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JEPBEC TYBIHABUIbI AU®PEPELIUAJIABIK TEHAEYJIEP )KYWECIHIH, KEH, MAFBIHAIAFDBI
IIEIIIMAEPIH TYPFBI3Y

Axoamna

Makanaga Oipaeit Oac Oemikti OipiHm perTi aepOec TYBIHABUIBL JuddepeHIManIblK TeHACYICP KYHECIHIH
allHPIMaNbLIapABIH Oip Oemiri OOMBIHIIA MEPUOATHI LIAPTTapAa KEH MarblHaJIarbl HICHIIMAEPiHIH 0ap OOJyBIHBIH
JKCTKUTIKTI [IapTTaphlH aHBIKTAy CYPaKTapbl KapacThIphUIFaH. JlepOec TYBIHIBUIBI MU GEPEHIMATIBIK TCHIACYICD
THPOa’POMEXaHUKAHBIH, XUMUSIIBIK KHHETHKAHBIH, KATATUTHKAJIBIK PEAKIUSIAP TCOPHUICHIHBIH 9P TYPJIi KOJIIaHOATBI
ecenTepin Monenbaeiini. bactankel QyHKIMsIap KaHIIANBIKTHI JKaTBIK OoJica Ia, yakpIT ©TyiHe Kapail OipiHmmi perTi
nepOec TYBIHABLUTH TEHACYICPIiH KIACCHKABIK MeIiMaepi Kannai ga Oip epekmenikrepre ue OOJaTHIHBI OCNTili, OCHI
Macerne OipiHII peTTi AepOec TYBIHABLTH u( GepeHINAIABIK TeHACYIIep )KYHeCiHIH KIIaCCUKAaJBIK MEeIiMACPiH KeHEHTY
KaXCTTLUIIriH TYFBI3I6I. Makanana Oipzeit 6ac OemikTi OipiHmm perTi Aepdec TYRHABLIE AU hepeHIIHaNABIK TCHACYICP
KYHECiIHIH aifHBIMaIbUTapAbIH Oip Oelriri OOMBIHIIA KOWBIIFAaH MEPHOATH MIapTTapaa KeH MarblHAIaFel MICIIiMHIH Oap
YKOHE YKAIFBI3 OOTYBIHBIH KaXKETTi MIapThl TAOBUTABI. BipTekTi xoHe OipTeKkTi eMec nepOec TYBIHABLIB () (epeHITHAIIBIK
TEHJCYJIEp JKYHWECIHIH (yHIaMEHTa b MICNIiMI TYPFBI3BUIBIN, NICHIIMHIH KOWBLUIFAH aiHBIMAIbLIAPIBIH Oip OeJiri
OOMbBIHINIA MEPHOATHI MAPTTAPAbl KaHAFATTAHIBIPATHIHABIFEI KOPCETUIMI, MICHIIMHIH IIEKTEITCH/IIT, JKaJIFbI3/IbIFbI,
KaHAai mapTrapaa 6ap 60MaTEIHABIFE TYKBIPEIMAAP apKbIIB Oepinmi.

Tyiiin ce3mep: mepOec TYBIHIBUIBI TEHICYJEP JKyieci, KapamaiibiM audhepeHIuanabplK TeHIeyIep XKyiheci, KeH
MarbIHaJaFbl HICHTIMIED, IEPHUOATHI HieiMaep, G yHIaMEeHTaIlb IIEIIiM.

AnHomayus
A.V. Bexbayoea *, M.JK. Tanunosa , A.E. Umanuues *, E.K. Kypmaneanues X, HJK. Ymeyosa
YHAxmiobunckuii pecuonanvuwiii yuueepcumem umenu K Kybanoea, 2. Akmobe, Kazaxcman,
2Kazaxcruil HAYUOHAIbHYII nedazozuieckutl yHugepcumem umenu Abas, . Aimamel, Kazaxcman
NOCTPOEHUE PEIIEHHUS B IIUPOKOM CMbICJIE CUCTEM JU®PEPEIIUAIBHBIX YPABHEHU
B YACTHBIX MPOU3BOJHBIX

B cratee paccMOTpeHBl BOIPOCHI CYHIECTBOBAHMS U E€IMHCTBEHHOCTH DPELIEHUS B LIUPOKOM CMBICIE CUCTEMBbI
muddepeHManbHbIX YpaBHEHHH B YaCTHBIX IMPOM3BOJHBIX IEPBOrO MOpsAKA C OAMHAKOBOW TIJIABHOW YacThiO C
MEPUOTNIECKUMH TI0 YacTH MEPEMEHHBIX YCIOBUSAMH. BO MHOTHX MaTeMaTHYeCKHX MOJENSAX, OCOOCHHO B TEOpUHU
«MEJIKOH BOABI», ABIKEHIE HECKIMAEMON KUIKOCTH B HETITYOOKHX KaHaJIaX, IJIOCKOE YCTAaHOBUBIIIEECS CBEPX3BYKOBOE
TEUEHHE CXXHMMAeMOro Ta3a BO3HHMKAIOT IuddepeHnnanpHble ypaBHEHHsS B YaCTHBIX INPOM3BOAHBIX. Kiaccumueckue
peLIeHUs] HeMHEHHBIX ypaBHEHMH 00JaJaroT CBOHCTBOM HEOTPAaHMYEHHOTO BO3PACTAHUS BEJIMYHMHBI IPOWU3BOJHBIX,
KOTOpOE€ Ha3bIBAIOT T'PAJAMEHTHON KaTtacTpodod (yaapHas BoJHA, oOpa3oBaHHAs M3 BOJHBI ckaTusi). CMBICI 3TOTO
CBOMCTBA COCTOUT B TOM, YTO NPHU CKOJb YTOJHO INIQAKUX HAuyaJbHBIX 3HAUCHMSX IEPBbIE MPOU3BOJAHBIC PEIICHUS
OCTarOTCSl OTPaHMYECHHBIMH, JIMIIL B TEYEHHWE KOHEYHOrO BpeMeHH. [103ToMy BO3HMKaeT HacyliHas HEeoOXOIMMOCTh
pacIIUPUTH MOHITHE KIACCUUECKUX PELICHUN CHCTEM YPaBHEHUS B UACTHBIX IPOM3BOJHBIX MEPBOro nopsaaka. B crarse
YCTaHOBJIEHBI AOCTAaTOYHBIE YCJIOBMS CYLIECTBOBAaHUS M E€AMHCTBEHHOCTH DELIEHUS B IIUPOKOM CMBICJIE CHUCTEM
YPaBHEHMM B YacTHBIX IIPOM3BOJHBIX C OJMHAKOBOW IVIABHOM YacThl C MEPUOLUYECKOrO IO YaCTH INEPEMEHHBIX
YCIIOBUSMH.

Ki1roueBble cJI0Ba: CHCTEMBI YpaBHEHHS B YaCTHBIX TPON3BOAHBIX, OOBIKHOBEHHBIE TU( G epeHInaIbHbIe YpaBHEHHS,
peIIeHus B MIMPOKOM CMBICTIE, IEPHOINUECKHE pelIeHHsI, (yHIaMEHTAIbHOE PEIIeHHE.
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Abstract
CONSTRUCTION OF SOLUTION IN BROAD SENSE OF SYSTEMS OF DIFFERETIAL EQUATIONS
IN PRIVATE DERIVATIVES
Bekbauova A.U.%, Talipova M.Zh.%, Imanchiev A.E.}, Kurmangaliev E.K., Uteuova N.Zh.?
1Aktobe Regional University named after K. Zhubanov, Aktobe, Kazakhstan,
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan

The article considers the issues of existence and uniqueness of the solution in the broad sense of a system of differential
equations in partial derivatives of the first order with the same main part with periodic conditions in part of variables. In
many mathematical models, especially in the theory of "fine water," the movement of an uncompressible liquid in shallow
channels, a flat steady supersonic flow of a compressible gas, differential partial differential equations arise. Classical
solutions of nonlinear equations have the property of an unlimited increase in the magnitude of derivatives, which is
called a gradient catastrophe (a shock wave formed from a compression wave). The meaning of this property is that with
arbitrarily smooth initial values, the first derivative solutions remain limited, only for a finite time. Therefore, there is an
urgent need to expand the concept of classical solutions to first-order partial differential equation systems. The article
establishes sufficient conditions for the existence and uniqueness of the solution in the broad sense of systems of partial
differential equations with the same main part with periodic conditions in terms of variables.

Keywords: partial differential equation systems, ordinary differential equations, solutions in the broad sense, periodic
solutions, fundamental solution.

Kipicne

Kenreren MaTemMaTHKanmbIK MOZENbIEPIE, SCIipece «Tasi3 Cy» TEOPHSICHIHAA, TEPEH eMeC apHaiapaarsl
CBIFBIJIMANTBIH CYHMBIKTBIKTBIH KO3FaJIBICHIHIA, CBHIFBUIATBIH Ta3/IbIH TEric, TYPaKThl JbIOBICTAH >KOFaphl
arbIHIAPBIH CUITATTAy/a, JepOec TybIHABUIBI MU HepeHIUAIIBIK TCHACYIICD XKYHelepl KoaIaHbUIaIb.

KBa3uce3eIKTH rUNIEpOOIanbIK TeHaeynepaid 3D tenerpad ol TeHAeyIepAe KOJIIaHBICH], COHBIMEH KaTap
OipiHmi perTi runepOoNanblK mepOec TYBIHABUTEI MU GEpeHIHANIBK TeHACYIEpaiH TepoemicTep
KOMOMHAIIMSACBIH ~ ONTHMU3AIMSUIAI,  YIIKBIIICHI3 YIIy —annapaThlHbIH  KaHAIJIAPbIH  JKOCHapiiaya
KOJIIAaHBICTAPhI, JKOHE J€ OpPTYpii (U3MKAIBIK KYOBUIBICTApJA KOJIIAHBICTAPBI KA3Ipri TaHAa ©3CKTi
Macenenep i Oipi, KONTereH 3epTreyiepae 3eprrenred [1-6].

A. IlyankapeHiH yII JieHere apHayiraH ece0l MeH A.M.JISmyHOBTBIH Ke3-KeJIreH MEXaHUKaJbIK XKYHEHIH
KO3FaJIBICBH Typalibl ecentepinae nupdepeHInaiablK TCHISYISPiH NePUOATHI MICIIMACP] TCOPUSICHIHBIH
HeTi31 cansiaas! [7-8].

A. JlamyHoB, A. IlyankapeMeH KaTap NepHUOITHI )KoHE IIEPHOTHI IEPITiK TepOeIicTep TEOPHUSICHIHBIH TEPEH
JIe Ma3MYHJIbI 3€pTTeyJiepl JKOHE CBI3BIKTHI eMec AepOec TybIHABUIBI audGepeHInaIIbIK TeHICYIEPIIH
MPAKTUKAIBIK KOJJIAHBICTAPHl Typalibl KOINTEreH aBTOpJap JXYMBICTAPBIHIA 3€PTTENTeH, CHI3BIKTHI eMec
TepOeCTepAiH KANIbl TEOPUSCHI MEH IMEPHOATH KO3(DPHUIMEHTTI CHI3BIKTHI XKYHWEIEPAIH KIaCCHUKAIBIK
teopusickl H.M. Kpsutos, H.H. boronro6os, FO.A. Mutponosnbckuid, A.M. CaMoiiieHKO koHe T.0. FanbiMaap
3eprreyiepine Kapactbipbuiabl [9-10].

B.X. Xapacaxan [11] >kyMbICEIH/Ia OH XKaFbl KBa3UIIEPUOITH KapanaiibiM auddepeHnmnanibpK TeHaeynep
KYHECiIHIH KONTEreH CypaKTaphl JiepOec TYBIHABUTB TUPPEepeHINAIIBIK TEHAeYIepre OaillaHbICTHIPBUIBII
Kapacteipbuiral. by Gaitnansic I1. bons mMen . Bop yceiaFaH, 6ip alfHBIMaIBUTBI KBa3UMIEPUOATHI (DYHKIIUS
MEH KOTaiHBIMAIBIIBI IEPHUOITHI (DYHKITUS apachlHAaFbl OalIaHBICTHIH HOTHXKEC OOIBIT TaObLIaIbI.

J.Y. YMmOer:kaHOB xoHE T.0. FaIbIMIap €HOCKTepiH/Ae CBI3BIKTHI eMec KapamaiibiM nuddepeHnmraiibiK
TeHJeyJiep KYHECiHiH KBa3UTICPUOATHI IIEIIiMACPiHIH TaObUIATBIHABIFEI TYPalbl KPUTEPUI albIHBIN, Oyl
HOTIKeNep OaHaX KEHICTITiHZEri MIeKCci3 Kykenepre, WHTETpo-AuQQepeHInaNIbIK TeHISYIep XyleciHe,
KapamaiibiM 1udhepeHInaNIBIK TeHICYNIep Kykecine Koimanburan [12-13].

ChI3BIKTBEI €eMeC TeHASYJEP/IiH KJIACCHKAIBIK IICHIMICP] TYbIHABUIAPABIH IIEKCI3 6Cy KacHETiHEe e, O
9/IeTTe I'PAJMEHTTIK amar (ChIFY TOJIKbIHBIHAH Iaiija OoJiFaH COKKBI TOJIKBIHBI) JEN aTajaabl. bys kKacuer,
KaHIIMAIBIKTHI XKATHIK 0acTarKpl MOHAEP YIIiH HICITiMHIH OipiHIII TyBIHABUIAPHI TEK MIEKTEYJI yaKbIT iIIiH/IE
IIEKTENITeH OOJIBIN KaJaThIHIBIFBIH KopceTedi. BipiHim peTTi aepOec TybIHABLIB TeHACYICPIiH KITaCCUKAIBIK
HmemiMaepinae 0acTankpl (GYHKIMSIAP KAHIIAIBIKTHI JKAaThIK 00Jica /1a, YaKbIT OTyiHE Kapald epeKIIeTiKTep
naiina O6omysl MyMmkiH. CoHAbIKTaH na OipiHmI perTi aepOec TybIHABUIB TUdQepeHnnanabK TeHIeYIep
KYHWECIHIH KIIACCHUKAIBIK IIENNMISPiH KEHEHTY KaKeTTUNri TyblHAanbl. KBa3WCHI3BIKTBI €Ki Toyenci3
Al HBIMAJTBUTBI TUIIEPOOITAIBIK THIITI AepOec TYbIHbLIbI Au( HepeHINAIbIK TEHACYIIEp KyheciHiH Dpumpuxc
OOIibIHIIIA KEH MaFbIHA/IaFbI IICIIIM/IEp] 3epTTeyIIiiep eHOeKTepiHae KapacToipbuiraH [ 14-15].
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Keneci sxymeicrapma [16-17], OipiHmn perTTi MIEKTENreH >KOHE MICKTEIMEreH aepOec TYyBIHIBLIBI
muddepeHInaNIBIK TeHIeyIep JKYHECiHiH alHbIMaNbIapAslH Oip Oemiri OOWBIHIIA KOMNEepHUOmbl KeH
MarblHQ/IaFbl MICHIIMACPIHIH aHBIKTaMachl OEpuUIreH, WICHIiMAep TYPFBI3BUIBIN, KaHIAl Imaprrapia
alfHpIMaNBUIApABIH Oip Oeuiri OOMBIHIIA KONIEPUOJbl KEH MAaFbIHAJAFbl IICHIIM KITACCUKAJBIK MICIIM
OOJIATBIHIBIFBI KOPCETIITCH.

EcenTin KOHBLIBIMBI MEH 3epTTey dfici
Bipmeit Oac Oemikti OipiHmi perti aepOec TywIHABUIBL AuddepeHInanaplK TeHAeyIep Kyheci
KapacThIPBUIA/IBL:

ou m ou ou
EJF ,—Zﬂai (t, X, y)ngr jz:lbj (t, X, y)ay—j_ P, x, y)u+ f(t,x,y) 1)
u(0,x, y)|,o= £(x,y) 2

myHaars te(-040) X=(X,..x )eR", y=(Y,..Y,)eR", at,xy), bt Xy) —coiiecirme
m,K  emmemai y3mikci3 BekTOp-QYHKUIMsIIAp, OJNap HEPUOATHI JKOHE SKATHIKTBIK  IIAPTTAPIbI
KaHaFaTTaHAbIPa/Ibl

a(t,x+86,y)=a(t,x,y) e C**"(RxR™ xR"),

Lxy

b(t,x+6,y) =b(t, x,y) € Ci}” (RxR" xR), @)

X,y

BEKTOP-(QYHKIMSIAPABIH EBKIUATIK METPUKACHIH MaKCUMAIIAWTHIH HOpMa OOWBIHIIIA IIEKTENTeH

||a|| <a,, <a,,

0 0
—al|<a,, [—a
28 oy

bl<s. |56 |Sol<p, @

0 - nepuon, «,,p,, @, a,, B[P, — keibip oH Typakreuiap, U :(Ul,---,unl) — 13JeMiHAI BEKTOp-

byHKIHS, P(t, X, y) — N, x N, —Marpuua, Oy MaTpuua alHeIManbUIapAbH Oip Oeiri OOHbIHIIA TEPHOATHI
IIAPTThl KAHAFATTaHIbIPAIbl )KOHE IIEKTEIINeH:

|P| <k, =const>0,

P(t,x+6,y) =P(t,x,y) e C(RxR" xR"), (5)
f(t,X,y) — n, - Bexktop-QyHKIMs, aliHBIMaNBUIAPABIH Oip GeJiri OOMBIHIIA MEPUOATHI MIAPTTHI
KaHaFaTTaHAbIPa bl
f(t,x+6,y)= f(t,x,y)e C(RxR" xR*), (6)
KOHE HIEKTEITeH
|f] <K =const>0. (7

21(%,y) = (e, (%, Y )y 11, (X, y)) N — BexTOp-yHKIMA, X, Y Goiibmma R™ x R* mextenren sxone

H(X+0,y)=u(x,y) e C(Rm x R* ), (bYHKIMSHBIH HOPMAChI ||,u|| = sup /Zn:yf (x,y).
RMxRK | j=t
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Ecentin KoiiblibiMbl: (1) Gipaeit 6ac OexikTi OipiHmmn perTi AepOec TybIHABUIBI AU(dEpeHIHaIIBIK
TEHZeyNep XYHeciHiH aiHpIManbuapabiH Oip Oeumiri OOWBIHINIA TEPUONTHI MIAPTTAPABl KoHE OacTamlKbI
IIapTTHl KaHAFATTaHBIPATHIH KEH MarbIHAIaFbl MICHIIMICPIHIH Oap OOJIYBI )KOHE JKAIFBI3bIFBIHBIH KaXeTTi
IIAPTHIH aHBIKTAY.

Kofipumran ecenri menry yiriH aiasIMeH aiHbIMaTbIIapAsiH Oip Oedriri OOWBIHINA TEPHOATH MapTTapIsl
KaHaFaTTaHABIPATHIH KEH MarblHAmarbl IICHIIMHIH aHBIKTaMachkl Oepimim, aaapiMeH OipTekTi aepOec
TYBIHABUTBL TU(GGEPSHIUANIBIK TCHICYJICp JKYHeci KapacThIPBUIBIN, OJaH COH OipTeKTi emec zaepoOec
TYBIHABUTE! A pepeHranIbIK TeHAeYep )KYHECIHIH MIenTiMi TYPFhI3bIIa b,

XapakTepuCTHKAJIap SAICIH KOJIJaHa OThIpa, Kelleci KapanaiibiM nuddepeHnnanipK TeHAEyIep KyheciH
KapacThIPaMbI3 :

Haexy)
d; ©)
m =b(t,x,y)

Byn skyiienin (0,X,,Y,) € RxR™xR" Gacrankel Gepimynepmen, ke3-kenren te R ymin, (3), (4)
mIapTTap/a, aHBIKTaIFaH mernimi 6ap 6onaabi:

X= /1('[’0’ X51 Yo )’

9
y:f(t,O,XO,yo) ( )

Byn mwemrim xanFei3ablK  Kacuetke wue Oomamel [10]. By xuceiktap (1) mepOec  TyBIHIBLIBI
G hepeHIHANIBIK KYWECIHIH XapaKTepUCTHKAIAPHI JIETl aTalaJbl JKOHE KelleCi MHTETPajIbIK TeHIEeYIep
KYHeCiH KaHaFaTTaH/IbIPaIbI

/1(12,0, Xy yo): Xy +tj a[s,ﬂ(s,O, X01 Yo )’ 5(510' Xo1 Yo )]d51

‘):(t’o’ Xos YO)Z Yo + .l[b[s1/1(810’ X501 Yo )' 5(3101 X01 Yo )]dS’
to

Opnan opi CBI3BIKTHI OipiHII perTi OipTeKTi aepdec TyBIHABUIBI TudepeHInaIAbIK TeHACYIep KYHEeCiH
KapacThIpaUbIK:

au

Fatxy) Mo xy) L < Pt x, y)u (10)
at =] j\b A aXJ =] RS 6y [RAY]

]

Anvikmama 1. RxR™xR* obnviceinoa y3oixciz U, X,Y) ¢yuxyuscer X aiinvimanvicer Gotivimma 6
nepuoomsl, OapavlK auHLIMANLLIAP Oouvinwa wekmeneen 6onca dcane  A(t,0,%,,Y,), E(,0,X%,,Y,)
xapaxkmepucmukanap 6ouwinoa U 6otivimwa y3oixciz ouggepenyuandanamoin 6onca, onoa U(L,X,Y)
ynxyusicor  (10) cvizvikmol  Gipmekmi  JHCyUeHiy  auHbIMALLIAPOblY Oip Ooniel O0UbIHWA Nepuoomol
wapmmapowvl KaHazammaHoblpamvli Key masvinadagvl wewimi oen amanaovl. Convimen xamap, t dovvinua
MONBIK MYbIHObL VULIH KelleCi apm OpblHOANA0bL:

du - -
—=P-u, 10,
™ (10,)
MyHzaarsl U =U(t, A(t,0,X%, ,Y,), (.0, %X, ,¥,))» P=P(t,A(t,0,%, ,¥,), E0,%, ,Y,)) -
(10) chI3BIKTBI OIpTEKTI AepOec TYbIHABUIBI U dEepeHIHANIBIK TCHACYICD KYUECIHIH KEH MarbIHaIaFbl

allHbIMaJbUIAPABIH Oip Oesiri OoMbIHIIA MEPUOATHI LIAPTTApIbl KaFaHATTAHABIPATHIH (YHIAMEHTAJIbIbI
LICHIIMIH TYPFBI3aMBbI3, OJ1 YILIiH HHTETPajbJIbIK TEHJICYAl KapacThIpalbIK
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U(t,x, y,0,2(0,t,%,y),&(0,t,X,y))= E + } P(s, A(s, 1, X, ¥), £(s,t, X, y) )
xU (s, A(s,1, X, ), £(s,t, X, ¥),0, 2(0, 1, X, ¥), £(0, 1, X, y) )ds . (11)

(11) Tenmeyni mwenry yuiH Ti30eKTel )KybIKTay 9[1iCiH KOJJaHAMBI3

U®@(t,x,y,0,20,t, %, y),£(0,1, X, y)) = E,
U®(t,x,y,0,2(0,t,x,y),£O,t,X,y)) = E + i P(s, A(s,1,%, ), &(5,t, X, y))x

xUCD(5,2(5,1,%, ¥),£(5,t, %, 1).0, A0,t,%, ), £0,t, X, y)ds (1)

(v = 1,2,...) . 1> 0 6onrana Katapiaap/IblH )KHHAKTBUIBIFBIH KOPCETEHIK

E+ i[u “)(t,x,y,0,4(0,1, X, ), £(0,t, X, y))-U “(t,x, y,0, 2(0,t, X, ), £(0, 1, X, y))] (12)

Op6ip xysIKTay a6 (5) MAPTTE ecKepe OThIpa baramaiibik, OHIA

U@t x,y,0,4(0,t,x,y),£(0,t, %, y)| =1, (120)

U@(t %, y,0,4(0,t, %, ), £0,t, X, y) | <1+ K, t], (12)
I

U@(t,x, .0, 2(0,t, %, ), (0,1, %, y) | ST+ K, [t] + kS o (12,)

MaTemMaTUKaJIbIK HHIYKIHS 9ICiH KOJIIaHa OThIpa, KEJIeCi O©PHEKTI alaMbl3

U© (% y.0,200,t,x,¥),£0.t,x,Y)| < 3 (kf’t') >0, 12v)
a=0 (!

(12v) eckepe oThIpa, Ke3-KeireH V' yIiliH MbIHA Oarasay bl alaMbi3
U@ % y,0,40,t, %, ),.£0,t,x, )| <&, t=0, (13)

(V =1,2,...). t > O>karmaiima MBIHA KaTapiapablH JKHHAKTBUIBIFBIH 3epTTecek skoHe t>0 okarmaiima
Oarajacak, oHJa

UR0,t,%, ¥, A0, %, y), £(0,t,%,¥)) ~U° (0,8, X, ¥, A0, X, ), £(O,t, %, y))| <k, t, £ 20 (13)
k 2
U206, %, ¥, 40,1, %, ¥), £0,t, % ¥)) ~U (0,8, X, Y, 40,1, X, ), £(0,t, x, y)| < ( °2t|) (13;)

MaTeMaTHKaIbIK HHAYKIIHMS 9ICIH KOJIIAHBIII, KeJIeCl OpHEKTI TabaMbI3

|U “ 0,1, %, Y,4(0,t,%,y),£(0,t,%,y)) ~U "™ (0,t,x,y, 4(0,1, X, ), £(0, 1, X, y))| < <k°tl)v 20 (13v)

12

(13v ) rencizaikren, (12) KaTapasiH OipKaIBINTHI )KUHAKTAIATHIHBI MIbIFAIbL, t > 1, =0 OonraHma Katap

R canmpik ochTe sxuHaKTanaml, xkoHe ae (13) eckepcek meKkTi MaTpuna

11




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.
Ut x,¥,0,2(0,t,%, ), £(0,t, X, y)) = lim U “(t, x, y,0, 20,1, X, ), £(0,t, X, y)) (14)

MBIHA 6afanaym>1 KaHaraTTaHAbIpaabl
U(t, %, y,0,4(0,t, %, y), £(0,t,x, y) | <€, t>0 (15)

(15) maTpunianbiH t OOWBIHIIA XapaKTEPUCTUKAHBIH OoWbIHIA uddepeHIraITaHaThIHBIH KOPCETEHIK, Ol
yiis (9) mrerriMHiH 60HWBIHAA KeTeCi HHTErPaIbAbIK TEHACY/II KapacThIpamMbI3

U (t, A(8,0, X, Yo), £(t.0, X, ¥o).0, %, Yo )= E +
+ [P A0, %, Vo), E(L0, Xo1 Vo), 5 A(5.0, X6, Vo), £(5.0, %5, Yo ))x
x U (5, 4(5,0, X5, Yo ), £(5,0, X, Yo ),0, X, Yo )OS , (16)

Ti30€K OIpKaJbINThl KUHAKTAJIATHIHABIKTAH, TCHIACYIIH OH »aFbl 1 OoibIHIIA TU(hepeHIInanIaHaIbl.
Jemex, (14) mekTi MaTpHLa Y3/iKci3 sxoHe t OOWBIHIIA TOJBIK TYBIH/IBICHI KEIEC/ICH:

d
EU(t,/l(t,O, Xo1 Yo)s E(t.0, X5, ¥5),0, X, Yo ) = Pt (6,0, %o, Yo ), (8,0, X, ¥, ))
xU (t, A(1,0, %5, ¥5), £(,0, X5, ¥6),0, X5, 5 ) (17

Opi Kapaif, (16) TeHJCY e Xos Yo aifHBIMAJTBLIAPBIH i depeHIanaHaTbIH
X, :A(O,t,x, y), Yo = §(O,t,x, y) BEKTOP-(YHKIMSJIADMEH aIMacThIpaMbl3, COHIAa OapiiblK adHbBIMAaJbLIAP
OolibiHIIA  Y3IiKCi3  JKOHE  XapakTepucTukamap  OoibiHma  y3mikciz  auddepeHnumangaHaTeH
U (t, X, ¥,0,4(0,t,x,y),&(0,t, X, y)) MAaTpPHIACHIH ajlaMbl3.

JleMeK, KoFapblia KOPCETKEHIEPi €CKEpCeK, U(t,X, y,0,4(0,t,x,¥),£(0,t, X, y)) marpuuacel (16)
WHTETPAIIBIK TEHJACY/lI KaHaFaTTaHIbIpaabl, ajl Xapakrepuctukaiap OoivbiHma (17) muddepeHnmanbix
TEHJICYl KaHaFaTTaH bIPaIbI.

Ouaii 6omnca, U (t, X, ¥,0,4(0,t,%,y),£(0,t, X, y)) Matpunacsl (10) ChI3BIKTBI OIpTEKTI 1epOec TYBIHABLIBI
nu(GepeHIMAIIBIK TCHICYJICp JKYHECIHIH KEeH MarblHaJarbl HiemniMi Oonmanael, conbiMen Oipre (3), (5)
€CKepCeK, alHbIMATBUIAP/IBIH Oip 06JIiri OOWbIHIIA TTIEPHUOATH O0JIA B

U (t, X, ¥,0,4(0,t,%,y),£(0,t, X, y)) MAaTpPHIIACH KeJIECi TEHCI3/IiKTI KaHAFATTaHIbIPAIbI

U(t,x,y,0,A(0,t,%,y),E(0,t, X, y) | < T'e™ (18)

myngarel [ =const>1, y>0,t>0.
Onmaii 6o:ca (1o) GacTarnkpl MAPTTH KAHAFATTAHABIPATHIH MISTIM/1 Kelleciiel opHeKTeyTre 0oaapl

Ut %, Y) =U (6%, 9.0, 20,t %, ), £0.t, %, y)) x u(A(0,t, X, ), £(0.t, X, Y) (19)

Omnaii 6oJica, (10) OipTeKTi KYHEHIH HOJBIIK HICMIIMHEH 0acKa alHbIMAJIbLIAPBIHBIH Oip Oestiri OoWbIHIIA
MEPUOJITHI KEH MaFbIHA/IaFbl IIETTIMi KOK.

Tyscoipoim 1. (3), (4), (5) orcone (18) wapmmapwr opeinoanzanda (10) bipoeii bac 6eorixkmi 6ipinwi pemmi
depbec myviHObLILI OUPPepeHyuanovix meyoeyiep AHCyueciniy auHviManvliapovly 6ip 6eniei OotiviHua
nepuoomvl Wapmmapoa HoNbOIK wewimMHer 6acKka Key MagblHa0azbl Weuimoepi mabvlimaiobl.

Opi kapaii (1) OiprexTi emec Oipaeit 6ac OeIiKTi CBHI3BIKTHI JepOec TyBIHABUIBI AuddepeHIranIbK
TeHJeyJiep KYWEeCiHIH aiHbIManbuiapAblH Oip Oesiri OOHBIHIIA MEPHOATHI IIAPTTapAa KEH MarbIHAIarbl
HIeTTMJIEPiH TYPFBI3abIK.
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Anvikmama 2. RxR"™ xR obnviceinoa ysoixciz U(t,X,Y) ¢yuxyuscer X aiinvimanvicor Gotivinwa 6
nepuoomsl, OapavlK aUHLIMATLLIAP OoublHwa wekmeneen 6oaca ocane  A(t,0,%,,Y,), E(,0,%,,Y,)
xapaxmepucmukanap 6oubinoa t 6otbinwa y30ikciz ouggepenyuanoanamoin 6onca, onoa U(t,X,Y)

dynxyuacor (10) coizvikmol Oipmekmi JHcyleHiy auHbIMANLLIApOblY Oip 6oniel OolbIHWA Nepuoomol
wapmmapowvl KaHa2ammaHOblPaAmslH KeH MagbiHadagvl wiewimi oen amanaovl. Convimer kamap, 1 oovvinua
MOJIbLIK, MYbIHObL YUK Keleci Wapm opbiHOANaobl.

T
— =Pu+f 20
m (20)

M¥HI[3FI>I
u= u(t, A(t,0,X,, ¥5), £(1,0, X5, ¥,)) P= P, A(t,0,X,, ¥,), £(t,0, X5, ¥s)) »
f = f(t, A(6,0, X, Vo ), E(6.0, %o, Y, )) -

(1) xytienin Komy mapTheiH KaHaFaTTaHIBIPATBIH MIEIIiMi Oap KOHE O kKalFbl3 0onaasl, OyJI IemiMIl
KeJleCi OpHEKIIeH OpHEKTeMI3:

u(t,x, y) =U(t x, v,0, 2(0,t, , y), £(0,t,X, ¥))- (A0, 1, X, y), £0,t, X, y)) +

t 21
+U (X, ¥, 8, A(5,1, %, Y), (5,1, %, ) F (5, A(5,1, X, ¥), £(5,1, X, ) )ds (21)

myngarer U (t, X, ¥,0,4(0,t,%,¥),£(0,t, X, y)) — (10) OipTeKTi CBI3BIKTBI KYHEHIH (YHIaMEHTAIbIbI
LIEIIIMI.

Bacranker pynkiusab! (1) xKyldeHIH KeH MarblHAIaFbl allHBIMATBIIAPBIH Oip Oeriri OOWBIHINA TTePHOIBI
IapTTap/bl KAHAFaTTaHIBIPATHIH IIEIIIMi O0JIAThIHIAM €Till TaHAay *acaimMbi3. OHIa 13AeIiH I MeiM Keeci
Typae Oonapt

u'(t,x,y) = iU (t, %, y,8,A(5,1, %, ¥), £(5,1, X, y) ) x (S, A(s,1, %, ¥), £(5,1, %, y))ds (22)
[ermrim keneci Oaranay bl KaHAFATTAHIBIPAIbI:
N I
Ju” (e x, y>||s;||f<t,x, )| (23)

(22) Bexrop-¢dynkius yurid (18) 6aranay men (6), (7) maprrapasl eckepcek, oHaa 0yi1 BeKTOp-(QyHKIHS
RxR™xR" ampikramFran x GoiibIHIIA (0)— MIEPUOATHI, OapibIK aWHBIMANBIIAP OOWBIHINA IIEKTENTeH,

XapakTepucTukanapiaslH,  OoipiHma  (20)  kapamaiibiM - auddepeHIManabK  TeHAeylep — KykeciH
KaHaraTTaHbIPa/IbI.

Erep (1) xyiienin (22) 6acka x OoipIHIIA (0)— MIEPHOATHI, OApJBIK aifHBIMAITBLIIAP OOMBIHIA HIEKTENTEeH
KEH MarblHaIafrbl HICHIiMi 0ap A€M ecenTecek, OHIa KeH MarblHaIarbl HIeirimMaepaid aibipbiMbl (10) GiprexTi
JKYWEHIH HOJIBJICH e3relie aifHpIMabuIapabIy Oip Oeiri OOWbIHINA MEPHOATH KeH MarbIHAaFkl HIenIimMaepi
Ooxap eni, an TyxpIpeiM 1 eckepcek, OHJIa KapaMa-KaHIIBUTBIKKA Tar 0oJiap eik.

Hemek, (1) Oipmeii Oac Oesikti jepOec TYBIHIABLIBI JU(GGEPEHIHANIBIK TEHIACYJIEp JKYHeCiHIH
alfHBIMaJbUIAPABIH Oip Oemiri OoMbIHIIA NEPUOATHI MIAPTTHl KaHAFaTTAaHIBIPATHIH KEH MarblHAlaFbl HIeHTiMi
0ap JKoHE JKaJFbI3 O0JIaIbI.

Tyxcoipoim 2. Avimanvix (3)-(7) ocone (18) wapmmap opwvindancoin. Onoa (1) 6ipoeti 6ac 6enikmi Oipinwui
pemmi Oepbec mybiHObLIbL OUP@EPeHYUANObIK MEHOeYIep HCYUEeCIiHIN aUHbIMATLIIAPOLIH Oip OOzl 60UbIHUA
nepuoomsl WaApmmapowvl JHcaHe OACMANKbL Wapmmol KAHAZAMMAHOLIPAMbBIH KeH MA2bIHAOAZbL JICANZbI3
wewimi 6ap scone on (22) opuexnen oprexkmenedi, (23) 6azanayovl Kanazammanowbipaowl.
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KopbIThIHABI

Makxkanana Gipaeit 6ac 6emikTi OipiHIIi peTTi nepOec TybIHABLTE AudepeHITHaTABIK TeHAeYIIep KYHeCIHIH
aifHBIMabUIAPABIH Oip Oediri OOWBIHIIA MEPHOATHI MAPTTapAa KeH MarbIHaJarsl MEIiMAEPiHiH 0ap 00Tysl
KOHE JKAIFBI3ABIFBIHBIH KaKETTI IIApTTaphl KapacTblpeUiraH. bipaei Oac Oemikti OipiHmii perti mepdec
TYBIHABUTB T (epeHInanIbIK TeHAeYIep XYHeciHiH aifHpIManbuIapabiH Oip Oemiri OOMBIHIIA TEPUOATHI
mapTrapaa KeH MaFbIHAAaFbl MIEITMAEPiHiH aHBIKTaMachl OepiireH. bipTekTi skoHe OipTEeKTi eMeC CBI3BIKTHI
OipiHwi peTTi AepOec TybIHABUTH Au(hepeHIHaIIBIK TeHISYIepAiH aiHpIMaNbUIapAbIH Oip Oe:iri OoibIHIIa
TIePUOTHI MAPTTH KaHAFATTAHIBIPATHIH MICITIMACP] TYPFRI3BUIFaH. bipaeit 6ac O6emikTi OipiHIIi peTTi Aepoec
TYBIHABUTB MU depeHInanIbIK TeHAeYIep KYHeciHiH aifHpIManbuIapabiH Oip Oesiri OOMBIHIIA TEPUOATHI
mrapTTapia KeH MaFblHaIaFbl memimMaepiniy 0ap 00ybl MEH >KaJIFbI3/IbIFBIHBIH KaXKETT] IIApThI allbIHFaH.

Kymoic 2023-2025 orcvindapza apuanean «AtiHvimanviaaposiy 0ip 6onici 6oublHWA Nepuoomvl dcane
KOnHyKkmeni wapmmapoa 0epbec myblHObLIbL MeHoeyaep HCYUeciHiy Key magvihadassl weulimoepiy UPH
AP19675358 aocodacwt botivinua evinbimu 3epmmeyiepoi KapiCbLIAHObIPY Kapaxcamvl eceOiHeH OpbiHOAn0bL.
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CONSTRUCTION OF A SOLUTION TO A BOUNDARY VALUE PROBLEM WITH N-D CONDITIONS
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Abstract

This work is a continuation of the study of a number of problems on the question of unique solvability for a degenerate
equation of elliptic type. The article considers the Gellerstedt equation generalized to four variables in an infinite domain.
This equation has four hypersurfaces of degeneracy. Earlier, sixteen fundamental solutions were constructed for the
equation under consideration. From the basic theory of differential equations, it is known that each fundamental solution
can be used in solving its own boundary value problem. Thus, by means of the obtained fundamental solutions the N
problem, the Dirichlet problem, and two boundary value problems with mixed conditions have already been solved. The
goal of this work is to construct a unigue solution to a boundary value problem with mixed conditions, where one condition
is the Neumann condition and three Dirichlet conditions. This is the first time that a problem with this formulation has
been solved. We obtain solution of the problem in explicit form, which contains of second-order Gaussian hypergeometric
series. In solving the problem, methods of partial differential equations, the method of differentiation of hypergeometric
functions, the Gauss-Ostrogradsky formula and the Boltz autotransformation formula are used. The obtained results have
a theoretical nature and can be used for further development of the theory of partial differential equations and the theory
of special functions.

Keywords: mixed boundary value problem; generalized Gellerstedt equation; Neumann and Dirichlet conditions;
fundamental solutions; Gaussian hypergeometric series; Lauricella’s function.

AnHomayus
MOCTOPOEHUE PEIIEHUS KPAEBOM 3AIAUYM C YCJOBUSIMHU N-D JIJISI YETBIPEXMEPHOI'O
YPABHEHUS I'EJUVIEPCTEATA
A.P. Poickan®, T.I". Dpeauies?
1Kazaxckuii HayuoHanbHbIIL Nedazo2u4eckull yHusepcumem umenu Abas, e. Aimamel, Kazaxcman
2Hayuonanwvuuiii uccnedosamenvckuil ynusepcumem "TUUUMCX”, Tawxenm, Y36exucman
3Kageopa mamemamuxu, ananusa, anzebpol, 102uku u Ouckpemuot mamemamuxy, Ienmckuii yuueepcumem, benvaus

Hacrosmas paGota sBsieTcs: IpOAOKEHUEM UCCIICA0BaHUS PAa 3a/1a4 Ha BOIPOC OJJHO3HAYHON pa3pelInMOCTH IS
BBIPOXKIAIONIETOCS yPaBHEHHS JJUIMNTHYECKOro Tuma. B cratbe paccMmarpuBaeTcs 0OOOIIEHHOE [0 YeThIpex
nepeMeHHbIX ypaBHeHue ['emnepcrenra B OeckoHewHOH 001acTu. [laHHOE ypaBHEHNE HMEET YEThIPE THIICPIIOBEPXHOCTH
BEIpOKICHUS. PaHee I paccMaTprBaeMoro ypaBHEHHS OBLIO TIOCTPOCHO IIECTHAINATH ()yHIAMEHTAIBHBIX PEIICHUIH.
W3 ocHOBHOI Teopun nudhepeHIINaTbHBIX YPaBHEHNH H3BECTHO, YTO KaXK10€ (PyHAAMEHTATFHOE PEIICHUE MOXKET OBITh
HCTIONB30BaHO B PEHICHWH CBOSH KpaeBoW 3ajgadu. Tak, ¢ MOMOINBI0 HEKOTOPBIX IMONYYCHHBIX (PYHIaMEHTAIBHBIX
pelreHui yxxe ObUTH perneHsl 3a1a4d N, 3agaga [Iupuxie, U JBe 3a/1a9d CO CMEIIaHHBIMU YCIIOBHSIMH. L{enpro HacTosmien
paboThl ABISIETCSI HAXO0XKJCHUE €AMHCTBEHHOTO PEIICHUS] KpaeBOW 3a/lauyd CO CMEIIAHHBIMHU YCJOBHSIMH, TJ€ OJHUM
ycioBueM B3sTo ycnoBue Heiimana u Tpu ycioBus Jupuxie. 3agada ¢ TaKo TOCTAHOBKOM peliaeTcs BiepBbie. Pemenue
3a[1a4¥ TIOJY9ICHO B IBHOM BHJIE, COIEPKUT THIIEpTeoMeTprdeckue psabl [ aycca BToporo nopsinka. [Ipu pemennn 3agaun
HCTIONB3YIOTCS MeTonbsl An(p(epeHInanbHBIX ypaBHEHHH B YaCTHBIX TNPOW3BOAHBIX, METOJ TU(QepeHIHPOBaHIUI
runepreoMeTpudeckux  pynkmui, dopmyna I'aycca-Octporpaackoro u ¢opmyna asroTpanchopmarmu boxpa.
[Tomy4yeHHBIE pe3yNbTaThl UMEIOT TEOPETHUECKUI XapaKTep W MOTYT OBITh MCIOIB30BAHBI IS JABHEHUIIIETO pa3BUTHS
Teopun A epeHnrnanbHEIX YPaBHEHIH ¢ YaCTHBIMH MPOM3BOTHBIMHI U TEOPUH CTICIIHATBHBIX () YHKITHH.

KaloueBble cioBa: cmemanHas KpaeBas 3anada; o0oOmieHHoe ypaBHeHHe [emepcrenra; ycnoBusi Helimana u
Jupuxie; GpyHIaMeHTanbHble peleHns; runepreomerpudeckuii psin ["aycea; dynknus Jlaypuaenst.
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Anoamna
A.P. Puckant, T. I'. Opeawes®
Y46aii amvinoazul Kazax ynmmuix nedazozuxanvix ynusepcumem, Anvamet K., Kasaxcman
2WHUALLIMTHy ¥ammuix 3epmmey yuueepcumenti, Tawxenm, O36excman
2Mamemamuxa, manoay, anzebpa, 102uKa xcane ouckpemmi mamemamura xageopacet, Ienm ynusepcumemi, benvaus
TOPT OJLIEMAI 'EJJIEPCTEAT TEHJEYI YHIIH N-D HIAPTTAPBI BAP LIETTIK ECEIITIH
HIEIIIMIH KY¥PY

Byt sKyMBIC SIDIMIITHKANBIK THITI a3FbIHOAIFAH TEHACY YIIiH Oipereil memrimiMaiunik Macene OoifpiHma Oipkarap
ecenTepi 3epTTCYAiH KalFackl OOJBII TaOBUTaABl. Makanama IIeKci3 OOJBICTaFBl TOPT alfHBIMAINIBIFA JKANIBUIAHFAH
lennepcrent TeHAeyi KapacTspbutanpl. by TeHmeyne TepT asfeiHAay rumnepberi Oap. byran nmeitiH KapacTHIPBUIBIT
OTBIPFaH TEHJIEY YIIIH OH aJITHI ipreiii menrm KypacTeipbiirad. uddepeHunanabik TeHaeyIepAiH Heri3ri TeopusiChbIHaH
opOip ipremi menriMIi e3iHiH IIeKapaiblK eceOiH HIenyae Koaanyra 6onateinel Oenrim. Ocbuiaiiia, kei0ip anbiHFaH
ipreni memriMaepaiy kemerimer N ece6i, Jupuxie ecebi ’aHe MapTTaphl apaiac eKi ecen LIemini. bys >KyMBICTbIH
Maxcatsbl 6ip Hefiman xone ym J{upuxie apanac mapTrapbl KOWBIIFaH €CenTi menty 00ibIn Tadbutaasl. EcenTin memnrimi
alfKbIH TYpJIe aJbIHFaH JKoHE eKiHII peTTi ['aycc rumepreoMeTpusibIK KaTapblHaH KypacTelpsuirad. EcenTi menry yuis
nepbec TybIHIBUIB AuddepeHInaNIbIK TeHACYIep diCTepl, TUIEPreOMETPHUSIIBIK (QYHKIHMsIapaspl auddepeHiuaniay
onici, I'aycc-Octporpancknii ¢opmynacel xoHe bombn aBroTpancdopmanus (opmynacsl KOJJaHBIIAIBl. AJBIHFaH
HOTIDKENEP TEOPHSIIBIK CUITATKa M€ )KOHE OHBI ZiepOec TYBIHABLIBI Au(GepeHIINAIBIK TEHACYIIEP TEOPUSICHI MEH apHAITbI
(GyHKOMSIIap TEOPUACHIH OJIaH 9pi IaMBITY YIIIH Maiigananyra Oomaibl.

Tyiiin ce3mep: apanac meTTik ecerm; ['emepcTenT )KanmsUIanFad TeHaeyi; HeliMaH sxoHe JupuXIte mapTTapsr; ipreii
memimaep; ['aycc runepreoMeTpusuibIK Katapsl; Jlaypudenia GpyHKIusACHL.

1. Introduction

Over the last century partial differential equations have a wide range of applications in solving problems in
various fields, such as mechanics, physics, aerodynamics, acoustics, astronomy, etc. [1-3] In solving many
problems, the so-called special functions of mathematical physics are used, these can be the Bessel, Hermite
functions or the Gauss’s, Appell’s or Lauricella’s hypergeometric functions. Paper [4] describes the application
of hypergeometric series of many variables to research developments in the aerospace systems field.
Hypergeometric functions are widely used in constructing the theory of simple and double layer potentials [5].
A number of boundary value problems for elliptic equations with singular coefficients in two-dimensional and
three-dimensional spaces were studied by means of the constructed fundamental solutions [6-8]. The general
properties of degenerate systems of second-order hypergeometric equations of Horn, Whittaker, Bessel and
Laguerre were studied. Where all constructed normal-regular solutions expressed through the Humbert’s
function [9]. Scientists from leading research centers in many countries are studying special functions and
researching their areas of application. This area of research is quite relevant, as evidenced by statistical data
from the Web of Science database.

In this paper we consider the degenerate Gellerstedt equation of elliptic type

y"zt'u, +x"2t'u,, +X"y"t'u,, +X"y"z*u, =0, m,n,k,1 >0, m,n,k,I =const

in domain R! ={(x,y,z,t):x>0,y>0,2>0,t>0}. Previously, fundamental solutions were constructed for
the equation under consideration and their singularities were studied [10]. The obtained fundamental solutions
consist of four-dimensional hypergeometric Lauricella’s functions F,i“) [11]. To date, using the obtained

fundamental solutions several boundary value problems in an infinite domain and one problem in a bounded
domain have been solved [12-16].

2. Statement of the problem
Consider the elliptic equation

mo kel no kel ny,mtl ny,m5k
H(u)=y"zt'u, +x"z"t'u, +x"y"t'u,, +x"y"z"u, =0, m,n,k,1>0 2.1)

in domain D = {(x Y, z,t) x>0,y>0,z>0,t> 0}, bounded by the following hyperplanes:
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sl={(o, y,z,t):x:O,y>0,z>O,t>0}, S, :{(X,O,z,t):x>0,y=0,z>0,t>0},

S,={(x,¥,0,t):x>0,y>0,z=0,t >0}, S, ={(x,y,2,0):x>0,y>0,2>0,t=0}.

The variables are tied by the following relation:

RZ — 4 Xn+2+ 4 m+2+ 4 Zk+2+ 4 tl+2.

(n+2)2 (m+2)2 (k+2)2 (I+2)2

Problem ND;. Find a regular solution u(xy,zt) of the equation (2.1) from the class
C(E_))ﬂCl(D Us_l)ﬂCZ(D), D) satisfying the conditions:

a—iu(x,y,z,t) =v,(y.zt), (y,z.t)eS, (2.2)
u(x, y,z,_t)|y_0 =7,(xz1), (x,z,t)€S,, (2.3)

u(x,y. b)) =z, (xy.t), (x.y.t)eSs,, (2.4)

u(x, y,z,t)|t:0 =7,(xv.2), (xy,2)€S,, (2.5)
limu(x,y,z,t)=0, (2.6)

where v, (y,z,t),7,(x z,t),75(X v,t),7,(x y,z) are given continuous functions, moreover the function
v ( Y, z,t) at the origin of coordinates can go to integrable order infinity. Also, for the large enough values R,
the following inequalities hold:

vi(y.2.t) < 4 el 27)
2
l+ 4 , ym+2 + 4 , Zk+2 + 4 , tl+2
(m+2) (k+2) (1+2)
|72(x, z,t)| <- Co - (2.8)
1+ 4 . n+2 4 . k+2 4 > tl+2
i (n+2) (k+2) (1+2)
(ACHAY B G - (2.9)
1+ 4 Xn+2 + 4 m+2 4 1+2
| (n+2) (m+2)° (1+2)
7, (xy.2) < % (2.10)

+ 4 Xn+2+ 4 m+2 4 k+2
2 2 y + 2 z
(n+2) (m+2) (k+2)
here c,,c,,C,,C, and ¢&,,&,,&,,&, are small enough positive numbers.

Theorem 1. The boundary value problem ND, has at most one solution.
Existence of a solution to ND, the problem.
The solution to the ND, problem has the form
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(memzo't )

—38

y 2t (Y,2,4) 955 (0, Y, 2,8 X5, ¥y, 2o, t, ) dydzdt +

X"2'z, (x, z,t)%gw(x, A S 201t0)|y:0 dxdzdt +

(2.12)

+

+
Ot——8 O——3 O'—rS
Ot 3 Ot=——m38 ©°

n,,m a
X"y"t'z, (X, y,t)g Gis (X ¥, 2,6 %, Yo, 2o,y )|, dxdydt +

Ot 8 Oty O3

ny,mok

0
X"y"z"z (x,y,z)agls(x, y,z,t;xo,yo,zo,to)L:0 dxdydz,

4 4 4
4 me2 4 k+2 4 1+2 —a+pf+y+o-4
X, Y, 2,6 X, Yor 2oty ) =K r’ 2ty z,t
915( y X1 Yo1 2o 0) 15(m+2j (k+2j (|+2j ( ) YZty,Z,t, X

<F\)(4+a-f-y-6;a1-Bl-yl-6:20,2-2,2-2y,2-25:E1,4,¢)

+

Ot—38
ot—38
ot—38

where

is fundamental solution to the equation (2.1). Here function F,f“) is the Lauricella’s function

= (a) (b)), (b,), (bs), (b,)
F¥(a;b,b,,b,,b,;c,,C,,Cl0Ch0 X, Y, Z,t) = Meprg M TN TR Ay Mynz e,
R b D o 2 @) @ (), (o), mimtprat”

(P +1yl+[2] e <),

woalres) (mes) (i) (73)
® 422 (n+2 m+2 k+2 [+2

F(4+a-B-y-8)(a)T(1-B)T(1-y)T(1-6) (2.12)
I(22)T(2-28)T(2-2y)T(2-26) .

Proof. Since the function g, is a fundamental solution to equation (2.1), it is obvious that the solution to
problem (2.11) satisfies equation (2.1).

Let us prove that function (2.11) satisfies conditions (2.2) — (2.5) of the problem ND
We present solution (2.11) in the following form

U(Xo’ yO’ZO’tO): |1(Xo’ y01201t0)+ Iz(xm yovzo’to)

+15(X1 Yor Zoo b )+ 1, (X0, Yor Zo by ), (2.13)
where

4 4
4 m 4 m 12 TTr m+. +: +.
|1(X0’yo’zo’to):_kls(m_l_zj [k-i-ZJ ( +2J Yol oto_”.J‘ y ' kltll y Zt)
000

x(r2) Y (dra - foy-8il- Ly 1-5;,2-25,2-2y,2-28,7,( 6 )| _, dydzdt

4 4
4 YR 4 Yer( 4 YE o EEE
' (%o Yo 20 s) = k“"( +2j (k+2j (+2j ][ x e (x2.0)
000

«(r?) i "(4+a-p-y-8al-y1-5;2a,2-2y,2

—-26;¢, g,g)‘yzo dxdzdt
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4 4 4
mE( 4 Yer( 4 YR o RET
|3(X01y0!zo't) kls(m+2) (k+2j (|+2j yozotoJ.J‘_[Xy ltllrs(xxyat)x
000

x(r2) RO (A a - f-y - Sial- f1-0; 20,2-23,2-28,£,1,6) , Oxdydt

4 4
4 m+2 4 k2 1+2 T ny,m+lo, k+
|4(X01y01201t0):k15(m+2J (k-{—Zj (|+2J yo 00 JII X le 1’2'4 X, y Z)
000

X(rZ)—a+ﬂ+y+§—4 Ff) (4+a —,8—7/—&a,l—ﬂ,l—y;2a,2—2ﬂ,2—27/;§,77,§)‘t:0 dxdydz

Let us check condition (2.2), for this we calculate the derivative of function (2.13) at x, =0

0 0 0
a_XOU(XO!yO'Zo'to):a|1(X01y0120't0)+a_xoIz(xo'yo'zovto)+

0 0
i (%, yo,zo,to)+g L (%, Yor Zo:tg )-

0 0

Let's consider the first integral and use the decomposition formula [17 p. 118, (14)]

- (z:'-l)nl+n2-¢-n3 (bl)n1+-n2 (b2 )n1+n3 (l:)3)n2-¢—n3 %

F®(a,b,b,,b,c,C,,CiiX,Y,2) =
NP VRN TS T N R

XXy ez N E (@4 n 4 n,,b + 0 40,50+ 0 40,5 X)

xF(a+n +n,+n,b, +n +n;c, +n +n;;y)F(a+n +n,+n,b, +n, +n;;c,+n, +ny; ).

