcChI IIEPEMEHHbBIE IMeeM KPeCTOBHUHBI bernerkoro
C IIOCTOSIHHOM I'€OMETPHUEN U C IEPEMEHHBIMU MaCCaMU

M =const, m =m(t) = m, (t) + m, (t) + m,(t) = m(t) = const, a, =const (2.5)
Bo Bcex aTux ciyuasix ypaBHeHus apwkeHus (1.12) - (1.14) HeaBTOHOMHBIE.

3. OrpaHn4YeHHasi MOCTAHOBKA 3a/1a4H
[TycTh Macca ciyTHHKa EpEMEHHAs! M OHA HAMHOT'O MEHbIIIE, YeM Macca LIEHTPaIbHOTO Tea

m(t) << M(t). (3.1)
Taxxe A0IyCTUM, 4YTO €TO JINHEHHbBIE pa3MEpbl HAMHOI'O MCHBIIC, UY€EM PACCTOAHUEC O NCHTpA IIiapa

a(t) << r(t) (3.2)
Y IIyCTh NOCTYINATENbHOE ABMXKCHUE HE BIMSIET HA BpalllaTeabHOE ABMKeHHE. [Ipennonoxum, 4To LEHTp Mace
CIYyTHUKA JIBIXKETCS TO KBa3HAJUIMNTHUECKOH opOuTe [2], M paccCMOTPUM BpalllaTeIbHOE IBWKEHUE
HECTaIMOHAPHOU KPECTOBUHBI beslelikoro BOKpyr 1eHTpa naepuuu. B aTom cityyae

Mt,)

mp
M) (3.3)

r=————— .
1+ecose

O<e<l, M=

B HecTranmoHapHOM KpecToBUHE m. =m. (t), a = a. (t), [I03TOMY B OrpaHHYCHHON ITOCTaHOBKE, B 00IIEM
1 1 1 1
CiIydae, B COBOKYITHOCTH, YPaBHEHHS BPAIIATEIFHOTO JBIKEHUS B IEPEMEHHBIX Djiepa HEaBTOHOMHBIC
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a sing| oU oJu ﬁ
(A(t)p) (B(t)-C(t))qr= N6 5‘41 —cos0 3 +C0Sd e
a cos¢ u u au
(B(t)q) (CO- AP =5 2 - cos0 - | —sing 0. (3.4)
oU

d
5t CON - (AD-BM)pa= w0

p = \sin Osin ¢+ 6cosd,

q=sincosd—Osin o, (3.5)
r =\ cos0 +¢.

B ypasrennsax (3.1) — (3.5) Taxke Kak U B cilydae, HEOTPAaHUYECHHOW IMOCTAHOBKE 33JIa4M MOXKET OBITh
KOPPEKTHO MCCIIEIOBAHbI PA3JTUYHBIC YACTHBIC CITyYaH.

4. 3aki1104eHne

[TocTynaTtensHO-BpalaTeabHbIe ABHKECHUS TPEXOCHOTO HECTALIHOHAPHOTO HEOECHOTO Tesa KaK U B CIIydae
€CTECTBCHHBIX HEOECHBIX TEN, TaK M B CIIy4ae MCKYCCTBEHHBIX HEOECHBIX TeJ MOXET OBITh HCCIICTOBAHEI
anMpOKCUMAIMM TPEXOCHOTO HECTAllMOHAPHOTO Tejla B BHJIE HECTAIMOHAPHOM TPEXOCHOM KPEeCTOBHHOMN
Benenxoro.

Oco0eHHOCTh TaKOTO MPEACTaBICHUS CUIOBOH (YHKLIMH HEOECHOrO Tela COCTOUT B TOM, YTO CHIJIOBAs
(YHKLHUS YIUTHIBACTCS HE MPUOIMKEHHO, a2 TOYHO B KOHEYHOM KoMTakTHOM Buze (1.12).

Kak wm3BecTHO [3] B COOTBETCTBYIOIIEH CTAllMOHAPHOW 3ajjaye TaKOW IMOAXOJ Jall, HEOXKHIAHHBIE
JOBOJIBHO, MHOTHE CTalllOHApHBIE HOBBIE PABHOBECHBIEC PELIEHHS B OTIMYMH OT TPUBHAIBHBIX PEIICHHUN
MOJy4YEeHHBIE C HCIOJIBb30BaHUEM IMPHUOIMKEHHOTO BhIpakeHHs cuiioBoil (yHkumu [4]. OcoOblii mHTEpec
MIpe/ICTaBIsIeT HallleHHble B CTallMOHApHOM ciydae [3] yacTHbIE CTal[lOHApHBIE PEIIeHUS KPECTOBUHBI
Benenxoro, xoraa eHTp Macc CIyTHHKA COBEPINACT KPYrOBOE ABIDKEHHE Ha IUIOCKOCTH MapajlIeIbHOW K
TUIOCKOCTH COJICp KAIllii IEHTp MacC MpHUTATHUBAIONIEro Imapa. MHTepecHO ObIIO OB YCTaHOBUTH
aHaAJIOTWYHbIE PEelIeHUs B ClTyyae HeCTallMOHAPHOM KpecTOBUHBI benerkoro.

Crnenyer OTMETUTH, €CIM HECTaLMOHApHbIE HeOEecHble Tena 00JaJaloT CUMMETPHUEH OTHOCHTENBHO
B3aMMHO TEPHECHIAUKYISAPHBIX TpeX IUIOCKOCTEH, TOrAa AamnmpoKCHMalMs HMX CHJIOBOM (YHKLIUHU
HEeCTalMOHAPHOW KPECTOBUHOM besenkoro mpeamodTuTensHo. ANMPOKCUMAINS peabHBIX HEOSCHBIX Tell C
TEJIOM HMEIOIIMH TPEXOCHOW JIIIMIICOMJ HWHEPLUUH, oOjajaroimieil cuMMETpHel OTHOCHUTEIBHO B3aUMHO
NEPIEHINKYISIPHBIX TPEX IIOCKOCTEH, O-BUJUMOMY, HauboJiee KOPPEKTHO.

OTmeTHM, YTO B CBSA3M C BBIIIEH3I0KEHHOM, MCCIEIOBAHNS MTOCTYIATEeIbHO-BPAIlaTEIbHOTO JABIKEHUS
HECTAIlMOHAPHOW TPEXOCHOW KPECTOBHMHBI Belelkoro sBiseTcs akTyaabHOU MpPOOJEMOW W CTaBUT HOBBIC
3aJaud B TEOPHUHU JABWKECHUH TEJI C IEPEMEHHOM Maccoi pa3mMepamu 1 GopMaMH.
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AnHomayus

B cratee mpuBoamTCs pa3zpaboTaHHAs METOIWKA pacueTa ABYMEPHOW MAaTEMAaTHYECKOH MOJEIH B3aHUMOJICHCTBHS C
BO3IYIIHBIM ITOTOKOM HECKOJBKHX BETPOTYPOWH C pPa3HBIMH PACHOJOXKCHUSMH WM HANPABICHUSAMH HX BpAIICHUS.
MareMaTryeckas MOJENb B3aUMOJCHCTBUS BETPOTYPOHWHBI CO CTAallMOHAPHBIM BO3IYIIHBIM ITOTOKOM OIMCHIBACTCS
BUXPEBOW MOJIEJIBIO, TCUYCHUE MO BCCH 00JIACTH PacCMATPUBACTCS YCTAHOBHUBIIMMCS. Pe3ynbTaThl YMCICHHOTO pacdera
pa3paboTaHHOI METOJMKH MPUBECHBI B BUae rpadukos. [loae ckopocTeil mpu B3auMOICHCTBUN BETPOBOTO MOTOKA C
OJIHOM, C IBYMSI, C TPEMs, C YETHIPbMSI BETPOTYPOMHAMHK PA3HBIMHU PACIIOJIOKCHUSAMH, B CIIy4asiX CO HANPABICHHBIMU U
MPOTUBO MOJIOKHO HAIIPABJICHHBIMU BpPAIICHUSAMU.

Pa3zpaboTanHas MeToJMKa pacueTa M NOJy4YCHHBIE pe3ylbTaThl W3 pacyera MOJEe3Hbl IS JalbHEHIIero
yIOIyOJICHHOTO, PACIIMPEHHOTO TEOPETHYECKOTO M3YYCHHUS M MPOCKTHPOBAHUIO PACIIONOKCHHH HECKOJIbKHUX
BeTpoTypOuH Jlapse, T.c. ¥ B [IEJIOM BETPOBOW CTAHIIUH.

KiaoueBble ciioBa: BeTpoTypOmHa, oOTekaHWe, pabodas JIONMACTh, BO3MYIICHHE, MaTeMaTH4YecKas MOICIb,
BHUXPEBOM CJIOH, HHTEHCUBHOCTb BUXPSI
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Maxkanaga OipHemie el TypOHHATapHIHBIH OpHAJACybIHA YXKOHE OJAPMABIH TYPJI aifHANy OaFbIThIHA KaTBICTHI aya
aFBRIHBIMCH ©3apa 9CepIIeCYIHIH eKi eIIeM i MaTeMaTHKAIBIK MOJICIIIH €CenTey d[ici YChHBUIabl. benriaenren OyKin
aliMaK YIIiH YJTiCIH CHIATTAJFaH Kel TypOMHAJapBIHBIH CTAI[MOHAPIBIK KYHBIHMEH alMACTHIPBUIBIN aya aFbIHBIMECH
e3apa ocepieCyiHiH MaTeMaTHUKAIBIK MOJENI KapacThIphUIaAbl. AJIBIHFAH CAaHIBIK €CENTEYIiH HOTIKeIepi rpaduKTep
TYpiHae kepcerinesi. JKesaiH aFbIHBIHBIH 9PTYPIIi OpPbIHIApAAFhl Oip, €Ki, YIII, TOPT kel TYpOMHACBHIHBIH Typa JKoHe Kepi
OarpITTa aifHANTY XKaF/ailapblHIaFbl ©3apa OpEKETTECYIHIH KbUIIAMBIK OPici aJbIHAIbI.

HUrepineHreH ecenrey dJicTeMecCi JKHE CeNTey HOTIKENIEpi, sFHu OipHerie Jlapbe e TypOHuHAChl OpHAIACYBIH OJ1aH
opi KaH-)KAKThI, KCHEUTIJITCH TCOPHSIIBIK 3ePTTEY KOHE K00ajay YIIIiH Haiaisl OO TaObLIaIbL.

Tyiiin ce3mep: ke TypOMHACHI, aFbIC, JKYMBICIIBI KaJaKIiia, KO3AbIPY, MaTEMATHKAJIBIK MOJICb, KYHBIHIbI Kabar,
KYUBIH KAPKbIH/IBLIBIFBI

Abstract
CALCULATION OF THE OPTIMAL LOCATION OF THE WIND POWER STATION
Satymbekov A.M.%, Zhumartov M.A .2, Tulepbergenov A.K.3, Amanova N.#, Egemkulkyzy F.5, Sauranbaeva A.5,
Ekpyn B.7, Karybekova A.2
1Ph.D doctoral student, Abai University, Almaty, Kazakhstan
2 M.Sc., Senior Lecturer, al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Cand. Sci. (Phys-Math), Senior Lecturer, al-Farabi Kazakh National University, Almaty, Kazakhstan
48Student of Master’s Programme, al-Farabi Kazakh National University, Almaty, Kazakhstan

The article describes the developed technique for calculating a two-dimensional mathematical model of interaction
with the air flow of several wind turbines with different locations and directions of their rotation. The mathematical model
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of the interaction of a wind turbine with a stationary airflow is described by a vortex model, the flow throughout the
region is considered steady. The results of the numerical calculation of the developed procedure are shown in the form of
graphs. The velocity field in the interaction of the wind flow with one, two, three, four wind turbines in different locations,
in cases with directed and counter-directed rotations.
The developed calculation procedure and the results obtained from the calculation are useful for further in-depth,
extended theoretical study and design of the location of several Darrie wind turbines, i.e. and in the whole wind station.
Key words: wind turbine, flow, working blade, perturbation, mathematical model, vortex layer, vortex intensity

B atoli cratbe paccmaTpuBanoch (huzMUeckas U MaTeMaTH4YecKas JByMEpHas MOJENb B3aUMOJCHCTBUS
BETPOTYpPOHMHBI KapyCeIbHOTO THUTIA CO CTAIIMOHAPHBIM BO3IYIIHBIM OTOKOM. B KOTOpoM pabodue jomacTtu
TypOUHBI 3aMEHSIFOTCSI BUXPEBBIMH KOHTYpaMH IS pacdyera a3poANMHAMHYECKHUX MMapaMeTPOB BETPOTYPOHHBI
kapycenbHoro tumna [1-3]. PaGovas yonacte co3naet BO3MyILCHUE HA CTAIMOHAPHBINA BO3AYIIHBIA MOTOK H
3TH BO3MYILCHHUS 3aMEHSIOTCSI BUXpEBbIME crcTeMamu [3,4]. Pabouyro onacts 3aMeHsIeM CHCTEMO BUXPEH,
Ha3bIBAEMOY MPUCOSTUHEHHBIMH BUXPSAMH, a TIEPEHOC BO3MYIIEHHUS 110 TIOTOKY IPOUCXOIUT C KOHIIA JIONACTH
(B cnene) W OHa HAa3bIBAETCS BUXPEBOW MENCHOH. A’pOJMHAMHUYECKHE TMapaMeTpbl pabodel JIomacTH :
CKOpPOCTH Ha OECKOHEYHOCTH, YTOJl aTakd, a TaKXKe yIiioBas CKOPOCTh BPALICHUS! CUUTAEM M3BECTHBIMU. B
JTaHHOW paboTe He paccMaTpuBaroTCs KpaeBble 3(DQEeKTh BO3HHMKAIONINE HAa KOHIIE KphUIa (Takue Kak
NepeTeKanne Cpelbl C BEepXHEH YacTH Kpblla Ha HIDKHIOK 4YacTh, a TakXKe ApPYrHe pa3pbIBHBIE U
HECTAllMOHAPHBIC TG‘-ICHI/I}I), IMO3TOMY MblI MOXEM CUHUTAThb, YTO PACIPECACICHUEC HMHTCHCHUBHOCTU BUXPA
MOCTOSIHHBIM  BJIOJIb BHXpEeBOro otpeska [3-7]. Jlemast Takue OrpaHHUYCHHS, MbI MOXEM OIPEICTHUThH
WHTEHCHBHOCTH BUXPS IO OMPE/IEIICHHO 3aJaHHOMY KpbUIoBOMY mpodmitto. [loToM paccmarpuBaroTcs 3a c4er
BUXPEBBIX CUCTEM, KakK OyIyT MEHSThCS MOJie CKOPOCTH IO Bceil 00macTH. DTOT Mpolecc OMUCHIBACTCS
¢hopmymoit bro-CaBapa B Buie HHTETPAITBHBIX COOTHOIIEHUH KOMILIEKCHOTO MEPEMEHHOTO.

KoMMoHeHTBI CKOpPOCTH MO BO3MYITHOTO TIOTOKA BHYTPEHHEW W BHEIIHEH YacTH KOHTypa BHXPEBOTO
ciost Berumcisiercss mo ¢opmyne buo-Capapa. 3HauuT CKOpPOCTH BIIEMEHTA PACHOJOXKEHHOW B TOYKE Ha
PacCTOSHMHU S OT MHAYLIMPOBAHHOIO BUXPEBOIO ciios yd¢ /s IJIOCKOTO Cilyd4ae MOXKHO HaWTH MO 3aKOHY

buo—Casapa
I rdrxr

ITOT TOKAECTBO MOKHO BBIPA3HTh YEPE3 COMPOTHBIISIONIEH CKOPOCTH W KOMIUIEKCHOM MepeMeHHOM L,
. i de
q(Z):U—IV:—IY—,. )
2n’ z-z

, .
3neck Z' - yd/¢ xoopamHaTa 3J1€MEHTa BUXPEBOTO Closl, a Z' = Re'" npucoeMHEHHOrO BUXPEBOTO CIIOS

s d¢ = RdO w3 ypasnenuu (2) nomyuum:

!
B - ' r\-
27 2'(z-2)
[IpyMeHss 3TO COOTHOINIEHWE JUIsl NMPHUCOSAMHEHHOIO BUXPS M HCHOJIB3Ys KPYyroBOW BHXpPEBOH cioi
UHTEHCUBHOCTHU —Y M IIOJIyOKPYXXHOM CIIOW MHTEHCHBHOCTH 27y B IIPABO# MOJIYIJIOCKOCTH, HAWJIEM,

i z
T x—2arctg = |7 =R,
nz R 4
Jg = . (4)
i z
——y2arctg—,|z| <R.
nz R
PaccmoTpum GhopMyupoBKy BeKTOpa R 1 ee BEKTOPHOMH XapakTepU3YIOIINX BETHYHH, 3HAUSHUE TJIABHOTO
BCKTOpa paBCH NPOU3BOACHUC IIIOTHOCTH KUJAKOCTHU, 3HAYCHUA CKOPOCTH IOTOKA U 3HAYCHUH HUPKYJSIOUA
(I' — anrebpanueckoe 3HaUE€HNE, OHA MOKET, KaK U MOJIOKUTEIBHBIM U TaK ¥ OTPUIIATEIIbHBIM. )

RI=plV. 1 )

A ero HanpaBieHue (KaK MoKasaHbl Ha puc. 1 a,0) noBopauusas 1o yriioM 90° OTHOCHTENBHO HANPABIEHHUS
CKOPOCTH IOTOKa V, 110 4acoBoii crpensky, ecan I >0, nporus wacosoit crpenku, ecim ' < 0. Yro6st
ONPE/ICNIUTh HAIIPABJICHUE LUPKYIHALMN JUIA Ka)KIOTO OTACNBHOTO Cllydas Hajo HalTH 3HaK ['. DToT dakr
YJOBJICTBOPSIET BCE CIIydYail, IUIOCKONApaIebHOMY O€3BHXPEBOMY HJICAJIbHON HEC)KUMAECMOW HKUIKOMY
npoduito IeHCTBYeT OJHa CHJIa, HAMpPAaBJICHHE KOTOPOTO MEPIEHINKYIIIPHO K MOTOKY, H OHA Ha3bIBACTCS
HOABEMHOW CHIION, TAKMM 00pa3oM, 9Ta cuiia 00eCIeunBaeT MOJHUMATHCS CaMOJIETy B BO3AYX M IIOMOTaeT
JIETETh JAJIbIIE 110 TOpU30HTaNN [4-7].
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>0 R
Vo P0- Voo

5 W r'<0

V. .
/ p Ky’
d) (5)

Pucynox 1. Cxema onpedenenusn Hanpasienus yupkyisyuu.

N3-3a melicTBHUS OMHOPOAHOTO BETPOBOIO IOTOKA HA CHMMETPHUYHOM KpPBUIOBOM Mpoduiae padodeit
JIOTIACTU TOSBJIICTCSA IOJABEMHAs CHWJI M CHia JOOOBOro comportuBiicHUS. llogbeMHas cuna ACHCTBYET
TMOJIOKUTEIIBHO K HAIIPABJICHUIO BPAIIEHHUS POTOPA.

Jia ompenerneHue MacCOBBIX CHII CHadaja OIpeeNsieTCsl CKOPOCTh aTakh M YTOJI aTakd, KO3(QQHUIHEeHT
MOILEMHON CUJIBI U KO3 (DUIIUEHT CHITBI CONTPOTUBIICHUS 3aBUCUT TOJBKO OT yria ataku. [[puHIMnuansHas
CXeMa BpAIAOIErocsi C YIJIOBOM CKOPOCTBIO ( MPOTHB YaCOBOM CTpeNbl TOKa3aHbl B pabortax [5-7].
IToctporB u3 ckopocteii U M V BEKTOPHBIA MAapajuie]orpaMM, HaXOAUM pE3YIbTHPYIOIIMH BEKTOP

ckopoctd W . W - CKOPOCTb aTaKH M O - YTOJI aTaKH:

‘\TV‘ = J(Vsin0Y +(r,o+VcosoY,

Vsin© ©)
tgg=—- .
rym+\Vcoso

OJeMeHTapHbIE COCTABIIAIOIINE A9POAUHAMUYECKHUX CHUIL:
a) MOJbeMHasl CUJIa KPBIJIOBOTO MPOQHIIS:

2
R, =CL(oc)pW7héL, (7)

rae Ci(a) — xodbGHUIHEHT MOABEMHON CHIIBI, h — UIMHA XOPIabl MPOQHIIS, e|_ — COUHUYHBIA BEKTOP

HaTpaBJICHUs [TOIBEMHON CHIIBI KPBUTOBOTO MTPOQHIIS,
0) cuia COPOTUBIICHHS

2
R, - CD(oc)pWThéw, (8)

rae Cp(a) — koddduiment cuibl compoTuBienus, €\y - eIMHMYHBIH BEKTOp HANpPABICHUS CHIIbI

COIIPOTHBIICHHUST KPBLTOBOTO MPOQUIISL.

Uro0bl pa3paboTaTh MaTeMaTW4ecKyro MOeidb BETPOTYpOMHBI Jlapbe Ha OCHOBE BHXPEBOW MOJIEIU
npeJIaraeM OMH U3 BHJIOB MAaTEMaTHYECKOH ITOCTAHOBKH B3aMMOEHCTBUS BUXPEBOIO KOHTYpa CO3AaHHOM
BPAIIAIOIIUMHUCS PA0OYNMH JIOTIACTSMH TYPOHUHBI CO CTAI[HOHAPHBIM BO3IYIIHBIM IIOTOKOM.

CHauana ¢ 1eNplo0 He YCIOKHHUTh 3aJady, padovylo JIONAacTh PacCMaTpHUBaeM Kak HJIeaIbHBIA TPOQHIIb
JKykoBCKOT0 M JUIsl TAaHHOTO CITydasi MUIIEM BBIPKEHHE IT0TbEMHOM CHIIBI:

R=CL(a)p“fh
9

BenuunHa NpucOeIMHHEHHOTO BUXPSI, KOTOpasi 3aMEHSET Cie]] 3a pa0boveil JI0MacTH, UMEET BU/I,
W2

I'=C_ ()——nh (10)
2V,

st aToro cityyast uHTEerpan GopMyssl (2) 3anHIIeM B CIeIyIOIEeM BUAE,
iC.hz, |z-i

o= Ln :
4nV, Z+1

2 (V2 + 2i0’rz),

(11)

Haubonee naTepecHBIM C TOUKH 3pE€HUS HAYKH M HHKEHEPHOTO JIeia OKa3aJIcsl MIMEHHO TPETHI IapaMeTp,

I - HUPKYJIALIUSA, UMEHHO BJIMAA Ha HETO, YJIaéTCSI JII/I6O COXPaHATH 3aJIaHHBIC IMapaMeTpPhbl ABUXKXCHUA TCJIAa B
CIUIOLIHOM cpefe 1100 CrIocoOCTBOBATH MX H3MEHEHHIO.
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KommnoneHTa moHO# cKOpoCTH 1O HampasieHuto “Ox”:

VRN VLRI o'r’ Y+Ry_
U=V, gV =080y )+ V. + o arcig () )

V= Ve Oy )V

©

(13)
2 y+R y-R 2
-20 xy(arctg(—x ) - arctg(—x )+ 20°Ry}

C momoIpio 3TOH pa3paboTaHHONH METOAWKOHN pacueTa pacloNOKEHHs KapyCcelbHOW BETPOTYpOHHEI, B
yactHocTH 1o opmyiam (12) u (13) cocraBiena nmporpammMa pacyera Ha si3bike Visual Fortran u npoBeaeHbt
cepmii pacyeToB. Pe3ynbTaTsl, KOTOPBIX IPUBEICHBI HA PUCYHKaX 2 U 3.

Ha pucynke 2 rpadux nosnel ckopocTeil B3auMOoJeCTBIS BETPOTYPOMHBI C BETPOBBIM MOTOKOM HOIYy4eH
MpU 3HAYCHWHA BUXPEBOTO KOHTypa y=2. A Ha pucyHke 3 rpaduKk TOJel CKOPOCTeH B3aWMOJCHCTBUS
BETPOTYpOMHBI C BETPOBBIM IOTOKOM IOJY4€H HpU 3HA4YEHUH BHXpeBoro koHtrypa y=4. Ecinm cpaBHHTH
JaHHble puc. 2 U 3, TO B MOCJIEIHEM JCHCTBHE BUXPEBOIO KOHTYpa Yy B [Ba pa3a OoJbIIe 3TO M BUIHO U3
OTKJIOHEHHI BETOPOB CKOPOCTEH, UTO Ha PUC.3 OTKIOHEHUE BEKTOpa CKOPOCTel Oonblile, 4eM Ha puc.2.

Pucynox 2. [lone ckopocmeti npu 83aumo0eiicmeuu 6empo6o20 HOMoKa ¢ 8empomypOUHoL ¢ HAOHCEHHbIM
suxpesvim konmypom (V»-=10, y=2).

Pucynox 3. Ione ckopocmeti npu 63aumooeiicmeun 6empo8o20 NOMOKaA ¢ 8empomypOUnOil ¢ HALOHCCHHbIM
suxpesvim konmypom (V»=10, y=4).
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N3y4unB naHHYIO YHCICHHYIO METOJHMKY pacdeTa OOTEeKaHHs OJHOW BeTpoTypOuHBI [lapbe, MOSBUIIOCH
MHTEpeC K MPOBEACHHIO pacdyera OOTEKaHHS BO3AYIIHBIM IOTOKOM HECKOJBKHX BeTpoTypOuH. Kak oHm
B3aMMOJIEHCTBYET C BO3AYLIHBIM MIOTOKOM TP BPAILICHUU B OJHOM HAlpaBJICHUU U B PA3HBIX HAIPABICHUSIX.
Ecnu paccmMoTpuM oOTekaHue AByX BETpOTYpOUH, TO (hopMyia AJ1sl Hoseil CKOpOCTeH MUIIeTes B ClIeIy0IeM
BUJIC M PE3yJbTaThl YHCIEHHOTO pacueTa OOTEKaHMS IOTOKOM JBYX BETPOTYpOWH KapycCeIbHOTO THIa
MIpUBEIEHBI HA PUCYHKAX 4-7.

KoMmnoneHTa noiHo# ckopocTH Mo HampasieHuto “Ox”:

u=V, +u,(x+a,,y+b,)+u,(x+a,,y+b,) (14)

KommnoneHTa moHO# ckopocTy o Hampasienuto “Oy”:
v=v,(x+a,y+b)+Vv,(x+a,,y+b,) (15)

Taxorce npoeoous cepuil pacuemosg 015 OAHHO20 CIVYAs, COCMABIEHHOU npozpammoi Ha sasvike Visual
Fortran, nomyyun pesynomamoi, komopbule npugedervl Ha pucynkax 35-54.

KommnoneHnTa ckopoctu Uz :

O\)ZI,Z

C.h

U, = === {((U] — 0" (X* = y*) + (U + ) (16)
4nV

KowmmonenTa ckopocta Vz

0)2r2

v, =—%{«v§ Cor -y )+ (v, + 2T an

Ha pucynke 4 nosyuer rpaduk mosei ckopocteil 00TekaHus [UIs IByX BETPOTYPOUH C BETPOBBIM ITIOTOKOM,
Korga o0a BeTpOTYPOHMHBI BPaLalOTCS B OAHY U Ty>K€ CTOPOHY, T.€. B OJHOM HANPaBICHUH, IPU 3HAYCHUI
BUXPEBOTO KOHTypa 000oux y=6. B 3ToM ciyuyae HOTOK NPOXOJMB Yepe3 OMETaeMble IUIOLIATU ITHX
BETPOTYpOHH CHIIbHEE OTKJIOHSIETCS! OT CBOETO HANpPABIICHHUS.

15

Ly

i

1y
vy

i
/b bIA

'

Pucynox 4. I[lone ckopocmetl npu 83aumo0eticmeul 6empoe020 NOMoKA ¢ 08YMsi pOOM PACNOIONCEHHBIMU
sempomypbunamu ¢ suxpesvim konmypo (V»=10, y=6).

A Ha pHUCYHKE 5 IMOJIydeHHOM rpaduKe Mojield CKOpOCTel B3aMMOICHCTBUS BETPOTYPOMHBI C BETPOBBIM
ITOTOKOM C TEMH XK€ 3HaYSHUAMH BUXPEBOT0 KOHTYypa y=6. Ho 37ech 1Be BETpOTYpOMHBI BpaIlaroTcsa B pa3HbIe
CTOPOHBI, KOT/1a OJIUH B OJJHYCTOPHY BpalllaeTcs, TO APYroi B IPYTy0 CTOPOHY BpalllaeTca. ITO 3aMETeH, YTO
3a BETPOTYpOMHAMHU BEKTOpA CKOPOCTEH MOTOKA CHIIBHO HE OTKJIOHSIOTCS OT CBOETO HAIpPaBJICHUS.

Ha pucynkax 4 u 5 3111 1Ba OAMHAKOBEIE TI0 pa3MepaM BETPOTYPOUHBI PACTIOI0KEHBI PSIIOM APYT C IPYTOM
OTHOCHUTEJILHO HAMPAaBJIECHUHU OTOKA U HA PACTOSHUN OJIMH JUAMETP APYT OT Apyra.
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Hanpasienue BpameHust BeTpoTypOWH yuuThiBaetcs B ¢opmynax (14) w (15). Hampumep, mns
KOMIIOHEHTBI CKOPOCTH 110 HamnpasieHmio “Ox” u,(x +a,,y+b,) 4 u,(x+a,,y+b,) Oepercs 3nax
3aBUXPEHHOCTH IS IBYX BETPOTYpOUH 00a ¢ IIrocoM, InOoM 00a ¢ MUHYCcOM. Tak:ke KOMIIOHEHTBI CKOPOCTH
1o HanpaBiieHuo “Oy”” aHAIOTUYHO (pe3yabTaThl Ha puc. 4). Koraa qBa BeTpoTypOHMHEI BpaIllaloTCs B pa3HbIC
CTOPOHBI, COOTBETCTBEHHO 3HAK 3aBUXpEHHOCTH B (opmyrnax (14) u (15) mis KOMIIOHEHTHI CKOPOCTHU IO
Hanpasinenuto “Ox” u,(x+a,,y+b;) ¥ u,(x+a,,y+b,) OyayT pasHbIMH U COOTBETCTBEHHO, JUIi

KOMITOHCHTBI CKOPOCTH 10 HAITPABJICHUTIO “Oy,’ YUYUTBIBAOTCA 3TH 3HAKU 3aBUXPECHHOCTU (pe3ynLTaTBI Ha puc.
),

15

10

oF

~5 0 5 10 15
X

Pucynox 5. Ilone ckopocmeti npu 3aumooeiicmsuu 8empo8o20 NOMoKa ¢ 08YyMs pAOOM PACHOIONCEHHIMU
sempomypbunamu ¢ suxpeevim konmypom (Vo=10, y=6).

BriBoabI

B crartbe u3noxxeHa paspaboTtaHHas meronuka pacuera 2D monenn oOTekaHUS BO3OYIIHBIM ITOTOKOM
HECKOJIbKMX BETPOTYpPOWH C pa3HBIMHU PACIONIOKEHUSIMY W HaNpaBlIeHUSAMHU UX BpalleHus. MaTtemaTuieckas
MOJIEJIb B3aUMOACHUCTBHUS BETPOTYPOHMHBI CO CTALIMOHAPHBIM BO3AYIIHBIM IIOTOKOM OIHCBHIBAETCS BUXPEBON
MOJIEJIBIO, TEUEHHE IO BCe 00JacTh paccMaTpUBAaeTCsl yCTaHOBUBIIMMCS. Pa3paboTaHHOW MeTOAMKOI
pacdera MpOBEIEHBI CEPUM YUCIEHHOTO 3KCIEPUMEHTa M Ha OCHOBE MOJYYEHHBIX PacyeTOB MOCTPOEHBI
rpad¥uKH: TI0JIe CKOPOCTEH IPU B3aUMOACHUCTBIH BETPOBOTO ITOTOKA C BETPOTYPOUHOM C BUXPEBBIM KOHTYPOM;
a TaKXKe ¢ ABYMsl, C TPEMs, C YETBIPbMS U T.JI. BETPOTYpOMHAMHU.
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AHnnomayus

B aToii cTtarke paccMaTpuBaeTcs pa3padoTKa METOJMKH pacyeTa JMHAMUYECKUX U a9POIMHAMHYECKUX TIapaMeTPOB
OJTHOJIOTIACTHOM, JBYXJIOMIACTHOM, TPEXJIOMACTHOW M YETHIPEXJIOMacTHOW BeTpoTypOmHEI Jlapre. Pa3paboraHHOI
METOIUKON pacyeTa MPOBEACHBI CEPUU YUCICHHOTO SKCHEPHMEHTA, KOTOpas IMOKa3bIBacT IEPHOIANUECKOE H3MEHEHHUE
KoJieOaHHWH YTIIOBOM CKOPOCTH, a3pOJMHAMHUYECKHX CHJI M MX paJualbHble, TAaHTCHIUAJIbHBIE cocTaBisromye. Jlis
Ka)XJJ0H BeTpOTYypOMHBI OJJHOJIONIACTHOH, ABYXJIOIACTHON, TPEXIIOMACTHOM M YETBIPEXJIONACTHON XapaKTephl H3MEHEHUS
3THX MapaMeTpoB pas3Hele. Hampumep, M3MEHEHHE a’3pOAMHAMHUYECKHX CHI B PaAHaJbHOM HANPaBICHHH 3aBHCHT OT
YHCNa JIONACTH, T.€. YeM OoJiblle jomacTeid, TeM Ooibine dacToTa KojeOaHmu. Takum 00pa3oM, 3TOT CHiIa CO3/ACT
BHOpAIIMIO Ha Bally BPAIlICHUS.
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byn makamaza Oip Kajakmanbl, €Ki KaJaklIadbl, YII KaJakKIIagbl JXOHe TepT Kalakmanel Jlappse sxen
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KOMIIOHCHTTEPIHIH TEePHOATH ©3TepiCiH KOPCETEeTIH CAHIBIK AKCIEPUMEHTTEPIIH CEPUSACHI €CENTey oAiCTeMeciMeH
’Ky3ere achIpbUIaAbl. bip Kamakmaipl, eKi KaJakKianbl, yII KaJIaKmaibl )KoHe TOPT KalaKIIaibl oapOip kel TypOHHAchI
YILiH OCBI TapaMeTPJICPAiH 63repy CUIAThI dPTYpIIi. MbIcabl, paanaiasl OaFbITTa a9pOJHHAMHUKAIBIK KYLITEPAiH 63repyi
KaJaKIIaHBIH caHBIHA OaifmaHBICTEL. HerypipiM keOipek OoJica KamaKmialap CaHbl, COFYPIBIM TepOeNiCTiH >KHULIIri
corypibiM Ken. Ocbltaiinia, Oy KYIITepAiH 3repy TaOUFaThl allHaIMAaITBI OUTIKTE JipiIi TYFbI3adbl.

Tyiiin ce3mep: xen TypOWHa, aifHaNy, OPHBIKCHI3IBIK, TepOelic, adpoMHAMHUKAIBIK KYIITep, Oip KalaKIIaibl, eKi
KaJIaKIIaJIbl, YIII KAJIaKMIaJbl, TOPT KaJIaKIIaibl

Abstract
CALCULATION OF NON-STATIONARY LOAD FOR ROTOR DARIEUS ELEMENTS
Satymbekov A.M.%, Zhumartov M.A .2, Tulepbergenov A.K.3, Amanova N.#, Egemkulkyzy F.5, Sauranbaeva A.5,
Ekpyn B.7, Karybekova A.2
1Ph.D doctoral student, Abai University, Almaty, Kazakhstan
2 M.Sc., Senior Lecturer, al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Cand. Sci. (Phys-Math), Senior Lecturer, al-Farabi Kazakh National University, Almaty, Kazakhstan
48Student of Master’s Programme, al-Farabi Kazakh National University, Almaty, Kazakhstan

This article is devoted to the development of a method for calculating the dynamic and aerodynamic parameters of a
single-blade, two-blade, three-bladed and four-bladed Darrie wind turbine. The series of numerical experiments, which
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shows the periodic variation of the angular velocity oscillations, aerodynamic forces and their radial, tangential
components, are carried out by the developed calculation procedure. For each wind turbine, single-blade, two-bladed,
three-bladed and four-bladed characters the variations of these parameters are different. For example, the change in
aerodynamic forces in the radial direction depends on the number of the blade, i.e. The more blades, the greater the
frequency of oscillation. Thus, this force creates vibration on the rotation shaft.

Key words: wind turbine, rotation, non-stationary, oscillation, aerodynamic forces, one-blade, two-bladed, three-
bladed, four-bladed

B osrom mnaparpadge paszpaboTaHa MeTOAMKa pacueTa OCHOBHBIX adpOAMHAMHYECKHX MapameTpoB
OJTHOJIONIACTHOM, JIBYXJIOIIACTHOM, TPEXJIOMACTHOW M YETBHIPEXJIONACTHON BeTpoTypOmHbl [lapwe[1-3]. Jns
MaTEeMaTHYECKOTO OMUCAHMS HECTAIIMOHAPHOTO PEKMMa BETPOTYPOHUHEI PUMEHSIEM TeOpeMy 00 U3MEHCHHUU
KHHETUYECKOT'O0 MOMEHTA MEXaHUUECKOH cucTeMbl [3-4]. DTa BhIpaKeHHS B KOHESUYHOUW (DOpME UMEET BUT

dL,
dt :MTyp6+ZMi’ (l)

rae, L, — kuHeTHyeckuii MOMEHT BETPOTYPOHMHBI, COCTOSIIIEH B TaHHOM cllyyae M3 Bajla, Maxa u paboueii

JIONIACTH OTHOCUTENIBHO OCH Z. Mryps - BpallaTeNnbHbI MOMEHT, CO37aBaeMblii paO0YMMU JIONACTAMH TYPOHHBI,

KOTOPBIH ONpeesnsics BO BTOPOM paszzesie JaHHOH paboThl, Mi - MOMEHT pa3IUuHBIX CHJI CONIPOTHUBIICHUS.
Hnst TypOunst apbe ¢ 1ByMs IPSIMBIMU JIOTIACTSMH HMEEM

2 2 2 2
|:§nr0mM+nrOmn+erB, )

rJ1e o - paCCTOSIHUE OT OCH BPAILCHHUS JI0 JIOTIACTel (OHO MPAKTUYECKU paBHO JUIMHE MaxoB), I'; - paJiyc Baia,
HepeIalolero BpalleHue T'eHepaTopy 3IEKTPUYECKOro TOKa, My, My, Mp - COOTBETCTBEHHO MacChl MaxoB,
JIomacTeil, Bajla BpalleHUs.