Then we get:

4 4
a iz 4 2 2 e m+1 k+14 141
&Il(xo'yo’zmt) k”(m+2j (k+2j ( +2j Yo °t°!H yrEt (y.z.t)x (2.14)
X( rz )—a+ﬂ+7+¢>‘—4 (rz )3—/#%0' (r22 )*1+/i (r32 )71+7 (r42 )*1+5 P (0’ Y, Z’t; XO' yo, Zo’to )|x:0 ddedt,

where

N (4+ a=p-y- 5)|1+|2+|3 (:I'_ﬁ)|1+|2 (1_ 7/)|1+|3 (1_ 5)|2+|3
Iy =0 (2 - Zﬂ)wz (2 - 2}/)I1+I3 (2 - 25)|2+|3 1,00

[ r22 B r2 Jlﬁlz ( r32 B rz j|1+|3 ( r42 _ rz jl2+l3
X 2 2 2
r, I r,

22
«F —2—a—ﬁ+y+5,1—ﬂ+|1+|2;2—2/3+|1+|2;%j
r2

P(0,Y,2,t; %, Yo, Zo s ) =

2 2
xF —2—a+ﬂ—y+5—lz,1—7/+I1+I3;2—27+I1+I3;uj

2 2
xF —2—a+ﬁ+7—5_|1,1—5+|2+|3;2_25+|2+I3;r4 Zr j
r4
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We use the following change of variables:

2 ymTJrZ B 2 ymTJrZ n+2 2 Z%z 2 ZkJZrZ . XnJZrZS
m+2 m+2°° n+2XO " k+2 k+2 ° n+2°°
1+2 1+2 n+2
i 2 =i 2+LXOZS
l+2 1+2 n+2

then from (2.14) at X, — 0 we have

Sroonne[i2) (o) () () oenn
v WROLALIL g B e wk 2 S s
|

T(1+a)T(2-28)T(2-2y)T(2-25) ” ds,ds, ds,
T(1- ) (1-))T(1-0)T(d+a-f—y-5)2 4

1+s +5 +s) "

Let us calculate the integral from (2.15) using the following formula [18, p. 637(4.638-3)] and [19]

-dx,dx,...dx =

O3

e © p-1y po-1 p—1
j- o XX X"
0

l. [1+(r1x1)“1 +(%,) "+ + (X, )q}

()2t
G a, Oy 4 Q O ’(pi>0,qi>0,t‘i>0,8>0),

_qlqz.“qnnplqlrzpzqz‘“rnpnqn r‘(s)
then
]°- ]3 T ds,ds,ds, BTTT ds,ds,ds, _ 7T (2ax)
oot (1480 +5 +5] 200 (l+sf+s§+1~:§)cHl [(a+1)(20-1)2""T(a)

By virtue of formulas, from (2.15) we obtain

5 4 “2a 4 -2 4 -2y 4 —25
lim—1,(x,y.,z,t)=4z" L2t
%0 OX, 100 YorZory) ”kls(n+2j (m+2) (k+2j (I+2j (o Zort)x

I'(2a)T(2-28)T(2-2)T(2-25)
[(4+a—-p-y-6)(a)l(1-B)T(1-y)T(1-6)

X

(2.16)
Considering definition (2.12) for k,; from (2.16) we obtain lim % 1, (Xg: Yor Zoty) :Vl(yo,zo,to)_ It is not
Xg —0

difficult to show that

0 .0 .0
L!gggl (Xor Yor 2,1 ) =0, xm&|3(x0,y0,z0,t0)=o, leau(xo,yo,zo,to) 0.

Therefore, lim ﬁu(x0 Yor Zo:to ) =i (Yo Zouty ), then function (2.11) satisfies the condition (2.2) of the
% =0 OX,
problem ND,. It is not difficult to prove that function (2.11) satisfies conditions (2.3) — (2.5) of the problem

ND;.
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Let us show that if the given functions for sufficiently large values of the argument satisfy inequalities (2.7)
— (2.10), then the solution (2.11) of the problem ND, also satisfies condition (2.6). Indeed, let inequalities

(2.7) — (2.10) be valid, make the following change of variables:

1+2

1 2 ™ 1 2 ™ 1 2 ¢ 1 2 2
- X2, _ 2 7?2, - t2,
SR a2t TR me2) 9 TRKke2” C9TRIT2
1 2 2 1 2 = 1 2 1 2 2
T % 2 =5 Yo ! O3=o T2, 0, =%,
R, n+2 R, m+2 R, k+2 R, 1+2

4 4 4 4
here R 2 — n+2 m+2 7 k+2 + t I+2
S Te2y t (a2 ke2y O (e2) "

Then at R, — o from (2.7) — (2.10) we obtain the following inequalities for

ko 2,2.2( 9 NY¥r o N/ o9 \%
(X, Y., 2,1 )| <222 42m 2vk 24
|1(°y° o) Ry" (m+2] [k+zJ (I+2j (217)
2.17
U1§1G1d 771d <. 1d S
d+a—f-y-5
(Len’+elve’) T (0060 )

2,2 ~2a 2 -2y -2
|| (X Yo:Z t)|_k15 642+m 2tk z+|( 2 j ( 2 jm+2( 2 j ( 2 J
s nt2) (m+2) lkx2) U2 (2.18)

2 ®w
m+2 k+2 +2Ij
00

1-2a+g !
2

O ==y 8

R265
Xo-zéo'géO"téTTT §12a§1§1d§1dé/1d§1
2 2 2 2 \4+a—p-y-o 2 2 e !
000 (:|.+§1 +n,°+¢ +g1) (51 + +§1)
2
1 (X1 Yor Zooty)| < <Ky ﬁ.( 2 jz( 2 j”( 2 JM( 2 ]”
3 0r Jor%0'% )| — 26,
R, n+2 m+2 k+2 1+2 (2.19)
§1za771§1d é:ld 771d [

2 2 0w
m+2 k+2 142
X0, 0370, I .[ .[ 1 2 2 2 2\MHafr=6 (o 2 2)\é7 '
000 +‘§1 +1, +§1 +q §1 1+

~2a -2p 2
|| (x,y,z L )|_k15842+m 27k 2+|( 2 j ( 2 j ( 2 ) y( 2 an
4\ %o Yor Lorlo n+2 m+2 k+2 I+2 (2.20)

R 2¢g
m+2 ﬁ iz]o']i]o' é12a771§1d gld nld‘é,l )
000 (1+ Sglz + 7712 + 4/12 + glz )4+“*ﬂ*7*9 (‘flz + 7712 + 4/12 )58

Let us show that the integrals included in inequalities (2.17) - (2.20) are bounded.
Inequality (2.17) satisfies the identity
F(5_8+a)1"(3 ¢ b-c- dj
1 2 2
v (2.21)

(l+x2+y2+22)4+a—b—c—d (X2+y2+22)172%+g =E F(4+a—b—c—d )
20e 2b+2c+2d—-3<e&<2a+bh.

Xyzdxdydz

ot—3

|

ot—3
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For inequalities (2.18)-(2.20) the identity holds
F(a+ S_SJF(Z—b—C—d + £ jl‘(a+ljr(a+3
2 2 2 2

I'(4+a-b-c—d)

j, (2.22)

ﬁ]‘i x**yzdxdydz 1
000 (1+X°+y°+ zz)4+a_b_c_d (x*+y*+2°)" 8

20e 2b+2c+2d -3<g<2a+5.

Thus, from inequalities (2.17) — (2.20), due to the value of integrals (2.21) and (2.22), the following
estimates hold:

. c, . k,.C.
Llng Il(XO’yO’ZO’t0)|Sk15‘gll’ Llng IZ(X()'yO’ZO’tO)|S 152;;5'
” R R™ (2.23)
Iim|| (X, Yor Z t)|< & Iim|| ( z t)|<k15c8
R—0 3 O’yO’ 0?0 - R0287 ! R—0 4 XO'yO’ 0?0 - ROZSB Il

where ¢, c,, C,, C, are constans.
Inequalities (2.23) show that solution (2.11) at R, — oo goes to zero. Thus, condition (2.6) of the problem
ND,; is satisfied. Consequently, solution (2.11) of the problem satisfies all the ND, problem conditions.

Theorem 2. Let conditions (2.7) — (2.10) be satisfied, then a regular solution to problem ND, (2.1), (2.2)
— (2.6) exists and is expressed by formula (2.11).

Methodology

To construct a solution to the boundary value problem under consideration, classical methods of partial
differential equations and mathematical physics are used. Methods proposed by the authors of the famous
monograph by Appell, Kampe de Feriet, were also used, applying the properties of the Gaussian
hypergeometric function of one variable and Lauricella’s function of four variables. By means of
decomposition formulas, functions of many variables are reduced to the product of Gaussian functions of one
variable. Integration results are written using Euler's Gamma function. The formula for differentiation of

special functions, the properties of the Lauricella’s function FE()“) and the Pochhamer function is traditionally
used.

Conclusions
A mixed boundary value problem ND, with one Neumann’s condition and three Dirichlet’s conditions is

posed for an elliptic type equation in four-dimensional space. Two theorems are formulated. A theorem for the
existence of a solution to the problem has been proven. The solution is obtained explicitly, expressed by the

Lauricella’s hypergeometric function F,f“). During the proof, the properties of hypergeometric series,

decomposition formulas and Boltz's formula, properties of Euler's Gamma function are used. In the future, it
is possible to construct solutions to a number of mixed boundary value problems for the equation under
consideration using the proposed method.
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BEKITIJIMETEH ME3ETTE UMIIYJIBCTIK 9CEPI BAP ECEIl TYPAJIbI

AHxoamna

Y CHIHBUTFaH JKYMBICTa AU dEepeHINAIBIK TeHIEYJIep XKyHecl YIIiH OSKiTIIMEreH yaKbIT ME3ETIHIErT UMITYJIbCTIK
acepi O6ap eki HyKTeJl LIeTTIK ecen KapacThIpbuiFaH. KapacThIpBUIBIT OTBIPFaH €Cell IapaMeTpliey 9ICiHIH HIesIaphl
Heri3inzne 3eprreneni. [lapamerpney omici MHTepBanabl OipHemie OelikTepre Oejyre jkoHE IIKI MHTEpBaJAAPIbIH
OacTamkpl HYKTENCpiHAE INENIiM MOHIEpi pEeTiHAe MmapaMeTpiieplli eHri3yre HerizmenreH. KapacTBIPBUIBINT OTBIPFaH
€CEeMITiH XYBIK IMIeTTiMiH TaOyAbIH Oip OBl YCHIHBUIAAR. Ecentin mentimMia Tady YIIiH MIETTIK €CeNTiH KapacThHIPBUIBITT
OTHIpFaH MHTEPBANBI OipHeme OemiKTepre OOMiHiIL, KaHa MapaMeTp eHTi3uIim, OepinreH quddepeHInaIIbK TCHISYIep
XKyHecl YIIiH OeXiK MHTepBajiapla apaiblK IIETTIK €Cell albIHAABI JKOHE apallblK IIETTIK eCenTe MapaMeTp CHTI3Y
HOTIDKECiHAe OacTamkel mapT maiima Oombim, Komu ecebiH KapacTelpyFa MYMKIiHIIK amambi3. JuddepeHrunanapk
TEHJIeYyJIep JKyHeci YIIiH OCKIiTiITMEeTreH yaKbIT Me3eTiHIeTi UMITYJIbCTIK ocepi Oap eKi HYKTelNi MIETTIK €CeNTiH JKYBIK
LICIIiMiH TaOyJbIH YCHIHBUIFAH 9MIICTIH THIMJIUIITTH KOPCETETIH ChIHAK MBICAIBI KEJITIPLITeH.

Tyiiin ce3nep: nuddepeHunanabIK TeHACYIEP, YaKbITTBIH OSKITIIMEreH ME3eTiHAerT UMIYJbC SCepi, IETTIK ecerl,
napameTpIiey dici.

Annomayus
C.M. Temewesa?, M. Myxau®
0 3AJIAYE C HEGPMKCUPOBAHHBIM MOMEHTOM UMIIYJIbCHOI'O BO3JENCTBUS
YUncmumym mamemamuxu u mamemamuyeckozo mooeruposanus, 2. Aimamot, Kazaxcmarn
2Kaszaxckutl HayuonanvHulil yHueepcumem umenu anv-DPapabu, 2. Aimamol, Kasaxcman
S Axmrobunckuil pecuonanvuwill yrusepcumem umenu K. JKybanosa, 2.Axmobe, Kazaxcman

B mnpexacraBneHHoN paboTe paccMarpuBaeTcsl JBYXTO4YedHas KpaeBas 3ajada Juisi CUCTeMbl Au(epeHInaTIbHbIX
YpaBHEHH, OJUUHSIONICHCS UMITYJIbCHOMY BO3IEHCTBUIO B HE()DMKCHUPOBAHHBIH MOMEHT BpeMeHH. PaccMmaTpuBaemas
3a/a4a UCCJIEJYeTCs Ha OCHOBE MJEH MeToJa NapameTpu3anud. Merosa napaMeTrpusaluu OCHOBAH Ha pa3lelICHUU
UHTEpBajla HAa HECKOJIbKO 4YacTedl W BBOAE [apaMETPOB B KAYECTBE 3HAYCHUM pPEILICHUH B HAdaJbHbIX TOYKAaX
noauHTepBajoB. [Ipeanaraercsa crocod moucka MpUOIMKEHHOTO pelIeHHUs paccMaTpuBaeMoil 3agaun. /s HaxoKAeHUsS
pelieHns 3a/1a4u paccMaTpUBaeMblii HHTEPBAJl KpaeBOM 3a7aun pa30oMBaeTCs HA HECKOJBKO YacTeld, BBOJAUTCS HOBBIH
rapaMeTp, IoJTyJaeTcs MPOMEXYTOUHasl KpaeBasi 3ajada JUlsi 3aaHHOM cucTeMbl HuddQepeHnanbHbIX ypaBHEHHH Ha
YaCTUYHBIX MHTEpBajax W B pesynbrare [Ipu BBOJE mapaMeTpa B NPOMEXKYTOUHYIO KPAaeBYIO 3a/ady IOSBIISETCS
HavaJlbHOE YCIIOBHE M MOXKHO paccMaTpuBath 3anaqy Komm. [IpeanoxkeH oquH U3 crioco00B HaX0AeHHS IPUOIMKEHHOTO
pemieHust paccMarpuBaeMoil 3amaud. [IpuBemeH TECTOBBI mNpHMeEp, KOTOPBIH MOKa3biBaeT 3PQPEKTUBHOCTH
MIPETI0KEHHOTO CIOC00a HAaXOXKICHUS TNPHOIIKEHHOTO pEIISHHs JBYXTOUEYHas KpaeBas 3ajada Julsl CHCTEMBI
muddepeHIMaNbHBIX ypaBHEHUH, IOMUMHSIONIEHCS HWMITyJbCHOMY BO3/ACHCTBHIO B HE()UKCHPOBAHHBIH MOMEHT
BPEMEHU.

KioueBble cioBa: nuddepeHraibHble YpaBHEHHUS, UMITYIbCHOE BO3ACHCTBHE B HE(PHKCHPOBAHHBI MOMEHT
BpEMEHU, KpaeBas 3a/ia4a, METOJl IapaMeTpU3aluu.

Abstract
ABOUT THE PROBLEM WITH A NON-FIXED MOMENT OF IMPULSE ACTION
Temesheva S.M.>?, Mukash M.3
nstitute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3 K. Zhubanov Aktobe Regional University, Aktobe, Kazakhstan

The presented work considers a two-point boundary value problem for a system of differential equations subject to
impulse action at a non-fixed moment in time. The problem under consideration is studied based on the ideas of the
parameterization method. The parameterization method is based on dividing the interval into several parts and entering
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the parameters as decision values at the initial points of the subintervals. A way to find an approximate solution of the
problem under consideration is proposed. To find the solution of the problem, the considered interval of the boundary
value problem is divided into several parts, a new parameter is introduced, an intermediate boundary value problem is
obtained for the given system of differential equations in partial intervals, and as a result of entering a parameter in the
intermediate boundary value problem, an initial condition appears and we can consider the Cauchy problem. One of the
ways to find an approximate solution to the problem under consideration is proposed. A test example is given that shows
the effectiveness of the proposed method for finding an approximate solution to a two-point boundary value problem for
a system of differential equations subject to impulse action at a non-fixed point in time.

Keywords: differential equations, impulse action at a non-fixed moment of time, boundary value problem,
parameterization method.

Kipicne

HduddepenHnmanaplk TeHASYIEPAiH UMITYIBCTIK JXKyienepi oObeKTiIepiH MaTeMaTHKalIbIK MOAETbAEpPi
peTiHAe KBI3MET €Telli, OJIAP/IbIH SBOJIIOLMACHI KE3iHAE KhICKa MEP3iMIl KYIITEPiH OPEKETIHE YIIbIPa bl
Kpicka Mep3imi aybITKybl 6ap HAKThl IPOLECTEPAiH IBONIOLMSICHIH MaTeMaTUKANBIK CHIIATTayaa KebiHece
ayBITKY Y3aKTBIFBIH €JeMey JKoHe Oy aybITKyNap <JIe3MiK» CHIaTTa Jen Ooipkayra bIHFaiiIel. MyHnmai
CUNATTay Y31UIiCCi3 TpaeKTOpHUsUIaphl Oap JAWHAMUKAIBIK JKyHelep/i HeMece oJapIbsl MMITYJIbC dcepi Oap
UG hepeHIMAIIBIK TCHACYIICPl 3epTTey KXKETTUIIriHe okeneni. MyH/ai sxyienepiiH TOJIbIK Teopuschl [1]
MoHorpadusiceiHna Oepinren. MmynbcuBTi ocepiiepi 6ap HaKTBl Mocesenepai 3epTrey [2-4] skymbicTapia
KapacThIpbUIFaH. TypakThl eMec UMITYJIbCHBTI Macesenep OOMBIHIIA KONTereH 3epTTeyiep Kyprisinmi. by
Macelesep YIIiH MenimMHiH 6ap 00J1ybl, OPHBIKTBHUIBIFBI )KOHE 0acKa aCUMIITOTHKAIIBIK KacHeTTepi [5, 6] xoHe
[7, 8, 9], coHbIMEH KaTap UMITYJIBCHBTI )KYHelep YIIiH IeKapajblK ecenTep 3epTreiai. UMmynbeTik xkyienep
YIIiH TEPHOATHI KOHE MePUOATHI IEPIIiK MmemiMaepAiH 00ybl Typais! cypakrap [10-13] kapacTeIpbuTFaH.

. KymabaeBToIH ycbiaFaH [ 14] mapamerprey amici [ 15] OexiTinreH yakpIT Me3€TiHAETI HMITYIIEC dcepi 6ap
@OpenronbeM uHTErpo-AndHepeHHaNIbIK TEHACYiHIH CBI3BIKTHIK IIETTIK eceOiH 3epTTeyae KapacThIPhUIIbL.
By onic maTEpBanB! OOMiKTepre 0OIyre JKoHe KOCHIMIIA ITapaMeTpIIep/Ii EHTi3yTre HeTi3eNTeH.

EcenTin KOHbLIBLIMBI 3K9HE 3epTTey dici
Byn makanaza [@,b] kecingicinze keneci UMIysbC ocepili METTIK €cell KAPaCThIPhLIAIbL:

dx

i Ax+ @), te(@b)\{t}, xeR" )
Xt +0)—x(t.—0)=p, peR", )
t. +4-x(t.—-0) =0, 3
Bx(a)+Cx(b)=d, deR" 4)

mysnarel A(t) e C([a,b]\t.), f(t)eC([a,b]\t.); B, C - Typaxrsl n-emmemumi kBajgpaT Matpunaiap; p, d
- TYpaKThl N -emmemi Bekropiap, B - (1x N )-emmeMai MaTpULa->KoJl.

PC([a,b]\t.,R") apkpuel HOpMach ||X||l = max{ sup ||X(t)||, sup ||X(t)||} GonatelH  y3iHIi-y3imiccis
tefa,te) te(te,b]

(dyHKUHMsUIAp KeHICTITiH Oenriieimis.
(1)-(4) eceOinin wemnrimi aen
* (1) iuddepennmanapk TeHaCyTE,
* (2) ummynbC acep mapThIHA,
* (3) mapTeIiHa,
* (4) WeTTiK WapThHA
Kanarattanasipatei (X(t),t.) xyObin aiitambis, mynnarer X(t) € PC([a,b]\t.,R") xomne t. € (a,b).

Kenecinei Genrineynep kompanamsis: t, =a, t;=t., t, =b, a=t <t, <t,=b.
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Keii6ip t, e (t,,t,) yIIiH C([lt, t,1\t,,R*") ApPKBLILI HOPMachI

||X||2 = max{rrrl?é(t sup ||Xr (t)”,||X1(t)||,||X2(t)||} oomatein  X[t] = (X, (t),X,(t)) dynxumsmap sxyiienepinin

G(tr—l it )

KeHiCTiriH Genrineiimis, myunarst X, :[t;,t,) > R" - y3imiccis xone op6ip t, € (t,,t,) ymin lim x(t) , an
t>ty-0
X, : (t,,t,] > R" -- y3imicci3 xone op 6ip t, € (a,b) ymin fim X,(t) axbipmsi ueri 6ap GpyHKums.
t>ty+0

(1)-(4) ecebin J1.C.IIxymabaeBThIH MapaMeTpiey dIiCIHIH WACACHIH MaiaaaaHy apKbUIbl MICHIIMIH Ta0y
ANTOPUTMIH YCBHIHFAIBI OTBIpMBI3. O YIIiH Oenrineynep eHrizemis:
* A =x(t), 4 =x(t,);
c U (M) =xMO) -4, te(t,t], u,(t) =x(t)-4,, te(t,t,].
Euni (1)-(4) ecebineH TeMeHIeri SKBUBAJICHTTI KOMHYKTETl MapaMeTpliep CHTI3UINeH MICTTIK ecerKe
KeIIeMis3:

%zA(t)(ir+ur)+f(t), te(t,t) r=1.2 (5)
u (t,)=0, r=12, (6)

4 "}E{nio ul(t) -4, _tﬁmouz(t) +p=0, (7)
twﬁ-(ﬂﬁtgmoul(t)}a (8)

B4, +CA,—d =0. 9)

XKananau kypsutran (5)-(9) ecentin wermimi aen kommnoneHtrepi (5) Tenaeyine xone (6)-(9) TeHmiKTEpiH
KaHaraTTaHIbIPaThIH (A uTtD KYOBIH aliTaMbI3. MyHarsl A=A, 4)eR™,
u[t] = (u; (t), u,(t)) e C([a,b) \ t,,R*") .

bepinren (1)-(4) ece6i men xananan Kypburran (5)-(9) ecentep/iH SKBHBAJICHTTITIH Kelieci MarbIHA/aA
tycinemis. Erep (A ,U[t]) xy6s1 (5)-(9) ecebinin mrermimi Gonca, onaa y3inmi-ysimiceis

*

A erep t=t,
X' () =44 +u (t), erep te(t,t), r=12,
Ay erep t=t,,

bynximscel (1)-(4) ecebiniy memnrimi 6oaapl. A erep i(t) byukuwmscer (1)-(4) ecebiniy memnrimi 6oca,

onma kommonentrepi A =(X(t),X(t,)), G[t] = (X(t)- X(t,), X(t)-X(t,)) Gonarsm (Z JUt])  xyoer (6)-(9)
eceOiHiH merrimMi 00JaIbl.
Aitransik, A, Genrini 6onceir. Onza (5), (6) Koum ece6i

u,(t) = jA(TIXAr +u,(r)dz,  te(t,t] r=12 (10)

t

BousbTeppa exiHIIi TeKTi HHTErpaiAbIK TeHACYiHe apa-nap 0onaapl.
Conrpt (10) Teruikre A, Genrini nen canacax, U, (t) yuid keieci ©pHEKTI jka3a anaMmpI3:
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00 = U Ar e, + [ A A )drde, + [ A, [ AGs ), ...drl]-ir R

+[j. f(z,)dz, + j A(rl)_rf f(z,)dz,dz, + j. A(rl)...r].zA(rv_l)Tf (z, Mz, ...drl] +

t t t

v-l

t Ty_2 T,
+IA(71)'“IA(TV—l)IA(Tv)ur(rv)drvdrv—l"'dTl’ te(t,t] r=12.
t t t,

JKazynpl KpICKapTy MaKcaThIHAA

t t 7 t Ty_1
D, (t)= .[A(z'l)drl +I A(rl)j Az, )dz,dz, +I Az,)... IA(TV)dZ'V .drg,

7 Ty (=]

FL =] 16+ [ A fedndn + [AG).. [AG) [ 1), . dr,

t i t t

t Ty_2 Ty1
G, (u,1) = [ AlR)... [Ar,) [ Al u, (7,)d7,d7, ;... dx,
ty ty t,

Oenrineynepai enrizemis e, (11) TEHIIKTI TOMEHIETIICH HKa3bIIT aTaMbl3:

ur(t) = Dv,r(t)'ﬁ’r +Fv,r (t)+Gv,r(ur’t)! te(tO'tr]l r :1’2'
Onnma
t"[noul(t) = Dv,l(to) A+ Fv,l(to) + Gv,l(ul’to)’
—tg—

lim Ouz = Dv,2 (t) -4, + Fv,z (t,) + Gv,Z (u,,t;)

totg+

(11)

(12)
(13)

(14)

6oxanel. Ockl mIeKTepAiH MoHAepiH (7)-11i TeHAIKKe KOUBIT, COHbIMEH Oipre (9) TeHAIriH eCKepe OTHIPHIIL,

Q,(t,)-A=F (t,)+G,(ut,), AeR™,
P (t,,4,u)=0, t,e(ab),

TEHIeyJIep JKYHECiH KYpPbIIT aJIaMbl3, MYH/IAFbl

Q. (t,) = I+D,,(t,) 1+D,,(t) ,

d O<1>
FV (tO) ) (Fv,z (to) - Fv,l (to) - p} GV (u,tO) ) [Gv,z (uz’to) _Gvyl(ul’tO)}

P (ty, A,U) =t + 8- ((I + Dv,l(to)) A+ Fv,l(to) +GV’1(U1,t0)).

Hapamerp men pynxuusubiy (A2, Ut]) xy6ur Goiiprama [t,,t,] apansrbEna y3inmi-ysimiccis

A9 +u0(t), erep telt,t,),

X(O)(t) =
;L(ZO) + uéo)(t)1 erep te(t,t,]

q)YHKI_[I/IﬂCBIH AaHBbIKTAaIl aJIaMbI3.
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Kypein anran Q, () : R*" — R*" marpunacsimbin (t,,t,) apanbirbiHbid Ke3 kenreH t, HykTeci ymiiH kepi

MaTpumackl 6ap GonchH fen yitrapameis. [lapamerprey omicinmerineit {(A%,u“[t])}, {t“}, k=0,1,2,...
HIaMaaapbiH TOMEHJIET PETIIEH Ta0aMbI3.

Kagam 0.

@) Qv(a—;b}l =F, (a—;bj terpeyin memin A% = (A2, A”) e R*" napamerpin TaGampis;

(b) A =29 nemamwm, (t,,t,] apamerremaa ul® (t) = D,,(t)- A" +F, (t) dyHKUMACHIH aHBIKTAN aNambI3
(r=12);

(c) P, (to,ﬂio) : ul(o)) = 0 CBHI3BIKTHIK eMeC TeHey i menry apksutel t0 € (t,,t,) TaGambis.

Kanawm 1.

@ Q,(tMNA=F (t?)+G,(u“t?) renneyin memin A” = (A, 1) € R* napamerpin TabampIs;

()4 =AY nen ambm, (t,,t] apamsiremma uP(t)=D, (t)- A +F, (1)+G,, (u®,t) dyuxuuscsn

AHBIKTAIl aJIaMbI3 (I = ]TZ),
(c) Pv(to,ﬂil) , ul(l)) = 0 CBI3BIKTBIK €MEC TEHIEY/Ii HIENTy apKbLIbI tél) e(t,t,) TabamsbIs.
Kanawm 2.
(@) QUMA=F ") +G,u",t?) rerneyin memin A% =(1?,1?) e R*" mapamerpin TabampI3;
(b) A, = AP npenansm, (ty,t,] apansrsmna u® (t) = D, (t) P 4 F.0)+G,  (u @ t) dpynxumsicon

r
AHBIKTAII aJlaMbI3 (I = ]TZ);
(c) Pv(to,ﬂf) : ul(z)) =0 CHI3BIKTBIK eMec TeHeyi menry apkeuibl - € (t,t,) Tabamms. T.c.c.

Bys1 alrOpUTMHIH OpBIHAATY JKOHE XHMHAKTHI 0Oy MmapTTapbl anbiarad. JKone ocel maprtrap (1)-(4)
eceOiHiH OKIIaylaHFaH MIenriMi 0ap 00Ty bl KaMTaMachl3 eTell.
Mbpicaa [0, 1] CETMEHTIH/Ie KeJeCi TeCTLIIK eCenTi KapacThIpaMbl3:

%: (Ox+ () te@U) xeR:

x(t. +0)-x(t.—-0)=p, t.+p-x(t.—-0)=0, Bx(0)+Cx(1)=d,

1 1
- = 1, erep t2>0,
M= 622 2| 10=H DL, =]y o
0 t , erep t<0,
(1 1] ( 1 j t 3
—4+——|cost+|{1-————= [sint + —+—
f.(t)= 5 t+2 5(t+2) 4 2,
' t* 3t?
T 43t
2 2

1 1 1 . t° t+5
—+——cost+|1-—F—— |sSiNt + ————
f,(t)= 5 t+2 5(t +2) 4 t+2
a 3t
———-2t
2 2

P=ls) 7| 10005032503 ’
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1 -1 1 -1 cosl—-0.2sin1+0.5
B= , C= ,d= .
-05 1 0 1 -4

5 ) .. X (1 (L ¢ 0.2sint — cost N (t ) 0.2sint —cost +3 {—03 5
CCCIIT1 QJI IIICIIIMI1 — = — — L. y L=V, K bI.
i A g _3-05t¢ )" 205t ¥

Tecrinik ecen 6onFaH COH, MaKanaa YCHIHBUIFaH aJrOpUTM OOMBIHIIA KOWBUIFAH €CEMNTiH KYBIK MEIIIMiH

tabambi3. On yuiin v = 3 anambi3. Ecenrey 6apsicoiana P, (t,, 4,,U,) = O renaeyinin memmimin tady yuria op
Kajama quxotomust oaici Kommansuiabl. Tewmeyain menrimin € =0.000001 mommiriMen aHBIKTaIBL.
TemeHeri KecTenepe ap KaaaMmaarsl ecentey HoTwkenepi kenripiaren (Kecre 1-6).

Kecme 1. 0-wi kaoamoazul [O,t*(o)] apabIebIHOASbL HCYBIK, WEUIMHIY MaHOepT

m ty Uy (t,) Uz (t,)
1 0.0000000000 -0.9990132524 -2.9982212631
2 0.0500000000 -0.9876979784 -2.9982815383
3 0.1000000000 -0.9739102275 -2.9987123472
4 0.1500000000 -0.9576844269 -2.9998886393
5 0.2000000000 -0.9390612308 -3.0021853294
6 0.2500000000 -0.9180873920 -3.0059772940
7 0.2995922863 -0.8950145067 -3.0115846219

Kecme 2. 0-wi kadamoazwi [tfo) 1] apanvievinoazer scyvi wewimniy monoepi

! L A +Uy () A +Uy ()
1 0.2995922863 2.1082897492 1.9897819483
2 0.3000000000 2.1084796609 1.9897245722
3 0.3500000000 2.1329611038 1.9814834745
4 0.4000000000 2.1597597829 1.9706101225
5 0.4500000000 2.1888006175 1.9567426689
6 0.5000000000 2.2200015585 1.9395186546
7 0.5500000000 2.2532737973 1.9185742681
8 0.6000000000 2.2885220531 1.8935436277
9 0.6500000000 2.3256449500 1.8640581364
10 0.7000000000 2.3645355007 1.8297459738
11 0.7500000000 2.4050817107 1.7902317972
12 0.8000000000 2.4471673239 1.7451367422
13 0.8500000000 2.4906727252 1.6940788246
14 0.9000000000 2.5354760224 1.6366738624
15 0.9500000000 2.5814543280 1.5725370537
16 1.0000000000 2.6284852649 1.5012853631

Kecme 3. 1-wi kaoamoazul [O,tfl)] apanbIebIHOA8bL JCYbIK WEWIMHIY MOHOepT

" tn 1w +uy (4,) b +ug (t,)

1 0.0000000000 -0.9999985308 -2.9999990083
2 0.0500000000 -0.9887528953 -3.0000615070
3 0.1000000000 -0.9750358870 -3.0004990033
4 0.1500000000 -0.9588817914 -3.0016864970
5 0.2000000000 -0.9403309849 -3.0039989882
6 0.2500000000 -0.9194298349 -3.0078114768
7 0.2999994457 -0.8962308528 -3.0134988878
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Kecme 4. 1-wi kadamoazwr [t

1] apanvizvinoazr scyvix wewimmiy monoepi

4 t, A8 +uf(t,) A8 +uf(t,)
1 0.2999994457 2.1037691452 1.9865011116
2 0.3000000000 2.1037694149 1.9865010368
3 0.3500000000 2.1292085436 1.9785634765
4 0.4000000000 2.1568242142 1.9680009099
5 0.4500000000 2.1865474016 1.9544383382
6 0.5000000000 2.2183038131 1.9375007631
7 0.5500000000 2.2520140741 1.9168131859
8 0.6000000000 2.2875939266 1.8920006086
9 0.6500000000 2.3249544394 1.8626880330
10 0.7000000000 2.3640022309 1.8285004614
11 0.7500000000 2.4046397019 1.7890628961
12 0.8000000000 2.4467652802 1.7440003395
13 0.8500000000 2.4902736740 1.6929377943
14 0.9000000000 2.5350561352 1.6355002634
15 0.9500000000 2.5810007312 1.5713127496
16 1.0000000000 2.6279926257 1.5000002571

Kecme 5. 2-wi kaoamoazul [O,tfz)] aApabIZLIHOASLL HCYbIK, WEUIMHIY MaHOepT

m tm (2)+u(2)(t ) (2)+u(2)(t )
1 0.0000000000 -0.9999985349 -2.9999990065
2 0.0500000000 -0.9887528995 -3.0000615053
3 0.1000000000 -0.9750358913 -3.0004990015
4 0.1500000000 -0.9588817957 -3.0016864953
5 0.2000000000 -0.9403309893 -3.0039989864
6 0.2500000000 -0.9194298394 -3.0078114750
7 0.2999994457 -0.8962308573 -3.0134988859

Kecme 6. 2-wi kadamoazwi [t,fz)

,1] apanvigblHOAgbl HCYbIK ULeWIMHIY MIHOepT

’ t, @ +u2(t,) A5 +u(t,)
1 0.2999994457 2.1037691427 1.9865011141
2 0.3000000000 2.1037694124 1.9865010392
3 0.3500000000 2.1292085411 1.9785634789
4 0.4000000000 2.1568242117 1.9680009124
5 0.4500000000 2.1865473991 1.9544383408
6 0.5000000000 2.2183038106 1.9375007657
7 0.5500000000 2.2520140717 1.9168131886
8 0.6000000000 2.2875939242 1.8920006113
9 0.6500000000 2.3249544371 1.8626880359
10 0.7000000000 2.3640022285 1.8285004644
11 0.7500000000 2.4046396996 1.7890628992
12 0.8000000000 2.4467652779 1.7440003427
13 0.8500000000 2.4902736717 1.6929377976
14 0.9000000000 2.5350561330 1.6355002669
15 0.9500000000 2.5810007291 1.5713127533
16 1.0000000000 2.6279926236 1.5000002610

Benrineynep enrizemis:

max
tme[O,t,Es)]

Q+ul () -x (t,)|=¢
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max
tm e[0,t4]

max
tetfS) 1]

A +up (t,) =%, (t,)

e, max |29 +u(t,) - x(t,)
toelt’ 1]

|ﬂ.(252) + ugz) (t,) - X;(t[)| _ gé;) , e® = max{g

() A(5) L(5) L(5)
1 16 16 1€

XKorapeigars! 1-6 KecTenepaeH Keneci KOpHITHIHIBI Jkacaii anambl3 (Kecre 7):

Kecme 7. Baganaynap

S 81(15) < 51(25) < g;j) < 82) < e® <

0 0.0014162549 0.0018604115 0.0047205109 0.0032269817 0.0047205109
1 0.0000018647 0.0000010374 0.0000018627 0.0000010368 0.0000018647
2 0.0000018602 0.0000010392 0.0000018602 0.0000010392 0.0000018602

7-111 KECTEJICH YCHIHBUIFAH aJITOPUTMHIH 2-1111 KaJaMbIH/Ia €CEITiH JKYBIK memimMin 2-10 ° _nan acmaiTeiH
TIOIIIKITEH TaOBIIFaHBIH KOPEMI3.
Op Kajgamaa TaObUTFaH OSKiTIIMETeH YaKbIT ME3€Ti YIIIiH TOMEH/IeTi Oaranaynap OpbIHAANAIbL:

t. —t© <0.00041, t. —t® <0.0000005%, t. —t‘® <0.0000005%,

nemexk, t. mykreci 1-107° -nan acnaiitein gonaiknen Ta6binas (Cyper 1).

4

z(t)

Cypem 1. 2-wi Kadamoa madOvliean wewim: KoKk — X1(2) (t), xorzorn — Xéz) ®

KopbIThIHABI

Byt sxxymbicta uddepeHman sk TeHIeyep Kykhec Vi OeKiTiTMEereH Me3eTiH/Ie UMITYJIBCTIK acepi 6ap
€Ki HYKTeNl WIeTTIK €CeNTiH YbIK IIEeNIiMiH TaOyIblH Oip TOCUli YCBHIHBUIABL. Y CBIHBUIFAH TOCLT
H.C. IxymabaeBToiH nuddepeHInanaslK TeHAeYyIep JKyieci YIIH eKi HYKTell IIETTIK eCenTi 3epTreyre
apHajJFaH IapaMeTpiiey OMICIHIH HaesIapblHa TOJBIKTal cyieHeni. KenTipiireH TeCTUTK eCenTiH OCHI
TOCUIMEH HIenTiMiH Ta0yJa YCHIHBUIFaH TOCUIIIH JKOFaphl AJIIKIIEH HOTHKETE KEeTKI3eTiHIH KOPIiK.

byn sepmmeyoi Kasaxcman Pecnybauxacol Folabim oicone dico2apvl Oinim munucmpiiciniy Folivim
xomumemi (I paum NeAP19675193) kaporcoviianowvipaoul.
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COMPUTER MATHEMATICS AND MATHEMATICAL MODELING
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APPLICATION OF THE FICTITIOUS REGION METHOD
TO SOLVING A MODEL OCEANOLOGY PROBLEM

Akhmetova O.S. ™", Issayev S.A. 2
!Almaty brunch of Saint-Peterburg University of the Humanities and Social Sciences, Almaty, Kazakhstan
2Kazakh National Women's Teacher Training University, Almaty, Kazakhstan
“e-mail: ah_oksa@mail.ru

Abstract

The study of the laws of fluid motion has always been an important aspect of the development of both technical and
natural sciences. The solution to various problems arising in the analysis of fluid dynamics can be carried out both at the
theoretical level and through carefully designed physical experiments. However, in many cases, creating models to study
fluid phenomena is challenging, especially in laboratory or field studies. Physical experiments aimed at the detailed study
of fluid motion often encounter technical difficulties and require significant resources and financial costs. In addition, the
data obtained from such experiments are often limited in their applicability. This is why mathematical modeling plays a
significant role in research in fluid dynamics. This makes it possible to more efficiently and cheaply study various aspects
of fluid motion, and also provides the opportunity to apply the results obtained more widely. Modeling allows you to
consider various factors affecting fluid movement and analyze their impact on the final result. Thus, mathematical
modeling becomes an important tool for understanding and improving fluid movement concepts in various science and
technology fields. This article discusses the fictitious domain method for a linear ocean flow problem. A generalized
solution to the problem is given and its uniqueness is proved. The theorem of existence and convergence of solutions to
approximate models obtained using the fictitious domain method are studied.

Keywords: fictitious domain method, hydrodynamics, oceanology, viscous fluid, irregular domain, stationary
problems, finite difference method.

Axoamna
O.C. Axmemoéa*, C.A. Hcaeg?
YCanxm-Ilemepbypz I'ymanumapnwix, kacinodaxmap ynueepcumemi Anmamol gunuanst, K. Aimamer, Kazaxcman
2Kazax ynmmolx Kb130ap nedazo2uxaivix ynusepcumemi, k. Anmamol, Kazaxcman
OKEAHOJIOTHSI MYJITIJIIK MOCEJIEHI INEITY YIIIH XKAJTFAH AMMAKTAP SIICIH KOJIJAHY

CyHBIKTBIK KO3FaJIbICHIHBIH 3aH/IBUIBIKTAPIH 3€PTTEY dpKallaH TEXHUKAIBIK JKOHE JKapaTbUIBICTaHy FBUIBIMIAPHIHBIH
JTaMyBIHBIH MaHBI3/1bI actiekTici 0omapl. CYHBIKTHIK JUHAMHUKACBHIH TajayAa TyBIHIAWTBIH 9pTYPIIi Macelenepai menry
TEOPUSUTBIK JICHTeH/Ie JIe, MYKHMAT KYPacThIPbUIFaH (pU3HMKaJbIK TIXKipHOenep apKblIbl Ja Xy3ere achbpbulybl MYMKiH.
JlereHMeH, KeNTEreH jKaraaiiapia CYHBIKTHIK KyOBUIBICTApBIH 3€pTTEy YIIIH MOJAEJbIEp jKacay KHUbIH, ocipece
3epTXaHalbIK HeMmece manaiblK 3eprreyiepae. CYHBIKTBIK KO3FaBICHIH eTrKel-TerKein 3epTreyre OarbITTalFaH
(bU3UKAJIBIK JKCIEPUMEHTTEP KHMi TEXHUKAIBIK KHUBIHJBIKTAPFA Tam OoJiajbl JKOHE aWTapibIKTail pecypcTap MeH
KapKbUIBIK HIBIFBIHAAP/BI Tanan ereni. COHpIMEH KaTap, MyHJail dKCIIEpUMEHTTEpIeH aJlbIHFaH JepeKkTep KebiHece
OJIap/bIH KOJAAHBUIYbIHJA IIeKTeydi. MiHe, COHABIKTaH MaTeMAaTHKaJbIK MOJEIbJeY CYHBIKTHIK JHHAMHMKACHI
CaNacBIHAAFBI 3epTTEYIepAe MaHbI3AbI PO aTKapaasl. Bysl CyHBIKTHIK KO3FAIBICBIHBIH OPTYPIIi aCHEKTIIEPiH THIMIIPEK
JKOHE ap3aHBIpaK 3epTTeyre MyMKIHIIK Oepesli, COHBIMEH KaTap aJIbIHFaH HOTHIKEJIEpl KeHIHEeH KOJIaHyFa MYMKIHIIK
6epeni. Mozenbey CYHBIKTHIKTBIH KO3FAJIBICHIHA 9Cep €TETIH OpTYPIIi (haKTopIIapAbl ECEIKe allyFa XKOHE OJIap/IblH COHFbI
HOTIDKETe aCcepiH Taijayra MYMKIHIAIK Oepeni. Ocburaiinia, MaTeMaTHKAJIBIK MOJAENBICY FBUIBIM MEH TEXHHKAHbBIH
OPTYPIIi cajajapbHAaFbl CYHBIKTBIK KO3FAJIBICHI Typajbl TYCIHIKTEpJl TYCIHY MEH JKeTUIAIPYAiH MaHbI3/IbI KypasblHa
aiiHamanpl. Byn Makamaga MyXWT arbIHBIHBIH CBI3BIKTBIK MOcCENeCi YIIIH >KajFaH aiMakTap oici TaJKbUIaHAIbI.
MoceneHiH JKaNbUIaHFaH MISIIiMI KeATIpLIiI, OHBIH Oipereiiri nonenaeHeni. JKanran TOMEH 9JIici apKbUIbI abIHFAH
KYBIKTAJIFaH MOJIETbIepre MeniMaepaiH 6ap O00Tysl XKoHE )KHHAKTBUIBIFBI TEOPEMAChI 3ePTTENE .
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Tyiiin ce3mep: xxanran aliMakTap 9[icCi, THAPOINHAMUKA, OKCAHOJIOTHSI, TYTKBIP CYHBIKTBIK, TYPAKTHI €MEC IOMEH,
CTAIMOHAPIIBIK €CENTEeP, MIEKTi alfbIPMAIIIBUTBIKTAD JJIICI.

AnHomayus
O.C. Axmemosa®, C.A. Hcaeg?

YAamamuncruii punuan Canxm-Ilemepbypackozo I'ymanumaphnozo ynueepcumema npoghcoiosos, Anmamet, Kazaxcman
2Kazaxcruii HAYUOHANBHBII JHCEHCKULL nedazozudeckull yHusepcumem, Aamamet, Kazaxcman
NPUMEHEHUE METOJA ®UKTUBHbBIX OBJIACTEMN
JJIs1 PEIHEHUA MOI[EJII)HOfl 3AJJAYA OKEAHOJIOT'NHA

W3ydenne 3aKOHOB IBIDKEHUS JKAIKOCTEH Bcerma OBLIO Ba)KHBIM ACIEKTOM B Pa3BUTHH KaK TEXHUUECKUX, TaK U
€CTECTBCHHBIX HayK. PellleHHe pa3sHOOOpa3HBIX 3aj7ay, BOSHHKAMONIUX MPH aHATU3C TUHAMUKHU KHIKOCTCH, MOMKET
OCYILECTBIIATHCS KaK HA TCOPETUYCCKOM YPOBHE, TaK M IyTeM IMPOBEACHUS TIIATEIHLHO pa3pabOTaHHBIX (PU3MYCCKHIX
JKCIEPUMEHTOB. TeM HE MEHee, BO MHOIMX CIIy4asX CO3/JaHH€ MOJENEeW i1 U3Y4YCHUS SIBICHUM, CBSI3aHHBIX C
JBIOKCHUEM JKHJIKOCTEH, MPEICTABIIACT COOOM CIOXKHYIO 3aJady, OCOOCHHO IMpH MPOBEACHUHM JAaO0OPATOPHBIX HIIU
MOJICBBIX UCCIieoBaHul. DU3nUecKne 3KCIICPUMEHTHI, HATIPABJICHHBIC HA MOAPOOHOE M3YUYCHUE JBMIKCHUS KHUIKOCTH,
YacTO CTAJIKUBAIOTCS ¢ TEXHUYCCKUMH CJIOXKHOCTSIMHU, TPEOYIOT 3HAYUTEIBHBIX PECYPCOB M (PUHAHCOBBIX 3aTpar. Kpome
TOTO, JIJaHHbIE, MOJNYUYEHHbIE B PE3yJbTAaTe€ TAKUX OINBITOB, 3a4acTYI0 OTpaHMYEHBl B CBOEH MpUMEHUMOCTU. VIMEHHO
MMO3TOMY MaTEeMaTHIeCKOe MOACTHPOBAHNE UTPACT CYIIECTBEHHYIO POJIb B UCCIICIOBAHUAX B OOJIACTH THAPOIHMHAMIKH.
Oto mo3BonseT Oojee APPEKTUBHO M JIEIMICBO HCCIEOBATH Pa3IMYHBIC ACIEKTHI IBIDKCHUS JKUAKOCTH, a TaKKe
MIPEJOCTABIIET BO3MOXKHOCTH OoOJiee IMUPOKO TPHMEHSTH IIONyYSHHBIC Pe3yiabTaThl. MOIECTHpPOBAHUE IT03BOIIICT
YYUTBHIBaTh pa3HOOOpa3HbIe (PaKTOPHI, BIMSIONINE Ha JBIDKCHUCE KUIKOCTH, i aHATN3UPOBATh UX BIHSHNAC Ha KOHCUHBII
pe3ynbTar. Takum 00pazoM, MaTeMaTHIeCKOe MOJCITUPOBAHIE CTAHOBUTCS BaXKHBIM HHCTPYMEHTOM JUIS TIOHUMAHHS H
VIIYYIIEHUS] TOHSITHA O JBIDKEHUH >XUAKOCTEH B Ppa3IMUHBIX OOJACTAX HAYKM W TEXHMKH. B maHHON cTaThe
paccMaTtpuBaeTcs MeTo]l GUKTUBHBIX 00JIACTEH I TUHCHHOW 3a/1aun TeUeHUs okeaHa. J[aeTcst 0000IIeHHOe pelieHNE
3a7laud U JOKa3bIBAETCS €ro €AUHCTBEHHOCTh. lccienoBaHbl Teopema CyIIECTBOBAHUS M CXOJUMOCTH PELICHUS
MPUOJIMKCHHBIX MOJICIICH, MOJIYUYCHHBIX C MOMOIIBI0 METOa (GUKTUBHBIX 00IaCTei.

KiaroueBble ciioBa: MeTol GUKTUBHBIX 00JacTel, THAPOIMHAMUKA, OKCAHOJIOTHS, BA3KAs JKUAKOCTh, HEPETYJIsIpHAst
00J1aCTh, CTAI[MOHAPHBIC 3a1a4YH, METO/I KOHCYHBIX Pa3HOCTEH.

Introduction

The study of processes occurring in the atmosphere and ocean is an important aspect of geophysics. When
studying these phenomena, mathematical models based on systems of partial differential equations, mainly of
the Navier-Stokes type, are actively used. Of particular interest are hydrodynamic models describing
atmospheric processes, and important contributions to this area have been made by I.A. Kibel and his
students [1].

Solving stationary problems of mathematical physics is an important part of computational mathematics.
Some of them can be considered as limiting cases of non-stationary problems. When using asymptotic
stationary methods, no attention is paid to the intermediate values of the solution, since they do not matter.
Analytical methods leading to explicit solutions are rarely applicable, and approximate methods are most often
used. This requires studying the correctness of boundary value problems for differential equations and their
approximation, which includes the classical theory of differential equations and functional analysis [2].

Work by G.V. Demidov and G.l. Marchuk [3] was one of the first to study the correctness of mathematical
models in meteorology and oceanology. Later this direction was developed in the works of Yu.Ya. Belov [4],
B.A. Bubnov, A.V. Kazhikov, A.A. Kordzadze, V.I. Sukhonosov, Sh. Smagulov [5] and others.

In the work of V.P. Kochergin [7] studied a model of ocean dynamics in which the quasilinear terms ‘;—’:

and % were absent in the first two equations of motion, and the seawater density diffusion equation was

considered in full form.

One of the difficulties in numerically solving problems of mathematical physics is the arbitrariness of the
domain boundary. To overcome this problem, the fictitious region method was proposed by V.K. Saulev. This
idea was then developed in the works of V.Ya. Rivkinda, A.N. Konovalov, Sh. Smagulov and others.

Another feature of numerical methods for hydrodynamics problems is the non-evolutionary nature of the
Navier-Stokes system of equations, which makes it difficult to use the effective method of fractional steps. In
this regard, the idea of approximating the Navier-Stokes equations by equations of evolutionary type was put
forward in the work of N.N. Vladimirov, B.G. Kuznetsov, N.N. Yanenko.
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R. Temam proposed another method of e-approximation, during which the behavior of the solution as e—0
was studied and a difference scheme was developed that converged to the solution of the boundary value
problem for the Navier-Stokes equations under certain conditions.

In the work of V.Ya. Rivkind presents various economic difference schemes such as fractional steps without

introducing aditional terms %ﬁgdivﬁs into the equations of motion and using a formal modification of

nonlinear terms.

In the work of Yu.Ya. Belov proved a theorem on the existence of a generalized solution of the linearized
Navier-Stokes system with a small parameter and obtained estimates for the rate of convergence as e—0.

In the listed studies, mainly weak generalized solutions were considered (most often from the class
W31(Q)), but the work of P.E. Sobolevsky and V.V. Vasilyev presents for the first time a detailed study of a
system with a small parameter, including the behavior of strong solutions.

Thus, one of the key directions in the development of mathematical modeling methods is associated with
the study of approximate methods for solving complex multidimensional problems of mathematical physics.
To effectively solve many applied problems associated with unstructured domains, the fictitious domain
method is widely used, which is characterized by a high degree of automation in programming. The main
concept of the fictitious domain method is to solve the problem not in the most complex initial domain D, but
in a simpler domain D, where D, c D. In this paper, we present a stationary problem of studying the fictitious
domain method for a linear equation in oceanology.

Formulation of the problem
The linear problem describing ocean currents is reduced to solving the following equations in the region
Qy = (0,H) Dy, QcR?%

62u+ A P _ 1
Moazz Hau ax_fl' €Y
S PR 2
nu'O azz I"t v ay - le - axz ayzl ( )
6u+6v+6w_0 op 3
ox "9y Taz " 8z Pog ®
with boundary conditions
ou_W_ e 0, with z=0 D 4
az_az_w_ , WL z =1, (x,}’)e 0 ()
S with z=H D 5
(JJ—aZ—aZ— , Wi zZ =M, (x,}’)e 0 ( )
u=v =20 afloat [0,H] - dD,, (6)

where u,v is the velocity, o is the vorticity in a limited simply connected region D, with the boundary dD,,.
We integrate the second equation (3) with respect to z:

Z
p=p(x,0)—pg f gdz.

0
Denoting é(x, y) = p(x,y, 0) and integrating the first equation (3) z € [0, H] using conditions (4), (5), we
write equations (1) — (6) in equivalent form:

62u+ A a";—F 7
Hog 3 tHbu— =2 =F, 7
d0%v aé
— 4 uAv——==F 8
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H

with boundary conditions

ou _ov _ . _
5—62—0, with z=0
8u_8v_0 h _y
g—&— , WL Z =

u=v =20 in [0,H]-0D,,

were
Z VA

0 0
F1:f1+a fpoé}dz' F2:f2+@ fpogvdz-

0

f(6u+8v)d =0 f dxdy =0, L = ¢
ox T ay)42 =0 | Sdxdy =0, 7=
0 Dy

0

)

(10)

We will solve problem (7) — (10) using the fictitious domain method. Then we add the original area D, to

some D,, which can be, for example, a rectangle or a circle.

We introduce the notation: Q, = (0,H)-D,, Q, =(0,H)-D;, D; = %.
0
In the domain £2, , we consider the auxiliary problem
in 0,
d%us e 08
o,z T plAu" ———-=F,
azv£+ Av® afg—F
nu'O aZZ I"t v ay - 2
inQ,:
%uf 1 e 08
Ho g okt — 5, =Fy
0%ve 1 €
R T e _ 2
Hogz T guAv 3y Fy,

H

f AL PR f fdxdy =0, 2o
ax "oy )TV $rdxdy =0, &
0

D,
with boundary conditions
oué  ove

¥=E=O with z=H
c’)vs_au”'_o th 7 =0
oz 9z wih z2 =75,

uf=v¥=0 in [0,H]"-0D,.

(11)

(12)

(13)

At the boundary dD, of the initial region we assume that the following matching conditions are satisfied:

1 [ou® — ou® N
{;u [E cos(n,x) + oy cos(n, y)_

_{ [aug @ )+6u£ @ )'
=3u Ix cos(n, x 3y cos n,y_

— &€cos(n, x)}
— &€cos(n, x)}

1 [ove - ave —~ 4]
{;y [E cos(n,x) + By cos(n, y)_

— &€cos(n, x)}

aDg

apg

aDg

(14)

(15)
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)

ang

= (]2 costi ) + 2 cos ()| ~ £#costi )]
=3u T cos(n, x 3y cos(n,y &fcos(n, x)

[u*]lap, = 0. (16)

where u® = (uf, v¢),, the signs “+”, “-” mean that the limiting values of the function on the curve 0D, are
taken from inside and outside the region D, respectively. In vector form, conditions (14), (15) can be written

as follows:
1 8u£ en B ous -
ou 0Jv

C%(Qy) =4 (wv € C?(), W Vlap,) =0, z€[0,H], Friat R 0,

oDy ang

We introduce the notation

H
6u 617
0,] dz=0 ;;
zZ=H

0

Ju
0z

z=H aZ

V,(Q,), V4 (Q,) — closure of €2(Q,) in the norm of the spaces L, (Q,), W¥(Q,), £ = —2;-1;0; 1.

Definition 1. A generalized solution to problem (11) — (16) is a function u® = (uf,v®) € V;(Q,) satisfying
the following integral identity:

dz

H H
augafp U N
+,uVu5V<p dxdy+jd f Ho oo + - VuSV(p dxdyzfdz f F - @dxdy (17)
0

0 o Dy

a0 0
were V= (6 ay) P € VL(Qy), F= (F, F,).

Lemma 1. Let F(x, y,z) € W5 1(Qp). Then there is a unique generalized solution to problem (11) — (17)
and for it the estimate holds:

ous
0z

Proof of Lemma 1. We provide an estimate (18). To do this, multiply equations (11), (12) by u¢ and

integrate by parts
ov .
( >dxdydz = f Fuédx.

D, Qo

2

+ IVl g + = ||\7uf||L2ml> clIFl,,
L,(93)

(18)

5 1 (Q0)

o ||*

0z

Ho

H
—e112 1 —E2
+ uollVUellL, oy +;#||Vu L, +
L,(Q3) 0

From here, using the Holder and Young inequality, we obtain (18). The existence of a solution is proved
by the Galerkin method. Uniqueness follows from (18).

Definition 2. A strong solution to problem (11) — (17) is the function u® € V}(Q,) N W2(Q,),
§€ € W2(Q,),i = 0,1, satisfying (11) — (17) almost everywhere.

Theorem 1. Let 9Q,,3Q, € C2, F(x,y,z) € L,(Q). Then the weak solution to problem (11) — (17) is
strong and the estimate holds

d°%ut
0z

~ 1 .
1Nz + I oo + oy S Il =12 (9
L,(Q4)
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Proof of Theorem 1. We get (19).
Then we introduce the notation

H H
i =fu5dz, e = f védz, & = HE,
0 0
H H
ou® ove
T1 = f Fle + Ho aZ Z=0, TZ = f deZ + Ho aZ Z=0.
0 0

Integrating (11), (12) over z € [0, H] we obtain

in D,
~e 085 _
UAT ox Ty,
e 0¢°
pAD® — By T3,
in D;

1 ADE a sfs_
o1us av‘g_o
ox  dy

In addition, the functions ii¢, #¢ satisfy the boundary conditions

@¥lap, = P%lap, =0, ©¥lap, = P¥lap, = O,

T | I 17T
[“arz_f "] ‘[Eaﬁ_f "]

ap¢ aDy
Using known estimates of problem (20) — (22), we obtain
= 1,5 . " .
2Nz oy + 2 18 0, * 1 g oy + 18 Nz0y = €T 0,

Then from equations (11), (12) we have the force
0%u®

0z2

Ho

L(Q2)

This inequality (23) guarantees estimate (19). The theorem has been proven.

— ,Ll — -
+ AT, ) + 18T Ny < € (IF]], gy + 178y c0))

(20)

(21)

(22)

(23)

Remark 1. Estimate (18) allows us to go to the limit as e—0 in integral identity (17). From (18) it follows

that from the sequence {2} we can select a subsequence that weakly converges in V3 (Q,).

Denotes its limit through #°. Passing to the limit in (17), it turns out that %° corresponds to %, i.e. It is a
generalized solution to problems (7) — (10). From estimate (19) it follows that the strong solution of problem

(11) — (17) as e—0 approaches the strong solution of problem (7) — (10).

Then we estimate the rate of convergence of the solution to problem (11) — (17) as e—0. Let u®t, u®2 be

solutions to problems corresponding to parameters &,, €,. Takes the place of the next Theorem 2.

Theorem 2. Let the conditions of Lemma 1 be satisfied. Then the solution to problem (11) — (17) satisfies

the estimate
s = %213 ) < Caer + £2),

(24)

in which the constant C; depends on F(x, y,z) and does not depend on e. Let us introduce the notation

u1 — U%2 = w. By virtue of (11) — (17), the function @ satisfies the relations:
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uof f dxdy +,uf dzf V& - Vgdxdy +—f dzf ViéiVgdxdy +
Do Dy

H
+gﬁ f dz f ViiE2V@dxdy = 0, (25)
Dy

B 0w, 0w, .
J;) (E'Fw)dZ:O, (4)=((4)1,(1)2).

Let ¢ = w in (25).

112 H
Uo |l— + ullVa||? @) T f dz f Vw <£Vﬁgl +ﬁVﬁ’£2)dxdy = 0.
OZ 23750 81 82
Ly(Q3) 0

Then we estimate the third term using Holder’s inequality and taking into account estimate (18)

fdz f (_vusl +—Uu£2) Vwdxdy| < [—”Vll'gl”L (Qq) +—||Vu£2||1, « )] ' ||Vw||L Q9) =
&1 & &1 2 ) 2 2¥1
0

< ClIFllws1cay) * IV8IlL, @) < Caler + £2)

Theorem 2 is proven.
Consider the following version of the fictitious area method

in Qg
0%u¢ 7
o7 + uAut —VEE=F (26)
inQ,
1 62—’8
<MO 072 +MAu >_ er = 0' (27)

with boundary conditions (13) — (16).

We define a generalized solution to this problem using the integral identity

o Jy dz f, 2222 dxdy + [, dz f, VicVgdxdy + (28)
_>£ a¢ = =
f f dxdy + — f dzf Vit2Vgpdxdy = f dzf (F,@)dxdy,

for all §(x,y,z) € V}(Q,) similar to Definition 1.
Theorem 3. Let F(x,y,z) € W5 1(Q,). Then there is a unique generalized solution to problem (26), (27),
(13) — (16) and the following estimates are valid:

— 1 - =
1%l gy + 5 188wz o,y < ClIF ] g, (29)

18 = tllyzq,) < Cse (30)
Let ¢ equal to 1¢ in identity (28). We get:

Holl AN + 10T ) < f dz f Frittdxdy < |Fll oo 0 18 s

From here, using Young’s mequallty, it is easy to obtam (29). Estimate (30) is derived according to the
scheme given for Theorem 2. The proof of Theorem 2 is complete.
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Conclusion

The need and scientific significance of studying dynamic stability, predicting possible operating modes and
their consequences are dictated by the need to improve environmental monitoring and the state of biological
resources, predict the circulation of water masses and its variability in the medium term, and control the spread
of pollution in the ocean. This approach is successfully used in oceanology, underwater acoustics and
atmospheric physics and allows us to understand the nature of a number of hydrodynamic and acoustic
phenomena, build models and obtain results that cannot be reproduced by other methods.

Thus, in the course of our research, the fictitious domain method for ocean dynamics models was considered
and mathematically justified, in particular, the model problem was studied:

257¢€

Ho o+ pAT® —VE2=F,  inQ

1 0%ue e . .
Z Mom"‘l«ﬂu —-VéE =0, in Oy
oo age
j divuédz = 0, Edxdy =0, — =0
0 D 0z
2
with boundary conditions
ou® ou®

0, with z = H, 0, with z =0, u¢ = 0 with (x,y,z) € [0,H]- 0D,

9z oz
At the boundary aD, of the source domain, the following matching conditions are assumed to be satisfied:
[ﬁs]laDo = OI zZ € [OI H]r

ous .. pous .
- _fFE. |- _ fE.
i W = e

ap¢ aDy

the signs “+” and “~" mean that the limiting values of the function on the curve dD,, are taken from inside
and outside the region D, respectively.

A theorem for the existence of a weak solution to the presented problem was also proven and that, under

certain conditions on dD,, dD, and Fitis strong and the following convergence estimate is established:

it — U2 |l g,y < C(&r + &)
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Abstract

The article discusses the applied aspect of the use of mathematical models in the operational management of a
company, in particular in the process of operational planning. Approbation of the model based on the method of dynamic
programming for a specific object of study will be carried out. The key integral indicators that affect the efficiency of
company management are determined. These indicators allow determining the strengths and weaknesses in the main
business processes, adjust tactical objectives and improve the decision-making process. Integral indicators can serve as
quantitative guidelines when setting strategic goals and, on the basis of them, motivational operational tasks can be set,
which are assessed at the end of the calendar period. The dynamic programming model allows you to determine the
priority sequence of changes in controllable factors according to the level of growth rate to achieve an effective result
within the framework of achieving the strategic goal of profitable sustainable growth of the company.

Keywords: economic model, law of diminishing returns, operational planning, integral indicator, rank correlation,
elasticity, growth scale effect, inversion, hypothesis testing.

Axoamna
A.B. Babuu-I'aypu®, B.B. babuy?
DHL Finance Services B.V., Maacmpuxm, Hudepranou
2Canxm-Ilemepbypz xacinodaxmap 2ymanumapiviy yuusepcumeminiy Anmamul unuanvt, Aimamol ., Kazaxcman
OMNEPAIUSAJBIK )KOCHAPJIAYJA JUHAMUKAJIBIK CTAHJIAPT YJITICIH KOJIJIAHY

Maxkanaza KOMITaHUSHBI JKeied Oackapyna, aTall aiTKaHAa ONepalHrsuIbIK JKOocapiay IPOILECciHIe MaTeMaTHKAaIBIK
MOJIeNbIepAl KOJIIaHYIbIH KOJIIaHOAIbI acIIeKTicl KapacThIphUIaasl. benrini 6ip 3epTTey 00BEKTicl YIIiH JUHAMHUKAIBIK
Oarmapiamarnay oJiCiHe Heri3felreH MOJeNbIl anmpobamwsiay xkyprizireni. Komnanusaer 6ackapy THIMILIIriHE oacep
€TETIH HEeTi3rl MHTerpajjibl KOPCETKILITep aHBIKTAJIbl. Byl KepceTKilmTep Heri3ri OM3HeC-NIpOLeCTepAiH KYLITI KoHE
QJICI3 JKaKTapblH aHBIKTAyFa, TAKTUKAJIBIK MaKcaTTap/bl TY3eTyre >KoHE MIeIIiM KaObuiiay IpPOLECIH jKakcapTyra
MYMKiHZIK 6epeni. MHTerpaiiplk KOpCeTKITep CTpaTerusyIblK MakcaTTapAbl Oelnriiey Ke3iHae CaHablK Oaraap peTiHie
KbI3MET €Te ayajbl JKOHE OJIapZAbIH HETi3iHAe KYHTI30eNiK Ke3eHHIH COHbIHJAa OaralaHaThlH MOTHBALMSAJIBIK KeIel
TarcelpMaiap KOMbUIybl MYMKiH. J[MHaMukanslk Oaraapiiamanay MoOJeNi KOMIAHHUSHBIH TaOBICTBI TYPAaKThl ©CYIHIH
CTPATEeTHsUIBIK MaKCAThIHA KOJI )KETKI3y [ICHOCePIHIe THIMII HOTHIKETe JKETY YIIIiH 6Cy KapPKbIHBIHBIH JICHIeiiHe ColKec
0acKapbUIaTHIH (aKTOPIAPIBIH 63repiCTepiHiH 0aChIMIBIK PETTIIITiH aHBIKTayFa MYMKIHIIK Oepe/i.

Tyiiin ce3mep: SKOHOMHKAIBIK MOJENb, TOMEHICHTIH Kipic 3aHBI, ONMEPAlUUIBIK KOCHApiay, HHTETPaJIbIK
KOPCETKIII, TOPEKEINTIK KOPPEIAIHS, HMKEMILIIK, 6Cy IIKAaJIaChIHBIH dCepi, HHBEPCHS, TUIIOTE3aHbI TEKCEPY.

AnHomayus
A.B. Babuu-Taypu*, B.B. Babuy?
' DHL, Maacmpuxm, Huoepranowt
2 Anmamunckuii punuan Canxm-Ilemep6bypackozo I'vmanumaprozo Yuueepcumema Ilpogpcorosos, 2. Anmamot,
Kazaxcman
HNPUMEHEHHUE MOJIEJIU JUHAMNYECKOI'O HOPMATHUBA B OITIEPAIITMOHHOM
IIJIAHUPOBAHUU

B cratbe paccMaTpuBacTCA HpHKJ’IaZLHOﬁ ACIICKT HCIIOJIb30BaHUA MATEMAaTUYCCKHX MOI[CJ'IGﬁ B ONepaliuoOHHOM
yYpaBJICHUA KOMHaHHCﬁ, B YaCTHOCTHU B MNPOLICCCE ONCPAIMOHHOIO IIaHUPOBAHMS. HpOBO,HI/ITCH anp06aum{ MOACIIN,
OCHOBaHHOM Ha METOAC JUHAMUYCCKOTO MPOrpaMMHUPOBAHUA 1JI1 KOHKPETHOI'O 00BeKTa HUCCICO0BAHUA. OHPGHGHHIOTCH
KIIFOYEBbIC MHTCTPAJIbHBIC MTOKA3aTCIIU, BJIUAKONIUC HaA 3(1)(1)6KTI/IBHOCTB YIipaBJICHUA KOMITAHHUEH. I[aHHBIG I10Ka3aTcin
TNO3BOJIAKOT OIPEACIIUTD CUJIbHBIC U cnabbie CTOPOHBI B OCHOBHBIX 6H3H€C'HpOH€CC3X, OTKOPPEKTUPOBATH TAKTUICCKUEC
3aJa9Yu M COBCPUHICHCTBOBATHL IIPOLECC TMPUHATUA peHJeHPIﬁ. I/IHTCFpaIlBHBIe TMoKa3aTejii MOIr'yT CIIYXHUTb
KOJIMYECCTBECHHBIMU OPUCHTUPAMHU IIPU IMOCTAHOBKE CTPATETHYCCKUX Iejed M Ha OCHOBAHHUM HX MOT'YT 3aJaBaTbCHd
MOTHBAIIMOHHBIC OIICPALMOHHBIC 3aJda4u, KOTOPBIC OICHHUBAIOTCA 110 MCTCYCHUIO KAJCHIAPHOTO IICpHUoaa. Monens
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JUHAMUYECKOTO MPOrpaMMHPOBAHUS MO3BOJSIET ONPEACIUTh INPUOPUTETHYIO IOCIEA0BAaTEIbHOCTh U3MEHEHUS
yIpaBisieMbIX (pakTOpPOB MO YPOBHIO TEMIA pOCTa JUIS JOCTHXKEHHs () (PEKTHUBHOTO pe3yibTaTa B paMKax BBIIOJIHEHHS
CTpaTern4eckoi 3aauy MpuObUTLHOTO YCTOHYMBOTIO POCTa KOMIIAHHUH.

KnaioueBble ciioBa: »KOHOMHYECKass MOJENb, 3aKOH IpEeNeNbHON yObIBaroLeH OTHAud, OIepalMoOHHOE
IUITAaHUPOBAaHUE, UHTETPAJIBbHBIN ITOKa3aTellb, PAHr0Bast KOPPEISLH, 3JaCTHYHOCTh, 3P deKT MaciiTaba pocTa, HHBEpCHs,
IIPOBEPKA THIIOTE3.

Introduction

Operational planning is a process that takes place annually in a company that adheres to modern
management methods. This process affects all divisions of the company and ends with the approval of the
operating plan at the Board of Directors or Stake holder/owners management meetings.

Annual planning is about turning long-term business goals into short-term action plans for the year ahead.
It contains insights from past performance and a clear roadmap with a timeline and focus points. This yearly
plan should be realistic and achievable by using SMART methodology (Specific, Measurable, Achievable,
Realistic, Timeboud), while also being ambitious enough to move the business forward [1].

Operational planning is a mechanism that allows to develop the main tactical steps in achieving the strategic
goals of the enterprise. The digitalization of the economy and technological innovations reduced the horizons
of strategic planning, especially in high-tech industries, where the nature of technology adoption to the
demand, leading to the change, accelerated significantly. In connection with such changes, the accuracy and
importance of operational planning has significantly increased.

An operating plan is a document that contains a detailed description of how the company's goals will be
achieved in the short term context it is between 6 and 18 month. Operational planning manages upcoming
events, so plans are made for short periods of time, constantly supplemented, detailed, and adjusted. The main
goal of the operating plan is to ensure stable and continuous operation in the current conditions, observing the
deadlines and optimal use of all resources [2].

There are various approaches to the operational planning process. In this article, we will focus on
methodology based on the dynamic standard model and the importance of key indicators that characterize the
significant areas of the company's activities, built in accordance with economic laws: the law of marginal
diminishing returns for the short term and compliance with the growth scale effect for the long term.

Management often rejects the use of economic laws out of ignorance or underestimation of their impact on
operational planning processes. Such an approach in operational planning leads, as a rule, either to the
unattainability of the tasks set, or to the lack of proper planning for a particular enterprise. When developing
an operating plan, the company's management must consider both macroeconomic aspects, including
macroeconomic risks, and microeconomic categories, such as, the type of industry, the type of market that
affects pricing and the conditions for maximizing profits in a certain type of industry. Similar models have
been considered by various researchers. In particular, the work "Static and Dynamic Assignment Models with
Multiple Objectives, and Some Remarks on Organization Design" This particular study analyzes the model
of extended linear programming which allows vector optimizations and dynamic interactions between
assigned employees and corresponding positions where the possible measures and approaches are taken into
consideration [3].

As we noted above, the objectives of the operational plan follow from the objectives of the strategic plan.
Your strategic plan and your annual work-plan go together. The annual work/focus plan provides the nuts and
bolts of how the core business will be operated, but without having the strategic planning framework the
process of annual planning will not be considered as strategic [4]. Therefore, the key indicators in the
operational planning model we are considering, were selected based on the achievability of the goals of the
strategic plan. Manager identifies three streams of Operational Research (OR) within the strategy research
field. The first describes the 'Strategic OR' stream while traditional OR techniques such as optimization,
simulation and queuing approaches are used to address operational issues and typically within the private
sector, which by virtue of its size and complexity is considered of strategic importance [5].

The object of the study was the company LOTTE Rakhat JSC. Based on public reporting data published on
the website of the Kazakhstan Stock Exchange, the Key performance Indicators (KPIs) of 2019-2021 were
generated. Based on these data, the proposed model was tested. Since the company is a manufacturing company
with its own distribution network, it was necessary to choose indicators that would cover various aspects of
activity. It should be noted that the analysis of production activities includes a number of diverse indicators,
the interpretation of which does not always allow one to form a sufficiently clear idea of the direction and
depth of manifestation of the relationships that have arisen between various indicators. In such a situation, it
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is necessary to use integral indicators, with the help of which it becomes possible to express with one
coefficient the assessment of the state of the economic system of an enterprise and determine the most
significant factors influencing the process of managing the economic situation of the enterprise. To form an
integral indicator, you can use the dynamic standard method. We will use a linear dynamic standard - that
builds a strict ordering of indicators according to their growth rates.

In studies of the use of the methodology of the dynamic standard in the management of the economic
system, it is noted that the selected indicators, arranged in a ranked series, make it possible to express the
dynamics of the indicators in their mutual relation. Such a ranking of indicators evaluates the properties of a
controlled economic system, which cannot be provided by a single indicator. From the point of view of
management, "... by controlling the dynamics of indicators, it is possible not only to determine the direction of
the enterprise's movement, but also to manage this movement in order to achieve the goals™ [6].

The authors of the study [7] note that the use of the dynamic standard method is not entirely appropriate
for use in assessing the level of management of an economic system. In particular, they note “The variety of
interpretation options that characterize the essence of the final coefficient, calculation algorithms and criteria
for assessing the boundaries of interpretations allow us to conclude that at present an unambiguous method for
applying dynamic standards has not been developed, which predetermines the need for further research based
on a representative sample using statistical and econometric methods. However, the method of using certain
economic and mathematical methods is determined by the target setting and can be applied to a specific goal,
and accordingly adapted to specific tasks/processes. Economists usually distinguish between two types of
efficiency: technical and capacity management. Technical efficiency refers to maximizing activities or
outcomes from a fixed set of resources, while capacity management is concerned with directing resources to
their most productive use to achieve the best overall benefits [8].

Life Cycle Cost evaluates the relative cost-effectiveness of alternative investments and business decisions,
from the perspective of an economic decision maker such as a manufacturing firm or a consumer. Therefore,
properly and fully integrating meaningful economic analysis with Life Cycle Assessment (LCA) requires
going well beyond simply treating economic cost as “just another flow,” or as another property of flows, within
LCA software. It requires the addition of a time dimension to the modeling; the ability to introduce and work
with variables that have no causal dependence upon inventory flows; and the ability to create and work with
probabilistic scenarios [9].

When we analyze the economic system, we assume that many indicators are dependent on each other.
Therefore, when choosing a model, this factor must be taken into account. Rank models avoid this effect. As
the author of one of the studies notes, “with strong suspicions, if we know in advance that the data are
dependent, we carry out the transition from the original “continuous” data to ranks [10].

There is a certain algorithm of the dynamic standard method:

1) Based on the business model, key performance indicators are selected, which are reflected in the financial
statements or are determined on its basis.

2) At the stage of operational planning, a normative rank of priority for the growth of the selected indicators
is built.

3) Based on the results of the analyzed period, the actual rank of indicators is determined, which, as a rule,
differs from the normative rank. The purpose of the method is such that the level of these differences should
be minimal.

4) The magnitude of deviations is estimated, the main factors that do not allow achieving the planned result
are determined, and a new reference rank series is built.

When we analyze the economic system, we assume that many indicators are dependent on each other.
Therefore, when choosing a model, this factor must be taken into account. Rank models avoid this effect. As
the author of one of the studies notes, “with strong suspicions, if we know in advance that the data are
dependent, we carry out the transition from the original “continuous” data to ranks [10].

Any enterprise is a complex interconnected system that includes various areas of activity. For example, an
enterprise may have a production site, its own logistics and delivery system for raw materials and materials,
its own distribution network, a marketing department, a financial department, and a management team. Each
of the above divisions has its own goals and objectives, which should make the goals of the operational and
then strategic plans achievable. To manage the company, it is necessary, according to the SMART framework,
to have indicators that can assess the achievement of goals, identify problem areas and adjust plans for future
periods. Accordingly, the question arises of developing such indicators that would allow for a comprehensive
assessment of the level of achievability of the goals set. We propose to apply the dynamic standard method.
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This method is based on a structural-dynamic model that allows describing a controlled system (enterprise)
from the point of view of the integrated efficiency of using its total resources [11].

The dynamic standard model is based on the analysis of the dynamics of the company's key performance
indicators, which are formed by various departments according to areas of responsibility. The model allows
you to establish relationships between indicators and, most importantly, to prioritize the dynamics of each
indicator, which is extremely important for choosing the best management solution. Thus, the dynamic
standard model represents the normative or standardized mode of the best functioning of the enterprise to
achieve the goals of operational and strategic planning. Using the dynamic standard method allows you to
identify problem areas, both at the tactical and strategic levels. The identified deviations as a result of using
the model make it possible to determine the priorities for regulating the control system with the diagnosis of
the main indicators that gave the maximum deviations of the actual indicators from the given standard level.

There is a certain algorithm of the dynamic standard method:

1) Based on the business model, key performance indicators are selected, which are reflected in the financial
statements or are determined on its basis.

2) At the stage of operational planning, a normative rank of priority for the growth of the selected indicators
is built.

3) Based on the results of the analyzed period, the actual rank of indicators is determined, which, as a rule,
differs from the normative rank. The purpose of the method is such that the level of these differences should
be minimal.

4) The magnitude of deviations is estimated, the main factors that do not allow achieving the planned result
are determined, and a new reference rank series is built.

Hypothesis and model

Using the dynamic standard model involves performing a number of procedures and testing hypotheses.
Firstly, a number of key indicators are selected, on the basis of which the priority rank of the growth of these
indicators is built. Secondly, integral indicators are determined and, on the basis of them, the hypothesis of the
significance or absence of significance of the rank correlation is tested. To apply the dynamic norm model, it
IS necessary to compare the actual rank with the normative one, determine the inversions and calculate the
Spearman coefficient. Next, test the hypothesis about its significance. According to the theorem, if K is the
Spearman correlation coefficient constructed for a sample of size n with independent components, then

1
KHN(O,E),n—)OO (1)

If K is the sample value of the Spearman correlation coefficient, then when testing the hypothesis of feature
independence, the significance level is determined:

a,=P{KPK}=21-0(n-1|K|)] )

In this article, we will define the Spearman correlation coefficient as follows:

IR
D ?

Where

n — is the sample size,

Yi = Xi-Mi — is the difference between the sequence of ranks (Xi) and (Mi) according to two features.
The calculation of inversions is based on the following condition:

n 1’i
m.:Za :{ L>r @

! p
p=i+l Olrl < r-p
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Where

i — the place of the indicator in question in the normative series,

m — is the number of inversions for the i-th indicator,

p — places of indicators compared with the considered one,

n— is the number of indicators included in the model,

a,— is a function that characterizes the inversion of the p-th indicator with the i-th indicator,

ri, rp — ranks that have indicators in the actual ordered series.

Based on the determined Spearman's coefficient, the null hypothesis about the absence of the significance
of the rank correlation coefficient is tested. To test the hypothesis at a given significance level a, a critical
point is determined:

1-K?
o=t — (5)

Where

n — is the sample size,

K —is Spearman's sample rank correlation coefficient,

te(0,k) — is the critical point of the two-sided critical region according to the Student's distribution at
thesignificance level a and the number of degrees of freedom k=n-2. Then the hypothesis about the significance
of the sample Kendall's rank correlation coefficient is tested. The sample rank correlation coefficient is
determined by the formula:

. 4% m,

n(n-1) )
Where
n — is the sample size,
mi — ranks of i-th indicators,
E — is Kendall's sample rank correlation coefficient.

To test the null hypothesis for a given significance level a, the critical point is calculated:
Where

T =2 2(2n+5) @
P "\ 9n(n-1)
n — is the sample size,

Zer — is the critical point of the two-sided critical region determined from the table of the Laplace function
0(zer)=(1-0)/2.

If the Kendall sample rank correlation coefficient is greater than the critical point, that is, |[E[>T¢ — the null
hypothesis is rejected and the alternative one is accepted, which indicates a significant rank correlation.

Model Results

Based on the law of marginal diminishing returns, which is used in the short run, that is, at the stage of
operational planning, the company can change one of the resources, usually the labor resource, since it takes a
period of more than a year to change the amount of capital. Thus, one of the indicators will be the determination
of the optimal amount of human capital. In order to optimize, it is necessary that with an increase in human
capital, the ratio of the excess of the marginal product of labor over the average product of labor is observed:

R, Q ®)
oL L
Where
Q — is the volume of output,
L — is the average headcount.
To ensure sustainable profitable growth in the long run, it is necessary to observe a positive effect of scale
of growth, which can be determined using the elasticity coefficient, which allows you to determine how much

the rate of change in revenue outpaces the rate of change in total costs associated with operations:
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0
E_ AR% ©)
ATC%

Where

A R — change in revenue in%,

ATS — change in total costs in%.

In order to achieve a positive scale effect, the growth rate of revenue must be higher than the growth rate
of costs. Thus, based on the above ratios, we have chosen certain indicators, the growth rate of which should
be set in a certain order or otherwise ranked.

The outstripping growth rate should have the volume of output and revenue, which directly affect the
operating profit. This is followed by variable costs that correlate with the rate of growth in output and the rate
of growth in revenue. Fixed costs must rise at a slower rate to achieve economies of scale.

Speaking about variable costs, it should be noted that in real practice, many costs attributed to fixed are
conditionally fixed, which are usually reflected in accounting. Almost all companies allocate such costs as
payroll. We noted above that the law of marginal diminishing returns is used to test the effectiveness of a
company's activities in the short run. One of the important indicators is the observance of the condition that
the growth rate of labor productivity is ahead of the growth rate of average wages. In conditions of high
inflation rates, unfortunately, the reverse trend is observed. Therefore, in the list of selected indicators, we will
also include the indicator of the average wage fund. Thus, for the implementation of the model, we selected
the indicators of the company LOTTE Rakhat JSC, which are given in Table. 1.

Table 1. Key indicators of JSC "LOTTE Rakhat"

Indicators 2019 2020 2021
Sales volume (tons) 79 154 73 443 69 292
Revenue (thousand tenge) 63 385 532 62 364 561 65 433 477
Variable Costs (thousand tenge) (47 843 915) (45170172) (49 147 237)
Average headcount (person) 3390 3218 2791
Fixed Costs (thousand tenge) (6 987 866) (8 136 502) (9 104 807)
Total Costs (thousand tenge) (54 831 781) (53 306 674) (58 252 044)
Marginal Product Labor (tons/person) 30,5 33,2 9,7
Average Product Labor (tons/person) 23,3 22,8 24,8
Staff Salary (thousand tenge) (9 652 339) (9742 677) (10 278 220)
Operating profit (thousand tenge) 8 940 988 9 274 481 8121432
Growth scale effect 0,83 1,73 0,53

To use the dynamic norm model, the indicators we have chosen were distributed in a normative order
according to the priority of growth. The indicators are given in Table 2.

Table 2. Normative rank of key indicators of the company LOTTE Rakhat JSC

Indicators Regulatory rank
Sales volume (tons) 1
Revenue (thousand tenge)
Average Product Labor (tons/person)
Staff Salary (thousand tenge)
Variable Costs (thousand tenge)
Fixed Costs (thousand tenge)
Total Costs (thousand tenge)

N[O »hh|h|W(N

Based on the data in Table 2, we will test the hypothesis about the significance of the Spearman sample
correlation coefficient. The data for calculating the Spearman coefficient are given in Table. 3.
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Table 3. Determination of the Spearman sampling coefficient

. Regulato Growth Actual . Inversion .
Indicators ry rank rate rank Yi smi Yi?
2021/2020
Sales volume (tons) 1 0,9435 7 -6 6 36
Revenue (thousand tenge) 2 1,0492 6 -4 5 16
Average Product Labor
(tons/person) 3 1,0878 4 -1 3 1
Staff Salary (thousand tenge) 4 1,0550 5 -1 3 1
Variable Costs (thousand tenge) 5 1,0880 3 2 2 4
Fixed Costs (thousand tenge) 6 1,1190 1 5 0 25
Total Costs (thousand tenge) 7 1,0928 2 5 0 25
Total 19 108

Based on the data in Table 3, we determine the Spearman sample coefficient and test the null hypothesis
H0:K=0 about the Spearman general rank correlation coefficient being equal to zero. According to the data
presented by us, the Spearman coefficient is: K =—0.9286. To test the hypothesis at a given significance level
0=0.95, we determine the critical point:

1-K? ~(~0,9286)
T, =t ()] — =2,57o,/w=0,4266

Since |K|>Tcr is the null hypothesis that there is no rank correlation between qualitative indicators, it is
rejected, and an alternative hypothesis is accepted, which indicates a significant rank correlation between
features. Accordingly, the indicators we have chosen do have a certain priority in the rate of change.

Analyzing the Spearman coefficient, we can conclude that the estimate of the approximation in terms of
guantitative indicators is quite good. However, the actual series has a different direction of growth rate
priorities in contrast to the normative one. Therefore, it is necessary to consider in more detail the factors that
influenced these deviations. It should be noted that the company is growing, but its growth is not effective. In
2019 and 2021, the company experienced negative economies of scale. The reduction in costs in 2020 did not
allow to overcome the rate of decline in sales volumes in physical terms, resulting in a decrease in revenue.
Therefore, the company is faced with the task of achieving an increase in the rate of sales volumes, not in value
terms, including the inflation component, but in physical terms.

Similarly, the hypothesis of the significance of the Kendall sample rank correlation coefficient is tested.
Based on the available data, Kendall's sample rank correlation coefficient is E = - 0.8095. To test the null
hypothesis for a given significance level a, we calculate the critical point:

T =7 22049 196, |38 6214
P N 9n(n-1) 378

Since |E[>T¢ is the null hypothesis about the absence of the significance of the sample Kendall's rank
correlation coefficient, it is rejected and the alternative one, which indicates a significant rank correlation, is
accepted. The integral indicators obtained by us are quite close to unity in absolute value, which indicates a
fairly stable system of operational planning at the object we are studying. Since both coefficients are
significant, it is possible to determine the indicator of the quality of management of the studied object of
activity:

. @+ K)4(1+ 2) _ @+ 0,9286)4(1+ 0,8095) 08724

Analyzing the obtained integral indicator of the quality of management as a whole, we can conclude that
operational planning in the company is quite high. Management allows you to increase the rate of profit.
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However, the outpacing growth of variable and distribution costs leads to a decrease in gross margin and the
absence of profitable sustainable growth, due to the lack of economies of scale growth.

Conclusion

Summing up the application of the dynamic standard model in operational planning, a number of
conclusions can be drawn:

1) The method allows you to determine the key factors affecting the company's operations, covering various
business processes.

2) The selected parameters have the dynamics of change, which characterizes the achievability of the
selected goals and allows you to adjust the operating plans to achieve the strategic goals of the company.

3) When choosing indicators, you can apply the rate of change of both absolute and relative values, which
is very important when evaluating the effectiveness of a company.

4) The number of indicators should not expand as much as possible, since with an increase in the number
of indicators, the informational validity of the dynamic standard method first increases, and then begins to
decline.

5) The possibility of evaluating the effectiveness of management activities through one integral indicator,
which can be included in the motivation programs for management personnel.

6) Deviations of the normative rank from the actual one make it possible to identify bottlenecks in the
company's activities, take the right tactical steps and change the operating plans for the next period.
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UCCJEJAOBAHUA MOJEJEN BECIIPOBOAHBIX CEHCOPHBIX CETEH /11 CUCTEMBI
MOHHMTOPHUHI'A HA OCHOBE IOT

AnHomayus

B cratbe mpoBeneH aHanu3 mpoTOKoJOB pemieHus loT-3aa4 M ycoBepIIEHCTBOBaHbI CTOXACTUYECKHE MOJIEIN
(YHKIMOHHPOBaHMS OECHPOBOJHBIX CEHCOPHBIX CETEH, HMCIONb3YIOLIME PaHIOMH3HPOBAHHBIC NapaMeTpbl ceTH (C
HePEMEHHBIM YHCIIOM Y3JIOB M CIyYaiHBIM YYacTHEM Y3JIOB B OTIEIBHBIX IPYIIAX y3JIO0B CETH). DTO MMO3BOJIMIO OLCHUTh
BEPOSATHOCTh KOJUIM3UM CHTHAIOB M Oosiee 3(P(EKTHBHO MPOEKTHPOBATH NPOTOKOJNBI CBSI3M VHTepHeTa Bemieil.
I[Toy4eHHBIC MOAEIY MO3BOJIMIN OLCHUTh MAaKCUMAIFHOE KOJINYECTBO Y3JI0B, 00CCIICUNBAOIINX KA4eCTBO Mepeiayn Ha
YPOBHE BEPOSITHOCTH KOJUTM3HH HE BBIILE ONPEICIICHHOTO 3HAYCHHSI.

B YaCTHOCTHU, BBIICHECHO, UTO I JOCTHKCHUS BEPOATHOCTU KOJJIM3UHW HE BBIIIEC ONIPCACIICHHOIO Iopora, Tpe6yeTCH
50 yznoB. IIpu 3TOM YHCIIO Y3JI0B, YYacTBYIOIIUX B KOJUIM3HMH, HE3HAUUTEIBHO [0 CPABHEHHIO CO CPEIHHUM YHCIIOM
nepenad. Pe3ynbpTaTel HCCaeJOBaHNS MOTYT OBITh MCIIOJIBb30BaHbI AJIsl pa3paboTKH 3P EeKTHBHOM CHCTEMbl MOHUTOPUHTA
OKpYy>Karolen cpeabl.

Kaiouesnie ciioBa: 10T, MOHUTOPHHT, OECIPOBOAHBIE CEHCOPHBIE CETH, CTOXaCTHYECKAas MOAENb, HH(OPMAIIMOHHAS
0€30MMacHOCTh, KOJIITH3HSL.

Axoamna
.. XKaxcwieynoea!, CIK. Paxmemynmuna’, C.A. T'namiox?
I Cepixbaes amvinoasor Lllvizvic Kazaxcman mexuuxanviy ynusepcumemi, Ockemen k., Kazaxcman
2¥ammuix aeuayus yHueepcumemi, Kues K., Yxpauna
10T HET'I3IHJEI'T BAKBLJIAY )KYUECIHE APHAJIFAH CBIMCbI3 CEHCOPJIBIK XKEJII
MOJEJBAEPIH 3EPTTEY

Makanana [oT ecentepiH mieny XxartamanapblHa Taj/ay ®Kypri3ifijii )KoHe paHIOMU3aIMIIAHFAH JKeJll TapaMeTpliepin
KOJITAHATBIH CBIMCBI3 CEHCOPIIBIK KEIIePIiH KYMBIC iCTeyiHiH CTOXaCTHKAJIBIK MOJENBACP] KeTUIIipinai (TyHiHAepIiy
aybICTIANIBI CaHBl JKOHE JKCNUTK TYHIHACPAIH JKEKEJIereH TONTaphIHAAFbl TYHIHOCPHIH Ke3IeWCOK KaTBICYHI). By
CUTHAJIIAPBIH COKTHIFBICY BIKTUMAJIIBIFBIH Oarasiayra )KOHE HHTCPHET 3aTTapbIHbIH OaiiTaHbIC XaTTaMaIapbIH THIMIIPEK
Kobajmayra MYMKIHIIK Oepai. AJbIHFaH MOJENbAep Oenrim Oip MOHHEH MOFapbl €MEC COKTBHIFBICY BIKTUMAJIBIFBI
JIeHreline Oepisy carnachblH KaMTaMachl3 €TeTiH TYHIHIep/IiH MaKCUMall/Ibl CAaHbIH Oarajiayra MyMKIHJIK Oepi.

Arar aiiTKaH/a, COKTBIFBICY BIKTUMAJIIBIFbI OeNTiii Oip 1eKTeH acaybl yiuiH 50 TyHiH Ka)KeT eKeH/Ir aHbIKTaJIbl.
Byt skaFaiiia COKTRIFBICYFa KAThICAThIH TYHIHACPIIH CaHbl OCPLITICTEpPIiH OpTallla CAHBIMEH CABICTHIPFAH/IA [IIAMAJIbI.
3epTTey HOTHXKeJepiH KOpIIaFaH OPTaHbl OaKBLIAYIBIH THIMII KYHECIH 93ipiey YIIiH maigananyFa Oomapl.

Tyiiin ce3aep: 10T, MOHHUTOPHHT, CHIMCBI3 CEHCOPJIBIK JKEJiJiep, CTOXaCTHKAIBIK MOJIEIb, aKIAPATThIK KayilCi3mik,
KOJLTH3HSI.

Abstract
RESEARCH OF MODELS OF WIRELESS SENSOR NETWORKS
FOR AN I0S-BASED MONITORING SYSTEM
Zhaxsygulova D.D. ', Rakhmetullina S.Zh.!, Gnatyuk S.0.?
'D. Serikbayev East Kazakhstan Technical University, Ust -Kamenogorsk, Kazakhstanw
National Aviation University, Kyiv, Ukraine

The article analyzes the protocols for solving IoT problems and improves stochastic models of the functioning of
wireless sensor networks using randomized network parameters (with a variable number of nodes and random
participation of nodes in separate groups of network nodes). This made it possible to estimate the probability of signal
collisions and design Internet of Things communication protocols more efficiently. The obtained models allowed us to
estimate the maximum number of nodes providing transmission quality at the level of collision probability not higher
than a certain value. In particular, it was found out that 50 nodes are required to achieve a collision probability no higher
than a certain threshold.
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At the same time, the number of nodes involved in the collision is insignificant compared to the average number of
transmissions. The results of the study can be used to develop an effective environmental monitoring system.
Keywords: IoT, monitoring, wireless sensor networks, stochastic model, information security, collision.

Beenenue

Ha cerognsmnuii neHbp cymiecTByeT ocTpas HEOOXOIWMOCTh KOHTPOJS W HM3MEpPEHHs IOYTH BCEX
¢u3pueckux BeIMYMH B OOJBIIMX KOJIMYECTBAX M IPAKTHYECKH BO BCEX OONACTSIX YEJIOBEYECKOU
JesITeNbHOCTH. VICnonb30BaHME OATYMKOB W CBSI3aHHBIX C HUMH Y3JI0B CBSI3M JaeT INpPEINCTaBICHUE 00
YHUBEPCAIBHOCTH MPOo0OJeMbl OecripoBoIHBIX ceHcopHBIX ceTelt (BCC) [1], B yacTHOCTH, B JOMax M 3/IaHHSAX;
Ha IPOMBINUICHHBIX 00BEKTAX; Ha CKJIAAax; B OKpYXKarolleil cpene (B jecax, HOJIIX, HaJ PeKaMy, B Topax, B
[IOYBE, B BO3LYXE U T. 11.); B YCIOBHUIX BO3ACHCTBHSI OMOJIOTMYECKOT0 U XMMUYECKOTO OPY’KHSl; B aBBTOMOOMIIAX
W camMoJieTax; Ha ABIKYIIMXCS MIEPEKPECTKaX; Ha THE OKeaHa; BHYTPH OOJBLINX MAINH, Bpalaromuxcs coep,
[IapOB; Ha MOBEPXHOCTH OKeaHa BO BpeMsl TOPHAJ0; Ha moJsie 00s 3a TUHHUEH (pPOHTA; KaK MHAMKATOP IS
KHUBOTHBIX ¥ TOBAPOB; B PEKaX B COYETAHWHU C BOJHOU 3HEPrHeH U T.1I.

Pa3Butne >nexTpoHNKH, HHPOPMAIMOHHBIX U KOMMYHHUKannOHHBIX TexHonorui (MKT) mano ocHoBanus
JUISL pean3aliy UACH U3MEPEHHS U KOHTPOJIS JIIOOBIX HEOOXOMUMBIX (PM3NYECKUX BEIWYHH OKPYKArOIIeH
Cpezbl, MPOU3BOJICTBEHHBIX IPOLIECCOB, MPOLIECCOB YIIPABICHUS, MOHHUTOPUHra U T. A. Takoe orpomHoe
KOJINYECTBO NPWJIOKEHUH U3MEPUTEIBHON TEXHUKH, KOTOpPasi TAKXKE PEaNU3yeTcsl B MOABIKHBIX OOBEKTAX,
TpeOyeT pellleHni, CBA3aHHBIX C TEXHUKOW cOopa, mepenadyn u oOpabOTKH WH(POPMAIMH A Pa3lIndHbIX
THTIOB MCIIOJIb3YEMBIX MpolieccOB. MHOTHE ceTeBbIe pelieHrus ObUIN pa3padoTaHbl U PeaTn30BaHbl HA OCHOBE
npenpinymero onbita BHeApeHus UKT B xonnernmuu Marteprera Bemeit (IoT) [2], koTopsle mpeacTaBustoT
co00H KOMIBIOTEpHBIE CeTH (PU3NYECKUX OOBEKTOB (T.€. BEllei), KOTOPbIE OCHAIICHBI TEXHOIOTHIMHU IS
B3aUMOJIEUCTBUS IPYT C APYTOM.

MeTonos0rust ucciae0BaHusA

Croxactuueckue mozenu bCC. BeposTHOCTHasE MoJieNb, TaK)Ke U3BECTHAS KaK CTOXacTUYecKas MOJIENb,
MpeacTaBisieT COO0H MAaTEeMaTHYECKYI0 KOHCTPYKIIMIO, KOTOPasi CITY>KUT JIJIsl OTIMCAHUS SIBJICHUS, B KOTOPOM
COCTABIISIIOIINE 3JIEMEHTBl PACCMATPHUBAIOTCS KaK ClydalHble BEIWYMHBI WM CilydaiiHble coObitus. [lomck
CTOXaCTHYECKUX PEIICHUH OTKPBIBACT IIMPOKUN CIEKTP HAICTPOEK, paHee HEMPUTONHBIX IS CETEBBIX
pelIeHnit B HEKOTOPBIX MPWIOKEHHUIX (7151 HEBO3MOXHBIX /0 CETOAHALIHEr0 MOMEHTa peanu3anuii). OHu
PacIIMPSIOT KaTErOPHIO PEIICHUH AJIi COBPEMEHHBIX MPHUJIOKEHNH, TAKUX KaK MOHUTOPUHI OKpPY’KaroIIen
cpensl [3-4], MoHUTOPUHT OONBHUIL [5]  MHOTOE npyroe. B cBs3u ¢ 3TuM pa3paboTka WHGOPMAITMOHHBIX
TEXHOJOTHMH MOHUTOPHHTa OKpY)KaloIled cpeasl B KoHIenuuu 0T sBigercs akTyalbHOM HaydHO-
TEXHUYECKOH 3a/adeil, uMeromiel Ba)KHOe HayqHOe M MpakThieckoe 3HaueHrne. OCHOBHOW IENbI0 TAHHOTO
HCCIIeI0OBaHus sIBIsieTca pa3paboTka 1 MojenupoBanue mozeneid bCC miist cucreMbl MOHUTOpPUHTA Ha Oase
WnTepHeTa Bewleid, KOTOPbIE MOTYT ObITh PEANN30BaHbl Ul PA3IMYHBIX KPUTHUYECKUX CUTYaLUil.

Croxactuueckue mozaenu bCC pa3pabaTeiBainch Jiist OLIEHKH BEPOSTHOCTH KOJUTM3UU CUTHAIIOB B CUCTEME
(B COOTBETCTBHH C Mpe/ICTaBICHUsIME [6-8]).

O6o3HaunM A _s' kak coOBITHE, O3HaJarlee OTCyTcTBHE Kojum3uu B uHTepBaie [0,s] (s>0). Taxxke
0603HaunM P(A_s') kak BEpPOATHOCTB OTCYTCTBHUs KoJu3uu B untepsane [0, s]. Paccmorpum [0,s], rnes > tp,.
Ipeanonoxum, 4uro N(s) =j, TO ecTb KOIUYECTBO Tmepemad B mpomexyTke[0, s]pasHoej (j = 1).
Crnyuaiimeiii  Bektop (Uy, ..., Uj)BpeMenn  MeXIy mepefadaMd  PaBHOMEPHO — PACNPENENseTcs B
MHOKeCTBEN); = {(Uy, ..., Uj)i Uy + -+ U; S SJC YCIOBHOH  MIOTHOCTBIO f (Uy, ..., U;|N(S) = j) = j!/
s/for (ugy, ..., u;) € 027, a taxxe 0 cBepx 310oro. Takum 06pa3oM, yCIOBHAS NIOTHOCTh OTCYTCTBHS KOJUTM3HH
B unrepsaie [0,s], noxaras, uro N(s) = j, paBHa:

. jtp’
P(A5'IN(s) = J) = P(Uy > ty, .., U; > t,) = (1 ‘T)+ ,
rZie BBIpOKEHHE X, ompeaensercs Kak x, = x uiax = Oux, = 0 g x < 0. YciioBHast BEpOSTHOCTh
KOJUIM3MM Ha HWHTEpBale JUIMHBI S, TAe S >t,, 10 ycnosuwo N(s) = j,popMupyeTcs Cieayromum
BBIPAXKCHUCM:

PN =) =1-(1-22) . &

+

52




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuka-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

BeposATHOCTD KOJIM3KMKY HA MHTEPBAIIE JUIMHBI S, TJIE S > t),, ONPEAEIAETCS CIEAYIONIUM BIPAKEHUEM:

P(4,) = e 11— (1- )] (2)

j=2

rae n- KOJIU4eCTBO y3JI0B, T- CpeaHee BpeMd MCKIAY NepeaadyaMu y3Jia, tp- BpeMs niepeaadyu IMMpoOTOKOJIA.
BOHpOC O KOJIMYECTBE Y3JI0B, KOTOPBLIE OCTAKOTCA B KOJUIM3UHM Ha HWHTEPBAJIC MJIMHBI S, TaKXKE
AHATIM3UPYCTCA IJIA S > tp. BepO}lTHOCTb KOJUIM3HWKW B MHTEPBAJIC NJIUHBI S UCCICAYETCA NJIA S > tp. Hixe

MNpEeACTaBJICHbBI MOACIH, XapaKTCPUIYIOIIUE HIDKHIOIO W BEPXHIOKO OLCHKH yCJ'IOBHOﬁ BEPOATHOCTH
KOJIM4YECTBa MICCTEPEH, OCTAIOUIUXCA KOH(I)J'II/IKTHHMI/I, B HMHTCPBAJIC IJIHWHBI S B IIPEAIIOIOXEHHUH, YTO

KOJIMUYECTBO Tiepeiad B MHTEPBAIe Tiepeadr HaXOAUTCS B HHTEPBAJIe IITMHBIS (s > tp) 1 PaBHO j.

O0603HaUYNM Y; KaK KOJHWYECTBO KOJUIM3HUHI nepeaady B MHTCPBAJIC JJIUHEBI S. B stom CJIydya€ MbI IMOJTy4YUM
BbIpaXXCHUEC!

G2yt =y < P = /NG = ) < GBIl - 2y
- —ns (n %)] tp by, j-x N —ns (n %)J tp [K—H] tp j_[K—H
;e T G =ik SP(Y5=K)S;e eV L ’

Mogenu, XapakTepu3yIOIie HIKHIOI U BEPXHIOI OIICHKH 0KHIAEMOTO KOJIMYECTBA KOH(IUKTYIOIIHX
lIecTepeH M JUCIEPCHMI0 KONMYECTBAa KOH(DIMKTYIOMMX IecTepeH B uHTepBate mmuH S (EY;,D?(Yy)).

Ipenmonoxum, uto S > . Torna

© 0 (nS)j " ¢
S Ll .
Z KZE_ T-,—TU?”)"_l(l—j?p)fKSEYS

|
K=2 j=2 ] J:
0 0 s\/
s (n= t.. [k+1 £ i_[rtl
<> Kze-nf-@o—”)[ﬂ(l -yt
i = J! s s
- - (Tl%)] - - s (Tl :15;)1 t, [k+1 t ]_[&1]-2
Yo yemr Ao ey e Tl Byl -y
k=2 j=2 K=2 j=2 J: s
< D*(Yy) <
o) o) (nS)j o) o) (nS)j " ; 1
s ™ . s ™ .
Zkzze—nf. T _(](I_ Z Kze_ T._T (]'_p)x—l(l_j_p)i—x
e J! -~ - J! s s
= j=2 K=2 j=2

I'paduku WLTIOCTPUPYIOT BEPOSITHOCTH KOJUTU3MH B 3aBUCHMOCTH OT KOJMYECTBA y3JI0B (IaTUYNKOB) TIPH
3aJIaHHOM CpPEJTHEM BPEMEHHU MEX Ty CooOmeHus MY (puc. 1), a Tak:Ke MOKa3bIBAIOT 3aBUCIMOCTh OT CPETHETO
BPEMEHH Tepejavur MTPOTOKOIIA, €CITH 33J]aH0 KOJMIECTBO y3J10B (puc. 2).

[Ipu cpenneM BpeMeHH MeEXIy IepenadamMu y3ia, paBHOM 10 ¢, MakcMMajbHOE YHCIO Y3JIOB,
obecneynBaronee KauecTBO Nepelaud Ha YPOBHE BEPOATHOCTH, He mpesbimaromeM 102, pasno 10, a npu
CpeIHEeM BPEMEHHU MEeXAy Iepenayamu ysna, paBHOM 30 ¢, MakCUMalbHOE KOJIMYECTBO y3710B paBHO 50.
JanbHeillliee yBEJIMYEHUE CPEOHEr0 BPEMEHM MEXAY IepeladyaMu y3J0B II03BOJSET YBEJIUYUTh
MaKCHMaJIbHOE KOJMYECTBO Y3JI0B. J{JIs 3a/1aHHOTO KOJIMYECTBA Y3JIOB YBEIMYCHNE CPEAHETO BPEMEHN MEXIY
KOJUIM3HUSAMHU TIPUBOJIUT K YMEHBIICHHIO BEPOATHOCTH KOJUIHM3UH. C MOMOIIBI0 TPauKOB MOXKHO HAWTH
ONTUMAJTBHBIE 3HAUCHUSI TaPaMETPOB, BIUSIONINX Ha KOPPEKTHOCTH niepenaun (N, T, tp). 'paduku mo3Bomnstor
OTIpEJICIINTh, B KAKOM JIMAIla30HE KAYeCTBO Mepefadn oO0ecrieunBacTCs Ha JAHHOM YPOBHE WUIM MPU KaKUX
3HaueHusx (N, T, tp) pe3ko Bo3pacTaeT BEPOSATHOCTh KOJUTH3UH.
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Pucynox 1. Beposmnocmb konnusuu Ha unmepeane s, 20e s > t,6 3a6UCUMOCTU ONt 6peMeHU
Habnooenuss S = 180 ¢ u cpeonum spemenem medxncoy nepedavamu yzia onan =5, 20, 50
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Pucynox 2. Beposamnocmu konmusuu na unmepeane S, 20e S > t,, 6 3a6UCUMOCMU OM 6peMenu HAOI00en s
s = 180 ¢ u konuuecmea y3n06, 20e T = 10 c., 30 c., 60 c.

T

Brl MoxeTe ompenenuTh MOPSIOK 3HAYEHWH BEPOSTHOCTH KOJUTM3HMH ISl TIPOW3BOJIIBHO BBIOPAHHBIX
HapaMeTpoB: Hampumep, Wi ty = 3.2 x 10°, konudecTBO JaTYMKOB-NIpeobpasoBaTeneii, pasaoe 10, U mpu
YCIIOBUH, YTO KXKIBIH JaTYNK MMEET CpeHee BpeMs mepefadn Kaxasie T = 60 ¢, BEpOSTHOCTh KOJUTH3UH
paBHa 1.65 x 10® TpexmepHas cucTeMa KoopauHaT (pHC. 3) IOKa3bIBAET MHOKECTBO KOHEYHBIX
yerpoiictBA = {ay,...,Q;}M MHOXECTBO KOHEYHBIX TO4YeK cucteMbl B = {b4,..., b, }or Hayana HaGopa
koopaunaropoB cetnK = {kq,..., k,,} (n1st Havanan = 1).

asz

~f, / @ as
\. I, ' ./L}

\ ki 1'p£f1/
@

®.
ey

a‘\;
P R
. ® \

Pucynox 3. Mooenv koneunoti mononozuu BCC (nepsuunvie ucmounuxu un@opmayuu)

Takum oOpa3oM, UIsi BEPOSTHOCTH KOJUIM3MM HOJydYaroTcsl JBe 3aBucuMoctd (puc. 2-3). Ilepsoe
BblpakeHHe (1) OmMMCBHIBaET BEPOSITHOCTH KOJUIM3HMHM 33 KOPOTKOE BpeMs lp MpedocTaBieHUS! NMPOTOKOIA,
OIIpEJIENIsisl BEPOSITHOCTh HETMOBPEXKICHHOTO TPEIOCTABICHHsI IPOTOKONa. Bropoe Beipaskenue (2) moimydeHo
C HUCIIOJIb30BAaHUEM JIPYTHX CBONCTB ITyaCCOHOBCKOTO IIPOIECCa OTHOCHTEIBHO BEPOSITHOCTH KOJUIM3HHU 32
JOCTaTOYHO OO0JIBIIOE BpeMs IIepeIauH.
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Paccrosane Mexay Toukamu a(x;, Vi, Z;) U b(xj, Vi zj) paBHo:

Cij = \/(xi —x) + i—y) +(z—-2)"

CymiectByeT MHOKeCTBO Takux pacctostHuil C = {¢q1,...,Cm1, -+ Cinr ) Cmn}. PACCTOSIHEE MEKIY
y3J1aM{ HE JAOJKHO MPEBBIIATh MAKCUMAIbHO JOMYCTUMYIO ANbHOCTh NEpeaun TaHHBIX. byseM cuutars,
YTO MakCUMallbHas JajJbHOCTh Hepenaun Mexay JoobimMu y3namu bCC onuHakoBa v paBHa 10C -

JKcnepuMeHTAILHOE HCCIeI0BaHue U 00CYKIeHUe

Bo MHOruxX NpuiIoKeHUSIX MpeIaraeMoro pPeHieHUus CETH C MPOHM3BOJBHBIM JOCTYIIOM YKa3hIBACTCS
BO3MOXKHOCTh pa3JIeJICHUs] OOIEro KOJHYECTBA Y3JOB HAa TPYIIBI C Pa3HBIM CPEJIHUM BPEMEHEM MEXITY
nepenadamu. Takoe neneHue WMeeT CBOe TeXHHUYECKOoe O0OCHOBaHME, a MMeHHO, eciu B bCC moctymarot
JTAHHBIC, OTHOCAIIMECS K Pa3HbIM (DU3MYECKUM BEITHYMHAM C PA3HOU CKOPOCTHIO U3MEHEHHUS UX TTapaMETPOB.