®opmyany (1) MOXKHO TIepenucaTh B CIEAYIONEM BHUIE,

do
Ioo%:MTyp6+ZMi, (3)

rae M, s=[R, (a)sina—R, (a)cosal,
®opmyny (3) HanMCaB B pa3HOCTHOM BHJIE, IS HAXOKICHHS YTIIOBO# ckopocTH ® [3-5]
(R_sina—Rycosa)r, + > M,

0" = 0" + - (™t —0), (4)

rae ®™! u ®" — COOTBETCTBEHHO, YTIIOBBIE CKOPOCTH TypOMHEI B MOMEHT BpemeHnu " u t;

Pe3ynbraThl 3THX pacyeToB NMPUBEICHHI B BUJE I'pa@HKOB 3aBHCUMOCTH MOABEMHOW CHIIBI RL M cHibl
conpoTusieHus Rp ot yria nosjoxenus 0 paboueii 1onacti 0JHONONACTHOH (cM. puc. 1), IByxXJ10macTHOH (cM.
puc.2), TpexionactHol (cM. puc.3), yerblpexionacTHOH (cM. puc.4) BerpoTypOunsl Japee. Kak BugHO 13
PHUCYHKOB, 3HaU€HHE MOIbeMHON CHIIbl R| 1 cuitbl conpoTuBiieHns Rp Ha KakJJ0M CBOEM MOJHOM 000poTe B
3aBHCHMOCTH OT YIJIa NOJIOKeHHs 6 coBepiaeT KojebaHue U 31ech claeqyeT oOpaTUTh BHUMAHUE HA TO, YTO
XapakTep HM3MEHEHHs IOJBbEMHON CHJIBI M CHJIBI CONPOTHUBICHUS pa3HbIE JUIS BETPOTYpOUMH OJHO- |
JBYXJIONIACTHBIX MO0 CPAaBHEHUIO TpPEX- W YETBIPEXJIONACTHBIMH. OTH TpadUKH XOpOLIO OIHCHIBAET
(bu3HYIECKyI0 IPEICTaBICHHUIO 3TOTO MPOIIecca.
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nonacmu o0Hoaonacmuou eéempomypounst JJapve (J=2000, M;=600)
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Pucynox 2. I'paghuk 3aeucumocmu noovemnou cuivl R u cunvt conpomuenenus Rp om yena nonoscenusn 6 paboueti
nonacmu ogyxaonacmuoil gempomypounst Japve (3=2000, M;i=800)

4 N

RL

Rop

0
. /

Pucynox 3. I'pagux 3aeucumocmu noovemnoti cunvl RL u cunvt conpomuenenus Rp om yena nonoscenust 6 pabouei
nonacmu mpexaonacmuou gemponypounst Jfapve (J=2000, M;=900)
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Pucynox 4. I'pagux 3asucumocmu noovemnoii cuavt RL u cunvi conpomusnenus Ro om yena nonosicenus 6 paboueii
nonacmu yemvipexaonacmuotu eempomyp6unst Japwve (J=2000, M;=1000)

Pe3synbTaThl 9THX pacveToB NPHMBEJICHBI B BUJIE TPAQUKOB 3aBUCUMOCTH YIJIOBOW CKOPOCTH (f) OT yria
MOJIOXKEHUs 0 paboueil JIomacT OHOJIONACTHOU (CM. PHC.S), IBYXJIOMACTHOH (cM. puc.6), TpeXJIONacTHOM
(cM. puc.7), yetbipexionactHol (cMm. puc.8) BeTpoTypOuHbl Jlaphe. Kak BUIHO W3 PHCYHKOB, 3HA4YCHHUE
YIJIOBOM CKOPOCTH (» Ha KaXKJIOM CBOEM IOJIHOM 000pOTE B 3aBUCUMOCTH OT YTJIa TIOJIOKEHHsI O coBepiiaer
KoyieOaHue. 3HAUYEeHUE YTIIOBOM CKOPOCTH COBepinas KoJIeOaHUE MEPEXOJUT B YCTAHOBHBIIEMYCS PEXKHMY
4yepe3 HeCKOIBKUX 000POTOB, UeM OOJIbIIE YHCIIO JIOMACTEH TeM ObICTpEe JOCTUTALT.
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Pucynok 5. I'pagux 3asucumocmu yeno8oi ckopocmu @ om noaoxcenust 6 0suxcywetics pabouei ionacmu
ooHnononacmuot eempomypounst JJapve (J=2000, Mi=600)
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Pucynox 6. I'padpux 3a6ucumocmu y2noeoi ckopocmu @ om nonodcenusi 0 dsuscywetics paboueii 1onacmu
osyxnonacmuotl eempomypbunst JJapve (J=2000, Mi=800)
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Pucynox 1. I'pagux 3aeucumocmu y2nogoii ckopocmu @ om noaodxcenus 6 osudxcywelics paboyeti ronacmu
mpexnonacmuou eempomypounslt Japve (J=2000, M;=900)
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Pucynox 8. I'pagux 3asucumocmu yenosou ckopocmu @ om nonoxcenus 0 osuscywetics paboueii ionacmu
yemvipexaonacmuot sempomypounst Japve (J=2000, M;=1000)

BriBoabl

OmnpeneneHne yriioBOi CKOPOCTH BpalIeHUs BEeTPOTypOuHBI Jlapbe, IpH BO3IEHCTBUH BETPOBOT'O IMTOTOKA
(koTOpOro HaxogUM Ha BTOPOM 3Tale) OCHOBAHO TeopeMe 00 H3MEHEHWH KHUHETHYECKOTO0 MOMEHTa
MEXaHUUECKON CUCTEMBI. 3/1ECh BBIYHUCIIACTCSI MOMEHTHI HHEPIIMH BaJla, MaXOB M pabo4unX JIOacTel TypOuHHBI,
pasMepsl U Macchl KOTOPBIX HE MaJOBAXXHYIO POJIb UTPAET K BPALICHUIO BeTpoTypOuHbL. Kpome Toro, Bce
a’pOJMHAMHUYECKUE IapaMeTphl. BpluncieHHe NpPOBOAMIOCH Al OJHOJIOMACTHBIX, JBYXJIOTIACTHBIX,
TPEXJIOMACTHBIX W YETHIPEXJIOMACTHBIX BETPOTypOMH [lapbe, pacKpbiBas Ui KaXKAOTO Clydasl, XapakTep
U3MEHEHHE UCCIIeTyeMbIX €€ TapaMeTpOB.

JlanHas MeTonMKa pacdera pealn3oBaHa Ha KOMIBIOTEpe Ha s3bIkax mporpammupoBanus VISUAL
FORTRAN u C++. PazpaboTanHoi mporpaMMoii IpoBeIeHbI CEPUN YUCICHHOTO YKCIIEPIMEHTa U Ha OCHOBE
MOJTYYEHHBIX YUCICHHBIX PAcYeTOB MOCTPOoeHbI rpaduku. [locTpoeHHbIe rpadMKy U3 OTYYEeHHBIX YHCICHHBIX
pacyeToB MOKa3bIBAET NEPUOJUYHOCTh N3MEHEHHUS BEJIMUMHBI HCCIIEAYEMbIX ITapaMeTpoB (YII0Bas CKOPOCTb,
a’pOJMHAMHUYECKHUE CHIIBL, a TAK)KE UX TaHI'€HIUAJIbHbIC U PAaAUAIbHBIE COCTABIISIOLINE).
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COJIHEYHASA 3HEPTUSA KAK UICTOYHHUK 3JIEKTPUYECKOM SHEPTUHU

AnHomayus
CraTbsl MOCBSINEHA, AKTyaJlbHOW HA CETONHSINHUM JeHb, NpoOJeMe HCHONBb30BaHUS COJTHEYHON JHEPTrUM Kak
OCHOBHOTO MCTOYHHKA IMUTaHUS MOTPeOUTENs. ABTOP HaéT 00OOMICHHYIO XapaKTepUCTUKY criocodaM mpeoOpa3oBaHust
COJIHEYHOW DHEPTHH B APYTHE BHUIBI SHEPTUU. A Tak)Ke PAaCCMOTPEHBI TOCYAApCTBEHHBIC TIAHBI Pa3BUTHS COTHEYHOM
SHEPTETHKH B PA3IUYHBIX CTPAHAX MHUPa U OBLTH PACCMOTPEHBI OJIArOMPUSITHBIE YCIOBUS YCTAHOBKH COJTHEUHBIX MaHEIICH
B Mupe. B craThe packpbiBatoTcs mpo01eMbl HEKOHKYPEHTOCTIOCOOHOCTH COTHEYHOM SHEPTETUKNA OTHOCUTENBHO JJAHHOTO
BpEMEHHU M KaK C 3TUM MOXKHO O0pOThcs. Ho 1Mo KOHIEMINU yUEeHBIX (U3UKOB «TOW DHEPTHH, KOTOpas 3a OJIH JICHb
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npuxoautT ¢ ConHma Ha 3eMiTto, JOCTAaTOYHO, YTOOBI 00ECIeYWTh BECh MHp JHEPrUed Ha MEIbId OJUH TOI.
IIpenMyIIecTBO TEIUTa, IPEACTABICHHONW MO3UIMH aKTHBOB CONHEYHOW CHCTEMBI- 3TO JICTKOCTh W THOKOCTH B
PacCMOTPCHUHU CHCTEMBI.

KaioueBble ci10Ba: COTHEYHAs SHEPTETHKA, albTEPHATUBHBIA UCTOYHUK, SKOHOMHUSI.

Anoamna
5.4. Cepumbemos ', A.T. Tanambexog?
"' mex.2.x., Kazax skonomuxa, Kapaicol Hcone XarblKapaiwlk cayod YyHueepcumeminiy, 00yeHmi,
Acmana K., Kazaxcman
2 Kazax 9KoHOMUKA, KAPAHCH JHCIHE XANLIKAPATLIK CAYO0d YHUBEPCUTNEMIHIY MASUCIPAHTIbL
Acmana K., Kazaxcman
KYH DHEPTUSCBI JIEKTP DHEPT USICBIHBIH KO3/1EPI

Maxkana KYH SHEpTHSICHIH TYTBIHYIBIH HETI3Ti Ke3i peTiHae MaiiiaixaHyIslH arbIMIarkl IpoOIeMachiHa apHAJFaH.
ABTOp KYH SHEPrHsCBHIH 0acKa SHEPTHsl TypJepiHe aliHAIABIPY 9MICTEPiHIH )KalIblIama cunarramacsit oepeni. Connai-
aK QJIEMHIH TYpJi eJAepiHAerl KyH SHEPIeTHKACHIH JaMbITYAbIH MEMJIEKETTIK JKOCTapiapbl KapacThIPbUIbII, dJIeMaeri
KYH MaHeJbJepiH OpHATy YLIIH KOJIAMIBl JKarjaiilap KapacThIppUIAbl. Makanasa ochbl yakKbITKa KaTbICThl KYH
SHEPTHUSCHIHBIH 0acekere KaOUICTTINIriHIH mpobiemManapsl *KaHe OHBIH Kaslail Kypecyre 0oJaThIHBIH aHBIKTaiIbl. bipak
(GU3MK FambIMIApABIH TYXKbIpbIMaamMack! OoitbiHia, «Kynnen XKepre Oip kyHHiH iminge keneTiH KyH sHeprusicbIHbIH
MeJIIIep] dJIeM/Ii SHEPTUSIMEH TOJIBIFBIMEH Oip JKbUI KAMTaMAachI3 eTyre sKkeTei»,-aenai. KyH xyiieci apKpLibl )KbUTyMEH
KaMTaMachI3/1aH/IbIPY IbIH aKTHBTI JKaF 1albIHBIH apTHIKIIBUIBIFBI — KYHEHI KapacThIpy/Ja OHAWIIBUTBIFBI XKOHE MKEMIIIITI.
CoHBIMEH KaTap, )KYMBICTBIH, )KYHEHIH KOHE XKbUTY IIBIFBIHBIHBIH a3al0bIH aBTOMATTHI TYpJle OackapyFra Oomabl.

Tyiiin ce3aep: KyH SHEprusicH, 6agaMa Ke3, YHEMIeLy.

Abstract
SOLAR POWER AS SOURCES OF ELECTRICAL ENERGY
B.A. Serimbetov /, A4.T. Talatbekov?
I Cand. Sci. (Engineering), Associate Professor of the Kazakh University of Economics, Finance and International
Trade Astana, Kazakhstan
2 Student of Master’s Program, Kazakh University of Economics, Finance and International Trade,
Astana, Kazakhstan

The article is devoted to the issue date, the use of solar energy as the main source of consumer power. The author
gives a generalized description of methods of converting solar energy into other forms of energy. And also consider the
state of the solar energy development plans in various countries around the world and were considered favorable
conditions of installation of solar panels in the world. In the article the problem of lack of competitiveness of solar energy
relative to a given time and how this can be combated. But according to the concept of physicists “the energy that comes
from the Sun to Earth in one day is enough to provide the whole world with energy for a whole year”.

Key words: solar power, alternative sources, savings.

C KaXIbIM TOJIOM KUTEIH BCE OOJIbIE TONAaraloTcsl Ha TEXHUKY, HE MOTYT JaKe U JHS MPEJICTaBUTh 0e3
Hux. [Ipm STOM pa3BUTHE TEXHOJIOTMH HE CTOMT HAa MECTE, CTAHOBSTCS KOMIIAKTHBIMH W O4YEHb
TpeOOBaTENFHBIMU K KauyecTBY JJIEKTPUUECKOW 3Hepruu. CrenoBaTesbHO, MOTPEOJIEHHE 3JIeKTPOIHEPTUU
cTayio Ooubliie, U OyAET pacTH KaXKIblii pa3. A H3-3a HECTAOWJIBHOCTH 3KOHOMHKHM B CTpaHE, IIEHBI, Ha
noTpedIieMyt0 3HEpruto, pacTyT. OCHOBHBIM M3 BO3MOXKHBIX PELICHUH NAaHHOW NpOOJIEMbl SBISETCS
aJIbTEPHATUBHBIE HCTOYHUKHN SHEPTUU. A UMEHHO COJTHEYHAs SHEPTusl.

Kaxxaplit U3 3THX HAyYHBIX COBETOB ISl CBOETO TOCYJapCTBA YCTaHABIMBAET TUIaH, B KOTOPOM TOBOPUTCS
00 YBEJIIMYECHUH JIOIH COJTHEYHOM SHEPTETHKH B OOIIEH SHEPTETHUECKON CHCTEME.

Kazaxcran nocne nposenenus skcno 2017 Ha TeMy anbTepHaTHBHAsI SJHEPIreTHKA, B BUAY KIMMATHIECKUX
YCIIOBUH COJHEYHBIE W BETPEHbIE YCTAHOBKU [yl BBIPAOOTKH 3KOJOrMYECKOM umcToil »Hepruil. Ho
OCTaHABIIMBAsACh Ha CONHEYHOH Oarapesx M NPUMEHEHHS €€ JSHEPrHid, CTONBKO aKTyalbHOW Ha JIAHHBIHI
MOMEHT, €CTb Pa3HbIE CIIOCOObI €€ MPeoOpa30OBaHusL.

B Hacrosimee BpeMst paznnuarot 2 Haubouiee Moy IsipHbIi criocoba mpeodpa3zoBaHusi COTHEYHON SHEPTUH:
(hoTOBONIbTANKA U TETHOTEPMaIbHAS SHEPreTHKa. POTOBOIBTaNYECKas CUCTEMA YHUKAIBHBIN BH/ MTOTYIECHUS
AIIEKTPUIECTBA, TIOCPEICTBOM IMOTAIaHUS JHEBHOTO CBETA Ha MaHeNH. [IpUHIUI BRIPa0OTKH AIIEKTPUIECTBA
ocHoBaH Ha PotoBosbTanmdeckoM 3¢ ¢exre. To ecTb, mpu NMpoOMBaHME CBETOM MOBEPXHOCTH BELIECTBA,
3NEKTPOIBl HAYMHAIOT MEPEMEIIAThCs MEXKIY aHOJOM M KarojoM BHyTpu mnaHenu. Kak mpaBuio, manemn
COCTOSIT M3 HECKOJIbKUX CIIOEB IMOJIyIPOBOIHUKOBBIX MarepuanoB. UeM OoJibllie KOHIIGHTpAIHs CBETa, TeM
OosbLIe BeIpaOOTKa dyieKkTpuuecTsa. [ 1] JanHblii Bu BRIpaOOTKH 3J€KTPHUYECTBA IPUMEHSIETCS] B aBTOHOMHOM
crcTeMe SHEPrOCHA0KEeHNSI HA OCHOBAHUH COJTHEUHBIX OaTapei.
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Pucynox 1. Cxema pabomer agmoHOMHOU cucmembvl IHEP2OCHAOICEHUS

Ha pucynke 1 n300paskeHO COCTaB M MPUHIMII PabOTHl 3TO# cucTeMbl. UHBepTOp —3TO TpubOp A
MpeoOpa3oBaHusl MOCTOSIHHOTO HANPSDKEHUS aKKyMYJISTOPHBIX Oatapeil B mepeMeHHOe HampspkeHue 220B.
OCHOBHBIM HEZOCTaTKOM HHBEPTOpPA SBISETCS OIPAaHMYCHHOE BpeMs AaBTOHOMHOH paboTbl, KOTOpOE
OIIpeneNisieTcs EMKOCThIO aKKyMYJISATOPHBIX Oaraped W moTpebnsieMoil MomiHocTblo. KoHTposep- 310
puOOp, KOTOPBIH HE MO3BOJSET aKKYMYJISITOpaM IEPE3apsiANTCS UM PaspAaUThCs paHblle BpeMeHH. bioku
aKKyMYJIMPOBaHHUS CIIy>KaT Ul HAKOIJICHUS BeIpaOaTbiBaeMoro anekrpudectsa. OCHOBHas mpobiiema Bcex
AKKyMYJISITOPOB, 3TO Malblii 00bEM EMKOCTH W HE MPHUCIOCOONIEHHOCTh K OonmbiuM Harpy3kam. OpHa u3
TJIABHBIX MPUYMH HE KOHKYPEHTOCHOCOOHOCTH, 3TO LieHa. ['enmoTrepMainbHasi HEPreTHKa — 3TO CHCTEMBI
MO3BOJISIIONIAsl TpaHCc(OpPMaLUs COJTHEYHOM M3IY4YCHUS B JIIEKTPUYECKYI0 HIM TEIUIOBYIO SHEPIUI0 C
IIOMOILBIO TPEX TEXHOJIOTUM:

[lepBasi TexHONOTHMSI OJHA W3 CaMBIX pAacHpPOCTPAaHEHHBIH BapUaHT CHAOXKEHUS TEIUIOM 3TO
HCTIONIb30BaHUE COMTHEYHBIX KOJIJIEKTOPOB. VX pacmonaraioT B HENOABMKHOM COCTOSTHUM TaK, 4YTOOBI HAarpeB
0bu1 MakcuManbHO 3(PdexTuBHbIl. CaMbiM 3()PEKTHBHBIM TETUIOHOCUTENIEM SIBISIETCSI BO3AYX, BOJAA HITH
anTudpus. [Iponssoaurcs Harpes BemiecTBa Ha 45-50 oC BhIlIe TeMIepaTypbl OKpyKaromiei cpensl. Beé ato
MPOMCXOAUT B KOJUIEKTOpe. Takke MOXHO HCIONb30BaTh Ul KOHAWIMOHMPOBAaHUS —BO3IyXa,
TepMOOOpPabOTKH MPOAYKTOB CEIBCKOTO XO3AHCTBA M OIPECHEHHE MOPCKOW Boabl. Takue COJTHEYHO
oOorpeBaTebHbIE CUCTEMBI OueHb nomyisipHbl B SImonun u CIIA [6]. OqHako B Takux cTpaHax Kak Kurp u
Wzpannp Takux cucTeM HaMHOTO Oonblie W3 pacuéra HaceneHus. [IpuMepHo 1 MIIH. KOJIJIEKTOpPOB
obecnieunBaroT 70% HaceneHus CTpaHbl HCHOJIB3YIOT TAKOH cioco0 mosryueHus sHepruu. K takomy mporpeccy
neitatoTes npuiith MUaans n Kuraii. Ecin mocMoTpeTh Ha pUCYHOK 2 MOXKHO CKa3aTh uTo Adprka uaeanbHbIid
MIPETEeHEHT JJIs1 UCIIONb30BAHUS TaKOW CHUCTEMBI, HO M3-32 IKOHOMHYECKOTO IOJIOKEHHSI MX UCIOIb3YIOT B
OCHOBHOM JIJIsI 3aITyCKa HACOCHBIX YCTaHOBOK [1].

Bropas TexHonorus npespariaeT COMHEYHYO 3HEPTHIO B 3JIEKTPHUECKYIO C TOMOILBIO COJTHEUHBIX OaTtapei
Ha OCHOBe KpeMHHWs. Eif Halum nprMeHeHHe B KOCMHYECKOH MHIYCTPUH, a UIMEHHO B KOpabJecTpOCHUH.
[epBoe MaccoBoe npumenenue 66110 B Kanudopuun. B HacTosiee BpeMst TPEThs 4aCTh (OTOIIEKTPHUECKIX
3JIEMEHTOB PbIHKA NpUHAIeKaTh SAnoHuu. B pa3BuThIX cTpaHax e€ ye akTHBHO HCIONB3YIOT, IIPH TOM
(akTope, 9TO TEXHOJIOTHUS IOPOTasl.

TpeTbst TEXHONOTHSI OCHOBaHA Ha TPaHC(HOPMAIIUU COJHEYHOW PaUallii B 3JEKTPHUUECKYIO, UCTIONB3YS
3epKayia, Ul KOHLEHTpauuu Jyded B omHOM Touke. Takoil crmoco® ucnonb3yercs B CONHEYHBIX
AIIEKTPOCTAHIUsX [6].

@DaxThI A1 IepeXx0/a Ha COTHEYHYIO SHEPTHIO.

Heorpannuensslii 3anac TorimBa.

Becirymnoe, 6e3BpeiHoe BBIpaOOTKa 3JIEKTPOIHEPTUH.

ABTOHOMHBIE CUCTEMBI SHEPTOCHA0KEHHUS 0€30MaCHBI M BHICOKOHA/IEKHBI.
Martepuansl BO3SMOXKHO 6€3 TpyZa rnepepadboTaTh U UCTIOIH30BATh TOBTOPHO.
HecnoxHoe obcinyxrnBaHre 000pyA0BaHHS.

Hcnonbs3oBaHue IIEKTPUYECTBA OTHANIEHHO B CEIBCKUX palioHaX.

Moy MOTYT OBITh YaCThIO TW3aliHa 37aHMUS.

CrpeMHTENbHOE YMEHBIIIEHUE BPEMEHHU SHEPTeTHUECKOM OKyTaeMOCTH MOAYJIEH.
YBenuurBaeT HaAEKHOCTb SHEPTOCHAOKEHUS CTPAHBI.

CoNoO~wWNE
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Ha ocHoBe MOBENEHHOTO HCCIENOBAaHMSA MOXKHO clenarh BbIBOA. UToObl ConHewHas sHeprust Obuia
KOHKYPEHTOCHOCOOHOH HY)KHBI HapaOOTKH JUI yBENIWYEHHS EMKOCTH aKKyMYJIATOPOB M YBEIHUCHUS
MOIITHOCTH M OOJIbLIE UCCTIEIOBAHUH B TNIaHE KOHLIEHTPALWHU COJTHEUHBIX JIydeii Ha COTHEUHBIE TaHETH, 1a0bl
YBETMYUTh UX 3(Q(YEKTUBHOCTH M YMEHBIIUTH CPOK OKymaeMocTH. CTpeMHUTeIbHOE pa3BUTHE COJHEYHOH
SHEPTeTHKH, C NCIIOJIb30BaHNE MHHOBAIIMOHHBIX MUPOBBIX TEXHOJIOTHH, SIBIISICTCS TJaBHBIM KOHKYPEHTOM U B
2050 r. OymeT MpenMyIIeCTBEHHBIM Ha PHIHKE SHEPTeTHYECKH IKOJIOTHYHBIX TEXHOJOTHH, YTO 00ECIIEUHT K
KOHIIy BeKa Bce MOTPeOHOCTH HACETICHUS DJIEKTPUUECKON SHEPTHEH.

MartepuanbHO-TEXHHUECKUM IPOrpecc yesoBeuecTBa TpeOyeT OrpOMHBIX 3aTpaT SHepruu. B HacTosmee
BpeMs MOTPeOHOCTh B HEHl YINOBIETBOPSETCS B OCHOBHOM 3a CUET HCKOINAEMBIX HCTOYHHUKOB: He(dTwH,
MPUPOAHOTO Ta3a, KaMEeHHOTO yrisi. Bce oHM HEBO300OHOBISEMBI, a KpOME TOT0, MaryOHO BIHSIOT Ha
COCTOSIHHME OKpY KaloIlel cpenibl. B CBSA3M ¢ 3TUM B pa3BUTHIX CTpaHaX YK€ IaBHO M BCEPhE3 paCCMaTPUBAIOTCS
JIbTEpHATHBHBIE MCTOYHHUKM 3Hepruu. He mepeumcisiss ux 3mech, OTMETUM IJIaBHOE: CaMblii MOLIHBIM U
HeucdeprnaeMblil HcTouHUK 3Hepruu — 310 Comnnue ¢ ero 3' 1 024 JIx, NOCTaBIsIEMBbIMH €XKETOHO HaIlen
MIaHeTe. JTa KoyloccanbHas BenuynHa B 10 THIC. pa3 MPeBOCXOIUT HBIHELIHHE T'OJOBBIE SHEPreTUYECKUE
MOTPEOHOCTH YelloBedecTBa. TeM He MeHee /10 cuX mop norpedisercs aumb 0.4% coNMHEYHOW >HEPTHH, H,
COTJIACHO HamOoJiee ONTUMHUCTHYHBIM MPOTHO3aM, 3Ta A0S MOXKET Bo3pacTH He bonee yem a0 1% x 2030 .
CTonbp HE3HAYMTENILHOE HCIONB30BaHUE COMHEYHOTO M3IyYCHHs CBS3aHO C TEM, YTO MOKAa HE CYIIECTBYET
3(PEeKTHBHOTO U ACMIEBOTO CIIOCO0a €ro Mpeodpa3oBaHUs B AJICKTPHUIECTBO.

[lepBeiMu, B 1954 1., OBUIH CKOHCTPYHPOBaHBI (POTOIIEMEHTH HAa OCHOBE MOHOKPHCTAILUTHYECKOTO
kpemHus. OHU OKa3aJIUCh JOBOJIBHO 3(h()EKTUBHBIMHA B KOCMHUECKOM MPOCTPAHCTBE, & TAKKE MPUMEHUMBIMU
B 3€MHBIX YCJIOBUSIX M CETOAHS 3aHUMAIOT BEAyIlee TOJI0KEHHE Ha PhIHKE COMHEYHOM 3HepreTuku. OaHaKOo
10 cux 1op 3¢ ¢GEeKTUBHOCTD Aa)e JTy4LINX JJAO0OpaTOPHBIX 00pa3LoB He npeBbimacT 25%. B 1o ke Bpems ux
[leHa TO-TIpe)KHEMY O4Y€Hb BBICOKA, YTO CBSA3aHO B IMEPBYIO OuYepedb C 3arpaTaMd Ha IPOU3BOACTBO
BBICOKOYMCTOTO MOHOKPUCTAIIIMYECKOTO KPEMHHSL.

ANbTEpHAaTHBOM KPEMHHEBBIM OaTapesiM MOTYT CTaTh MHOTOKAaCKalHBIC 3JIEMEHTHI, COCTaBJICHHbBIE H3
HECKOJIBKHUX IOJIyIIPOBOJIHUKOB C Pa3HBIMHM 30HHBIMHU XapakTepucTukamu. Hampumep, s TpexkacKagHOTO
anementa GalnP/GaAs/Ge 3adukcupoBana pekopanas 3¢ dekruBHOCTh — 32% [1]. Tem He MeHee OobIime
MaTepHabHbIC 3aTpaThl Ha TTyOOKYI0 OYUCTKY IPUMEHSEMBIX KOMIIOHEHTOB, a TaKKe sIBHAsS TOKCUYHOCTH
3THX MaTepHaOB [I0KAa OTPAHUYUBAIOT UX BBIXOJ HA PBIHOK.

Ho st mpatuyHocTH crenanu Oojiee yAOOHBIN B NMpPUMEHEHWU ruOkue OaTtapeil. [laxke creruaiucThi
MOpaXCHBI, CKOJb (AaHTACTUYCCKUMH TEMIIaMH B MHUpPE PacTeT COJHEYHAas JHEpreTHKa. DKCHEPTHI ¢
YBEpPEHHOCTHIO Naf0T MporHo3: Kk 2050 roxy ee moist B MUPOBOM SHEPToONOTPEeOIEHUH COCTAaBUT HE MEHEee
27 IpOLIEHTOB ¥ 0OOUIET BCE OCTaIbHbIE BUBI TOTUIHBA. CeroHs B 3Ty 00J1acTh BKIIabIBaeTCs okoio 100
MUJUTHAPJIOB A0UTapoB B roA. Jluaepst 3neck EBpona, Kurait u CIIA. I1paBaa, ¢ 0HOI OroBOpKO#A: MOKa
COJIHEYHAas HHEpPreTHKa HyK/1aeTcs B OAIOPKE TOCy1apCTBa.

Eil npenocraBnsoTCs JIBrOTHBIE YCIOBHA U HHTEHCHUBHOTO Pa3BUTHs. BrpodeM, BeICOKas LeHa 1O
CPaBHEHHIO C TPAJUIMOHHBIMA HCTOYHUKAMH JHEPTrUM - HE EJMHCTBEHHBIH MHHYC COJIHEYHOI'O BaTTa.
Barapen nemaroTcst M3 KpeMHHs, a €r0 MOJIYYEHHE CUHTACTCS DKOJOTMYECKH TPS3HBIM U TpeOyeT MHOTO
sHepruu. K Tomy xe Takumu OatapesiMmu HeyZOOHO HOJIb30BaThCA: OHHU KECTKUE, TSDKEJIbIE M XPYIIKUE, AT
YCTaHOBKH HYKHBI CIIEIaTIbHbIE IPHOamMOachl.

B o6mem, Bo3uu MHoTO. CoBceM Jipyroe zeno - 6atapes ruOkas. Ee MoXHO packartath Kak pyJioH Ha
mo0ol H30rHYTOM moBepxHOCTH. UTO cpasy pacmupsier cdepbl npuMeHeHus. CKaxeM, KpPbIIN
JJIEKTpOMOOMIIEH, a B apXWUTEKType 3TO NPAKTHUYECKH JI00ble MoBepxHOcTH W T.1. Ho rnaBHOe
MPEUMYIIECTBO IMJIACTHKA Jlaxke He B 3TOM. DaKTHYECKU CONHEYHBIE DJIEMEHTHI M3 MOJIMMEPOB MOXKHO
nevyarate Ha 3D-mpuHTEpax, COTHM METPOB 3a HECKOJIBKO 4acoB. M IieHa IIacTHKOBOM Oarapew mnpu
MaccOBOM IPOU3BOACTBE OyneT B 4-6 pa3 HUXKE, UeM U3 KPEMHHUSL.

[Touemy ke pH CTOIb OUEBHIHBIX IUIIOCAX TUIACTUKOBBIE OaTapeu MoKa He BBITeCHWIN KpeMHuid? Jleno
B TOM, 4TO Hapsay C OYEBUIHBIMH TUTFOCAMH y MTOJIMMEPHBIX OaTapeil ecTh JiBa IMIaBHBIX MUHYca. MX ki B
TPH pa3a HUXKe, 4eM y KpeMHus. [IpumepHo 6 nmpouenToB npotus 15. KpoMe Toro, noaumepHbie 31€MEHTHI
HEeCTaOUIIBbHBI, MAKCUMAITBHBIH CpOK paboThl 20 JeT, a KpEMHHI MOXKET CTOATh BEYHO.

T'ubkue conneunvle snemeHmvl MON*CHO neyamamsv Ha 3D-npunmepax, packamame Kaxk pyJioH Ha 11000uU
U302HYMOU NOBEPXHOCHU.

[IpoGiiema B TOM, YTO 3TH JIBa MUHYCa [I0O-CBOEMY KOBapHBI. ¥ CTpaHAA OAMH, BBl yCyryOiseTe Ipyrou.
CkaxxeM, TIpH YBEITMYCHHH KIIJ] IIOJTUMEPHOTO dJIeMeHTa 10 11 mpoIeHTOB CPOK €ro CIyKOBI MafacT B pasml.
A y IONTOUTPAIOIIEro MIacTHUKa MpeaeNbHbI Kii 6 nmpoueHToB. CII0BOM, 3aK0JII0BAHHBIN KPYT, KOTOPBII
MBITAIOTCS Pa3opBaTh Beaylnue JiabopaTopuu Mupa. [lepBbiM 310 yaanoch yueHsiM MHcTUTYTa pobiem
xumuueckoit puzuku PAH. Onu cymenn ysenmmuuth KI1J[ 6atapeun, coxpansisi ee cTaOMILHOCTD JIEMEHTA.
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®U3UKAJIBIK ¥YFBIMAAPAbI KAJIBIIITACTBIPY MICEJIECI

Axoamna

¥YreiMaap okydeci — OUTIMHIH Oenfiey Ka3bIFbl, OapibIK ICPEKTEpP CONAPAbIH MaHAWbIHA IIOFBIPIAaHAABI. SIFHH,
OKYIIBIJIAPBIH OUTIM CanachbIHbIH >KOFapbl OOJIybl OJaplia YFhIMAAp JKYHECIHIH MEHrepiiay JopexeciHe OaillaHbICTHI.
Ce0e01 yFbIM FBUIBIMU OUTIMHIH HETi3ri KOMIOHEHTTEpiHiH 0ipi Gousbin TaObuiansl. Ockl TYpFBIIAH ajblll KaparaHja
FBUIBIMU YFBIMIIAPIBI OKYIIBIIAPIBIH MEHIepyl ©3eKTi MaceJeNepAiH KaTapblHaH TaObuiagsl. OU3NKAIBIK YFRIMIAPIbI
OKYLIBUIAPJBIH MEHIepyi, OHbI NIPaKTHUKaa, eMiple KojjiaHa Oinyi ojlap MakcaTThl TYpHe OKBITBUIFaHJA FaHa XKy3ere
acampl. ¥FBIMIApABl TAaOBICTHl KaNbIITACTBIPY YILIIH MYFaIiM OKYIIBUIAPABIH YFBIMIApIABl MEHrepy HpOLeciHiH
EpEeKIIENTIKTEPiH, 0JapAbl KaJBINTACTHIPYIBIH JKOIAAPEI MCH TICUIICPIH KoHE T.0. 0Lyl KaXKeT.

Makanazna oKywsUIapra (U3MKaNIBIK YFBIMAAPIbl KaJbIITACTHIPY dnicteMeci OepinreH. PH3NKaNbIK YFBIMAAPABI
KaJIBINTACTBIPY/Ia JKATTHIFyJIap KYHECiH maiiaaanyablH MaHbI3bI XKailiibl OasHpanral. CoHnan-ak KaTThIFyIap Kyitecin
KYPYIbIH TPUHLIUNTEPI KepceTiireH. PU3MKaJbIK YFBIMAAPIbl KaIbINTACTHIPYAA KOJIAAHBUIATBHIH JKATTHIFYJIapIblH
KeHOip MbIcaiapbl KENTIpUIreH.

Tyiiin ce3aep: Gpuzukanbik 611iM, GUIMKAIBIK YFBIM, YFRIMAAP/IbI KAJIBIITACTBIPY 9JIICTEMECI, JKATThIFyJIap JKYHeci.

Annomayus
JK.K.Cuiovikosa®
k.n.n., cm.npenodasamens Kazaxckozo Hayuonanbho2o nedazo2uuecko2o ynueepcumema um.Abas
2. Anmamer, Kaszaxcman
HEKOTOPBIE BOIIPOCBI ®OPMHUPOBAHUS ®PU3NYECKUX MOHATHUI

Kaxk u B mo6oM HayqHOM HarpaBJIeHUH, TaK U B (PU3UKE CUCTEMa HAYYHBIX ITOHATHH 3aHUMACET KIIIOUYEBbIEC MTO3UIUH
U COCTaBJSIIOT OCHOBBI. HaydHOe MOHATHE SBISIETCS OCHOBHBIM KOMIIOHCHTOM HAyYHOTO 3HaHUS. YTIyOJeHHOE
OCBOEHHME TOI'0 WJIM WHOTO MaTepHaja OOyYaloUIMMHCS HaNpsIMyIO0 3aBHCHUT OT CTENCHHM YBOEHHSI CHCTEM HAy4YHBIX
moHATHH. Vcxoas M3 3TOro, MCCIelOBaHHE BOMPOCA O BIaJEHHHM OOYdYaIOIMMMUCS HYYHBIMH IOHATHSMH SBISIOTCS
aKTyallbHBIMU. BriazieHuro o0ydaromumucs GU3HYeCKUMH TOHATHSIMUA U YMEHHIO MPHUMESTh WX Ha MPAKTHKE MOXKHO
JIOCTHYB, €clI 00y4aTh OO0yJaromuxcsl IeJIeHanpaBieHHo. /g pe3ynbTaTHBHOTO (OPMHUPOBAHUS HAYYHBIX MOHITHH
HYHO 3HaTh 0COOCHHOCTH TPOLIECCa OCBOCHUSI MMOHATHH 00YUYAIONMMUCS, @ TAKKE IyTH U METOIbI (POPMHUPOBAHHUS HX.

B nanHO# cratbe paccmMoTpeHa MeTonuka (opmupoBaHHME (HU3MYECKMX MOHATHH oOyuaronumucs. M35okeHsl
3HAUEHMsl NPUMEHEHHE CHCTEM YNPaKeHWH B (OPMUPOBAHMM (PU3MUECKMX HOHATHH. Takke MOKa3aHbl IMPHHIUIIBI
CO3JIaHus CUCTEM yIpakHeHHHU. [IpnBeneHbl HEKOTOphIE MPUMEPH! YIIPaKHEHUH CIIOCOOCTBYIOINE K (POPMHUPOBAHHIO
(bu3MYEeCKNX TOHITHI.

KatoueBble cioBa: Qusnueckue 3HaHUS, (QuU3NYeKHe MOHATHS, METOAMKa (POPMHPOBAHMS TOHATHH, cHUCTEMa
yHOpaxkeHuil.
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Abstract
SOME ISSUES OF FORMATION OF PHYSICAL CONCEPTS
Sydykova Zh.K.!
Senior Lecturer, Abai University, Almaty, Kazakhstan

As in any scientific field, and in physics, the scientific notion takes the key positions and forms the basis. The scientific
concept is the main component of scientific knowledge. In-depth mastering of a given material by students directly
depends on the degree of retirement of systems of scientific concepts. Proceeding from this, the study of the question of
the possession of students with the necessary concepts is relevant. Learning physical concepts and the ability to apply
them in practice can be achieved if the trainees are trained purposefully. For the effective formation of the scientific
concept it is necessary to know the features of the process of mastering the concept of students, as well as the ways and
methods of their formation.

In this article, the technique of forming the physical concept of students is considered. The implications of the
application of control systems in the formation of physical concepts are described. Also, the principles of creating exercise
systems are shown. Some examples of exercises that contribute to the formation of physical concepts are given.

Key words: physical knowledge, physical concepts, methodology of concept formation, management system.

OKyIIbLIapIbIH YKAIITHI I9H OOHBIHIIA OLTIMAEPIH KETUTAIPY oJapa co IMOHHIH HETi31H KYpalThIH OiTiM
JIIEMEHTTEpiH Wrepry ekeHgiri Oenrimi. ®dusukanplk OiniM Jen FeUIBIMH - (akTigepAiH, (UIUKAIBIK
YFBIMIApAbIH, 3aHOAPAbIH, THIIOTE3a1ap IbIH, TEOPUSIIAPIBIH, 3ePTTEY dICTEPiHIH, KOJIAaHOAIIbI CYpPaKTapIbIH
xKoHe T.0. XKyieciH TyciHemi3. OKBITYABIH cCamachlH KOTepy, OHBIH 3aMaH Tala0blHA cail Oomyel OifiM
XKYHECiHIH MaHBI3[Bl KypaylIbUIApbIHBIH Oipi OONAaThIH FRUIBIMH YFBIMIAPAB! OKYIIBUIAPABIH MEHrepyiMeH
TBHIFBI3 OaliJIaHBICTHI.

Mexkren ¢Qu3nka KypCHIHBIH Ma3MYHBIH 3aTTaplblH KacueTTepi, (QHU3UKaNbIK epictep, MaTepus
KO3FaJIbICBIHBIH (popManiapbl KalbIHIaFrbl ©3apa OalnaHbICKAaH YFBIMIAp >Kyheci kypainel. Onait Gosca,
YFBIMJIApAB MEHIepMEHiHIIe 3aHAap MEH TEOpUsUIapIbl CaHallbl TYPIE MEHI'epy MYMKIH eMec, OiTKeHi ojap
YFBIMIAP apachIHIaFsl OaillaHbICTHI OUipeai. ¥FeIMIapra ue 00y OKyIIBLTIapAbIH OETICeH]Ti O KhI3METIMEH,
Tangay >KOHE IpiKTey, CalbICTBIPY JKOHE CalFacThlpy, aOCTpakuusiiay S>KOHE Kallbuldy CHSKTBI O
OTepalusIIapbIHBIH OpBIHAATYbIMEH OaitnaHbIcThl. COHNIBIKTAaH YFBIMIAP/IbI CaHAIbI MEHIepY OKYIIbLIapAbIH
Of-epiCiH aMBITyZa 30p MaHbI3fa ne. SIFHu, QU3UKANBIK YFRIMAAp KYWECIH KaJbIITACTBIPY — (hH3HKAHBI
OKBITYIBIH MaHBI3/IbI MiHIETTEPiHIH Oipi.

Ou3HKaHbl OKBITYAa YFBIMIAPbl KAJBINTACTHIPYABIH OipbIHFal kO0JbI ®KOK. OKy MaTepualblH TYCIHIIPY
OapbIChIHAA PU3UKAIBIK YFBIMAAPBI KANBIITACTRIPY KypAedi api y3aK mpoliecc.

E.AxkomkapoB [1] yFreiMaap jkaHa KaibINTacKaH (pakTiiep MEH FBUIBIMIAFBl OYPHIHHAH KAJBINITACKAH
YFBIMJIAPBIH apachlHaFbl KAHIIBUIBIKTAP/IbI KO0 HETi31H/Ie 1aMbIThUIa bl Byl naMy MbIHagai yi OareITTa
KYpei, — aen kepceTei: 1) OypbIHFbI YFBIM aHBIKTAJNIA TYCEIl, TEPEHACTIICI, YIFAaNThUIA I, A0CTPAKIIUSIHBIH
OYpBIHFBIIaH Tepi JKOFaphl JeHreiiHe keTepineni; 2) OYphIHFBI YFBIMIAP €CKIPreHIIKTeH MalijalaHy/aH
LIBIFApbUIaAbI; 3) )kaHa yFeIMIap naiaa 6osaapl.

A.B.YcoBa [2] oxkymbulapa (U3MKAIBIK YFBIMHBIH JIlaMybl TOMEHJETiJICH (aKTopiapAblH JcepiMeH
KYPETIHIH KepceTe/i:

a) MEKTEIl OKYIIBUIAPBIHBIH OMIPIIiK TOKIpHOeci, 0apAblH KYHOS-KYHT1 TYPMBICHI KalJIbl TYCIHIT1,

0) MyFalliMHIH )ETEKIIUTITiIMEH FBIIBIM HET13/IEPiH OKBIN YHPEHY MPOLECiH/Ie YFRIMIAPAbIH MaKcaTKa caii
KaJIBIIITACYHI;

0) e3re MoHAEPi OKBIN YHPEHY HOTHKECIHAE JK0JIail KaJblTacTaCKaH YFbIMAAD;

B) FBUIBIMU-KOMIIUTIK 9e0ueTTepai 0Ky, KHHO-(PIIbMAEp MEH paano, Tenexadapiap Kepy.

Oxymbutapra YFbIM KaJbIITACTBIPY OapbICBIHAA MYFalIiM OCHl aTaiufaH (aKTOpIapiAblH OapibIFBIHIIA,
acipece, MoHAPAIBIK OAMIaHBICTHI €CKEPYl KaXKeT.

Mgicanel, ¢u3uka calarblHOa KONTEreH YFbIMIAPABIH KaJbIITACTBIPBUIYBl, OCBHI YFBIMIAPIBIH
Taburarrany, Ouomnorus, reorpadusi, xumus, T.0. cabakTap/ia KOJIAHBUIATHIHBIH €CKepe OTBHIPBII JKy3ere
achIPBUTYHI THIC. MyHIaiiia moHapaNbIK OaiiIaHBICThI XKY3€ere achIpy/IbIH YJIKSH MaHbI3bI 0ap.

Oxymbutap YFeIMABI OipAeH MeHrepMeiiai. OpOip yFbeIM GipTiHAen qamMuibl, Kypaeieneai. Kapanaiisiv Oip
yFbIM 0acka Oip YFRIMMEH KOChUTA OTBIPBIT KYPJEIi YFBIM KYpaiibl.

¥FeIMIappl  OKYIIBUIAPFA TEK KAIBINTACTHIPBINT KaHAa KOWMAal, onapibl TNpaKTHKala >KaH-)KaKThl
KOJIJaHFaH[a, OepiyireH YFeIMHBIH OacKa YFhIMMEH jkaHa OaiiylaHbIcTapbl MEH KaThIHACTAPhIH KAMTUTBIH JaMy
KE3€HI XXy3ere ackaHaa YFbIMIapAbl MEHrepy Jopekeci xorapbl Oomagpl. Omait Ooica, yFIMIapabl
MEHIepTY/JIe OHBI JaMBITYIBIH MaHBI3bI 30P.

3.M.MambGetakyHoBTbIH [3] eHOerinae OKyuwbUiapra (QU3MKAIBIK YFBIMIApAbl  KaJbIITacThIpyAa
KATTBIFYNap >KYHWECiHiH KaxerTTirniri Herizgeneni. On e3 eHOeriHAe  KaTTBIFyJNap >KYHECiH KypyHAblH
MpUHIHITIHE TOKTanaael. ON NPUHIUITED:
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1. XKarTerFymap xyieci MbIHAIApABl KAMTYBI KEPEK:

a) OKyIIbUIApILI YFRIMHBIH MOHI OCNTiJepiH ©30€TTepiHIle aHBIKTayFa >KOHE OJIapabl MAaHBI3IEI eMec
OenrinepiHeH axpiparta Oinyre yipeTyai;

) OKYIIbUIApFa YFRIMHBIH MaHBI3]IbI OCJTiIEPiH XKOHE ONapIbIH apachIHIAFbl JOTUKaIbIK OaiIaHbICTap bl
MEHTepTYIi;

0) KaJbINTACTHIPBUIATEIH YFBIMHBIH OYPBIH MEHTEpIITeH YFhRIMHAH KaHmak-ma Oip ykcac OenriiepiH
aXxplpara OimyJepiH;

B) YFBIMIAp apachIHIaFrbl OaiTaHbICTapAbl AHBIKTAY JK9HE T.0.

2. XarTeirynap Kyieci OKyIIBUTApABIH JIOTUKAJIBIK OMIIAybIH JaMBITY JKOHE OpTYPJl iCKepIiKTep MeH
JaFrapuIapabl  KaJbIITACTBIPY MAakcaThIHAA KYPBUIBIMBI MEH Ma3MYHBI JKaFbIHaH OpTYpJi CypakTap MeH
ecenTepAl KaMTybl KaXKeT.

3. Xarrerputap Kyiiecl AMJAKTUKAHBIH HETi3Tl TPHHIUNTEPIH KaHAFaTTaHIBIPYBl KEPeK, SFHHU:
FBUIBIMWJIBIFBIH JKOHE TYCIHIKTUIITH; K YHENUTITIH JKOHE KaJIFaChIMIBUIBIFBIH, OKYIIIBUIAP IBIH CAHATBLIBIFBIH
JKOHE IIBIFAPMAIIBUIBIK OCJICCH IUIITIH; TEOpHs MEH MPaKTUKAHBIH OaiIaHBICHIH JKoHE T.0.

Karreirymap xylieci yFeIMAapAbl MEHrepyneri poii OoifpiHmma 3 Tomka OemiHenmi, omapablH opOipeyi
KATTBIFyJIapAbIH OipHeIIe TypiepiH KaMTUabI [4].

[. ¥rpIMHBIH MaHBI3[IBI OCNTiNEpiH aHBIKTAyFa XOHE OJlapAbl MaHBI3IBl eMec OeNTiiepiHeH a)KpIpaTyra
apHAJIFaH KaTTBIFyJap:

1) YFRIMHBIH MaHBI3/IBI €Mec OenTiiepiH op Typii opMaja e3repTill KOPCETyTe apHaFaH )KaTThIFyJap;

2) YFBIMHBIH OepuUIreH OCNTUIESPiHiH IIIIHCH OHBIH MaHBI3/IbI OC/IriJepiH TaHIayFa apHaJIFaH KaTThIFyJIap;

3) KoHTpOOpa3abl KOJAaHYFa apHAJFaH KATTBIFYJIap;

4) YFEIMHBIH aHBIKTaMAaChIH HEMECE OHBIH MaHBI3IBI OCNTIIEPiH KOPCETY Ii TaNall eTeTiH CypakTap.

YFBIMHBIH MaHbBI3JIbl OCNITUICPIH aHBIKTayFa JKOHE OJIapAbl MaHBI3Abl €MeC OCNTUIEpPIHeH aXKbIpaTyFra
apHaJFaH >KATTHIFYJIAPJbIH 1IIIHEH YFBIMJAPIBIH aHBIKTAMACBIH JKOHE OJIAPJBIH MaHBI3Ibl Oenrinepin
KOpCeTyre apHaifaH CypakrapablH peni 3op. Onpmait cypakrapra: ,,...JereH He?”, ,KaHIal >Xarmaiaa
Oaifkanmanpl?”, ,,... Kalga KOJNJaHBUIAMEI?” JKOHE T.C.C. OEpiNTeH SpTYpIli aHBIKTaMallap[blH IMIiHEH IYPHIC
aHBIKTaMaHBl Ta0yFa apHaJIFaH JKYMBICTApbl KocyFa 0onaasl. MbIcallbl, YFRIMHBIH aHBIKTAMACBIH TajayFa
apHaJIFaH CYpaKTap/ bl KeNTipeHik.

Tomernoezi BpoyHObIK K032aIblC MYCIHICIHE DepileeH aHbIKMmamanapobly iuiHeH OYpPbiCblH Man.

a) OpOYHIIBIK KO3FaJIbIC JIET 3aTTap/Abl KYpauThIH MOJIEKYIaapAblH OefOepeKeT KO3FaIbIChIH aliTaMBbI3;

0) OpOYHIIBIK KO3FaJbIC AT 3aTTap/Ibl KYpaiThiH aToMIapabH Oeii0epeKeT KO3FaabIChIH aiTaMbl3;

0) OpOYHBIK KO3FaJbIC JIeN CYHBIKTa HEMeCe rasjia KaJlKbBII XKYPreH OPOYHIBIK OOIIEKTIH KO3FaIBICHIH
alTaMBbI3;

B) OPOYHBIK KO3FAIIBIC JICTI 3aTTap/bl KYPANTHIH MOJIEKYJIANAPIbIH PETTEIreH KO3FaIbICHIH aliTaMBbI3.

II. Kanpnait na 6ip OGenrinepi OOMBIHINA YKCac YFBIMAAPIEI Oip-OipiHEH aXbIpaTyFa apHaJIFaH )KaTThIFyJap.
Kanpnaii ma 6ip Oenrinepi OOWBIHINIA YKCACTBIKTAPhI MEH albIPMAIbUIBIKTAPBIH CAJBICTBIPY JKYMBICTAPBI
C.M.Te3ekeeBTiH [5] xyMbIchiHAa 1a KapacTeipelirad. C.M.Te3ekeeB apbIKAHOATHI IIaMAAPAbIH KaPBIK
cUMaTTaManapbiH 0acka MiaMJIapMeH CajbICThIpa OTBIPHIN KapacThIPFaH.

1) canbICTBIPBUIATHIH YFBIMIAP/IBIH OCNTiNIepiH KOpCeTe OTHIPHII KecTeNep i TONThIpy (kecte 1).

Kecre 1. KyObuibicTapibl caJbICTRIPY

KyObuibic K¥6I?IHH(.:THH CHIPTIE OHBIH 6Ty IAPTTapbl AHBIKTamMachl
Oenrinepi
a) YakbIT 6TyMeH Oipre | a) CYHBIKTBIH aImblK OeTiHiH | keby  — CYHBIKTBIH
CYWMBIKTBIH KeJNeMiHiH | 0ap 0omysl, OeTiHIe 0OJIATBIH
keBy a3alo0bl; 9) CyibIK OeTiHiH OynaHybl; Oynany K¥6I)IJII)£CI)I,
9) IBIMKBII 3aTTap/blH | 0) Ke3 KeNreH TeMIlepaTtypaja | sFHH CYHBIK
keOyi. KeOeti. MOJICKYJIaJIapbIHBIH 63
CYWBIFBIH TacTal YIIbITT
IIBIFY KYOBUIBICHL.
a) CYWBIKTBIH imriHAe | a) opOip  cyMbIK  YWIiH | KaliHay —CYMBIKTBIH
Oy  KemipuIiKTepiHiH | KPU3UCTIK TemIneparypara | OapibIK KeseMi
KaliHay naiina Oomyel, ecim | IeiiH KbI3AbIPY; OOWBIHIIA OpHAJACKaH
YJIKetoi, cyibIK OeTiHe | 9) Kemipiiikrepaeri OynbiH | Oy KOTipIIeKTepiH/e
KeTepimin IIBIFBIN | KBICHIMBI ~ CYHBIK  IOIHIEri | )KoHE CYHBIK OeTiHze
JKapbUTYbI; OTeTIH OyJIaHy MpoLeci.
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9) Cy#bIKk  O€TiHIH | KBICBIMMEH TEHEJTeH Ke3/IeTi

KeenneTe Oyra | TeMIepaTrypana;

altHaTyBI. 0) CYMBIKTBI Y3IiKCi3
KBI3JIBIPY/IA.

2) skayanTapblHBIH BapHaHTTapbl Koca OeputreH cypaymap. KoifpurraH cypak »kayaOBIHIA YFBIM
OenrisiepiniH Ti30eci kepcetinei. On Oenriiep IiH iiHEH THICTI YFRIMHBIH OCNTICIH TaHaIl ay YChIHBUIAIBI.
Mpeicainsbl, 1) TOMEH/IE KeNTIpiIreH qeHeNIepAiH KaliChICHIHBIH 1IIKI SHEPTUSCHI ©3TrepiCKe YIIbIPaiibI?

a) yIIeIn 0apa KaTKaH CaMoJIeT;,

9) YcTen YCTiHIET I01;

0) KOpFachlH TaKTara COFBUIFaH KOPFACHIH I1ap;

B) Imocce OOMBIMEH KYpill 6apa )KaTKaH aBTOMOOHIIb.

3) ceiineM Kypambl TOJIBIK eMec cypakTap.MpIcaibl, KaHBIKKaH Oy JeTeHiMi3. . .

a) ..... KallHay TeMIiepaTypachiH/Iarkl OY;

9)...... KaifHay TeMIlepaTypachlHaH KOFaphl TEMIIEPaTypaaarsl 0Y;

0) ..... KQJIBINTHI XaFaiinarsl Oy;

B)...... ©3iHIH CYHBIFBIMEH IMHAMHUKAIBIK TeHOS-TeHIIKTE O0JIaThIH OY.

2-MbIcall, KECTEHIH COJN J>KaFbIHIaFbl COWJeMIepAeri Kell HYKTEHIH OpHbIHA OH JKarblHIarbl a,9,0
TaHOANaphIMEH OENTLICHTeH THICTI co3/ep i KOWBIHBI3 (KecTe 2).

Kecre 2. CeilieM KypaMbIH TOJBIKTBIPY

1. DNeKTPOMAarHuTTIK TOJKbIHIAPMEH. . . a) KBUTYOTKI3TIIITIK. ..

2. CyitpIkTap HEMece razap arbIHbl. ... 9) CoyIeNeHy. ..

3. lenenep OesmiekTepiMeH 0) KOHBEKIIUS JCTI aTalaIbl
TEMIIepaTypallblk  TPAJAWEHT  CcajJapblHaH  JKbUIY

Oepiic. ..

IIL.¥¥eiMaap apachiHAarsl OaiylaHBICTAp bl AHBIKTAYFa apHAJIFaH KaTTHIFyJIap.

1) Oakputaynmap »xoHe ToKipuOenep. byn okymbuiap TapanblHaH cabak Ke3iHIE 3€pTXaHABIK JKOHE
MPAKTUKAIBIK JKYMBICTAPABl OpBIHIAy/a, 03 OeTTepiHIe ToxipuOenepni kacay OapbIChIHIA, MYFaiMHIH
TOXKipuOenepi IeMOHCTpaHsIIaybIHIA aTKAPBUTYHI THIC.

2) dopmynanapasl Tannay. Gopmynanapra Tanjaay kacay 0apbIChIHIA OKYIIbUIAP OipHEIe TYCIHIKTEPIiH
apacblHAarbl OalaHbBICTapAbl JKoHE (U3MKAIBIK IIamMalapblH apachlHAAFbl TOYENAUTIKTEpAiH CHUIAThIH
anbIKTaiinel. Mercansr, Q =cm(t, —t;) ¢dopmynanaceis Tangay GapbIChlHIa OKYLIBUIAP JCHEHI KBI3BIPY

YIIiH J)KYMCaNaTbIH HEMECe OJ1 CybIFaHaa OeJIiHIN MIBIFAThIH JKbUTY/IBIH MOJIIEPi OCHI 3aTThIH TETiHE, OHBIH
MaccachlHa JKOHE TeMIIEpaTyPachIHbIH ©3repyiHe Tayel i 00JIaThIHBIFBIH MEHIEPE/I.

3) xayanTapsl Koca OepiireH cypakTtap. MbIcasibl, TOMEHE KENTIpUITeH >KaraailapAblH KalChIChIHIA
JKYHWEHIH 1IIKi SHEPTUSICHl MEXaHUKAIBIK )KYMBIC eCeOiHEH e3repe anajbl?

a) COFY Ke3iH/IeT1 KOPFachlH KECEKTiH KbI3YbI;

9) TEHi3 CYBIHBIH JaybUI/IaH KeHiH KbI3YHI,

0) cTaHOKTa OHJEY Ke3iH e OOIIIEeKTiH KbI3YHI,

B) BIBICTAFbI BICTBIK IIalFa CabIHFaH KACHIKTBIH KBI3ABIPHLTYHI.

4) cyper TypiHje OepiireH ecenrtep. ¥FbIMIApAbl KAIBIITACTHIPY/IBIH aJIFalIKbl Ke3€HIHIE CYpeT TYpiHe
OepiireH ecenTep/i WbIFapy YFeIMAApP apachblHIaFbl ©3apa OaillaHbICTap/Ibl aHBIKTAYAA epeKIIe MapT OObII
TabbLIaIbl. MbIcasbl, cypeT 1-/1e KepceTiireH Taxipudeae SHePrussHbIH KaH1aki aifHayapbl 0Tei?

Cypem 1. Cypem mypinoe bepinzen ecen
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5) rpaduKTepal TYPFBI3Y JKoHE Tangay. ¥FeIMIApblH o3apa OaiIaHbICTapbiH )1 aHBIKTAYIbIH HETi3ri
IIapTTapbIHBIH Oipi rpadUKTEPl TYPFBI3Y JKOHE OHBI Tajiaay OOJIbIN TaObLIa bl MBICAIIbI, CypeT 2-11¢ KaHaan
MPOIIeCC KeCKiHJeNTeH: 0anKy Ma anne kararo ma? On kannpait 3ar? I'padukrin AB, BC Genirin kannmai
mporecTep cunarraiiibl? bakeiiay Kai Temmeparypaja OacTalblii, Kail TeMreparypaja asKTajlFaH.

t'C AN

250
230

210

200
0 5 15 25 t, mun

Cypem 2. I'pagpux mypinoe bepineen ecen

6) omeMeHTap ecenTepAi WIbiFapy. MyHAal >KaTTHIFYJIapAbIH MaKcaThl OKYLIBUIAPIABIH CaHACHIHIA
KaJIBINTACKaH YFBIMHBIH Ma3MVYHBIH, OJIAPJbIH e3apa OaillaHbICTapblH OCKiTy OOJBIN caHajaabl. MyHna
OKYyIIbUIApFa Ma3MYHBI JKOHE IIBIFAPBLTYHl OHIA KUBIH eMec TarcsipManap Oepineni. MyHnail sxaTThIFyIap
OKYIIBLIAP/bIH aJiFaH OUTIMIEPIH MPaKTHKAJIBIK MaKCaTTaFbl MACENeep/i MIeyre KOJAaHyaa YIKEH po
aTKapaspl.

7) yFeIMIap apachIHIaFbI OaiiIaHBICTap b AHBIKTAYFa apHAFaH )KYMBICTap/IbIH €H MaHbI3IBLUIAPBIHIH 0ipi
— OepinreH Macenere Kepi Macenenepai Kypy Oonbinm caHaiambl. Macenere kepi Macene KypyAarbl Makcat
KaHJal na Oip (U3MKabIK IIIaMaHbIH CaH MOHIH Ta0y eMec, €cenTe KaMThUIFaH IamMallap/IblH apachIHIaFbl
OaifmaHpICTap Bl OPTYPIIl JKaFaiia aHbIKTal O1Ty.

8) cypak TypiHZEri XaTTbIFynap. ¥FBIMIAp apachlHAarbl OalaHbICTApAbl —AHBIKTAy/a, YFBIMIApIIbI
MpaKkTUKaAa KoJlJaHyjAa, OipiHIIICIMEH eKiHIIICiHIH OalilaHBICBIH aHBIKTayJa CYpaK TypiHAeri
KATTBIFYJNapIbIH OpBIHAANYBl ©Te MaHbabl. OHmail cypakrapra: ,,Erep ... Gonca .... Kamail esrepemi?”,
»---O0JyBI YIIIiH, HE icTey Kepek?” koHe T.0. Kocyra Oomamsl. byl CHSKTHI cypakrapia YFBIMHBIH Oacka
YFBIMJIapMeH OaiiaHbIChIH O1mysepi Tanan etineni. Onapra sxayan Oepy O6apbIChIHIA OKYIIBUIAP OimiMIepiH
TOJIBIKTBIPA/IbI KOHE O MeJIIepIepAe TY3eTyJep CHri3eIl.

YFpIMAAppIH MEHIepYy CcamachlH apTThIpylda JKAaTTBIFYJap JKYHeciH maigamaHyplH MaHBI3Bl  30D.
OKBITYBIH, OapJbIK SicTepi MEH TACUIIEePIHIH TYN MakcaThl — OKYIIBUIAPABI ©3 OeTTepiHmie OimiM aiyra
yiipeTy OOJBII caHaNabI.

Hatidananvinzan a0ebuemmep mizimi:

1 Axgowrkapose E.A. Qusuxanvix y2eimoaposl Kaniblnmacmulpyovly Keulbip macinoepi.-A.Mexmen, 1976.-706.

2 Vcosa A.B. Ilcuxonozo-oudakmuueckue OCHO8bI (QOPMUPOBAHUA Y VUAWUXCA HAYYHBIX NOHAMUU. YenaOuuck:
YI'TiN, 1988.-84c.

3 Mambemaxynos 3. Hnumuii mywynykmepoen nedazo2ukanvli memooonocusicbina yeviut.- B.: Texnux Bb., 2015.-
383 6.

4 Coiovigosa K. K. Qusuxanvl y2uimoaposl Kareinmacmulpy adicmemeci. Oxy-adicmemenik kypan.-Cemeii: Cemel
Kanacvinviy Llloxapiv amvindasvl memaexemmik ynusepcumemi, 2015.-68 6.

5 Tesexees C.M., bBexmypamosa K.H. JKapuvikouoomol wamoapoviy apmeiKUbLIbIKMApsbl MeH Kemuiinikmepi //
Xabapmibl/Bectauk Abau amvinoazer Kaz¥YI1Y. Qusuxa-mamemamuxa 2vinvimoapel cepusicol. Ne2(58).-2017.- 5.221-
225.

218



BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

V]IK 533.933
I'PHTH 29.27.07

K.M. Typexanosa®, I.C. Karuesa®

Y%.¢.-m.1., cmapwuii npenodasamens Kazaxcrkoeo Hayuonansiozo Ynusepcumema um. ano-Papabu,
2. Anmamul, Kazaxcman
2 Mazucmpanmxa no cneyuansrocmu Pusuxa Kazaxckoeo Hayuonanvnozo Ynueepcumema um. ano-
Dapabdu, o.Anmamol, Kazaxcman

UCCJEAOBAHUE KUHETHYECKHUX MTPOIIECCOB IIJIOTHOM KBA3UKJ/IACCUYECKOH
IIJIA3MbI

Annomayus

HccnenoBanne KHUHETHYECKUX XapaKTEPUCTUK IUIOTHOM KBAa3MKIACCHMYECKOHM IUIa3Mbl NPEACTaBISET OOJbIION
MHTEPEC M3-3a UX MPUMEHEHHS BO MHOTHX YCTaHOBKaX, TAKMX KaK peai3anusi HHEPIHOHHOTO TEPMOSIICPHOIO CHHTE3a
u T.4. B paboTe mccienoBaHbl KHUHETHYECKUE MPOLECCH IUIOTHOW KBA3HKIACCHYECKOH IIa3MBl C y4€TOM KBAaHTOBO-
MexaHudeckux 3¢ dextoB qudpakimu 1 cuMMmeTpud 1 3¢ dekra SKpaHupoBKH. KnHeTHYeCKIe XapaKTepPUCTHKH IUIOTHOM
KBAa3MKJIACCHYECKOI IIa3MBl ITOJYYSHBI YUCICHHO Ha OCHOBE 3((EKTHBHOTO IOTEHIHMANa B3aWMOJACHCTBUS YACTHIL.
OmnpeaeneHbl 3aBUCHMOCTH (DYHKIIIH PACTIPEACICHUH 3JIEKTPOHOB B CHIIBHOM IIOCTOSHHOM II0JIE OT CKOPOCTH U CPEIHSSA
9HEPTHUs IEKTPOHOB IIPH ATOM PACIPEACICHUH OT cKopocTH. [loka3aHo, 4To yueT 3ddexTa IKpaHUPOBKU M KBAHTOBO-
MexaHM4YecKUX 3()(PeKToB TUdPaKIMU 1 CAMMETPUH B IDIOTHON KBa3HKIACCHYECKOM IUIa3Me MPUBOINUT K YBEIHYCHHIO
CpeAHeH SHEepruil HJIEKTPOHOB IMPH YBEIHMYEHUH CKOPOCTH, a TakKe (YHKIHS paclpelesieHUs] YacTHUL[ B CHIILHOM
TMOCTOAHHOM I10JIC YBCIIMYMUBACTCA C YMCHBIICHUCM IMapaMeTpa IMJIOTHOCTU IUIa3MBblI.

KaioueBble ciioBa: KMHETHYECKHE IPOLIECCHI, KBAa3WKJIACCHUECKas IIOTHAs IUIa3Ma, KBAaHTOBO-MEXaHHYECKUE
3G deKT AUPPaKIUU U CUMMETPHHU, 3PPEKT IKPAHUPOBKH.
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KBA3UKJIACCUKAJIBIK ThIFbI3 IJIASMAJIAFBI KHHETHUKAJIBIK ITPOOECTEPIH 3EPTTEY

WHepuunanapl TepMOSIPOJIBIK CHHTE3/II )KY3ere achlpaThlH jKoHE T.0. KeNTereH KOHABIPFbUIap/a NalaanaHbUIaThIH
TBIFBI3 KBa3MKJIACCUKAIIBIK IUIA3MaHbIH KHHETHKAJBIK CHIIATTAMalapbl Typajbl MAJIMET alyFa MYMKIHAIK OeperiH
3epTTey KYMbICTaphl OYTIHT] yaKbITTa YIKESH KbI3BIFYIIBUIBIK TYBIPBIIN Keliei. by ®yMbIcTa KBa3UKIACCHKAJIBIK THIFBI3
u1a3Majiarbl SKpaHAaly KyOblIbICHI MEH KBaHT-MEXaHHKAJIbIK JU(PAKINS MEH CUMMETPHUS KYObIIBICTAphl €CKEPIJIeTIH
KUHETUKAJIBIK TpOLeCTep 3epTTelireH. KBa3WKIAacCHKalNbIK THIFBI3 IIa3MaJarbl KHHETHKAIBIK KYOBUIBICTAp
OenmeKTepAiH acepiiecyiHiH (P (EeKTHBTI TOTECHIMAIBI HETi31HIe CaHIBIK TypAe ecenTenreH. Kymri a1ekTp epicinaeri
ANEKTPOHAAPIBIH YIECTIPLTY (YHKIUACHIHBIH JKbUTIAMIBIKKA TOYCIIUTIT KOHE OCHI YIIECTIpUTYAET] SJIEKTPOHIAPABIH
opTala YHePTrUsACHIHBIH KbUIIAM/IBIKKA TOYESIIUIIT] anbiHFad. KBa3WKIIacCHKaJBIK THIFBI3 IIA3MaIaFbl SKpaHJaATy )KoHE
KBAaHTTHIK KYOBUIBICTapBl €CKEpPUICTIH 00Jca, KXBUINAMABIK OCKEH CAWbIH JIIEKTPOHAAPIBIH OpTalla SHEPTHSICHIHBIH
WIFasITEIHBI KOPCETUITeH, COHBIMEH KaTap IUIa3MaHBIH THIFBI3IBIK TapaMeTpi TOMEHACTCH CalbIH KYIIITI DJICKTp opiciHaeri
OeJIIIeKTePiH YIeCTipiy DYHKIMSICHIH YIFasThIHBI OaiKaIFaH.

Tyiiin ce3aep: KMHETHKAJIBIK MPOLECTEP, KBA3UKJIACCUKANBIK THIFBI3 IUIa3Ma, KBAaHT-MEXaHUKANIBIK AU(PaKIus
KYOBUIBICHI, DKPaHAATY KYOBIIBICHL.

Abstract
INVESTIGATION OF KINETIC PROCESSES IN DENSE SEMICLASSICAL PLASMA
Turekhanova K.M.%, Kaliyeva D.S.?
! Cand. Sci. (Phys-Math), Senior Lecturer, al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Student of Master’s Programme in Physics, al-Farabi Kazakh National University, Almaty, Kazakhstan

The study of the kinetic characteristics of dense semiclassical plasmas is of great interest in many applications such
as in the implementation of inertial thermonuclear fusion and etc. In this work we study kinetic processes of dense
semiclassical plasma on the basis of the effective interaction potential of particles, taking into account the quantum-
mechanical effects of diffraction and the screening effect. Kinetic characteristics of dense semiclassical plasma are
obtained numerically using the Coulomb logarithm based on effective potential. The dependence of electron distribution
function on the velocity and the dependence of the average electron energy on the velocity were obtained in a strong field.
It has been determine that the particle distribution function in a strong field increases with decreasing plasma density
parameter, which is connected with into accounting quantum mechanical effects and screening effect. It has been shown
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that if the quantum-mechanical effects of diffraction and screening effects in dense semiclassical plasma are taken into
consideration, then the average electron energy in a strong field would have increase with increasing plasma particles
velocity.

Key words: kinetic processes, dense semiclassical plasma, screening effects, quantum mechanical effects of
diffraction.

B Hacrosiee BpeMs 4€TKOE M TOYHOE TCOPETUYCCKOS ONMHMCAHUE TUIOTHON KBAa3WKJIACCUYECCKON IUIa3Mbl
SIBIIICTCS.  aKTyaJlbHOW  mpoOiemoid. KuHeTHueckue TMpolecChl  SBISAIOTCA — Hanbolee  BaKHBIMHU
XapaKTepUCTUKAaMK TUIOTHOW TUIa3Mbl, TaK KaK WCCIEIOBAaHUE MPEJCTABIsACT (YHIAAMEHTAIbHBIA U
MpakTHYecKknii mHTepec. B pabore [1] dbyHKImS pacmperneneHne YacTHI] Oblla OINpeneieHa pa3IHIHBIMU
napamerpamMu U nporeccaMu. OCHOBHBIM MEXaHHU3MOM, OMPE/ICISIONIYI0 CaMyl0 OBICTPYIO YacTh (DYHKIIMU
pacrpe/ieNieHusl, SBISICTCS yXO/ JIICKTPOHOB K cTeHKaM. KpoMe Toro, GyHKIUsS pactpeielICHUs SICKTPOHOB
MO JHEPTHsAM UMEIOT OOTaTyI0 CTPYKTYPY, BBI3BAHHYIO CYIEp YIMPYTUMH CTOJKHOBEHHSIMUA BO30YKICHHBIX
YaCTHII C XOJOIHBIMHE 3JIeKTpoHaMu [2]. TTo Bo3aeiicTBHEM BHEIITHUX CHJI IIPOUCXOIUT OTKIOHEHHE QYHKIINH
pacnpezie/ieHus] 4acTUI[ OT PaBHOBECHBIX. [IpM 3TOM MOTYT M3MEHHWTBCS HE TOJIBKO CPEAHSISI DHEPTUS H
HaTpaBJIeHHass CKOPOCTh YACTHIl, HO W BUA (DYHKIMH pacrpelelicHuss — €€ 3aBHUCUMOCTh OT KOMITOHEHT
ckopoctu [3].