Hanpumep, MOHUTOPUHT ITapaMeTPOB OKPYKAIOIIEH CPE/Ibl, B YaCTHOCTH U3MEPEHUE CYTOUHBIX U3MEHCHHI
TEMIIEpPaTypbl MOYBBI M CKOPOCTH BETpa. JTOT MPHUMEP YyXKE YKa3blBaecT Ha BO3MOXKHOCTH Pa3TUYHON
MEPUOJIMYHOCTH MPOBEICHHS N3MEPEHUM TAKMX BEJTHYHH.

3amaya 3acilyXMBaeT BHHMAaHHUS, IOCKOJbKY BO3MOXKHOCTh CHIKCHHMS WHTCHCUBHOCTH JIBHKCHUS
paTMoONaKeToOB BCera OJaroTBOPHO CKa3bIBacTCs B JJAHHOM METOJIC Ha MOBBINICHUE KadecTBa mepeaayn. Ha
MPUBEACHHBIX HIDKE B OTOM paszene Trpadukax MpeACTaBICHBI pe3yJbTaThl JKCIEPHUMEHTATBHBIX
uccienoBanuii mopeaeHuss WSN i pa3iiMdHOrO MPOICHTA Y3JIOB C Pa3HbIM CPEIHMM BPEMECHEM MEKIY
nepenayamu [9,10].

Hccrnenosanne mpoBOMUIOCH ISl CICAYIONIMX MPOLeHTOB: 10% y370B CO CPEeAHHUMH MHTEPBAIAMU MEXKITY
nepenadamu kakapie 10 ¢ 1 90% co cpeaHnME MHTEpBaliaMu MEX Ty niepeaadamu kaxbie 30 ¢ (10 %/ 10 ¢+ 90
% / 30 ¢ ObuTH 3amucanbl 4 yMeHbieHus). B naneneiimeM 10%/10 ¢ + 90%/60 ¢. Crneayroiue Ucciae0BaHus
st 1/3 (33%)/10 ¢ + 2/3 (67%)/30 ¢ u mgBa uccnemoanus gyt 50%/10 ¢ + 50%/30 ¢ u 50%/10 ¢ + 50% / 60 c.
(Puc. 4 — Puc. 6).

MAS)

.
0.0Q bhetmms - - - i "
p! 50 &0 10 ) 0

Pucynox 4. Bauanue konuuecmea y3io8 ¢ pazublm CPeOHUM BPEMEHeM MeCOY Nepedaiamu Ha 8eposSmHOCHIb
KOJIUZUU. KOIUUECMBO V308 CO CPEOHUM BPEMEHEM MeNCOY nepeoadamu

T =10 ¢ —3ro 10 % ot obmiero uncna y3mnos, a 90 % y31n0B pabOTAIOT CO CPEAHUM BPEMEHEM MEMITY
nepexadamu T = 30 c.

B npezcrasnennoii (ynoMsaHyTOM) 3a/1a4€ BPEMs IPOTOKOJIA CBS3H COCTABISET ), = 3,2 - 1075 c.

HOJ’Iy‘leHBI PE3YIbTAaThl MOACIIUPOBAHUSA, COBMCCTHUMBIC C OXHUAACMBIMH, KOTOPBIC CICAYIOT M3 paHCC
MpEACTaBJICHHBIX aBTOpaMHn 3aBHCUMOCTEH.
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Pucynox 5. Bauanue konuuecmea y3io08 ¢ pasublm CpeOHUM epemeHem mMedxicoy nepedaiami Ha 6eposmHoCciG
KOJIUZUU. KOIULECMEO Y3108 CO CPEOHUM BpeMEHEeM MedNcOy nepeoavamu

T =10 ¢ — 3to 1/3 or oOmiero yucia y3naoB, a 2/3 y3a0B pabOTaeT CO CPEIHUM BPEMEHEM MEXKIY
nepenadamu 1 = 30 c.
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Pucynox 6. Bauanue konuuecmea y3ino08 ¢ pazuvlm CPeOHUM 8PEMEHeM MedHcOy nepedaidmi Ha 8eposmHOCNG
KOJIUZUU. KOIUYECMBO Y308 CO CPEOHUM BPEMEHEM MeNCOy nepedaidmu

T = 10 ¢ cocrarnser 50 % ot oOmiero yuciaa y3iaoB, octanbHbie 50 % y370B pabOTaIOT CO CPEIHUM
BpeMeHeM Mexty repenadamu 1T =30 ¢

3TO yKa3bIBaeT Ha TO, YTO YeM OOJIBIIIE CpeTHEE BpeMsi MEXKIY MepeaadaMu y3JI0B T, TeM Jydile padoTaer
ceTh (C MEHBIIMM KOJIMYECTBOM KOJUM3HWi). CyIEeCTBEHHBIM YCIOBUEM SBIISIETCS TO, YTO JUTUTEIBHOCTH
MIPOTOKOJIA CBS3H {, HAMHOTO MEHBIIIE CPETHETO BpEMEHH MEXy Nepenadamu y3ioB 1. CiemoBarenbHo, ecin
3HAYUTEIbHAS YaCTh MAKETOB B PAHONPOCTPAHCTBE MOXKET TPAHCIUPOBATHCS KaK MOXKHO pEXe, TeM ITydllie
JUIsl OOIIETo pe3yibTara KauecTBa paauonepenadn. Eme ogHuM cliencTBreM 3TOro (akTa, KOTOPOE MOXKHO
YBHJIETh Ha IpadrKax HIDKE M0 CPAaBHEHHUIO C MOMYYECHHBIMH Pe3yJIbTaTaMH, €CIIH Y3JIbI UMEIOT TOIBKO OJTHO
cpelHee BpeMs BEIIaHWs, €CTh BO3MOXKHOCTb YBEJIWYHTH TPOITYCKHYIO CIIOCOOHOCTH CETH (N Y3JI0B) st
CTaOHIILHOTO KA4eCTBa Mepeaul, BRIPAKCHHYIO BEPOSITHOCTBIO KOJUTU3HH.

OrneHuBaNIoOCh M aHAM3UPOBAIOCH KadecTBO Tepenaun AaHHbiX B BCC ¢ MpoOM3BONBHBIM JOCTYIIOM B
3aBHCHMOCTH OT Pa3HOro MpPOILEHTa Y3JI0B B rpymnmnax. McciaenoBaHo BIMsiHUE TPYI Y3JI0B C MEPEMEHHBIMHU
CpeIHUMH BpeMEHaMH1 MEXy llepeiadaMy Ha KauecTBo nepeaayn faHHbIX B BCC ¢ Ipon3BOIBHBIM TOCTYIIOM.
Ilo pesynapraTaM MOJIENBHBIX HCCIIEJOBAHUI TOATBEPKIEHA CXOJAUMOCTh TEOPETHUYECKUX ITOJIOKECHUH C
JAHHBIMH, TIOJTYYE€HHBIMHU TIPH KOMITbIOTEPHOM MoennpoBaHiy bCC ¢ poU3BOIBHBIM TOCTYIIOM.

3akiaouenue

Y COBepIICHCTBOBAHBI CTOXACTUUECKHE MOJIENN (PYHKIIMOHUPOBAHHSI OECIPOBOJHBIX CEHCOPHBIX CETeH,
WCTIOJIB3YIONINE PAHIOMU3UPOBAHHBIC ITAPAMETPHI CETH (C IEPEMEHHBIM YUCIIOM Y3JI0B H CIIyYaiHbIM Y4acTHEM
Y3JI0B B OT/ACJIBHBIX IPYIIaX y3JIOB CETH). ITO MO3BOJIUIO OLICHUTHh BEPOSTHOCTh KOJUTM3UM CUTHAJIOB U 0oJice
3¢ GEKTUBHO MPOCKTUPOBaTh IPOTOKOJBI CBs3M MHTepHeTa Bemied. DTH MOJCIH IMO3BOJIMIM OLECHHUTH
BEPOSITHOCTh KOJUTU3UH CUTHAJIOB: MAKCUMAIILHOE KOJIMYECTBO Y3JIOB, 00ECIICUMBAIOIINX KaYeCTBO Iepeadu Ha
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YPOBHE BEPOSTHOCTH KOJUIM3MM He Bbime 1072, paBHO 50, MpU 3TOM KOJMYECTBO Y3JI0B, YYaCTBYIOLIMX B
KOJUTM3HH, TPEHEOPEKMMO Majio 10 CPaBHEHHWIO CO CPEIHUM HYHCIOM IepeAad, B YacTHOCTH OTHOIICHHE
CPEIHETO YHCIIA YYACTBYIOIIMX B KOJUIM3UH Y3II0B K CPEHEMY YHCITY Nepesad cocrasiser 107,

HanpHeinee pa3BUTHE MONYYMsIa WH(POPMAMOHHAs TEXHOJOTHsT MOHHMTOPHHTA, KOTOpas 3a cYeT
WCTIOJIb30BaHMS CTOXAaCTUIECKUX MOJIeNieit OeCIIPOBOAHBIX CEHCOPHBIX CETEH U YCOBEPIIIEHCTBOBAHHOTO METO/1a
MOHHTOPHHTA TIO3BOJIMIIA pa3paboTaTh MpOrpaMMHOE | almapaTHOe oOecrieueHre (¢ ucronbp3oBanneM Arduino,
JavaScript, NodeJs, HTML u CSS) 11t MOHUTOpHUHTa TApaMETPOB OKPYKAIOILEH Cpeabl B pealbHOM BpeMEHU
B koHuenuu [oT.

JlaHHBI KOMITIEKC ONEpPaTHBHOIO MOHWTOPHHTA TMAapaMeTpOB OKPYXKAIOMIeH Cpelbl MOXET OBITh
WCTIONb30BaH B KAYECTBE MPOTOTHUIIA AJISl OPraHU3alMi MOHUTOPUHTa B TUHAMHYECKH N3MEHSIOLUXCS YCIOBHAX
Y IPY BO3HUKHOBEHHUHU Pa3IMYHBIX KPUTUYECCKUX CUTYAIUH.

Ha ocHoBe pa3zpaboTanHbIX MaTeMaTHUecKuX Mojeneld bCC Obur mpoBeneHbI MOAEITBHEIC UCCIIETOBAHUS 10
BepU(HKALNH TEOPETUIECKUX 3aBUCMOCTEH 0a3nca BEpOSITHOCTH KOJUTM3HU OT MOJICIUPOBAHHSI BEPOSTHOCTH
KOJUTU3UH, YTO [TO3BOJIUIIO BEPUPHUIINPOBATD IPEJIOKEHHBIE MOIEIIH.

[lo pesymbraram xommbioTepHOro MozpenupoBaHusi BCC yCTaHOBIEHO COOTBETCTBHE ITONyYEHHBIX
TEOPETUYECKAX 3aBUCHMOCTEH BEPOSTHOCTH KOIUIM3WH JIsl: a) OAMHAKOBOTO CPETHETO BPEMEHH MEXKIy
nepeaayaMy JaHHBIX, 0) ciydas pasfesieHHs Y3JI0B Ha TPYMIbl ¢ Pa3sHBIMH CPEIHHUMU BpeMEHaMH MEXTY
nepenadamMu JaHHbIX. OIEHUBAIOCH M aHATHU3UPOBAIOCH KadecTBO nepefaun JanHbX B BCC ¢ mpon3BOIbHBIM
JOCTYTIOM B 3aBUCHMOCTH OT Pa3HOTO MPOIIEHTHOTO COOTHOIICHUS Y3JIOB B rpymnmax. VccrnemoBaHo BIUsSHHE
TPYII Y3JI0B C IEPEMEHHBIMU CPEHUMH BpeMeHaM1 MeX Ty IepejauaMy Ha KauecTBo nepeaun JaHHbix B bCC
C IPOU3BOJIbHLIM JOCTYIIOM.
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HUCCJAEJAOBAHUE CBOVICTB CTPYKTYP PEKYPCUBHBIX IIMK/IOB IEPBOOBPA3HEIX KOPHEX

AnHomayus

Pemenne MHOTMX 3allad COBPEMEHHOW TEOPHM IPOCTHIX YHCEN I03BOJIIET, C OJHOW CTOPOHBI, YIIyOWUTbH
NIPEACTAaBICHUE O TOM, Kak pa3BUBaTh (yHAAaMEHTAIbHBIC OCHOBBI MaTEMaTHWKH, a C JAPYroW - co3iaBaTh Oosee
3G QeKTUBHbIE apU(YMETHIECKHE METOIBl MOCTPOCHHS OBICTPBHIX AJITOPUTMOB WM JAWUCKPETHBIX OPTOTOHAIBHBIX
npeoOpa3oBaHUi NpU aHaIW3e W OOpabOTKE CIOXKHBIX MaHHBIX. OJHOM W3 MpoOIEeM COBPEMEHHOM MaTeMaTHKH B
COBOKYIIHOCTH C Kpunrorpaduei sBiseTcs 3ajada IMOucKa MepBooOpasHbIX (IPUMHUTHBHBIX) KOpHEH. B nanHO# cTaThe
paccMOTpeHa 3aa4a BBIYHCICHUS MHO)KECTBA BCEX ITEPBOOOPA3HBIX KOPHEH MPOM3BOJILHOTO MpocToro yucna p. Kpome
TOTO, OIIFICaHa BAXHOCTh JAHHOH 3a/laduil B COBPEMEHHOM MHpE, B YaCTHOCTH, HCIIOIb30BaHHE TECOPUH NEPBOOOPA3HBIX
KopHell B kpunrorpaduu. [locTpoeH aaroputM MpoBepKH HATYpaJIbHOTO YKCIa N Ha CBOWCTBO OBITH NMEPBOOOPAa3HBIM
KOpHEM 3aJJaHHOTO IPOCTOro 4ucia. B xome paboThl yCTaHOBJIEHO, YTO CYIIECTBYIOT HeCTelIM(UUECKHE PEKYPCUBHbIC
LUKIIBI, HCCIIEIOBAaHbI CBOMCTBA CTPYKTYp PEKYPCHBHBIX IIMKJIOB NepBOOOpa3HbIX KopHei. Jloka3aHo, 4TO Bce
nepBooOpas3Hble KOPHH JIIOOOTO MPOCTOro 4Hciia 00pa3yloT mapbl, B KOTOPBIX PEKYPCHBHBIM LIUKJI OJHOTO SIBIISIETCS
HHBEpCUEH PEKypCHBHOTO IMKJIA APYroro ajieMeHTa mnapel. IIpuBeneHbl mpuMepsl NepBOOOpasHBIX KOpHEH M HX
BHYTPEHHUX IIMKJIOB, a TaK)Ke MHBEPCHOHHBIC Naphl. /laHHOE CBOWCTBO MPUMUTHBHBIX KOPHEH HE OTMEUaNoch paHee B
nmutepatype. B xone paboTsl Takke MCCIeIOBaHbl BO3MOKHOCTH IIPEACTABICHHUS PEKYPCHBHBIX IIUKIIOB B IBYyMEPHOM
IpocTpaHcTBe. Pe3ynbTaTel IpencTaBieHsl B BUAE IpaKOB MHBEPCHOHHBIX Iap IEPBOOOPA3HBIX KOPHEH MPOCTHIX
yucen. [lokazaHo, YTO peKypcHBHbBIE LUKJIBI 00pa3yloT AWHAMHYECKHE Mpolecchl. JlokazaHO, YTO JUHAMHYECKHE
MPOLECCHl UIMEIOT Xa0TUYECKUHN XapaKTep, UCCIEN0BaHUE KOTOPOTO SIBIISETCS BaXKHOM 3a7adeil TEOpUU JUHAMUYECKUX
cucteM. B nanbHeiemM miaHupyeTcs: IeTaabHO UCCIEN0BATh CTPYKTYpy BHYTPEHHHUX LIMKIIOB 7S Iap yucend. AHamu3
TaKUX CTPYKTYp ABISETCS IIAroM K PELISHHIO CIOXKHBIX TEOPETHKO—MaTeMaTHIeCKHX 3a1a4 1 3a7a4 KpunTorpadu, rae
HCTIONB3YIOTCS IPUMHUTHUBHBIE KOPHH.

KiroueBble c¢Jji0Ba: TPUMHUTHBHBIM KOPEHb, LMKIMYECKas TpyIIa, TPyINa IMEepecTaHOBOK, MPOCTOE YHCIIO,
PEKYPCUBHBIH LIUKIIL.
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AJIFAHIKBI TYBIPJIEPAIH PEKYPCUBTI HUKJI K¥PbIJIBIMJIAPBIHBIH KACUETTEPIH 3EPTTEY

Kasipri xaii cangap TEOPHACHIHBIH KOIITETEH MaceselNepiH menry, Oip )karslHaH, MaTeMaTHKaHBIH iprefi HeTi3epiH
KaJail JaMbITy KePeKTiri Typayibl WAESHBI TepeHAeTyre, eKiHI XKaFblHaH, KYpJesi AepeKTepAl Taumay >KOHE eHAeY
Ke3iH/Ie JKBIIIaM aJITOPUTMAEPAl HeMece JUCKPETTI OPTOTOHAIBIB! TYPICHIIPYIEp i KYpyIbIH THIMII apu(METHKAIIBIK
omicTepiH jxacayra MyMKiHZiK Oepemi. Kasipri maremarnka MeH kpunrorpadus mpoOrieManapblHBIH Oipi-aiFamkbl
(mpumutHBTi) TYGipiepai Taby ece6i Gombin TaObLIa bl Y CHIHBUIFAH MaKauaja Ke3IeHCOK P JKail CaHBIHBIH OapiibIK
anFamkpl TYOipiiepi >KUBIHTBIFBIH ecentey eceOi KapacTelpburraH. COHBIMEH KaTap, Kasipri oanmemie Oyl MoceleHiH
MaHBI3/IBUIBIFBI, aTall alTKaHIa Kpunrorpadusga aFalksl TYOIpJiep TEOPHSCHIH KOJIIaHy Macesieliepl CHIlaTTalFaH.
Bepinren »xail caHHBIH ayFamikpl TYOipi OOy KacHeTiHE n HaTypall CaHIbl TEKCepy alrOpUTMi Kypbuiabl. Kymbic
OapbIcblHAA crienn(UKaIbIK eMec PEeKYPCHBTI IMKIIAp Oap eKeHIIri aHBIKTAJJIbl, ajFalIKel TYOIpiepaiH peKypcuBTi
LUKJIAEPIHIH KYPBUIBIMAAPBIHBIH KacueTTepi 3epTreni. Kes-kenreH skail caHHBIH OapIIbIK ajFamKsl TYOipJiepi sKynrapsl
KYpaHTBIHABIFEl JONENACH I, OHAa OipeyiHiH PeKypCHBTI IIMKNI JKYNTHIH 0acKa 3JEeMEHTIHIH PEeKypCHBTI HIHKIIHIH
uHBEpCHACH OonbIn Tabbutansl. KapamaiieiM TyOipiep MeH onapAplH iMKI OUKIIEPiHIH MbICAaJiaphl, COHAANW-aK
MHBEPCHSIIBIK KYITap KenTipiareH. Asramkel TyOipiepnin Oyn KacueTi OypsIH omebmerTe aTtam eTinMereH. JKymeic
OapBICBIHAA €Ki OJIIeMAl KEHICTIKTeTi PeKypCHBTI IMKIAEPAlI YChIHY MYMKiHmiKTepi ne 3eprrenai. Hortmxemep
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KapanaiblM CaHIapAblH alFalKsl TYOIpJIepiHIH MHBEPCHSUIBIK XKYNTAPBIHBIH Ipaduri TypiHne yChIHbUIFaH. PeKypcuBTi
LIUKIACD JUHAMHKAJIBIK IPOIECTepAl KypalThIHBI KepceTureH. [IMHaMUKaNBIK MPOLECTep XaOoTHKAIbIK CHUIATKa He
eKEeHJIIT1 AaNeNIeH]I1, OHBI 3epTTey TUHAMHKAJIBIK )KYHenep TeOpHsChIHBIH MaHbI3/bI ecei 00ubIn TadbiIansl. bonamrakra
XKYI caHJap YIIiH iIIKi IUKIAEPIIH KYPBUIBIMBIH €rKel-Ter el 3epTTey jxocnapianyaa. MyHaaid KypbUIbIMAapbI
TalAay KypAedi TEOPHSUIBIK KOHE MaTeMaTHKAJIBIK €CEeNTep MEH aJFalliKbl TYOipiep KoJiaHBUIATBIH KpHUnTorpadus
€CENTEepIH IIeNyre KajaM OOJIbIN Ta0bUIa/IbL.

Tyiiin ce3aep: amramke! TYOip, IUKIAIK TOII, OPBIH AYBICTBIPY TOOBI, XKail CaH, peKYPCUBTI UK.

Abstract
INVESTIGATION OF THE PROPERTIES OF RECURSIVE CYCLES STRUCTURES
OF PRIMITIVE ROOTS
TurusbekovaU.K. !, Muratbekov M.M. 2, Altynbek S.A. 3, Akhatova Zh.E.*
YInstitution "Esil University", Astana, Kazakhstan
2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
3Kazakh University of Technology and Business, Astana, Kazakhstan
4Kazakh National Women's Pedagogical University, Almaty, Kazakhstan

Solving many problems of the modern theory of prime numbers allows, on the one hand, to deepen the understanding
of how to develop the fundamental foundations of mathematics, and on the other - to create more effective arithmetic
methods for constructing fast algorithms or discrete orthogonal transformations in the analysis and processing of complex
data. One of the problems of modern mathematics in combination with cryptography is the problem of finding primitive
roots. This article considers the problem of calculating the set of all primitive roots of an arbitrary prime number p. In
addition, the importance of this task in the modern world is described, in particular, the use of the theory of primitive
roots in cryptography. An algorithm for checking the natural number n for the property of being a primitive root of a
given prime number is constructed. During the work it was found that there are non-specific recursive cycles, the
properties of the structures of recursive cycles of primitive roots were investigated. It is proved that all primitive roots of
any prime number form pairs in which the recursive cycle of one is an inversion of the recursive cycle of the other element
of the pair. Examples of primitive roots and their inner cycles, as well as inversion pairs are given. This property of
primitive roots has not been noted before in the literature. In the course of the work, the possibilities of representing
recursive cycles in two-dimensional space are also investigated. The results are presented in the form of graphs of
inversion pairs of primitive roots of prime numbers. It is shown that recursive cycles form dynamic processes. It is proved
that dynamic processes have a chaotic character, the study of which is an important task of the theory of dynamical
systems. In the future, it is planned to study in detail the structure of internal cycles for pairs of numbers. The analysis of
such structures is a step towards solving complex theoretical and mathematical problems and cryptography problems
where primitive roots are used.

Keywords: primitive root, cyclic group, permutation group, prime number, recursive cycle.

Brenenune

B coBpemMeHHOI1 kKak QpyHIaMEHTAIbHOMN, TaK U MIPUKJIAIHOW MaTEMAaTHUKE TEOPHS MIPOCTHIX Yuces o0nagaer
HCKITFOUUTEIBHOM TPUBIIEKATENFHOCTBIO. Pellienne MHOTHX MPpoOiieM COBPEMEHHOM TEOPUH MPOCTHIX YHCeT
MO3BOJISIET, C OJHOW CTOPOHBI, YIITyOUTh TpE/ICTaBIEHUE O TOM, KaK pa3BUBaTh (DyHIAMEHTAIBHBIE OCHOBBI
MaTEMaTHKH, a C APYTOd CTOPOHBI, MO3BOJIMUT CO3/1aBaTh Bce Oosiee 3 GeKTUBHBIE apu(hMETHUECKHE METOIbI
JUIs1 TIOCTPOEHMS OBICTPBIX AITOPUTMOB IUCKPETHBIX OPTOTOHANBHBIX IPE0Opa30BaHUi B aHAIN3 H 00paboTKa
coXHBIX JaHHBIX [1]. K clIOXHBIM JaHHBIM OTHOCHUTCS COBpPEMEHHasl 3pa HayKH O OONBIINX JaHHBIX [2],
00paboTku curuanos, kpunrorpaduu [3] u Apyrux.

OmnbIT paboTel Hajx npobieMaMu (QyHAAMEHTAIbHOW M MPUKIAJHOW MaTEeMaTUKU IIOKa3bIBAaeT, UTO
CYLIECTBYIOT HEpEIIEHHBIE MaTeMaTHYeCKWe 3aJauM, PEIIeHHEe KOTOPBIX Ba)XHO, KaK U YIUIyOJNeHHS U
pa3paboTKH HOBBIX METOIOB PEIICHUS CIIOXKHBIX 33/1a4 (pyHIaMEHTAIIbHOW MaTeMaTHKH, TaK W JIJISl CO3aHusl
3¢ GEKTUBHBIX aITOPUTMOB PELICHUS 3a]a4 U3 IPUKIAIHbIX 00JacTeil, HEKOTOPbIE U3 KOTOPBIX MEPEUUCIICHBI
BBIIIIE.

Jlo cux mop He moKaszaHa CIpaBeIIMBOCTh THMOTE3bl ApTHHA [4], COTIaCHO KOTOPOM, €CiH HaTypajJbHOe
yrcio He paBHO 0, £1 U ABJsIETCS COBEPIIEHHBIM KBaIPaTOM, TO UMEET MECTO PABEHCTBO

z(x,a)=c(a) - z(x), (1)

e 7(x,a) - YMCII0 MPOCTHIX YKCEN, T(X) - YMCII0 MPOCTHIX YMCEN, IS KOTOPBIX X SIBISETCS IPUMHTHBHBIM
KOpHeM, C(a) — KOHCTaHTa, 3aBUCSAIIAs TOIBKO OT 3HAYCHHUS d.

60




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuka-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

B pabote [5] chopmymupoBaHa o0OOIICHHAs TUIOTE3a APTHHA, a TAKKE OINPENCICHBI CIIOCOOBI e¢
pEelIeHnsT ¢ TIOMOINBI0 JKCIEepUMEHTabHOW MareMaTuku [6, 7]. besycioBHO, mro0ble pe3yibTaThl,
MOJTyYEeHHBIC Ha OCHOBE KOMITBIOTEPHOTO MOJICIIMPOBAHUS, JODKHBI OBITh JOTOTHHUTEIBHO MOITBEPKICHBI
aHATUTUICCKUMH MeToamu [8,9].

[IpocToe nmpuBiIeUeHNe aHATUTHYECKUX METOJOB ISl PEIIEHUS dTOW TUIOTE3bI ApTHHA U ee 0000ImeHus
Ha JaHHBI MOMEHT HeBO3MOXxHO. CyriiecTBoBaHHe KOHCTaHTHI C(a) B (1) moaTBepkmaeT MpPOCTOE
paccyXJIeHue, a UMEHHO, YTO JOJDKHA CYIIECTBOBATh MPOLEAYpa PETYJIIPHOIO CABHra MPOCTHIX YHUCEN IS
mo00ro YHucia, I KOTOPOTO a SBISICTCS NMPUMHUTHBHBIM KOpHeM. B pabote [10] moka3aHo, 9TO TaKux
MPOCTHIX YriceNl OecKOHEYHO MHOTO. /[0 cMxX mop He OBUIO OKa3aHO, KAKUMHU CBOMCTBaMH OOJIafaroT BCE
MPOCTBIC YUCIIA, JJII KOTOPBIX 8 SIBISETCS NPUMUTHBHBIM KOPHEM, TO €CTh & SIBJISCTCS IMOPOXKIAOIIMM

3JEMEHTOM MHUKINYECKOM TPYIIIbI (Z/Zp)* s moboro pe P, rne P - MHOXECTBO BCEX MPOCTHIX
gucen [11].

UTo0Bl peniuTh 3Ty MpoOJeMy, UMEET CMBICT HM3HAYAJIbHO PEINUTh JIPYIyo, Kak HaM Kaxercs, Ooee
MPOCTYI0 3anavy. [JJisi HEKOTOPOro MPOCTOTO YKCIa ) HAWTU BCE €ro NMepBOOOPa3HBIE KOPHU U U3YUUTh HX
CBOMCTBA.

O4eBHIHO, YTO €clU A SABJseTCS KOPHEM MPUMUTHUBHOTO YHCIIA, TO IOCTATOYHO paccMOTpeTs a< pP. B

o0IIeM ciydae YHCiIo @ MOXET ObITh COCTAaBHBIM, HO He +1 W HIeambHBIM KBaapaToM. M3BecTHO, 4TO IS
JF000T0 P YUCIIO ero MPUMUTHBHBIX KOpHeH paBHO ¢@(p —1), rae ¢ — dynknus Diinepa. C yBenuueHHeM P

YKCJI0 IPUMMUTUBHBIX KOpHEW yBenuuusaercs. IlycTe M, - HEKOTOPBI NPUMHUTUBHBIN KOPEHB M3 IPOCTOTO
ancna p . Ilyers, m = { 1o Mop e My pfl)p} - MHOKECTBO BCEX NMPUMHUTHBHBIX KOPHEH MPOCTOTO YUCIa p.

[ToTeHnmanbHO, MPUMHUTHUBHBIME KOPHSIMH HPOCTOTO YMCIa P MOTYT OBITH JII00BIe uncha oT 2 1o P —1, 3a

HCKIIIOYEHHEM TeX, KOTOPBIE SIBISAIOTCS UICANIbHBIMU KBaIpaTaMH.

[IpoBepka ymucna M Ha BO3MOXKHOCTH TOTO, YTO OHO SIBJISIETCS IPUMHUTHBHBIM KOpPHEM NPOCTOTO YHcia P,
SIBIISIETCS] BBIYHUCIUTEIBHO CIOXHOW C aJTOPUTMUYECKON TOUKM 3PEHUs, €CIU NMPUHATh BO BHUMAaHHE, YTO
KOJINYECTBO TPOBEPOK yBEIMUYMBAaeTCs ¢ yBenuueHueM pP. Kpome Ttoro, mis mo00ro mpocroro yucia
BeryKcieHHe GyHKImU Jitnepa ¢@(p —1), koropas ompenesseTcs CICAYIOIMM BbIPAKCHUEM, SBISCTCS

HEINPOCTOM 3aJa4yeil:

w(p—1)=f[( “ _ paa), )

k
rae p—l:l Ipi‘li - ero mpocras (akropuzanus. Breraucienue camoit (GyHKIMM Oiepa SBISETCS
i=1

BBIYHMCIIUTEIBHO TPOCTOH 3amaueil. ['opa3mo Ooree CIOXKHOW MPOOIEMOHN SIBISETCS pa3loKeHUE Ha
MHokuTend unucna p—1. Ecin p —1 neGonbiuoe uncino, Hanpumep nopsaka 108, To 3amaga dakropusanuu

pernraercsi TOBOJAbHO mpocTo. [Ipu 3HAUMTENIbHO 00Jiee BBICOKUX 3HAYCHHMSX BO3HUKAIOT BBIUHCIIUTEIIBHBIC
TPYJHOCTH TOJ3KCIIOHEHIIMAIHHOTO XapakTepa. [ pemreHus 3aaadu paxTopU3aiy ObLTH HCITOE30BaHBI
METOJBI, ONHCcaHHbie B [11].

MeToasbl uccieI0BaHNA
CornacHo Teopeme Depma, eciti 9UCIIO M ABISETCS IEPBOOOPA3HBIM KOPHEM U3 YHCTIA [), TO BHITTOIHIETCS
YCJIOBHE

mP* =1(mod p). (3)

JT0 ycloBHEe HEOOXOAMMO, HO HENOCTaTO4HO. [1o 3TOl nmpuurnHe HEOOXOIUMO BBITOIHUTH IIPOBEPKY IO
0ojiee CHOXHOW mTporenype, npuBeaeHHoW B MoHorpaduu [11]. Ilycts 3amaHo mpocroe 4ymcio P, a
KaHJIUIaTOM Ha MPUMUTHBHBICE KOPHHU SIBISIETCS M. MBI BeIMOTHSIEM (akTopu3anuio p —1, mpeacTaBisis

k
p-1= I I P, M JUIsl K&XKJI0TO IPOCTOTO MHOYKHUTENS U3 {p,, P, .-, Py | TIPOBEPSEM yCIOBHE
i=1

p-1

m " =1(modp). (4)
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Jig aTOrO peanusyercs peKypcruBHas Mpoleaypa

Xn+l = an (mOd p) ’ (5)

p-1

Y BBHIIEYTIOMSHYTOE ycioBHE (4) MOMHKHO OBITh BHIIOJTHEHO HA TOCIETHEM IIare

oT X, =1 10 n+1=

peKypcumn.
[IpenmomoxxuM, 9TO JUII HEKOTOPOTO YHCIA BBIIOJNHSAETCS ycloBHe (4), TOTJa MBI BBIYHCISEM
MOCJIeI0BaTEIFHOCTD 3HAUCHUN

X, =1, X,,, =mx(mod p) no X, , =1(mod p) (6)

Y MBI TIOJTy4aeM BEKTOP (Xl_m1 s Xom, vees X(p_l}ml) JUIMHBL p — 2. Takue BEKTOPhI CTPOSATCS IS BCEX

m o emy =My, My e My, |- 7

O4eBUIHO, YTO IS BCEX MPUMUTHUBHBIX KOPHEH MHOKECTBA M BCE BEKTOPHI UMEIOT OJIMHAKOBYIO JJTHHY,
paBHYIO p—2. MHOXECTBO TaKuUX BEKTOPOB SBISETCS OCHOBOH JUIs aHAJU3a CBOWCTB MHOXECTBA

HNPUMUTHBHBIX KOPHEH IpocToro yucia P. OTMETUM, YTO UUKI PEKYPCHH JUls IPUMUTUBHOIO KOPHA M, HA

CcaMOM JI€JIC UMCCT BHU:

(1, Xo.m, 1001 X(p_1pm, ) (8)

[TocnenHsist equHUIIA OTHOCHUTCS K CICAYIOIIEMY LHKIY, U TO3TOMY JJIMHA IMKIa paBHa p —1, 4To

coriacyercs ¢ Manoil teopemoit ®epma [12]. AHamu3 nuKIOB (OpOHUT) PEKypCHil T MHOXKECTBa BCEX
NPUMHUTUBHBIX KOPHEH MO3BOJIMJI HAM YCTAHOBUTH, YTO IS Jt0OOro m, e {ml_p,mz_p,..., mgo(p—l)p} BCerja
CYIIECTBYST M, MHPH j# P, YTO PEKYPCHBHBIM LUKI M, 0e3 TepBOi eMHUIIBI SIBJIICTCS WHBEPCUCH U3
uukna m; . [To cyru, MHOKECTBO {ml,p M, e m(p(pfl)p} pasaraercsi Ha rapbl IPUMUTHBHBIX KOpHEH. JTO -
HOBOE CBOWCTBO MHOKECTBA PUMUTHBHBIX KOPHEH, KOTOpOE paHee He ObUTO U3BECTHO. UHCII0 MPUMUTHBHBIX
KOpPHEH SBIIAETCS HAMOOIBIIMM ISl IPOCTBIX Yucen P =Z +1 st p* - p € P, KOTOpbIe OOBIMHO HA3BIBAIOT

npoctbiMu ynciaamMu Codu XKepMeH 1 HAMMEHBLIMM YHCIIOM TIaIKuX NpocThix yucen [11]. s pa3nuanbix
p€P uncno cocraBHBIX NPUMHUTHBHBIX KOPHEH Bcerza 3HAYUTEIBHO OOJbBIIE, YeM YHMCIIO IPOCTHIX

HNPUMHUTHBHBIX KOPHEH. ITO 00BSICHIETCS JOCTATOYHO MPOCTO, MOCKONIBKY @(p —1) moka3siBaeT KOJIUYECTBO
HaTYpaJIbHBIX YUCET, KOTOPBIE SIBIAIOTCS OTHOCUTEIBHO MPOCTHIMU 110 OTHOIEHHIO K p —1.
Kaxp1ii NpUMUTHBHBIA KOPEHB SBISIETCS MPEIKOM JUISl TPYIIIIBI (Z 1Z, ) . Kpome Toro, kaxnaplii U3 HUX

TreHepUpyeT HA0Op MCEBAOCITYUalHBIX YKHCed. Eciu Mbl yCpeTHUM 10 MHOXECTBY BCEX IMKIIOB, TO MOJYyYUM
MICEBJOCIYYalHYIO MTOCIEA0BATENBHOCTb, B KOTOPOW BCE TECTHI HAa CIYYalHOCTh MO3BOJISIIOT YTBEPKIATh, YTO
B 3TOM MOCJIEIOBATEILHOCTH HET BHYTPEHHUX IIMKIIOB B KaKOH-THOO opme.

Pe3yabTaThl Hccie10BaHNUA
PaccmoTpuM npUMUTHBHBIE KOPHH U IIMKJIIBL 711 TPOCTOTO yKcia p = 37.

Tabauya 1. Obpamubiii peKypcusHbill Yuki npumumusHslx kopreil 2 u 19 npocmoeo uucaa 37

Tpumumusnwiii Ik
KOpeHb
2 2,4,8,16, 32,27, 17, 34, 31, 25, 13, 26, 15, 30, 23, 9, 18, 36, 35, 33, 29, 21, 5, 10, 20, 3,
6,12,24,11,22,7,14,28,19,1
19 19,28, 14,7, 22,11, 24,12, 6, 3, 20, 10, 5, 21, 29, 33, 35, 36, 18, 9, 23, 30, 15, 26, 13, 25,
31,34,17,27,32,16,8,4,2,1
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Tabauya 2. Obpamubiii peKypCUBHbI YUK RPUMUMUBHBIX KOpHell 5 u 15 npocmozo uucaa 37

Tpumumuenwiii Iuxn
KOpeHb
5 5, 25, 14, 33, 17, 11, 18, 16, 6, 30, 2, 10, 13, 28, 29, 34, 22, 36, 32, 12, 23, 4, 20, 26,
19,21,31,7,35,27,24,9,8,3,15,1
15 15,3, 8,9, 24, 27, 35, 7, 31, 21, 19, 26, 20, 4, 23, 12, 32, 36, 22, 34, 29, 28, 13, 10, 2,
30, 6,16, 18, 11, 17, 33, 14, 25, 5,1

Tabnuya 3. Obpammbiil peKypcusHbill Yuk1 npumumusHelx kopretl 13 u 20 npocmozo uucia 37

[IpumuTUBHBIN Ik
KOpPCHb
13 13, 21, 14, 34, 35, 11, 32, 9, 6, 4, 15, 10, 19, 25, 29, 7, 17, 36, 24, 16, 23, 3, 2, 26, 5,
28, 31, 33, 22, 27, 18, 12, 8, 30, 20, 1
20 20, 30, 8, 12, 18, 27, 22, 33, 31, 28, 5, 26, 2, 3, 23, 16, 24, 36, 17, 7, 29, 25, 19, 10, 15,
4,6,9,32,11,35,34,14,21,13,1

Tabnuya 4. Obpamusiil peKypcusHblil YUKI npumumusHulx KopHeti 17 u 24 npocmoeo uucna 37

IIpuMUTHUBHBII I
KOPEHb
17 17, 30, 29, 12, 19, 27, 15, 33, 6, 28, 32, 26, 35, 3, 14, 16, 13, 36, 20, 7, 8, 25, 18, 10,
22,4,31,9,5,11,2,34,23,21,24,1
24 24,21,23,34,2,11,5,9, 31, 4, 22, 10, 18, 25, 8, 7, 20, 36, 13, 16, 14, 3, 35, 26, 32,
28, 6,33,15,27,19,12,29,30,17,1

Tabruya 5. Obpamuulil peKypCUGHbILL YUKI RPUMUMUGHBIX KopHel 18 u 35 npocmoeo uucna 37

[IpumuTUBHBIN ke
KOpCHb
18 18, 28, 23, 7, 15,11, 13,12, 31, 3, 17, 10, 32, 21, 8, 33, 2, 36, 19, 9, 14, 30, 22, 26, 24,
25,6, 34, 20, 27,5,16,29,4,35,1
35 35,4, 29, 16, 5, 27, 20, 34, 6, 25, 24, 26, 22, 30, 14, 9, 19, 36, 2, 33, 8, 21, 32, 10, 17,
3,31,12,13,11,15,7,23,28,18, 1

Tabnuya 6. Obpamuwiil peKypcusHblll YUK RpUMUmMusHoulx KopHeti 22 u 32 npocmoeo uucna 37

[IpumuTUBHBIN ke
KOpEeHb
29 18, 28, 23, 7, 15, 11, 13,12, 31, 3, 17, 10, 32, 21, 8, 33, 2, 36, 19, 9, 14, 30, 22, 26, 24,
25,6, 34,20,27,5,16,29,4,35,1
3 35,4, 29, 16, 5, 27, 20, 34, 6, 25, 24, 26, 22, 30, 14, 9, 19, 36, 2, 33, §, 21, 32, 10, 17,

3,31,12,13,11,15,7,23,28,18, 1

3naueHne GyHKIMK Diiepa it 3Toro yncia Oyaer pasHO ¢@(p —1) =12, 94To paBHO YHCITy IPUMUTUBHBIX

KOpHEW IJIs1 JaHHOTO MpocToro gucna. Kak ciemyer W3 mpuBENEHHBIX BBINIE JaHHBIX (Tabmuisl 1-6), Bce
MPUMUTHBHBIE KOPHU MMEIOT PEKypCHBHO - oOpaTHyro mapy. Ha pucynkax 1-3 mpejicraBieHbl rpaduku
MHBEPCHOHHBIX Nap NPUMHUTHUBHBIX KOPHEN MPOCTOro uucia 37 B ABYMEPHOH cHUCTEME.

@DakTUYECKH, HA OCHOBE JAaHHBIX O MPUMHUTHUBHBIX KOpPHSAX MPOCTOTO YKcia CKJIaJbIBacTCs CIEAYIOLIAs
MOJIETh [T U3yYeHHs] MHOKECTBA MPOCTHIX YUCEN, UIA KOTOPBIX JAHHOE YHCIIO & SBISETCS MPUMUTHBHBIM
kopHeM. [Ipenmonoxum, 4To BBIOpAaHO 8 W YCTAHOBJIEHO, YTO JUII HEKOTOPOTO P YHMCIO & SBISETCS

IIPUMHUTHUBHBIM KOPHEM. Mu1 HaxXoauM MHOXECTBO IPUMUTHBHBIX KOPHEH YKCJia mp = {ml_p , mz_p yeeny m(p(p_l)p }
M IIYCTh a NMPUHAJICKUT 3TOMY MHOKECTBY.

Kpome Toro, mycTs HEKOTOpOe P° >a TakKe MPUHAIICIKUT m,.
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Pucynox 1. [Ipumumusnuie kopru 2 u 19 npocmoezo uucna 37 6 08ymepHol cucmeme
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Pucynok 2. [lpumumuenwvie kopru 5 u 15 npocmoeo wucna 37 6 08yMepHOU cucmeme

35
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Pucynox 3. [pumumuenvle xopuu 13 u 20 npocmoeo uucaa 37 6 08ymepHoll cucmeme

W3 aHanm3a sKCrepMMEHTAILHON MaTeMaTHKH CIEIYeT, YTO 8 TaKKe SBISETCS MepBOOOPasHBIM KOPHEM
st p°. Takum 06pa3om, IMEET MECTO CXeMa!

a—>p >p=>a—>p 9)

Ecnu 3TOT nepexoaHblii "3aK0H" OKa)KETCS MPABUIIbHBIM, TO MOSBHUTCS JONOJHUTEIbHAS HHOOPMAIUS O
3aKoHaX (hOPMHUPOBAHUST MHOXKECTBA MPOCTHIX YUCEI, JUIT KOTOPBIX & SBJISIETCS IPUMUTHBHBIM KOpHeM. MTak,
B THIIOTe3¢ APTHHA, OCHOBAHHOW Ha JIJAHHBIX DKCIIEPUMEHTAILHON MaTeMaTHKH, yCTAaHOBJICHBI JBa (hakTa:

1) s aroboro p € P MHOKECTBO

m, ={ml-p’mz-p""'m(p(p—l)p} (10)
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pa3aciiiM Ha mapbl, B KOTOPBIX PEKYPCUSA Ha OCHOBC OAHOI'O 3JICMCHTA ABJIACTCSA 06paTHOfI PCKypCun Apyroro
OJICMEHTA I1aphbl. HapH MOI'yT OBITH O6pa3OBaHBI ABYMs IPOCTBIMU YUCJIaMU, ABYMA COCTaBHBIMH YHCJIaMU U
OJHUM IMMPOCTBIM U OAHUM COCTABHBIM. HeO6XOI[I/IMO J0Ka3aThb 9TOT (paKT AHAJIUTHUYCCKH. I[J'DI CyII€CTBOBAHUA

WHBEPCUH HEOOXOJMMO U IOCTATOYHO, YTOOBI B JII000I mape (ml_p , mz_p) HepBbIi AIeMeHT pekypcuu M, ObLI

paBeH nocienHeMy B M, 1 HA000POT. DTO MOAPa3yMEBAET PABEHCTBO IBYX PEKYPCHH. Y CIIOBHS, IIPH KOTOPBIX

3TO NPOUCXOAUT, BEPOATHO, JIETKO YCTAHOBUTh. T pyAHEE N0KAa3aTh, YTO PEKYPCHH COBNAAAOT TP UHBEPCHUH.
2) IIpeamonoxum, 4TO a — MPUMHUTUBHBIA KOPEHB [UIsl BceX p e P, = {p1 e Pa }

Hoxasare: mycte @ — pu p, = p, =a—>p, IpA a< p, <p;, TO €CThb CYIIECTBYCT TPAH3UTHBHOCT.

Bronne BO3MOXXHO, YTO 3TO NEPEHOCHTCA Ha TEOPUIO KOHEYHBIX IOJIEH, 3JUIMNTHYECKUX KPHUBBIX HU
MOJYJIAPHBIX (pOpM.

Baxwnplii Bompoc: kKak HaWTH MOIYJIb M Takod, YTOOBI OCTATKH 3TOr0 MOAYJS Ha P, OTIMYanuch OT
OCTAaTKOB 3TOT0 MOJAYJII Ha MHOXkecTBe a P —P,. Bompoc o cyiecTBOBaHMM Takoro MOAYJS OCTaeTCs
OTKPBITBIM. BO3MOXHO, 4TO CYHIECTBYET CUCTEMA MOLYJIEH {ml,..., m, }, OCTaTKH HaJ KOTOPHIMU 00JalatoT
CBOICTBaMH, ONpeeNIseMbIMU HEKOTOpoit QyHkuueit tuna  f(Z,,,..,Z,, ). DTO MOXET ObITh CBS3aHO C

Teopemoit JJupuxite 06 apudmernyeckoii mporpeccuu. Borpoc 0 ToM, MOXHO J1 €ro 0000IIHUTE HA CUCTEMY
apu(METUIECKUX MTPOTPECCHA, OCTACTCS OTKPHITHIM.

3akino4eHue

AHanuzupys NepBUYHbIE KOPHH, OOHAPYKEHO, YTO CYLIECTBYIOT aphl IPUMHUTHUBHBIX KOPHEH, B KOTOPBIX
peKypcusi Ha OCHOBE OJIHOTO 3J€MEHTa SBJseTcs MHBEpCHEH PeKypCHM JpYyroro 3jaeMeHTta napbl. Eciu Mel
00BSICHUM 3TOT MOMEHT aHAIUTHYECKUM CIIOCOOOM, MBI MOJYYHM JIOTIOHUTENbHYIO HH(POPMALHIO O 3aKOHAX
(OopMHPOBaHUs MHOXKECTBA MPOCTHIX YHCEIN, IJI KOTOPBIX & SIBIISIETCS NMPUMUTHBHBIM KOpHEM. lIporecchr
B3aUMOJICUCTBYS PEKYPCUBHBIX LIUKIIOB MEKY Pa3JIUYHBIMU IIapAMU IPUMUTUBHBIX KOPHEU IIPOCTOIO YHCIIA
p. JlokazaHo, 4TO IMHAMUYECKHE MPOLIECCHl UMEIOT Xa0TUYECKYIO TPUPOTY, UCCIEIOBaHNE KOTOPOH ABIsAETCS
BAKHOH 3a7a4ueil TEOpUl JUHAMUYECKUX CUCTEM.

BaaropapHocTn
Paboma svinonnena npu noooepaicke epanmogo2o GUHAHCUPOBAHUS NO HAYUHO-MEXHUUECKUM NPOEKMAM
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®EPMUOH/IBIK OPICI BAP f(Q, B) TPABUTALIMACHIHBIH, 9CEPI }KOHE KO3FAJIBIC
TEH/IEYJIEPI

Axoamna
Byt sxymbIcTa GepMHOHIBIK OPIC MEH TOJTHIPBUIFAH Ka3bIK jkoHE OipTekTi OpuaMaH OJEMiHIH MPaBUTAIUACHIHBIH
MoIuHUKAIMJIAaHFAaH TCOPUSACHIH KapacThipambi3. JKasblK jkoHe Oiprekti Ppuaman Ojemi HETIi3ri KOCMOJIOTHSIIBIK
MOJIeNbACPAIH Oip OOMBIN TaOBUTAIBI KOHE 01 OaKpLIaY ACPEKTEepIMEH kakchl yitnecimai. Cebebi, yinken MaciitadTapaa
Onemi Jka3blK, OIPTEKTI JKOHE U3OTPONTHI Jen ecenteyre Oonaabl. JKYMBICTBIH MakcaThl TPABUTAILUSHBIH
momupukauusaaaran T (Q, B) Teopuscel menbepinge OneMHiH YAEMEN YWIFAK JBOJIOLMACHIHBIH EKiHII Ke3€HiHiH

(pazachIHbIH) IMHAMUKACHIH TEOPHSIBIK TYPFbIAa 3epTrey. Q METpHKAIBIK €eMeC CKajsp, OJ1 Mapajuielb TachIManaay

NPOLIECIHAC BEKTOpP Y3BIHIBIFBIHBIH ©3repyiH MaTeMaTHKaIbIK TYpAE CHUIATTalAbl JKOHE TIPaBUTALMSJIBIK OCEPIiH
KACHETTEPiH CHUMATTaiThIH HETi3ri TeOMEeTPUSIIBIK aifHBIMAabl OOJbIN TaOblTaabl. Al B ckauspbl, Puuaun ckamsapel R
MEH ILIMpaTy CKASphl 1 apachiHjarkl miekapansik mymie. Kapacteipsurran f(Q,B) rpasBuranmsnbik Mopenine

KO3FaJIBIC TEH/ICYJIEPiH aHBIKTAY YIIiH BapHAIMSUIBIK 9J1iC KOJIIAHBUIJIBI.
Tyiiin ce3gep: KOCMOIOTHS, TpaBHTAIMs, DHHIITEHH-I MIEOEPT ocepi, KO3FAIBIC TEHACYi, METpUKa, BapHAIlHs,
(hepMUOHIBIK epic.

Annomayus
C.C. Bexoe*?, A.5. Anmaiibaeea*, K.P. Muipsaxynos*
Y Eepasuiickuii nayuonanvuuiil ynusepcumem um. JL.H. 'vmunesa, 2. Acmana, Kaszaxcman
2Cesepo-Kazaxcmanckuii ynusepcumem um. M. Kozvibaesa, 2. Ilemponaenosck, Kazaxcman
JIEVNCTBUE U YPABHEHWUSI IBUKEHUA B f (Q, B) TPABUTAIIMA C ®EPMHUOHHBIMHA MOJISIMU

B manHOI paboTe paccMoTpeHa MOAUGUIIMPOBAaHHAS TCOPHS TPABUTAIIUN 1 HEMUHIMAJIBHO CBSI3aHHOE (pepMHOHHOE
moJie Ha poHe TUIOCKOTro M oxHOpoaHOTO Becenennoit @punmana. [lnockas u ogHOpomHasii Becenennass @puamana -
9TO OJIHA U3 OCHOBHBIX KOCMOJIOTHYECKIX MOJEJICH, M OHA XOPOIIIO COTJIACYETCSI C JaHHBIMU HAOIIOACHUH. DTO MOTOMY,
4TO B OOJBIIMX MaciTabax BeeneHHyo MOKHO CUHTATH IMIIOCKOW, OJHOPOTHON ¥ M30TPOIHOM. Llenbio paGoTh sSBIIsETCS
TEOPETUIECKOE N3YICHHE JUHAMUKH BTOPOTO 3Tana ((a3sl) 3BOIIONUN YCKOPEHHOTO paciiupenne BeeneHHol B paMkax
moaupumuposannoit Teopun f (Q, B) rpasuranuu. Q Hemerpuyeckumii ckansp, KOTOPBI MAaTEMaTHYECKH OMMCHIBAET

W3MEHEHHUE JUIMHEI BEKTOPA B MPOIIECCE MAPAILIENBHOTO TIEPEHOCA U SBJISAETCS OCHOBHOM T€OMETPHYECKOM MEPEMEHHOM,
OHPICBIBa}OHIeﬁ CBOMCTBA TpaBUTAITUOHHOT'O B03ﬂeﬁCTBHH. CKaﬂﬂp B saBnsgercs TOTpaHUYHBIM YJIICHOM MEXY CKAJIAPOM
Puuun R wu ckamsipom kpydenwe T . BapuannoHHBIM METOJOM OBIIM OIpPENCIICHBl YPABHEHHS BHKCHHS B
pacemotpennoii f(Q, B) rpaBurannonHoii Mozenmy.

KiroueBble c10Ba: KOCMOJIOTHS, TpaBUTAIUs, AeHCTBUEe DUHIITEHA-I nip0epTa, ypaBHEHNE IBIDKEHUS, METPHKA,
Bapwuarnus, HepMHOHHOE ITOJIE.
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Abstract
ACTION AND EQUATIONS OF MOTION IN f(Q,B) GRAVITY WITH FERMIONIC FIELDS
Bekov S.S. 12, Altabayeva A.B. !, Myrzakulov K.R. !
!L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2M. Kozybayev North Kazakhstan University, Petropavlovsk, Kazakhstan

In this paper, a modified theory of gravity of a filled fermionic field of a flat and homogeneous Friedman universe is
considered. The flat and homogeneous Friedman universe is one of the main cosmological models, and it agrees well with
the observational data. This is because on a large scale, the universe can be considered flat, homogeneous and isotropic.
The purpose of the work is to theoretically study the dynamics of the second stage (phase) of the evolution of the
accelerated expansion of the Universe within the framework of the modified theory f(Q,B) of gravity. Q non-metric
scalar, which mathematically describes the change in the length of the vector in the process of parallel transfer and is the
main geometric variable that describes the properties of gravitational influence. The scalar B is a boundary term between
the Ricci scalar R and the torsion scalar T . The equations of motion in the considered gravitational model were
determined by the variational method.

Keywords: cosmology, gravity, Einstein-Hilbert action, equation of motion, metric, variation, fermionic field.

Kipicne

Kazipri kocmomorusiza OnemHIH eKiHON (a3aiblk yaeMeri YiIFar0 KYOBUIBICHIH TYCIHAIpY YIIiH
TPaBUTAMSHBIH CTAHNAPTTHl TEOPHWSCHI, SFHU KAl CAJBICTHIPMANBUIBIK TEOPHSACHIHBIH  OPTYPIi
MOAM(UKANUIIAPBl KOJNAAHBUIAABL. OAETTe, TEOPHSHBIH MYHIAH MOIU(HKAIMIApbIH €Ki Typre Oeyre
Oonasl:

— OipiHmIiCi CKaJApIBIK epicTep, KBHHTECCEHIHS, (haHTOMIBIK epicTep, TaXWOHMBIK epicTep, XHITC
0030HBI Hemece (QEepMHUOHIBIK epicTep cHAKTH Jlarpamk (QYHKIMSACHIHA ocepre 3aT OpICTepiHiH JKaHa
KypamJiacTapbl KOChIIaThIH Mojenbaep [1,2].