B nmanno#l paboTe ucmonb30BaHBl Oe3pa3MepHBIC MapaMeTphl, XapaKTEPU3YIOIIUE CHCTEMY: Hapamerp

csn I =€%/ (akgT) ; napamerp menneansuocrn ¥ = e’/ (roKsT) ; Gespasmepusiit Bux sueprun E =€/ aé;

napamerp mwiotnoctn Iy =a/8g, [ =1, /85, rae &, Iy, 85 - cpeanee paccrosHie MekIy YacTHIAMH,

paauycsl Jlebas u Bopa.
Jlns omuvcaHus B3aUMOJICUCTBHS 3apsDKCHHBIX YAaCTHUI] HU3KOH IJIOTHOCTH HCIOJB3YETCS MOTCHIIHAT
Jebas-Xrokkens:

ee r
__~a“b
D, (r)=—""exp| —— @
r D
B Ka4dyeCTBC OIIMCAaHUA BSaHMOﬂeﬁCTBHﬂ 3ap;1>1<eHme qacCTUIl B Knaccnqecxoﬁ IJ1a3mMe I/ICHOJII)3y€TCSI
TICEBJOMOTEHIIMA, KOTOPBIA YYUTHIBAET KOPPEIIIHOHHBIE 3(P(EeKThl BHICHINX IMOPSAIKOB Ha OONBIINX
paCCTOHHI/IHXI

f(R)

y R1+7/72

oR) = R 2
R)=ge 1+c(y) )

f(R)=( VR -)(L-e)/5,
c(y) = — 0.008617 +0.455861 » —0.108389 »° +0.009377 5°

rae c(y) - monpaBOYHbINA KO (UIMEHT I pa3HBIX TapaMeTPOB HEUACAIBHOCTH ), TIOJydEeHHbIH Ha OCHOBE

KyOMUYeCKOI HHTEPIOJISIHH.
Taxoke JUIs OMMCaHUS B3aMMOJCWCTBHS 3apsOHKCHHBIX YacCTHI] B KBA3UKJIACCHYECKOW IUIOTHOM ILIa3Me
ucnonb3yercs 3¢ (HEeKTUBHBIN OTSHIIUAN, yIUThIBatONIHi 3(h(hekTa IKpaHUPOBKH 1 KBAHTOBBIX 3P PeKToB [4]:

2 —Br —Ar
@, (r) = —2aZs® (e - j 3)
J-42z, gl

TIE

2 1 2 2
A =ﬁ(1+a/1—zaﬁ/r,3),

2 1 2 2
B =ﬁ(1—,/1—/1aﬂ/r[3),

2
Iy :(kBT /(47re22_anj2D -paanyc Jlebas,
i

Zae,zﬁe - OJNeKTpHYeckue 3apaiabl o u B uacthm, A, =h/ﬂf27rmaﬁkBT - mmHa ne-Bpoiins,

m,; =m,m, / (ma + mﬁ) - IPUBEJICHHAsI Macca o U 3 9acTHIl.

220




BECTHUK Ka3HIIY um. Abas, cepus « Puzuxo-mamemamuyeckue Haykuy, Nel(61), 2018 2.

JlJ19 TIOCTOSTHHOTO Ce4YeHMs] CTONKHOBEHHUH (DYHKIMS pacrpenesieHnss B CHIBHOM JJIEKTPHYECKOM II0JIe
MMeeT BH/I:

3m204;(
f, = Aexp —72‘* 5 Za
8e"E" A,

ra€ U3 yCJIOBUA HOPMUPOBKU

3/2
A 037 M\ Zea

(4)

()
V4 e, E
Pacmipenenenne, ommceiBaeMoe ¢opMmynoii (4), Ha3sIBalOT pacrpeaeneHueM JlproBecteitHa. Ero
XapaKTepu3yeT 3HAYUTEBHO 00Jiee CHIIbHAS 3aBUCUMOCTh OT CKOPOCTH IO CPaBHEHUIO C MAKCBEJUIOBCKUM
pacrmpeeneHIeM.
Torna cpenHssi SHEPTUS IEKTPOHOB IIPH ATOM PaCIPECIICHHN:

(Kg)=04m, / meE4,

TIe

(6)
Aeq - MmHHA CBOGOAHOTO mpobera >1eKTPoHOB. OHA JIErKO ONpEEISeTcs C IOMOIIBI0 YaCTOTHI
CTOJIKHOBEHUU 3JIEKTPOHOB:

4zne’
=54 0
mv
YacToTa CTOJIKHOBEHHIA 3JIEKTPOHOB (7) BBIYKCIICHA C TOMOIIBIO KYJIOHOBCKOTO jiorapudma [5].
1 bne 6,
A=—5 [sin’(Z)pdp (8)
p.° o 2
e p, = ee

o - IPULEILHBIA ApaMeTp.
y7y

Wnrerpan (8) pemancs uucieHHo MerogoM Oiinepa U Cumrcona. [loacTaiss KOHKpeTHOE 3HAaUEHHE

noteHnuana M (r) BBIYUCIAETCS yroyl PaccesHHs (90 , @ 3aTeM KYJIOHOBCKHUH Jorapudm 1o dpopmye (8).

n

E fiective pseudopotential (3}

Vir 10°°

T
30 B0
<iF»

Pucynox 1. 3asucumocmov (pynxyuu pacnpedeienus 21eKmpoHO8 8 CULLHOM NOJLE 0N CKOPOCMU HA OCHOGE
aghgpexmusnozo nomenyuana (3) niommuoi keazuxraccuveckou niasmol npu E=1, I'=1 u npu paznom 3uavenuu rs.

221




Ab6aii amvinoazvl Ka3¥I1V-niy XABAPILBICHI, « Quzuxa-mamemamura vlavimoapuly cepuscol, Nel(61), 2018

4000

« =+ Debyk-Huckel (1)" ' ! %
— — Pssudopotential (2) 7
Effective pseudopotential (3) g
r.=5r /a, /4 -
3000 4 R .
E=tela,’ 4

3500 =

25004 =1 £°
o 20004
1500 -
1000 -

500 o

Pucynox 2. 3asucumocms cpedneii sHepeuu 31eKmMpoHO8 8 CUTbHOM NOJle OM CKOPOCU HA 0cHoge nomenyuaia (1),
(2), (3) naommuoii nnasmet npu rs=5, E =1, y=1.

3000 v

L] v L] 'f L) v L) v
—r.=3rfa, (3) !

- =r=rja, (3) !

soon E=lera’

=1

5000 /

7000 =

o 4000 =
3000 = 7
2000 = /

1000 4 p

Pucynox 3. 3asucumocmu cpedneil dnepeuu 21eKmpoHo8 8 CUIbHOM Noje O CKOPOCMU HA OCHO8E dPPeKmuHo2o
nomenyuana (3) naiomuou keasuxnaccudeckou naasmel npu E =1, y =1 u npu pasnou snauenuii rs.

Ha pucynxke 1 npezacraBiieHsl pe3yabTaThl BEIYUCICHHS (YHKLINU paclpeieIeHus] 3JIeKTPOHOB B CHIIBHOM
[ojie OT CKOPOCTH Ha OCHOBe 3()(EKTUBHOIO TMOTEHIMAajda B3aWMOJCHCTBUS YacTUI] IUIOTHOM
KBa3HMKJIACCHYECKOH Mma3Mbl. BuHO, 4TO (DyHKINS pacnpeeseHus YacTHIl B CHIIBHOM TI0JIe YBEeJTHMYHBAETCS
C YMEHBIIEHHEM IapaMeTpa IJIOTHOCTH IUIa3Mbl, KOTJa Mbl YYHTBHIBAEM KBAHTOBO-MEXaHHUECKHE U
sKpaHupyomue 3p¢dexTsl. ITO BO3MOXKHO, CBSI3aHO C YMEHBIIEHHEM YacTOT CTOIKHOBeHUH [6]. Ha pucynke
2 TOKa3aH 3aBUCHUMOCTh CPEIHEH DHEPIHid JIEKTPOHOB B CHIILHOM I0Jie OT ckopocTH. /s addekTuBHOTO
B3aMMOJICHCTBUSL CpENHSS JHEPTHsS JJIEKTPOHOB JICXKHUT BBIIIE, YE€M COOTBETCTBYIOIIUE JAaHHBIC IS
noreHuuana Jlebas-X1oKKenss U MCEeBIONOTEHIMAla. JTO CBA3aHO C TE€M, YTO MOTeHHMan (3) yduThIBaeT
KBaHTOBO-MeXaHHueckue d3PPeKThl qudpakiun 1 3ddexra sxpanupoBky. Ha pucyHke 3 BHIHO, 4TO CpenHss
SHEPTHUsl SJIEKTPOHOB B CHIILHOM TIOJI€ YBEJIMYMBAETCS C YMEHBIIEHHEM IapameTrpa IuIoTHOCTH. CpemHsis
SHEPrusl UIEKTPOHOB, MOJyYEHHbIE Ha OCHOBE S((EKTUBHOTO NOTEHLMAa B3aUMOACWCTBUHM YacTHI,
YBEJIUUUBACTCS C YBEJIHUYEHHEM CKOPOCTH NpH yuere 3¢ deKTa SKPaHUPOBKM M KBAHTOBBIX 3(pdekToB, uTo
CBsI3aHO ¢ 00pa30BaHHEM HEKOTOPBIX YHOPSIOUSHHBIX CTPYKTYP B TUIOTHOM TIIa3Me.
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V]IK 517.57
TPHTH 27.24
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2

KOMIUVIEKCTIK CAHAAPADbI ®U3UKAJIBIK ECENITEPADBI LHEIUYAE KOJIJAHBLTYbI
Anoamna

By Makamaga KOMIUIEKCTIK CaHAAapAbl TOJIBIK MEHTepill, oJapAblH (HU3UKaJIbIK KOJMIaHbICTAphl KepceTinai. Pu3nka
ecenTepinae KOMIUISKC CaHap/ibl MaiIaNaHblIll, MUY JKOIIAphl, SFHU KOMIUIEKCTIK CaHIap/bl KOJJaHy TYPaKThl TOK
Ti30eKTepiHAe KOMAAHBUIATHIH OapibIK 3aHOap, (GopMymanap jKoHE eCemlTey oAiCTepiH alHBIMANBI TOK Ti30eKTepiHme
ecenTeye KOJNJaHyAarbl MYMKIHAIM KapacTeipbuinel. COHBIMEH Katap (u3ukaga TepOemicTepli KOMIUIEKC CaHIap
HeMece KOMIUIEKC aifHbIMaJsbllap apKbUIbl ©pHEKTEeYTe 00JIaThIHABIFBI KepceTiai. JKuiniktepi Oipaeit OonaTeiH OipHerie
TepOeicTep i KOCY YIIiH 0JIAPIbIH KOMIUICKCTIK aMIUTUTYAAChIH KOCY KETKITIKTI. AJIBIHFAaH KOMIUIEKC IITAMaHBIH MOTYJIi
aKbIPFBI TEPOEITICTIH aMIUIUTYAAChIH, aJl OHBIH apryMeHTi OacTankpl (a3ansl 0epeni. @U3nKabIK Moceseaep i mey/ie
KOMIUIEKC CaHIap TEOPHUACHIHBIH MaHbI3bl ©T€ 30p. MaKallaHbIH KOJIaHBIC asChIHBIH 30p MYMKIHJITIHIH 031, OYpbIHHAH
OemTial YFeIMAapIbl OaH dpi TONBIKTHIPA TYCEIi, COHBIMEH Oipre, OHBIH (DM3HWKAJBIK KOJIAHBICTAPHl TPAKTHKAIBIK
MAaHBI3/IbIIBIFBIH Al TYCE/I.

Tyitinai ce3gep: TapMOHISUTBIK TepOericTep, KOMIUIEKCTIK CaHAap, aKTUBTI OTKI3TIMITIK, pEaKTUBTI OTKI3TIMITIK,
HUMIIEAaHC MOAYI, (DU3UKA, JNEKTPOTEXHUKA, TPUTOHOMETPUKAIBIK (yHKIHsIIAp.
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Lx.gp.-m. n., doyenm Amoipayckozo zocyoapcmeennozo yuueepcumema um. X, Jjocmyxameoosa , 2. Amvipay,
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NPUMEHEHUE KOMIIVIEKCHBIX UYAUCEJ ITPU PEHIEHUU ®U3NYECKHUX 3AJIAY

2

B naHHOH craTbe AaHO MOJNHOE YCBOGHHE KOMIUIEKCHBIX YHCENl M WX IPUMEHEHHE B (H3HKe. PaccMOTpeHBI
BO3MOXXHOCTH NPHUMEHEHHUS! KOMIUIEKCHBIX YHCEN NMPH pPEIleHHH (PU3MYECKUX 3a/ad B LEMIX MEPEMEHHOTO TOKa U
METO/MKa MX paCdera. Bmecte ¢ TeM mokas3aHo, 4To B (U3MKE KOJIEOAHUsI MOTYT OBITh BBIPa’KEHBI KOMIUICKCHBIMHU
YHUCIAMHU UK KOMIUIEKCHBIMU IEPEMEHHBIMU.

UT0OBI CIIOKHUTH HECKOJIBKO KOJICOAHUH, UMEIOINUX OJMHAKOBBIE YaCTOTHI, TOCTATOYHO J100aBUTh UX KOMIUICKCHYIO
ammutyay. IlodydenHoe 3HaUYCHHE MOAYIIS KOMITIEKCA 1aeT aMIUTUTYAy KOHEYHOTro KoJeOaHHs, a ero apryMeHT JIaeT
HadaibHyo (pa3y. KommiekcHas Teopus yucen uMeeT 00JIbII0oe 3HAYSHUE [T PelIeHNs GU3NUSCKUX 3ajad.

OpnHol U3 3aMeyaTeIbHBIX 0COOCHHOCTEH MaHHOW CTAaThH SABISIETCSA TOT (DAKT, YTO OHA JOTOJHSET y’Ke W3BECTHBIC
KOHIIETIIIUH U OJJHOBPEMEHHO PACKPBIBACT MPAKTUYECKOE 3HAUCHUE NMPUMEHEHHSI KOMIUICKCHBIX YHCeN B (PU3HKE.

KiroueBble cjioBa: rapMOHHUYECKO€ KoylebaHMe, KOMIUIEKCHBIE YMCIIA, aKTHBHAS IPOBOAMMOCTh, pEaKTHBHAS
MIPOBOAAUMOCTB, MOJYJb UMITaIaHC, PHU3NKa, JIEKTPOTEXHUKA, TPUTOHOMETPUYECKUE (DYHKITHH.

Abstract
USAGE OF COMPLEX NUMBERS IN SOLVING PHYSICAL PROBLEMS
Shazhdekeeva N.K.%, Abykanova B.T.?
1 Cand. Sci. (Phes-Math), Associate Professor, Kh.Dosmukhamedov Atyrau State University, Atyrau, Kazakhstan
2 Cand. Sci. (Pedagogical), Associate Professor, Kh.Dosmukhamedov Atyrau State University, Atyrau, Kazakhstan

In this article we have a complete understanding of complex numbers and their applications in physics.The
possibilities of using complex numbers in solving physical problems in alternating-current circuits and the methodology
for calculating them are considered. To add up several oscillations having the same frequencies, it suffices to add their
complex amplitude. The obtained value of the modulus of the complex gives the amplitude of the final oscillation, and
its argument gives the initial phase. Complex number theory is of great importance for the solution of physical problems.
One of the remarkable features of this article is the fact that it supplements already known concepts and simultaneously
reveals the practical significance of the application of complex numbers in physics.

Key words: harmonic oscillation, complex numbers, active conductivity, reactive conductivity, modulus of
impadance, physics, electrical engineering, trigonometric functions.

Ddusukaabik Macenenepni menryae KOMIUIEKCTIK CaHJap TEOPHUSICBIHBIH MaHBI3BI OTE 30P. OHbIg 6aanIFLIH
€CKEepTY MYMKIH eMec.
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Odusnkaaa TepoemicTepai KOMIUICKCTIK caHAap HeMece KOMITIEKCTIK aHBIMabLIap apKbUTBl OPHEKTEYTE
Oomaasl. MBICalTbl, TAPMOHHUSIIBIK TEPOCTiCTEPIIH Keeci

Ag cos(wt + @), A sin(wt + ¢)

TPUTOHOMETPUSIIBIK (DYHKIMSJIAPMEH OpHEKTENETiHI MEKTeNTe OoTiIeTiH (pu3uka KypchiHaH Oenrim. OchI
TPUTOHOMETPUSIIBIK HAKThI €Ki (DYHKIMSIHBIH OPHBIHA HAKThl alfHBIMAIIbI t-HiH (yaKbITTBIH) Oip KOMIUICKC
(YHKIMSICBIH KapacThIpyFa 00JaIbl, MACEIIEH,

A(t) = Ap[cos(wt + @) + i sin(wt + )] = Age’@t+?) = A elPei®t = Ael®t

myHma A = Aye'?.
Byt popmynanaret Ay = [A] — rapMOHUSIIBIK TepOETiCTIH aMILTUTYIAChl, ¢ = argA — GacTanks (asa, ain
@ — YKULTITI.

A(t) — Aei(ut — Aei(a)t+q0)

(YHKIMSIMEH CUNATTANATBIH KOMIUIEKC TepOemicTi Monymi (Y3bIHABIFBI) Ay CaHbIHA TEH, W OYPBIIITHIK
KBUIJAM/JIBIKIICH alfHAIATBIH BEKTOP apKbUIbI KECKiHEyTe 00a bl

TepOemnicTepai KOMIDIEKC IIamanap apKbUIbl KOPCETy BEKTOPJIBIK JAWArpaMMaHbl TYPFBI3YMEH TBHIFBI3
OaitmanpicThl. LIIbTHBIMEH, erep Ka3BIKTHIKKA e3apa €Ki MEepHeHIUKYISAp ecTep XKYPTi3eTiH OoJicak >KoHE
OJIapbIH Oipine X))z KOMILIEKCTIK CaHHBIHX HAKTEI OoJIiriu, an KeJecicine
(1Y) oxopaman iy OeiriH opHajlacThlpca, OHJA Z CaHBI COJ JKa3bIKTBIKTA O€Nriimi Oip BEKTOp TYpiHIE

opHaacajabl. Byl BEKTOPIBIH Y3BIHABIFEL 0 = /X2 + Y2 Z KOMIUIEKC CAaHBIHBIH MOYJIi 0OJIaIbl, all HAKTHI X
OCiHE )xacanFraH @ = arctg(y/x) OypbIll Z apryMEeHTIHE TeH. BEeKTOPIIBIK Tuarpamma xaraaibiaaa 0i3 0y
BEKTOpABI TpaQuK TYPIHIE callaMbl3, al KOMIUICKCTIK Iamaiapibl KOJJAHbIN, OHbl aHAINTHKAJIBIK TYpPJC
xazyra Oomajpl.

Ocpaiima: sxuinikrepi Oipmed OomateiH OipHemie TepOemicTepai KOCy VINH ONapIblH KOMIDIEKCTIK
aAMIUIUTYJAChIH KOCY JKCTKUIIKTI. AJIBIHFAaH KOMILICKCTIK IIIAMaHbIH MOJYJi aKbIPFBl TEepOEIiCTIH
aMIUTATYJACBIH, aJl OHBIH apTyMeHTi O6acTanksl (ha3aHbl Oepe/i.

Erep 1i306ex Oemirinig L WHAYKTUBTLNIr O60ca, oHga Ug;, = ljiwLl Oonanbl. COHABIKTAH
z; = iwl

Jlon ocbutali KOHACHCATOP JKAFIalbIHa Ja KOMITICKCTI KeIepri MbIHAFaH TCH: Z, = ﬁ

OcblaH, TYpaKThl TOK 3aHAApPBbIH TE€K TOK KYIIIHIH aMIUIATYJAChIHA, KEAEPTire >KkoHe JIIEKTP KO3FayIIbl
KYIIIKE FaHa eMeC, COHBIMEH KaTap OChI IaMaiapblH KOMIUIEKCTIK aMIUTUTYAaaapbiHa Ja KOJiaHa alambl3.
CoH/IBIKTAH KE€3 KEJINeH alHbIMalibl TOKTBIH Ti30eri OOMBIHINA ecenTepii IIemy Ke3iHJe TYPaKThl TOK
€CerTepiH eIy eri TOK KYIIiH, KeJeprifi )KoHe 3.K.K.—1H oJapAblH KOMIUICKCTIK aMIUIUTYAaJapbIMeH, a
Ti30ek OeiriHeri KeAepriHi OHBIH KOMIUIEKCTIK KeAepriiepiMeH CoHKEeCiHIe alMacThIPCaK, OHNA ecell
SKEHUTIEH .

CeiiTin aliHBIMAJIBI TI30CKTErl KEIEpPriHI €CeNnTey/iH epeXeci IIbIFaJbl: alHbIMAIbl TOK Ti30EKTeri
Keleprini ecenrtey ymIiH Ti30ekTeri opOipLUHIYKTHUBTUTIKTI  OHBIHjWLKOMIUIEKCTIK KeepriciHe,
opOip C chitbIMABUTBIKTEL 1 /iwC miamara oOWIIAa aybICTHIPHINT, all  OapiiblK Keepriiepai  e3repicci3
KaJaelpambl3. KepceTiireH KOMITIEKCTIK Keaeprijiepre TYPaKThl TOKTBIH KellepriiepiH ecenTeyaeri
KOJIIaHFaH OTepalusiap/pl, SFHU Ti30eKTeH KaFay Ke3iH/Iie KeleprijepAl KocaMmbl3, ajl apaijielib JKajFayia
onapra Kepi Iamanapjpl Koro kepek. bynan aneiaraH Z = X + iY KOMIUIEKCTIK I1aMa Ti30€KTEeri TOJIBIK
KOMIUIEKCTIK KenepriHi kepceremi. On Ti30ek umrmenaHcel aen atanafpl. OHBIH X HaKTBl O6iri Ti30eKTeri
aKTHBTI KeJiepri, ain »xopamai 0eiri Y — peaktusti kexepri. UMnenanc moayini Z = VX? + Y2 aliusiMaisl
TOK YIIIH Ti30€KTerl KeJepri IaMachiH Oepe/Ii )KoHe TOK KYIIiHIH aMIUIUTY/IaChlH aHBIKTAMIbI.

KommnekcTik canmapabl KOJJaHy TYPakKThl TOK Ti30€KTepiHIE KOJAaHBUIATHIH OapiiblK 3aHIap,
(dhopMyanap *oHe ecenTey 91iCTEPiH alHbIMAJIBI TOK Ti30EKTepiH/Ie ecenTeyae KoJIIaHyFa MyMKIHIIK Oepe.

JJeKTpoTexXHUKa/la «AWHBIMAJIBl TOK» TaKbIPHIOBI ayKbIMIbl OpBIH anajubl. byl KemrereH
AIIEKTPOTEXHUKAJIBIK KOHBIPFBUIAP aifHBIMAJIBl TOKTA XKYMBIC ICTEHTIHIIriMEH TYCIHAIpiIea.

DJeKTp CTaHUUsUIAphl KapamabIM 3JIeKTp Ti30eKTepiHAe alHBIMAbl TOK TY3E€TiH alHBIMANbl KEpHEY
eHJIipei, OipaK AJIEKTPOCTaHIMSIAD TEK KaHa alHbIMAJbl €MeC, COHBIMEH Oipre CHHYCOHIabl ©3repeTiH
KEpPHEYMEH TOK >Kacaubl.
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AVHBIMaNBl KepHEY TeHAeYiHIH >kaimbl Typi: U = Upsin(wt + ¢). u- KepHEyAiH MakCHMyM MOoHI
(ammumaryna), U,,— KepHEYIiH JIe3iK MOHI, w— OYPBIMITHIK XKUiTiK, SO0I'1] cTaHmapThl )KHUUTIKTE, t- YaKbIT, -
Oacranksl Qazanslk Oyphll, wt = a— IEKTpIiK Oypoim, @=314 pag/c Hemece w=rpaj/c

u = Uy, sin(wt + ¢@)— Oy TeHaey eki aHbIMalbl IaMaHbl OainaHBICTEIpaAbl: KepHey U skoHe yakpIT t.
VYaxpIT oTyiHe OaillaHBICTHI KEPHEY CHHYCOMAabI o3repesi. OckiFaH yKcac 6acka ja CHHYCOHUIaJIbl ©3TepeTiH
TOK IamMasiapsl 6ap:

i = I, sin(wt + @), e = Ep, sin(wt + ¢) xoue T.0.

AVHBIMaBl CHHYCOMAANTHI IIaMa BEKTOpMeH Oepislyi MyMKiH. BEKTOp Y3bIHIBIFBI aMIUIUTYyIaFa TEH, ULTY
OypoITIBl OacTanmkhl (azaiblk Oypeimka TeH. CHHYyCOMAabI MaManap/Isl KOCY ’KoHE a3alTyIbl BEKTOPIApAbI
KOCY JKOHE a3aiiTyMeH anmMacTeIpyFa Oomazpl. bipak, Kocy »oHe amynaH 0acka, CHHYCOMAAJbI Iamaiapabl
KeOelTy jxoHe Oemyre Typa keneai. Ocbl ke3ie 0i3re KOMIUIEKCTIK CaHIapblH KOMET] KaKeT.

KoMriekcTik caHHBIH HAKTBI JKOHE KopaMad eki Kypama Oeiriri O0NaTBHIHABIFEI, KOMIUIEKCTIK OCTTiH
abcrcca oci OOMBIHINA KOMIDIEKCTIK CAaHHBIH HAaKTBI, ajl OpPAMHAT ©ci OOWBIHIIA >Kopaman OeiriH
QNaTHIHIBIFBI OCNTi. DJIEKTPOTEXHUKAAa, MaTeMaTHKara KaparaHJa, >KopaMain OipJiKTi—jopimiMeH
Oenrineiini. Erep ne A = a + jb komIulekcTik caHbl 00jica, OHbI BEKTOPMEH Kepceryre Gomanpl. |A| =

) ) b . .
Va? + b?- KOMIUIEKCTIK CaHHBIH MOJYJIi; & = arctg |E|_ KOMIUIEKCTIK CAaHHBIH apTyMEeHTI.

CBI3BIKTHI 3JIEKTp Ti30eTiHIH TypaKTaJFaH KYMBIC PETIH eCenTey Ke3iHAe CUHYCOHMIANBIK TOKTHIH JIEe3IIiK
MOHJIEpiHE COMKeC KOMILICKCTIK MOHJEp Koubutaael.  Mbicansl, u = U,,sin(wt + @) xepHey Tenzaeyi 0ap.
DNEKTPOTEXHUKAZAa BEKTOPABIH Y3BIHIBIFBIHA MaKCUMall MOH eMeC IIbIH MoH anbiHaabl. On U opimiMeH
Genrinene i XoHe MaKCHMan MOHi V2 6oy KONBIMEH ecenTemiHe.

KoMrutekcTik canMeH OepulreH CHHYCOMIANbI IIaMa KOMIUICKCTIK JIEI aTaialibl XKOHE KOFaphl KarbIHJIa
HyKTeci 6ap Gac opiren 6enrineneni U. AnreGpansik yiri - U = U, + jUp (MynnareilU, — KepHEYIiH aKTHBTI
KypaymbiChl, Up,-KEpHEY/IiH PEaKTUBTI KYPAyLIbIChI); TPUIOHOMETPHUSIIBIK YITi - U = U(cosy + jsinp);
kepceTkimrik yiri -U = Ue/?®.

CoHbBIMEH, KOMITJIEKCTErT KEpHEY, MOLyJIb HAKTHI MOHTE, aJI apryMEHT — OacTankpl (hazaiblK OYpHIIIKa TCH.
Kepneynig akTuBTI KypaynIbIChl KepHEY KOMIUIEKCiHIH HETi3ri OeiriHe, al peakTUBTIK — jKopaMai OejiKke
TEH.

Tokka na amanortsl Gomamel:i = L, sin(wt +@); I =1,/vV2; [=1I(cosyp + +jsiny); [=1I,+
jly; 1 =1e°.

OTKI3rimTiK — OYI1 KeAeprire kepi mama. GTady YIIiH KeIepriHiH KOMIUIEKCTIK MOHIH KOJJJaHAMEBI3: Z =
r+jX..

_ 1 T—jXL _ T—jXL _ T . XL _ T -XL.
T orajx, r—jXp  r2-j2X.% 0 r2+X.2 J r2+x,2 72 z2’

c=1 o . X _p e G=uo—ib .
= -~ OTKI3TINTIK KOMIUIEKCI. — =g, 7 =b; gen Genrinen, G =g —j b, anambi3. g— aKTHBTI

OTKI3TIIITIK, b;— PEaKTHBTI OTKI3TIMITIK.
o . _i ’ S b
Kepcerkimrrik yirige G = ye /® mynnay = g2 + b;> y— Tonbik oTkisrimrik ¢ = arctg(— j).

ChIABIMABLIBIK Keepri yimin ykeac G = g + jb. , G = yel?,y = ’gz + b2,

b
@ = arctg (;C).
Kyar »xaliplHia TOKTalCaK, KyaT KOMIUICKCI erep KEpHEYy KOMIUIEKCIH OarbiTTac TOK KOMIUICKCIHE
KoOelTKeHAe maiiaa 0omaan.
S = Ul, S—kyat komIuiekci, [—0arbITTac TOK KOMILJICKCI.
KoMMiekcTik yirijie TeK TONBIK KyaTThl Jka3yra 60J1a/bl:

S =Ul = Ule/@®atep) = eti® = Seti®

TonbIK KyaT KOMIUIEKCTIK yiriie exi OeNikTeH Typaibl: 3aTTHIK O6JIiK aKTHBTI KyaT, aj Kopamall 0elik
K03 GUIIMEHTI peakTUBTI Kyat. YKopaman 0etik ajIbIHIarbl MOHHIH «+» O€JIrici KEpHEY TOKTHI 0aChI 03a/1bl,
KYKTEME-aKTUBTI-UHIYKTHBTI, «-» OCIIICIHIE XYKTeMe- aKTUBTI-CHIMBIMIBLIBIKTEL KeOelTy neHkeiin
HaKTHI 06JIirt akTUBTI KyaTKa, ajl >kopaMal 0eJiri — peakTHBTI KyaTKa TeH KOMIUIEKCTIK CaHanabl.

S$=P+jQ. P-aktusriKyar. (Q —peaKTHBTi KyaT.
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CHuHYCOMIAIBIK TOK Ti30€KTEPAiH HETi3T1 3aHIaphl KOMITIEKCTIKTIK Typ/e Obliai Ka3blaa bl

1.Ti36exk Gemiri yiria OM 3aHBbI:
U=2ZI

2. Ke3 kenren ty#iH yurH Kupxrodtei OipiHmn 3aHbl: (KOHTypAarbl OapiblKk k TapMaKTapbIHIAFbI
TOKTAP/AbIH alreOpabIK KOCHIHIBICH).

211‘5:0
k

3. Ke3 kenren koHTyp yiiH KupxrodTeiH exiHimIi 3aHbl: (KOHTYpAarbl OapiblK [ TapMaKTapbIHAAFbI
KEPHEYJIEPIiH areOpasblK KOCHIH/IBICHI).

ZU[ZZEI
l l

1-mi meicanm: Bepinreni: Tox Kymr KoMmIuiekcTik Typae 6epinren: I = 3 — j4 A. TOKTBIH TeHICYiH Xa3y
KEpeK.

[emryi. Teraeyni xazy yurin 6actankbl ¢azaiblk OYpHIIIEI MEH aMITTUTYAAChIH 01y Kepek. COHIBIKTaH
OepisireH KOMIUIEKCTiK TOKTBIH 0acTankpl (ha3aiblK OYPHIIIBIHBIH apTYMEHTI MEH ocep eTYIIi MOHIHiH MOyJIiH
Taly Kepek:

1= 3T F (B =54

—4
Y= arctg? = —53°

L,=IN2=5JV2=7,074
i = I, sin(wt + 1) = 7,07 sin(wt — 53°).

2-11 MBIcai: BepinreHi:U = 43,5 4+ j55,6; [ =104+ j9,35.AxtuBTi P *KO0HE peakTuBTI ( KyaTThl
AHBIKTAy KEPEK.

[emnryi. KomrekcTik Typae OepilireH KepHey MEH TOKTBI KOPCETKIIITIK TYpPre KeNTipeMi3, oy YIIiH TOK
MeH KepHEeY/IiH apryMeHTI MEH MOYJIiH TabaMbI3:

- 2 2 — . — 55’6: o. T — js2° p.
U 43,52 + 55,6 70,7 B; Y4 arctg435 52° U =70,7¢/> B;

9,35 . -
1 =4/10,42 + 9,352 = 14 4; ¢, = arctg o = 42°; [ = 14e/*% A.
BarbITTac TOK KOMIUIEKCIH aHbIKTAlMBI3: | = 14 /42°

S§=UI =170,7¢/5%" - 14e77%?" = 990e/1%° = 990(c0s10° + jsin10°) == 990(0,984 + j0,173)
=975 +j171.

AKTHBTI %oHE peaKTHBTI KyaTTsl Tabamb3: P = 975 Bt; Q = 171 Br.
3-11i MbIcait: bepinreHi: maccuBTI €Ki MOIOCTIKTIH KipiciHAEr! KepHeyl MEH TOKTBIH JIE3JIiK MoHI

u = 100sin314t B; i = 0,2sin(314¢ + 53°) A

Tanceipma: eki HOMIOCTIKTIH KOMIUIEKCTIK KeJeprici MEH OTKI3TIIITITiH aHbIKTay Kepek.
[Henryi. Tok neH kepHEYIiH KOMIUIEKCTIK 9cep eTyIli MOHAEPI:

0—100—70713
\/E ’
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. 0,2 . o ; o
| =—e/33° =0,141e/5%° A
V2

AHBIKTaMa OOWBIHIIA €Ki MOJFOCTIKTIH KOMIUIEKCTIK KeIEPrici MEH OTKI3TIIITITiH aHBIKTANbIK;

7 = u_7071 —J53° = 501,5¢7/53° = 300,9 — j399,3 0
£T7 701418 0 ToUe T TONRITUES UM
I 0141 . .
Y ==== J53° =1,994- 1073753 = 1,204+ 1073 + j1,597- 107 30m~ L.
=7 70'71e e +7J M

4-mi mpican: Tok i = 8sin(wt + 20°) A.Ocbl TOKTBIH KOMIUIEKCTIK aMILTUTYIACHIH XKa3y KepeK.
Ilemyi. Bynm xarmaiina I, = 8 A, 1 = 20° Hemece I, = 8e/2%° A. Bepinren TOK YaKBITTHIK
KOMIUTEKCTIK (YHKIMSCHIHBIH KOpamall OeiriHe TeH.

[,e/®t = ,e/(@t+20°) = 8/ (wt + 20°) A.

5-mi Mbican: TOKTBIH KOMIUIEKCTIK ammuurtyaachl I, = 25e773%° A ockl TOKTBIH ne3mik MoHiHIH
MaFbIHACBIH JKa3y KepekK.

Mlemryi. KoMmekcTik aMmiuuTynafgaH Je3fik MoOHre oTy YHiH I[e
KOOEUTIHIIEH:

J@lkeBeiiTy KepeK IKOHE OCHI

i = I,[25e7730 - e/@t] = [, [25e/(@t=30)] = 25sin(wt — 30°)

HIBIFAIEL
ToOKTBIH ocepiik MOHIHIH KOMIUIEKCI HeMece TOKTHIH KOMIUIeKci [ JIereHiMi3 — KOMIUIEKCTIK
aMIUTUTYIaHbIH L, / \/2 -KaTbIHACHL
6-mb1 Mbican: Kepueyain komrmieketik ammmurynacel U, = —100 + j100 Bkuiniri f = 1kl Jle3mix
KEepHEY YIIiH OHBIH OPHETIH jKa3y KepekK.

[lentyi. BypsumnTeix sxuinik 0 = 2nf = 27 - 103 = 6280pan/c, ammmryna Uy, = /(—100)% + 1002 =
1002 B; tgy = 100/(—=100) = —1;

KommnekcTik aMmnTy JaHbIH HaKThI 0JIiri Tepic, all xkopamail 0eJiri oH 00JaFaHIbIKTaH, oHAa Uy, BEKTOPHI
SKIHII MIUPEKTE JKaTapl, 1eMek P = 31/4.

CoHbIMEH KepHEY/IiH JIe3/1iK MOHI:

u = 100v2 sin(6280t + 31/4) B.

XKanme! anranma KOMIUICKCTIK CaHapAbIH KOJIAHBUTYBI CaH alyaH, OHbBIH iIIiH/e KenTereH Gu3uKa MeH
TEXHUKA KYOBUIBICTAPBIH cHUNaTTay/a oTe xui ke3aeceni. COHIBIKTAH KOMIUICKC CAHAAPbIH MPAKTHKAIBIK
KOJIIaHyJIapbIH KapacThIPy ©3€KTI Macesie 0OJIbI TaObUIa bl

Du3HKaIBbIK MoceeIep/Ii MISIIyIe KOMIUIEKC aiHbIMATBLUTBI (YHKITUSIIAD TEOPUACHIHBIH MAHBI3BI OTE 30P.
KoMrmnekcTik canaap/bl KoJAIaHy TYPaKThl TOK Ti30eKTepiHAe KONJaHbUIATBIH OapiblK 3aHaap, hopMyianap
JKOHE eCeNTey 9/IiCTEPiH aliHBIMAIBI TOK TI30CKTEPIHE ecenTeye KolIaHyra MyMKIH/IIK Oepei.
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UMHPOPMATHUKA. UYHPOPMATUKAHDBI OKbITY 91ICTEMECI.
BI/IIM BEPY 1 AKITAPATTAH/ABIPY
UMH®OPMATHUKA. METOZUKA ITPEIIOJABAHUA NH®OPMATHUKM.
UMHO®POPMATU3ALNA OBPA3SOBAHUA

YK 002:004.056
I'PHTH 81.93.29

P.E. A6()yaﬂuega1, M.M. Toxanoe®

1hKemicy Memaexemmix yHusepcumeminiy Qusuxa-mamemamuxa Qaxyivmeminiy Axknapammoix
MEXHONI02USANAP KAPeOPAChinbIY aga OKbImyubicol, macucmp, Tanovikopean k., Kazaxcman
2)1’(emicy Memaekemmix yHueepcumeminiy Quzuxa-mamemamuxa gaxyiememiniy Hugopmamuxa
MamanovieviHbiy Mazucmpi, Tanovikopean K., Kazaxcman

’KAHA TEXHOJIOTUAJIAP KOMETMEH «KPUIITOTPA®USAJIBIK, dKYHUE/TEPI1»
YUBIMJIACTBIPY

Axoamna

aHa aknmapaTThIK TEXHOJIOTHSUIApABIH JaMybl, OiliM Oepy caiachIHAAFHI )KaHa pi carayibl OKBITY Kypangapbl MEH
OarapyaMalbIK KeMICHAEPiH maiiaa OoyblHa YIKEH BIKIAN JKacaabl. AKIApaTTHIK TEXHOJOTUSHBIH HETi3ri Tanmadbl —
OiumimMrepiepre akmaparTelK OiniM HerizaepiH Oepy Oomeim Tabpmianmer. Kaszipri Tamma OuriM Oepy camacklHAA OKY
onicTeMeNiK Kypajaiapabl KoJIJaHa OThIPBIN cabaK TYCIHIIpY aiTapibIKTail )kKaKChl KepceTKimTep Kepeeryne. Makanaga
OarapyaMaiblK KaMTaMachl3 €TyJepAl HalmadaHaThlH JKaOJBIKTap >Kaiabl MBICANBI: «AKMApaTThl KOpFay >KoHE
aKMapaTThIK Kayinci3aik» noHiHe apHaiFaH «KaTeiHaynpl Oakeiiay sxyhenepi», « Kpunrorpadusibik xyienep», « L tpux
KOJTay/JIap» CUIaTTaJFaH, COHBIMEH KaTap OaraapiaMalblK KeIeHIepAiH OKy-o1iCTEMEITIK KeeHIepl KypacThIPBUIBII
oJIapMEH KaJlail )KYMBIC )KaCaNUThIH/IbIFbI JKAWIIBI aWKBIH alllbUIBIN aRThUFaH. AliTa KeTepIlik OYJI Makajaaa 3epTXaHalIbIK
KOHE 1C-TOXKIpUOenik cabakTapia OKy KYPBUIFBUIAPBIMEH JKYMBIC Kacall OTBIPBIT OUTIMII MAIIBIKTBIHABIPFaH
KAHIIIAJBIKThI KOJIAMIIBI Opi THIM/II SKEH/IIr OasHIaIFaH.

Tyiiin ce3aep: jxaHa TEXHOJIOTHSIAP, AKIIAPATThl KOPFay, KpUNTorpadus, THHOBAIMSIIBIK KBI3MET

Annomayus
P.E. A6oyanueea®, M.M.Toxarnoe?
! Mazucmp, cmapwuii npenodasamens kagedpuvt ungopmayuonnsix cucmem Hemvicyckozo 20Cy0apCmeentozo
yrusepcumema umenu M. JKancyeyposa, 2. Tanovikopean, Kazaxcman
2 Mazucmp no cneyuanvrocmu «Mugopmamurar Kemvicyckozo 20cy0apcmseenozo yHueepcumema umeHu
U )Kancyeyposa, 2. Tanovixopean, Kazaxcman
OPTAHU3BAILIUA «KPUIITOIPA®UYECKHUX CUCTEM» C IOMOIBIO HOBBIX TEXHOJIOT U

C ITIOABJICHUEM HOBBIX TeXHOJ’IOl"I/If/'I, CBA3aHHBIX C PasBUTHEM KOMIIBIOTCPHBIX CPEACTB W HOBBIX IMPOTPAMMHBIX
obecrieueHnH, MosSBUIIACH BO3MOXKHOCTh CO3/1aBaTh KAYECTBEHHO HOBYIO MH(OPMALMOHHO-00pa30BaTelIbHYIO Cpey Kak
OCHOBY IJIsA Pa3BUTHUA U COBCPHICHCTBOBAHUSA CUCTEMBI O6paSOBaHI/I$[. HCHLIO I/IHHOBaHI/IOHHOﬁ ACATCIIBHOCTH SIBIACTCA
Ka4eCTBEHHOE W3MEHEHHE JIMYHOCTH YYAalIerocs M0 CPAaBHEHUIO C TPAJUIIMOHHOW cucTeMoil. Ha mMaHHBIH MOMEHT
aKTyallbHO CTall0 TpPHUMEHEHHe B OOydeHHMH yd4eOHO-MeToJuyYeckoe OO0OpyIOBaHHe, HANpUMEp Ha YypoKe
«udopmanronHast 0e30MacHOCTh ¥ 3amuTa HHOOpMAIMil» HcmoNb3ytoTes «Kpunrorpaduueckue CHCTEMBbD»,
«Cucrembl koHTpons jpoctyna» W «llltpux koaupoBaHue». B crarhe pacCMOTpEHBI MPOrpaMMHOE oOOecreveHHe
BBIIIIECKA3aHHBIX  yueOHO-MeToquyeckux  obopymoBaHuit. Takke  OMUCHIBAIOTCS  OCOOCHHOCTH  PabOTHI
CHCIHATH3UPOBAHHBIX TPOTPAMM, U3y4YarOTCs IIAT(GOPMBI, Ha KOTOPBIX pab0TaeT JaHHOE MPOrpaMMHOE 00eCIIieYeHNE.
Martepuan JaHHOW CTaThH MOKA3bIBAET, HA CKOJBKO 3(PPEKTUBHO U IeJeco0Opa3HO MCIOJIb30BaHUE 000PYIOBaHUS HA
YpOKax.

KiroueBble cj10Ba: HOBBIE TEXHOJIOTHH, 3amyTa HHGOpMAIHA, KpUITOrpad s, ”HHOBAIIMOHHAS AESTEIbHOCTb.

228




BECTHHUK KaszHIIY um. Abas, cepus « @Qusuxo-mamemamuyeckue naykuy, Nel(61), 2018 2.

Abstract
“CRYPTOGRAPHIC SYSTEMS” ORGANIZATIONS WITH NEW TECHNOLOGIES
Abdualiyeva R.E.%, Tokanov M.M.?
1M.Sc., Senior Lecturer of the Information Sysytems at Zhansugurov Zhetysu State University,
Taldykorgan, Kazakhstan
2M.Sc. in Computer Science, Zhansugurov Zhetysu State University, Taldykorgan, Kazakhstan

With the advent of new technologies associated with the development of computer tools and new software, make it
possible to create a high-quality new information and educational environment as a basis for the development and
improvement of the education system. The purpose of innovation is a qualitative change in the identity of the student
compared to the traditional system. At the moment, the use of educational and methodological equipment in training has
become relevant, for example, in the lesson "Information security and information protection”, "Cryptographic systems",
"access control Systems™ and "Bar coding"are used. In the article the software of the above-mentioned educational and
methodical equipments is considered. It also describes the features of specialized programs, studied the platform on which
the software works. The material of this article shows how effective and appropriate the use of equipment in the classroom.

Key words: new technologies, protection of information, cryptography, innovative activity

Ocwl 0Oip Ka3ipri  eckelieH 3aMaHlla JaMbIFaH eJJIepAe aKMapaTThIK JKOHE TEICKOMMYHHKAIIMSITBIK
TEXHOJIOTHSIHBIH KEeHIHEH KOJIJaHBUTYybIHA Opail yKaHa TeXHOJOTUSUIBIK TOHKEPIC >KYpil >KaTKaHbl Oenrii.
CoraH opail amamgapablH algblHAa 3aMaHayd (QYHKOWSUIBIK TaJlanTap KOWBLIBIN, JKYMBICKEp TEK KaHa
OHJIIPICTIK MIHJICTTEP/Ii )KaKChI aTKAPBIIT KaHa KOMMaii, coFaH 00Jia e3iHIIe Oip KOChIMIIA K00aIayabl, M
KaObUIJAYbl JKOHE MIBIFAPMAIIBUIBIK JKYMBICTApAbl OpbIHAAH Oimyi Tuwic Oombim oThlp. CeHTinm Oy
MaMaHJapAblH OCBIHAAaW KaObuleTTepi MeH OUTIKTIMIKTEpl  Kac Ke3iHEH KaJbINTACybl, OKYy >KOHE €HOEK
OpeKeTTEpiH OpbIHAAY Ke3eHAepiHae api Kapail namys! mapT. COHIBIKTAH 1a  QJIEMHIH OapIblK FalbIMIaphl
XXI racelpAarbsl FBUIBIM MEH TEXHOJOTHSIHBIH AaMybl aJaMHBIH OapliblK cajaJarbl KBI3METIH JKETUIIipe
TYCETiHiH TYKBIPBIMIAY/IA.

AKmapatTThl KOpFay *oHE aKHapaTThIK KayilCi3ik MoHiHIH AaMybiHa OainanbeicTel XXI FacslpasiH Oac
Ke3iHeH Oacran KaTblHAay/Abl OaKbUIAy JKyHenepl KYIEeHTimin KapKbIHab! famyaa. Kpunrorpadus akmapaTTsl
KOpFayaAbIH Oip OemiMi peTiHe Ka3ipri TaHaa KeNTereH 0Ky KYPhUIFbUIaphI )KOFAphl OKY OPBIHAAPBIHBIH O1T1iM
caylanapblHa eHiml, cabak OapbIChIHIA TIKIPUOETIK KYMBICTapAbl OPbIHAAYFa OHTAAaHIBIPBUFaH KociOH
TEeXHUKaNap KoJIaHbUIaAbl. ATan aitcak, «KaTbiHay sl Oakpiay xykenepi», « Kpunrorpadusuibik xxyitenepy,
«Tpux KonTay» >koHE Tarbl Aa OacKaJlapblH aTayra 0oJjanabl. ATanraH xyienepliH iminaeri «KaTeiHay bl
Oakpulay >KyheciMeH» >KyMbIc >kacay yuriiH apHaiiel Edge Solo Oarmapiamacsl kaxer. Ocbl Oarmapiama
HETI31HIe «KaTbIHAYybl OaKbLUIaY JKYHECIHIH» €CIKTEpiH amry YLIiH apHail cMapT-KapTajnap KaKeT.

Cypem 1. Kamvinayowl 6axuvliay srcytieci

CMmapTt-kapTa —(arbUIlIbIHIIA smartcard) JereH MHKPOCXEMAachl EHII3UINeH IIACTHKAJIBIK KapTajiap
(arpuTmibrHIna integratedcitcuitcard, ICC—uHTErpanusianFand AIEKTPOH/IBIK CXeMallaphl Ti30EKTEeNreH KapTa).

229




Ab6aii amvinoazvl Ka3¥I1V-niy XABAPILBICHI, « Quzuxa-mamemamura vlavimoapuly cepuscol, Nel(61), 2018

Kemnm sxarmaiimapma cMmapT KapTara MHUKPOIPOIIECCOP JKOHE OMEpaIUsIbIK JKYHEe eHTI3UIreH, OHBIH
YKaJIBIHIAFl KYPBUIFBIJIAP MEH HBICAHIAPBIH allly >KOJIAphl KOJ JKeTiMal KapacTeipsiirad. OHbl Dpanirys
ranbIMbl P.MopeHno 1974 xbinbl oinan TankaH. AKIapaTThl )ka3y KaFuJachl MarHUT JKOJIAKTHI KapTajlapiaH
repi Oackamia 6ombin keneTiH CMapT-KapTa caKTalaThlH aKMapaTThlH JKOFaphl ACHTei1e KOPFalTyblH, COHai-
aK e3re JEHreiae KBI3MET KopceTyal KaMTamachls eTenmi. Atam aiTkaHza, aepOec OipereiieHmipiareH
HOMIP/IIH CaKTaTybl aBTOPJIAHIBIPY OPTAIBIFBIMEH OaillaHBIC JKacamaii-ak orepamus jkacay Ke3iHIe KapTa
ycTaymblHbl Oipereitnenaipyre (aepdec pexxumae) MyMKiHik 6epeni [1].

CMmapT-kapranaap

Cypem 2. Cmapm-xkapma

CLA-KOMAHJIA KJIACCBI

INC-H¥CKAVJIAP KOJIbI

P1, P2-KOCBIMIIA EPEKIIIE KOMAH/IAJIAP

Baitnmanpic cMapT KapTamapablH 0a3ackl HeTi3iHIe KaThlHAyFa OakpuIay OacKapMmachkl xkyieciH Kypy G -
Scriptor GarmapiamMachkl apKbUIBI )KYMBIC JKacaubl.

FEile Reader Run Settings Help

Script Result
FF A4 00 00 01 06 Beginning script execution...

FF 20 00 00 03 FF FF FF

(s}

) 01

(s}

Sending: FF A4 00 O &
Received: 30 00O

Normal processing.

Sending: FF 20 00 00 03 FF FF FF
Received: 20 0O
Error not defined by ISO 7816

Script was executed without error...

V| Wrap lines

Run @ Hex

Cypem 3. Gscriptor - bazdapiamacyi

«KarpiHaypl Oakpiiay sKyHenepiMeH» KYMBIC jKacay OapbIChIHAA €H alJ[LIMEHKOHTAKTUII cMapT —
KapTajapablH OaiiaHplc CMapT KapTajapiAblH 0a3ackl HETi3iHAE cMapT-KapTajapapl OargapiamMaliayfibl
YHPEHTE€H MaHBI3/Ibl.

«Kpunrorpadusbik xyihenepae» -ae «KareiHaynsl Oakpuiay KyHeci» CHAKTHI apHAHbl KOMaHJAIIBIK
KOJIJTAPMEH KYMBIC JKacayFa apHaJIFaH allbIK jKoHE KaObIK KUITTEP K9HE MPOrpaMMalbIK KeleH oap.

KpunrorpadusHsiH exi ipremni opekeTi mmdpnay xoHe mudpabl aHbIKTay 0oibit Tadsuansl. udpnay-
TYIHYCKa aKMapaTThl MIbFapa anMaWTBIHIAH eTinm aepekTi koAaray Ooubin TaObuiagbl. Ockl  mHUQPABI
aHBIKTayAa KOATAJFaH AEPEeK KpUIITOrpadysUIbIK KUITTEpAl Naiganana OTBIPBIN TYIIHYCKaFa KaiTa opajabl
[2].

Kepickama aiitcak, mudpiay sxoHe mudpabl aHbIKTaYy YIIiH MHQP alropuTMi )KIHE KUIT KaxeT. OWTKeHi
kentereH mmdpray amropurMaepi 0ap, COHbIH imiiHAe aAepekti mudpnay crannaptei(DES),
Rivest/Sharmir/Adleman (RSA) mmdpnapsr, RC2 sxane RCS. Ocbl napameTpiepaid opKaiChIChIHAA KiIT JKai
MOTiIHI (OKyFa OONaThiH) MPUQTEIreH MOTIHre (KOATAIFaH JKOHE OKyFa MYMKIH eMec) TYpJeHIIpy YIIiH
anropuTMMeH caiikec kosmanbiiansl. DES, RC2, sxone RCS cHMMETPHSIIBIK KIIT TEXHOJIOTHSCHI HEMECE KYITUS
KinT Kpunrorpaduscel perinae Oenrini, cebebi aepekTi mudpiaayra KOJJaHBUIFAaH KUIT OHBIH MIH(QPHIH
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aHbIKTayFa aa Oipaeit konmaHsuiaael. Cosl ceOenTi, KIIT AePeKTi MU(PIANTBIH TOI MEH OHBIH MH(PIIaybIH
AHBIKTAWTBIH TOM apachIHAA KYITHS TYPJE OpTaK OOMyhI MIapT.

RSA oprak KinT kpunrorpaduscbl HEeMece aCCUMETPUSUIIBI KpunTorpadus peTiHae TaneMai, cededi anerre
OCBI €Ki KUIT TYpi YHEMI KOJJaHaHBICTA JKYD,IFHH OpTaK >KoHe jkeke KinT. Kintrep e3apa MaTeMaTHKAIBIK
KaTBICTHI, OipakK oylapAbIH OipiH OiTMece, eKIHIIICIH MIbIFapa anMaiabl. JKeke KT KyImusl caKTajaagsl — TeK
KaHa KpUNTOrpausIIbIK )KYITH KacaraHaap FaHa oraH Kipe anmaapl. Oprak Kint MHTepHET CHAKTHI Kayimnci3
eMec opranapga naigananeuianpl. OpTak KIiAT >KyHelepiH KojjaHy Ke3iHIe eki Tapam apachlHa
OPTaKTaCTHIPBUFaH KYIHs O0Maiiabl. Anaiifna opTak KuUIT AepeKkTi mudpiay YIliH naiaaaaHpuica, OHI1a OHBIH
mUQPBIH TeK XeKe KinT KaHa memre amafpl. Col CHAKTBI erep jJKeKe KINT AepekTi mudpray YIIiH
naiiananpiica, OHAa OHBIH IU(PHIH TEK OPTaK KiAT KaHa memle ajgaasl. Mine, Ochl )KalTTap Il OitiMrepiep
KaybIMbl MeiniHme OinMece Oonmmaiigsl. Cebebi TONBIFBIMEH KpUNTOTPadUsUIIBIK JKYHEeHIH KypAemi Kbip-
CBIPBIHA KAHBIFY YIIIH OYJI calaHbl MEIIIHIIE TepeH 3epTTey K€ KaxkeT. OUTKeHI KeleleKTe OKYIIbLIap
KaybIMBbIHA TAKBIPBIIT OOMBIHIIIA Opic OEpreH e OChl cajlaHbl MEeWJTiHIIE KeTiK Oiny Tanamn etineai. COHIbIKTaH
Jla cajia/iaFbl )KaHAIBIKTAp MEH ©3repicTep il Aep Ke3iHe OLTiI OThIPY J1a ©Te MaHBI3/bI Aa KKETTI [3].

Kanmer 6imimMrepnepre KpuntorpadusuTbIK KYHEeHI OKBITHIIT-YHPETYIiH kouaapsl ap Typii. Ocel opaiina
OimiMrepriepre KpUNTOrpapusUIBIK JKyHEeHI OKBITHII-YHpeTyae TepeH TeOpHsUIBIK OiuriM OepyMmMeH Karap
1a00pOTOPHSITBIK MIPAKTUKYMIAP apKBUIBI OHBI OEKITE TYCY, Kbl OCBIHAl MPAKTUKAIBIK cabakTap OTKi3y
e KaMTBUTFaHBIH aWTKaH J1a3iM. Mo, coHbIMeH aiiTap Ooisicak, OimiMrepiep KaybIMbIHA KPUITOTPAHUSITBIK
KYWEHIH OCHIHIAW >kal-)KarcapiiapblH MEWTiHIIE KeHiHeH opi TepeH TyCiHIIpyMeH KaTtap OimimMaepiH
JIOMEKTIeY YIIiH Ja00pOTOPHSUIBIK cabakrap eTkiz0ece OonMariapl. Ce3imi3 qaenti 00ybl YIIIiH MBICAJIbI,
Open SSL KonmaHa OTBIpBIN MOTiHAI (alngsl KacklpyFa IUQpiay alrOpuTMiH KOJNJIaHy >KeHIHJIEri
TaGOPOTOPHUSIIBIK KYMBICTHI ajaiibIK. JKympic MakcaTel- Open SSL Oarmaprmamanblk eHimai mudpray
ITOPUTMIH KOJIaHyFa KaTThIKTEIpY, DES sxone RSA anroputmaepin 3eptren Oiny Oonanbl.CeiTimn, OCH
JTA0OPOTOPHUSUIBIK JKYMBIC OapbICHIHAA TEOPHUSIIBIK OacKapyJbIH OapibIK MyHKTTepi — <«OKaOBIK KiITHCH
mmdpnay», «DES anroputmi», «Ambik kiaTri mmdprapy, «RSA  anroputMmi» koHE OacKapyablH
KETeKIIITIK TYHKTTEPT «CHUMMETPHSUIBIK alTOpUTMAEpAl  KojjaHa mudpiay»,  «ACCHMETPHUSIIBIK
QITOPUTMIEPI MH(pIayFa KOJAJAaHy» MYHKTTEPI MEHIepie/i, CEMAaHTHKAIBIK YFBIHBIKTBI MOHJIC MOTIHJIIK
¢aiin azipneneni, Open SSL kemerimen DES anroputmin mudprayra Kint a3ipieHe i, oiap MoTiHai (aiinra
KOJIIaHBLIAIb], MM (pIIay YaKbITH OIIICHII , XKa3bUIbIT KOWbUTaasl. Col cusakThl Tek kaHa DES ¢ynkmusceia
kongana DES-EDE sxone  3DES anroputmpaepin mmdprnay opbeiHgansi, HoTmxkenepi Open SSL
KepceTKilTepiMeH caibICThIpbiiaasl. Konmmen mmudprnamn, Open SSL —MeH amry apKbUibl — COWKECTIri
Tekcepineni. Op KOJbl YakKbITBHl JJa ecKepimim oTeipaabl. bym opekerrep RSA amropurmi yimia 7-8 per
kaiitananansl. ConsiMer Katap DES | DES-EDE xone 3DES, RSA anroputmaepin KongaHa KypriziiareH
mudpray yakbITTapblH CabICTBIPY KEpeK.

alok@legacy:~S|openssl dgst -shal zebra-rocks

SHA1(zebra-rocks)= 26406d8ad4ac9b154e2be9b1ccb5803199277f652

alok@legacy:~$

alok@legacy:~$

SHA1(zebra-rocks)= 26:40:6d:8a:4a:c9:b1:54:e2:be:9b:1c:cb:58:03:19:92:77:f6:52
alok@legacy:~$

alok@legacy:~$

RIPEMD16@(zebra-rocks)= 296ec420a2ecd8c1bcf926ab692ade2480a7bcfl

alok@legacy:~$
alok@legacy:~$
RIPEMD16@(zebra-rocks)= 29:6e:c4:20:a2:ec:d8:cl:bc:f9:26:ab:69:2a:de:24:80:a7:bc:f1
alok@legacy:~$
alok@legacy:~$
dcee05c55ee9e092b47af726d28f0241 zebra-rocks
alok@legacy:~$
k .

Cypem 4. Awvix scane dcabuix kinmmepmer scymovic Open SSL

Con cusktel Open SSL konmaHy apKbLibl (GaiiiablH ©3repMEHTIHIINH JaJIeNeyre aaropuTMaep i
XewmrTey i Kouaany sl anaiblk. JKymeic makcatel- Open SSL konaaHy apKbUibl (ailjiiblH ©3repMenTiHIIriH
JPIeNAeyTe anropuTMICPAl XeITey Il KOJAaHyFa MaIbIKTaHABIPY OOJMbIN TaObLIa bl

CoHBIMEH,
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KopsITa kenrenie ocbiHaal 1a00pOTOPHSIBIK )KYMBICTAp JKYPTi3y 9pi KOCBIMIIIA OCHI TEKTEC MPAKTUKAIIBIK
ca0aKTap apKplIbl OCpPiJIreH TEOPUSIBIK OLTIMII IBICBIKTAI, OeKiTyre 00JIaThIHbI alikbIH. TYHiHACH alTKaH ],
OimiMrepaepAiH OCbl 3aMaHFbI 6T KKETTI KpUNTOrpaUsIIbIK KYHeH] TOJBIFBIMEH XKeTiK MEHIepyJIepiHe Ko
AIIBUIBII, MYMKIHJIK TyaJbl.
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MACROMEDIA FLASH ITIPOTPAMMACBIH/IA KAPATIAHBIM
BEWHEJIEPAI CAJ1Y AKOHE TYPJIEHAIPY 9ICTEPI

AnHomayus

ByriHri akmapaTTHIK TEXHOJIOTHSIIAP JaMBIFaH 3aMaH/a, alaMIapIblH HHTEPHET apKbUTBI YIKCH KOJIeM/Ti aKIapaTieH
MOITIMET aJMacybl, COHBIH iIIiHAC aHUMAIMSITBIK aKIIapaTIeH KYMBIC iCTeylepi YIKeH KeJeMIi JKaJbIHbl KaXKeT eTeIi.
OcpIFaH Opaii, MOJTIMETTepAiH KoJIeMiH KbICKapTyFa MyYMKiHIIK OepetiH Flash TexHoMmOTHsCHH naianany THiMI1 OOJBIT
tabputazgsl. Flash mporpaMmachiHbIH KOMeriMeH, KapanaibiM aHuManusIapaan 6actan Kypaeli aHuMalusiapra qeiin
KypyFa 0onambl. Flash opraceirna kypeutran anumaiust AVI nemece MPEG ¢opmarTapsibia )xacaifrad aHUMaIisiapra
KaparaHJIa OHJaraH JKOHE JKY3IereH per Kinr opeiH anmaabl. OubiH emmemi Flash KMHOHBIH Tepe3eciHiH eJeMiHeH
Toyenai emec xoHe Macromedia Flash mporpammaceinia kypbuiran xo0a MHTepHeT OeTTepiH >KarbIMABI XKOHE KO3
TapTabIK OOIY/bl JKOHE KONTEIeH MakiadaHyIibiFa OHal )KOHE TYCIHIKTI O0JIybIHA COMKEC IIBIFAPMAIIIBUIBIKIICH dKYMBIC
»KacayblHa KeH MYMKIHAIK Tyrbi3agsl. Makanaga Flash mporpammachiHBIH KypangapbiHbIH KOMETIMEH KapamaibiM
OeliHenepi cay KoHe TYPIACHIIPY dicTepi YCHIHBLIFAH.

Tyiiin ce3mep: KOMIBIOTEPITIK TeXHONOTHsIap, Flash TexHONMOTHSICH, aHWMAIUS, KYpalgap TaKTackl, TYpIACHIIpY,
O0OBEKTINIEP i TOTTAY.

Annomayus
A.O. Anoabepzenosa®, A.K. baesa?
K.n.H., doyenm, Kemvicyckuil cocyoapcmeennuiil yuugepcumem umenu M. Kancyayposa,
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METO/Ibl IOCTPOEHMS U IPEOBPA3OBAHUS ITPOCTHIX H30BPAKEHU B MACROMEDIA
FLASH

1

2

B coBpemeHHBIX MH()OPMAMOHHBIX TEXHOJIOTHSX JIIOJM MMEIOT JOCTYI K OOJBIIOMY KOJIMYECTBY MH(MOPMAINH
yepe3 MHTepHeT, BKIIIOYasi UX COCOOHOCTh PaboTaTh C aHWMHUPOBAHHOW WH(OpManuei. B 3ToM OTHOIIEHNH BBITOTHO
ncronb30BaTh TexHosoruto Flash mis ymensmenns oobema nannsix. C nomonipto Flash BeI MoxeTe cozaBaTh npocThie
U CIIOKHBIE aHUMalMHM. AHMManuu, co3jlaHHele Bo Flash, 3aHMMaloT mecsiTKM M COTHHM pa3 MeHbIIe 00beMa, YeM
aHmManuy, co3ganneie B popmarax AVI mim MPEG. Ero pa3mep He 3aBucut ot pa3mepa okHa Flash Movie, Macromedia
Flash - otimumsrit cioco6 caenath cTpaHuIl Intep IPUATHBIME U TIPUBJICKATEIBHBIME U PabOTaTh TBOPUYECKHIA, UTO
MMOHATHO MHOTHMM IIOJB30BaTeNIsIM. B craThe mpencTaBiIeHBl MHCTPYMEHTHI CO3JaHHUS M NPEoOpa3OBaHUS IPOCTHIX
n300pakeHNH C UCIOIB30BaHNEM NTPOrpaMMHBIX cpeacTB Flash.

KiroueBble cJI0Ba: KOMIBIOTEPHBIE TEXHONOTWH, TexHomorus Flash, aHumanws, mnaHenw WHCTPYMEHTOB,
TpaHchopManys, TPyIIHIPOBKa OOBEKTOB.
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Abstract
CONSTRUCTING AND TRANSFORMING METHODS OF SIMPLE IMAGES
IN MACROMEDIA FLASH
Aldabergenova A.O.%, Bayeva A.K. 2
L Cand. Sci. (Pedagogical), Assosciate Professor, Zhansygyrov Zhetysu State University,
Taldykorgan, Kazakhstan
2 Student of Master’s Programme in Computer Science, Zhansygyrov Zhetysu State University,
Taldykorgan, Kazakhstan

People have access to a lot of information via the Internet in the modern information technologies, including their
ability to work with animated information. In this regard you can use use Flash technology to reduce the amount of data.
Using Flash you can create simple and complex animations. Animations, created in Flash take tens and hundreds of times
less volume than animations, that created in AVI or MPEG formats. Its size does not depend from size of the Flash movie
window, Macromedia Flash is a excellent method to make Intep pages pleasant and attractive and creative work, which
is understand to many users. The article presents tools for creating and converting simple images using Flash software.

Key words: computer technologies, Flash technology, animation, toolbars, transformation, grouping of objects.

«Kazakcran anemzeri 0ocekere OapbIHIIa KAOUIETTi ey eNAiH KaTapblHa eHyl YIIiH: OUTiM/l , JKaH-KaKThI
JaMbIFaH JapbIHABI, KaOIeTTi yprak kepek». Kasipri yakpITTarsl OUTiM Oepy KbI3METKEPJICPiHIH abIHAA
TypFaH 0acTBI MaKcarT - eiMizzeri OiiM Oepy/ie XaasIKapallblK JeHIelre KoTepy *KoHe O11iM carmachkiH KeTepy,
KEKe TYIFaHbI KaJbIITACTRIPYy, KOFaM KQKETTUIITiH eTey, OHBI dlleM/IK OiliM KEHICTIriHe KipikTipy 0oIMak
[1].

Kagzipri kazakcTanasik 0iyiM O6epy KeHicTirinaeri TyOereini e3repictep — Tapuxu OOBEKTHUBTI TpoIiecc.
binmim OGepy camaceiH pedopMmanaymarsl MakcaT — OuriM Oepy JKyileciH KaiiTa Kapar, OKYIIbLIapIbIH
HIBIFapMaIIbUTBIK OeiiimMIIenyine Kapail Oaraapiibl, CaTbUTBI O1TiM amyliapblHa XaFaai )kacay OOJbIT TaObLIa bl
Byrinri Targa oKymisuIap MEH CTyIEHTTEepAIH OUTiM camachlH OYPBIHFBIAAN OUTiM, OLITIT] XKoHE JTaFabIChIMEH
enmIey JkeTKimikci3. Kasipri Tamamn 6iyim camacsl oflap/IbIH aliFad OLTiMiH )KeKe OachIHBIH opi Kapai JaMybIHa,
TYJIFa peTiH/le KOFAMHBIH OpKCHJCYiHe Naijanana 01TyiMeH eNIeHEeAl et TYKbIPbIMIala bl

EnGacel «KazakcranHblH YIIIHIN >KaHFBIPYBI: kahaHAblK Oocekere KaOuieTTiTik» arTthl Kazakcran
XaJIKbIHA XKOJaaybiHaa: «bi3 1udpibl TEXHONMOTUSHBI KOJIZIAHY apKbUThl KYPBUIATBHIH XKaHA HHAYCTPHSIApIbI
OPKEHJETYTe THiCITi3. byl — MaHbI31bI KemeHai MinaeT. Engae 3D-npuHTHHT, OHJIalH-cayaa, MOOWIbII OaH-
KHHT, TU(QPITBI KBI3MET KOPCETY CeKUII ACHCAYNBIK caKkTay, OiniM Oepy iciHae KoJAaHbLIAThIH JKoHe 0acka Ja
MEPCIIEKTHBANBI callaiapAbl TaMbITy Kepek. byn wHaycTpusutap KasipAiH ©3iHae AaMbiFaH eJIepliH
SKOHOMHKATAPBIHBIH KYPBUIBIMBIH ©3TEPTIl, JOCTYPJIi caianapra kaHa cara JapbITThl», - ISl HAKThl Oaraap
oepai [2].

AXIapaTThIK TEXHOJIOTUSIIAP KApBIIITAl JaMbIl 0apa aTkaH MbiHa 3amanaa IT canachlH gambITHacak,
nambirad 30 enfiH KaTapblHaH KOPiHY KUbIH. OWTKEHi, OpKEHUETT] eNep/IiH OapIbIFbl OChl (DI XKyiiere
KOIIIi, OHEPKACIOIHIH JaMybIH KOHE XaJIKbIHBIH 9JI-aYKAThIH X bLJIIaH-)KbLUIFa JKaKCAPThII KeJIe/i.

Ke3-kenreH eniiH 3KOHOMUKANBIK KyaThl, XaJKbIHBIH 6Mip CYpy ACHIeHiHiH KOFapbUIbIFbI, TYHUEXKY31TiK
KaybIMJIACTBIKTAFbI OPHBI MEH CAJIMarbl COJI €JIIH TEXHOJOTHSUIIBIK JaMy JCHIreHiMeH aHbIKTanaabl. JKammbl
KOFaM JIaMybl MEH aHa TeXHOJIOTHSIHBI €HT'13Y CallaJIbIFbl OChI eJIJIeT] OiTiM Oepy ICIHIH KOJIFa KOWBLUIFaH IbIFbI
MEH OCBI CaJlaHbl aKlapaTTaHAbIpy JACHIeiiHe Kemin Tipenesai. Ay OiaimM Oepy cajlaChIHIaFrbl TEXHOJOTHUSUIBIK
unesuap Oynan 400 xputr OyphlH maiga OomraH. ByTiHrT TaH#Aa KOMIBIOTEPIIK XOHE MYJIbTHMEIHAIBIK
TEXHOJIOTHSIIAP YJIKEeH e3repicke yiibipan oThip. OChIHIAN TEXHOIOTUIAPBIH Oipi - KbUIIAM KapKbIHMEH
JaMbIn oTeipran Flash texmomorusicer 6osbrm Tadbbutanbl. Expi 6i3 cisgepre Flash TexHomorusceIHbI HETi3iH
MeHrepy YIIiH KaparnaibiM OelHeNep/l cany )KoHe TYPIACHIIPY 9AiCTEpiH YChIHANBIK.

Flash arpurmibiHIa «OTE KBUIIAM» HEMECE «OTE€ allIbIK TYCTI HOPCE» JIET€H MarblHAIBI CO3iH OLIIipei.
Hemece onbIH exeyiHiH e 6ip yakeiTta 601yl MyMKiH. Macromedia Flash 6armapiamacer Web-caiiTToI xxoHe
Mpe3eHTalus Kacay OapbIChIHAA KOJJIAHBUIATHIH HWHTEPAKTUBTI BEKTOPJIBIK aHUMAIIHS jKacayFa apHajFaH
uHTerpangsl opra. [IporpaMMa kemeriMeH MbIHaAal KYMBICTap OpbIHAAyFa OOJIabl: KECKiH caily, BEKTOD
XKoHE pacTp TpadukacelH Oepyre, ajbIHFAH pacTpibl IpaduKaHbl BEKTOPIBIK Ipadukara TYpICHIIpYTe,
MOTIHMEH JKYMBIC JKacayFa, 0ObeKTiIepaiH (OpMachiH, yaKbIT JKOHE KEHICTIKKE OalaHbICTBI ©3repTyre,
WHTEPAKTUBTI aHWMalus YIIiH Oackapy OJIEMEHTIH jKacayfa, POJIMKTEpIi, OKHWfrajapAbl IbIOBICTayFa,
anuManus yiriH ActionScript OarnapiaMa TUTIH KOJAaHyda KECKiH, KIuI, OaTeipMainap >kaHe ActionScript
CIICHapUIIEP/IiH KiTalXaHaIaphIH jKacay JKoHE OHbI Naiaanany [3].

Flash nporpamMmacer Web - anHuMarusuiapabl Kypy MakcaThIHIa KOJIIaHbLIaThIH OarmapiaMa. Kasipri kezne
Flash nmporpaMMachIHBIH KOMETIMEH Kyplelli HHTEPAKTUBTI OaFbITTalIFaH KECKIHACPl, TMHAMUKAIBIK Web -
Oerrepai, MynbTGUIBMACPAl, OWBIHIAPIALI XoHE T.0. yibIMmacTeipyra Oonansl. Flash Garmapmamackinia
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KypbUIFaH Ky:KaTThIH KeHeiTimimi *. fla (Flash kykartsr) sxone *. swf (Small Web - File - ximi Web - datin)
TUNTI OOJIBIN KEJIEIl.

Flash-TeiH kypanmapel rpadukansl  Kypy jKOHE JKOHICYIH HETi3ri Kypajibl Oosbin TaObuIaasl. Kypamst
TaHJay YIIiH KypaJigap TaKTaChblHAH KaXKETTI OaThIpMaHbl HEMECE JKbUIJIaM OPbIHIAY MMePHECIH TaHAay KepekK.
YHCI3 xaFaaiaa Kypaijgap TaKTackl IporpaMma Tepe3e3iHiH COJl JKaFbIH/[a OPHANACKaH, OHbI SKPaHHBIH Ke3-
KEJITeH KepiHe OPBIH ayBICTRIpYFa Oomapl.[4]

Enai Kypanmap TakTachIHBIH KypanaapsiMeH TaHbicaiibik. AnasiMed Macromedia Flash 8 mporpammacein
Windows-tein 6ac mazipinen Start ¢ Programs ¢Macromedia ¢ Macromedia Flash 8 (bac masip
¢lIporpammanap ¢Macromedia ¢ Macromedia Flash 8) komanmaceiH opbIHIaM OTBIPHIN KYKTEHI3. DKpaHaa
Macromedia Flash 8 mporpamMmachIiHBIH )YMBIC Tepe3eci albuIabl. Y HCI3 JKaFaaia OChl TePEe3eHIH COM
JKaFbIHJIA Kypaiiap TaKTachl OpHAIACAIbI.

TTagenni a#EpaTy yOns

€Kl peT mepTidis
T T ] B
lia o e e Vetty Tot_Commes o -
T E—
|- o e | _ [T
TV - | s & & lom e
o =30
4V T |
wen

Cypem 1

TaxTa KaJdKpIMallbl Tepe3ere aifHanabl 1a, OHbl SKPAaHHBIH Ke3-KeJIreH JKepiHe OpHaJACThIpyFa OOoJabl.
Kypannap Takracs! Tept OemnikTen Typaasl. Onap: Kypaigap, Kepy, TyCTep *KoHe napaMeTpiep Oetiri.