— ekiHmici oy moaenaepnae Jlarpamx QyHKIHUACH TOPT ONMIEMAl KEHICTIK-YaKbITTBIH T€OMETPHSIChIHA
’KayanTbl KOMIIOHEHTTEP/I1 KAJBUIANTEIH MOJICIBAEP, MBICAIBL, f(R) rpaBHTANS TEOPHACH (MyHIarsl R -
Puuun ckansper), Tenenapamiens rpasutanus, f(T) rpaButamus (MyHAAFel | - mMpary ckauspbl), f(Q)
rpaBuTanus (MyHIars!l Q - METPHUKAIIBIK €MeC CKalsIp), JKOHE OJIAPIBIH OPTYPIIi MOAN(PHUKALMIIAHFaH HEMece

OipikTipiiireH Teopusuiapel [3-7]. Mbicanbl, Tenemapaiellb TpaBUTAIMS KAl  CAIBICTHIPMABLIBIK
TEOPHSICHIHBIH AJIbTEPHATHUBTI TEOPHSICHI OOJIBIN TaObIIa bl )KoHE OHBI A.DUHINTEHHHIH 631 rPaBUTAIIUSIIBIK
JKOHE DIIEKTPOMArHHUTTIK epictepai OipikTipy yimiH ycbiHFaH. Jlarpamx (QyHKIUSACBIHIAFBI KHUCBIKTHIK
CKaJSIpbIH OaiiaHbic PyHKIUSICHIMEH aybIcThipy apkbuibl F(R) rpaBuTaliius Teopusichl yiriH DHHIITSHH-
Iuns0ept ocepin  TonbIkThIpyabl 1970 xbutel X.A. byxman ycemasl [8]. by rpaBuTanusHbIg
MOIUHUKALMIIaHFaH TEOPUSCHl MHQIIALIUSIHbI, KYHIIPT SHEPIus, KOCMOJOTHIIBIK TYPaKTBIHBI Cepabik
CUMMETPHSUTBI HISIIM/EPAl CUTIAaTTay YIIiH KOJIaHbUIFaH.

f(Q) epasumayuscor

Huddepennmanapl reoMeTpusiia CUMMETPUSUIBIK (,, METPHKAJBIK TEH30p BEKTOPABIH Y3BIHIBIFBIH

uv

AHBIKTAy HETI3iHAE KOJJAHBUIAABI, al X',y aCMMMETPHMSUILIK OaijaHbIC KOBAPMAHTTHI TYBIHABLIAD MEH
napajuiesib TaChIMaJlIay/ibl aHbIKTAY YIIH KoJfaHbuiafbl. COHABIKTAH ainbl ahduHik OalIaHbICThI YIII
komrioHenTke Oenyre OGomamel: I, Kpucropdens cumsons, C’.  kucaro Tenzopbl xone L
nedhopMaIsUTBIK TEH30D

2w =T +C7 s + U, @

MYHJaFbl §, METPHKAJIBIK TCH30pPMEH I'7 v JleBu-YuBura OaiilaHbIChl KENECiIEN Typ/Ie )Ka3bLIaIbl

0 0
ry;,viig”(ag‘” + gqu _ g/"/), (2)

ox* ox"” OX°?
Konropceron tenzopsin C7 v ToMenerizei xasampi3
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1
nyv EET}//IV +T(#yv), (3)

myHaaFsl 17w = 2271w — mmpary Tensopsl. Bynan, L. nepopmanus tensopein Q = MeTpUKAJIBIK eMeC

/04
TEH30p/1aH aHBIKTaMbI3

L =

97 (Q,. +Qu —Q,. ) 4)

N~

XKorapsina kenripinren (4) reraeyaeri Q  MeTpUKansiK emec TeH3op, Beiin-Kapran X7, GaiinaHsicbiHa

v
KaTbICThl MCTPUKAJIBIK TCH30PAbIH CHeIII/I(bI/IKaJ'II)IK KOBApHUAHTTbI TYBIHABICHI (MI/IHyC) 6OHBIH Ta6BIJ'IaI[BI

Q}ﬂtv :V}/gyv
Q}/ﬂ\/ = _aygﬂv + gvo-zo-ﬂ}/ + gmzavy- (5)

BaiinaHpic MIUPaTyChI3 JKOHE KHCBIKTBIKCHI3 jen ecenrteneni [6]. On TpuBHaIbIsl KOCBUIBIMHAH Ta3a
KOOpJMHAT TYpIeHAIpYyiHe colikec kemeni. Ochinaiima, jKa3bIK KoHe IUpaTychl3 Oainanpic yuriH (1) Teraeyai
napaMmerpiieyre 0oJyiajbl.

. ox”
z’#ﬁ =@6”8ﬁ§p (6)

MYHJAFbI 57 =& (X” ) KOHBEPCHSJIAaHATHIH OalaHpIC OOMNBIN TaOBUTANBL. baitmaHbic >7 v HKOWBLIATHIH

KOOpAMHATTap XKYHeciH Tanian ainyra 6onaisl. by V - kamubpiey mwaptbl 601bI TabbUIa/Ibl )KOHE KONTEreH

JKanme! canmpICTRIPMAaTBUIBIKTBIH CHMMETPHSUITBI TeJleTIapalIelb SKBUBAIICHTIH 3epTTEYAe KOJIIAaHbUIFaH KHE
OyJ1 JKaFIaiiia KOBapUAHTTBI TYBIHIBI O, AepOec TyblHabIFa jAeiiin asasapl. Ocbuiaiiina, coiikec KaauopIiey

KOOpAWHATBIH aHBIKTaP'IMBI3

Qu ==0,0,,- (7)

CHUMMETpPUSIIBIK TeJenapauieb TPaBUTAIUSHBIH TCOMETPHSUIBIK CHUIIATTaMachl CoHKec KaiuOpiey
KOOPJIMHATTAPHI LIETTHAE JKAJIbl CalbICTHIPMAIBUIBIK TEOPHACHIHA JKBMBANECHTTI, oHma 2 » =0 xome
C’uw =0, (3) TenaeyeH TOMEHIET] KOPBITBIH/IBIFA KEJIEMI3

Iy ==L"4. (8)

Ocpinaifia, METPUKAIIBIK €MeC CKaJIsIp TOMEHETiIeH aHBIKTaa bl

Q=-Q,. ™ (9)

f (Q,B) rpaBuTanMAAAFBI Acep KIHE KOFAIBIC TeHAeyaepi
Bynt Gemime TpaBUTAIMSIIBIK OPICIIEH MUHUMAJIBI eMec Oaitnanpickan (Gepmuonasik epictid f(Q,B)

TpaBUTALIUS MOJIEITH OIPTEKTI, Ka3bIK XKoHE H30TponThl DpHUaMaH OJIeMiHAe KapacThpamMbl3. PUauu ckamspbl
R MeH mmpary ckaispsl T IeKapaiblk MyIIe apKbLIbl OaiiiaHbICaIbl

R=-T +§6”(eT"):—T—B, (10)

MyHJail OalJIaHBICTHI B=(2/e)<9 u (eT" )=V (1" nen emrizinren. Merpuxansl emec ckanap Q xome B

HIeKapablK MYLIEeCiHe KaThICThl MUHUMAJIIbl OalinaHbIcTa eMec epMHOHIBIK OpiCKe apHaIFaH acep/i Keneci
TYpJ€ ’Ka3aMbl3

s = [d*xefF(u)f (@ B)+%[¢/7F“(éy —0, -7, +0, |-V (), (11)
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MYH/Ia €= det(ej): J—0,an e terpana Gasuci, ¥ xkoHe ¥ =y 'y° CIMHOPIBIK OPIC KOHE OHBIMEH

OipiKTipiireH KOMIUIEKCTI TyHiHeci. ['paBuTanmsMeH OailaHbICHIH JKOHE ColiKeciHIIe (hepMUOHIBIK OPIiCTiH
©31HIIK ocep €Ty IMOTEHLMaJbIH OlnipeTiH V(u) KOHE F(U) Kanmeitanral QyHksiap. Fokxone V

(yHKIMsIIaphl TEK KaHa CHI3BIKTBI eMec U =i/ (yHKOuschiHa KatbicTel, [ =eXy® upak-Ilaynuasia
*annbutanrad Marpunanapbl. Onap Knuddopa anredpacbin KaHaraTTaHIBIPAIbI, {7/” ,;/V}= 29*" MyHIarsl

UTypANIBIK JKAaKIIa aHTUKOMYTAllMIBIK KaTblHAcThl Oinmmipeni. KosBapuanTel TyeIHAB €2 Keleci Typae
MY y p p y a YP.

Oepimeni
Dy=0y-Qy,
bepmuonzabr Gaimansic ), Kemeci (opmynameH aHbIKTalbIHAZBL Q= _%9;70 [F; —e/0 ”eﬁ; ]F"T‘S,

mynnarsl [ Kpucroddens cumBomsia Ginmipesi.
Consiven 0ipre @puaman-PobepTcoH-Yokep MEeTpUKachH KapacThIPaMbl3

ds? = —dt? +a* (1) (dx® + dy? + dz?) (12)
Byn meTpuka yiriH TeTpana TeH30pBIHBIH KOMIIOHEHTEPI KeJleci TYpe *Ka3bliabl
(e?)=diag(La,a,a), (e*)=diag(Ll/al/al/a)
Kuceik keHictik-yakpit ' ymrin Jupak Matpunanapst (j =1,2,3)
'=y° Di=a'y), r*=-i/gr'rriri=y° r,=;° I, =ay
JEMEK,

1.
Q,=0, Q, :Ea}/‘yo.

Jupax MaTpunanapsl Heri3iHae )Ka3bpUIaThlH raMMa MaTpUaap:

SRR

mynzna | =diag (1,1) xoHe o Tlaynm MaTpuuanapsl, Keneci Typ/e a3zaMbl3:

LYol
10 i 0 0 -1

Colikec narpamkuaH KeOEHTKIIITEpiH TaHuay >KOHE JKOFaphl PETTi TYBIHABUIAPIBI OOJIBIpMAY YIIIH
OerikTep OOMBIHIIA WHTETpajIay SAICIH KOJIaHbIN L JlarpamkuaHabl KaHOHIBIK TYPAE ally YIIIH ocepi
KeJeci Typ/ie kKa3aMbI3

S= Id“xe{Ff — Z{Q + 6%}— /‘L{B + 6[§ + 2%)] +%(:/77/°y) —W%//)—v.} (14)

a
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XKorapeigars! (11) regaeyneri @punman-PoodepTcoH-Yokep METpUKACH! YIIiH IUPATy CKaIsPbIHBIH )KOHE
IIeKapaiblK MYIICHIH MOHAEP1
.2 .o 22
a da a
0ot o t.2t)
a

a a

JlarpamxkasiH eKi (hakTopra KaThICThI €KeHiH eckepin. Ocepai Q sxoHe B OoliblHIa BapHalMsiacak

A= F(U)MZ Ffy, 4, = F(u)m: Ff

, 15
) B 8 (15)
COHJIa YKOFapblJa KOPCETLITeH dCep/Ii TOMEH IETIIEH Ka3aMbl3
§ = [d*x{Fa’f - Fa’Qf, - 6Faa’ f, - Fa'Bf, + 6Fa’af, + 6Fa‘aQf,
(16)

o I (— 0. =
+6Fa’aBf,, + as{i (1//}/01// —l//}/OI//)—V.:l}

KapacTepbutbill  OTBIpFaH MOAEh YIIH HYKTeNmik Jnarpamxuasabl (12) xone (16) TenaeynepiHiy
KOMETIMEH KeJleci TYpAe aHBIKTaliMbI3

L=Fa’f — Fa’Qf, —6Faa*f, — Fa’Bf, + 6Fa’af, + 6Fa’aQf, +
24P I 3(=-,,0 - —— 0 3 (17)
+ 6Fa‘aBf +Ea (1//;/ W —yy l//)+a V.

MYH/Ia METPUKAHBIH OipTEKTUIIrT MEH M30TPONTHUIBIFBIHA OAMIIaHBICTHI CIIMHOP OpPICi TEK yaKBITKA TOYeNIi
JeTl ecenTenei, sFHu ¥ = W(t)-

Enni kapacThIpeill OTBIpFaH MOZEIb YILiH KO3FaJIbIC TeHAeY IepiH aHbIKTaiiMbI3. O yurin Dinep-Jlarpamk
TeHIeyJIepiMeH HOJIIIK SHEPrHsl IAapPTHIH M1a1aTaHaMbI3:

oL_da_, o,

=0, Zg-L=0 18
oq dtag a0 (18)

Oiinep-Jlarpamk TeHJAEYJIEpIMEH SHEPreTUKAIBIK KYH TEHJICYl NaijagaHbll KeJleCiied KO3FallbiC
TEHJICYJIep JKYHECIH anaMbIi3

a- : a’ Fa v
GE(QfBQ + BfBB)+(Q—6?] f, +(B+6Egjf8 ~f+ =0 (19)
. . . . A/ . F. . F. .
QBf s + QBfay + Q% Fagg + B oz —2;(QfQQ T BfQB)+(2EQ+Q}fBQ +(2EB+ BJfBB -
. y (20)
a’ .4 .aF 1 E o1 1. 17Ti :
& 224028 Colf | e IBf, — = f - — | L% )~V |=0,
(az a “aF 2QJQ (F 2 JB 2 2F[2(W"/ 77'v) }
U BAa e s
1//+§gl//+|V;/ w —IifF'y y =0, (21)
-~ 3a_ 71— 0 H r—. 0
l//+§5v/—IV yy —ifF'yy” =0, (22)

By Tenzeyep jxyieci ChI3BIKTBI eMeC eKiHII PeTTi AuddepeHrnaIAbIK TeHAeYIep 00JIbI TaObUIaIbI.
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(21)-(22) epic TenaeyaepiH KoIIaHa OTHIPBIT TOMEHICT] MICIIiM/II Ta0aMBbI3.

. a
u+3—u=0, (23)
a
OCHI TeHCY1 HHTErpaIIaiiTeiH 00JIcak KeJeci MeniMal aJamMbi3
u
u= a—‘; (24)
MyHnarel U, HHTErpainay TypakThicel. Erep memmimaeni kemeci Typae izaecex
F=hu", V=", (25)
f(Q,B)=b,Q+mB . (26)

XKorapeina (24)-(25) xone (26) termynepai (19) xo3ranmbic TeHJCYIHE KOJIAHBIT TOMEHICTI TCHICY
aJaMbI3

a 3
H=2=2(C, -t 27
—=>(C.-Y (27)
Mynnarer, C; Typakrtel mama. COHBIMEH KaTap, SHEPIUs THIFBI3IBIFEI MEH KBICBIMABI Kelieci (opmasa
TabambI3
p=3H?=27(t-C,), (28)
p=—3H?-2H =27f7(t—C1)2—3. (29)

OJIeMHIH YJIFalobl KYW MapaMeTpi TeHJAeyi apKbUIbl CHIIATTANAbl, O KBICHIM MEH TBIFBI3/IBIKTHI
0aifmaHBICTHIPATHIH (PYHKITHS OONBIT TaOBIIa T

p=ap (30)

MYHJIarel @ — Kyil TeHzueyi mapametpi. Erep @ >—1/3-ten ynxen Gonca, onma OneM 6asty KapKbIHMEH
wrrasiiel. Kyl mapaMetpi TeHaeyine 0ailmaHbICThl OJEMHIH YIFAIOBIHBIH KeJleci Typiiepi 0ap

- KBHHTecceHIws dazacel — —1/3>w > -1

- nie Currep Onemi — @ =-1/3

- (danToMIbIK Paza— @< -1

KapacTeipbuiran MoJiens YIIiH KY# apaMeTpi TeHAeYiH jkoHe Oasyinay nmapaMeTpiH Keleci/iell aHbIKTayFa
OoJ1aabl

1 1

p
=r_-_ - = 31
p 9(t-C)* 4 (1)
aa 5
q:—gz—ECl. (32)

-0.6

—0.8-

-0.54

Cypem 1. Kyii menoeyi napamempiniy @ yaxoimiol U 6atinanvicmol paguzi
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Erep, C, = -1 nen ancak, Ky# TeHzaeyi mapaMeTpi MUHyc Oipre ymrouiazasl (cypet 1). by memiM OneMHig
YZAeMei YIFalobIHBIH KYHTIPT SHEPTUsl MOAEIH KaHaraTTaHabipaast [9,10].

KopbIThIHABI
®puaman-PoGepTcon-YoKep KEHICTIK-yakbIT MeTpukachl yimin f (Q, B) TPaBUTALMUSIIBIK  MOJAECTIH
3epTTediK. byi Mojens yIiH HyKTelliK TarpaHKuaH )KoHe Colikec epic TeHaeyepi anpIktanpl. benriciz F,V

(GYHKIMSAIAPBIHBIH MIemimMaepi ansiHabl. OChl aHBIKTAIFAH MIaMaapIsl KOJIAAHbII, KapacThIPhUIFaH MOJEITb
YIIiH KYH mapameTpi TeHjaeyi koHe Oastynay mapamerpi TaOburapl. byn memimzaep, OnemHiH ynemeni
VJIFAIOBIHBIH €KIHINI Ke3CHIH CUIATTalThIHBI KOPCETTLIII.
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FORMATION OF CONVECTIVE FLOWS IN THREE-COMPONENT GAS MIXTURES AT DIFFERENT
DIFFUSION CHANNEL RADIUS

Tolepbergen A.G.", Mukamedenkyzy V.*, Moldabekova M.S.*, Mirmanova D.S.*

! Al-Farabi Kazakh National University, Almaty, Kazakhstan
“e-mail: arsen4236@gmail.com

Abstract

There are number of effects that distinguish multi-component gas diffusion from binary diffusion. According to the
analysis of existing works, convective instability occurs in some systems with significantly different diffusion coefficients
and specific geometric and thermophysical properties. By analyzing the stability of the system, it is possible to determine
the parameters that can cause transition from diffusive state to convective one. However, this method does not allow to
consider the dynamics of the process to characterize the development of convective flows in three-component systems
and to assess the influence of the diffusion channel size on the occurrence of concentration gravitational convection. The
paper considers the application of mathematical model implementing the method of splitting by physical parameters to
describe the occurrence of convective flows. The concentration fields of gas with the highest molecular mass at different
moments of time are numerically calculated.

Keywords: gas mixtures; diffusion; convection; instability; numerical calculation; isothermal mixing.

Anoamna
A. Tonenbepzen®, B. Myxameoenxwizvi*, M.C. Monoabexosa', J.C. Mupmanoea*
L On-@apabu amvinoazer Kasax ynmmuix ynusepcumemi, Anmamol ., Kazaxcman
AN Y3USJIBIK KAHAJIJIBIH OPTYPJII PAANYCTAPBIHIA YIHKOMITIOHEHTTIT'A3
KOCHAJIAPBIHJAFBI KOHBEKTUBTI AFBIHJAPIBIH ITAMJIA BOJIYBI

KenkommoneHTTi ra3 nuddy3usicbin oOuHapisl quddysusaaan axeipaTaThiH OipkaTap acepiiep 6ap. KonmaHbicTarst
KYMBICTAp KOPCETKEH/eH, KOHBEKTHBTI OPHBIKCHI3ABIK Anbdy3us kodaQduIMEeHTTepI MEH TI'eOMETPUSUIBIK JKOHE
KbUTYy(DU3UKAIIBIK KACHUETTepl epeKIIeNeHeTiH Kei0ip xkylenepae namybl MyMKiH. OpHBIKTBUIBIKTBI TaJIayJbl KOJIIaHa
OTBIPBIN, TUGPY3UIIBIK KYI/IeH KOHBEKTHBTI KYire aybicyra OONaThIH mapameTpiiep ayKbIMBIH aHBIKTayFra Ooiajpbl.
Amnaiima, Oy ofic YIIKOMIIOHEHTTI JKy#enepaeri KOHBEKTUBTI aFbIHAApIbIH JAMYBIH CHIATTAy XoHe AU(Qy3UsIIbIK
KaHaJ eJIIeM/IepiHiH KOHICHTPAIs-TPaBUTAIMSIIBIK KOHBEKIIUSIHBIH Maiaa O0TybIHa ocepiH Oarajay YIIiH IpOIecTiH
JMMHAMUKACBIH KapacThIpyFa MYMKIHAIK Oepmetini. JKyMpIcTa KOHBEKTHBTI aFbIHAAPIBIH MMaiiia 0OIyBIH CHIIATTAY YIIiH
(bu3HUKaIBIK HapaMeTpIiep OobIHIIA 06Ty 9/1iCiH JKY3€ere achIpaThlH MaTeMaTHKAJIBIK MOZIEIb 1 KOJIaHy KapacThIPbUIFaH.
VYakpITTBIH 9PTYpJli MOHAEPIHAE €H YJKEH MOJIEKYyJalblK Maccara M€ ra3 KOHIEHTPAlMSCBHIHBIH epicTepi CaHIbIK
ecenrene].

Tyiiin ce3aep: ra3 xocnanapsl; quddy3us; KOHBEKIHS; OPHBIKCHI3IBIK; CAHBIK €CENTey; M30TePM/IIK apaiacy.

Annomayus
A. Tonenbepzen®, B. Myxameoeuxuizort, M.C. Monoabexosa®, J].C. Mupmanosa®
YKaszaxckuii nayuonanvuwiii ynusepcumem umenu anv-Papabu, 2. Armamer, Kazaxcman
OBPA30OBAHUE KOHBEKTUBHBIX TEUEHU B TPEXKOMITIOHEHTHBIX 'A30BbIX CMECSIX
IMPU PA3JIMYHBIX PAJIUYCAX JTUPDPY3ZUOHHOI'O KAHAJIA

CymectByeT psa 3¢ (exToB, KOTOpbIE OTINYAaI0T MHOTOKOMIIOHEHTHYIO Ta30BYI0 1n( G y3uro ot 6mHapHOi. CorlacHO
aHAJIM3y CYLIECTBYIOMIMX pPadOT, KOHBEKTHBHAs HEYCTOHYMBOCTH MOXKET Pa3sBUTHCS B HEKOTOPBIX CHCTEMax CO
3HAQUUTEJBHO pa3NMyaromuMucs kodpduimentaMu  audpdy3nd U creqU(PUUECKUMH TE€OMETPHYECKUMH |
TEIIO(QU3NYECKUMHU CBOHCTBaMH. MOXHO OINpPEAEINTh IMANa30H IMapaMeTpoB, IIPU KOTOPHIX BO3MOXKEH IEpPEexXoia M3
T (y3HOHHOTO COCTOSIHMSI B KOHBEKTHBHOE, MCHOJIB3Ysl aHalM3 Ha YCTOWYMBOCTH. TeM He MeHee, ITOT METOJ He
MO3BOJISIET PACCMOTPETh JIMHAMHKY IIpOIecca, 4YTOOBI OXapaKTepH30BaTh pPa3BUTHE KOHBEKTHBHBIX MOTOKOB B
TPEXKOMIIOHEHTHBIX CHUCTEMax M OLEHHUTh BIHMAHHE pa3Mepa AU(PQGY3MOHHOTO KaHala Ha BO3HHKHOBEHHE
KOHILIEHTPALOHHOW T'PaBUTAI[MIOHHOW KOHBEKIMH. B paboTe paccMOTpPEeHO NpHMEHEHHE MaTeMaTHYeCKOW MOJIelu,
peanmy}omeﬁ MECTOA pacCHICIIICHUA I10 q)I/ISI/I‘IGCKI/IM nmapaMeTpaM i ONMHUCaHWA BO3HUKHOBCHHA KOHBCKTUBHBIX
MOTOKOB. UHCIIEHHO pacCYUTAHBI OIS KOHIICHTPAIUHY Ta3a ¢ HanOOJbIIeH MOJIEKYJIIPHON Maccoi B pa3HbIe MOMEHTHI
BpPEMEHHU.

KiroueBble ciioBa: ra3ossie cmecH; Au((y3us; KOHBEKIINS; HeCTAOMIBHOCTD; YUCIIEHHBIN pacueT; H30TePMHUECKOe
nepeMerInBaHue.
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1. Introduction

In recent times, there has been a growing emphasis on investigating the Rayleigh-Bénard convection
problem, which stands as one of the few classical quandaries in the domain of heat and mass transfer [1]. The
diverse array of flow patterns that manifest within diffusion channels characterized by specific geometries and
gas medium properties is a subject of great intrigue, holding significance from both theoretical and practical
standpoints. Through the exploration of gravitational convection within a homogeneously heated environment,
it becomes feasible to ascertain parameters related to heat and mass transfer while also facilitating the modeling
of optimal geometric attributes for the diffusion channel [2, 3].

The occurrence of instability in mechanical equilibrium and the consequent development of structured
convective patterns are notably influenced by the orientations of the density and gravity gradient vectors.
Remarkably, it has been observed that the inception and evolution of convective disturbances transpire under
varying directions of these mentioned vectors [3].

Nonetheless, when dealing with multicomponent mixtures characterized by the interaction of multiple
concentration fluxes, the extension of theoretical frameworks used to describe system behavior may introduce
distortions in the anticipated outcomes pertaining to mass transfer. This arises from the omission of factors
that are absent in binary systems but come into play in more complex scenarios. One of these crucial factors
is the destabilizing influence of diffusion on the evolution of convective flows within mixtures [4].

Convective flows arising in this case form synergetic mixing mechanism leading to selective transfer of a
component with given thermophysical properties.

Experimental investigations into diffusion-driven mass transfer within isothermal three-component gas
mixtures have revealed that under specific circumstances, such as variations in the diffusion coefficients of the
individual components, particular pressure and temperature conditions, initial mixture compositions, and
geometric characteristics of the diffusion channel, conditions conducive to the onset of concentration-driven
convection manifest themselves [5, 6].

An intriguing aspect of these experimental studies is that concentration-driven gravitational convection was
observed in systems initially characterized by stable density stratification of the mixture. Subsequent
investigations into the modulation of "diffusion-concentration gravitational convection" regimes have
highlighted that the initiation and progression of convective patterns are notably contingent on various factors.
These factors include the relative diffusion coefficients of the components, the prevailing pressure, the initial
composition of the mixtures scrutinized [9], as well as the geometric attributes of the cavities and the properties
of the medium. These influences have been analyzed in a manner akin to analogous issues related to heat-
driven gravitational convection.

Observations of convection utilizing both the shadow method and the catarometric sensor method have
unveiled a spectrum of convective patterns, typically categorized into the following groups [4]: 1 - chaotic
currents characterized by a multitude of counterflows; 2 - dripping convection regime marked by easily
discernible convective structures; 3 - fixed strata that define a state of laminar convection.

Elucidating the factors governing the emergence of these patterns is a pertinent endeavor. In this paper,
numerical modeling is used to investigate conditions leading to droplet type convection. The results are
compared with experimental data.

2. Research method

The collective movement of an isothermal ternary gas mixture on a macroscopic scale is elucidated through
a comprehensive system of hydrodynamic equations. This system encompasses the Navier-Stokes equations,
equations governing the conservation of particle numbers, and equations pertaining to the behavior of
individual components within the mixture. Assuming independent diffusion for an isothermal gas mixture,

3 - 3 —_— - - - - - -
when ZJi =0, Y'¢c;=1, the system of equations governing its macroscopic motion can be expressed in the
i=1 i=1

following form:
ou - - S/ .- =
p[5+ (UVUW)]=-Vp+nViu+ (§+ &Vdivu+ pg

on . -
—+div(nv) =0,
- (nv)
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i} +wWe, =—divJ; , (1)
ot

I = _(D*llvcl + D*lzvcz) ,

‘Tz = _( D*Zlvcl + D*zzvcz) ]

where U — average mass velocity, Vv — average numerical speed, p — pressure, ¢i — concentration of the i-th
component, p — density, § — acceleration of gravity, ji — the density of the diffusion flow of the i-th
component, # u & — shear and volumetric viscosity coefficients, n — numerical density, D;f practical
coefficients of triple diffusion which are defined as follows:

D* — Dl3[ClD32 + (CZ + C3)D12]

11 D
D =— C1D23[D12 — D13]
12 D

* — DZS[CZ D13 + (Cl + CB) DlZ]

D,, 5 (1.1)

D =— ) D13[D12 — D23]
21 D

D=c¢D, +c,D,;+c,D,,
The equations presented earlier are accompanied by an equation that describes the state of the gas mixture
o = p(c,c,, p), T =const,
which relates the thermodynamic parameters in (1).
The method of small perturbations was applied to resolve the system of equations presented in (1). The

resultant system of equations, which describes gravitational concentration convection for perturbed quantities
in dimensionless units, can be expressed as follows:

oc, -
Pry, ECl —(uy)= z'11VZC1 + % levzcz '
ac, -
Pr,, EZ —(uy)= %rnvzcl +V7c, (2)

%u =—Vp+Vu+(Rar,c +Rac,)y

divw =0,
where
Pr. = L* — the diffusion Prandtl number;
4
Ra, = M— partial Rayleigh number;
vD..
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*

i = U _ parameters determining the relationship between practical diffusion coefficients,
22
v — kinematic viscosity, r — characteristic geometric size, gi — the coefficient of linear dependence of the

density of the i-th component on the concentration, A; — dimensionless concentration gradient of the i-th

component, 7 — a unit vector directed vertically upwards.

The system of equations (2) was solved numerically using the splitting method by physical parameters [7-
9]. The set of equations given in (2) is addressed by solving them within the context of flat vertical cylindrical
channel. This is done while considering boundary conditions that involve the cessation of both velocity and
the movement of substances at the boundaries of the channel.

r=+1, x=+1,u=0, & _g, & _g 2.2)
or OX

where X is the horizontal axis.

The resolution of the equations in the system described by system of equations (2) for a vertical cylindrical
channel with finite height led to the establishment of a boundary relationship, expressed in terms of Rayleigh
numbers. This relationship determines the alteration of diffusion-convection modes, as depicted by equation
(2.3):

z'11(]-_%712)Rai +(7y _%721) Ra, = 7 (7, —7,,7,1) (2.3)

where y=Ra™, e, 7 = (Raz, K, +Ra,K,)™, Ko == (AT A)1,) [ (71— 73,75),
K,=@0-(A/A)ry,)!(z,,—7,7,); Aiis a partial concentration gradient of component i; and equation
(2.4):

[uvudv +Raz,, [u,cdv +Ra, =0 (2.4)

where U, is the vertical velocity component.

Equations (2.3) and (2.4) establish the boundary that characterizes monotonic instability in the (Rai, Ray)
coordinates. This boundary serves to delineate the areas corresponding to stable diffusion and diffusion
instability.

To facilitate the calculated data for assessing stability and instability regions, the Rayleigh partial numbers
are provided in alignment with equations (2.3) and (2.4) as detailed in equation (2.5):

4
Ra, = gnr A*m1 ac,
pvD, oz
(2.5)
Ra, = gnr“A*m2 ac,
pvD,, oz

where g is an acceleration due to gravity, m; is the mass of the molecule i, Am, =m, —m,, Am, =m, —-m,,

and n is the molecular concentration.

Two - dimensional cross-sectional area of a cylinder with an area H x d (H — the height of the cylinder, d —
the diameter of the cylinder) in a Cartesian coordinate system is considered. The calculations were performed
using a grid that was dimensionless and had dimensions of 128x128. The calculations were divided into four
stages:

1. The initial phase of the computation relies on the utilization of the Adams-Bashforth and Crank-Nicolson
method. Under this assumption, it is implied that the transfer of momentum occurs exclusively through the
mechanisms of convection and diffusion.
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n

u —-u
At

n

= —%(3H "_H" ﬁL%A(un +u") + (Ra,z,,C, + Ra,c,)y (3)

where H" =-V(u*u)".
2. The second phase of the calculation entails modeling the interplay between pressure and velocity.

V*un
Ap = 4
p Iy 4)

3. In the third stage of the calculation, it is outlined how the velocity field evolves in response to a reduction
in pressure.

Uy )

4. In the fourth stage of the calculation, the focus shifts to determining the concentration of the components
within the mixture.

n+l n
u :l(F"*'l _ Fn)+iAC1n +iACZH
At 2 Pr, Pr,

n+l n
2 2 :E(F”“ - F”)+iAcl” +iACZ”
At 2 Pr21 Pr22 (6)

n+l n+1 n+1
¢, =1-c " -¢,

where F" =-V(u"**c") — convection members.
The problem at hand was resolved under the subsequent boundary conditions:

u(xb,r)zo,%zo,izl...s. (7
on

3. Numerical calculation results

The results of the numerical study are illustrated in Figure 1, which portrays the temporal evolution of the
density-normalized concentration of the heaviest component, butanol, within the ternary system composed of
0.8 H20 + 0.2 C4H100 — N2. This system was experimentally examined in [10]. By scrutinizing the graphs,
various mixing modes can be discerned.

Initially, as depicted in Fig. 1a, diffusion dominates the process. However, at a time of 6.32 seconds from
the initiation of the process, there is an evident departure from the expected monotonic distribution of
isoconcentration lines (Fig. 1b). This deviation is not characteristic of the diffusion-based mixing process and
implies the occurrence of mechanical equilibrium instability within the system at that particular moment.

Figure 1d shows the convective cell that emerged 12.63 seconds after the start of mixing. Continued mixing
time leads to the creation of a droplet (Fig. 1e) and its subsequent detachment (Fig. 1f), indicating a drip mixing
mode in the vapor-gas system. With different initial conditions, the process of structure formation starts again.

Given that one of the parameters influencing the onset of the convective process is the geometry of the
diffusion channel, specifically its radius, calculations were carried out to ascertain the time points at which
distinct types of flows are established for varying channel radii.

Table 1 presents the mixing times for different diffusion channel radii in a triple mixture of 0.8 H.O + 0.2
C4H100 — N2. The mixing times include the time for diffusion (t1), the occurrence of mechanical equilibrium
instability (t2), and the formation of structure (ts).
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Figure 1. Butanol isoconcentration lines for the system 0.8 H,0 + 0.2 CsH100 — N
atp=0.1MPa, T=298.0Kand r =85 mm:
aQ)t1=4.245s;b)t,=6.325; ) t3=8.425; d) t4=12.63s; e) ts = 14.7 5; f) ts = 18.96 s.

Table 1. Mixing time of butanol at different radii of the diffusion channel

0.8 H20 + 0.2 C4H100 — N2 (p = 0.1 MPa, T = 298.0 K)

t,s r=6.5mm r=75mm r=8.5mm r=10 mm
1 16.95 6.35 4.24 3.22

2 21 10.53 6.32 421

3 - 14.7 8.42 5.44

4 - 23.17 12.63 6.32

5 - 31.6 14.7 8.42

6 - 42.12 18.96 10.53

The results presented in Table 1 demonstrate a direct correlation between the mixing times at various stages
of convective flows and the radius of the diffusion channel. It's evident that critical radius values exist at which
the transition from pure diffusion to diffusion-convective mixing takes place. Specifically, when the radius is
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6.5 mm or smaller, mixing solely occurs due to diffusion. However, when the radius reaches 7.0 mm or larger,
the formation of structured flow and observable convective drops becomes evident.

Significantly, there are substantial variations in the time required for different radius values to progress
through various stages of mixing. For instance, the formation and separation of a convective droplet at a radius
of 10 mm occurs approximately four times faster than at a radius of 7.5 mm.

The calculations indicate that there are specific channel sizes where the conditions for convection do not
exist. At a certain diameter of the diffusion channel, a transition from "diffusion” to "convection" occurs,
characterized by the emergence of a non-monotonic isoconcentration distribution of the component with the
highest molecular weight, and this transition has a characteristic formation time. As the radius of the diffusion
channel increases, the time at which the non-monotonic concentration distribution appears decreases,
indicating an enhancement in the mixing process. Through the conducted studies, it has been established that
enlarging the radius of the diffusion channel leads to a heightened drip regime within the examined mixture.
Importantly, the results obtained from the numerical calculations align with the experimental data, affirming
the consistency of the findings.

4. Conclusion

The numerical investigation conducted in this study delves into the emergence of mechanical equilibrium
instability and subsequent structural development within the H,O + CsH100 — N, steam-gas system. This
investigation is founded on a splitting scheme that considers various physical parameters. The employed
mathematical model facilitates the characterization of convective structural formation at different diffusion
channel radii. The key observation is that convective instability arises primarily due to the notable curvature
of the isoconcentration lines, a feature absent in pure diffusion processes. Notably, the results obtained from
this numerical study align with the experimental data. Furthermore, the study reveals that an increase in the
diffusion channel's radius intensifies the dripping regime within the studied mixture.

Thus, the proposed numerical algorithm adequately describes the "diffusion — convection" transition, allows
us to determine the spectrum of thermophysical and geometric parameters affecting the occurrence of the
convective regime.
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7-CbIHBIIT OKYIIBbIJIAPBIHBIH, TEOMETPUAAAH CAJIY ECEIITEPIH TYCIHYIHE GEOGEBRA
BAFIAPJIAMACBIHBIH, OCEPI

Axoamna

Byn xymeicta Geogebra OarmapmamMachiHBIH KOMETIMEH T€OMETPHS MIoHIHEH 7 CHIHBINTA oTiieTiH «Cairy ecenTepi»
TaKbIPHIOBIH OKBITYAAFBl OKYIIBUIAPJABIH YITepiMiHe dcepiH aHBIKTay KapacThIPbUIaIbl. 3epTTey JKYprisy OapbIChIHIA
KBa3MIKCIIEPUMEHTTIK 9J1iC KOIIaHBUTEI, ofaH Ne 129 sxamnmel OiniM OepeTiH MEKTeNTiH 7 CHIHBII OKYIIBUIAPHI KATHICTHL
Oxkymeuiapae!l 15-TeH exi Tomka: 1-mmici kommberoTepiik WHTepakTuBTI Geogebra OarmapiaMachbHBIH KeMeETiMEH
OKBITBUIATHIH JKCIEPHUMEHTTIK, 2-IIiCi AICTYPNi OKBITY KOJAAHBUIATHIH Oakpuiay TOOBI Oombim Oemivmi. 3eprreymdi
KYprizy OapbeICEIHIA OKYIIBUIAPAAH pre-test (3epTTeyre Neiinri) jkoHe post-test (3epTTeyAeH KeHiHT1) TeCTinepi ambIHIbL.
3eprreyre JeWiHri xoHe KEHIHIT TecTTep apachlHAarbl aiblpMambuiblk Geogebra Oarnapiamachl OKYIIbUIAPIBIH OKY
yJirepiMiHe 9cepiH aHbIKTaiThIH eTin Kypanabl. ConbiMeH Katap, Geogebra OarmapiamMachIHbIH ocepi, Maiaachl Typajbl
OKYILIBIJIAp/IaH cayajHaMma allbIHBII, cayajHaMa HaTrKec Tankblian sl Hotmkecinge Geogebra GarnapiaaMachIHbIH (p <
0,05) «Cainy ecentepi» TaKbIPHIOBIH OKBITYJaFbl MAHIACHI, 9CEPi, THIMILTICT AHBIKTAJIIBL.

Tyiiin ce3nep: cany ecentepi, reometpusi, Geogebra, acep, KadbbuIIAY.

AnHomayus
A. Abnaxuesa®, 5. Omapbaesa®, 5. Bocmanos', A. Adueea®
YKazaxckuii HayuonansHuitl JceHcKuti nedazo2udeckuil yHugepcumem, 2. Aimamsl, Kazaxcman
2 Amuvipayckuii ynueepcumem umenu X. JJocmyxameoosa, 2. Amuipay, Kasaxcman
BJIUSIHUE ITPOT'PAMMbI GEOGEBRA HA YCBOEHUE YYAIUIUMMUCS 7 KIIACCA 3AJJAY
MOCTPOEHMSI ITIO TEOMETPUH

B nanHoli paboTe paccMoTpeHo BiusHUe mporpamMbl Geogebra Ha ycrieBaeMOCTb B MPEMOAaBaHUH TEMbI «3a1ayuu Ha
MIOCTPOCHHE) TI0 MPEeIMETy TeoMeTpus B 7 Kiiacce. B Xoje uccnenoBaHus ObLT HCIIOJIb30BaH KBA3UIKCIIEPUMEHTAIBHBIN
METOJI, B HeM NMPUHSUIN y4JacTue ydamuecs 7 Kinacca oomeoopa3zoBarenbHOM mKombl Ne 129 r.Anmartsl. Yyarmuecs OblIn
pa3zeneHsl Ha 1Be TPYIHI 0 15 yenosek: | rpymma npeacTasisia cO00H 3KCIIEPUMEHTATIBHYIO TPYIITY, 00yJaroLIXCs
C HUCITOJIB30BaHHEM KOMIBIOTEPHON HWHTEPAaKTHBHOW mporpammbl Geogebra, a 2 Tpymma KOHTPONBHYIO TPYHILY C
UCTIONIb30BAaHUEM TPAAMIMOHHOTO MeTo1a 00ydeHus. B xoze rcciieioBanust ObUTH ITPOBENCHBI TECTHI pre-test u post-test
y ydammxcsi. PasHuI@a MeXay TECTHPOBAaHWSIMU HCCIIEIOBaHMS OIPEAEIHUT BiIUsHUME mnporpamMmbl GeoGebra Ha
ycreBaeMocTh ydammuxcsa. Kpome Toro, cpenu ydammxcs ObLI IPOBEAEH ONPOC O BIMSHUM M IPEHMYIIECTBax
nporpammbl Geogebra, a Takxe 00CyXIIEHbI pe3yJIbTaThl onpoca. B pesynbraTe ObUIM ONpeeseHb 110J1b3a, BIUSIHUE U
s¢dexTuBHOCTS MporpamMmsl Geogebra (p < 0,05) npu u3ydyeHnn TeMbl «3a1a41 Ha IOCTPOCHUE Y.

KiroueBble c1oBa: 3aaun Ha ocTpoeHne, reometpusi, Geogebra, addext, BoctipusarTue.
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Abstract
EFFECT OF USING GEOGEBRA ON 7™M CLASS LEARNERS UNDERSTANDING IN LEARNING
GEOMETRIC CONSTRUCTION PROBLEMS
Ablyakieva A.!, Omarbayeva B.1, Bostanov B.}, Adiyeva A.?
1Kazakh National Women's Teacher Training University, Almaty, Kazakhstan
2Kh. Dosmukhamedov Atyrau University, Atyrau, Kazakhstan

In this paper was considered the effect of the Geogebra program in teaching the topic "Geometric construction
problems" of the geometry subject on 7th grade learner’s academic performance. During the research was used the quasi-
experimental method, in which took part 7th grade learners of general education school no129. The learners were divided
into two groups. In the first group was an experimental group taught using the computer interactive Geogebra program,
and in the second groups were a control group using traditional teaching. During the research from learners were taken
pre-test and post-test. The difference between the pre-test and post-test of the study will determine the effect of Geogebra
program on learners' academic performance. In addition, from students was taken a survey about the impact and benefits
of the Geogebra program, and the results of the survey were discussed. As a result, the usefulness, impact, and
effectiveness of the Geogebra program (p < 0.05) in teaching the topic "Geometric construction problems” were
determined.

Keywords: Geometric construction problems, Geometry, Geogebra, effect, perception.

Kipicne

OKBITY TEXHOJOTHUSIAPHIHBIH KAPKBIHIIBI 6CyiHe OalTaHbICTHI, MeKTenTe OiiM Oepy OapBICBIHIA opTYpII
KOMITBIOTEPIIIK OaFaapiaMaiblK KacaKTaMmaaapAbl OKBITYFa €HTI3yli KaXeT eremi. MeKTen MaTeMaTHKachiH
OKBITY OapbIchlHIa Kasipri OumiM Oepy »KyieciHe caii OanmaHbIH KaOUIETTEpiH JaMbITy MaKcaTbIHIA
MaTeMaTHKAJIbIK ITaKkeTTep KoimaubUiagsl. Omapra JKaunmel mMaremaTtnka, MaTeMaTHKaJIbIK KOHCTPYKTOP,
Crocodile, Cinderella, GeoNext, Geometr's Sketchpad, Excel, Matlab, Mathcad, Maple »xone T.6. By
Oarmapiamanapabl KOJIaHbII, MEKTEN MaTeMaTruKa KypChIHa Ke3JIeCETiH TaKbIPHINTap/Ibl OKYIIBUIAPFa YKaH-
JKAKThI, KBI3BIKTHI, 91 TYCIHIKTI €TiIl )KeTKi3yre Oomnanbl. Kas3ipri TaHaa reOMeTpUsSHBI OKBITYAAFbl 3ePTTCY
TOCITIH EeHTi3yJeri JKOFapblAa alThuraH OaraapiaMaiblK jKacaKTaManap KIACCHIHBIH THIMIUTITT KYMSH
TyapipMmaiiapl.  OHBI  KONTEreH 3epTreyliiiepiae pactamsl, Mbicanbl  B.A. Tamunrep, N. Jackiw,
B.H. dy6posckuii, M. B. Illabanosa, M. I'. Illabat [1-5]. Oceiamait 6armapnamanapasiy 6ipi — Geogebra.
Geogebra O6arnapiraMachkiH KOJIaHBII, CA0aKTHI THIM/I €Till OTKI3yTe KoHE OKYIIBUIAPABIH YATepiMiHe acepiHe
KaTBICTBI KOITEreH 3epTreyiep skypriziiren. Meicansl, E Sudihartinih, dan T Purniati [6] >xymbiceiama
KBa3MIKCIICPUMEHTTIK 3epTTey apKbuibl Geogebra 6armapiamacsl OKyIIbUIAPABIH MEHOEP YFBIMBIH TYCIHYiHE
’KOHE dCEpiH aHBIKTaiIbl. 3epTTey XKYPri3y YIIiH ojlap OKylIbuiap/asl 2 Tornka Oeneni: A Toosl — Geogebra
OarapiiamMacsl KOJIIAHBUIATBIH 3KCHEPHUMEHTTIK TOI, B TOOBI — MOCTYpii OKBITY oicTepi KOJNJaHBUIATHIH
Oakputay TOOBI. Eki TONTaH anabpIMeH 3epTTeyre AeliH jKoHe 3epPTTeyJeH KEeHiHTi TeCT apKbUIbl TEKCEpiim,
HoTIXKenepi OarananraH. Tamnmay nepextepi A ToObI (3KcrepuMeHTTIK Tom) B ToObiHA (Oakbuiay TOOBI)
KaparaHaa wIeHOep YFBIMBIH TYCiHY JeHreifi »korapbl ekeHiH kepcetkeH. Omap 3eprreyaeH Geogebra-usi
MEKTeN MaTeMaTHUKAaChIHAA KOJJIAHYIBIH MAaHbI3/IBUIBIFBIH JKOHE OKYIIBLIAPIBIH YJTepiMiHE OH ocepiH
Oatikaran. An, Nazihatulhasanah Arbain xome Nurbiha A. Shukor [7] skymeicerama Geogebra
OarapiiaMachIHBIH MEKTETI OKYIIBUIAPBIHBIH YIITepIMiHE OH dcep eTETiHiH, cabaKKa BIHTAChIH apTTHIPATHIHBIH
’KOHE MOTHBAIlMSl TYPFBICHIHAH Jia JKaKChl KepCETKiluTepre Koi keTkisreH. Geogebra Garmapmamaiisik
»KacaKTaMachlH OKYIIBUIAPJIBIH OKY YJTEpiMiHe dcepiH KoHEe THUIMIUNTH 3epTTey yumiH, Y.Zhang, P.Wang,
W.ia, A.Zhang, G.Chen 2002 >xbuigan Oactan 2022 >xbUlFa JCWIHIT OKYIIBUIAPBIH MaTEMaTHKAJBIK
YITepiMiH 3epTTeyre MeTatannay xyprisret [8]. ABropmap conrbl 20 xpuina 14 3epTrey Kyprisir, 3epTreyre
1334 oxyimibl KaThiCKaH. Tajijgay HOTHXKEJEPI OKYIIBUIAPABIH MaTeMAaTHUKAJbIK YJIrEpPIMIH JKaKcapTyra
apHaIIFaH JMHAMHMKAJIBIK BU3YyaJIsl Kypai petinge Geogebra-HerH o acep OepreHin KOPCETKEH.

XKorapeiga KenTipiiareH 3eprreyiiepe MeKTel MaTeMmaTHkachbiHnarbl Canmy ecenTepai mebep OKbITyFa
Oonatein Geogebra Oarnmaprmamachl CHSKTBI MaTeMaTHKANIBIK ITAKETTEP KON KOJJAHBUIMAWAbl. SrHH, 7
CBIHBINTAFBl TEOMETPHSIAH Cally €CeNTePiH BU3yalIbl TYPIC KopceTyre OoaThiHbIH, aTan aiiTcak Geogebra
OpTachlHIa cally JKeTKUIKTI KapactelppuiMaraH. Conpjaii-ak canmy ecentepin okeityaa Geogebra
OarapiamMachlHBIH THIMIUIII JKOHE OHBIH OKYIIBUIAPJBIH YJrepiMiHe acepi Oi3liH MeKTenTepAe TilTi
KOJIJAHBICTA JKOK JIETl Te aTyFa OoJapl.

CoHbIMEH, 3epTTEYIiH HEri3ri MakcaThl — /-ChIHBINTHIH T'€OMETPHUs cabarblHaa Cally €CelTEPiH OKBITYIa
Geogebra OarnmapinamMachlHBIH THIMIUIITIH aHBIKTal OTBIPBIIN, OHBIH OKYIIBLIAPIBIH OKY YJTepiMiHEe dCepiH
xoHe Geogebra GaraapiamMachl Typajibl TYCIHIKTEPIH KaNbIITACTBIPY OOJBIN TaObLIa b
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Herisri HoTnxkesnep

3epTTey daicHamachkl. 3epTTeyae KBa3HMAIKCIIEPUMEHTTIK 9J1iC KOJIAHBIIBII, OFaH AJNMAaThl KaJTaChIHIaFbl
Ne129 xanme! 6i1iM 6epeTiH MEKTENTiH )KEeTiHIL1 CBIHBIN OKYIIBUIAPHI KATHICTHL. OKYIIBIIap: SKCIEPUMEHTTIK
*oHe OaKpiIay TOOBI OOJIBIT PAHAOM/IBI TYp/e eKire 0eminai. OKyIIsIIapaAbIH 3epTTey Typasis kone Geogebra
OarmapiaMachkl Typanbl xabapsl OONFaH KOK. |-KecTelne OKYIIBUIApAbIH OOJIHTEH TONTaphbl KoHE 3epTTey
omicTepi KOPCETUIreH. 3epTreyre NCHiHTI JKOHE KEHiHr TecTTep apachiHaarbl aibipMainbiibik Geogebra
OarmapiaMacsl OKYIIBUIApABIH OKY YJrepiMiHe acep €TKEeHiH aHBIKTAUTBIH OO0Iabl.

Kecme 1. O0icmep men monmap

Tonmap 3epmmeyee Oetiin 9dicmep 3epmmeyoden keliin
Dxcnepumenmmix A1 Geogebra baz0apramacsl — Hvly KOMe2iMeH As
bakvinay A Jocmypni As
l-xecteme: Aj;= DKCHEPUMEHTTIK TOITaH 3EPTTEyre JICHIH allbiHFaH TecT, Ar= bakpuiay TOOBIHAH

3epTTeyre JIeiiH aJblHFaH TeCT, As= DKCIIEpUMEHTTIK TONTaH 3epTTEYACH KeHiHTi TecT, As=bakbuiay ToObIHAH
3epTTEYACH KeHiHri TecT. 3epTTey/Ae OKYIIbUIApIaH alblHFaH ChIHAKKA JEHiH JKoHe KeWiHri Tectrepi 12
OarABIK mKana OOMBIHINA, )KaHAPTHUIFAH OiiM Ma3MyHBIHA cail Oarmapiama OOWBIHIIA, ECKPUITTOPIIAPIBI
€CKepe OTBIPHIT JKACAIBI. 2-KECTEIe IKCIIEPUMEHT JKoHe OaKplIay TONTAPHIHBIH MaTeMaTHKa MIOHIHEH opTalia
OayuimapbIHa alBIPMAITBITBIK )KOK €KeHIH Kopyre 00Naibl, SFHHU, 2-TONTHIH OiTIM JeHTeli Oipaei.

Kecme 2. A1 ocone A2 mecm nomusicenepi

Tonmap Canul Opmawa bann Cmanoapmmaol aybimxy p-moni
Drcnepumenmmix 15 8,47 2,01 0,923
baxvinay 15 8,6 2,165

7 CHIHBINTHIH reoMeTpus moHiHAeri «Caiy ecenTepi» TaKbIPHIOBIHA KYHTI30€IIK TaKBIPBITITHIK YKOCIIAP
Ootiprama 3 carat Oeminesi. OKymbUIapIsIH cabakKa KbI3BIFYIIBUIBIFBIH APTTHIPY MaKCATHIH/IA, dKAHAPTHUTFaH
OiJ1iM Ma3MyHBIHA caii HHTepakTHBTI dficTep, AKT xonmanpuibn 6 cabak skocHaphl xKacaablHAbL. ToMeH e 3-
KecTezle cabaKThIH Kelbip pparMeHTTEpiH YChIHAMBI3.

Kecme 3. Dxcnepumenmmix mobvinoa emineen cabaxmulyy 6Apbicvl

No | Cabaxk xeszeni Qoic-macinoep Yiivinoacmuipwinys
1 bacuw «eomempusnvix Oxywbiiap kapmouka apkviivl 4 monka 6eninHdi (6ypeius, mysy,
Gueypanapy adici yubypoiw, weybep) snemenmmep cabaknen 6ailaHbICMbIPbLIObL.

2 bacw «Keoden xamy adici | Omrken makvlpbinmel  Kaumauay MaKcamvlHOA — CcYpakmap
JHCA3ZLLIEAH KOHBEPM OKYUbLIAD APACLIHOA YAeCmipinoi.

3 Opmacui «Aykyuon ottbinbly | Okyweiiap 4 monka O6niuin, ayKyuoHea KOUblieaH ecenmepoi
MONMA JHcapvlca mandan, wvleapaobl.

4 Opmacul «Kymvic napazoly | Op okywwiea Geogebra 6baz0apramacbinOa O3IHOIK  JHCYMBIC

aoici yaecmipinoi.

5 Conybi «Jlomapes otivinbly | Oxywwiiapea nomapesi ouiemmepi mapamvlivin, KpaHoa Kau
Ounem wwixca, coi Homepoezi OKyubl cabax OOUbIHULA NLICHIKMAY
cypakmapuina scayan bepeoi.

6 Conut «Tpancnopmupy Oxywpinap  mpanchopmupOiy — CMpenKacyl  apKulivl — O3IiHiH

a0ici cabakmazvl bencendinicin, yreepimin 6a2anatiovl.

Cabax ety ymiH 7 ceHbITEH A.H.IbHBI0eK0B, [I.11IbIHEIOEKOBTRIH «['€OMETpUS» OKYIBIFBI
konaaueuiabl [9]. BepTTeymiH mpakTHKAIBIK KeseHinge (Geogebra OarmapiaMachiH KOJNJIAHBIN, aTaaFaH
OKYJIBIKTaFbl Caly €CENTEpiHIH eMipMeH OalIaHBICTBIPBUIFAH TYPJIEPlI KapaCThIPbUIBII, MIbIFApy >KOJIaphl
KaJaM-KaZaMMeH KepceTuiai. EHI ochl KapacThIpbUIFaH ecenTepAin Keilbipeyiepine TOKTaIbII KeTeHiK.

Muican 1. Geogebra GarmapmamMachlH KOJIJaHbIN, OepiireH AB KeCiHIICIH IUPKYJIb MEH CBI3FBIIITHIH
KOMETIMEH KakK 0eJiHI3 (KHYKTe», «KECIHII», «IICHOeP» Kypaaapbl KOJAaHbUIAb).

Mouicanowvr Geogebra 6azoapramacoinoa cany arcopummi xcame colzbacwel 1-cypemme.
1. Anneiven Geogebra OarmapiaMachiH alllbIHBI3 JKOHE T'€OMETPHs TaKTachlH TaHIaHbI3. bepinren AB
KECIHJIICIH CaJIBIHBI3.
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. . AB

2. «Paguycel OepinreH meHOep» TaHAal, HEHTPI A, pagrychl AC>? TeH MeHOep canaMbl3.
3. «Pamuycel OepinreH meHOep» Tanaar, neHTpi B, pagunycel AC-ra meHOep canaMbl3.