B oo
<Kypangap ' &Tycrep
Ly
LIER
Options
& <Ilapamerprep
e

-

R O0> VW~

e

E . NPRO=\N0T~

Q <Kepy namurpacsl

Ky_paﬂ Amuol
LS Epekmeney
I Typa epekuieney
i Tysy
e Jlacco
b ITepo
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A Morin
) [len6ep
OJ TeptOypbIm
& Kapoingam
& Keiikanam
It Epkin Typnennipy
([ Cus OypikkimI
o) Bosy
2 IInmetka
= Omiprim
o Q Ko xone nymna
~ 1m XKuexk Tyci
Y ] Bosy Tyci
NS CranmapTThl TYCTEPIi TaHIAy

Kypannap TakracbIMEH »KYMBICTBI TOJIBIK MEHIepy YLIiH «['yJ LIOFBIPBIH» Cally SICiH KapacTbIpaubIK.

Kypanmap TakTachIHIAFbI «Ilenoep» O KypaJbIMeH TYJI OKalbIPaKIIaChlH  calambi3. [y
JKaTBIPAKIIIACBIHBIH TYCIH KBI3BUI JCT OeNTiIerMis,
._._

O6bekrini 6enrinen, Modify 2 Group komanaackl apKbUIbl TONTACTHIPAMBI3.

El EpkiH TypieHaipy KypaiblH TaHJAIL, )KalblpaK HEHTPIH TOMEH aybICTHIPaMBbI3.

Window=> Transform komanaacer apkpuisl TpaHc(OpMaIiist TAKTACKIH AIIIbII, AllIbUIFaH TaKTaaa OyYphLTY
Oypsinibl opicine 20° MoHIH OpHATAMBI3.

I gn | | Transform

++ 1000% $ 100.09% [ |Constrain

@ Rotate £ 200°

Sk Z7| o0 % 20.0°
& LR

Ocbl TakTaHBIH TOMEHTI COJI JKaK OYpBIIIBIHAA OpHAIACKAH ﬁ Kowlipy Jicone mpancgopmayusaniay
0aThIpMachl apKBUTBI TYJI )KaIbIPAFbIHBIH CAaHBIH KOKETiHIIE KoOehTeMis.

['yiai TONBIK epeKIiesen, TONTacThipaMbl3.

El Epkin TyprneHaipy KypajiblH TaHJay apKbUIbI I'yJI LEHTPiH TOMEH aybICThIpaMbl3. TpaHchopmanus
TaKTachiH/1a OyphLTy OYPBINIBIHBIE MoHiH 60°—Ka 3reprTi, ryJ1 KOUIipMeCiH anaMbI3.
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KyMBICTBIH COHBIHIA CYPETTETieH HOTHKE IIBIFaIbI.

Keneci «Keme cypetin camy» o1iciH KapaCThIpabIK. KreimkamaM KypaislH TaHIAI, TYCiH KOHBIP TYCKE

OpHaTaMbI3. KI)IJ'IKaIIaM KYpPaJIBIHBIH q)OpMaCI)IH JKOHE OJIIIEMIH OPHATLIHBI3.

HO..!..;...

~
4

—

Kpuikanam KypajabIMEeH KUCBIK CBI3BIK CBI3BIIL, - k Epexkieney KypanbIMEeH KeMe CYypeTiH e3repTeMmis.

Kpuikasiam KypasibiHbIH 0acka (hOpMachIH TaHIaIl, KeMEHiH 00pThiHa «TONKBIHY» CO3IH jKa3aMbl3.

OOBeKTiHI epeKIenen, TONTACTHIPHII, El Epkin TypneHmipy KypanblH TaHZam OOBEKT eJIIeMiH

KimripeiTeMis. JKelKkeH cypeTiH cany yIliH s TY3Y KYpaJIbIH TaHIAIl, T3yl canaMbi3.
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Kpuikanam KypalbIMeH KeMe JKEJIKEHIHIH CypeTiH Calbll, - k Epekmieney KypajiblHBIH KOMETIMEH
KEJIKEHHIH >KapThl OOJIriH xKeke 0Ol alambl3.

Bapnbik 00BeKTiIepAi TOMTACTHIPHIT, Kpuikamam KypanbiHbIH (GOHIBI 00Ty PEXKUMIH TaHIAWMBI3.

e |

v[@)] Paint Normal
Q© Paint Behind
@ Paint Selection
@® Paint Insde

Kputkanam KypanbiHbIH GOpMachIH ©3repTil, QOoH TYCIH Keruiip Tycke 6osiMbI3. © KapblHmamn KypaibiH
Ta{am, Ty3y TUIIHE IITPUX CTHJIIH OpPHATHII, eiieMiHe 14 MoHIH Oepemi3 KoHe KaHBIKTHIH i31H callaMbl3.

KpuikanaM KypasbIHBIH KaJBIHIBIFBIH JKOHE OIIIIEMiH ©3TepTill, TYCiHe KOK TYC OpHATHII, TOJIKBIH OeifHeCiH
cajaamel3.

r — —

a Macromedia Flash Player 8 | o[ e )
| File View Control Help
(|

S ——

N

-~
i
J\-"“;-_. seotes

Kympbic HoTIKEC cypeTTerifel Oombln mwbiFaapl. HoTikeciH cakTaiiMBbI3.
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KopeiTa kxene, 6i3aiH Makamambi3 Macromedia Flash mporpammaceiaga KapamnaidbiM O¢HHEIEpi CalbII,
OFaH TYPJICHIIpJIEp >Kacall YHPEHTICI KENEeTiH CTYACHTTEp MEH MarucTpaHTTapra, opTa MEKTENTiH >KOHE
KOFapbl OKY OpPBIHIAPBIHBIH WH(POpPMAaTHKa IMOHIHIH MyFamiMAepi MEH OKBITYIIBUIAPBIHA, TpadUKaIbIK
JU3aliHMEH aliHANIBICYIIBUTAPFAa KOMETIH THTI3€/Ii I OMIaiiMBbI3.

Hatidananvinzan a0eduemmep mizimi:

1 https://baribar.kz

2 http:/iwww.akorda.kz «Kazaxcmannvly yuinwi scanewipysl: scahanowik bacexkeze Kabiiemminixy

3 A.O. Anoabepzenosa, 3.C.Cepeaszunosa Flash anumayuaniapovl sxcacay naHineH 1a60pamopusiblK NPAKMUKYM.
oKy-adicmemenix Kypan./ -Tanovikopean: KMY, 2017.-93 6em

4 Macromedia Flash 8 ¢ nyna I1oo ped. U Ilangunosa. — M: Jlyuwue knueu, 2007. — 368 ¢
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BUPTYAJIbI ’KYMbIC OPbIHAAPBIHBIH UH®PAKYPbBL/IBIMBIH
(VIRTUAL DESKTOP INFRASTRUCTURE) OKY YPAICIHAE IAUJJA/IAHY

Anoamna

3eprTeymiH Herisri Ma3MyHBIH Hapxo3 yHUBEPCHTETIHIH TEXHHKAIBIK MaMaHIBIKTAPBIHBIH CTYICHTTEpiHE
aKMapaTTBIK XKyHellepre jkoHe TEXHOJIOTHSIAPFa KaTaThIH THICTI MoHIep OoibIHIIA cabaKkTap OTKi3y MaceNeciH Tauaay
Kypaiapl. ATalrraH MOCEICHIH MEIIiMi PETiHIE BUPTYaIIBI )KYMBIC OPBIHAAPBIHBIH HHGpaKypbUTbIMBIH (Virtual Desktop
Infrastructure) madigamaHy omici anra IIBIFapbeUIBIN OTHIP. Kasipri 3amMaHma OYITTHIK TEXHOJOTHSHBIH aJATHIH OPHEI
epexie. Ocbl TEXHOJIOTHSFA CYIEHe OTBIPBII, OChIHIaH HH(PAKYPhUIBIM/IBI MaiilallaHy YIIIH CTyIeHTTepiH 03 OeTiHIe
oiiiay, Macesesiep/i aHbIKTal, OJIap/bl IIeNe alyFa YHPeTy KaKeT, OChl MaKcaTTa BUPTYaJAbl )KYMbIC OPBIHIAPBIHBIH
nndpaxypeuibivbie  (VDI) oky ypaiciHae mnaiiganany taiMai gen menieMis. OKBITYABIH JKaHa KypajJapbiH
WHHOBALMSUIBIK TYPFBIIAH 13/IeY OKBITYLIBUIAPABIH 013re 1C-OpeKeTTIK, NMPaKTHUKAIbIK - OaFbITTANFaH, MMPOOIeMalIbIK,
pednexcuBTi xoHe Oackanail OKbITY MEH yiipeTy (opManapbl MeH 9/IiCTepiHIH KOJIIaHy KepeK eKeHIriH TYCiHIipeni.
byn TexHomorus jkekened Hemece KelleHIl TYprblaa OuniM Oepy cajachlHIAFbl JKarnasT- TapAblH KaHgail na Oip
JCHreiiHe KONIaHbLIa/bL.

Tyiiin ce3aep: BUpTyalgaHIBIPy, JEPEKTED, aKIapar, OuTiMaep, OKy YpIici, BUPTyanasl HH)PaKYPHUIGIMEIL.

Annomayus
K.C.Anoascapos®, C.K.Bamvipxan?
%.5.1., Ooyenm yuugepcumema Hapxos, 2.Anmamul, Kazaxcman
2Cmapwuii npenodasamens ynueepcumema Hapxos, 2. Anmamer, Kazaxcman
HUCITOJb30BAHUE UHO®PACTPYKTYPbBI BUPTYAJIbHBIX PABOUYUX MECT (VIRTUAL
DESKTOP INFRASTRUCTURE) B OBPA3OBATEJIbHOM IMPOLIECCE

OcHOBHOE co/iep)KaHNe UCCIEeI0OBAaHUS — aHATIN3 MPOOJIEM, 9acTO BCTPEYAEMbIX TIPU MMPOBEICHUH 3aHATUMN, CBI3aHHBIX
¢ nHGOPMAIIMOHHBIME CHCTEMaMH M TEXHOJOTHSIMH IJIsI CTYACHTOB TEXHHUYECKUX CIICIHANBHOCTEH YHHBEpCcHTETa
Hapxo3. Pemennem 3Toii mpoOIeMbl sSBISETCS HCIOIh30BaHNE HHPPACTPYKTYPHI BUPTYaIbHBIX pabounx mect (Virtual
Desktop Infrastructure). B HacTosee BpeMst 00JIauHBIe TEXHOJIOTHH 3aHUMAIOT 0c000e MecTo. OCHOBEIBAsICh Ha 3TOM
TEXHOJIOTUM W 4YTOOBI HCIIOJNB30BaTh 3Ty HHQPPACTPYKTYPY, CTYACHTAM HEOOXOJUMO HAYYUTHCS CaMOCTOSITEIBHO
MBICJINTh, BBISBJIATH M pemath npoOieMbr. C 3TOW menbio OBUIO PEIICHO MPUMEHSATH B 00pa30BaTENILHOM IpoIiecce
HHPPACTPYKTYPY BHPTYAIbHBIX paboumx MecT. VHHOBAaIlMOHHBIC WCCJICIOBAHUS HOBBIX YUCOHBIX HHCTPYMCHTOB
OTIPEICNIAIOT, YTO TPETOIaBaTeIHN JOJKHBI UCTIOIH30BATh MPAKTUIECKUE, MPoOIeMaTudHbIe, pe(IeKCUBHbBIE U ApyTHe
(hOpMBI 1 METO/IBI O0YICHHSI.

KiioueBble cjioBa: BHpTyanu3alus, JaHHbIe, WHPOpMAIUs, 3HAHUS, 0Opa30BaTENIbHBIN TMpolecc, BUPTyaIbHAS

HHPPACTPYKTypa.
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Abstract
Aldazharov K.S.%, Batyrkhan S.K.2
!Cand. Sci. (Economic), Associate Professor of Narxoz University, Almaty, Kazakhstan
2Senior Lecturer of Narxoz University, Almaty, Kazakhstan
USING THE VIRTUAL DESKTOP INFRASTRUCTURE (VIRTUAL DESKTOP INFRASTRUCTURE) IN
THE EDUCATIONAL PROCESS

The main content of the study is an analysis of the problems, often encountered in conducting classes which are linked
to information systems and technologies for students of technical specialties at the Narxoz University. The solution to
this problem is to use the virtual desktop infrastructure (Virtual Desktop Infrastructure). Currently, cloud technologies
occupy a special place. Based on this technology and to use this infrastructure, students need to learn how to independently
think, identify and solve problems. To this end, it was decided to use the infrastructure of virtual workplaces in the
educational process. Innovative research of new teaching tools determines that teachers should use practical, problematic,
reflexive and other forms and methods of teaching.

Key words: virtualization, data, information, knowledge, educational process, virtual infrastructure.

VDI — Oy ycrenme TypaThIH KYHeTIEpai BUPTyaIdaHABIPYIBIH MYHAA MalTaTaHyIIBIHBIH JKYMBIC
YCTeNiHiH OapiblK 3JIEMEHTTEpl JepeKTepAl OHICY OpTalbIFbIHAA OpHANACTBHIpbUTFaH Typi. [laiinamanymist
©3iHIH >KYMBIC YCTeliHe KaHmald na Oip KIMEHTTIK KYPBUIFBIJAH KaIllBIKTBIKTAaH KOCBUIAABI. byn perte
naianaHynbIHbIH KYMBIC YCTEJNi €, KOCBIMILAIAP /1a, OHbIH KYPBUIFBICBIHAAFB! JEPEKTEep M€ KEePIiiKTi
CaKTAJIMAaN/IbI.

OcbutapaplH  apachlHIa BHUPTYAIIbl JKYMBIC OpbIHAApBIHBIH WHPpakypeutbiMbl (Virtual Desktop
Infrastructure, VDI) keH TapanbIMbIH aja OacTaraH jXaHa TEXHOJOTHSUIAPABIH JKbUIAaM JaMYBIH JKOHE
KOJIIAaHBUTYBIH €CKepe OTHIPHIN, 0i3re YHHUBEPCHUTETTETl OKYy YPIICiH OHBI MaimanaHyAblH HETi3iHIE KYpy
TapTHIMJBI OOJIBIT KOPIHIIT OTHIP.

VDI texHoNOTHICH KaHAal apTHKIIBUIBIKTap 0epeni? bi3 kenecire ne 60IbIT OTHIPMBI3:

—  Bupryanpmangplpy meTki CTaHIMSUIAPABIH JHEPTusl TYTHIHYBIH €JI€yJli TOMEHIAETEIl XKOHE KYMBIC
OPBIHIAPBIHBIH SPTOHOMHUKACHIH aPTTHIPAIBL.

—  OpOip naiinananyubira (CTyACHTKE) epOec )KYMBIC OPHBIH Oepy MYMKIH/IIT naiiaa 6omaael. CTyaeHT
BUPTYaJbl OPTaAa allbIK iCKE achIPbUIFaH JepOec anmaparThIK KoHe OaraapiiaMaliblK KaMTaMachl3AanabIpy
anaapl. Ocpliaiiia, CTyIEHTKE OHBIH (PU3MKAJBIK eMec, BUPTYAIIbl OpTaja >KYMBIC iCTEN OTHIPFAHBIFBI
ce3lIMeNTiH Oonaabl.

—  ByJ TeXHONOTHSHBIH OHJBI XKAaFbI 1€, CEPBEPIIIK PECypCTapAblH KaXKETTi CaHbIH: MPOLIECCOpP KyaThlIH,
OTIepPATHBTI KAJIbIHBI, TUCK KEHICTITiH XeKe Oepy MYMKIHIITiH aran etyre Oomaapl. Kemeci cyperre
BUPTYaJJIbl )KYMBIC OPBIHIAPBIHBIH MOJIETIIH Kaparl kepyre O6onaust [1].

ZKenaire Kipy AeHrefi=ig

KOMMYTaTODEL
1SAAS2 . - %

Exi SAN AepeKTep carTay JKeaici Eg.:auy—r o o'pu y
a ZKeTKisy JKeaiciHiyg

TepMHHAAALIK CepBepAep, SpKafiCEICE JKeTKi3y JKeaicimig RCHy R,

Henplxk KaHeHTTep OasacEHAAFE

0% %%

KOMMYTaTOPAAPEIHEIH SPKAaNCEICEIHA JKaHe JKeAire Kipy
KOMMYTaTOPHHA KOCEIAFAH TEpPMEHAAAAD

Cypem 1. Bupmyanoul Jcymbic opblHOApbIHbIY JHCenici
(Oepexxes: http://e-campus.vvsu.ru)

Bi3giH TexHWKaNBIK MaMaHIBIKTapfa apHaJFfaH OKy OaFJapiaMaMbI3fia aKHapaTThlK —Kayilci3[ik,
KOMITBIOTEPITIK YKelli, HHKEHEPITIK )KOHE KOMITBIOTEPJIIK IrpaduKa CEeKUIII MoHIEp jKoHe OacKanapbl 6ap OOJIbI
oTelp. bomamrak mamasgap coHpaii-ak DEM, aBTOMaTTaHIBIPBUIFAH aKMapaTThl OHJIEY MXoHe Oackapy
Kyienepi, OarmapiaMallblK KaMTaMachI3aH IbIPY, €CENTey TEXHUKACH )KOHE aBTOMATTaH IbIPBUTFAH XKYHelep
canaceIHia OutiMaepre ue 6onyra Tric. OKBITY OapbIChIH/A CTYACHTTEP KOMITBIOTEpIIepiHiH jkanmbl canbl 400
acaThlH KOMIIBIOTEPJIIK KjaccTapiaa JiepOec KOMIBbIOTEPAE KONTEreH apTYpJli 3epTXaHANbBIK KYMBICTAp MEH
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KATTBIFyJap opbiHaaiabl. OKY >KbIUTBIHBIH OOWBIHIA €Ki EMTHXaH CECCHSICHI KAPaCThIPBUIFaH, oJlap Jia dKOFaphl
TEXHOJIOTFSUTBI J)KaOBIKTHI TIaiiaiana OTBIPHIIT OTKIZUTS]I.

Kazipri Tanzma yHHBEpPCHTETTE KOMIIBIOTEPNIK KJIACCTApFa KBI3MET KOPCETYMEH XOHE CTYAEHTTEpIiH
nepOec KOMITBIOTETre KipyiH KaMTaMachl3 €TyMeH OaiylaHbICThI Oipkarap mpoOiiema Oap [5]. OpTypii oKy
KypCTaphbl YIIiH 9PTYPIIi KOHPHUTYPAIUSUIIBIK OTICPAIUSIIBIK KYHEIep e, KOCBIMIIIANAP IbIH KYPaMbl 13 KaKeT.
OnHBIMEH KOCa, CTYAEHTTEPIiH 9pKaWCBHICHI KOpIIaraH >KYMBIC OPTachlH ©3iHe OamTayabl keH kepexdi. Keit
Ke3/epi, opHaTbuFaH Oarmapiamanap Oip OipiMeH yiuecnei i, Oyl onepanusuIbIK KYHeIepAiH KeKeIereH
OeifHesepiH Kacay MeH OpHATY KQXKETTITiHe allbIll KeJedi, ai Oyr 0oJica Kol yakbIT )KyMcayAbl KaXeT eTell.
OHBIMEH KOCa, Ke3 KENTreH KOMITBIOTep KIIAChIHIA CEKiJJi, YHHUBEPCHUTETTE MailanaHylIbUIapIbIH KaTe
opekeTTepiHiH karaaibiHa [ T-xa0IbIKTHIH KYMBICKA KaOLISTTLIITiH KAaMTaMachl3 €Ty Macelieci OTKip OO
o1bIp. COHJIBIKTaH, OKIMIIIJICPiH YaKbITHIHBIH KOIIIIUIiK 0eiri OarmapiiaMaiblK KaMTaMachi3IaHabIPyabIH
OeifHesepiHe KpI3MET KOPCETYyTe JKoHE oJlap sl KalTa OpHATyFa KeTim kaTeip. Ceccusira TalbIHIATY MEH OHBI
TaTChIPy Ke3€HiHAe KOMIIBIOTEP KJIaCCTap IbIH KYMBICHIHBIH KONTIr KYPT apTa TYCei.

ATanraH MoceleNnepi TanaayIblH HOTHKeciHae, [T-0acblIbFbl )KYMBIC YCTENACPIH BUPTYIaHIBIPY
(Virtual Desktop Infrastructure) sxyiiecim eHrisy Typansl ImemniM KaOeutmaael, Oyn okyie IT-
WHPPAKYPHUIBIMBIH KOJIJIAYFa IBIFBIHAAP/BI KBICKAPTYFa XKOHE CTYJCHTTEpre 0apiblK KaKETTi pecypcTapMeH
Ke3 KeJIreH KOMIBIOTEP/ICH JKYMBIC icTeyre MYMKIHAIK Oepyre yKaraai skacap efi.

OcpiHmail mennMai madgalanFad Kesne, (U3HKAIBIK KOMITBIOTEPJIEPIiH OpHBIHA, KYMBIC OCBIIap
JlepekTepi OHJCY OpTANBIFBIHAAFBI CEPBEP/C iICKe KOCBUIATHIH BUPTYaJIbl MalllUHANApAa OPbIHAANAJIbI.
[Maiinananymel Ke3 KENreH >KYMBIC OPHBIHAH jKeJli OOHMbIHIIA KaXXEeTTI BUPTYyasibl MalllHaFa KOCBHUIBII,
OHBIMEH KYMBIC icTei . by pette husnkanbik kKommbloTep 0ap O0IFaHbl Kipy HYKTEC OOJBII IIBIFaIbI )KOHE
HAKThl JKYMBIC OpPHBIHA HEMece MaiialaHylibiFa OaiIaHbICTRIPhUIMAFaH. BYJT KOCHIMINIA KOMITBIOTEpIIED
caThlII ajMai, opOip CTYIEHT YIIiH OHBIH BUPTYaJIbl MALIMHACHIH jKacayFa MyMKIHJIK Oepeni. Kipy HykTenepi
PETIH/IE «KIHIIIKE» KIMEHTTEP I KOHE TIMITEH IUTAHIICTTEP 11 Makiaananyra 00aael. OHBIMEH KOWMaH, Iemiim
opTYpai mabIoHmap JKacayFa MYMKIHIIK Oepemi, OChl IIa0IIOHAapAaH KaXeTTi KOH(QUTYpalnusgarbl jKaHa
BUPTYAaJJIbl dKYMBIC OPBIHJIAPBIH Ol COTTE JKacayra OoNabl.

. Kommanus mamanmapsl OeJTiHreH caKTaWTBIH OPBIH/BI Maiimanana oTeIpsi, Microsoft Hyper-V Server
0a3achlHa BUPTyaJIIbI JKeIUTiK nHGpakypsuIbiM sxkacaabl. OubiH Herizidmge Citrix XenDesktop VDI Edition
xoHe Microsoft System Center eHiMaepiHiH 0a3acbIHIAFBl BUPTYAIIBl JKYMBIC  YCTEIAEpiHIH
nHpakypeuibiMbl epicreTingi. Citrix XenDesktop — Oyi1 )KyMBIC CTaHIMSIAPBIHBIH OPTAIBIKTaHABIPHUIFaH
iCKe KOCBUTYBIH JKYPTi3€TiH, )KYMBIC CTAaHIMSUIAPBIH (KBI3MET PETiH/IE KOPCETIIETiH) BUPTyalIaHABIpY JKYyHeci.
ATanraH aman-Tocim Jata — UEHTPAETI BUPTYaAIIbl KYMBIC CTaHIMSUIAPBIHBIH TIPIIUNK IHAKIBIH TOJBIK
OPTANIBIKTAHIBIPYIBIH €CeOiHeH, IepeKTepIiH KOPFaIFaHIbIFbIH )KaKCcapTyFa MYMKIHJIIK Oeperti.

’KobGansbl icke achIpyIbIH HOTHKENIEpi OOMBIHIIIA YHUBEPCUTET KOCHIMINIA MYMKIHAIKTEp MEH Naijanap anap
exi. Macenen, opOip CTyJeHTKe TYHUE XKY3iHIH Ke3 KeITeH HYKTECIHEeH )KoHe Ke3 KeJreH KYPBhUIFbIIaH nepoec
BHUPTYaJIJIBI )KYMBIC YCTEIiHE Kipy MYMKIHAITiH OepyaiH eceOiHeH, oKy ypaiciHiH Taimautiri aptTel. Llenrim
KayilCi3MIKTiH, OHBIH i0IiHAEC OapiblK JKYMBIC CTaHIMSUIAPBIH  YHUBEPCUTETTIH  CepBepIIepiHIe
OPTaJBIKTaH IBIPBUIFaH CaKTay IbIH ece0iHeH, BUPYCTapIaH KOPFayAbIH KOFaphl IopeKeCiMeH epeKIIeIeHe/Il.
’KobaHbIH Herisri, MaHBI3IBI HOTHXKEJIepiHiH Oipi yHuBepcuteTTiH I[T-mH(ppPaKypBUIBIMBIHBIH >KYMBICHIH
kongayra IT-OemimiHiH eHOEK IIBIFBIHAAPBIHBIH ~ OKENTIYip TOMEHJeyl, JKYMBIC CTaHIHsIapBIH
OPTAJILIKTAHIBIPBUIFaH 0aCKapybIH JKOHE MKaHAPTYIbIH €CeOIHEH, JKYMBIC CTaHIMsJIApbIHA WENK eTYIIiH
KYHBIHBIH KBICKApYbI )KoHE AepOec KOMIBIOTEpIIep MapKiH YCTayFa KaJbl IIBIFBIHAAP/BIH TOMEHICY1 0O0bIT
TaOBUIAIBI.

JKana xyHenepaiH eHri3iIyiH 9KenTayip IaniaHiaryra, COHIai-aKk Kasipae Oap jxyienepai Kojuayra
NIBIFBIHIAPABI OHTAWIAHABIPYFa KaFaail jkacail OTBIPBIN, BUPTYATTAHIBIPY TEXHONOTHsIIAph! Kazipri IT-
MH(GPAKYPBUIBIMHBIH aXbIpaMacTtaii Oemiri Oombim otbelp. Virtual Desktop Infrastructure (VDI) — Oy
CaJIBICTBIPMAJIbl TYPJIC YKaHa KOHIEIIH, OipaK Ta ipl KaCIOphIHAAp OV TEXHOJOTHSHBI Ka3ip/iH ©3iH/Ie-aK
eTe TUIMJII NaiIallaHbII OTHIP.

Tatioananvinzan a0ebuemmep mizimi.

1 Bumanuu I'. VDI — Virtual Desktop Insfrastructure na 6aze Microsoft Hyper-V server Citrix u XenDesktop.
http://services.softline.ru/projects/susu (dama oopawenus.: 01.02.2018).

2 Bupmyanvuvie mawiunst [Snexmponnslii pecypc]. — Peaxcum docmyna: hittp://all-ht.ru/inf/vpc/p_0_0.html (0Oama
oopawenus: 24.09.2015).

3  Tunes B.M. Hcnonvsosanue 6upmyanbHblx Mawiun 6 00pazoeamenvhuix  yupedcoenusx. Hogvie
uHgopmayuonHsvle mexHoarocuu 8 0opasosanuu: mamepuanvt VIII mexcoynap. nayu.-npaxkm. koug., Examepun6ype, 10—
13 mapma 2015 2. //@T'AOY BIIO «Poc. coc. npogh.-neo. yn-my». Examepunbype, 2015. — C. 303-306.

4 Dnexmpounwiil kamnyc Bupmyanuzayus pabouux mecm. hitp://e-campus.vvsu.ru
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?KOFAPBI OKY OPHBIHBIH, AKITAPATTBIK, BIJIIM BEPY OPTACBHIH KOPFAY KYPAJIJJAPBIH
TAHJAY/IbIH, BEKTOPJIbIK OHTAWJIAH/IBIPY MOJAE/JB/JIEPI MEH AJITOPUTM/IEPI

Axoamna

YHHBEPCUTETTIH aKIapaTThIK OiiM Oepy OpTaChIHBIH KayiNCI3IITiH )KoHE YHHUBEPCUTETTIH TEXHHUKAJBIK KypanaapbiH
Oarayayra OalIaHBICTHI KOII OJIEeM]Ii TUCKPETTI OHTaHNaHAbIpy Macenecinae DmxBopra-Ilapero smiciH KongaHyIbIH
EpeKIICITIKTepl  KapacThIphUIafgbl.  OmKkBopTa-Ilapeto  OHCKpeTTI  OHTaimaHAbIpy JkoHe  [lOAMHOBCKHMUIIH
JIEKCUKOTpaUSUIBIK 9AICiHIH TipKeCiMiHE HET13/IeTeH 9MiCTi 03repTy YChHBUINEL Y HuBepcuteTTiH (ABBO) aknapaTThik
oimim Oepy opracer ymiH (TKK) TexHuKamslk Kypanmapabl KOprayIbl YCHIHBUIFaH HYCKaJTapbhlHAH PaIOHAJIBI
IIenIiMaep i TaHAAyAbIH AITOPUTMi YCHIHBIIAABL. [lapeTo-onTHMaNIBl MIeNIiMIep JKUBIHBIH OCNTiIey YIIiH IIBIFBIHIBI
Oaranay[plH BEKTOPJIBIK KPUTEPHUili KONJAHBLIAAbI, OJ KOMIIOHEHTTEp pETIHIAC €Ki OHTAMJIbUIBIK JKaFaaidblH
KapacThIpaJibl: TANJaHATBIH HYCKAJapIpl KOPFAyIbIH TEXHUKAIBIK KYpaJgapblH Oaranay KOHE OHBIH TEXHHKAIBIK
TUHIMALUTITIH Oaranay.

Tyiiin ce3aep: akmaparThl KOPFay, KOPFayAblH TEXHUKAIBIK KYpaJIaphl, 9IiC, TUCKPETTI OHTAMIaHABIPY.
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MOJIEJIX I AITOPUTMBI BEKTOPHOM OIITUMHU3AIIAY BHIBOPA CPEJICTB 3AIIIATHI
UH®OPMAIIMOHHOM OBPA3OBATEJIBHOM CPE/IbI BY3A

PaccmarpuBaroTcss 0COOCHHOCTHM IIpUMEHEHHMS MeTojna OjukBopra-Ilapeto B 3amade MHOTOKpPHTEPHAIBHOI
JIUCKPETHON ONTHMHU3AIUH, CBSI3aHHON C OICHKON 3alUIEHHOCTH HH(POPMAIMOHHOW 00pa30BaTeIbHOM Cpeasl By3a
(MOC) u texuuueckux cpeacts 3amuthl (TC3) Bysa. [Ipemnoxena MoauuKaIys METo/1a, OCHOBaHHAS HA KOMOMHAIHH
JIMCKPETHOM ontumu3anuu JpkBopra-Ilapero u nexcukorpaduueckoro meroaa [loauHosckoro. [Ipenioxen anropurm
BEIOOpa paIOHANBHBIX pelleHui U3 mpemnokeHHbIX BapuaHToB TC3 mms MOC Bysza. [[ng BEIIENEHUS MHOXKECTBA
[MTapeTo-onTHMaNBHBIX pEIICHNI TPUMEHEH BEKTOPHBIH KPUTEPHI OLIEHKH BBIBO/IA, KOTOPBIN B KAU€CTBE COCTABIISIONINX
paccMaTpuBaeT JjBa YCJIOBHSI ONTHMAIBHOCTH: CTOMMOCTHOIO OIIEHKY aHaimmsupyemoro Bapuanta TC3 M OIEHKY ero
TEXHUYIECKOH 3(h(heKTHUBHOCTH.

KaioueBbie ci1oBa: 3anyra nHGpopMannm, TEXHUIECKHE CPE/ICTBA 3aIUTHI, METOI, AUCKPETHAS ONTUMH3ALIHSL.
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MODELS AND ALGORITHMS FOR OPTIMIZING THE CHOICE OF VECTOR PROTECTION
INFORMATION EDUCATIONAL ENVIRONMENT OF HIGH SCHOOL

The peculiarities of using the Edgeworth-Pareto method in the problem of multicriteria discrete optimization related
to the evaluation of the security of the information educational environment of the university and the technical means of
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protecting the university are considered. A modification of the method based on the combination of Edgeworth-Pareto
discrete optimization and Podinovsky's lexicographic method is proposed. An algorithm for choosing rational solutions
from the proposed versions of technical means of protection for the information educational environment of the university
is proposed. To isolate the set of Pareto-optimal solutions, a vector criterion for estimating the output is applied, which
considers two optimality conditions as the components: the cost estimate of the analyzed version of the technical means
of protection and the evaluation of its technical efficiency.

Key words: information security, hardware protection method, discrete optimization.

1. Kipicme.

MeMIeKeTTIK JKoHE JKEeKe KYpbUIBIMIapFa KHOepIaOybUIlapAblH caHbl MEH KYpACTIri apTa TYCKEH
caifplH, OYKinm omeMzae OumiM Oepynmi akmapaTTaHABIPYABIH HETI3ri MiHAETTepiHiH Oipi YHMBEPCHUTETTIH
aKmapaTThIK OiTiM Oepy OpTachIHBIH KHOEpKAyilCi3airiH KamTamachid eTy Maceneci Oomasi[1-3].
VYHHUBEpPCHUTETTIH 3aMaHayHW aKMapaTThIK OiliM Oepy OpTAChIHBIH TEXHHUKAIBIK 0a3achl OKY aKmapaTThIK
mat(opManapbIHbIH, MOPTANIAPILIH, OiliM Oepy KbI3METiIHE apHaJFaH PecypCTapiblH, COHAAN-aK JKENTiK
KOMMYHHKAIMSUTApABIH TEXHHUKAIBIK KYPATJapbIHBIH SPTYPJi aKMapaTThIK SKeNUIepiH KaMTHAbL. Aunaiina,
YHUBEPCUTETTIH aKMapaTThIK Oi7iM Oepy OpTacklH KYpFaH Ke3Jle, aKIapaTThIK >KoHe KHOepPKayilNCi3AiKTi XKaH-
’KaKThl KAMTAMAaChl3 €Tyre KOJJAHBICTAFbI diCTEMEITIK Tociaep yHeMi eckepiameiini[2-4]. KonmanbicTarbt
QIeMIIK TOXIpHOeHi Taaay aKImapaTThIK KayiCI3AiKTi ®oHe KHOepKayilci3miK MoceenepiH menryre KeHiHeH
KO3KapacThl aKIMapaTThl KOPFay KYpaIapblH jKOHE IIapaiapblH KoOeHTy skobIMeH Jkui azaiTaasl[5, 6]. By
TOCIJ YHUBEPCUTETTIH aKNapaTThIK OUIiM Oepy OpTachiHAa JKOHE OJIAPJbIH KHOCPKAYINCI3AiriHAe aKnapaTThl
KOpFayMeH OaiilaHBICTHI MMPOOIIeMaTapabl )KOHMAaiIbl. Y HUBEPCUTETTIH aKIapaTThIK OiliM Oepy OpTachIHBIH
JaMybl MeH O11iM Oepy ic-opeKeTTepiHe aKnapaTThIK TEXHOJIOTHSIIAp bl KEHiHEH eHTri3reHiHe KapaMacTaH, OChI
calnajia aKIapaTThIK KOpFay jKoHe KHOepKayinci3mikTi 0ackapy TeTiKTepiHiH MpobieManapblHa HHHOBAIMSUTBIK
ToCIIepiH KeTicreymiiiri omi ae 6ap. COHOBIKTaH, YHUBEPCUTETTIH aKMapaTThIK OiiM Oepy opTachl YIIiH
TEeXHHUKAJBIK KOPFay KypajlapblH TaHAAyAbIH KONl KPUTEPHIIIK JWUCKPETTI OHTAIIaHIBIpy OMiCi MeH
ITOPUTMIH J3ipJieyre apHaJIFaH MaKaJaHbIH TaKbIPbIObI MaHBI3AbI OOJIBIT TAOBLIA/IBL.

2. 9nedu MITiMeTTEPAI TANAY KIHE MICeIeHI KaJbINTACTHIPY

AKIMapaTThIK KayIICI3MIKTIH Kayil-KaTepJepiHiH apTybl THIMAI TEXHUKAJIBIK KOpFay KypalJapbiH >KOHE
aKMapaTThIK KAyiICi3iKTi KAMTaMachl3 €Ty JKYHeIepiH AaMbITyIa 3epTTeyIepAin ecyiHe cedemn 0omsl [7, 8].
3epTTeydiH Keke JKeJici memiMaep i Koiaay KyHelepiH Kypy KoHe MaMaHIaH IBIPBUIFaH almapaTThIK jKoHe
OarapinaMaiblK  KaMCBI3JAHIBIPY JKaOABIKTaphIH JKOHE aKNapaTThIK KayilCi3mik JKyHelIepiH TaHaay
MOCeJIeNIepiH MIeNTyTre apHaIFaH capanTaMablK xKyienepai Kypy 0oisin Tadbutazasl [4, 5]. By 3eprreynep aii
asIKTaJIFaH JKOK.

Asropnap aran eTkeHzaeH, [7, 8] kayimcizmikri Garamayra OaiTaHBICTBI KON KPUTEPHIUTIK JTUCKPETTI
OHTalNaHBIpy Macenecinae DmkBopra-IlapeTo omiciHe HeTi3geNreH Kopray jKoHe aKIapaTThIK Kayinci3mik
KYHeNepiH TaHJayAblH KeITereH TEeXHHWKAJbIK YJTiepi, aran aiTKaHAa, YHWBEPCUTETTIH epeKIIeNiri
eCKepiIMeni.

3.3epTTeyain MaKcaThl.

AKMapaTThIK KayiICi3iKTI KAMTaMachl3 €Ty CasCaThIH )KY3€re achIpy IbIH OapIIbIK BIKTHMaJl HYCKaJIapbIH
€CKepe OTBIPHIT, YHUBEPCUTETTIH aKIapaTThIK OUTiM Oepy OpTachl YIIIiH aKIapaTThIK KayiNCi3iK xKyhenepin
yoOaayIbIH OHTAMIIBI TaHIAy aIrOPUTMIH 93ipiey.