4. Exi menbepain kublibicy Hyktenepin C, D gen 6enrinen, CD keciHIiCiH Kyprizemis.

5. CD xone AB kecinainepiniy kubuibicy E HykTeci — i3neningi. AE = BE.

f = Segment(A,B)
=48

D
c: Circle(A,4) 2

= (x4 627+ (y- 452 =16

d: Circle(B, 4)

€ = Intersect(c,d.2)
42.1)

D = Intersect(c,d,1)

g = Segment(D,C)

E = Intersect(f.g)

Cypem 1. Bipinwi mwicanowiy Geogebra 6azdapramaceindasul betineci

Mpuican 2. Geogebra OarmapiamachlHOa KapTaHbl KOJNJAHBIN, AJMathl MeH AcCTaHa KajaJapbIHbIH
apaKamBIKTRIFBIHA T€H KECIH/II CaNbIHBI3 (Te0Ae3UsIMEH OaillaHbICH Oap ecer).

Mpuicanovr Geogebra 6azdapramacwinda cany ancopummi sxcame coizbacwt 2-cypemme.

1. Anneiven Geogebra GarmapmamachiH alllBIHBI3 JKOHE T'€OMETPHS TAKTACHIH TaHAaHBI3. bepiiaren
KapTaHBIH CYpEeTiH OaFaapiaMara eHTi3iHi3.

2. Acrana xamaceiH C HykTeciMeH, AnMaTsl KanacklH D Hykrecimen Oeitnenern, C skxone D Hykrenepi
apKBUIBI TY3Y KYprizemis.

3. Oman coH mupKyiIb keMerimer neHTpi C pamuycel CD OonaThiH meHOep OerHenenMis.

4. A HyKTeci apKbUIBI TY3Y XKYprizemi3 xoHe ueHTpi A paanycel CD — ra TeH meHOep cajbll, KUBUIBICY
Hykrecid F gen 6enrineiimis.

5. Hotmxecinne AF 13pemnani keciaai xoue AF = CD.

= GeoGebra Kanbkynstop | @ Tleomerpus ~ < BOWMTM
= <
=] ¢ : Cirele(C,D)
s
= (k- 037 4 (y-27)2 =4
@ f = Segment(C,D)
@
= (4.4, -36
E=(4.4,-36)
&
g : Line(A, E)
@
= y=-36
d: Circle(A,2)
= (x4 44)2 4+ (y +36)2=4
v E
B B e e s Sttt D R e R
F = Intersect(d,g.2) :
= (-24,-396)
#
h = Segment(A, F)
=2 Q
i — Segment(F, A)
@

Cypem 2. Exinwi mwicanowiy Geogebra 6azoapramaceinoasl betineci

Muican 3. Geogebra OarmapiaMachiH KOJIAHBIMN, IUPKYJIb MEH CHI3FBIIITHIH KOMEriMeH Oac OapMak TeH
OpPTaHFhI caycak apachIHAAaFbl OYPHINIKA TEH OYPHIIITH CaTbIHBI3. Hemere TeH? (MenIuIinHaMeH OaillaHbIChI
Oap ecemn).

Mpuicanovr Geogebra 6azdapramacwinoa cany ancopummi xcamne cwizbacwl 3-cypemme.

1. Anneimen Geogebra GarmapimaMachiH anibIHB3 )KOHE TEOMETPHSI TAKTACHIH TaHIaHbI3. bepiareH KOomabIH
cyperin Oarnapiamara enriziti3. bisre <CDE = <KMI cany kaxer.
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2. bepinren cypetre nentpi C, epikTi paguyc neH menbep canambiz. CH=CF — panuyc.

3. M HykTeci apKbUTBI TY3Y XKyprisim, neHtpi M Hykreci pamuycsl CH-ra TeH tenoep canambiz. CoHja,
MK = CH.

4. Bepinren cyperte nentpi F, paquycet FH —Fa TeH meH0ep caiaMbiz.

5. Opman keifiH coHmail pagmycneH menryinae ueHTtpi K, pagmycet FH-ra TeH menOep camamebl3.
Hormxecinne, KMI i3geminmi Oypoi.

6. Tekcepy yuin Geogebra OarnapiaMbIChIHAAFBI «OYPBILD KYPAJIbIH KOJJaHYbIMBI3Fa 00 IbI.

<CDE = <KMI

£ Line(M, G)

@

) F o (-26,44)

< : Circle(C, F)

H = Point(c)

d: Circle(M, 2)

K = Intersect(d,f.2)

Cypem 3. Ywinwi mvicanoviy Geogebra 6azoapramacwindazer betineci

Mbuican 4. Geogebra GarmapiaMachlH KOJIIAHBII, JKEp IIAPBIHBIH KBAaTOP ChI3BIFbIHA OCPUIreH HYKTE
apKBUIBI OTETIH TMapajuiesb Ty3y KYPri3iHi3 (reome3nsMeH OaimaHpICh 6ap ecerr).

Mpuicanovr Geogebra 6azdapramacwinoa cany ancopummi sxcame coizbacwt 4-cypemme.

1. Anneiven Geogebra GarmapiaMachlH alibIHBI3 JKOHE TEOMETPHS TaKTAaChIH TaHIAHBI3. bepiareH xep
IIapbIHBIH CypeTiH Oarmapiamara eHrisifi3. bisre C HykTeci apkbuts oTeTiH )xoHe DE kecinaicine mapannens
00JIaTBIH TY3Y KYPri3y KaxKeT.

2. DE kecinniciHiH ke3 KejreH skepiHeH F Hykrecin Oenrinen amambi3 sxoHe neHTpi F, paguycel FC teq
meHoep canameiz. lllenbepain skone DE kecingiciniH KubUIbICY HYKTeciH G Aemn Oenrineimis.

3. Lentpi G, paguycsl FC Ten menOep canambl3.

4. Hentpi C, paguycel FC TeH 1meHOep caibi, IeHOepIepaiH KMbUIbICY HYKTeciH H nen Oenrineiimis.

5. C xxoHe H nykrenepi apkpuisl Ty3y xyprizemiz. CH | DE

f = Segment(D,E)

F = Point(f)

< : Circle(F. C)

G = Intersect(c,f,1)

d: Circle(G,F)

e Circle(C, F)

H = Intersect(d, ¢,2)

& Line(H, C) . .

Cypem 4. Topminwi moicanowviy Geogebra 6azoapramacwinoazer betineci

3epTTey KoCmaphelHa cail dKCcrepuMeHTTIK Tonta Geogebra GarmapiiaMachiHBIH KOMETIMEH, al OakblIay
TOOBIH/A HOCTYpIi popmaTTa cabak OTKI3UIIN, OKYIIbIIAPAAaH CHIHAKTAH KEHIHT1 TeCT albIHIbl. 4 — KecTene
CBIHAKTaH KeHiHT1 TECTTiH HOTHXeJepi KeATipiireH. Yirepimi OOMbIHIIA SKCIIEPUMEHTTIK TONITa alTapIIbIKTal
alibIpMaIIbIbIK  TaObUTbI, ocep Medmepi (d=0,892) sxorapbl ekeHi aHbiKTanabl. byman Geogebra
OarapIaMachIHBIH T€OMETPHSITBIK CATy TAKBIPHIOBIH OKYIaFbl 9CEPiHIH THIMJII eKeHIH Kopyre 00abl.
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Kecme 4. A3z oicone As mecm namuoicenepi

Cmanoapmmol . .
Tonmap Canul Opmawa b6ann ayoimiy p-moni Ocep menuepi
Drcnepumenmmik 15 9,8 1,612 0,01 0,892
baxpinay 15 8,733 1,387

*p-moni <0,05 (seHu Mayviz0bl)

3epTTey asKTalFaHHAH KeliH SKCIIEPUMEHTTIK JKoHEe OaKbliay TONTapblHaH cabaKTarbl aiFaH 9CEPiH cypay
MaKcaThlHJa cayaiHama anbiHabl. CayanHama JIMkepT Imkamachl OOWBIHINA JKAacalbIll 8 CypaKTaH TYpIbIL.
Omnap: TK — tronpikraii kemicemin, KK — xapTeinait kemicemin, b — Oefitapan, K — kemcneimin, MK — mymoem
KeJTiCIelMiH jkayanTapbiH KaMmThias! [10].

Cany ecentepi TakbpIpHIOBIH OKBITY Ke3iHae OKymIbLiapabiH Geogebra GarmapiaMachIHBIH KOMETiMEH
TaKBIPBINTHI KaObUIAY ACHTeH1 )KOFaphl eKeHIH 5 — KeCTE/IeH Kope alaMbl3.

Kecme 5. Cayannama namuoicenepi

Haiivi30615 kopcemxiwi %

Cypamap TK | KK | b K | MK

Mazan ceomempusinsix canynapowvr Geogebra apulivl oKbiean YHAOb 80 15 5 0 0
Geogebr.a KOME2IMEH 2e0MempPUsIbIK CALyaap MAaxblpblOblH Hcemik 60 15 o5 0 0
MeHeepOiM.

Geogebra meHiy wbleapmawiblibleblmMObl apmmuipadsi 73,3 26,7 0 0 0
Geogebra kemezimen canynapovl xcvlidam api me3 OpblHOAUMbBIH 66,7 20 13,3 0 0
Geogebra-nut cabakmapoa xondany muimoi 73,3 20 6,7 0 0
Geogebra bag0apramanvix HcacaKmamacbii MamemMamuKansbl OKbINy 66.7 20 133 0 0

bapulcblHOa MY2anim KOIOAHCA KYaAHAMbIH

Geogebra baz0apramansik KYpaiviMeH MAmeMamuKausl YiupeHeeHoi

. 73,3 20 6,7 0 0
JHCOH KOPEMiH

Mamemamuxanvly  yeeimoapovl Mmeneepy keseninde Geogebra 80

bazdapramacvl Komexkmeceoi 15 5 0 0

Opmawa moni 71,6 19,0 9,4 0 0

CayanHama HOTIDKEJIEPiH AMarpaMmMa TypiHjae S-cyperte OeliHenelik:

9% 0%

B TosbikTail KeaiceMin
19% Kemnicemin

B beifrapan

Kenicrieitmin

72% ..
B Mynzaem kemicneimin

Cypem 5. Cayannama namuoicenepi

HoTm:kenepai Tanksliay

CayanHamaHbIH HoTWXeci OoiblHIIA OKywbLiapabiH 71,6 % ToibpikTtail kemicemin, 19,0% sxapTbunaii
KenmiceMiH koHe 9,4% Oeiirapan xayaObiH TaHarad. Jlemek, okymibuiap Geogebra-HeiH THIMII, KOJDKETIM/I
Kypal eKeHIMeH Keuicim, cabakrapia Wi KOJJaHBUIYBIH Cypazabl. 3eprrey HoTmkeci (Geogebra
OarapiamMachIHBIH caly ecenTepi TaKbIPbIObIHAA OKYIIBUIAPBIH O11iM IeHreiiH, TAaKbIPBINTH MEHIepYiH, ic-
ToxipuOene KOoJAaHy camachlH apTThIPAThIHBIH KepceTTi. JKoHe «KemicHerMin», «MyJaeM KelicrehMiny
)KayanTapbl MyJijieM Taganmaran. Geogebra 6arapiaMachiH KOJIIaHbII OTKI3IeH cabaKkTap/a OKYIIbLTIaPIbIH
KBI3BIFYIIBUTBIFBIHBIH KOFApFbl JICHrele OonFaHblH aram Kermece Oonmaiinpl. COHBIMEH Kartap, ojap
KOCBIMIIIA aKIapaTTapibl i37€Hy 1€, OHICY/C KoHe Oip-OipiMeH Oesicyae eTe OeyiceH i 0oIbl.
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KopbIThIHABI

MareMaTHKaHbI OKY MEH OKBITY TEK TEOPHUSUIBIK MoceJeNiepre Heri3aeaMei, OKyIIbUIAP IbIH MaTeMaTHKaFa
JICTCH KbI3BIFYIIBUIBIFBIH OSTYFa KOMEKTECETIH OKY KYpaJlIapblH MaljaiaHy/ bl KO3ICUTIH OKBITYIBIH SPTYPJIIi
Tocinaepine OarbITTanybl Kepek. Kaszipri ke3ae MyraliMHiH OKyIIbUIapFa carnaisl 0iniM Oepyi YIiH HapbIKTa
HEeMece WHTEPHETTE TETiH KOJ JKETIMII MaTeMaTHKAIBIK OarmapiiaMajblK jKacakTap >KETKUTIKTI Ker. by
MyFaJgiMHIH OimiM OepyiH sxeHinmeremi. JlereameH, Oacka OKy KypaigapblH d3ipieyre KOCHIMINA YaKbIT
OenMeii-ak, 0ap MaTepuanIapabl MaigaiaHy MyFaTiMHIH KOJIBIH/A.

KopbIThiHabUIA Keile, 7-CHIHBINTBIH TeOMETpUs MOHIHEH cally ecentepin okeityaa Geogebra
OarmapiaMachlHBIH OKYIIBLIIAPABIH OKY YirepiMiHe, cabakThl TYCiHyiHe XoHE KaObUImayblHa acepi OH
OonraHblH aHBIKTAABIK. OKymsiiapabiH Geogebra GargapiamMainblk KypaidblHa bIHTA, CEHIMIUTIK JKOHE
MOTHBAIIMS TYPFBICBIHAH JKAaKChl MiKip/ie OONFaHbIHA KO3 XeTKi3Mik. COHIBIKTAH, MEKTEN MYFaliMJIepiHe
7 cerpinTa Canmy ecentepin ety 6apsicbiHna Geogebra 6armapiamMachH KOJIIAHBII, cabak OTyAl YChIHAMBI3.
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KYPBLJIBIMJIAJIFAH ECENITEPAI IBIFAPYIbIH OKYIIBIJIAPABIH 3EPTTEY LHIJIIK
JAF IBIVIAPBIH JAMBITYFA 9CEPI

Anoamna

OKyImIbUTapABIH MaTEeMATHKAIBIK CayaTThUIBIFBI MEH 3€pPTTEYNIUTIK JaFAbUIAPBIH JAMBITY VIIH ecell MOTiHiHe
OeplIreH akmaparThl TYCIHY, OHBI TaJZail OTBIPHII, ECENTI MIBIFAPY Ke3CHICPIH KYPhUIBIMIayFa 0ayyIblH MaHBI3bI O©TC
30p. Ochl karfaityiap 3epTTEyIiH MaKCaThIH aiKpIHAAIl, MIHACTTCPIH HAKTBUIAyFa OJ allThl. 3epTTEy MaKcaThl —
MaTeMaThKa ca0arblHIa KYPBUIBIMIAIFAH CCCNTEP/l MIBIFAPY/IbIH OKYIIBLIAP/BIH aKIapaTThl TAAAy JKOHE XKYyHerey
JIaFABUIAPBIH TAMBITYFa dcepiH Oaranay. 3epTTeyIIUTK JaFablapabl JaMbITyla KONTEreH o/licTeMeliep MEeH Kypajiaap
IlIHeH KYPbUIBIMJQIFAH €CeNTepli WIbIFapy Tocull TaHmanbl. 3epTTeyliH OoJpkambl OOMBIHINA KYpBUIBIMIAIFaH
ecenTepi IIbIFapy OapbICHIHAA OKYIIBLIAP i3JETiHAl aKmapaTThl caThliai 137y apKbUIbl aKmapaTThl KyHeleyre Ko
amajipl. AJl OKyIIbUIAP/IbI €CENTEp/Ii 63 OCTIHIIEe KYPhLIbIM/IAYFa KATBICTBIPY OJap/IblH aKMapaTThl TAAAY JaFAbLIapbiH
JAMBITa/Ibl. 3epTTEy MAaKCAThIHA JKETy YIIIH Kelleci 3epTTey MIiHAeTTepi aWKbIHAANIbI: 3ePTTEYIIUIK JaFIbUiap/Ibl
JIaMBITyFa OaFbITTAJFaH QMIiCTEP/l KOJJaHy ocepiH Oarajay; cabaKTap CEpHSACBIH OTKIi3ill, OKYIIBUIAPABIH OlTiMiHe
caraibl Taujay jkacay; akiapaTThl TAay XKOHE JKyHeney NaF/iblIapblH JaMbITy OOWBIHINA MYFAIIMAEP/iH KbI3METIH
yibIMIacThIpy OOMBIHINIA YCBIHBICTAp o3ipiey. 3epTTey OapbIChiHAa OChI OAFBITTA JKACAIFaH 3ePTTEyJiep TaJIaHBIII,
aKmaparThl Tanjay >XoHe KyileJey JaF[bUIapblH JAMBITY AalFbIIIAPTTaphl OOJIBIN CAHANATHIH JMICTEP/IH Ti3iMi
aHBIKTAIIBI. KyphUIBIMIAIFaH ecenTepIiH KIacCH(hUKANUACH JalbIHIAIBII, IPAKTHKA KY31H/C KOJIIaHBUI/IbL.

Tyiiin ce3nep: MaTeMaTHKAHbBI OKBITY, JaFAbUIAP/IbI JAMBITY, HHTEPHET-TEXHOJIOTHsIAP, KYPhUIBIMIAIFAH CCCITEP

Annomayus
CIK. 3vixpuna
Hasapbaes Unmennekmyanvhas wKkoia pusuko-mamemamuyecko2o nanpasienust, 2. Koxwemay, Kazaxcman
BJIMSSTHUE CTPYKTYPUPOBAHHBIX 3A/IAHUM HA PA3BBUTHUE UCCJEJOBATEJIBCKHUX
HABBIKOB YUYAIIUXCS

Jist pa3BUTHA Y yYalIMXCsl MaTeMaTHYECKOW IPaMOTHOCTH U UCCIIEOBATENbCKUX HABBIKOB OYEHb BAXKHO MOHUMATh
HHPOPMAIINIO, H3JIOKCHHYIO B TEKCTE 3a/1a4d, aHAIM3UPOBATh €€, YMETh CTPYKTYPHPOBAThH JTAIlbl PEIICHUs 3a1aun. B
CBS3M C OTHM OBUIN OMpeeNeHBI Ielb M 3aJa4d JAaHHOTO HccienoBaHus. Llenap mcciieoBaHUS — OICHHTH BIMSTHHE
CTPYKTYPHPOBAHHBIX 3a/1a4 Ha Pa3BUTHE y YUAIINXCSl HABBIKOB aHAIIN3a M cucTeMarn3aiuu nHdopmanuu. [Ipu passuruu
HCCIIEIOBATEILCKUX HABBIKOB METOJ MOJATOTOBKH CTPYKTYPHPOBAHHBIX 33a7ad ObUT BEIOpaH M3 MHOXECTBA METOJOB U
HHCTPYMEHTOB. B mpouiecce cocrasiieHus 3a1a4, CTpPyKTYPUPOBAHHBIX B COOTBETCTBUU C UCCIIEI0BATEILCKOM TUIIOTE301,
ydamuecsl MoJy4JaroT BO3MOXKHOCTh K CHCTEMaTH3allMd HMHGOpPMAIWU IIyTeM IIOIMIarOBOTO IOMCKAa HEOOXOIMMOit
nHpopmanuu. A BOBJICUCHHE YUYaIIMXCs B CAMOCTOSITEIIbHOE CTPYKTYPUPOBAHHUE 3a/1a4 Pa3BUBAET y HUX HAaBBIKU aHaIN3a
nHpopManuu. s TOCTH)KEHUS LENH WCCICIOBaHWS OBUTH ONPEACTICHBI CIEAYIONINe HMCCICIOBATEIbCKAE 3a/Ia4H:
oreHKa (¢ (eKTa 0T HCIOIH30BAHUS METOJOB, HATIPABJICHHBIX Ha PAa3BHTHE MCCIICIOBATEIBCKUX HABBHIKOB; IIPOBEICHHE
CepUH 3aHATUH U KaYEeCTBEHHOTO aHaJi3a 3HAHUH yJaIuxcs; pa3paboTka IMPeIIoKCSHNHN 110 OpTaHU3AIIH ICATSIIEHOCTH
yYHTEeNeH 10 pPa3BUTHIO HABBIKOB aHANW3a M CHUCTeMaTH3anuu wWHpopMamumu. B Xome wWccieqoBaHUS OBLIH
NIPOaHAIIM3UPOBAHbl HCCIIEJOBAHNsA, ITPOBEACHHBIE B 3TOM HAIIPaBJICHUHU, U OIPEICIIEH IEpEeYeHb METOA0B, KOTOpbIE
CUMTAIOTCSI MPEANOCBUIKAMH JUIsS PAa3BUTHSI HAaBBIKOB aHaJM3a M cucTeMarnsaiuu uHpopmamuu. [logrorosneHa u
HCTIOIb30BaHa Ha MPAKTHKE KJIACCH(HUKALNSA CTPYKTYPHUPOBAHHBIX 3a/1a4.

KiroueBble ciioBa: MaTeMaTHUECKOE 00pa30BaHue, pa3BUTHE HABBIKOB, HHTEPHET-TEXHOJIOTHHU, CTPYKTYPHUPOBAHHEIE
3a/1a4u.

Abstract
IMPACT OF STRUCTURED ASSIGNMENTS ON THE DEVELOPMENT
OF STUDENTS' RESEARCH SKILLS
Zykrina S.
Nazarbayev Intellectual School of Physics and Mathematics, Kokshetau, Kazakhstan

For the development of mathematical literacy and research skills of students, it is very important to understand the
information contained in the text of the problem, analyze it, and be able to structure the stages of solving the problem. In
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this regard, the purpose and objectives of this study were determined. The purpose of the study is to evaluate the impact
of structured tasks on the development of students' skills in analyzing and systematizing information. In developing
research skills, the method of preparing structured problems was chosen from a variety of methods and tools. In the
process of compiling tasks structured in accordance with the research hypothesis, students get the opportunity to
systematize information by step-by-step search for the necessary information. And involving students in independent
structuring of tasks develops their information analysis skills. To achieve the goal of the study, the following research
tasks were identified: assessment of the effect of using methods aimed at developing research skills; conducting a series
of classes and qualitative analysis of students' knowledge; development of proposals for organizing the activities of
teachers to develop the skills of analyzing and systematizing information. During the study, studies conducted in this
direction were analyzed, and a list of methods was determined that are considered prerequisites for developing skills in
analyzing and systematizing information. A classification of structured tasks has been prepared and used in practice.
Keywords: mathematical education, skill development, Internet technologies, structured tasks.

Kipicne

OKyIIbIIapIbIH MaTeMaTHKAJIBIK cayaTThUIBIFRIH 3epTTey 2021 skpimFbl PISA 3epTTeyiHiH 0achiM OaFbITHI
Oonbin aiikpiHAanael. PISA-2021 3eprreyiHiH aHbIKTaMachl OOWBIHIIA: «Mamemamukanivlk cayammolivlk —
AOAMHBIH, MAMEMAMUKATLIK, OULAY, MAMEMAMUKAHBL MYACOIPLIMOAY, KOJLOAHY HCIHE JPMYPIL NPAKMUKATBIK
Kommekcmmepoe ecenmepOi uieuty Yuwiin mycindipy xaoiremi. On Y2ulmOapowl, npoyedypailapobl dicone
haxminepoi, conoaii-ax KyYoblibilcmapobl CUNaAmmayea, mycinoipyee Jdcane 0oxncaya apHai2an Kypanioapovl
Kammuovl. O adamoapea MamemMamukauvly aiemoesi poain mycinyee, JHcakcol Hecizoenzen naubiMoayiap
gicacayea oicone 21 2aceipoa cuinoapivl, Oencenoi dcone peiuekcuemi azamammap Kaoulioaybl Kepek
wewimoep Kadwvlroayza xomexmeceoiy [I, 12 6]. Mamemamuxa cabaxmapvinoa Oepineen ecenmepoin
KOHMeKCMin MYCIHIN, MUuimoi wwvl2apy macilin aublKmay YWiH oKYubLIapobly aknapammsl maiody HcoHe
arcytieney dazowiiapel bepik damysl muic. 111.Paxmer sxoHe OackamapapIH MiKipiHIIE, MaTeMaTHKaHBl OKBIT-
YHpeHy ecem IMIbFapyAbl Oily YIOIiH FaHa eMec, aJaM OMIpIiHJeri ajAbIMbI3JIaH HIBIFATHIH Ke3 KeNreH
MaceJenepi TYphIC IIelie O1Tyre )KoHe OKYIIBIHBIH KaO1JIeTTePiH jKaH-)KaKThl )KETULIIPY YIIiH KaxeT [2, 143
0]. Ain M.M.CissMxaHHBIH MIKIPiHIIE, OKBITYIBIH Carachl KOOIHECe MYFaTIMIEP IiH MEKTEN OKYIIBUIAPBI MEH
CTYICHTTEP/IC OKBITYIBIH KOTHHUTHBTIK VITUICPIH KaJIBIMTACTHIPY KaOineTiHe OakmadeicThl [3, 208 0].
Conovikman, OKyNBUIAPABIH MaTeMAaTUKAIBIK CayaTThUIBIFAH KaJIBINITACTHIPYAA ONAPABIH 3€PTTCYLILTIK
JIaFIbUTAPBIHBIH JaMybIHA JKaFqai jkacay MaHbI3IbI IIAPTTapIbIH Oipi O0JIBIT TaObLIa kL.

Kasipri yakpITTa MyFajimMre OKyIIbUIAP/IbIH TAIIAY KOHE KYHeNey JaFIblIapbiH KaTbIITACTHIPY OOHBIHINA
o/TiCTEMEITIK )KYMBIC KYHECIH KYpyFa KOMEKTECETiH )KeTKUTIKTI TOKipuOe MEH KONTereH HaKThl MaTepraliaap
KHUHAKTaJIFaH.

JIx. Bpynep [4, 105 6.], b. Porod [5, 54 6.] sxone [".Burunrcrin [6, 141 6.] eHOeKTepiHE OKYIIBIIAPIBIH
TaHBIMJIBIK JKOHE TUMIK KaOUeTTepiH IambITya OWBIHIAP MEH OKBITYJBIH TYPIi OMic-TocUIaepi MeH
O/IiCTEepiHIH POl KapacThIPhUIIbL.

M.J1. JlammepaiH miKipiHIIe, «OKYIIbUIAPAbIH aKMapaTThl Taliay jKOHE JKyWerney JaFAblIapblH JaMbITy
YIIH OKYIIBUIAPJBIH OKYy YAEpICiHIH OelceHIi KaThICYIIBICHI OONybl ©T€ MaHBI3IBL. BiliM MeH JaFIbIHBI
KYHENeyiH Herisri MiHAeTTepl — OKYyIIbUIAPIBIH JKETICTIKTEpI MEH JKETICTIKTepiH amry; OimiM, Oimik
JAFbUIAPBIH KETUIIPY, TEPEHIETY JKOJJIaphIH KOpCeTyJe, OChbUIaiilia MEKTeN OKYIIbUIAphIH KeHiHHEeH
OeIceH 1l MIBIFapMaIIbUTBIK SPEKETKE KOCYFa XKaraail xacanaae [7, 78 0.].

«bys1 MiHZETTEp €H alJabIMEH OKYIIBLIAPJABIH OKY MaTepUalblH MEHIepY CanachblH — MaTeMaTHKalaH
Oarjapnamaza KapacTeIppUIFaH OiniM, OUTIK, JaFapuIaplbl MEHTepy ACHIeWiH aHbIKTayFa OaillIaHBICTHI.
Exinminen, Oyn »xyideney MIHASTTEpiH HaKThUIay MEKTEN OKYIIBUIAPBIH ©3apa XyHesley jKoHe ©3iH-031
XKyHeney aficTepiHe yHpeTyMeH, ©3iH-631 Oakpliay *oHE e3apa 0akpulay Ka>KeTTUTIrH KaJIbINTaCThIpyMEH
OaiinmaHpicThl.  YUIHIIEH, O MIHAETTEp OKYIIbUIAPJbl OpBIHJAFaH JKYMBICKA KayalKepIIifiK,
OacTaMaIllbUIIBIK TAHBITY CUSKTHI TYJIFAJIBIK KACHETTEP I TopOueney i ke3aeumi» [7, 79 0.].

B.A.Jlanuarepaiy mikipiHie, «OKyIWbUIapAbH OimiMaepiH Kyileney Tek >Kyieni Kaitanay HerisiHue o3
MakcaTbiHa xeredi» [8, 92 6.]. H.M.HazapoBa cab®akTel KypyAblH PETTUIrH CHIATTam, OfaH OimiMai
JKaJIIIbLIIAY JKOHE XKylheney cabarbl 3aMaHayu aTayblH OepreH [9, 47 0.]. ABTOp MyHai cabakTapIblH Keyeci
KE3CHJEePiH aHBIKTa bl

- ca0aKThIH TaKbIPBIOBIH, MAKCATHIH, MIHACTTEPIH KOHE OKY OPEKETiHiH MOTHBAIIUSCHIH KETKi3y;

- HeTi3Ti OLTIMIII JKaHFBIPTY KOHE TY3ETY;

- HETi3ri QakTijepi, OKuranapbl, KyObUTBICTap/Ibl KalTanay )KoHE Tajay;

- YFRIMJapAbl KalTanay, Kallbljay jKoHe Kykeney, coiikec OimiM KyieciH, )KeTeKl niesaap MeH Heri3ri
Teopusutapasl MeHrepy [9, 50 6.].
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VYteeBa P. jxoHe OackanmapAblH 3epTTEy HOTHXKENEpl KepceTKeHeH, Oipael OacTamnkpl HO3ULMsIIApFa Ue
00Ja OTBHIPHIIN, OKYIIBUIAD MaTeMAaTHKaJaH OKBIM JKATKAH MaTepUaNIbl OPTYPJi TOCUIAEpMEH MeEHrepel.
CoHOBIKTAaH MyFaJiM OKYIIBLIApAbl MaTepUalAbl MEHIepYyIiH >KOFaphbl JEHreiiHe >KeTKi3y YIIiH opTypii
TanceIpMasIap MEH OKBITY 9MICTEpiH TaHJAN alblll, OJapFa KOJAay KOpCeTy YKOJIIAPbIH OMIACTBIPYBl KAXKET
6omazns [10, 80 6.].

JI.C. Beirorcknii [11, 212 6.] oKymIbuIapIsIH aKnapaTThl TAIAY JKOHE KYHeley JaFblIapblH JaMbITYAaFbI
MOJIIMETTEP/Ii KYPhUIBIMAAI YCHIHYIBIH alTapIIBIKTal POJIb aTKAPATHIHBIH aTall 6TKeH. OKYyIIbUIapAbIH TaNgay
JKOHE JKYHeNney maraplIapblH JaMBITyIa KYpbUIBIMAaFad ecenrepai Konnany Jk. bekkepmin [12, 14 6.], I
Ckob6emnesriH [13, 17 6.], Ix. Cturnepzin [14, 17 6.], b.Puttn-/xonconnsy [15, 173 6.] 3eprreynepinmae e
KapacThIPbUIFaH.

H.Xannm >koHe OackanmapablH 3epTTeyi OOMBIHIIA, MEKTEN OKYIIBUIAPBIHBIH —(QYHKIHOHAIBIK
CayaTTBUIBIFBIH  JAMBITYMEH aWHANBICATBIH ~MYFalliMJIEpPre apHAJFaH QJICTEMENIK  YChIHBICTapIbIH
cUMaTTaMachl OepiieTiH 3epTTeyliep HIeKTeyJi eKeHAIriH eckepep Ooicak [16, 23 6.], ocwl karmaitnap
OKYLIBUTApBIH 3ePTTEYLIUIIK AaFAbUIaApbIH 1aMbITYAa KYPbUIBIMAAIFAH €CenTep/l KONAaHy apKbUIbl HAKTHI
3epTTey OIICHAMACHIH aWKBIHAAIN, OKYIIBUIAPIBIH €Cel AITOPUTMIMEH JKYMBIC )KacayblHa MoH OepymiH
MaHBI3/IbUTBIFBIH KOPCETTI.

3epTTey MaTepuaiapbl MeH JicTepi

3eprTeynepre cylieHe OTBIPHII, 3ePTTEY MIHASTTEPiHE COMKEC Keleci 9/licHaMa alKbIH A IbI:

1. Okyumbuiapapl KpuTepHuanasl Oaraiay NpPUHIMIITEpiHE COWKec, cabaKThIH MaKCaThIH JKOHE OHBIH
HOTHXKeIEPiH KYpyFa KaTbIcThIpy. OKYyIIbIIapAbIH cabaKThIH MaKcaTTapbl MEH HOTHXKEJIEPIH KypyFa KaThICYbI
oJIapABIH OOMBIHA TPOIIECC YIITIH JKayalKepIILTIK CE3IMiH YsyIaTa bl

2. OTKeH TaKBIPBINl ecenTepiH MbIChIKTay. Kaiitamay TancelpMaiapblH OpBIHAAY OKYIIBLIAPIBIH OyFaH
JICHIH UrepiareH OUTIMAEPIH KYHeIer, «KaKblH JaMy aiiMarblH» aiKbIHAayFa MYMKIHIIK Oepe/i.

3. Orinren MaTepual MEH KaHa YFBIMIAPbl KAMTHTBIH KYPBUIBIMAAIFaH €CENTePAl YChIHY.

CabaKThIH HOTIKEIIIITI MaKcaT KOKoFa Tikesnel OaimanpIicThl. MakcaT Koo OaranmaysiH KypaMmaac Oeriri
Oonbinm TaObUTAABl. bynm OachIMIOBIKTApAbl aHBIKTayFa, INEIIiM KaObUIayFa >KOHE iCTepli OpbIHIayFa
KeMeKTeceli. MakcaTrap HEFYpJIbIM alKbIH 00jica, Oaranay COFYPJBbIM THIMAlI JKOHE HAKThl OOJIaJIbI.
OKy1bLIapIbIH Ca0aKTHIH MaKCaThl MEH HOTHIKEIIEPiH TY)KBIPHIM/IayFa KaThICYbI OJIapAbIH OOMBIH/A TPOIIECKe
JICTEH KayalKepIliaiK ce3iMiH osaTaabl. COHIBIKTaH op cabakK CailbiH OKYIIBUIAPIBIH OChI YJIepicke OeceH/ I
KATBICYbI KaJlarajiaH/Ibl.

OTKeH TaKbIPBINTH KalTanay Kypajbl peTiHAE TYpii MHTEPHET-TEXHOJIOTUsUIapbl Konganbuiapl. Cedebdi
MHTEPHET-TEXHOJIOTHSIIAp/Abl KOJNJaHy OKYyIIBUIApABIH OUTIMIH Tekcepy OapbIChIH aBTOMATTaHIBIPYyFa
MyMKiHIiK Oepemi. On yminH plickers.com, kahoot.com, quizizz.com caifTTapeiHIa AalbIHIATIFAH
BUKTOpUHAJAP KOJJIAHBULABL. Bysl BUKTOpHHANAp OKYNIBUIAp/ABIH OTKEH TAKBIPHIT OOWBIHIIA OimiMIepiH
IBICBIKTayFa MYMKIH/IK OepyMeH Kartap, cabakka KbI3BIFYIIBUIBIFBIH OSITYFa jKoJl amrajpl. COHBIMEH KaTap,
cypakrapra OepiireH »ayanTapIblH OHJAWH eceOi, OKyIIBUIAPJBIH KaHIall cypakTapra jkayam Oepyjue
KHHAJIFaHbIH KOPCETEII.

Mpeicanbl, 8-ceiHbIITa «KBagpar TeHzeynep KOMETiMEeH MOTIHAIK €CeNTepAl IIBIFapy» TaKbIPHIObI
OOMBIHIIA OTKI3IIreH TECT HOTIKEeNepi OOWBIHIIA OKYHIBUIAPIBIH Ti30eKTelle OpHalackaH CaHIapAblH
EpeKIIeNIriH ecKepy/e KaTelleCeTiHIH XOHE TIeOMETPHUSUILIK MarbIHACHI 0ap ecemnTepliH MaTeMaTHKAIIBIK
MOJIEJiH KYpYy/ia KHHAJIATBIHBIH 1-CypeTTeH Oaiikayra 00 ibl.

CoHJIBIKTaH, TECT HOTHXKEJEPi OKYIIBUIAPABIH OLTIMIH/ETI OJNKBUIBIKTAp bl YaKbITBIIB alKbIHIAM, cabaK
0apbhICHIH/IA YaKBITHIIBI KOMEK KOPCETyre MyMKIHJIIK OepeTiHiHe KO3 KEeTKi3yre 00omabl.

OnicHama OolbIHIIA, cabaKThIH HETi3Ti 0eiMiH/e KYPbUTBIMIAIFAH €cenTep IIbIFapy KY3ere achIpbUIIbL.
KypbuisiMaanran ecen — GapiblK 3J€MEHTTEPl oHE ONaplblH apachlHIaFbl OaitanbicTap Oenrini 0onaThiH
ecer. KypbUlbIMJIalIFaH €CeNTiH Ma3MYHBIH HAKThI IICHIYy alTOpUTMi Oap MaTreMaTHKalblK MOJENb TYpiHe
Kepceryre 6omanel. KypbulbIMaaiaraH ecenTep OKYyIIbUIApFa €Cel MITiHIHAE OepiireH akmaparThl Talaay
ApKBUIBI €CETITI WIBIFAPY aJITOPUTMIH KOPBITYFa Kaf/1al >kacaibl.

KypbuisiMaanran ecentep KypamblHAa OipHelle TanchlpMallapAblH TYPaTBIHABIKTAH, TalChIpMallapIblH
Oip-OipiHeH ToyeIIIriHe ColKeC eKi Typre OemHeIl.

Bipinwi srcazoaiioa ecen KypbelIBIMBIHAAFBI TarlcklpMatiap Oip-OipiHeH Tayernci3 60yl MyMKiH. MyHzaan
Xaraaiaa 6acTankpl TalChIpMaJIapbIH JKayalTapbl KEHiHT1 TaricblpManap bl XKayanTapblHa ocep eTHen .
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x2 +5x+2
x—2

MeIcaser: Y =

(hyHKIISICH OepinreH.

1) ®yHKIMSA aCUMITOTAIAPBIH TAOBIHBI3.

dy
2) " TaOBIHBI3.

Kiwi cangpel x apxeinel 6enrinen, ecen
TeHAeYiH KypaHbIs:

Bip can ekiHwicinen 12-ze apmeik, an
onapdei kebelmindici 315-ke mex. Ocer

Kiwi cangei x apxeinesl 6enrinen, ecen

TEHALYIH KYpaHbIs:
Bip can ekinwicinen 17-ze apmulk, an
onapdeid kebelmindici 468-2e mex. Oceor

Kiwi canapl x apxeinel 6earinen, ecen m

TEHALYIH KypaKb!s:
Tizfexmell 0pHANACKAH eKi Mak Hamypan
caHHbIH kebelmindici 57 5-ke meH. Ocol

candapdel mabblbis caHdapdel mabblHpiz caHdapdel mabbiHbiz

=

xix - 12)= 315 A x(x+17) =468 A x|x+2) =575

B ox(x+12)=315 0 xix-17)= 468 B oxilx+1)=575
C Zx+12=315 C 2x-17 = 468 € ox.x +1=575
O Zx+ 17 = 468 0 2x-2=575

0 2x-12=315

KebGeittingici 132-re TeH, eki
TisGekTene opHanacKaH HaTypan
caHaapAbl TabbIHbIs.

Tik TepTOypeIWw KaBLIpFanapsiH Taby
TEHAEYIH KypaHbi3:

Tik TepTOypbIW NnepumeTpi 10 m
M, a/1 ayAaHbl 6 M2

Tik TOepTOYpbIW KabblpFanapbiH

Taby TeHaeyiH KypaHbI3:

A x(5+x)=6 A x(x+2) =132
B oxlx+é)=5 B xix+1)=132
[- u:ﬁ C )Lr].=132
D x(5-x) =& D 2x-2=132

Cypem 1. Oxywwinapoviy mecm cypakmapvina jxcayan oepy canacol

Bepinren ecenTtiH KypbUTBIMBIHAAFBI TaIllCBIPMAJIAP/IBIH JKayanTapbl Oip-OipiHeH Toyenci3. COHABIKTaH
OKYIIBIHBIH (QYHKIMs OOWBIHIIA TEK HAKTHI CypakTapra skayan OepyiH Tamam erefi. MyHail TanchlpMaHbI
KypacTelpy oTe »xeHil. JKoHe OKyIIbl TalchlpMaliaplblH KaNCBIOIpiH Jyphic OpbIHIaFaH OoJica, COJ
HOTIKECIHE COMKeC 63 YITalibIH aia anajbl.

Bys tunreri kypouibiMaanFal ecentep PIZA xajblkTapaliblK 3epTTEYiHAC KHi  KOJIaHbUIaabl. MbICaibl,
JKapbIC MaIlIMHACHIHBIH JKbUIAaM/IBIFbIHA OCPLITeH ecenTi KapacThipaibik [1, 52 6.]:

I'padukre (2-cypeT) *apbic MAIIMHACKIHBIH €I KEJEeprici3 yII KMIOMETPIIiK CaKkuHa TYpiHJeri Tpaccaua
eKiHILI aifHAIBIM/BI JKacaybl OapbICHIHIAFbI KbUIJAM/IBIFBI KaJlail ©3repreHi KopceTireH.

xcsmna‘.lmm (km/car)
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2 n

3
0.6 08 10 1
I ‘ T

779 92
[ 27 ~.-i4

1
| | >
CTapT CBI3BIFET

Cypem 2. ¥361100618b1 3 KM 601AMbIH MPACCAOABbL HCAPBIC MAUWUHACHIHBIH HCHLIOAMObIbL
(exinwi atnanvim 6apvicbioa)

I cypax. CrapT ChI3bIFbIHAH TPACCAHBIH €H Y3bIH TIKTOPTOYPHIMTH YYaCTOThIHA JEHIHTI apa KallbIKTHIK
Here Teq?

A 0,5 kM B 1,5km C 23km D 2,6xkm
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2 cypax. EXiHII aifHAIBIMBI 6Ty OapbICHIH/A TPACCaHBIH Kai )KepiHae MallMHAHBIH )KbUTIaMIBIFBI €H Killli
ooJaer?

A Crtapr CBI3BIFBIH/A.

B Ilamamen 0,8 kM Oenriciaae

C IIamamen 1,3 kM Oenricinae

D Illamamen Tpacca opTacbiHIa

3 cypax. 2,6 kM xoHe 2,8 KM Oeinriyiepi apachlHAarbl Tpacca OeJiriHeH ©TKEHJAErT MallWHAHbBIH
KBUITaMIBIFBI TYPAJIBI HE alTyFa Oomasr?

A MarmmHa XbUIIaMIBIFEl TYPAKTHI OOJIITBI.

B MaiunHna »XbpU1gaMaslFbL OCTI.

C Mammmnna XbUIHaMIBIFBI KEMIII.

D bepinren rpaduk 60HBIHIIIA MalTHA KBUIIAMIBIFBIHBIH ©3T€PiCiH CHIIATTay MYMKIH eMec.

4 cypax. 3-cypeTTe Xapbic TpaccalapblHbIH Oec Typii Qopmacel kenrtipinreH. JXKeuigamusik rpadmuri
KOFapbla OepireH xKapbiC MaIIMHACKH OCHI TpaccajlapAblH KaliChIChIMEH KYpAi? MyHAAFb! S — CTapT CHI3BIFBL.

s * T soew

D A

Cypem 3 - Tpaccanapoviy popmacsl

Ecen cyparbiHa Ha3ap ayjaapaTbiH OOJIcak, TalchlpMaliapra jkayarn Oepy HoTmwxkenepi 0ip-OipiHeH Tayeci3
eKeHJITiH OalKaiMBbI3. SIFHM op CYpaKTHIH kayaObl 0acKa Cypax jKayarTapblHaH TyelCi3, KeKe OaranaHalbl.

Exinwi sicasoatioa ecen KypbUIBIMBIHIAFEI TaricklpManap Oip-OipiHeH Toyenai 0oirysl MyMKiH. MyH#ait
XKarjaiaa OacTanmKel TalChIpMallap/blH JKayanTapbl KSHiHT1 TalChlpMaliap/iblH jKayanTapblHa dcep eTe/l,
COHJIBIKTaH OIpiHII TamchlpMaHbl KaTe€ OpBIHIAFaH J>KaFjaiilia OKYyIIbl €CeNTi IIBIFapy oOJIiCiH JKaKChHI
OinreHiMeH, Kate xayar ajazbl. MbIcalbl 8-ChIHBIIN OKy OaFqapiiaMachlHaH KeJleci €CenTi KapacThIpaibIK:

y = —x? + 2x + 3 QpyHKUMACH GepinreH.

a) mapabosia Te0eciHiH KOOpIUHATAIAPBIH TaObIHBI3;

b) aGcruicca xoHe OpAMHATA OCHTEPIMEH KUBLIBICY HYKTEJIEPiH TaOBIHBI3;

¢) rpaduriH caiabIHbI3.

Erep Tanceipma tex « ©yHKIHs rpaduUTiH canbIHBI3Y Jien OepineTin 0oica, OKyIIbl KECTE apKbUTbI PYHKIHS
MOHJIEPIH aHBIKTAll, HYKTENep/i KOOPIWHATAIBIK Ka3bIKTHIKTA OeliHenece jae Kare OOJBIN CaHAIMaubl.
Ce0ebi TpaduKTi camyaplH 9Jici HaKThUTaHOaraH Oonap ezi. AJ JKOFapbIgarbl €CEeNTe, OKYIIbIFa HAaKTHI
Kagamaap OepinreH. Ecenti mbirapy OapbIChlHAa OKYIIBI OipiHINI TarcelpMmaja napadosa TedeciH ITyphic
Tanmaran 0oJica, HOTHXKE/IE O]l MYJJIeM Kate rpaduk caiaybl MyMKiH. COHIBIKTaH MYHJIAil TarcbipManapbl
OpBIH/AY OKYIIBIHBIH MYKHUSTTBUIBIFBIH Tanan ereni. JKoHe op KagaMmaarbl KaTe OKYLIBIHBIH Oaranay
HOTHIXKECIHE JIe acep eTe/Il.

Exinmn Typzeri tanceipmanap/pl MbFapy 0apbIChIHIA OKYIIbLUIAP KaJamap apachbHIarkl OaiIaHbICTHIH
MaHBI3IbUIBIFBIH TYCIHE1 XKoHE ecenTi 3epTTeiai. Jerenmen, MyFaiiM xKyHeni )KyMbIC acaMaca, Oyl ecenti
HIbIFapy OapbIChIHIA, OKYIIBI TAICHIpMalIapAbl OPBIHAAN OTHIPHIN, (PYHKUMSHBIH rpadUriH Carylbl Ky3ere
aChIpFaHbIMEH, aJlTOPUTM TOJBIKTA MyFamiMMeH OepireHIIKTEeH TeK PEernpOAyKTHBTI KYMbIC OPBIHIANIBL.
CoHJIBIKTaH MYHJAil TarcelpMalapibl JaHa cabakThl TYCIHIIpY YIIiH ycbiHY THIMIL. OcbhIHIai
TarceIpMasIapbl OpbIHAAFaHHAaH KEeHiH aTaFaH KaJgaMaapbl alTOPUTM TYpiHAe KOPBITYyFa MyMKIHIIK Oepce,
OKYIIBI KBaJIPATTHIK (DYHKIUSHBIH TpadHriH KeCKiHICYIiH KYpPBbUIBIMBIH 63 OCTiHIIe YFhIHA allaJibl KOHE
JIYPBIC KOPBITBIHBUIAP XKaCAHIbI.

Tanceipmanapabl KypbUIbIMAAY KaparnaibiM jKoHe KypJesli TypAe ’Kacalybl MyMKiH.
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Kapamaiielm Typae KypbUIBIMIayAa HETi3ri TancelpManaH Oip FaHa TapMmak kacamaibl. Melcambl,
HazapbaeB 3usaTkepiik MeKTenTepiHae 12-CBIHBINTAa YHBIMIAACTBHIPBUIATBIH — XaNBIKAPATIBIK EMTHXaH
(hopMaThIHIAFbI KEJIECi ecenTi KapacThIPalbIK:

1

(1+ X)® epHerinin x*-Ka feifiHri GHHOMHATIBIK XKIKTEYiH KOPCETiHi3:

L 1 1

3 2 . . .
a) (B+3x)3=~2+ Z X— i X" - X-TIH YJIKEH €éMeC MOHJEpIHE OPBIHAANATHIHBIH KOPCETIHI3.

b) 39~ 599 IOIEIEHI3.
288

By ecente ecentiy Herisri O6epiici O0ibIHIIA €Ki TarichlpMa KYPBUIBIMIAIIFaH XKOHE OJlap e3apa Toyel i
Oonmpim  TaObLIampl. TarcelpManap apsl  Kapail  KYPBUIBIMIAIMAWTHIHABIKTAH, KapamabIM —TYpHAe
KYpBUTBIMAAJIFaH OOJBIN TaObLIaIb.

Kypaeni Typae kypanpiMaayaa HEeTi3ri TarcslpMaaH MBIFAaTHIH TapMaKTap Ja apbl Kapail TarcslpManapra
TapMakTanansl. Meicanel: Tanceipmanapabl OpbIHIAHbI3:

a) Buert Teopemachl apKbUTBI KBaIpaT YIIMYIIEHI KOOSHTKIIITEpre KiKTeHI3:

X% +3x—10
b) bemnek 6epinrex:
x?4+3x—10
2x—4

1) DBeuniuexTiH ajabIMbl MCH 0OJIMiH KOOCHTKILITEPre KIKTCHI3;
2) BeuekTi KbICKApTHIHBI3;
3) KsIckapThuIFad Gemiek OOMBIHIIA OPHEKTIH MOHIH TaOBIHBI3: X; = 3,X, = 7,X, = 3979.
Byn tanceipmana ecenTiy OipiHII TanChIpMachl KapamaibIM TYpe, all eKiHIII TarchIpMachl KypAeli Typ/ie
KypbutbiMaanFad. Cebebi OyJ1 TarichipMajiad 0acka Jia TarchbipMa TapMaKTaphbl Tapauibl.
JKorapeiga OepiIreH TarnchlpMa JASCKPUIITOPIIAphl OKYIIBUIAPMEH KEIeCiIeH TYIKbIPBIMIAI/IbL:
- Ksagpar ymmyreni keOelTkimepre *KikTen i,
- bBenmek GemiMiH TYpIeHIIpeni;
- BeumiekTi KbICKapTaibl;
- OpHEKTIH MOHIH Taba bl
XKymbic HoTHXKECIHIE Oaranay JeCKpUNTOPIAPBIH KYPAaCThIPYy OKYIIbLIAPFa €CEITi IbIFapy aarOpUTMiH
KOPBITHIII, OJ1 KeJIECI TYPJIe TY KbIPIMIAJIJIbI:
1. bBemniekTiH anbIMBIH KOOSHKIIITEpPTe KIKTEY;
2. bemnmiexTiH OemiMiH KOOSHTKIIITEPTe KIKTEY;
3. Bipueit keOeHTKIIITEp/Ii KBICKAPTY.
Ochbutaiiina KypbUIBIMAATIFAH €cenTep OKYIIbUIApFa JKaHa TAaKbIPBINTHI TYCiHyre, OCpiireH akmapaTThl
TaNJan, Xy#Heaeyre Ko amaibl.

HoTtukesiepi :xoHe TAJKbLIAY

3epTTey SKCIEPUMEHTI 8§-CBhIHBIN OKYyIIbLIaphl apackiHaa Kaszakcrannuelk OiniM Oepy caachIHAAFbI
seprreyminiep Korambl (KERA) XaTHmibUibIFbIHBIH — OTHIpBICBIHAA Makyiganran KP  Bimim  Gepy
3epTTEYIIUIEPIHIH DTHKA KOJCKCIHE COlKeC OTKI3II.

OKymbUTapIblH TaJJay XOHE KYHeley NaFrAbUIapbIHbIH JaMybIH Oaranay VIIiH NOHAIK crenudurara
CcoliKec KeJleci MHAMKATOpJIap aHBIKTaAbL:

- ecell NIapThIHJAFbl HEeTi3r1 MaiMeTTep 1l Oemin any;

- ecell AITOPUTMIH KYpY;

- €CeTi eIy IiH Heri3ri Ke3eHAepiH YCTaHy;

- €CeII CyparbIHa Jxayan oepy.

3epTTey 8-CHIHBIN MaTeMaTHKachiHBIH «byTiH-panmoHan TeHAeylep JKOHE TEHCI3MIKTEpP» TapayblH
KaMThLIbl. OKymbutapaad Oactanksl OiliM HerizZepiH aliKplHAAay MakcaThbIHIA Kipicle cayaiHaMma ajibIHBII,
cabakrap cepusachl OapbICBIHOAFbl OiiM camacklH OUAarHOCTHKAajay YIIIH KaJbIITACTBIPYLIbI Oaranaymiap
JKYPri3iii, 0acTamnKsl )KoHE KOPHITHIH/IBI TECT aJIbIHIbI.

3epTTey OapbICBIHAAFBl Kipicre cayajiHama opTa OybIH OKYIIBUIAPBIHBIH €cell MOTiHiHZeri OepiareH
aKnapaTThl TYCiHY KaOlJIeTTepiHiH KaJbINTaCybIH aHBIKTAy MaKcaThIHAA KYprizinai. Cayannamara 100 okymibt
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KaTbICTBIpEULIBL. CayamHamara KaThICKaH 8-ChIHBIN OKYyIIbLUIaphl 7-chiHbinTa Covid-19 iHAeTiHIH TapaybIHbIH
AJJIBIH ATy YIIiH YWBIMIACTRIPBUIFAH KapaHTHHIIIK XKaFaainapra OailaHbICTRI OKY YKBUTBIH OHJIAHH (popmartTa
OTKI3ICHIH eCKepy KEpeK.

CriHakTasFad OKymbuiapasiH 50%-bl MaTeMaTHKa cabaKTapblH TYCIHIKTI, 25%-bI KBI3BIKTHI, 17%-bI 6T
KBI3BIKTHI, 8%-bI KYp/Iei JeT ecenTeTiH aHbIKTan bl CayaiHaMa HOTHKesepl oKynibuiapasiH 42% ecentiy
MaTeMaTHKAJIBIK MOJIENIH JKacayJa KWHAJIATHIHBIH aHbIKTaabl. CoHbIMEH Oipre oKymisiapAsiH 58% ecen
MOTiHIH/Ie OepUIreH aKmapaT OOMBIHIIIA €CeIITi MIBIFAPY Ke3SHACPiH KyPhUIbIMIAy/1a KHHAJIATHIHBIH aTall 6T/,
OcCBI KHBIHABIKTApMEH KYMBIC OapBICHIHIA €CET ACCKPHUIITOPIIAPBIHBIH KOHE MYFaJIIMHIH Kepi OaiIaHbICBIHBIH
ocepi ne Oaramanapl. OKymismapasiH 83%-bI JECKPHUNTOPIAPABIH €CeTl MATIHIH TYCIHyIE THIMAL JKOHE oTe
TUIM/II €KeHIH KOpCeTe/ i, al KainFaH 17%-bI Keliie KOMEKTeCeTiHIH x)a3raH. MyFaaiMHIH Kepi OaislaHBIChIHBIH
ecer MATIHIH TYCIHYTe acepi Typaiibl OKyIbLIapabiH 50%-bI kepi OaiaaHbICTHIH Kel/e FaHa KOMEKTCCETIHIH,
25%-b1 THIMII KOHE 8%-BI ©Te THIMII OONaThIHBIH, 17%-bI KOMEKTECIICUTIHIH aTan oTKeH. by cayanHama
HOTIKeci OOWBIHIIA OKYIIBUIAPJABIH €Cel  MOTIHIH TYCiHyAe MyFaliMHIH TYCiHIIpyiHeH repi
JICCKPUIITOPIAPMEH JKYMBIC y)Kacay bl KeOipeK KalalThIHbI OaiiKayIIbl. Byl skaFnaiiibl OHJIAMH OKBITY Ke31H]Ie
OKYIIBUTAPABIH ©3 OCTiHIIe JKYMBIC JKacayra KeOIpeK MJaFabUIaHYBIMEH JKOHE ecenTiH Oaramay
JECKPUTITOPIIAPBIH KOJTaHY OBl )KETIK MEHrepyJIepiMeH OaimaHbIcThIpyFa 0omansl. COHABIKTaH €cell MOTiHIH
JICCKPUIITOPIIapFa COUKEC KYPhUIbIMIAY diCI OKYIIBUIAPABIH aKIapaTThl TAJJIAY )KOHE KYHesey JaFIblIapblHa
OHTAMIIBI dcep OepeTiHiH OonKkayFa 00IaIbl.