4. MaTepuanaap koHe daicrep.

VYHHUBEPCHUTETTIH aKNapaTThIK-OUTiM Oepy OpTachblH KOpPFayAblH TEXHUKAIBIK KYpalgapblH OHTAWIIbI
TaH/ayFa apHaIFaH MOJU(PUKALMSIIAHFAaH MaTEMaTHUKAIIBIK S7iC YChIHBUIFaH.

On ymin DmxBopra-Ilapeto sxone [TomuHOBCKUIT 9/1icTepiHe HETi3/IeNTeH MaTeMaTHKAJIBIK TTapaiurManap
KUBIHTBIFBIH KOJIIaHY YCHIHBUIA/Ibl. ¥ CBIHBUIFAH TOCUT €Ki KpUTEPHA I Mai1aianaibl: IBIFBIHIAD KPUTEPUIi
JKoHE OTiHIMHIH THIMILTIT KpuTepuidi. «Konmanyaby TuiMainiri» kpurepuidi «LIBIFBIHHBIHY KpUTEPHUTiHEH
aNjieKaia apThiK Jern OOJDKaHbIl OThIp. Kpurepuiiiepiae caHablK caaMmak KoddduimeHTTepl Oap aen
ecenTesie/ii, OJlap IbIH )KUBIHTBIFBI OapJIbIK JKar1ainapaa Oipei.

1-cyperte OacbIMABIKTaphI Oap OapibIK 00IBICTAPIa OHTAMIBIIBIK XKOHE ecenTeyiepai Tady NpouecTepiHig
CXeMaJIbIK KepiHiCi KepceTireH. backIMABIK HOMipi KapacTBIPBUIBIN JKaTKaH aynaHra colikec kememdi. I -
AliMakTa OHTaW/IbI memiMal Taly kahaHIbIK OHTAMIIBI, a1 KaJFaH OapJibIK eHIpIep/e )KEePIriliKTI OHTAMIBL.
II aiimak KyHBI OOWBIHIIA OHTAMNBLIBIK TYpFHICBIHAH OHTainbel emec. Il aiimak «Konmany Ttmimzaimiri»
KpuTepuiii O0ibIHIIa OHTalIEI eMec. [V aliMak nepey eki esemM OOHBIHIIAa OHTalIbI eMec.
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Cypem. 1. AumaxmapOviy OHMAULBLILIKIMbIH CXEMANbIK KOPIHICI

By monrnep Oipel TEXHUKAIBIK CHITaTTaMalIap ikl )K9HE 3epTTeY HBICAHBIH CUTIATTal bl 3epTTeYAiH opOip
HbIcaHbI MaTpuna A-HbeIH (1) j-11i BeKTOp-0araHbl peTiH/e YCHHBUIAAbL. OChl BEKTOPIAPAbIH 3JIeMEHTTEPiHIH
MOHJIEpI KPUTSPHIJICP/IIH COMKEC KaCUSTTEPiH CUIIATTalbl. A MaTPUIACKIHBIH 9pOip MKOJ BEKTOPHI BEKTOP
PETiH/E YCHIHBUIFaH, OHBIH JJIEMEHTTEPI CaHIBIK MOHJACP PETiHAC YCHIHBLUIFAH. JKOM BEKTOPIAPBIHBIH CaHBI
(N) kpuTepwuiinep caHbIHA HEMECE TEXHUKAIBIK CHITATTAMANAPFa TCH,

a;; @y ... 8. Agg

81 83 ... 8pj...83g

M@y )| )

A-MaTpuIlaHbIH | -1l KaTapbIHaa Qi =(ai,a, peeed @@ ), S = dim(Qi) | Viel, N - S Genrici
OOHWBIHIIA  3epTTeNeTiH  OOBEKTiHIH  JKUBIHTBIFBI  OONbIm  TaOBUIATBIH  BEKTOp  Oepimeni.
a, i | I = 1N j =1, S snemenri CaH/IbIK MOH/Ii aHBIKTAM/IBI - | -1 KPUTEPHUITe COMKeC 3epTTEY/IiH j-1Ti
HBICAHBIHBIH CHUTAThI. DJIEMEHTTEp OJIIEM ayKbIMbIHAA KepceTiiemi. Metoga «DmkBopra-Ilapero» amiciH

SHTI3y YIIIH Po = (p1, Po,.....Pj ,.-.,DN) KOCBhIMIIIa BEKTOPJbI €HI13y YCHIHBUIAJBL. BeKToppiy

AIIEMEHTTEPIHIH MOHJEpl OHTAMIBI KOHE ONTUMAIABI eMec alMakKTap apachlHAAFbl IIeKapaHbl (IIEKTi)
CUOAaTTaUIbI.

Op KpuTepuii ©31HIH THICTI cajiMaFbIHa Ue 00JIFaH xaraaina, Oy oaic [ToaMHOBCKUI JIeKCUKOTPaUSITBIK
onici nen aranansi [8]. Tuicti 3epTTey 00BEKTICIHIH OaFaH BEKTOPBHIHBIH MOHEPI KapacThIPBUIBII OTHIPFaH
YIITiHIH OHTAMIIBI OOJIBINT TAOBUTATEIHBEIH HEMECE OCHI KPUTEPUITE ColfkeC KeIMEUTIHIH aHbIKTayFa MYMKIHJTIK
Oepeni. KapacThIpbUIbIl OTBIpFaH BEKTOPJIBIK OHTAMJIAHABIPY OMICIH KOJJIAaHFaHIA, Kapajblll OTHIPFaH
Kputepuil OOWbIHIIA 3epTTeNeTiH Oip Hemece OipHelle OOBEKTiIep OHTAaMIBl eMec 0OIybl MyMKiH. By
JKaraiiia menrM KaOblIalThIH a/IaM OChI 3ePTTEY OOBEKTICIH OHTAMITBI Ti3iMre eHTi3yi MyMKiH. OnaH KeiiHn
OHTaMNIIBI 00BEKTLIEp Ti3iMiHIe OapIBIK KPUTEPHIANIED YIITiH Oipei MoHaepi Oap OipHelie 3epTTey 00BeKTiIepi
Oonaznpl. Byn skarnaiina menriM KaObIIaynibl afaM capaninbliapabl 3epTTey 00BEeKTICIH KapacThIpyFa *KoHe
€H YKaKCHICHIH TaHJIayFa [IaKbIPaJIbl.

XKorappiga aWTBUIFaH EpEKIIENIKTEpAl €CKepe OTBIPHIN, «THIMIUTIK-KYHBIH» Oaranay KpHTepuii
KOJIJaHbUIFaH/1a, YHUBEPCUTETTIH aKIapaTThIK Oil1iM Oepy opTachiHIa KOJ KETKi3yAl OaKkpuiay xoHe 6ackapy
XKYHenepi yIriiepiH oHTalIbl TaHJayFa apHaIFaH o3ipJeHreH ecentey anroputMi. Ockl alrOPUTMHIH OJIOK-
cyi0acel 2a, 20-cypeTTe KepceTireH.

AJTOpUTMHIH OpBIHAATYHI 3€PTTEII )KaTKaH S 00beKTiIepi yIlliH OacTanKel AEPEKTEPIiH SHI131UTyiMeH

Oacranansl. Jlepexrep maccusi | Q,V } TYpiHZE 2 BEKTOPMEH YChiHbLIaAbI. OJlaH KeHiH OHTANIbI ailMaKThIH,

meKkapachbl OOJBII TAOBLIATHIH {Copt, Vopt} €K1 MOHI eHTi3eMi3. Kpurepuitiepaiy MaHbI3AbLILIFBIH €CKE
pty Vop

YIIIH OCBl KPUTEPHIICPIIH cajiMarbl OepijireH. by sxarmatina {Q, V, Po (:
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{Oll*Q, 052*V ' al*qopt ) 0‘2*V0pt } BEKTOpJIAPBIH 3JIEMEHTTEpI KaliTa ecenrenei, MyHIaFbl {al, ady }
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o— AJITOPUTMHBIH COHBL

Cypem 2. « TuimOinix - KyHvl» Kpumepuii 00UbIHULA KO JICemKI3y0i OaKbLIay Jcane 6acKkapy HCyeciniy oymaiiibl
manoay ancopummi
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Bynan opi 6akpuiay | 61okka aysIcTRIpBUIABI - | afimarbiaaa mentiM i3aey. [-010kTa e yiKeH (j MOH jKoHe
OeINrijieHreH (opt JIMMUT MOHiHEH acaThiH (Q 93JIEMEHTTIH BEKTOpbIHAA i37ey Kyprisinemi. Erep myHnait

AJIEMEHT Ta0bIICa, OHTANIBUIBIK CHIHAFHI €KiHIIII eJIIreM OOHBIHIITAa OpBIHAAIAARL. | OJTOTHIHIAFEI AITOPHUTMHIH
HOTIDKECI OHTAWIIBI TEXHUKAJBIK MISTTiMAl TaHaay Ooibit Tadbiiansl. OchlnaH KeiiH capanTaMaiblK TONTHIH
TaHJaFaH MIEIIiMiH KaObuIIay Typaibl Macene memnriiesi. OH HoTmke Oepy YIIiH THICTI MemiM KaObUI aHa bl
XKOHE ecenTey yaepici askramaapl. Erep Oy TeXHUKaNbIK HIenniM KaObuiganOaraH Ooiica, Ol KapaiFaH
menriMaep Ti3iMiHEH allbIHBIN TacTallafbl )kKoHe OaKplIay KaiTanaH I 6i1okka aysicTeIpsuTanel. Erep 1 O6moxTa
OHTAMIBI 1emiM 6oiMaca HeMece OJ1 ayBITKBIN KeTce, oHna Il G10kka Ty KapacThIpbUIFaH.

I 610KTa «IBIFBIHIAP» KPUTEpUHI OOWBIHIIA KONAWIBI IIEMiM Tady MpoLeci «KOJAaHY THIMALIITI»

KpuTepHiiiHe coifkec OHTaiIBI Gonbin Tabbimazsl. bipimminen, Q BexTopabiH GapibIK dMeMEHTTEP  Gopt

IIIeKTI MOHHEH achlll KeTedi. Tanmanran aeMeHTTep/IiH KopCceTKImTepl yakpITIIa Tisimre exrisineni. Keneci
OPHEK IIIBIFAIbL:
O O Gy 8, rla g © k =iVi=1S (2)
1 2 %¢ %¢) i por 9

CopnaH keitiH, Ti3iMe TIBIFBIHAAP KPUTEPUIIHIH Vpor MOHI TIIEKTI MOHTE JKaKbIH JJIEMEHTTEp I i3aeiiai. byn
Keleci epHeKTi Oepei

V=V =minkv, vV ..\ ..., [k =1,vi=1S (3)
i kl I(2 \1(g \1<f g

Erep mynnait snementrep tabbuiMaca, Il 610kran meikkaH. Erep i3gectipy cotTi Oonca, €H THIMII KoHE
TOMEHT1 KYHbI 0ap sreMeHT i3aeneni. I 610kTa eH ker MoH/IEP/Ii i3/1ey Yepici KapacTeIpsiiraH. Erep myHmai
MoHJIep 0oIMaca, OChl aiiMakTa i37ey TokTaTeuiaabl. 1l aliMakTa i31€y HOTHKENIepi OSKITY YILiH IIBIFapbLIaIbl.

Erep I xxone Il aiimakTapbiana i3mey HOTHXKeNepi KaHaraTTaHAbIpbUIMaca, oHAa anroputm I xone IV
aliMaKTapbIH/Ia OHTAMIBUTBIFBIHA )KAKBIH MISTTIMIED 131€y1i KAMTaMachl3 €TeIi.

Erep yceiHbUTFaH HycKanap KaObUijgaHOaca, alfOPUTM OHTAMIIBI MIEHIiMIepAi Oip KpuTepHid OoibIHIIA
i3neyre kemyni ke3neii, 11 Hemece 111 atimakrapsl Men IV aifimarbl, oHza mmennMiaep xahaHabIK jkaFbIHAH
OHTaiuIBl Ooubil TaObUIaNbl. Erep kaliTaman capantamagaH 0ac TapThuIca HEMeCe HYCKATAapbIH KOCHIMIIA
HYCKachl TOKTAaTbUICA, aJITOPUTM TEXHUKAIIBIK JKYHeNnepaiH YChIHBUIFaH HYCKAIApbIHAH OHTAIIIBI IemIiMaep
i371ey mpolieci Typajibl ecell MbIFapabl.

5. OkcnepuMeHT.

Ecenrey sxcnepumentrepi xkyprizingi(Cyper 3). AnfFamksl 1epeKkTep peTiHae mapaMeTpiIepaiH Ke3neicok
maManapsl [6, 7, 8] ansiaael. bargapnamansl Tangay OapbIChIHAAa TEXHHUKAIBIK KOPFay JKOHE aKmapaTThIK
KayiICi3IiKTiH YChIHBUIATBIH HYCKAJIAPhI apachiHa OHTAMIIBI HIemiM Taly YIIiH aIlTOPUTMHIH AYPHICTHIFbIHA
MOHHUTOPHHT Xypri3inmi. Kesmeiicok canmapapl reHepanysuiay MpoLeciHAe HYKTENK Auarpamma peTiHe
YCBIHBUTATBIH €Ki OJIIIeM/Ii MACCHUB aJIbIHA/IBI.
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Cypem 3. JXKabowvikmapOovly onmumanowl yaciniepin i30ey0iy KeyeumiieeH aymagnl.
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I'padukTe aNbIHFaH HOTWOKENICP YCHIHBUIFAH OIC NMEH «THIMAUTIK-KYHBIH» KPHUTEPHH1 YIIIH OHTAMIIBI
mIernriM Taly YIIiH KeHEUTINTeH aitMak Ooiblm TaObuTanbl. barmapiaMa MEH alrOpUTMIII TECTUIEY Ke3iHIe
QJIBIHFaH HOTW)KEJIEPAiH AYPBICTHIFBIH OenTinei.

6. KopbiThIHAAAp

1. VHHBepCHTETTIH aKMmaparThIK OijiM Oepy OpTachIHBIH Kayilci3airin 6aranay MacenenepiH MIenry YIliH
KON KPHUTEPUIIIIK IUCKPETTI OHTalmaHaplpy omici xerinmipinmi. Lemim Dmxsopra-Ilapeto auckperti
OHTaWIaHIBIPy 9Mici MeH [lognHOBCKMI NeKCcUKOTpadrsUIBIK SAICiHIH TipkeciMmine Herizmenred. [llemrimai
OaramaymblH BEKTOPJIBIK KPUTEPHAl o3ipJIeHAl, 01 KypaMaac peTiHAe ONTUMAIABUIBIK VIIH €Ki JKaFIaiiapl
KapacThIpaJbl: KapacTBIPBUIBIN >XKaTKaH TEXHUKAIBIK KOPFay KypajlapblHbIH BapHaHTHIH Oarajay >KoHE
YHUBEPCUTETTIH HAKThl aKMapaTThIK OUTiM Oepy opTachl yiIiH MOAM(UKAIMSIHBIH TEXHUKAIBIK THIMAUIITIH
Oaranay.

2. AKnapaTThIK KayilCi3miK J>KYHECiH eHTi3yAiH OapiblK BIKTUMal HYCKaJapblH €CKepe OTBIPHII,
YHUBEPCUTETTIH aKMapaTThIK OUTiM Oepy opTachl YIIIiH TEXHUKAIBIK KOPFay KypalgapblH jkobanay Ke3iHae
OHTANIIBI TAHJAY ATOPUTMI 31pIICH Il )KOHE CHIHAIIIIBL.
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COBPEMEHHBIE ITO/JXO0/1bI K MIPOEKTUPOBAHUIO PACIIPEAEJIEHHBIX IIPUJI0KEHU I
BA3 JAHHBIX

Annomayus

B Hacrosimee Bpems 3amada pa3paboTKH pacipeeNeHHbIX IPIIIOKEHIH 0a3 JaHHBIX MPEAIoaraeT 3HaHUE S3bIKa
SQL, ob6mamanme HaBBIKAMH TNPOTPAMMHPOBAHUS HA PA3IMYHBIX S3bIKAX HPOTPAMMHPOBAHUS, a TaKXKe YMEHHE
HCTIONB30BaTh CHCTEMBI NPOTPAMMHUPOBAHMSA M TPENOCTABISIEMbIE HWMH OWOIHMOTEKM KIIacCOB Ui pPealn3aluu
MeXaHU3MOB paboTHI ¢ 00bekTaMu 0a3 maHHBIX. Hapsnay ¢ 3TUM 0co0yio BaXKHOCTh IPHOOPETAET yMEHHE CIIEIHAIICTOB
UCTIONH30BaTh CYLIECTBYIOINE (GpelMBOPKH JuIsi OoJiee OBICTPOro Ipoliecca pa3paboTKH NMPOrpaMMHBIX IPOEKTOB. B
CTaThe paccMOTpPEHb! (HPEHMBOPKH, NpeHa3HAYAEMbIE ISl Pa3paOOTKH 00JaYHbBIX CEPBUCOB, IPEICTABIISIONINE CO0O0i
MIPOrpaMMHBIE TUIATGOPMBI, OOJeryaronye, YIpOoLAoiie U YCKOPSIONINE TPOLECC CO3/aHMs MPHIOKEHUH 3a cyeT
IMOKOTO YIIpaBJIEHHs CTPYKTYpOH NPOrpaMMHOTO IHPOEKTa M HAIWYMUS JIOTIOJHHUTENBHBIX CPEICTB JUIS MOCTPOCHHS
nunrepdeiica nonp3oBarens. PpeiiMBopku ans o6nadyHONH HMHQPPACTPYKTYphl IMO3BOJSIOT CO3/1aBaTh KapKachl BeO-
NIPWIIOKEHUH 15 paboThI ¢ 6a3aMy JaHHBIX.
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KuioueBble ¢ji0Ba: 0a3bl JaHHBIX, 00JIAYHBIC BEIYUCIICHUS, GPEHMBOPKH, 00JIAUHBIE CEPBUCHI, 00yUeHHUE CTYICHTOB,
miatdopma Microsoft Azure.

Abstract
MODERN APPROACHES TO DESIGNING DISTRIBUTED DATABASE APPLICATIONS
Akhmetova O.S.!
1 Cand.Sci. (Pedagogical), Associate Professor, Abai University, Almaty, Kazakhstan

Today, the task of developing distributed database applications involves knowledge of the SQL, programming skills
in various programming languages, and the ability to use programming systems and the class libraries they provide to
implement mechanisms for working with database objects. Also, special importance is acquired by the ability of
specialists to use existing frameworks for a faster process of developing software projects. The frameworks intended for
the development of cloud services, which are software platforms that facilitate, simplify and accelerate the process of
creating applications through the flexible management of the structure of the software project and the availability of
additional tools for constructing the user interface are considered in this paper. Frameworks for cloud infrastructure allow
you to create skeletons of web applications for working with databases.

Key words: Databases, cloud computing, frameworks, cloud services, student training, Microsoft Azure platform.

Anoamna
O.C. Axmemosa
n.e.x., Abaii ameinoazvl Kazax ynmmoix nedaeo2uxanvly yHugepCcumeminiy 0oyenmi,
Anmameot K., Kazaxcman
MOJIIMETTEP KOPBIHBIH YJIECTIPUI'EH KOCBIMINACBIH )KOBAJIAYABIH 3AMAHAYHU
TOCLIAEPI

1
1

Kazipri yakpITTa nepekTep KOPBIHBIH TapaThUIFaH KOCBIMIIANAphIH jkacay Mocemenepi SQL TimiH Oitymen
KaTap,opTypii OarmapiaMaiay TUIIEpiH MEHTepyZi *oHe Ne Oarmapiiamanay jkyilieciMeH omapma OepileTiH AepexTep
KOPBIHBIH OOBEKTIEPIMEH KYMBIC XKacay bl )KY3ere acbIpaThlH KiTalxaHa KIAaCCTapblH KOJAaHY AaFIbICHl OOTYBIH TaIall
ereni.OceiFal opaii MaMaHIAPABIH OaraapiiaMallbIK skoOamapIbel Te3 kacayra MyMKiHIIK OepeTiH 6ap Freimebox —apt
KosaHa Oinmyi MaHbI3Abl Oojna Oactanbl. ATanraH Makajiajga OYITTHIK CEPBUCTEp/ jKacayra apHaJlfaH MPOrpaMMabIK
iatdopma Typinzeri Freimebox-tap kapacteipsuiran. Onap, OaraapiaManbiK )K00aHbIH KYPBUIBIMBIH HKeM/II OacKkapy
MEH KaTap KOoJIaHyIibl nHTepdeiCciH KYpyFa KOChIMIIA Kypaaaphl 0ap O0FaHIbIKTaH KOCBIMIIIATIAP b &Kacay IpOIeciH
Te3 9pi KEHLT opi 1arbiM ereili. BynTThiK HHppaKypbUIBIMHBIH FreimeboX-Tapsl lepekTep KOpbIMEH KYMBIC XKacayFa
apHaJIFaH BeO-KOChIMIIIATapbIH j)KacayFa MyMKIHAIK Oepeni.

Tyiiin ce3mep: nepexTep KOPBLOYIT ecenTeyiepi, OYIT CepBUCTEPI, OKBITY Macelieci, maThopma

B ycnoBusix riyOMHHOM M TOBCEMECTHON WH(OpMaTH3alKdu OOIIECTBA IIMPOKOE PaclpOoCTpaHEHUE
nonyunin napopmanmonnsie cuctemsl (MC), 6e3 KOTOpbIX He 00XOAMTCS CETOHS HU OJTHO MPOU3BOJICTBO.
OyHIaMeHTATBHBIM KOMIIOHEHTOM J1F000i HMH(GOPMAIMOHHONW CHCTEMBI sIBJIsieTcsl 0a3a JaHHBIX Kak
CBOCOOpa3HbI KOHTEHHEp /MJIsl XPAaHEHUS OrPOMHBIX OOBEMOB CTPYKTypHpPOBaHHOW HH(pOpMAauuu.
[MpuMeHeHne 00JIAYHOM apXUTEKTYPHI C MPEIOCTABIISIEMBIMI €0 BO3MOXKHOCTSIMH TTO3BOJISIET PEaii30BaTh
o0y4eHHe CTyAIeHTOB paboTe ¢ 0a3amMH JIaHHBIX U OCBOCHHE COBPEMEHHBIX MOAXOJIOB K MPOEKTHPOBAHHIO
pacrpee/ieHHbIX IPHWIOKEHUH 0a3 JaHHBIX.

B cdepe npoexTupoBaHus U UCTIONIB30BaHKs 0a3 JaHHBIX CTYAEHT 0JDKEH YMETh!

— pa3palaThiBaTh KOHICNTyalbHYIO H Jioruueckyro moneiaun CYBJl Ha ocHoBe cOopa, aHaiu3a u
(dbopMynupoBaHus TpeOOBAaHUIN K 1aHHBIM;

— yMeTb pazpabarbiBaTh TaOJIMIBI, WCHOJIB30BAaTh METOIBl PENAKTUPOBAHUS IAHHBIX, HCIOJIb30BAThH
METO/IbI PEISIIUOHHON aareOphl, yMEeTh IPOBOINUTH HOPMATIH3AII0 OTHOLICHHIA;

— BIIQJIETh METOJIAMH XpaHeHHs, 00pabOTKM W pPEeJaKTHPOBaHHS MH(OOpMAIMK B CUCTEMaX YIpPaBICHUS
0a3aMu 1aHHBIX;

— BJIAJCTh OCHOBAMH TEXHOJOTHUH pa3pabOTKH 0a3 JaHHBIX U CHUCTEM YIpaBlIeHHs 0a3aMu JIaHHBIX,
MHTEIJIEKTYaIbHBIX CUCTEM U 0a3 3HAHUH;

— yMeThb HacTpauBaTh M OOCIYy)XHBaTb KOMMEPUECKHE CHCTEMBl YIpaBieHUs OazaMu [JaHHBIX,
WHTEJUIEKTYalbHBIE CUCTEMBI, 0a3bl 3HAHHM, CONMPOBOXKIATH SKCIUTyaTalMI0 pa3paOdOTaHHBIX MPOrPaAMMHBIX
MPOJYKTOB B OPTAHM3ALMAX U Ha MIPeAnpUATHAX [1].

B nacrosmee Bpems 3a7ada pa3paboTKH pacipeiesIeHHBIX TPUIIOKeHUH 0a3 JaHHBIX MPEAToiaraeT 3SHaHUe
sa3b1ka SQL, obnasaHne HaBbIKaMH [TPOTPaAMMHUPOBAHUS HA PA3JIMUHBIX SA3bIKAX MPOrPaMMHUPOBAHUS, a TAKKE
YMEHHE HCIOJB30BaTh CHCTEMBI IIPOTPAMMHPOBAHHUSA W TMPEAOCTABISIEMble MU OWONIMOTEKH KIIACCOB IS
peann3aluyi MEXaHu3MOB PaboThI ¢ 00beKTaMu 0a3 JaHHBIX. Hapsity ¢ 3TUM 0co0yr0 BaKHOCTh pUOOpeTaeT
YMEHHE CIIELHAJINCTOB HCIOJNb30BaTh CyLIecTByoUe (pedMBOpKH uis Oonee ObICTpOro Imporecca
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pa3paboTKHU NPOrpaMMHBIX IPOEeKTOB. DpeliMBOPKY, IpeJHa3HAYaeMblIe 11 pa3pab0TKU 00IauHbIX CEPBUCOB,
IPE/ICTABISIIOT CO0O0M mporpaMMHbIe IIAaT(OPMBL, 00Ieryanye, yIpouaoye U yCKOPSIONIE MPOIece
CO3JIaHMs TPUIOKEHUH 3a CUeT THOKOTO YIpaBJICHUs CTPYKTYPOH MPOrpaMMHOTO MPOEKTa M HATHYHS
JOTIOJTHUTENBHBIX CPENCTB MAJsl TOCTpOeHHst uHTepdeiica momb3oBatens. OpeiiMBopku it 0071avyHOMN
WH(PACTPYKTYPHI MO3BOJISTIOT CO3AaBaTh KapKachl BEO-TIPIITOKEHUH 17151 paboTHI ¢ 0a3aMHU TaHHBIX.

Obnauynas 06a3a [JaHHBIX TIPEACTaBIsAeT coOol HabOp KOHTEHTa, CTPYKTYPHPOBAHHBIA  HIIH
HECTPYKTYPHPOBaHHBIN, KOTOPBI HAXOIUTCS Ha YACTHOM, OOILIEIOCTYITHOM MK THOPUIHON HHPPACTPYKTYpE
006JTaYHBIX BEIYHCIIEHN [2].

CyImecTByIOT Be MOJIENH CpeAbl 00JMadHbIX 0a3, MaHHBIX: TPAAUIMOHHAS M 0a3a JaHHBIX KakK CITy>K0a
(DBaaS).

B Tpamunmonnoii mozenu obnakoB 0a3a naHHBIX paboraer Ha uHOpacTpykrype WT-otmena yepes
BUPTYaJbHYI0 MAallUHYy. 3aJadyd HaA30pa U ymnpasieHus Oazamu JaHHbIX oTHOcsATCcs K WUT-corpynHukam
OpTaHu3alyuy.

Hnst cpaBaenusi, moaens DBaaS siBnsieTcst miaTHOM yciyroi HOAMKUCKHY, B KOTOpoi 6a3a JaHHBIX paboTaeT
Ha (hn3uuecKoit mHppacTpyKType mocTaBmuKa ycryr. OOBIYHO JOCTYITHBI PA3IMIHbBIE YPOBHHU OOCITY X KUBAHHSL.
B kmaccudeckoit cxeme DBaaS moctaBmmk nojaepxuBaet GU3NIECKyto WHOPACTPYKTYypy U 0a3y JaHHBIX,
OCTaBJISIS 3aKA3YUKY YIPABIATH COAEPKUMBIM U PaOOTOH 0a3bl JaHHBIX.

B kauecTBe ajbpTEepHATHBBI, KIMEHT MOXXET HACTPOUTH CHUCTEMY YIPaBJIIEMOIO XOCTHHIA, B KOTOPOH
MOCTaBIUK 00padaThIBaeT 0OCITy)KMBAaHUE W yIIpaBiieHHue 0a30i MaHHBIX. DTOT MOCIEAHUN BapUaHT MOXKET
OBITH 0COOEHHO MPHBIICKATEIBHBIM JJIsi MaJIbIX MPEATPHUATHI, KOTOphIe HYXIAIOTcsA B 0a3e JaHHBIX, HO HE
HAMEIOT JOCTATOYHBIX 3HaHuil B o0inactu UT.

[lo cpaBHeHmuto ¢ paboTOil ¢ TpaAMIMOHHON 0a30W MaHHBIX Ha (PU3MUECKOM CepBEpe M apXHUTEKType
XpaHEeHHUs! Ha MecTe o0auHas 0a3a JaHHBIX MpeIaraeT CiIeAyIone NPEeUMYIeCcTBa!

— Ycrpanenue (huznueckoi HHPPaCTPpyKTyphl. B cpene 00nadHo# 06a3bl JaHHBIX MOCTABIIMK O0Ja4YHBIX
BBIYUCIICHUI CEPBEPOB, XPAHWIUII U IPYroi HHYPACTPYKTYphl OTBEUAET 3a OOCTYKMBAaHUE U TOCTYITHOCTb.
Opranun3zanusi, KOTopas BiIaJeeT U ynpasiseT 0a30i JaHHBIX, HECET OTBETCTBEHHOCTh TOJIBKO 32 MOJAEPKKY
Y TOJEP KKy TIpOrpaMMHOT0 oOecriedeHus 0a3bl NaHHBIX H ee cogepxkumoro. B cpexe DBaaS mocraBmimk
yCIyTr OTBEYaeT 3a MOAJepKaHUEe M HKCIUTyaTalHi0 MPOrpaMMHOr0 oOecriedueHust 0a3bl JaHHBIX, OCTaBIISs
none3oBateneld DBaaS oTBETCTBEHHBIME TOJIBKO 332 CBOW COOCTBEHHBIE TaHHBIE.

— DxoHOMHUS 3arpar. bmaromaps ycTpaHeHWIO (QU3NYEeCKOH WH(GPACTPYKTYphI, NpHUHAIIEKAEH u
ynpasisiemord UT-otmenom, 3HauMTeNnbHAs 3KOHOMHUSI MOXXET OBITh JOCTUIHYTa 3a CUET COKpPALICHUS
KaIllMTaJbHBIX 3aTPaT, MEHBILETO KOJIMYECTBA IIepcoHalla, CHIXKEHUSI pacxoj0B Ha 3jiekTpuueckyto u OBK, a
TaKKe MEHBIIET0 KOJIMYEeCTBA HEOOXOJUMOTO (PU3MIECKOTO MPOCTPAHCTBA.

Mogenu cpensl 00auHOM 0a3bl JAHHBIX JAIOT JOMOJHUTENIbHBIE PEUMYIIECTBA!

— Menosennas macwmabupyemocms. Ecnn noOaBneHHas €MKOCTh 0as3bl JaHHBIX MOXET OBITh
00yCIIOBJIeHa CE30HHBIMU NMHUKaMM OW3HEca MM HEOXKHIAHHBIMH BCIUIECKaMHM cIipoca, moctaBuimk DBaaS
MOKET OBICTPO TPEIUIOKUTH JIOTOJIHUTEIBHYIO TPOITYCKHYIO CIIOCOOHOCTD, MPOITyCKHYIO CIIOCOOHOCTH M
MPOIYCKHYIO CHOCOOHOCTh 4epe3 CBOIO COOCTBEHHYIO MH(pacTpykTypy. basa manHbIX, paboTaromas B
TPaIUIIMOHHON HH(PPACTPYKTYpE HAa MECTE, BEPOSTHO, IOJKHA OYAET K IaTh HEACHM M MECSLIbI IS 3aKYIIKH
1 YCTAaHOBKH JIOIIOJIHUTEIILHBIX PECYPCOB CEPBEPA, XPAaHWINILA UM KOMMYHUKALMN.

— Tapanmuu s3¢ppexmusnocmu. Uepes cornarienue o0 ypopHe o0ciyxuBanus (SLA) mocrapmuk DBaaS
MOKET OBITHL 00s3aH MMpEaAOCTaBJIAThL rapaHTHUU, KOTOPBIC 06BIT-IHO ONpeACIAIOT MUHUMAJIbBHYIO JOCTYITHOCTH
BpeMeHH 0e30TKa3HO! paboThl M BpeMs OTBETa Ha TpaH3akUui0. SLA onpezaessieT I1eHeXHbIE U IOPUINIECKUe
Cpe/CTBa MPaBOBOW 3aIIUTHI, €CIIH 3TH MIOPOTOBEIC 3HAYCHUSI YPPEKTUBHOCTH HE BBITTOTHSIFOTCS.

— Cneyuanuzuposanuas sxkcnepmuza. B xopmopatuBHoit WT-cpene, 3a HCKIIIOUEHWEM KPYITHEHITHX
MHOTI'OHAaIlMOHAJIbHBIX HpeI[HpHHTI/Iﬁ, IMOUCK 3KCIIEPTOB MUPOBOI'0 KjIacca MOXKET 6BITL 3aTPYAHUTCIIBHBIM, U
COXpaHEHHUE UX IepcoHalla MOXeT ObITh foporocTosmuM. B cpene DBaaS nocraBuimk Moxer o0CiTy>KUBaTh
THICSYM KJIMEHTOB; TAKUM 00pa3oM, MOKCK, IPEIOCTaBICHUE U MOIAEePKaHie TaJaHTa MUPOBOT'O KJIacca - 3TO
HE MPOCTO BHI3OB.

— [Ilocneonue mexnonozuu. g Toro, uTo0bl OcTaBaThCsl KOHKYpeHTocnocoOHbpMH, DBaaS npoBaiinepsl
paboTtaloT Hajg TeM, YTOOBI BCE IpOrpaMMHOe oOecriedeHue Oa3bl JaHHBIX, CEPBEPHBIC ONEpallOHHBIE
CHCTEMBI U APYrHe acleKThl o0mmeld HHPaCTPyKTYphl COXPAHSIIOTCA B Kypce OOHOBJIEHMH 0€30mMacHOCTH U
y100CTBa, PEryJIsiPHO BBIJAHHBIX TOCTABIIMKAMH IPOrPaMMHOT0 00eCIeUeHHSI.

— Tloooepoicka omrxazoycmotivugocmu. Jljisa mpoBaiaepa ycuyr 6a3 JaHHBIX I 00eCIIeueHUs TapaHTHA
MIPOU3BOAMTEILHOCTH U IOCTYITHOCTH, 3TOT IMOCTABIIKK J0/DKEH 00ecreynTh OecnepeOoiinyo paboty, eciu
NEPBUYHBIA HEeHTp 0O0padOTKM JaHHBIX 10 KakoW-nmbo mnpuuumHe He pabortaer. llogmepxka
OTKa30yCTOWYMBOCTH OOBIYHO BKIIIOUAET B €0 paboTy HECKOJIBKHX CEPBEPOB 3€PKATBHOTO OTOOPAKEHUS U
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XpaHWIHI JaHHBIX. [Ipy paBUIIEHOM 00pallleHUH MTEPEKITF0UeHIE Ha PEe3EePBHBIN IEHTP 00pabOTKH JaHHBIX
JOJDKHO OBITh HE3aMETHBIM TSI JTF000TO KITUEHTA 3TOM CITy>KOBI.

—  Cuuorcenue yen. baarogapsi JOCTIKEHHAM B 00J1aCTH TEXHOJOTHH U MHTEHCUBHOMY KOHKYPEHTHOMY
PBIHKY CPeIH OCHOBHBIX IOCTABIIMKOB YCIIYT, LIEHBl Ha IIUPOKHHA CHEKTP YCIyr OOJayHBIX BBIYMCICHUHN
MOJIBEPratoTCs MOCTOSHHON nepexannopoBke. CHUKEHHE 1IeH SIBISIETCS] BAKHBIM CTUMYJIOM JUIS TIEpeHoca 6a3
TMaHHBIX HA MecTe U pyroit UT-undpactpykrypst B 001aKo0.

[To apxurektype oOxadHbIe 0a3bl JAaHHBIX, KaK U WX TPAAUIIMOHHBIE MPEIKH, MOKHO Pa3feluTh Ha JBE
HIMPOKHE KAaTETOPUH: PENHOHHEBIE U HEPESIHOHHEIE.

Pensmmonnas 6a3a maHHBIX, KaK MpaBUJIO, HANFCaHA Ha S3BIKE CTPYKTYPHUPOBAaHHBIX 3ampocoB (SQL) ,
COCTOWT W3 Habopa B3aWMOCBS3aHHBIX TaOJHII, OPraHW30BAaHHBIX B CTPOKH M CTONOIBL. CBS3b MEXKIY
TabJIUIIaMH U CTOJIOIaMU (TToNsiMK) yKa3aHa B cxeme basbl nanubix SQL, mo an3aiiHy, monararotcst Ha JaHHBIE,
KOTOpBIE coryiacoBaHbl B cBoeM (hopmare. [lomynspusie BapuanTsl Bkmodaror MySQL , Oracle , IBM DB2 u
Microsoft SQL Server .

Hepensunonnsie 6a3pl naHHBIX, HHOT/AA Ha3biBaeMble NoSQL , He ucmonb3yroT Tabauiy. Bmecto atoro
OHH XpaHAT KOHTEHT, HE3aBUCHMO OT €T0 CTPYKTYPBI, KaK OTAETbHBIH JOKYMEHT. DTa TEXHOJIOTHS XOPOILIO
MTOXOTUT JJISI HEeCTPYKTYPUPOBAHHBIX JAHHBIX, TAKUX KaK KOHTEHT B COLMANBHBIX CETAX, doTorpaduu u
BH/IEO.