3eprTey OapbhIChIHAA OKYIIBUIAPFA KYPBUIBIMIAIFAaH €CeNTEepAiH KapamaibiM jKoHe Kypeli, KYPbUIBIMBI
TOYEJIl XKOHE TAYyeJICi3 Typiiepi YChIHBUIIBL. EcenTep jkaHa TaKpIPhIll MaTEPUAJIbIH YChIHY 1A €CEIT aJITOPUTMIH
KOPBITY VIIIH KOJJAQHBUIBIN, KCHIHrI cabakTapaa OKyIIbLIapra ecenTi o3 OeTTepiHINe KYpbUIbIMIAayFa
TarcelpManap  Oepimim  OThIpAbl.  KypbUIBIMIOanFaH ecenTepli YChIHyAa OKYIIBUTApABIH — Oaramay
JECKPUTITOpIApbIH 63 OeTiHIe KYpacThIpybIHA epekiie MoH Oepiminm oTeipapl. Cebebi, ecemnTi Oaraiay
JICCKPUIITOPIIApbIH OlTy OKYIIbLIAP/IbI ©31H-031 00BEKTUBTI OaFaiayra jKOHE eCell CYparblHa JIYPBIC JKayall
Ta0ybIlHa KOMEKTecei. 3epTTey OapbhICHIHAAFBI OKYIIBUIAPIBIH OAacCTalKbl OHE KOPBITHIHIBI OaKbLIay
HOTIDKeTepi 1-kecTene KopceTiireH.

Kecme 1. Oxywinapoviy 6inim Kopcemxiuimepiniy OUHaAMUKACHL

Kanvinmacmuvipyuio binim 0azoviiapvinwiy deneeili
bazanay Tomen Opmawa JKozapul
Kipicne 4 5 3
Kopvimbinowei 3 5 4

OxymbuapabiH O1TiM KOPCETIKIITePiHiH JUHAMUKACHI KAIIBINITHI YISCTIPUITeH e aiblm, 5% CeHIMITIK
JEHTeHiHIe >KaHa OJiCTEMEHIH OKYIIbLIapJbIH opTalla OarachlH JKOFapbUIaTyFa dcepi CTATUCTHUKAIBIK
rurnoTe3anapiabl Tekcepy ecedinge tekcepinai. Hompuik (Ho) skoHe anbrepnarunti (Hi) rumoresanap keneci
TYPJE TYKBIPBIM/IaTa bl

Ho: u = 3,92. OxymbLiapasig opTama 6arackl 3,92-re TeH.

Hi: u > 3,92, XKana ojicTeMeHi KoyJlaHy OKYIIbLIAPJIbIH OpTailia 0arachlH KOFapbLIaTyFa MYMKIHIIK
Oepei.

Ocbunaiimia, OipskakThl Tekcepy opbiHAaMIel. P(z) = 0,95 GonranapikTan, z = 1,645 OGonasl
OKyIIbLIapIbIH KOPBITBIHABI HOTHXKeNepi OoibiHma X = 4,16,n = 12,0 = 0,7265 aHBIKTaNAIBI.

% = 0,6989 GonarbiHbIH anbiHABL. HoTmwkecinae zi moni z = 1,645 < 1,7289 maprsr
=
OPBIHJIAIATHIH/IBIKTaH AIbTEPHATHUBTI TUIIOTE3aHBIH KaObLUIaHy aiiMarbiHa CHIeHIH Oalikayra 0oJajbl.

Ocbhliaifia 3epTTey TMIIOTe3achl OPbIHAAIATbIHBIHA K63 yKeTKi3uial. Onai 60sica, KOJIaHbUIFaH 9IICTEME

OKYIIbLIAP/IbIH aKIapaTThl TalJay JKOHE JKyHeley MaFablIapblH JaMbITYFa OH acep Oepe/t.

bynan z; =

KopbITbIHABI

3eprTey OaphiChIHAA MaTeMaTHKAaHBI OKBITYJa OKYIIBUIAPJBIH aKMmaparThl Tajjiay »MKOHE JKyierey
JIaFIBUIAPBIH JaMBITY 9/IiCHAMACKIH Al IaIaHy IbIH KeJIeCi apThIKIIBLIBIKTAPhl aHBIKTAIIBI:

1. OKymbuIapablH OKY HOTHXKENEPiH KaJbITACTHIPY JKOHE TalcChlpMajiapfFa apHajFaH JEeCKpUNTOpIapabl
KYpPY YAepiciHe KaTbICybl, OKYIIBUIAPAbIH KayalKepLIIriH JAaMbITYyFa OHE OPBIHAAIFaH iC-opeKeTTep.i
TYCIHYyTE dcep eTe/i.
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2. OKyUIBUTapIbIH KaHa TaKbIPBINTHI UTEPY AJJbIHIA OYFaH JCHiH KapalFaH MaTepUaIap bl TBICBIKTAY
YaepiciHe KaTBICYBI OilmiMAep i KyHelnel OTHIPHIN, OKYIIBUIAPIALIH OUTIMIHICT] OJKBIIBIKTAPIbI YaKbITHLTHI
AHBIKTAyFa JKOHE TY3ETYI'e JKaF/iall skacail OTBIPHII, «KAKbIH JIaMy aiiMaFbIHJIa» JKYMBIC JKacayFa MYMKiHJIIK
Oepei.

3. TancelpMaHbI ICCKPHIITOPIIAPFa CyHeHe OTBIPBIN Oaranay, OKYIIbIIapAbIH Ke3KapacTapblH JIONICIIeY/Il
JIAMBITYFa BIKIA CTE/Ii.

4. TanceIpMaHbI KYPBUIBIMIAY €CEIl MOTIHIH Kypamiac OelliKTere )KiKTey apKbUIbl TYCIHIII, TalIayFa )KOHe
€cell AITOPUTMIH UTEPYTe JKOJT allabl.

3epTTey aschiHAa 6TKEeH cabakTap CepusChl KYPhUIBIMIAIFAH CeNTepAi KONIaHy apKbUTbl OKYIIBLIAPIBIH
Tajay XKoHE JKyHeley JariblIapblH JaMbITy MaKCAThIH YCTaHBIIN, ajJIbIH aja aHBIKTAJIFaH MHIUKATOPJIap
OOUBIHIIA KeJIeCl KOPBITHIHIBLIAP XKacaJIbl:

- OKYIIBUIAPIBIH OAPIBIFEI €Cell MAapTHIHAAFbl HeTi3Ti MalliMeTTepl Ol amy, ecemn

- aJIrOPUTMIH KYPY JaFbUIaPbIHBIH )KaKChl KAJBIITACKAHBIH KOPCETTI,

- OKyIIbUIapAbIH Kem Oeliri ecenti IIeNIyaiH HeTi3ri Ke3eHIepiH YCTaHy, ecell CyparbiHa xKayan Oepy
JIaF IBLTAPBIH KOPCETTi.

AJBIHFaH HOTHDKENIEPre CYHEeHEe OTBIPHIN, OKYIIBIIAP/IbIH aKIMapaTThl TANJIAY JKOHE JKYHeNey NaF buIapbiH
JaMbITyFa OaFbITTAJIFaH KeJIeCl YChIHBICTAp KacaJIbl:

- OKYyWIBUIAPJBIH OKY YIEpPiCIHIETI OCJICEHAUIIrIH apTThIpy YINiH cabaKThIH MaKCaThbl MEH JKETICTIK
KPUTEPHIJIEPIH TYXKBIPBIMJIAYFa KATHICTHIPY;

- KaiiTajay yKoHE MbICBIKTAy TalChipMaiaphl apKbUIbl OKYIIBUIAPIBIH «KaKbIH JaMy aliMarbIHIa» HKYMBIC
’KacayblHa Xaraail skacay;

- OKYIIBLIAPBIH aKMapaTThl Talay JaFAblIapblH JAMBITY YIIiH aKMapaTThl )KHMHAKTAY JKOHE JKyHeney
YAepiciHe KaTBICTBIPY;

- OKYWIBUIAP/IBIH KYHeNey JaFablIapblH JaMBITY YILiH TalChpMaapabl KYPhUIbIMIAY bl KOJIIaHY;

- OKYIIBLIAPBIH MMOHTE KhI3BIFYIIBUIBIFBIH KATBIITACTBIPY YIIIH MPAKTHKAIBIK MA3MYH/IBI TAlIChIpMaap
KOMETIMEH IoH apabIK OalIaHbIC OpHATY.
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HUCCJEJOBAHUE HEKOTOPBIX AJITEBPAMYECKUX U TPAHCHEHAEHTHBIX ®YHKIIU BE3
HUCI0J/Ib30BAHUA TPOU3BOJHOM

AnHomayus

B mikoipHOM Kypce M3Yy4eHHUs aiareOpbl M Hayal aHajdu3a OCHOBHOC BHHMAHHUC YIEISICTCS OOYUCHUIO YUaIIMXCS
HCCIICIOBAHUIO PYHKIUI ¢ TOMOIIbI0 TU((HEPEHIIUATFHOTO HCUUCIICHUS, T. €. UCCICIOBAHUIO (D YHKIIH HOBBIM METOIOM
- METOJIOM MaTeMaTHUYCCKOro aHanmu3a. Pa3Buthe (QyHKIHMOHAIBHBIX MPEACTABICHUN MOMOTacT CTAapIICKIACCHUKAM
TOJIYYUTH HATJIAAHBIC MPEACTABJICHUA O HCTIPEPBIBHOCTHU (byHKIII/II/I Ha 06J'IaCTI/I €€ ONpPCACIICHUS, HAYUUTHCSA CTPOUTH UX
rpaduku. ITO OOBICHIETCS TEM, 4TO MOHATHE (QYHKIUH IIHPOKO HCIONB3YETCS B Pa3HBIX pa3/ieliax MaTeMaTUKH, B
PELICHUH Pa3IMYHbIX MPUKIAJHBIX 3a4ad. B CTaThe pacCMATPUBAIOTCS Pa3IHYHBIC MPUEMbI AJSI HUCCICIOBAHHS
HAHOONBIINX ¥ HAUMCHBIINX 3HAYCHUI HEKOTOPBIX aJIredpandecKuX v TPAHCICHACHTHBIX (QYHKIHIA 0€3 HCTI0Ib30BaHUS
MPOU3BOIHON. YMEHHE NPUMEHSTh Pa3IMYHbIE METObI UCCIeNIOBaHMS HYHKIMHA MOXET CIHOCOOCTBOBATh YCIEUTHOMY
YCBOCHHUIO DJIEMEHTOB MaTEeMAaTHYECKOTO aHANIN3a, PA3BUTHIO HCCIIEAOBATEIILCKMX HABBIKOB, MHTEPECA YUYAIUXCS K
MPOBE/ICHUIO HAYYHBIX UCCIICJOBAHUH U, B [IEJIOM, TOBBICUTh HHTEPEC K MATEMATHKE.

KiroueBble cjioBa: anreOpa W Havajia ajain3a, MCCIeJoBaHUEe (QYHKIUI, HAHOOJbIIee U HAMMEHbBIIICE 3HAYCHUE,
Impou3BogHast, METO/bI.

Axoamna
b.C. Xanocaposa
Kaszax ¥nmmuix ko130ap nedacoeuxanviy ynusemcumemi, Aimamol K., Kazaxcman
KEHMBIP AJITEBPAJIBIK ’)KOHE TPAHCHEHJAEHTTIK ®YHKIUSAJIAPbI TYBIHIABIHBI
MAVJAJAHBAM 3EPTTEY

Mexkren anrebpa jkoHe Tanjnay OacTamanapblH OKBITY KypCHIHIAa OKYIIBIIApJBIH HETi3Ti Hazapbl (QyHKIUsIIapabl
muddepeHManapIK ecenTeyyiep KeMeTiMeH 3epTTeyre, siFHH (YHKIHSHBI KaHa OJICIEH - MaTeMaTHKAIbIK Tajiay
oniciMeH 3epTreyre yiperyre aynapbuiabl. OyHKIHOHAIABIK KOPIHICTEPAl AaMbITY JKOFapbl CHIHBII OKYIIbLIApbIHA
(GYHKIMSHBIH aHBbIKTAy OOJBICHIHIA Y3AIKCI3Iri Typasibl KOpPHEKI TYCIHIKTep allyFa, oJapblH I'pa@uKTepiH KYpy.bl
yiipenyre kemekreceni. bysl (QyHKUMS YFBIMBIHBIH MAaTeMAaTHKaHBIH op Typii OeiiMaepinzae, Typil KojjaHOausl
ecenTepal LIeuly/e KeHIHeH KOJIaHbUTyblHA OaiimaHeicThl. Makanana keiOip anreOpaiblK jKoHE TpPaHCILEHACHTTIK
GYHKIMSATIApIBIH €H YJKSH JKOHE €H Killll MOHJEPIH 3epTTey YIIIH TYBIHABIHBI MaiinananOail opTypuni Tociiuep
KapacTbIpbutaapl. OyHKUMSIIAPB! 3ePTTEYAIH SPTYPIIi SIICTEpiH KoyiJjaHa Olly MaTeMaTHKAaJbIK TaJay dJIEeMEHTTepiH
oWiarpliaii  MeHrepyre, 3epTT€y [JaFAblIapblH JaMbITyFa, OKYIIBUIAPIBIH FBUIBIMH 3€pTTEyJep JKYpri3yre
KbI3BIFYIIBUIBIFBIH APTTHIPYFa )KOHE KAl MaTEMaTHKaFa KbI3BIFYIIBUIBIKTH apTTHIPYFa BIKIAJ €TE].

Tyiiin ce3aep: anredpa, GQyHKUUIIAPABI 3epTTEY, H YIIKCH )KOHE H Killli MOHI, TYBIHJIBI, 9MIICTEP.

Abstract
STUDY OF CERTAIN ALGEBRAIC AND TRANSCENDENTAL FUNCTIONS WITHOUT
THE USE OF A DERIVATIVE
Khanzharova B.S.
Kazakh National Women's Pedagogical University, Almaty, Kazakhstan

In the school course study of algebra and the beginning of analysis, the main focus is on teaching students to study
functions using differential calculus, that is, to study function by a new method - the method of mathematical analysis.
The development of functional representations helps high school students get visual ideas about the continuity of a
function in the area of its definition, learn to build their graphs. This is due to the fact that the concept of function is
widely used in different branches of mathematics, in solving various applied problems. The paper examines various
techniques for investigating the largest and smallest values of some algebraic and transcendental functions without using
a derivative. The ability to apply various methods of studying functions can contribute to the successful assimilation of
elements of mathematical analysis, the development of research skills, the interest of students in conducting scientific
research and, in general, increase interest in mathematics.

Keywords: algebra, function study, largest and smallest value, derivative, methods.
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Beenenue

[lepen MKONBHBIM yYHTENEM MATEeMATHKH CTOWT 3a/Jada HE TONBKO OO0ECHeYnTh MAaTeMaTHYECKYIO
MOATOTOBKY YYaIllUXCsl, TOCTATOYHYO JIJIS POJIOJDKEHUST 00pa30BaHusl, HO U Pa3BUBATh UX HHTEIUICKTYalIbHO,
(hopMHUPOBaTh Y HUX MaTEMaTUYCCKHUA CTUIb MbIIUICHUS. [IpakTka paObOThl MOKA3bIBAET, YTO B OBJIAJICHUU
YYaIIUMICS CHEIHaTbHBIMH YMEHHUSIMH, 0COOCHHO TIpY OOy4YeHHH HadajaM aHalli3a, €CTh OIMpeeEHHBIC
TpyaHoctu [1,2]. Hampumep, ydarmuecss He Bcerjja MOTYT MPaBHIBHO MPHUMEHSATH (OPMYIBI, TEOPEMBI,
MpaBWia Uil PEUICHHS KOHKPETHOW 3aj1ayd, JAPYTUMH CJIOBaMHU, OHM HE MOTYT NPUMCHSATH 3HAHHS IS
BEITIOJTHEHHS OTIPEACNEHHBIX NeHCTBHIA; HEKOTOPBIE ydartuecss 4€TKO (pOpMHUPYIOT AOCTATOYHBIE YCIOBHUS
BO3pacTaHusi W YyObIBaHUS (YHKIMH, HO HE BCErJa MOTYT Ha OCHOBE JTOTO OTHICKATh IMPOMEKYTKU
BO3pacTaHusi W yObIBaHHs KOHKpeTHOW (yHkumu. OTCrojla BO3HMKAET 3ajava ITOMCKa HOBBIX METOJIOB
00yuYeHUS PEIICHUI0 MATEMAaTUYECKH 3a/1a4 U BEIPAOOTKHU Y yUYaIIUXCs COOTBETCTBYIOIINX yYMeHUH [3,4].

B manHO#1 cTaThe paccMaTpuBaeTcs OJUH M3 MOAXOI0B K O0OYUEHHIO YMEHUSAM B Kypce anreOpbl U Havam
aHaJln3a, OTHOCSIIMMCS, B YAaCTHOCTH, K PCIICHUIO 3aJ]ad Ha HaXOXJCHUE HAUOOJBIINX M HAUMEHBIIHX
3HaYeHUH QyHKIUY.

MeToa0J10rHe HCCJIEA0BAHNUSA
3amauyn, TPEICTABICHHBIC B JAHHOW CTaTbe TPEOYIOT HEOOBIUHBIX WJACH, 3aKIIOYaloliuecs B

X X, +o X,
HCIOJIb30BAHNU TEOPEMBI O CPEIHEM apI/I(I)MeTI/I‘IGCKOM N OOJOXXUTEJIbHBIX YHCEIT A = n
n

reomerpudeckoM G = /X, - X, -...- X, [5], OLEHKH ISl CyMMBI IBYX B3aHMMHO OOPATHBIX MOJIOKHTEIHHBIX

uncen a u 1/a :a+— > 2, npudeM paBeHCTBO BO3MOXHO, €CIIH a=1, KOTOpasi ABJIAETCS CIEACTBUEM ITOM

Teopemsl [6] . Takxe mpu ucciaenoBaHuu (YHKIMU HA HanOOJbIIee ¥ HAaMEHbIIEe 3HAYEHUE HCTIONB3YIOT
METO/, BBIJICIICHMSI IOJIHOTO KBAApaTa U3 KBAJAPaTHOIO TPEXWICHA!

b 4ac - b? b 4ac—b? D
ax’ +bx+c=a(x+—)*+ ———=a(x+m’+p,rle M=—, p=—— - =——;

2a 4a 2a 4a da
u (GOpMyIly CBOpauHMBaHHs TPUTOHOMETPHUUECKOTO BeIpakeHHs aSinX+bCoSX C momoisio crernuaisHo
Mo/IOOPaHHOTO BCIIOMOTATENBLHOTO YIia (:

aSinx+bCosx=+/a’ +b?Sin(x + ¢) [7,8].

Hcnonb3oBaHue 3TUX METOA0B UCCIIEIOBAHUS JA€T BO3MOXKHOCTh YCKOPUTD pellieHue 3a1aun. Ha pemenue
3THUX 3aJ1a4 0 KJIACCUYECKOMY MPaBUIIy OTHICKUBAHUS HAUOOJIBIIETO U HAUMEHBIIETO 3HAYCHUN (PYHKIIUH ¢
MIPUMEHEHUEM TPOU3BOTHON 3aTPATHUIIOCH OB JOCTATOYHO JIIMTENBHOE BpeMs [9].

Metoapl ucciae10BaHUA

[Iporpamma no anredpe st 10 kaacca B cpeaHel Koie IpeAyCMaTpUBaeT UccileaoBaHus GpyHKIUN 0e3
WCTIONBb30BaHMs MPOU3BOIHON 10 M3YYEHHS DJIEMEHTOB MaTeMaThdecKkoro aHaiamusza. Hambonee TpyaHbBIM
ATAIlOM UCCIIeIOBaHUsI QYHKIMIA SBISETCS HAXOXKJCHUE TIIOOANBHBIX dKCTpeMyMoB (yHKuui. Paccmotpum
pa3IMYHbIE PUEMBI JIJIsI KiCCIIeJOBaHUS Ha HANOOJbIee U HaUMEHbIIIee 3HAYeHUSI HEKOTOPBIX alreOpHUecKuX
U TPAHCUEHJICHTHBIX (DYHKINH.

Ipumep 1. Haiitn HanOompIIee 3HaYeHUE (DYHKITHH

) = tg (3108 (2~ T+ 35— 7))

s
IpH yCIIOBUH arctg Py

X
= >
243
Pemenue:

Hatinem obnacte onpeaencHust QyHKIIUU U3 CISAYIONINX YCIOBUM:
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2—-J143x—x2>0 1+3x—x2<4 5 x €R
2 xt-3x—-1<0 (¥ =3x+3>0 J3_ 75 3 +10
14 3x xx =0 =Y X 1 @x2_3x_1S0¢> TsxST@Z
arctg—==>0 = x =2
\ 9503 233 x>2
3++v10
<x< T;
3+V10
IGEIPES (2)
Paccmotpum dynkimio
p(x) =V1+ 3x —x? (2)
, —2x+3
Tak Kak @' (x) = Nﬁ< 0,
Vx € [2; 3+;/E] ,TO @(x) [2; 3+;/E], cnenoBarensHo maxg(x) = ¢(2) = /3.
TOrIa
2—V1+3x—x2>2-+3 (3)
W3 mepaBenctra (3) umeem
log1(2 — V14 3x —x2) < log1(2 — V3) (4)
3 3

U3 (4) cnenyer
1 1
f(x) = tg(Glog (2 — V1 +3x —x2) < tg>logi(2 - V3),
2 3 2 3

[Tpuem mocieaHee HEPAaBEHCTBO OOPAIIETCS B PABEHCTBO 00palllaeTCsi B paBEHCTBO, TOT/IA U TOJIBKO TOT/A,
Kor/a

x = 2. 3naunt maxf(x) = f(2) = tg%logl(Z - \/§),x € D(f)
Ortser: maxf(x) = tg%logl(Z — \/§),x € D(f)

Ipumep 2. HaiiTn HauMeHblIee 3HaUeHHE PYHKITUH
2

o
flx) = 4x+T+sinx,npnx >0

Pemrenmne: Jlnst Haxoxnpenus minf(x) x > 0 ucnoib3yeM TeOpeMy O CpeIHHX apH(QMETHYECKOM U
T€OMETPUYECKOM: IIYCTh X1, X3, ..., Xy, IIOJOKUTEIBHBIX YUCIA, TO

Xq+Xp+eHX
G = %xq,x,, ...,xns%=A (1)

B cuny (1)

Vx>0
2
Otcroma 4x+9%212n,x>0 2
Torma f(x) = 12w + sinx = 12w — 1, Tak xak sinx = —1
Ipuem f(x) > 121 —1 & sinx =-1 = x=—§+2nnnEN(T.1<.x>0)
T
minf(x)=minf(x)=12n—1=f(—§+2n7t)nEN

OtBer:
min f(x) =12n -1
x € (0; +0)
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Ipumep 3
Haiitin HanGomnbiree 3HaueHne GyHKIIAN
10
f(X) = —5————+cosx
X* +4nx+40
Pemenue: obnacts onpenenenus Gyukiuu D(f) = R = (—o0, 00)

Tak x2 + 4ntx +40 > 0,Vx €ER
PaCCMOTpHLlKBaﬂpaTHLﬁiTpquHeHZ

x% + 4mx + 40 = (x + 2m)? — 4w? 4+ 40 = (x + 2m)? + (40 — 4m?) > 40 — 4n2.

10 <10 _ 5
x2+4Tx+40 — 40—4m2  20-2m2
Takkak — | < cosx <1, To— I< f(x) <1+

Torma 0 <
5 _ 25-2m?
20-2m2  20-2m2

() = 25 —2m? )
max f(x =50 2.2 = f(2nm)
XER
25-2m?

Otset: max f(x) = 0.2 X E R

Ipumep 4.

Haiitn HanmenbIiee u HanbobIIee 3HaUYCHHUS PYHKIIUH

3x+1
f(x)_(3x+1)2+1

Pemenne: Ouesunno D(f) = R
[IprHKIMaeM OLIEHKY ISk CyMMa JIBYX, B3aUMHO OOPaTHBIX HEOTPUIATELHBIX YHCEL:

lal+-—>2,Yx#0 (1)
a)ecnna>0,Toa+%22 2
6)ecnna<0,Toa+§S—2 3)

) Iyers 3x+1>0 = x> —2

1
Torma msa x > — 3 B cuy 2)
1

3x+1+—2>2 (4)
3x+1
C (3x+1)%+1 1
U3 (4) cnenyer: TR =>2,x> 3
3x+1 1
Omeyaa f(3) = G <2

[Mpuuem f(x)=% © x=0
2)HYCTBX<—§.TOFI[a3X+1<OI/IBCI/IJ'Iy(3)

1 (3x+1)%+1 (B3x+1)%2+1 1
— < - AR N L g, B xS 2
3x + 3x+11_ z2 e 3x+1 T 2= f(x) 5 3xr1 = 2 PHIeM
flx) = — 2> TOT/1a ¥ TOITbKO TOT/IA, KO X = — =
1 1
3) ITyctp x = -3 f(—g) =0
I/ITaK—% <flx)< %,x ER = minf(x) = —%; max f(x) =% XER
OtBer:
] 1
min f(x) =—=; x €ER

2
maxf(x)=%;x€R
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Ipumep 5.
Haiitn HanmenbIiee mHanOOIBIIEE 3HAYCHNS (HYHKITUH

1
f(x) = sin®x + cosx — >

Pemenue: D(f) = (—o0, )
Nmeem
f(x) = 1—C052x+cosx—%: _0052x+cosx+% M

Brigenyum nomHbII KBaJpaT B KBAAPAaTHOM TPEXUJICHEC OTHOCHUTEIIBHO COSX.

Torpa
1\%2 3\ _3 1\% 3

fx) = —((cosx—g) —Z)—Z—(cosx—z) <3 (2)
IMpuuem f(x) = %Toraa M TOJILKO TOTJA, KOTJa COSX = % > x = ig + 2km, k € z
[Monyuum: max f(x) = % X€ER
Tak kak

sin?x > 0,cosx = —1, 10 f(x) = sin®x + cos?x —% > —% (3)
3uaunt min f(x) = —% =f(r+2n)xERNEZ
Ortser: maxf(x)z%;xER minf(x)z—%xER

st penieHust CpaBHUTENBHO TPYIHBIX 33724 HEOOXOIUMO M JIOCTaTOYHO HCIICAOBAHHE, COOTBEIYIOIIIX
BBIP@KCHUH Ha 3KCTPEMaJIbHbIE 3HAUYEHNHS, YIIPOLIAOIINX YPaBHEHUS, HEPaBEHCTBA, CUCTEMBI YPaBHEHUH.

Ilpumep 6

Pemnts cucremy ypaBHEHUI

{3sin3x + cosy = —4 (1)

3n
xty=— (2)
Pemenue:

st BbInosHeHHe paBeHcTBa (1) HeoOX0aMMO U JOCTaTOYHO YTOOBI BRIpaXKeHUA 3Sin3X, COSY NPUHUMAIN
HauMEHbIIIEe 3HAYEeHHUs, TOT/Ia CHCTEMa YpaBHEHUN yIIpoIaeTcs

1 ( sin3x=-1

3sin3x = =3 sin3x = — 3 sin3x = —1 sin3x = —1
cosy = —1 cosy =—1 ! cos (7 - x) =-1 —sin3x = —1 sin3x =1
3r < 3n < 3 g _3m < _3m
x+y=— y=——x l y="-x y=—-x y =X
sinx=1 = x=§+2n,n€z(3)
IloncraBum (3) B ypaBHeHue sin3x = —1: sin(3(§ +2nm))=1,nez
3naunr (3) ecTh pelieHue ypaBHeHue sin3x = —1.
Torﬂay=32—n—x =32—n—(§+2nn) =m—2nm,n€z
OtBeT: MHOXKECTBO (X; V), TIe X = % + 2nm, y = — 2nw win G +2nm; T — 2nn), neEz
Ipumep 7.
Pemnte ypaBHeHUe
x2+1+|x—1| =2|x| Q)
Pemenue.
Nmeem
x2=2x|+1+|x—1]=0 = (x| —-D?+|x—1] =0 2)
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- 2 -
Tak kax (|x| — 1) > 0, To ecTh mln(|X|—l) =0 u |x — 1| > 0, 3Haunr mln(|X—1|) =0, To cymma
xeR xeR
HETPUBHANBHBIX YHcel (2) paBHO HyJIO TOrja M Tojibko Torja korma |x|—1)2 wu  |x — 1| mpumyr
3Hauenue 0, TO ecTh OTHOBPEMEHHO HAMMEHBIINE 3HAYCHHUSL.

OTcroma

(x| -1)?=0 x| =1 x=+1
=>x=1
{Ix—1|=0 (:’{x—1=0‘:’{ 1 7%

Takum 00pazom mony4miu ooiee 3HaueHue x = 1.
OtBet: x = 1

Ipumep 8.

Haiitu Bce a, Ipy KOTOPBIX CUCTEMA

{xz + 2ax + 4a? — 5a + 3 < 4siny — 3cosy
0<y<2m

HUMEET €INHCTBEHHOE PELICHHE.
Pemenne:  ympocTUM — TPUTOHOMETPHYECKOE  BhIpaKEHHE

BCIIOMOTI'aTCJIbHOTEIILPHOTO yIjia ¢.

4siny — 3cosy ¢  TIOMOIIBIO

4siny — 3cosy = V4? + 32 (gsiny - %cosy) = 5(sinycosp — cosysing), rae

cosp = 2
] g > tgp = %; Q= arctg%; BCIIOMOTaTEJIbHBIN yTOJI.
sing = ¢
Torna
4siny — 3cosy = 5sin(y — ¢) 1)

HepaBeHCTBO ynopomaceTesa, ¢€Ciin I €ro  BbIIOJIHCHUS H606XO,Z[I/IMO n O0CTAaTO4YHO, YTOOBI

TPUTOHOMETPUUYECKOE BBIPAKEHHE IPHHUMAIIO HAaHOOJIbIIIee 3HAUCHHE:
max(4siny —3cosy) =50<y <2m
Torna umeer:
{x2+2ax+4a2—5a+3—5S0 @)
0<y<2m
Cucrema (2) OyJeT UMETh €MHCTBEHHOE pellleHHe, eCii AUCKPHHAMAHT KBaJIpPaTHOTO TpexuneHa (x2 +
2ax + 4a? — 5a — 2) 6yzer pasen 0.

Di=a*—4a*+5a+2=0

5+V25+24 _ %

a2 = [
7 6 [
3

_ x2+4x+4<0 (x+2)?%<0 x=-2
1)HYCTBa—2,TOF}_IaI/I3(2)=>{ 0<y<2n (:){OSySZn (:}{OSySZn

Tak kax
4siny —3cosy =5 =2scuny ()= y—¢ =§+2Rn;y=§+actg%+2R7t;HO0SySZn,
Torma R = O,My=§+actg%;

x=-2
Hrak y = §+actg%
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2) Ilycth a = —g;

torma us (2)

1
1 S
2 4 5 19 — )2 X =
o XXt ato—2<0 3 X —ox+——2<0= 07304 3
3 9 3 3 9 T 3
. 2 4
OTBCT:a=2;a=—§
3akiouenue

Jia ycmemHoro pemieHusl pa3lWYHBIX 33/1ad, CBA3aHHBIX C HCCIENOBaHWEM (QYHKIUNA C TOMOIIBIO
MPOU3BOAHON M 0€3 TNPUMEHEHUS MPOU3BOJHON OO0YdYalONUMCS HEJIOCTATOYHO pPacCMaTpPUBATh TOJIEKO
TUTIOBBIE 3a/1aHusl. Ba)XHO BIaIeTh MOHATHEM IPOU3BOHOM, 3HATH CBOMCTBA KacaTeIbHOM K rpa)uKy U yMETh
WCCIIeIOBaTh (DYHKIMIO, OIICHWBATh CKOPOCTH IMpOIlecca, OMHCHIBaeMOoro (yHKIHEH W HM3MEHEHHUS ee
BEIIMYHHEI.

YMenue uccienoBarb QYHKIUH HA TIIOOATBHBIN 3KCTPEMEMYM HEOOXOIMMO YYAITUMCS ISl Pa3BUTHUS
WCCIEAOBATEIbHUX HABBIKOB M Uil YCBOEHHUS JJIEMEHTOB MAaTE€MaTUYECKOrO aHaiu3a. Y 4Jalluics,
OBIIAJICBIINN YMEHHEM UCCIIEA0BaTh (DYHKITNH, HE TOIHKO MMPUMEHSIET €T0 ISl pEIIeHUsT HEKOTOPOTO 3a[aHMUs,
HO M MOXET OIMCaTh COJEP)KaHUE CBOeW PabOThI, 0XapaKTEPU30BaTh CYIIHOCTh pPEIICHHs. Takoro pojaa
3aJla4yM CIIOCOOCTBYIOT aKTUBU3AIUY MBICIMTEIBHON NEATSIILHOCTH YUaIllUXCsl, BHI3BIBAIOT OOJIBIINI HHTEPEC
K M3YYEHHUIO MAaTEMATUKH U MOTYT OBITh UCTIOJIB30BAHKI ITPH MMOATOTOBKE K OJMMITHAAM Pa3IHIHOTO YPOBHSL.
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TOTOBHOCTD BYAYIIIUX YYUTEJIENA MATEMATUKHU
PEIIATD 3A4AYU PA3/IMYHBIMHA CITOCOBAMHU

Annomayus

[ouckn paznMYHBIX CHOCOOOB pEUICHWS 3alaud, KPUTHYECKas WX OLEHKa C IIeNbI0 OmIpeAeicHHs Hanboiee
PaIMOHATIBHBIX TIO3BOJIIOT PACKPHIBATh OOraThie BO3MOKHOCTU MATEMATHKH, SBISIOTCS BaXXHBIM (DaKTOPOM pPa3BUTHS
MAaTEMAaTHUYCCKOTO MEIIUICHUST CTYJACHTOB M TE€X KA4eCTB, KOTOpbIC OyayT BOCTPeOOBaHBI B WX MPO(ECCHOHATBHOMN
nesiTenbHOCTH. 1lenb CcTaThu — WCCIICAOBAaTh T'OTOBHOCTh OYIYIIMX YUYUTENCH MaTeMaTHKH K PCIICHUIO 3aaad
PA3IMYHBIMH METOIAMHU WM CIIOCOOaMHU U OIMPEICIUTh BO3MOXKHOCTH BY30BCKOTO OOYYCHHS B Pa3BUTHH 3HAHWHA U
YMEHHUH CTYJEHTOB, OMPEIENSIOMUX 3Ty TOTOBHOCTh. DMIUPUIECKUE JaHHBIE, TIOJYyYEHHBIE B XOJA€ HCCIEAOBaHUS U
IpeAcTaBiIeHHbIE B paboTe, JOKa3bIBaIOT, YTO TOTOBHOCTH CTYJEHTOB IMEPBOTO Kypca K HCIOJb30BAHUIO Pa3HBIX
CTpaTeruii s penieHus OJHON U TOH ke 3aJad JOCTaTOYHO HU3Kasl, HO MOBBINIACTCS K YETBEPTOMY T'OIY BY30BCKOTO
o0ydeHwus 3a cueT OoJiee yriayOIIeHHOTO OCBOCHHUS Kypca IMIKOJIBHOM MAaTEeMaTHKH U TIPOBEACHUIO 3aHITHH, T/Ie OyayIme
YUUTEIS HETIOCPEACTBEHHO BKITFOUAIOTCS B MTOUCK PA3IUIHBIX CIIOCOO0OB M METOIOB PEIICHHUS 3a/1a4.

KiroueBble ciioBa: MaTeMaTHIECKas 3a7jaqa, METOIBI PEIICHIS 32144, TOATOTOBKA YIUTEIICH MAaTEMaTHKH, 00 ydeHIe
MaTeMaTHKe.

Axoamna
U.b. [lImucupunosa
M. Koszvibaes amvindagvr Conmycmix Kazaxeman ynusepcumemi, Ilemponaen x., Kazaxcman,
BOJIAIIAK MATEMATHUKA MYFAJIMJEPIHIH ECENTEPAI TYPJI TYCIJIZEPMEH
IIEINY JAMBIHABIFbI

Ecenri memrynig opTyp:i >KOIIApBIH i3ECTipy, ONapIblH €H YTHIMABICHIH aHBIKTAy VIIIH OJNapIbl CHIHH Oaraiay
MaTeMaTHUKaHBIH 0ail MYMKIiHIIKTepiH amryFa MYMKIiHIIK Oepeli »XoHe OKYIIBUIApIBIH MAaTEeMaTHUKAIBIK OHIayBIH
JAMBITYIBIH MaHBI3ABI (PaKTOPHI OOJBIT TaOBUIAABI, OYJI OJapIbIH KOCciOM KBI3METIHAE CYpaHBIC YIIIH KaKeT OONabl.
MaxanaHbIH MaKcaThl — 0oJamaK MaTeMaTHKa MYFaIIMIEPiHIH dPTYPIi SiCTepIi HEMece TICLIAEepai KOJIIaHa OTHIPHITT
€CenTepi Memyre NaHBIHABIFEIH 3EpPTTEy JKOHE OCHI JAWBIHIBIKTHI AHBIKTAHTBHIH CTYISHTTEPIiH OiLmiMaepi MeH
JIaFIbIAPBIH IaMBITY/Ia YHUBEPCUTETTIK O11iM Oepy/IiH MyMKIHAIKTEpPiH aHbIKTay. 3epTTey OaphIChIH/A albIHFaH XKOHE
KYMBICTA YCHIHBUIFAaH SMIHMPHUKAIBIK JepekTep OIpiHIII Kypc CTYAEHTTepiHiH Oip ecenTi mienry YIiiH SpTyp.i
CTpaTerusuIap bl KOJIAaHyFa JailbIHIBIFbI A TapJIBIKTal TOMEH €KCeHIiH, OipaK YHUBEPCUTETTE OKY/IbIH TOPTIHII KYPChIHA
Kapaii JKOFapbl OKY OPHBIHIA MEKTEITerl MaTeMaTHKa KYpChl MEH cabaKTapibl ©TKi3y OKYAbI TEPEHIpEK MEHrepyiHe
OailyIaHbICTBI )KOFAPBUIANTHIHBIH AQJIENCH ], MyHIa OoJaliak MaTeMaTuka MyFalliMJiepi ecenTepl MeuryaiH apTypii
JKOJITAPbl MEH IICTEPIH 13/1€yre TIKeJICH KaThICabI.

Tyitin ce3mep: MaTeMaTHKaNbIK €CENTep, eCeNTepli NICNTy OMiCTepi, MaTeMaTHKa MYyFaliMIepiH Jasplay,
MaTeMAaTHUKaHBI OKBITY.

Abstract
FUTURE MATHEMATICS TEACHERS' WILLINGNESS TO SOLVE PROBLEMS IN VARIOUS WAYS
Shmigirilova |.B.
M. Kozybaev North Kazakstan University, Petropavlovsk, Kazakhstan,

The search for different ways to solve a problem, their critical assessment in order to determine the most rational ones
allow one to reveal the rich possibilities of mathematics and are an important factor in the development of students’
mathematical thinking and those qualities that will be in demand in their professional activities. The purpose of the article
is to explore the readiness of future mathematics teachers to solve problems using various methods or methods and to
determine the possibilities of university education in developing the knowledge and skills of students that determine this
readiness. Empirical data obtained during the study and presented in the work prove that the readiness of first-year
students to use different strategies to solve the same problem is quite low, but increases by the fourth year of university
study due to more in-depth mastery of the school mathematics course and conducting classes where future mathematics
teachers are directly involved in the search for various ways and methods of solving problems.
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Beenenue

Pemenne mareMaTH4ecKMX 3aJa4 TPEJACTABISCT COOOHM CIIOXKHBINA MpPOIECC, KOTOPBIH TpedyeT OT
00yJaroNIMXCsl aHAJIM3a YCIOBHS 3a/1a4M, aKTyallu3allid U TBOPYECKOTO NMPUMEHEHUHN W3BECTHBIX ITOHITHHA,
(hopMyI U TEOpEM Ha OCHOBE MMOHMMAHHWS OCHOBHBIX B3aMMOCBSI3EH NaHHBIX 33/1a4l U TOTO, YTO TpedyeTcs
HaWTH, TIOCTPOUTHh WIW JOKa3aTh. He ciydaitHO, MHOTHME MaTeMAaTHKH-METOIUCTBI CUUTAIOT, YTO 3a/la4H
SIBIISTIOTCS 3((EKTUBHBIM U 3a4acCTy0 HE3aMCHHMBIM CPEJACTBOM YCBOCHHS YUYaIIMMHUCS MOHATUH, METO/IOB
MaTEeMaTHKH M MaTeMaTHYecKuX Teopui B 1enoMm. [1 — 3 um ap.]. Kpome Toro, mMaremMarudeckue 3ajadyu
00J1a1al0T HEMAJIBIM PA3BHBAIOIIUM MOTEHIHAIOM, PEATU30BaTh KOTOPBIH MOXHO C TIOMOIIBIO Pa3IHYHBIX
MIPHEMOB, OJHMM W3 KOTOPBIX SBIISIETCS pEIIEHHE 3aJadd pa3INYHBIMH METOJaMH WM CIIOCOOaMH.
O} PeKTHBHOCTH 3TOTO METOAMYECKOTO IpHeMa HEOMHOKPAaTHO TOATBEpKIEHA HE TOJIBKO HAYYHBIMHU
WCCIICIOBAHUSMY, HO B 00pa30BaTEILHON MPakTUKOW. HegapoM B HAyYHO-METOAMYSCKON JIUTEPATYPE YacToO
YIOMHHAETCS ¥ TIOJIEP )KUBAETCsl MHEHHE U3BECTHOTO aMEepPHKaHCKOro MareMaTnka u metomucrta Jl. Iloifa o
TOM, YTO JIy4IllIe OJTHY 33/1a4y PEIIUTh TPeMs criocobaM, 4eM TPpH 3a7auu ogHUM criocobom [4, C. 40].

Maremarndeckue 3aJaddl  pelraeMbl PasHBIMH CIIOCO0AMH WM METOIaMH PACIIUPSIIOT 00JIacTh
crenu(UUecKuX pa3BUBAIOIIMX BO3MOXXKHOCTEH Martematuku. B.A. Jlamunarep [5] cuwmraer momoOHYrO
NEeSATeNHOCTh OJHUM M3 00s3aTeNbHBIX YCIOBHH, KOTOPOE HEOOXOIWMO HCIONB30BaTh MPH OPTaHH3AIHH
paboOTBI C JEThbMH OJAPCHHBIMH B 00JacTM MaTEMaTUKH JJisi OOCCIeUCHHsS] WX JaJbHEHIIEro
HHTEIJICKTYaJIbHOI'O Pa3BUTHS.

Amnanu3 uccienoBanuii [6 — 9 u ap.] NO3BOJISET 3aKIFOYUTh, YTO IPU PEIICHUM OHON U TOW ke 3a7auu C
WCTIONF30BAaHNEM Pa3NIUYHBIX, CTPATETui (METOAOB HIIH CIIOCOO0B) MOXKHO 00ECIIEYHTh JOCTHIKEHHE [IEII0TO
CHEKTpa AUIAKTHIECKUX IIeIeil:

—  OCBOCHHE U 3aKpEIUICHUE YJaIlMMUCS 3HAHUH O Pa3IMYHbIX MATEMAaTUICCKUX METOJaX U YMEHUHN HX
MPUMEHSATH MPHU PEIICHUU 3a]1a4, YTO, B CBOIO OUYEPE/lb, MOJOKUTEIILHO OTPAKACTCSA Ha UX YCIICBAEMOCTH U
WHTEpece K MaTeMaTHKeE;

—  mpeojosieHHEe (opMalu3Ma IPU YCBOCHMM 3HAHUH OOYYalOUIMMHCS, KOTOPBIH HEU3MEHHO
MPOSIBIISICTCSI IPH OOBIYHOM 3ayYMBAHHHM MAaTEMaTHYCCKUX (DAKTOB;

—  ¢opmMupoBaHHE TPEJCTABICHNA O CHUCTEMHOM XapaKTepe COAEpKaHWA Kypca MaTeMaTHKH depes
BEISIBJICHHE BHYTPHUIIPEAMETHBIX U MEKIIPEIMETHBIX CBS3EH;

—  OCBOCHHE MPUEMOB JIOTHYECKOTO ITOMCKA, KOTOPBIM B CBOIO OYEPE.lb, PAa3BUBACT MCCIICIOBATEIILCKHE
CIIOCOOHOCTH yUaIIuXCs;

—  HapalWBaHWE MPOTHOCTUYECKUX YMEHUH;

—  (¢opMUpOBaHUE TOTOBHOCTH MOHUMATh U 00BSICHATH COOCTBEHHBIE 3aTPYAHCHHUS, TPABWILHO 3a/1aBaTh
BOIPOCHI, KOTOPBIE TO3BOJIAT MPEOJIOJIETh TPYIHOCTH B MPOLECCE MOUCKA PAa3IMYHBIX CTPATETHil pEIICHUs
3aJ1a4w;

—  pacumpeHue Habopa KOTHUTUBHBIX CXEM M POCT UX TMOKOCTH U JMHAMUYHOCTH;

—  pa3BUTHE KPUTHYECKOTO MBIIUICHUS U COBEPUICHCTBOBAHUE PE(IESKCUBHBIX CIOCOOHOCTEH
o0yJaronuxcsi B mpoliecce 00CYKICHHUS PAllMOHAILHOCTH TOTO WJIM WHOTO CIoco0a, MM METOa PEelIeHuUs
3aJ1a4 ONpeeNIEHHOTO THIIA;

—  aKTUBHU3AIUS MBICIIUTEIIBHON JIEATSIIBHOCTH IIKOJbHUKOB M MOJJCPKAHHE HX TOTOBHOCTH K
HCIIOJIb30BAaHUIO COBOKYITHOCTH MBICIUTEIILHBIX OINEpalliii: aHaIn3a, CHHTE3a, CPAaBHEHUS, KOHKPETH3ALINH,
0000mIeHHs 1 JIp.;

—  o0yueHHe FeHepUPOBAHUIO HJICH B MPOIIECCE MOUCKA MPOLYKTUBHBIX OPUTHHAIBHBIX PEIICHUH;

—  pa3BHUTHE IPOM3BOJILHOTO M HEMPOU3BOJBHOTO KOHTPOJIS X0/1a MBIIILJICHHS,

—  (¢opMUpOBaHHE MATEMATHYECKOW KYJIBTYphl 00YYAIOIIUXCS U B IIEJIOM KYJIBTYPhl HHTEJUIEKTYaTbHOU
JeSTeLHOCTH;

—  pa3BUTHE FOTOBHOCTH K OTCTAaMBAHUIO COOCTBEHHOM MJIEH, a TaKXKe YBa)KUTEIHLHOIO OTHOIICHHS K
YyKUM HJIESM 1 MHEHUSIM.

B kadyecTBe METOAMYECKMX MPUEMOB, CIIOCOOCTBYIONIMX IOBBIIICHUIO J(PPEKTUBHOCTH OOYYCHUS
IIKOJIbHUKOB PEIICHHUIO 33]1a4 Pa3INYHbIMU METOIaMHU HIIH CIIOCO0AMU, aBTOPBI OMPECIISIOT:

—  cHOenuajbHOE MIAHUPOBAHHE MOI00HOM paboThl U €€ IPOAYMAaHHYIO OPraHU3alINIO;

106




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuka-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

—  TIIATENBbHBIA MOAOOp 3a4ad, KOTOpble OyIyT MPeUIOKEHBl yYaruMcs Ui PeIeHNs] Pa3indHbIMU
METOAAaMH WY cl1oco0aMu, CHCTEMaTHYeCKOe 00pallieH!e K HUM (B Healle — IPY N3yYeHHUH KaXXA0ro pasjena
Kypca MaTeMaTHKH);

—  O3HAaKOMJIGHHE YYaIIUXCS C CYIIHOCTHIO OTHENBHBIX METOJOB PELICHHUS, CYyIIECTBEHHBIX
0cOoOEHHOCTEN UX MPUMEHEHNUS NP PELLICHUN 3a/1a4 PA3IUYHBIX TUIIOB;

—  IPUHATHE YUYHUTENIEM POIH (PacuIuTaTopa, BCEMEPHO MOJAEPKUBAIOIIETO AKTUBHOCTh O0YYaIOIIUXCS,
00eCcTeYnBaloNIero MOTHBALIMIO M TO3UTUBHBIN SMOLMOHANILHBIN (OH B Kiacce;

—  IpOAYMaHHas ¥ CBOEBPEMEHHAs IIOMOILb YYaIlUMCSI CO CTOPOHBI YUUTENs, B CIIy4ae BO3HUKAIOLINX
3aTPyIHEHHUH B IOMCKE HOBOT'O CIOCO0A PELLICHHUS;

— obecrnieyeHre BO3MOKHOCTH ISl IKOJIBHUKOB PEaTn30BbIBATH CAMOCTOSITEIBHBINA MOUCK Pa3IMYHbBIX
METOZOB WIIM CIIOCOOOB peIICHHUs] 3alaud, IOCTENICHHOE VYBEJIHUYEHHE JONH HUX CaMOCTOSTEIbHOM
JESITEeNbHOCTHY;

—  [pOAYyMBIBAaHHME YYUTEIEM BO3MOXHBIX 3aTPYAHEHHH MPH pa3pellieHUH TO3HABATEIbHBIX MPoOiIeM 1
MyTel UX MPEeOAONeHUs, BOCIIPUATHE OMIMOOK U MPOCYETOB IIKOJHLHUKOB HH KaK MOBOJA [ KPUTUKH, a KaKk
MTOJICKA3Ka HalpaBJICHUS JAbHENIIETO COBEPIICHCTBOBAHUS UX 3HAHUI U YMEHHH;

—  HCHOJB30BaHHE IUAAKTUYECKUX KAPTOUYEK, COACPIKAIINX YKa3aHUs WM, JIy4lle, BOIIPOCH, KOTOpPhIE
JOJDKHBI HE TIOJICKA3bIBaTh HOBBIM CIOCOO WM METOJ| pelICHUs 3a/laud, a HalpaBiATh OO0YYaroIIMXCs B
MIpOoLIECCe ero MONCKa;

—  IpUMEHEHHUE B 00yUYEHHH IUAJIOTOBBIX U IOJIWIOTOBBIX (hOPM B3anMOICHCTBUS yyaluxcs B IpoLecce
MONCKa CTPAaTEruy pelieHus 3a1a4H;

—  cuUcTeMaTHyecKoe MOoOyKAeHne 00ydarommxcs K pedaeKCHBHON KOMMYHHKAIUU AJs1 0O0OCHOBaHMUS
BBIOpaHHOTO crioco0a pemeHus 3a1a4u, 00bICHEHNS! HACKOJIBKO OH PallMOHAJICH WJIM HEPALMOHAJICH, a TAKKE
JUIs1 OCO3HAHUSI COOCTBEHHBIX 3aTPYyAHEHHUN B IPOLIECCE PELICHUS U UX TIPUYUH.

B anrnosi3eraHbIX uccnenoBanusx aBtopsl [10, 11 u ap.] ucnons3yroT TepmuH «Multiple-solution tasks»
(3a1auM ¢ MHO’KECTBEHHBIM PEIICHUEM) M 0CO00 OTMEYAIOT, YTO pellieHHEe TAKMX 3a/1a4 KYJIbTUBUPYET TaKHe
Ba)XHbIC KayeCTBA MBIIUICHUS KaK THOKOCTh M TiyOmHa. Takoro e MHEHHUS NPHUICPKHUBAIOTCI U
oTevecTBeHHBIC yueHble [ 12 u np.]. Takxke B paboTax 3apyOeKHBIX UCCIEA0BATENEH TI0 BOIPOCaM 00yUeHHS
PELICHNIO 3a7ay Pa3IYHbIMU METOJAaMM WM CIIOCOOaMHU TO U JIEJI0 MEJIBKAeT TEPMHUHBI «IUBEPIeHTHOE
MBILUICHHE» U «BAPUATUBHOCTb MBICIUTEIBHON NEATEIBHOCTHY, XapaKTEPU3YIOIIUX KayecTBa MHTEIJICKTA,
KOTOpPBIE HEOOXOUMBI PEeIIaTeNio MPH PadoTe ¢ TOAOOHBIMH 3a/1a4aMH.

Taxum 00pa3oM, cucTeMaTuieckoe oOpalieHne K HCIOJIb30BaHHUIO JJAHHOTO IPUEMA B ITKOJILHON MPaKTHUKE
oOydeHHs MareMaTHKe OyJIeT CIIOCOOCTBOBAaTh TOBBIMIEHUIO 3(PPEKTHBHOCTH YYeOHOTO TIpolecca.
CrnenoBatenbHO, BY30BCKasl MOJATOTOBKA OyIylmIMX ydYUTeJNeH JOJDKHAa obOecrneyrBaTh WX TOTOBHOCTH K
pELICHHIO 3aj]ad C WCHOJNB30BAaHHEM Pa3IMYHBIX METOJIOB WM CHOCOOOB, KOTOpas B JalbHeWrieM OyneT
BOCTpeOOBaHA MpPHU OpraHM3alMM NOJAOOHOH AEATENbHOCTH IIKOJIBHUKOB. Kpome TOro, mpusnedeHue
CTYIEHTOB-MAaTEMAaTUKOB K PEIICHUIO 3aJad C MCIOJIb30BAaHUEM pa3JIMUHBIX METOJOB M CHOCOOOB
croco0cTByeT (POPMUPOBAHUIO UX 3HAHWUH M YMCHHI, JIGKAIIHUX B OCHOBE MPO(ECCHOHAIBHBIX KOMIICTCHIIUH
VUHTENs MaTeMaTHKH. B CBs3u ¢ 3TuM Henb3s He cormacuthes ¢ R. Leikin u A. Levav-Waynberg [13],
KOTOpBIE 3aMEYal0T, YTO TOTOBHOCTh K PEIICHHI0O MHOXKECTBEHHBIX 33]]au BHICTYIAET, KaK 3epKaI0 Pa3BUTHS
3HAaHUM yuuTened marematuku. [Ipw 3TOM aBTOpBI OTMEYAIOT, YTO 3a4acTyIO0 HE HPOSIBISIOT 3HTy3Ha3zMa
WCTIOJIBb30BaTh 33Jja4ll C MHO>KECTBEHHBIM PEIICHHEM B CBOCH MPAKTHUKE.

Lenb craThyl — HCCie0BaTh TOTOBHOCTH OYAYIIUX YUHTENIEH MATEMATHKY K PEIICHHIO 3324 Pa3TMIHbIMU
METOAAaMH WIH CIIOCOOaMU U ONPEAETUTh BO3MOKHOCTH By30BCKOT0 00yUYEHHS B Pa3BUTUH 3HAHUM U YMEHUH
CTY/ICHTOB, OIPEACIISIIOIINX 3Ty TOTOBHOCTb.

MeTonosorust ucciae0BaHusA

B kadecTBe METOAONOTHYECKOW OCHOBBI HCCIICIOBAHUS BBICTYMUIN TMOJOXKEHHUS 337a4HOTO MOIX0/Aa B
00pa30BaHWM, OPUEHTHPYIOIIETO Ha MOCTPOCHUE OOYYEHHsI, KaK Ipolecca TMOCIeA0BaATEIbHOr0 PElIeHHs
y4eOHBIX 33/1a4. B rmporiecce TeopeTHueckoro aHaim3a Obiia akTyaTi3upOBaHa Polib YaeOHO-TT03HABATEILHON
JICSITENIBHOCTH, B paMKaX KOTOPOH OOydYaroIMecss BBIMOJHSIOT TMOWCK PEIICHHS 3aJauyd Pa3THYHBIMH
METOAAMH HJTH CIIOCO0AMHU B IOCTHIKCHUH AUJAKTHYCCKUX LIENCH.