C TOYKM 3peHUsI CTPYKTYpPHI U [u3aiiHa o0nayHas 6a3a JaHHBIX HE OTIMYAETCS OT TOH, KOTopas paboTaeT
Ha COOCTBEHHBIX JIOKaJbHBIX cepBepax mpeanpustus. OCHOBHOE pa3iWyhe 3aKIFoYaeTcs B TOM, TJAE OH
Haxoautcsa. Korma nokanmpHas 6a3a JaHHBIX MMOAKITIOYEHA K JIOKAJTBHBIM ITOJIb30BaTENSAM Yepe3 BHYTPEHHIOO
JIoKaJIbHY!0 ceTh Kopropaiuu (JIBC), obmayHas 0a3a JaHHBIX HAXOJIUTCS Ha CEpBEpax M XPaHMIHUINAX,
MPEIOCTABIAEMBIX 00JIauHbIM win DBaaS-npoBaiiiepoM, u K Hell 0OpamaroTCsl MCKIIOYUTEIBHO dYepes
WuTepuer. Hanpumep, amst mporpaMMHOTO TIPHIIOKEHHS 0a3a maHHbX SQL, Haxoasmascs B TOMEIeHIH WA
B 00JaKe, TOJKHA OBITH UICHTHYHOM.

Joctyn k npsMbeIM 3amnpocaM (Hanpumep, onepatopam SQL) unm yepes Boi3oBbl API, moBeneHue 0a3bl
TAHHBIX JIOJDKHO OBITH OAMHAKOBEIM. TeM He MeHee, BO3SMOXKHO BBISIBUTH HEOOJBIINE PA3INYMsI BO BPEMEHU
OTKIIMKa. BHyTpeHHss1 0a3a MaHHBIX, JOCTYN K KOTOPOHW OCYIIECTBISIETCS Yepe3 JIOKAIBHYI CeTh, CKOpee
BCET0, 00ECTIEYUT HECKOJBKO Ooliee OBICTPBIA OTKIMK, YeM oOiauHasi 0a3a JaHHBIX, AJs 4ero tpedyercs
WHTEPAaKTUBHOE IyTeliecTBre B VIHTepHETe U Ka)XI0TO B3auMOJIeHCTBHsI ¢ 0a30i maHHBIX. Ha mpakTuke,
OJTHAKO, Pa3IMYUsl, BEPOIATHO, OYAyT HE3HAUNTEIIEHBIMH.

Taxum 06pa3om, mepeHoc 6a3bl JAHHBIX B 00JIaKO MOXKET OBITh 3P QEKTUBHBIM CIIOCOOOM /IS IabHEHIIETO
BKITIOYEHUS MTPOU3BOJUTEIBHOCTH OM3HEC - TPWIOKEHHI, Kak 4acTh Oojee mmupokoro [IO kak ycmyra
pa3BepThIBaHUS. JTO YIPOIIAET MPOIECChl, HeOOXOaUMbIE IS OOecTedeHus JOCTYITHOCTH WH(OpMaIuu
Yyepe3 WHTepHeT-coennHeHns. KoHcomumanus XpaHuinil TaKkKe MOXKET OBITh BHITOJTHOW IS TIEpEeMEIIeHUS
0a3 JaHHBIX KOMIIaHWU B 00;1aK0. HanprmMep, 6a3bl JaHHBIX B HECKOJIBKHUX OT/eNIaX KPYIMHONH KOMITAHUM MOTYT
00BENUHATHCS B 00JIaKe B €IMHYIO CHCTEMY yIIpaBJICHUS 0a30i JTaHHBIX.

B cBoro ouepenp, 00yueHHe CTYACHTOB TEXHOJIOTHSAM 0a3 JaHHBIX M TIOCTPOSHHIO pacipeeneHHbx SQL
MPWIOKEHUH, TOMUMO 3HAHWI TEXHOJIOTUN 0a3 NaHHBIX M s3bika SQL, JODKHO BKIIFOYATH MCIIOJIB30BAHUC
001auHOM HHPPACTPYKTYPHI [Tl pa3MeEllieHns 0a3 JaHHBIX U BEO-TIPHIIOKEHUH.

Haubonee moctynmHbsIM cumtaercss paboTa ¢ OCHOBHBIMH BO3MOXKHOCTSIMH OOJIa4HON MH(PACTPYKTYPOH
Windows Azure, Bkmrouas co3ganue 6a3 maHHbix SQLServer u MySQL (puc. 1), a Ttakke OecruiaTHOE
pasMerieHue BeO-puiiokeHuit B oonake Windows Azure [4].

Azure mpennaraeT yciIyTH, KOTOPbIE MOIJICPKUBAIOT Pa3pa0OTKU TMPHIIOKEHWH W XOCTHHTA, a TaKKe
MpeocTaBIsieT HPPACTPYKTYPY Kak ycryry (laaS), 4To0BI Mpe0CTaBUTh OTHBIN KOHTPOJIb HAJl XOCTUHTOM
npwiokenuit. [Tnardopma Azure kak yciyra (PaaS) mpemocTaBiiseT MONHOCTBIO YIPAaBISEMbIE YCIIYTH,
HE0OXOIUMBIE IS TIOAJIEPIKKH Pa3padOTaHHBIX MPUIIOKEHUH.
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e n Q Mos yueTHas 3anucb Moptan

Mouemy umeHHo Azure v Pewenus  [poayktbl v [lokymentaums  Croumocts  O6yuedue  Marketplace [MaptHepbl v 6osblue v

Balwle BuzaeHve, pesyibTathl U
06/1aK0

Bonnou.laﬁTe CBOM MAEN B HOBOM MNPUAOXEHUN, NepeocMbiCciuTe
VMELLYIOCA CUCTEMY UIN YBEPDEHHO cos,uaaaﬁTe rM6pvaoe obnauHoe
npunoxexue Ha ntoboii naatpopme u Ha NtOOM 3Tane nepexoaa B
obnako.

Azure. Obnako ans Bcex.

HaunuTe ncnons3osats GecrnatHo >

Pucynox 1. Oxno npusemcmeus Microsoft Azure

3aiins B mopran Microsoft Azure crymeHTsl MOTYT OBICTPO CO3/1aBaTh PECYPCHI WM POCTO IPOCMOTPETH
CIHMCOK pa3sHoobpasusix ciayx6 Microsoft Azure Marketplace [5].

x 0O >

§ naHeﬂb . ¥ + Cospam nanenb MoHMTOpMHTa A Ompasuts ¥ Cravam & Wsmenenne L) Mogenwrucs
Co3paTh pecypc

Bce cnyx6bl
Bce pecypcsl .
BCE NOANMCKM Hauano pabotsi ¢ Azure crano ewe

npouue!
3anyck BeIGpaHHOTO

npunoxenua B Azure Brero 3a
n HECKONBKD WAroEs

MNaHen MOHWTOPHUHIA
Bce pecypcst HeT pecypooE ANR OTOODAKEHUR
Ecan Bl HE HALWAK TO, UTO UCKAAW, NONpoByiTe UIMEHWUTE nede e Co3pam: npoexr
Tpynnel pecypcoe GuAETpel, JonoaHuTensHee ceegesna £

Coapats pecypest KpaTkwe pykoeoacTea
CayxObl MPUACKEHWA

T PUROXKEHIA U ;
P ByHky BupTtyansHeie MmawwHel Windows 3

MogroToExa SMPTYaNbHLI MaWAH Windows Server, SQL
Bazskl JaHHBX SQL Server, SharePoint

Azure Cosmos DB .
BupTyansHeie MawwHel Linux 2

MogroToexa sMPTYaAsHLIK MawAH Ubunty, Red Hat,
BUPTyabHLIE MALIKHE CentOs, SUSE, Core0s

& BanascnposuKN Har...

Cnyx6a npunoxeHui
Coz/383iTe BE6-NPUNOKEHKA € NOMOLLK .NE

Pucynox 2. Hanenv monumopunza Microsoft Azure

Undpactpykrypa Windows Azure npenocTaBisieT Uil U3y4EeHUs CIeIYIOUINe XPAaHWINIIA JAHHBIX:

— Xxpanuiuue Azure, coctosimee u3 BLOB-00bexToB, ouepenei u ¢aiinos;

— 0aza mannbeix SQL, npenocraBnsiemas Kak ciryx0a, odecneunBatomas ¢pyHkuuoHansHocTh SQL Server
C HE3HAYNTEJIbHBIMH OT PAaHUYEHHUSAMU;

— 0a3a nannaeix MySQL;

— xpanwiuiie Tabmuin NoSQL mis nap "kimou-3HaueHue";

— 0a3a nannbix qokymMeHToB DocumentDB NoSQL, npenocrasisiemas kak yciyra.

[peumymiectBom mpumeHeHus: SQL Azure siBisieTcsi BO3MOXKHOCTh KaK YIaJIeHHOTO JIOCTyIa K 0aze
JAHHBIX, TaK MU BO3MOXXHOCTb HCIOJIb30BAaHHUS €€ W3 BEO-PUIIOKEHHH, a TakKe MOAJEpXKa 3Toi O6a3oi
nauubix pysknumonana CYBJl MS SQL Server, Bkmtouas cuHTakcuc sizbika SQL, s3pik Transact-SQL,
CO3JIaHNe XPaHUMBIX TpoLieaAyp U GYHKIUHA, paboTy ¢ KypcopamH, YIpaBieHNUE TPAH3AKIHIMH, IPHMEHEHHE
TPUITEPOB.

[Ipumenenne Windows Azure mo3BOJSIET HM3Y4UTh OONBLION HAOOp pa3iM4HBIX (HPEHMBOPKOB IS
co37aHNA BeO-TIPUIIOKEHHH, BKITFOUYas BEO-TIPIITOKEHNS, CTIONB3YIONINe 00JadHbIe XpaHWIHIIA JAHHBIX (pHC

3).
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Cozaats

Azure Marketplace TMokasatesce  [MonynapHeie

Bce pecypesl Hauano padoTsl | Windows Server 2016 VM

YuebHue no GuicTpomMy 3anycky

Tpynnkl PECYPCOE HenaeHo cozfaHHke

Briuncnenme Ubuntu Server 17.10 VM
Cryx0bl NPUACKEHNIA @ MoapobHes

Cetin
TNpUnCKeHNA-GYHKLIMN St
orage Web F\pp
Bazkl A3HHbX SQL WMHTepHET+MOBUEHEIE Yuebrink no Grictpomy 3anycky
yCTpoiCcTEa
Azure Cosmos DB KoTeiineps — SQL Database
sat YuebHMe no GeicTpoMy 3anycky
BupTyankHele MaliMHbl Databases
Data + Analytics o Cosmos DB
C3 BaNaHCUPOBILMKMW HAT... o .
. ) —2M YuebHuk no GucTpoMy sanycky
Al + Cognitive Services ’ h
B yuethue zanncn xpan... B -
WMuTepuer seweil . B Nauline Draiart v

Pucynox 3. [lanenv cozoanus npunodcenuti 8 Windows Azure

Azure mpenocTaBiIsIeT HECKOJILKO O0JIAYHBIX BBIYHCICHUH [T 3allycKa MPUIIOKEHHUS, TaK YTO CTYACHTaM
HE Tpuaercs: OECHOKOUTHCS O IeTalsix MHGPacTpyKTyphl. [IporpamMmMa mo3BONSET JETKO M3MEHSTh CBOU
pecypchl IO Mepe YBETUUEHHS UCTIOJIb30BaHUS IPUIIOKEHHSL.

TpunuatunHeBHas OecruiaTHas noanucka Windows Azure TO3BOJISCT OCBOUTH PabOTy ¢ JIHOOBIM
(peiMBOpKOM W3 OOJBIIOTO HabOpa CPEeNCTB, BKIIUYEHHBIX B rmnaTdgopmy. Cpenu MpemnocTaBiseMBIX
(hpeiiMBOpKOB, HanOoJIee yIOOHBIX TSI pa3paOO0TKHU MPHITIOKEHUH 0a3 TaHHBIX, MOXKHO BBIICIUTH CIETYIOIINE
[1]:

— WordPress —coBpeMeHHas CHCTEMa YIIPABICHUS COICPIKUMBIM caifTa;

— Drupal — coBpemennas ObicTpast miathopma Jyisi CO3MaHUs IMHAMUYECKHX Web-caifToB, Mo3BoIIsIOIIas

aBTOMaTH4YecKH 0e3 HalHMCaHUs POTPaMMHOTO KOZIa CO3/1aBaTh Pa3INuHbIE SJIEMEHTHI CaiTa;

— Joomla — cuctema i KOHCTpYyHpPOBaHHUS Web-caiiToB U online-nmpuitoKeHuU.

Taxum 00pa3zom, npeaiaraeMblil moIxoa K (OpMHPOBAHHIO MTPOPECCHOHANBHBIX KOMIIETEHINH B 0071acTH
MPaKTUYECKOTO0 MPUMEHEHUS! TEXHOJIOTHH pa3paOdOoTKH TMPHIOKEHWH Ha 0a3e HCIONb30BaHMs 00JavyHON
WHPPACTPYKTYpHl MO3BOJHUT CTYACHTAM OCBOWTH BCE OTambl pa3pa0OTKH TPWIOKEHWH 0a3 JaHHBIX OT
co3ziaHus 0a3bl JaHHBIX ¥ (POPMHUPOBAHUS KOHLENTYaIbHON MOJIENIN JaHHBIX, BKJIIOYAs peajn3aunio Ou3Hec-
JIOTHKH, 10 pa3padOTKH BeO-CEpBUCOB U BEO-NIPUIOKEHUH, HCIOIB3YIOIINX O0JIaYHbIE XPAaHUIUILIA JAHHBIX,
a TaKKe MyOJIMKAINIO0 BeO-NPUIIOKECHUN B 00JIa4HON HH(PPACTPYKTYpeE.
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YJIKEH OJIIIEM/I JEPEKTEP/I OH/EY YAEPICIH MO/JE/IbAEY

Anoamna

BigData nepekrepiHiH YJIKEH KeJEMIH aHBIKTAy >KOFapbl JKbUIAAMABIKTHI JKOHE HAKTHI YaKbITTHIK IMICHIIMAED
KaObU1Aay 16l TaJall eTETIH JePEKTEP/IH YIKSH KOJIEMIH CaKTay JKoHE Tajjay CHSKTHl TEXHOJIOTHSIAP/Ib! KOJAaHy YLIiH
naiJananeIagpl. OETTe, erep aHAIWTHKAJBIK OHJACYIIH MAaHbI3IBUIBIFBl Typanbl aWTKaHaa, acipece, DataMining
TEpMUHI NaiianaHbUFal 0oJica, o1 YIIKEH JAepeKTepaiH Oap ekeHuiriH Oinmipeni. Erep ke3 kenren skarmaiiapaa sxoHe
Ke3 KeJII'eH aKIapaT KeJeMiHe Colikec KeJleTiH aMOebar aHainn3 HeMece alropuTMIep koK. Jlepekrepai Tannay aaicrepi
OHIMILTIK, HOTHKE CaTachl, KOJI KETIMILUTIK KOHE IepeKTep TalanTapblHa alTapibIKTail epekmeneHeai. OHTalIaHIbIpy
TYpIl JAEHTreWsepAe JKYpri3imyl MYMKiH: >KaOIBIKTap, AEPEKKOpiap, aHaJIUTHKANBIK IDiatdopmanap, OacTammksl
JepeKTepli NaiblHaay, apHaibl alropuTMIep. 3epTTey HOTIKENISpiH MaKaja aBTOPJaphl YIKSH eJIIeMIi JepeKTepai
MOJeNbACY e xKaHe Beb-KockiMIna a3ipieyne KonaaHy YCTiHTe.

Tyiiin ce3aep: YJIKEH eNeMai IepeKTep, OHICY, TAIIay aKnapar, MOICIbAeY, dAICTep
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MOJAEJUPOBAHUE OBPABOTKHU BOJIBILIOTO OB bEMA JAHHBIX

Ompeneneane OonpmMx 0OBEMOB NaHHBIX, BigData, mcmoms3yercs 1 00O3HAYEHUS] TaKMX TEXHOJIOTHH Kak
XpaHEHHE 1 aHAJIHN3 3HAYMTEIILHOTO 00beMa TaHHBIX, TPH 00pabOTKE KOTOPHIX TPeOyeTCst BBICOKAs CKOPOCTh U IIPUHSTHE
pELICHUH B peXXnuMe pearbHOro BpeMeHH. OObIYHO, KOT/la TOBOPST O CEPhE3HON aHAIMTHUECKOH 00paboTke, 0COOCHHO
€CIIM HUCIOJB3YIOT TepMuH DataMining, mnojpa3ymeBaloT, YTO JaHHBIX OrpoMHOe KosmuecTBo.He cymiecTByer
YHHUBEPCAJIBHBIX CIIOCOO0OB aHAIN3a UIIH AJITOPUTMOB, IIPUTOIHBIX JJIS JTFOOBIX CIydaeB U JTI0OBIX 00BeMOB HH(OPMAIIHH.
MerToapl aHaNTM3a JAaHHBIX CYIIECTBEHHO OTJIMYAIOTCS APYT OT Apyra MO MPOU3BOAUTEIBEHOCTH, KA4eCTBY PE3yJbTaTOB,
yIoOCTBY NMpHUMEHEHHs U TPeOOBaHMSIM K JaHHBIM. ONTHUMH3alIUsS MOXET NMPOU3BOAWUTHCS HAa PA3IUYHBIX YPOBHSAX:
obopynoBaHue, 6a3pl JaHHBIX, aHAJTUTHYECKas IUIaTGOpMa, IMOATOTOBKA HCXOAHBIX TaHHBIX, CHEIHATM3MPOBAHHBIC
aNTrOPUTMBL. Pe3ynbTaThl HCCIIEN0BaHNS HCTIONB3YIOTCS aBTOPAMHU IIPH MOJICIMPOBAHIH OOJIBIINX JaHHBIX U pa3paboTke
BEO-TIPHIIOKCHHUS.

Kaiouesnie cioBa: bonbime 00beMbl 1aHHBIX, 00paboTKa, aHaIHN3, HHQOpPMALHs, MOAEIHPOBAHUE, METObI
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MODELING THE PROCESSING OF A LARGE AMOUNT OF DATA
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1Dr.Sci. (Phys-Math), Professor of the Informatics Department at al-Farabi Kazakh National University,
Almaty, Kazakhstan
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The definition of large amounts of data, BigData is used to refer to technologies such as storing and analyzing a
significant amount of data that requires high speed and real-time decision-making when processing. Typically, when
serious analysis is said, especially if the term DataMining is used, , that there is a huge amount of data. There are no
universal methods of analysis or algorithms suitable for any cases and any volumes of information. Data analysis methods
differ significantly in performance, quality of results, usability and data requirements. Optimization can be carried out at
various levels: equipment, databases, analytical platform, preparation of source data, specialized algorithms. The results
of the study are used by the authors in modeling large data and developing a web application.

Key words: Large amounts of data, data processing, analysis, modeling, methods
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JlepekTepmiH YIKEH KoJeMiH Tajmay apHabl OIICTI Tamam ereli, ce0ebi TEeXHHUKAIBIK KUBIHIBIKTAp
TyBIHJIAFaH/1a OJIap/ibl TEK Kapa KYII apKbUIbI OHJICY, SFHU, KyaTThl a0 IpIKTapIbl aiiananyra Typa Keleli.

OpuHe, 0i3 eHIMAI KaOIBIKTapABIH apKAChIHIA JEPEKTEePAl OHJCY KbULIaMIBIFBIH apTThIpa alaMbl3,
acipece 3aMaHayH CepBepJiep MEH KYMBIC CTaHIUsIIapAa KOl SAPOJIbI MPOIIECCOPIIap, ayKbIMJIBI XKa bl JKOHE
KyaTThl JUCKIJIIK MACCUBTEP KOJIaHbLIAbI. JlereHMeH, MacIuTaOThl YIFaATaThIH KOHE MISKCI3 armapaTThiK
KaHAPTYyIapbl KAXKET eTIEeHTiH YIIKeH KeJIeM/eT1 AepeKTepIi OHAeYAiH KoITereH 6acka »KoJmaaps! 6ap.

JepexTep KopbIH 0acKapy sKyiieci yCbIHFaH MYMKIHIIKTEp

Hepextep KOpbIH Oackapy KYHeciH KOJTaHYIbIH MYMKIH/ITIH KapacThIpallblK. 3aMaHayd JEpeKKopiap
OpTYpi TeTiKTepai KaMTUAbI [ 1], OHBI MalijaiaHy aHAIMTHKAIBIK OHJICY KbUIIAMIBIFBIH €I9yip apTThIPaIbL:

- Tanpay ke3iHae >kui Ke3JeceTiH AepeKTep i alablH-ana eHaeyre 00aabl XKoHEe alarbl OHICY Ke3iHe
JaiibIH KYHiHJIE TepeKTep KOPHI CepBEpiHAe KO OIIIeM Il TeKIe TYpiHe apHaibl KECTee CaKTayFa O0IaIbl.

- Kecrenepni Herisri skagpira kamrTey. Tangay OapbICBIHAA KUi KOJJIAHBUIFAH JCPEKTEPIi, MBICAIIBI,
aHBIKTaMasap JCPEKKOP PEeCypCTapblH MalaJIaHbIN KEASH JKAABIFBl KAITeyre Oonazipl. JIUCKiHIH IIaFrbiH
Xyiere KipyiH OipHeIe peT a3aiTajbl.

- Kecrenepai 6emimMaepre skoHe KecTe KeHiCTIKTepiHe Oeiy. JlepexTepai Oenek nuckinepre, MHIEKCTEPTe,
KOMEKIIIi KecTeJepre opHainacTtelpyra Oonanel. Bynm gepextep KopblH Oackapy jKyileciHe —mapasuienbii
TUCKIIepre aKImapaTThl OKyFa JKoHe jka3yFa MyMKiHAIK 6epeni. COHBIMEH Katap, kecte Oeiimaepre OeiHreH
001ysl MyMKiH. MBIcanbl, 0i3 Tapuxu nepekTep 0ap Oip JOTHKAIBIK KECTEeHI MaigaTanybIMbI3Fa 00IaIbl, OHBI
IIaFbIH (PU3MKAIBIK O6JIiMepre 06l aiiIbIK IePEKTEePIl KAKET €TKeHIMI3/Ie OChI a3 06J1iMiMi3 FaHa OKBLIBIIT
OYKLI TapuXbl IEPEKTI OKYIbIH KaXKETI )KOK OO0JIaIbI.

JlepexkkopaaH akmapaTThl i137ey/iH KbUTIAM/IBIFBIH 0acKa XKOJJAapMeH YIFalTy [2]: YTBIMIBI HHACKCTEY,
cypay KocmapblH Kypy, SQL cypaymapelH mapamienb ©HAEY, KIacTepliepli KoJAaHy, CaKTajFaH
MpoleAypaiap bl Mai1anaHa OTHIPBIN TaAAaHAThIH IEPEKTePAl JalbIHAAY, TEPEKKOP CepBepi TaparbIHIaFbl
TpUTrTepIep K9HE OChI TETIKTEPIiH K001 60C TepeKKopiIapMeH KOMTaHbLTYbl MYMKIH.

Mopennepai OipikTipy

KbaMIbIKTBl apTTBIPY MYMKIHAITT JCPEKTEp KOPBIH OHTAIaHIABIPYMEH INEKTEIMEU I, 9pTypii
Mozenaepai OipiKTipy apKpUTI KON HOpCe >Kacalybl MYMKiH. OHAEY >XBUIIaMIBIFBl KOJIaHBUIATHIH
MaTeMaTHKAIBIK allaparThlH KYpAenIirine OaiinaHeicTel. Tanmay MexaHU3MAEpi HEFYpIBIM KapamaibiM,
JIEPEKTEP COFYPIIBIM TE3 TaJIaH/IbI.

Jepekrtepai oHIEY CIEHAPHIAI CUTO MOAEINAEPi apKbUTBI AEPEKTEP/Ii iCKe KOCATBhIHAAN eTil jkacall ajajibl
[3] MyHaa KapamaidbiM ujaes HailaTaHbUIapl: Tajaaayabl KaKeT eTHeHTiH NePeKKe YaKbITThI KYMCAy/bIH
KaXeTl oK. EH anmjpIMeH KapamaiibiM aJlfOPUTMIICP KOJIaHbUIaAbl. MyHJal aJropuTMICPMEH OHICYTe
00JIaThIH XKOHE OJ[aH JIa KYPAEJi SJiCTepMEH OHJeNe alMalThIH JepeKTepliH O6liri TalgaHaIsl )KoHe api
Kapall eHJeyJ/leH HIbIFapbuIabl. Kamran nepekTep Keleci KypJeli anropuTMiep NaiaanaHbUIATHIH JKOHE
Ti30eKTiH OOWBIHIA OpHAJACKAH KeJieCl OHJey KE3CHIHE aybICThIphUIaAbl. OHACY CLEHAPUUIHIH COHFBI
TYHIHIHAE ©H KypIelli aJropuTMJep KOJJIaHbUIabl, Oipak TaJiJaHaThiH JepeKTep OacTanKbl YJTiCIHEH
OipHerre ece a3. Hotmxkecinze 0apIbiK AepeKTep/Ii OHIeyTe KaXXeTTi JKAITbI YaKbIT IIaMachl OOMBIHIINA a3asi bl

JKoraps \I_l/

Karan epexe

AN
— 1

KapanaiirmM Moaens

1y

Kypaeni moaenn

Tanmay BoTEHREC1

Temca

Cypem 1. Bipnewe yneinepoi nauidarana omeipbin oepekmepoi oHoey

Byt Tocinai maiinananyapiH ToXipuOenik MblcaibiH Kenrtipedik. CypaHBICTBI 0OIDKay €cenTepiH IIelry
Ke3iHJe OacTamnkplia OpTYpili TayapiiapFa CYPaHBICTHIH KaHIIAJIBIKTBl TYPaKThl CKEHJITH aHBIKTayFa
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MYMKiHTIK Oeperin XYZ-tangay >XKYprizy YCHIHBUIAABI. X TOOBIHBIH Tayapiapbl TYPaKTHl CaThLUIAIBI,
COHJBIKTAaH OOJDKaMIbl aITOPUTMICPII MakiaaiaHy camaibl 00/KaM/Ibl HOTHOKEHI ajyra MyMKIHZIIK Oepeni. Y
TOOBIHBIH Tayapiapbl KEM TYPaKThl CaTBUIAJIbI, COHABIKTAH OJapFa 0OJDKay alrOpUTMICPIH KOJIJIaHy HAKThI
camaibl OoJDKaM alyFa MyMKiHIiK Oepei. Z Tayapiap TOOBIHBIH 6 TIMIIUTIT 6Te KaKChl, COHIBIKTAH oJiap YILUiH
Oyo1 OoimKaMIbl MOAETBACPIH KYPY KaKETi KOK, oJiap YIIH KaKETTUTIKTI KapanaitbiM (hopMynanap Heri3iHae
ecenrTecek OOJapl, MBICAIIFa OpTaIlla aillIbIK caTy MeimiepiH aifircak Oomansl. CraTicTrKa OOMBIHIIA ©HIM
ayKbIMBIHBIH 70% Z Tayapiap ToObI Kypaiiel. Y TOOBIHBIH Tayapiapsl 25% -abl Kypaiabl, an X- TOOBIHBIH
Tayapnapsl 5% Kypaiasl. by xkepze Kypaeri Moaens Kyphin oHbI Konaany 30% Tayap YIIiH FaHa aKTyas bl
0ok TabbUIaael. COHNBIKTAH, KOFAphIIa ANTBUIFaH TOCUIII KOJJaHy Taljay MeH OoJbKay yakbIThiH 5-10
ecere asauTansl.

Mapanaeasai enaey

HepexTepaiH YIKeH KoJIeMiH oHIey/iH TaFbl O1p THIMII CTpaTEerHsChl IepEKTEPi CErMEHTTepre 0oy )KoHe
Op CerMEHTTIH MOJENbACPIH O6JIeK Kacay, HOTHKENEp i ofaH opi Oipiktipy Oounbin Tadbu1agbl. Kebinece ken
MeulmepAe AepeKTepiH OipHeme opTypii imIKi >KUBIHAAPHIH Oeiin alTysIMbI3Fa Oojambl. MyMKiH, Oy
TYTBIHYIIBIIAP TOOKI, apHaiibl Typae Oip MOAETs KYpyFa 9KeNIeTiH Oip jKOJIMEH KYPETiH Tayapiaap TOObI O0TysI
MYMKIiH.

Byn xarnmaiina GapmnsIk Oip KypAeni MoAenbi KypyAblH OpHBIHA 9pOip cerMeHTKe OipHelne KapamaibiM
Hopce Jkacayra Oomansl [4]. MyHOai Tocin TangayablH SKbUIIAMABIFBIH JKOFAphUIATYFaA JKOHE JKaj KOJIeMiH
azaiiTyra MyMKiHzaik Oepeni. CoHbIMEH KaTap, Oyl jKarjaija aHaJUTHKAIBIK OHICY Mapauieibai 0Oybl
MYMKiH, OyJl COHBIMEH Oipre >KyMcalFaH yakbITKa OH acep eTeli. bynan Gacka, op cermMeHTKe apHalFaH
MOZEBEp TYPII aHATHM3Iep Kypa ajajbl.

Bacrankbl gepeKkrep

1 cermeHT > 1 mopenn
2 cermeHT > 2 mopenb Tanpay HaTMIXKECI
3 cermeHT > 3 mopenn

Cypem 2. [lepexmepdi ceemenmmepze 0Oy dcane MOOeibOepil KYPbliybl

KeuaamMIbIKTel apTThIpynaH Oacka, OyJ1 Ke3Kapac Tarbl Oip MaHbBI3bl aPTHIKIIBLIBIFEI Oap: OipHele
KapanaibIM MOJICNIbJICp YJKEH OipeyJ/ieH Oeliek Kypy KoHE Koyimay oHai. Mozenbiepil Ke3ewaepiae icke
KOCBITI, AJIFAIKbI HOTHXKENEeP/Ii KbICKa Mep3iM/ie amyra 00Jaibl.

Penpe3eHTaTuBTI TaHAay

PernipesenTatuBTi TaHAay - OapIibIK akmapar eMec, ajl KeHoip iIIKi )KMbIH MOJICIIIH KYPY YJIKEH MeJIepie
JIepeKTEeP/IiH KaThICybIMeH maiinananyra 6osaspl [5]. Jlypbic naibiHaiFral penpe3eHTaTHBTI TaHIay Caltajibl
MOJIEJTb KYPYFa KaXKETTI aKnapaTThl KAMTH/IBI.

AHaIMTUKABIK OHJICY YpIici 2-1 Oesikke OeiHeIi: MOJISNIb KYPhII KOHE OHBI XKaHa JepeKTepre KOJIIaHy.
Kypneni momens Kypy Oy — pecypcThlk ypaic. KommaHbuiaThlH ajqropuTmjaepre OaiyIaHBICTBI JIEPEKTEP
KOIITENE/i, MBIH PET CKaHEpJieHeJl KOMEKII mapameTpiep KHUBIHTBIFBI ecenTenineai. Kypbuisin GonraH
MOJIEJII KaHa IEPEKTepre KOJNJaHy OHJIaFaH TIMTi )KY3JereH ece pecypcTap/ibl a3 KOJIAaHy bl Talar eTe/Ii.

Ocpunaiiina MoJIeNTs a3faraH JKUBIHAAPFa KaTHICThI KYPBUTABI )KOHE allIarsl yaKbITTa OapIblK AepeKTepre
KoJIIaHbL1abl. HoTHKEHI any yaKbIThIH/Ia Ke3eTiMEH TOJBIK OHICYMEH 0apIIbIK JEPEKKE KATHICTHI KbICKAPA bl
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PenpeseHTa™BTI Mapennain,
KYpblAybl

TaHagy

Mopgenb

Moaenbajn, Hamxeci

KOAZAHbIAYDI

Cypem 3. Comniune [5].

PerpesenTatuBTi TaHmAyIBI ady YUIIH apHAibl Taciaaep Oap, omapasl KOJINAaHy apKbUIbl aHATUTHKAIBIK
OHJICY KbUIJAMJIBIFBIH CaachlH JKOFANTIACTAH Tajlail anambl3. MbIcallbl, COMIUIMHT. (aFBUILIBIH TiTiHEH
ayaapbuIFan sampling - THiIMI TOCiJ, ChIHAManapibl ipikTey JEeTeH MarblHaHBl Oingipesi.) chlHaMaIapabl
ipiKTEeYIl apTTRIpyFa MYMKIiHAIK OepeTiH apHaiisl omictep 0ap (3-CyperTi KapaHbI3).

JepexTep 6a3achbIHBIH KaHA TYPJIepi.

AKmapat KeJeMiHiH ecyiHe OalIaHBICTHI KaTThI IUCKKEe CUMai KUBIHIBIKTApP Ke3aece i (OyI1 KUBIHIBIKTAP
0eJiri campICTRIpMANBl OHAW INEMIiNiesli) KOHE MaHBI3IBICHI KAXKETTI JEepeKKe nep Ke3iHAe KON JKEeTKi3y.
Tanramnasz k3mrTepai KoJiganyra Ooiazbl, Oipak O COHbIHIA KeMeKkTecneimi. Jlepekkopabl oapOip Oelikke
Oeuin, opOip O6NiKTI 63 IePeKKOpIaphIMbI3Fa ChIHABIpYFa Oonazpl. Jlepekkop kejieMi yiiFaiFaH skaraaiaa
KYHWEHIH KbUIIAMIBIFBI ©Te azasnsl. Jlepekke KOJ jKeTKi3y YaKbITTHIH YHEMACYHiH Oip JKOJBI AePEKKOPIBI
JKeJes KaJlblFa OpHAIacThIpy Oosbin TaObuTansl. [7] By texnuka 100 ece >xbuigaM YTHIMABI 91iC OOJBIIT
TabbLIanbl. In-memory nepekrep Kopbl, IMDB-aepexTep KOpbl KOMIBIOTEPIIIH KIS XKaJbIH JIEPEKTEePIi
cakTay YIIiH KOJJTaHaIbl, SFHH Xeaen cakTay KypeutrbIchl (O3Y) ockiHIal xyienepae AepekTepi Herisri
CaKTaiTeIH OpBIH OoybIM TaObUTAAbL. JKemenm jkaasl KYHBIHBIH KYHHEH-KYHT€ ap3aHjayblHa OailJIaHBICTHI
CaKTay OpHBI PETiHIE OHBI KOJaHy THIMAI 9pi AepeKTepli eHJIeY >KbUIAaMIbIFbIHAA apTThipaabl. [7] Ipi
KeJIeM/Ii IepeKTepMeH KYMBIC jKacay YIIIiH e3/ITiHeH Talaay JKacai anaThlH JePEeKKOP/IBIH jKaHa Typiepi 0ap.
Kazipri tTarma 6yi1 TYKBIPBIMIBI JKaNIbLIaMa 0apiblK AePEeKKOp KOMAaHaapl. EH ainFamikel e3IiriHeH Tanaay
JKacaii aaThiH AepeKKOp/Ibl Terrada KOMITAHUSACHIHBIH KYPacThIpYIIbLIaphl xkacasl.[8] CoHmali-ak 1epeKKop
TypJiiepiHiH Oipi-OaraHmap aepekrep Koiimacel Oounbinm TaObimanel. COHFBI KbUIIapAa OaraH OOHBIHINA
nepekrepai cakraiTteiH MonetDB [9] , [10] xone C-Store [11] koca anrarna OipkaTap AepeKKopiap xKyiheci
naitna 6omupl. OcChl KyHenepIiH KYpacThIPYIIbUIAPEIH TYKBIPBIMBI OOWBIHIIIA OYIT JKyHenep KerOip aKyMbIC
JKYKTEMEJIEpIH OpbIHIAyJa  YThIMJIBI HOTHXE Oepeni, ocipece Keml cypayiaynapel 0ap JIEepeKKop
KOMMaJlapbIHBIH KOCBHIMIIIAJAPBIH/A, KYMBIC KYKTEMECIHIE NEPEKTepAl OKYy Ke3iH/e KaKETTI HOTHKeJepAi
Oepeni [12].

KopbIThIHABI

By tocingep yimkeH kenemMaeri [epeKTepai Taaayra MyMKIHIIK OepeTiH oicTepliH KilllkeHe 0eIIiri FaHa.
Backa opmicrep 6ap, MbIcalibl, apHAHBI ayKBIMJIBI aTITOPUTMIEPI, HEPAPXUSITBIK MOJIEIIBIEP/Ii, OKY Tepe3eiepiH
JKoHE T.0. KoJiaHy OoJibill TaObUIabl. YJIKSH JACPEKKOPJIApbl Taiaay — Oyl 0acThl ayKbIMIbI €Cell OOJIBII
TaOBUIA/IbI, KONTEreH JaFjaija HaKThl IICHIMiH Tammaiapl. Kasipri 3aMaHayd JepekTep KOpbI KOHE
AHATTMTUKANBIK TUIaTGopManap Oy ecentep/i ey i OipHeIe >KOJIbIH YChIHBII OThIp. Erep onapabl xyiiere
THIMII KOJIJIaHa aJicak,kejieMi TepabalT OoJjiaThIH JEPeKTep/i HAKThl >KbUIIAMJBIKIICH OHJEH ajambl3.
AHaNUTHKAIIBIK 3€PTTEY HOTHXKEIIEPIH MaKalla aBTOpJaphl YIKEH KeJeMJIeri JepeKTep Il MOJeIbACYAe )KoHe
BeO-kocbimMIina a3ipieyne, MoAenbIepAi YHIecTipyAe YIAKSH eJeMAl JCpeKTepAl ©HIEY HOTHKECIH
YKOFapblIaTy MaKCaThIHa KOJIIaHy/1a.
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