OMIIMpHYECKUE JaHHbIE ObLIX IOJYYSHBI HA OCHOBE OIPOCA CTYJCHTOB, a TAKXKE aHaJu3a Pe3y/IbTaToB
BBIMOJIHEHUST WMH CICIUATBLHOTO 33/IaHUsl, B KOTOPOM TMPEJaraliuch 3aJadd U3 Pa3InYHbIX Pa3/Ie/ioB
HIKOJBHOTO Kypca MAaTeMAaTHKU C YKa3aHUEM, YTO KKAYI M3 HUX HYXXHO PEIIUTh HE MECHEE 4YeM JBYMs
METOaMH MK criocobaMu. KpoMe Toro, JTOMOIHUTEbHBIH BKJIa]] B CCIIEIOBAHUE BHECIIM OMPOC CTY/ICHTOB,
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Oecenpl ¢ HUMU W HaOMIOACHHME 32 MX pabOTON HpH pellieHuH 3aaady. K mccineqoBaHMIO C MX COTJIacHs
MIPUBIIEKATTUCh CTYJEHTHl IOCIETHUX YETHIPEX BBITYCKOB 00pa3zoBaTeNbHBIX mporpamMMm 6B01502
«Marematuka», 6B01508 «MaremaTtuka-Uudopmatuka», 6B01509 «Martematuka-Ousnka» — Bcero 64
yenoBeka. COOp SMIUPUYECKUX JaHHBIX OCYIIECTBIISUICS B JIBa dTala: B Hadane oOydeHus: cTyaeHToB (B 1
ceMecTpe) U B KOHIIe X oOydeHus (B 8 cemectpe).

Pe3yabTaThl Hccjie10BaAHUS

HavanpHerii 3Tam ompoca OpPraHW3OBBIBAJICS B KOHIIE TEPBOTO Mecsa OOydeHHs BHOBB IMPHHATHIX
CTyIEHTOB MOCJ€ HX MEepBUYHOM amanTanuu. IlepBelii BOmpoc, Ha KOTOPBIM OTBEYANU CTYACHTHI-
MEPBOKYPCHUKH, OBUT HAIlCJIEH Ha BHISICHCHUE MX TOHUMAaHUsI TOTO, B KAKOM CIIy4ae MOXXHO TOBOPHUTH, UTO
3a/laya pellicHa «pa3jIMYHbIMH METOJaMW», a B KakOM, 4YTO OHAa peIIeHa «Pa3IUYHBIMH CHOCO0aMuy.
Pe3ymnprarer oTBETa Ha 3TOT BOMIPOC CBUAETEIHCTBYIOT O TOM, UTO CTYACHTHI IIEPBOTO Kypca INO0 HE 3HAIOT,
YeM OTJIMYAIOTCS JaHHbIe NOHATHUS (43,75 %), MO0 OTIUYAIOT MX TOJBKO UHTYUTHBHO (56,25%). IIpu sToM
JIaXke T€ CTYJCHTHI, KOTOPhIC YKAa3bIBAIM Ha MHTYUTUBHOE IOHUMAHUE PA3IUUUS B 3TUX TEPMUHAX, HA CAMOM
JleJie B JaTbHEHIIIeM He BCET/1a MOTJIH €0 IPOSIBUTD.

Crnenmytomuii BOIpOC Kacajcsi TOT0, HACKOJIBKO 9aCcTO BO BPEeMs UX IMIKOJIBHOTO 00yUYEeHsI TIEPBOKYPCHUKH
CTAJIKMBAJIUCh C PEIICHUEM 3a/1a4 Pa3IMYHBIMH METOJIaMHU WA CIIOCO0aMU. AHAJIU3 OTBETOB Ha 3TOT BOIIPOC
MPEJICTaBICH B JuarpaMMe Ha pucyHke 1. JluarpamMma HarjasjHO JISMOHCTPUPYET, 4YTO IOI00Has
JIeSATEIIEHOCTD TI0 PEIISHHUIO 33/1a4 B ITKOJIC TPOMCXOIUT BEChMa PENKO.

Pemaau 14 Bbl B KO/ OHY H Ty 7K€ 3aJa'Ty pasHbIMH
METOdAMH H/IH cmocobamn?

90.0%

78.1%

80.0%

8.1%

70.0% 62.5% ® [To npe/UToKeHHI0 YUHTENA
60.0% | B paMKax OJJHOIO YpOKa

50.0% -~ -
B ITo mpeIoMKeHHI0 YIHTeNs]
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40.0%
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.

20.0% -+
10.0% +

0.0%

Huxoraa Pexxo Tacto

PuCyHOK 1. Ananuz omeemos NnepeoKypPCHUKOB HA 60NPOC O MOM, KAK 4aCmo 60 6peMs UX UKOJIbHO20 o6yquuﬂ
OHU CMAJIKUBAIUCHL C pelueHuem 3a0au pasiudnvimu Memooamu Ui cnocobamu

JIOTIOTHUTENTPHOE PA3BSICHEHNE K TAaKOMY MOJIOKEHHIO /el ObUIO MOIYyYeHO B OTBETaX CTYAEHTOB Ha
Tpetuil Bompoc: Ecnm Bl B mIKOJIE pemany 3a1ad pa3iuyHbBIME METOAAMHU MM CIOCO0aMH, TO K KaKUM
pasfenaM IIKOJIbHONW MaTeMaTHKH OTHOCHIMCH 3TH 3aiadu? OtTBeuas Ha JaHHBIA BOIPOC, CTYAEHTHI
BBIIETISUIA: TIPEXKIE BCETO — TEKCTOBBIE 3a/ladyM, KOTOpBIE peUIaluch B 5-6 KilaccaxX, CUCTEMbI JIMHEHHBIX
YpaBHEHUH, KBaIpaTHBIEC yPaBHEHUS; pexke — 3a/1a4M Ha IPeoO0pa30BaHUsl TPUTOHOMETPHUYECKHUX BBIPAXKEHUH
U pelIeHNE TPUTOHOMETPHUUECKHUX YPAaBHEHUH, €IlIE peke — FTEOMETPUUECKUE 3a1a4H.

3amaHue, MPOBEPSIONIEe TOTOBHOCTH CTYIACHTOB-TIEPBOKYPCHUKOB K PEIIEHUIO 3a/1ad pa3IndHBIMU
METOIaMH HMJIM CIIOCO0aMH, BKIIOYAJIO 5 3a/ad 10 TeMaM: KBaJpaTHbIe YpaBHEHHS; YPABHEHUS C MOJIYJIEM;
TEKCTOBBIE 33/ladyll Ha JABWKCHHUE, TPUIOHOMETPHUYECKHE HEpPABEHCTBA; IUIAHUMETPUYECKHE 3a/lauM.
[IpenBapuTensHO CTyAeHTaM OBIJIO Pa3bsCHEHA Pa3sHHIIA MEXIY MOHATHAMH «METOJ PElICHUS» U «CIOCcCo0
pelIeHns» B pyclieé TOro, Kak OHM MHTEPIPETHPYIOTCS B METOoAWYecKou nureparype. [IpuBenem mpumep,
OJIHOTO M3 BapUaHTOB 3aJJaHUM, TIPEAJIOKEHHBIX CTyIEHTaM.

3adanue. Pemnte Kax1Iyto U3 CIEAYIOIINX 337a4 HE MEHEE YeM JABYMS] METOJaMH HIIM CIIOCOOaMH.

1. Pemmre kBagpaTHOE ypaBHeHue: X- —6X—16 =0.
2. Pemmre ypaBHEHHUE C MOYJIEM: |2X —]4 - |X + 5| =0.
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3. B8uacos yrpau3 Acransi B [laBnoaap Brimen noesz co ckopoctsio 60 km/4. B 11 wacos u3 [TaBnogapa
€My HaBCTpeUy BBIIIEN IPYTOH 1moe3z co ckopocThio 70 kM/4. B kakoe BpeMst moe3 ia BCTPETSITCS, €CITH
pacctosinue Mexay Acranoii u [TaBnogapom 440 xkm?

4. Pemute HepaBeHCTBO: 192X+ Ctg2x+2<0.

5. Ha npomomkeHu# MpOTUBOMONOKHBIX CTOPOH Napaiienorpamma AB 3a Touky A u DC 3a touky C
orioxensl paBHble oTpe3kn AK m CL. [Jlokaxwurte, 4To MmoNy4YeHHBIH 4eTblpexyroibHuk LBKD —
napaiesorpamMm.

Kak BUIHO M3 HmpUBEAEHHOTO IpHMeEpa 3aadyd HE BBIXOOWIM 33 PaMKH IIKOJBHOI'O Kypca U HE ObLIH
CJIO’KHBIMH, YTOOBI UX MOBBIIICHHAS CIIOKHOCTh HE OTBJICKAJIA CTYAECHTOB OT OCHOBHOM LIETIM — HAaXOKACHUS
HECKOJIBKUX CIIOCOOOB MJIM METOJIOB pelieHus. TakuM o0pa3oM, OONBIIMHCTBO 0OYUYaIOMIMXCS PELIMIN BCE
3ajjaHusl XOTs Obl OMHUM U3 croco0oB. [Ipencraer coBceM MHast KapTHUHA C TIOBTOPHBIM PEIIEHHEM 3THX XKe
3aja4d ApyruM criocoOoM Wiu MeToaoM. JlydIie Bcero CTyAeHThl MPOSIBIIIN ce0s IPU PELIEHUH KBaJAPaTHBIX
YPaBHECHUIA.

[IpakTHdeckn Bce pelIMiN ypaBHEHHE HE TOJBKO C HCIIOIB30BaHUEM (OPMYIBI TUCKPUMHHAHTA, HO H
IIPUMEHHUB TeOpeMy, OOpaTHYIO K TeopeMe Buera, MeTon BeIOeNeHHS HOJIHOTO KBajpaTa WK rpaduieckuil
MeToA. HekoTopele yuacTHUKH HCCIIEAOBaHMS PEILIMIIN KBapaTHOE ypaBHEHHE Jaxke TpeMs MeTofaMu. Takoi
pe3yabTaT BIOJIHE 00BSCHUM, TIOCKOJIBKY BCE 3TH METOABI H3Y4alOTCs B IIKOJILHOM Kypce, PHUEM B paMKax
OJIHOTO M TOTO K€ paszeina. PemeHne BceX OCTAIBHBIX 3a7ad C MCIOJIb30BAHUEM CTPATETHH, OTIMYHON OT
MIEPBO, BBI3BAJIO Y MHOTUX CTYJCHTOB 3aTPyIHEHHUS. XyXKe BCero Oynyliue neaaroru ClpaBuiIiuCh ¢ TOMCKOM
Pa3HbIX CIOCOO0B pelICHUs TUTAHUMETPUIECKOM 3a1auu.

Jist mpoBepKH TOTOBHOCTH K PEUICHHUIO 33/1a4 Pa3HBIMUA METOJIAMH WIIM CIIOCOOaMU STHX K€ CTYJCHTOB

YK€ ydammxcst Ha 4 Kypce ObLJIO COCTaBJICHO aHAJOIMYHOE 33aJaHHe, ¢ HEKOTOPHIMU M3MEHEHHMAMHU. JTH
W3MEHEHUS, IPEXK]IE BCEro, ObUIN HaIeJICHBI HA PACIIMPEHUE TEMAaTHIeCKON PUHAICKHOCTH 3a/1a4 C LEIbI0
JIOTIOTHUTEIBHOTO OXBaTa TEX PasJesioB, KOTOPHIE OCBAaMBAJKMCh CTYJCHTAMH B paMKaxX psaa BY30BCKHX
JUCLUMIUINH, HANpaBICHHBIX Ha YIUyOJEHHOE H3YYeHHWE M CHCTEMaTH3alMI0 Kypca 3JeMEHTapHOI
MaTEMaTHKH.
Tax, HanpuMep, KBaipaTHOE ypaBHEHHE ObLIO 3aMEHEHO Ha KBa/IpaTHOE HEPABEHCTBO, ypPaBHEHUE C MOAYJIEM
— Ha ypaBHEHHE C MapaMeTpoM, TEKCTOBas 3ajaya Ha JIBWKEHUE 3aMEHEHa 3ajayeil Ha CMECH W CIUIaBHI,
IUTaHUMETpUYecKas 3ajada — Ha crepeoMeTpruueckyro. CpaBHUTENbHBIN aHAIU3 BBIIOJHEHHS 33JaHUs T10
pELIeHHIO 3329 Pa3IMYHBIMU METOJJAMH WIIH CIIOCO0aMU CTyAEHTaMH 1-ro U 4-To KypcoB NpejCTaBlIeH B
JyarpaMme Ha pUCyHKe 2.

CpaBHHTeIbHBII AHAJIN3 PeHIeHHs 3aaa4 cTygeHTaMHu 1 u 4 KypcosB

¥ % CTyZeHTOB 1 Kypca pelHBINHX 3a7ady ABYMS CIIOCOOAMH HITH METOAaMH

% CTYZEHTOB 4 Kypca PellHBIIHX 3a7ady ABYMA CIIOCOOAMH HIIH MeTOJaMH

100,0% 100,0% 100.,0%

87.5%
81.3%
75.0%

46.9%

o
15.6% 18,8%

. 12.5%

KsagpaTHoe ypaBHeHHe / YpaBHEHHE C MOAYIEM / TexcToBas 3ajada TpPHIOHOMETPHUECKOS 3agaga
KBaJPaTHOE HEPABEHCTBO € mapaMeTpoM YpaBHEHHe TIaHeMeTpHUIecKas /
CTepeoMeTpHIecKas

Pucynok 2. CpasnumenvHulil ananus 8bInoIHeHUs: 3a0AHUSA NO PEUEHUIO 3a0aY
PA3HLIMU cnocobamu unu memooamu cmyoenmamu 1 u 4 Kypcos
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[MpumeuaTensHO, YTO BCE CTYACHTHI YETBEPTOrO Kypca KBaJpaTHOEC HEPABCHCTBO PEIIWIH JBYMS
METOAaMH: TpadUIecKuM M METOJOM HMHTEpBAIOB. HUKTO M3 CTYJCHTOB HE CBENl pEIICHHE KBaJPaTHOTO
HEPAaBCHCTBAa K PCIICHUIO COBOKYITHOCTH [IBYX CHCTEM JIMHEHHBIX HEpaBeHCTB. [IpuumHON ToMy, Kak
OOBSICHSUIM CaMU CTYACHTHI MOCJIC BBITIOJIHCHUS 3allaHus, ObUIO TO, YTO MM Ha 3aHATUSAX HEOIHOKPATHO
TOBOPHJIM O TOM, YTO METOJ HHTEPBAJIOB ISl PEIICHUS PAllMOHAIBHBIX HEPABCHCTB CTCIICHH OOJIbIIIE IIEPBOM
U IpoOHO-PALMOHAIBLHBIX HEPABEHCTB SBJISICTCS Oosiee palliOHaabHBIM. [IpH pelieHuH TEKCTOBOM 3a1a4yd U
MEPBOKYPCHUKH, W CTYJIEHTHI YETBEPTOTrO Kypca BHIOMpANU JBa CIIOCO0a PEIIeHUS M OCTAaHOBWINCH Ha
WCTIOJIb30BaHHUHU B OJIHOM CJIy4ae COCTABJICHUE YPAaBHEHHS, B PYTOM — COCTABJICHUE CUCTEMBI YPaBHEHUMA, TO
€CTh, TIO CYTH, paboTali B paMKax OJIHOTO MeToja — anredpamyeckoro. K apmpmerndeckoMy MeTOdy
pelIeHUsT O0paTWIIMCh JIMIIh CUHMIIBI Ha TIEPBOM Kypce — 2 uenoBeka, Ha 4eTBepToM — 5. JlocTatouHo
0OJIBIIION TPOIICHT CTYJCHTOB IMPEIJIOKUIN IO JIBa PEIICHUS CTEPEOMETPUYCCKOM 3a7aun. MeHbIe BCEro
CTY/ICHTOB YETBEPTOTO Kypca OOHAPYKUITH JIBA PEIICHUS YPABHEHHUSI C TTAPAMETPOM.

B mporecce onpoca ctyneHTaM 4 Kypca ObUIO MPEUIOKEHO CaMUM OIEHUTH CBOI TOTOBHOCTh HAXOJIUTh
HECKOJIBKO DPEIICHMI 3a7]ad BCEro IO JIBYM ITyHKTaMm: 1) OIICHHTE Balll YPOBEHb TOTOBHOCTH K PEIICHUIO
ITKOJIBHBIX MaTeMaTUIECKUX 3a/1a4d Pa3IMIHBIMU METOIaMHU TN criocobamu 1o mmkaie oT 0 mo 3: 0 — coBceM
HE TOTOB, | — TOTOB B paMKaX OTJACIBHBIX TEM, 2 — TOTOB MO OOJBIIMHCTBY TEM IIKOJBHOTO Kypca, 3 —
IIOJIHOCTBIO TI'OTOB, 2) OLCHUTCEC, I/ICHOJ'II)3y51 3Ty Xe ]_[IKaJ'Iy, Ball ypOBeHB TOTOBHOCTHU K O6quHHIO
IIKOJILHUKOB PEIICHUI0 MaTEMaTHYSCKUX 3a/1a4 Pa3IMYHBIMU METOIaMH WIIH CIIoco0aMu. Pe3ybTaThl onpoca
MPE/CTABJICHBI B IUArpaMMe Ha PUCYHKE 3.

CaMooneHKa CTYIEeHTaMH c00CTBEHHOTO YPOBHA IO0TOBHOCTH K PEHICHHH
MaTeMaTHieCKHX 3a1a4 Pa3/IH'IHbIMH MeTodaMi H/IH cnocodamu

80.0% 19%
70.0%
60.0% 56,3% B VpOBeHb TOTOBHOCTH K PEIIeHHI0

TIKOIBHBIX MaTeMATHIeCKHX 33124

40.6% Pa3THYHBIMH METOJIAMH HIH
crocofamMn

50.0%
40.0% -
30.0% -
20.0% -
10.0% -~

8.1%

'YpoBeHb TOTOBHOCTH K 00YUEHHIO
IIKOIBHHKOB DEINeHHI0
— 3%,  MAaTeMAaTHJeckHX 3afatl

0.0%9,0% 2B,0% )
0.0% : _ | PA3MHYHBIMH MeTOJAMH K
CoBceM He Totor B Totore  TlodHOCTRIO Clivcobami
TOTOB paMKax paMKax TOTOB

OT/IETBHBIX GONBITHHCTBA
TeM TeM

IKOMBHOTO  IMKOMBHOTO
Kypca Kypca

Pucynox 3. Ananuz camooyenxu cmyoenmosg 4 Kkypca 06 ux 20Mmo6HOCMU K PEUEHUIO 3a0aY PA3TUYHbIMU
Memooamu unu cnocobamu (OanHvie oKpy2ieHbvl 00 0eCAmbix).

JuarpamMma CBHIETEILCTBYET O TOM, YTO CTY/ICHTHI HE CUYUTAIOT ce0s IOTHOCTHIO TOTOBBIMHU K paboTe co
IIKOJIbHUKAaMH B HAITPABJICHUH UX 00yUEHUs PEIICHHUIO 3aa4 pa3InYHbBIME METOaMH U criocobamu. Tarke B
YCTHOH Oeceie Oyayluue y4uTess, OTMEdYas 3HAYMMOCTb JaHHOM JESITEeIbHOCTH, BhIpaKajld HaMEPEHUs
Jlajbllle COBEPILICHCTBOBATLCA B HAMPABICHUU €€ OCBOCHUSI.

Jduckyccus

T'oToBHOCTB OYAYIIMX YYHTENIEH MATEMATHKHU K PEIICHUIO 32/1a4 Pa3IMYHBIMU CIIOCOOAMU HITH METOJIaMU
SBJISIETCS. OTHOW M3 3HAYMMBIX COCTaBJIIIOLIMX MX MPOQecCHOHAIBHBIX KoMIeTeHIi. [lockobKy B paMkax
LIKOJBHOTO 00pa30BaHusl AaHHAasi TOTOBHOCTh Pa3BUBAETCs JaJIeKO HE B IOJHOW Mepe, By30BCKOE 00y4eHHe
JOJDKHO JIMKBHMPOBATh 3TOT mpoden. YacTuuHO 3Ta mpoliiemMa paspelnaercs MpHu OCBOCHHH CTYAECHTAaMH
TUCLMITIINH ~ «OJIEMEHTapHas MareMaThka», «lIpakTMkyM 1O pemeHHro MaTeMaTHYeCKHX —3a7auy,
«neMeHTapHas FeOMETPHD», HALIETIEHHBIX Ha YTIyOJEHHYIO MIPOPa0OTKY MIKOJIBHOIO Kypca MaTEMAaTHKH.
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OpHako, Kak CIpaBeIMBO OTMEUAIOT yueHsble [5, 6, 11], npu pelneHuu 3a1a4 pa3IMdyHbIMU CIIOCOOaMM HITH
METOAaMH SIBJISIETCSI BOCTPEOOBaHHBIM CHCTEMHOE MPEACTAaBICHUE 00 HIIesIX U METoaX MaTeMaTHKH. Takoe,
CHUCTEMHOE TPE/ICTaBICHHE HE BCerJa BO3MOXXHO COPMHPOBATH Yy CTYACHTOB TOJNBKO B paMKaxX KypCOB,
MIPEICTABICHHBIX BBIIIE, TOCKOJIBKY OHHU, KaK MPaBUJIO0, CTPOSITCS MO MPHHIIUITY TEMATHIECKOH TPyIIHPOBKU
MaTepuaia, a 3aHSATHH, KOTOpbIE B COOTBETCTBHM C CHJUIA0YCOM OpHEHTHpPOBaHBI Ha O00OIIeHHE U
CHCTEMAaTU3aNI0 U3YYECHHOT0, HE I0CTATOYHO, YTOOBI B IOJHOM Mepe PeIiuTh PACCMaTPUBAEMYIO IPOOIeMy.
[losTomMy mone3Ho B y4eOHBIN IUaH OyQyIIMX YYHTeNedl MaTeMaTHKH BKIIOYHTH TaKWe TUCIHILTAHBI Kak
«lmen W MeTonpl IIKOJBHOTO Kypca MaTeMaTHuku» U «TexHomoruum oOyueHHs MIKOJBHHKOB PEIICHHIO
MaTeMaTHYECKHX 3a/1awd».

[lepBast W3 3THX NWCIUIUIMH KaK pa3 W HaNpaBleHa Ha CHCTEMAaTH3AIMI0 W O0OOIIeHWE MarepHuala
Pa3IMYHBIX Pa3JIeNoB IIKOJIHHOTO Kypca M MOATOTOBKY OYIOyIIMX y4YUTeNlel MaTeMaTHKH K OCO3HAHHOMY
WCTIONB30BAaHHUI0 UACH M METOJ0B MaTeMaTHKH IPH PEUICHUH MaTeMaTH4eCKuX 3ajad, B TOM YHCJIE U C
WCTIONTE30BAaHMEM PA3IMIHBIX METOJIOB WM CIIOCO00B. BTopas muciuminHa B 60bIIeii Mepe yIuT CTYIeHTOB
TOMy, Kak oOy4JaTh IIKOJFHHUKOB pEIICHUIO 3ajad pa3ludYHON CJIoXHOCTH. B pamkax 3TOorOo Kypca
MPEeIyCMOTPEHBl DSl 3aHATHH, KOTOPbIE HEMOCPEICTBEHHO HaNpaBlIieHbl HA COBEPLICHCTBOBAHUE YPOBHS
TOTOBHOCTH OYIYIIUX YYHUTEICH K OOYUCHHIO yUaIIMXCs PEHICHHI0O MAaTeMaTHYCCKUX 3aJa4 Pa3MYyHbIMU
MeTojaMu wim crocobamu. Tak B Oecemax CTyIEHTHI, YYaCTBOBABIIHE B HCCIEIOBAHUH, OTMEUYAIH, YTO
HUMCHHO TC 3aHATHUA, B paMax KOTOPbIX 6I>IIIa HCO6XOILI/IMOCTI> IIpu pCHICHUU 3a1a4 UCKATh U PCAJIN30BLIBATH
pa3nu4HbIe CTpaTeruu (METOABl WIIM CIIOCOOBI), OKa3alnd BIMSHUE HAa MX HHTEpEC K Impoleccy padoThl
MaTEeMaTHYECKUMH 3aJIaHUSAMU, TOOYXIAld K BIyMYHMBOMY H3Y4YeHHIO (DAKTOB M METOJOB MaTeMAaTHKH,
MTOCTETIEHHO Pa3BUBAs T€ YMEHHS, KOTOPBIE M OMPEACISIOT 0003HAYEHHYIO TOTOBHOCTb.

Ha 3aHaTHsIX moj1e3H0 HE TOJBKO OpraHu30BbIBATH pa60Ty I10 pCIICHUIO 3a1a4 PA3JIMYHBIMHU METOAaMHU U
crocobaMu, a TakkKe 3HaKOMUTh HX C METOAMKOW OpTraHW3alliu MOoA00HON paboTsl B mkone. Hampumep,
MOJKHO TIPEJIORKUTH B kKadecTBe 3ananust CPC mogo0pats 3a1auu 1Mo pa3HbIM TeMaM IIKOJIbHOW MaTEMAaTHKH,
IJId pCHICHUA KOTOPBIX MOI'YT 6I)ITI) MMPUMCHHUMBI pa3JIMYHBIC MCTO/bI, PCHINTL 3TU 3aJa4u U pa3pa60TaTb
KapTOYKU-IIOJACKA3KH, KOTOPLIC MOMOT'YT IIKOJIbHUKaM O6Hapy)KI/ITB " p€ajin30BaThb 3TU METOABI. Y CclnoXHUTH
Takoe 3aJlaHue MOXKHO TpeOOBaHMEM IMOJATOTOBUTH HECKOJBKO TAKUX KApTOUEK, OPUEHTHUPOBAHHBIX Ha
06yqafom1/1xc;1 C Pa3HbBIM YPOBHEM MaTeMaTHYeCKOM IIOATOTOBKH. Takne KapTOYKH IMMO3BOJIAT pC€aIn30BbIBATH
ndQepeHIMPOBaHHBIA TTOAX0 MPU OOYYEHUH MIKOJIBHUKOB PEUICHUIO 3a/1a4 Pa3HbIMH METOJaMH MU
crocobammu.

Takum 00pa3oM, TOJOXKHUTEITHHBIA ONBIT, MPHOOPETEHHBIM CTYACHTAMH B paMKax OCBOEHHUS JTHX
JTUCLMILINH, B Oyayieil mpoeCCHOHANBHOMN JIESITeIbHOCTH MOXKET OBITh YCIEIIHO NEPEHECEH B IIKOJIbHYIO
MPaKTUKY.

3akiaroueHue

Pemenue 3aga4 pas3jiMdHbIMKU METOJaMH U CHOCO6aMI/I — CyIHeCTBeHHBIﬁ mar K CUCTEMAaTU4€CKOMY,
TBOPYECKOMY BOCIIPUATHIO MAaTEMAaTHUECKOTO COAep KaHusl. Perras 3aa4y OJHHM CIIOCOO0M, 00y JarOIIHIACs
HAIleJICH TOJILKO Ha TO, YTOOBI HAWTH MPaBUIILHBIN OTBET. [IOMCK HECKOMBKUX CITOCOOOB PELICHUS OJHOU U
TOW JKe 3a7]ad TMOJIOKHUTENFHO CKa3bIBAE€TCS HA MHTEIUICKTYyalbHBIX KauecTBax pematens. OOmxymbiBas U
CpaBHUBAasA pa3IMYHbBIC PCIICHUAA, 6yz[y1u1/1e YUHUTEIA YTBECPKIAAOTCA B MBICJIIM O TOM, YTO BaXXHO HE TOJIBKO
MOJYYHUTh OTBET, HO M HCIOJBb30BATh JJIsl 3TOr0 HauOoJiee palMOHANBHBIN, OPUTHHAIBHBIN WM KPACUBBIN
cnoco6. OBnajieHHe CIOCOOHOCTBIO peliaTh OJHY M Ty e 3aJady, HUCIONb3ysl pa3Hble CTPATETHH,
AKTYaJIU3UpPYyECT HCOGXOI[I/IMOCTB BCIIOMHHUTBb MHOTHUE TCOPETUIYCCKUEC q)aKTLI, METOJbI U IIPUEMBI, AHAJIU3UPYA
MX C TOYKU 3PCHUS MPUMEHCHUS K KOHKPETHOM 33Ia4HOM CUTYyaIlHH.

ITockonbky 00ydYeHHE B MIKOJIE, MO PsIy OOBEKTUBHBIX M CyOBEKTUBHBIX MPHYKMH, HE MOXKET B MOJTHON
Mepe rapaHTHPOBaTh, YTO T€ BBITYCKHUKH, KOTOPbIE HAMEPHBAIOTCS CBS3aTh CBOKO XH3Hb C Mpodeccueit
YUuTeid MaTeMaTHKH, anOGpeTyT 3HaHHsA, YMCHHSA W HaBBIKH, COCTaBJIAIOIMIME OCHOBY I'OTOBHOCTU K
PEIICHUI0O MATEMATHYCCKUX 3a/1a4 Pa3IMYHbIMA METOJaMHU MM crtocobamHu, To 3Ta mpobieMa J0KHa ObITh
pelreHa B paMKax By30Bckoro oOyuenws. CocraBisgs pabodme TIpOrpaMMBI  BY30BCKHX KYPCOB,
OPHUECHTUPOBAHHBIX Ha yrny6neHHOe MMOBTOPCHUEC U CUCTEMATU3ANIO COJACPIKAHUA IIKOJILHOM MaTE€MaTHUKH,
HEOOXOMUMO TMPEIYCMOTPETh HE TOJBKO OCBOCHHS COBOKYMHOCTH MAaTEeMaTH4YeCKHX METOMOB, HO
BO3MOXHOCTb HCITOJIb30BAHUS TIPH PEIICHUN OJHOW M TOM ke 3aauu. [Ipu 5TOM BaKHO, 4TOOBI TeMaTHYeCKas
MNPpUHAMJIC)KHOCTh 3aJad pPeIIacMbIX CTYACHTaAaMU pPa3jIMdYHbIMH METOJaMU  HIIN CHOCO6aMI/I 6I)IJ'[a
MHOT000pa3HOM.
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[TnanomepHas u cucTemMaTHyeckas paboTa CTY/ICHTOB, HAIlCJICHHAS Ha OTHICKAHUE PA3IMYHBIX CTPATETUN
pemieHnss 3ajgad, MO3BOJIUT HE TOJNBKO OOOTaTHTh WX YYEOHBI OMBIT, C(HOPMHPOBATH OTKPHITYIO
MO3HABATEILHYIO MO3UIUIO, HO U 00CCIICYUTh Pa3BUTHE Y HUX IIEJIOTO Psjia WHTCIUICKTYAIbHBIX KaueCTB H
JIMYHOCTHBIX CBOWCTB, TaK HEOOXOJMMBIX YYUTEIH) MAaTEMaTHKH JUIS KOMIETCHTHOro, 3(dexkTuBHOTO H
TBOPYECKOTO OCYIIECTBIICHHS MPO(ECCHOHATFHON AEITETHbHOCTH.
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Abstract

In this paper considered a group of unitriangular matrices is vulnerable to an attack based on the efficient method of
computation of an unknown exponent m in a matrix equality A = B™ (solution of the discrete logarithm problem) in a
group of one-dimensional matrices. We show that the system of the polylinear crypto raptly using nilpotent groups
proposed by Kahrobaei together with Italian associates A. Tortora and M. Tota proves vulnerable. This vulnerability is
a result of the specific structure of unitriangular matrices, which can be exploited by attackers to efficiently compute the
unknown exponent m. This opens up opportunities for attacking the system and compromising data security. Unitriangular
matrices play an important role in cryptography, their use helps ensure system security and makes it a popular basis for
cryptographic protocols such as Diffie-Hellman key exchange and digital signatures. In these protocols, system security
is based on the assumption that it is computationally difficult to find a discrete algorithm of the elements involved.
However, advacnes in computing power and algorithmic techniques have led to the development of more efficient
algorithms for solving discrete logarithm problems using unitriangular matrices in certain groups, which poses a security
threat to these protocols. The proposed work provides a cryptographic analysis confirming the vulnerability of
unitriangular matrices.

Keywords: algebraic cryptography, polylinear cryptography, cryptanalysis, nilpotent group, key exchange.

Axoamna
JI.C. Omipxanosa®, ©. JK. Mamvipbaes®
1Cambaes ynusepcumemi, Anmamol K., Kazaxcman,
2KP BF Axnapammulx dcane ecenmeyiui mexnonio2usaap uncmunymol, Aimamul K., Kasaxkcman
KOII ChI3bIKTHI ®YHKIUAJIAPJIBI KPUIITOI PAOUSIIBIK ) KYUEJEPII TAJJIAY

By sxymeicta KaxpoOu sxoHe UTanmbsHIBIK opinTectepi A. Topropa xone M.ToTtamen 6ipre yChIHFAaH HIITBIOTSHTTI
TONTAP/AFbI KOTI CHI3BIKTHI KPUITOTpa sl ChI30achIHBIH KpUNTOTpadHsIIbIK Talgaysl KenTipiared. KapamnaiibiM akpIpiist
OpICTIH YCTIHIETI YHHYIIOYPHIIITH MaTpuiamap ToObHAarel A = B™ MaTpumanelk TeHIIKTE (IUCKpPETTi Jorapupm
MOCEJNIeCiH mmiemyre) Oenricia m JopeKeciH THIMAI ecenTey oMiCiHe Heri3geireH maldybul OChl  ChI30aHBIH
KpHUITOrpadusuIbIK TYPaKChI3IBIFBIH KepceTeni. byl ocanaplk Hmradysuigaylnsiiap Oenricia m KepceTKIlIiH THIMII
€cemnTey YIIiH Maiaiana anaTelH YHUOYPHIIITE MaTpUIaIapAblH apHaWbl KYPBUIBIMBIHBIH HOTIDKECT OOJIBIN TaOBIIaab.
Byn xyliere malysun jkacay JXKoHE IEpeKTep Kayilnci3miriH Oy3y YIKeH MYMKIHAIKTEepiH amajnbl. YHUOYPBIIITHI
MaTpuIagap Kpunrorpadusga MaHbI3AB pejl aTKapaasl,0JdapAbl Maiaiany KXYHeHIH Kayilci3diriH KaMTaMachl3 eTyre
KeMekTeceni skoHe OHbl [luddu-Xemnman kintrepi anMacy MeH HUQPIBIK KOATaHOA CHSAKTHI KPHNTOTrpadusIIbIK
XaTTamallapia TaHbIMaJl HeTi3 peTiHAe KapacTelpyra Oomansl. By xarramanapna xyieHiH Kayinci3airi ecenreneTiH
JIEMEHTTEP/IIH JUCKPETTI aJrOpUTMIH Taldy KWBIH JlereH Ooipkamra HerizjenreH. JlereHMeH, ecenrey KyaTbhl MeH
ANTOPUTMIIK TEXHUKAJAFbl JKeTIiCTIKTep Oenrimi Oip TomTapaarbl YHMOYpBINITH MaTpUIAIapiAsl NaiaaHa
OTBIPBIILAUCKPETTI  JIOTapUPMAIK ecenTepAl MENnIyAiH THIMIIpEK aJrOpUTMAEPIH JKacayra oOKesIi,0yi1 rcbl
XaTTamajapJblH Kayilci3airine Kayim TeHJIpedi. ¥ ChIHBUIFAH JKYMBICTa YHHOYPBIIITH MaTPUIAIAPIBIH OCAJIBIFBIH
pacTaiThlH KpUNTOrpadusIIbIK Tanay KapacThIpbUIFaH.

Tyiiin ce3aep: anredbpainbiK Kpuntorpadus, KO CHI3BIKTH KpUIITOrpadus, KpUNTOTaNAay, HUIMOTEHTTI TOM, KiITTI
Oemy.
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AnHomayus
H.C. Amupxanoea*, O.JK. Mamwipbaes®
1Camnaes ynusepcumem, 2. Anmameot, Kazaxcman
2Uncmumym ungopmayuonnsix u evruuciumenvuovix mexuonozuii KH MOH PK, 2. Anmamot, Kazaxcman
KPUNITOTPA®UUYECKHUI AHAJIN3 CXEMBI NOJWJIMHEAHON KPUIITOT PA®UU

B pabote paccMmaTpuBaeTcs rpyIina YHUTPEYTONbHBIX MAaTPHI, ySI3BUMast ATl aTaKd, OCHOBaHHAsA Ha 3(Q()EeKTHBHOM
METO/Ie BBIYHCIICHHS HEM3BECTHOT'O ITOKA3aTelNii M B MaTpUYHOM paBeHcTBe A = B™ (pemienue 3amaum TUCKPETHOTO
sorapuMHUPOBAHNUS) B TPYIIIIE OTHOMEPHBIX MaTpuIl. Iloka3aHo, 9TO cHCTeMa MOMMINHEHHOHN Kpunrorpaduu, ObICTpo
UCTIONB3YIOIMIEH HUIBIIOTCHTHBIE TPYNIbI, NpeiokeHHass KaxpoOW COBMECTHO C HTalNbsSHCKUMH KOJUIETaMH A.
Toptopoit u M. ToTa, oka3piBaeTCs yA3BUMOH. DTa YSI3BHUMOCTH SBIIACTCS PE3YIbTATOM CHEIH(PUISCKONH CTPYKTYpPHI
YHUTPEYTOJIbHBIX MAaTpHIl, KOTOPYIO 3JIOYMBIIUICHHUKHA MOTYT MCHOJB30BaTh IS S(PQPEKTUBHOTO BBIYHCICHHS
HEHM3BECTHOTO TOKa3aTeis CTENEHM m. DTO OTKPBIBAET BO3MOXKHOCTH JUIsS aTakd Ha CHUCTEMY M KOMIIPOMETALlUH
0€30MacHOCTH JIaHHBIX. YHHTPEYTrOJIbHBIE MaTpPHUIBl WTPAIOT BaKHYIO pOJb B KpHUNTOrpaduu, UX HCIIOIb30BaHHE
Mo3BoJIsieT 00ecreunTh 0e30MacHOCTh CUCTEMBl M JIeJlaeT €ro MHOMYJSPHOW OCHOBOW IJIsl KpUNTOrpapuYecKux
MIPOTOKOJIOB TaKuX Kak oOMeH mouamu Juddu-Xemnmmana u nudpossle noanucu. B aTux npoTokonax 6e30macHOCTh
CHUCTEMbI OCHOBAaHa Ha MPEAITOJIO0KCHUN, YTO BHIYUCIUTCIIBHO CJIO0XKHO HalTH I[I/ICerTHI:Jﬁ AJITOPUTM SaﬂeﬁCTBOBaHHLIX
aseMeHTOB. OJHAKO, TOCTMXEHHUS B OOJIACTH BBIYMCIUTEIHHOW MOIIHOCTH M AJITOPHTMHYECKHX METOMOB IPHBEIH K
pa3pabotke 6onee 3(p(HEeKTHBHBIX ANTOPUTMOB PEIICHUS 33734 AUCKPETHOTO JIOTApH(PMUPOBAHUS C UCTIOIb30BAHIEM
YHHUTPEYTOJIBHBIX MAaTpHI] B ONPENEICHHBIX IPYIIax, YTO MPEICTaBIAET YIpo3y O€30MacHOCTH ATHUX NPOTOKOJIOB. B
npeanaraeMoi paborte qaH KpunrorpadudecKuii aHaIu3 MOTBEPKAAIOIINH ySI3BIMOCTh YHUTPEYTOIBHBIX MaTPHIL.

KnaroueBble ciaoBa: AsreOpamdeckass Kpunrtorpadus, MNOJIWIMHEWHass KpunTorpadus, KpHUNTOAHAIIN3,
HUJIBIIOTEHTHAS TPYIINa, paclpeelcHUe KIroYa.

Introduction (Literary review)

In recent times, multilinear mappings have constantly attracted the attention of cryptographers.
Cryptographic analysis aims to identify and address potential vulnerabilities in cryptographic systems to ensure
their security and robustness against potential attacks. In particular, the wvulnerability of polylinear
cryptosystems to attacks based on the computation of unknown exponents in matrix equalities has been a topic
of interest. The idea of their use in information security was proposed by Bonech and Silverberg [1].One of its
main successful uses is the use of obfuscations for indistinguishability [2;3]. Attempts to construct schemes
grounded on multilinear mappings were made in algebraic cryptography( see, for illustration, [4], where it was
proposed to use a nilpotent group of nil energy position two as an encryption platform).

This note is related to recent work American cryptographer D. Kahrobi together with Italian associates A.
Tortora and M. Tota [5]. We dissect the protocol of multilinear cryptography proposed in this work on the
platform of a nilpotent group, which appears in [5] as Protocol Il.

The structure of farther sections of the composition is as follows. In Section 2, we present multilinear
mappings and the general idea of their use in cryptography. It also provides information about nilpotent groups
necessary for this composition. In Section 3, we describe a system for calculating the unknown degree m of
the matrix equivalency A = B™ in the group UT (n,F), where F; is a finite high field of characteristic p. We
explain how this algorithm allows us to efficiently calculate analogous powers with respect to rudiments of a
finite nilpotent group. In other words, we present an efficient result to the separate logarithm problem for the
class of finite nilpotent groups. Section 4 is devoted to de-scribing Protocol Il from [5] and demonstrating its
vulnerability using an attack using the procedure described in section 3.

In addition to improving the security of cryptographic systems, the analysis of polylinear cryptography
systems also has important practical applications in areas such as secure communication, e-commerce, and
data privacy. For example, secure communication protocols based on cryptographic primitives such as
encryption, digital signatures, and key exchange are essential for ensuring the confidentiality and integrity of
sensitive data transmitted over insecure channels.

Moreover, the widespread use of the internet and mobile devices has made it easier than ever for attackers
to intercept and manipulate data, making it even more critical to develop secure and resilient cryptographic
systems. The analysis of polylinear cryptography systems can help identify vulnerabilities and weaknesses in
existing cryptographic protocols, as well as provide insights into the development of more secure and efficient
cryptographic algorithms.

Furthermore, the field of cryptography is constantly evolving, with new mathematical techniques and
structures being developed to address emerging security threats and challenges. As such, the study of polylinear
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cryptography systems is an ongoing and dynamic area of research, requiring continuous innovation and
collaboration between researchers, developers, and practitioners.

Overall, the analysis of polylinear cryptography systems is a critical component of modern cryptography,
and its continued development is essential for ensuring the security and privacy of sensitive data in an
increasingly interconnected and digital world. As attackers continue to develop new and more sophisticated
methods of attack, it is essential that cryptographers remain vigilant and continue to improve the security and
resilience of cryptographic systems to ensure the protection of sensitive information.

Polylinear algebra is a mathematical field that deals with multilinear maps, which are maps that take
multiple vector inputs and output a scalar. In other words, a multilinear map is a function that is linear in each
of its arguments. Polylinear algebra extends the concept of linear algebra to multiple inputs and outputs, which
makes it useful in a variety of applications, including cryptography, coding theory, and physics.

The use of multilinear maps in cryptography was first proposed by Boneh and Silverberg in their 2001
paper "Applications of Multilinear Forms to Cryptography". Since then, researchers have been exploring the
use of multilinear maps in cryptography and other areas.

One of the most important applications of polylinear algebra is in the construction of efficient encryption
and decryption schemes. By using multilinear maps, it is possible to construct more flexible and efficient
encryption and decryption schemes than those based on traditional linear algebra. We use a polylinear system
with a nilpontent group in cryptography. Nilpotent groups are groups in which the commutator of any two
elements lies in a lower central series of the group. These groups play an important role in mathematics,
including algebraic geometry, Lie theory, and group theory.

In recent years, there has been increasing interest in the use of nilpotent groups in cryptography, particularly
in the context of polylinear algebra. The use of nilpotent groups in cryptography is based on the fact that they
have a specific algebraic structure that makes them useful for constructing cryptographic schemes that are
resistant to attacks.

One of the main advantages of using nilpotent groups with unitriangular matrices in cryptography is that
they have a well-defined structure that allows for efficient computation of various operations. This makes them
suitable for use in cryptographic protocols that require fast and efficient computation.

Materials and Methods

Polylinear algebra is a mathematical framework that has found significant applications in the study of
nilpotent groups within the field of cryptography. Its origins can be traced back to the 19th-century tensor
analysis or "tensor calculus of tensor fields." Initially, polylinear algebra was closely tied to the use of tensors
in various mathematical disciplines, including differential geometry and general relativity, as well as numerous
areas of applied mathematics. Throughout the 20th century, the study of tensors evolved into a more abstract
and generalized field. A notable contribution in this regard is the treatise on multilinear algebra from the
Bourbaki group, specifically in chapter 3 of their algebra book. This chapter, titled "tensor algebras, exterior
algebras, symmetric algebras,”" has had a particularly influential impact. The essence of this approach lies in
defining tensor spaces as mathematical constructs that serve the purpose of transforming multilinear problems
into linear ones. This purely algebraic perspective on tensors does not necessarily emphasize geometric
intuition but rather focuses on formalizing the mathematical relationships.

One significant advantage of this formalization is its ability to reframe complex problems in terms of
multilinear algebra. By doing so, it becomes possible to arrive at clear and well-defined solutions. Moreover,
these solutions are particularly valuable in practice because they precisely align with the constraints that the
problem imposes. This alignment between mathematical solutions and real-world constraints makes polylinear
algebra a powerful tool in cryptography and other fields where precise problem-solving is essential.

By using multilinear maps, it is possible to construct more efficient cryptographic protocols that are based
on the algebraic properties of nilpotent groups. A nilpotent matrix is a matrix that is a nilpotent element with
respect to multiplication, that is, a matrix P for which there exists an integer n such that the condition P"=0,
where O is the zero matrix.If in the field of complex numbers all the eigenvalues of a matrix are equal to zero,
then the matrix is nilpotent .Overall, the use of nilpotent groups and polylinear algebra in cryptography
represents an important area of research that has the potential to lead to the development of more efficient and
secure cryptographic protocols. By leveraging the algebraic structure of nilpotent groups and the flexibility of
multilinear maps, researchers can continue to push the boundaries of what is possible in the field of

cryptography.

116




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

Let n be a natural number.
For two copies C and D of a cyclic group of prime order p, a mapping a: C — D is called multilinear if, for
any A, .4, € Z and g,, ... g€ C, the equality

a(git, ... g") = algy, .- gn)™, )
where 3 = 2, « - x 1.
a is non-degenerate if for any non-unit element g € C the element is non-unitin a(g, ..., g)
G is called nilpotent if there is a finite central row of normal subgroups

{1}=6,=6<G,<G,<...< G, =G, (2

where the centrality of the series means that any factor G;/G;,belongs to the center of the factor group
G/G;. 4. The length of the shortest central series is called the nilpotent class of G. Finite p-groups are nilpotent,
that is, groups of primary order p"with respect to a primenumber p. Moreover, any finite nilpotent group is a
direct product of a finite number of finite p-groups (its slow subgroups). Any group of unitriangular matrices
UT(n, K) over a field or an associative ring with identity K is nilpotent. See [6] or [7] for properties of nilpotent
groups.

For elements a, b of an arbitrary group G, denote by [a, b] their commutator aba='h~t. A simple
commutator of arbitrary weight n is defined inductively. By definition, [a, b] is a simple commutator of weight
2. Ifu = [ayq,a,,...,a,lisasimple commutator of weightn, then [u, a,,, 1] —is a simple commutator of weight
n + 1 Also, (simple) Engel commutators are defined inductively. By definition [a, b; 1] = [a, b]. We set [a, b;
n+1] =[[a, b; n], b]. A group G is nilpotent of class at most n if and only if any simple commutator of weight
n + 1 of its elements is equal to 1. The least n with this property is exactly its nil potency class. This is
equivalent to the fact that the group G satisfies the identity [xi, Xo,..., xn+1] == 1. A group G is called n-
engel if it satisfies the identity [x1, X2; n] = 1. A nilpotent group of class n is n-engel, the converse is not true
in the general case.

On any group G, the following commutator identities (x, y, z € G) hold:

Iy, X1 =[x, yI'%, [xy, z] = x[y, zIx '[x, z],
[x, yz] = [x, YIy[x, zly %, 3)

X, y'T =y 'y, xly, [x*", y] = xy, x]x.
If the group G is nilpotent of class n, then these identities imply that for any integers As,..., Ar and any
simple commutator u = [X1, Xo,..., Xn] Of weight n from the elements ofthe group G, the equality.

Moy A In
[x1 1’x2 2,---,xn | = ut, where A =k * ... % (4)

This means that the map defined by the commutator u is multilinear. It follows from (4) in particular that
if 1 =y0and xl?’ = 1, then u?= 1. Also here considered calculation of powers ( discrete logarithms) in the
group of unitriangular matrices.

Discrete logarithms are a mathematical problem that plays a crucial role in modern cryptography. The
discrete logarithm problem involves finding the exponent m in the equation g™ = h, where g and h are elements
of a finite cyclic group of order n, and m is an integer between 0 and n-1.

Finding the discrete logarithm of an element in a finite cyclic group is believed to be a computationally
difficult problem, and there is no known efficient algorithm for solving it in general. This makes it a popular
basis for cryptographic protocols, such as Diffie-Hellman key exchange and digital signatures.

In these protocols, the security of the system relies on the assumption that it is computationally difficult to
find the discrete logarithm of the elements involved. However, advances in computing power and algorithmic
techniques have led to the development of more efficient algorithms for solving discrete logarithm problems
in certain groups, which poses a threat to the security of these protocols.

For example, the index calculus algorithm and the number field sieve algorithm are two well-known
methods for computing discrete logarithms in certain groups. Therefore, researchers are constantly looking for
new mathematical structures and techniques that can be used to construct secure cryptographic protocols that
are resistant to these attacks.
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Thus, the study of discrete logarithms and their properties is an important area of research in modern
cryptography, and it plays a crucial role in ensuring the security of many important cryptographic systems. We
consider a discrete algorithm in a unitriangle matrices.

Unitriangular matrices are a class of matrices that have a specific structure and play an important role in
linear algebra. A matrix is said to be unitriangular if it is upper triangular with all its diagonal entries equal to
1. These matrices have a number of interesting properties that make them useful in a variety of applications,
including cryptography.

One example of a cryptographic scheme based on unitriangular matrices is the polylinear crypto raptly
scheme proposed by Kahrobaei et al. This scheme uses nilpotent groups and multilinear maps to construct an
encryption and decryption protocol that is resistant to attacks based on the discrete logarithm problem.

However, recent research has shown that the use of unitriangular matrices in cryptographic schemes may
be vulnerable to attacks based on efficient methods of computing the unknown exponent m in the matrix
equality A = B™. This vulnerability highlights the need for continued research in the area of cryptography,
particularly in the development of more efficient and secure encryption and decryption protocols.

Generally, the connection between unitriangular matrices and cryptography highlights the importance of
linear algebra in the design and analysis of cryptographic protocols. By leveraging the mathematical properties
of matrices, researchers can continue to develop new and more secure methods for protecting sensitive
information in a variety of applications.

Consider the group UT(n, Fp) of unitriangular matrices of size n over a simple finite field F,
characteristics p. We will present an efficient procedure for calculating such a matrix B from matrix A that
A = B™ for some natural number m > 1 provided that such a matrix B exists. The procedure can be easily
generalized to the case of the group UT(n, Z) over the ring Z of integers. Note that this procedure represents a
solution to the discrete logarithm problem in unitriangular matrix groups over simple finite fields or over the
ring Z. See [8] for this problem. The case of a matrix group was considered in [9]. Here given algorithm which
considered note that for any matrix ut(n, ) the equality C € UT(n, Fp) is fulfilled. Therefore, we can assume
that m <p™*. Let's represent m as follows:

M= Mo + Mip + Mop? +--- + My 2p" 2, ()

where 0 <m;<p-1.
A = B™ as a product of matrices:
A = BMo x BMP 4 _ x BMn-2P" (6)
Search form; (i=0, ..., n-2):
Step 1. In order to find mowe compose a system of linear equations (SLE) with respect to the
elements of the first secondary diagonal of the matrices A and B™o:

a, = by, * Molmodp),

ay3 = by + Mo(mod p),

0
A(n-1)n - b(n—l)n * Mo (mOd P)-

If the first side diagonal of matrix B is zero, then the first side diagonal of matrix A is also zero. A similar
statement holds for each next diagonal. Having found the first non- zero side diagonal of the matrix B (let it
be the diagonal with the number q), we compose an SLE similar to (7) for calculating mo:

(Q1qe1 = biger * mo(mod p),
= mo(mod )

e = e © o ©
kan_q’n = bp-gn * mg(mod p).

Solving this system, we find B™0 (solution in non-zero secondary diagonal). Next, we find the single-
valued value m; from the following system.
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n-—2
(9)

A* B™o = BMiP *  * BMn-2P
Now we note that there is a zero side diagonal g + 1 on the left side.
Step 2. We raise the matrix B to rank p, thereby zeroing the side diagonal with the number q + 1, and then

we construct a SLE of the form (8) for its next non-zero side diagonal. Further, we find the single-valued value
m1 in the following system.

aiqi2 = bigiz * m; (mod p),
{ az2q+3 = D143 + M1 (mod p), (10)
kan—q—z,n - bn—q—Z,n * ml(mOd p)'
Then we move B™! to the left side. Thus, we get the equality:
A * B~Mox BMiP= BMnP” & *Bmn—p" (11)

Continuing in the manner described, we will ultimately calculate the power of m. Note that this degree is
determined from the equation A = B™ not uniquely, but up to the order of the matrix B. At the same time, it's
easy to see that the below algorithm finds the minimal positive result m.

You can also notice that when working systems of type ( 7 — 9), the value of the unknown is calculated
from one equation. It is sufficient that both coefficients sharing in the equation are not contemporaneously
equal to 0. Still, also the coefficient from the left wing is equal to 0, If the coefficient from the right side is
equal to 0. If the system will be unattainable, but by condition the result exists.

Now let G be an arbitrary finite p- group. There are two ways to break the problem separate logarithm in G.

The first of them is related to the fact that any finite the p- group G is isomorphically embeddable in the
group UT( n, Fp) for a sufficiently large value of n. First, we put UT( n, Fp) into the group, and also we
determine the value of the separate logarithm, as described over.

To implement the second method, we find in G the central series whose factors Gi/Gi.1 are elementary
abelian p-groups (2). Such a series is easily obtained as a densification of an arbitrary value trawl row. If n
is the length of the series, then any element b € G to the power p" is equal to 1. The value of m in the equation
a =b™ can be found in the form (5). In this case, the role of diagonals is played by consecutive factors Gi/Gi:1
of the series (2). Note that for the group UT(n, Fp) the i-th member of such a series consists of matrices
whose first i sub-diagonals are equal to zero. As a corresponding factor, an elementary abelian p-group whose
rank is equal to the length of the corresponding diagonal is found.

Eventually, to calculate the separate logarithm in an arbitrary finite nilpotent group G, it suffices to
represent it in the form of a direct products of p- groups, and also find the corresponding values for the factors.
The performing separate logarithm is determined by the Chinese remainder theorem. The Chinese Remainder
Theorem is a fundamental statement of number theory that allows one to solve systems of linear Diophantine
equations with two or more unknowns. Basically, this is a theorem about systems of comparisons. We used
theory of numbers. If we clarify what it is number theory, we known that is the study of the properties of
integers.Integers are not only the natural numbers 1,2,3, ...(positive integers) but also zero and negative
integers -1,-2,-3,.... Set designation (...,-3,-2,-1,0,1,2,3,...) integers with the letter Z.

For unitriangular groups over Z, the separate logarithm problem is answered simply, the degree is uniquely
calculated along the first non-zero slant. Since any finitely generated nilpotent torsion-free group G is
embeddable in the group UT ( n, Z) for sufficiently large n, this statement is also true for G. You can also
directly use the central series of the group G with torsion-free factors for computations ( for illustration, the
so- called upper central row- see( 6).

Any finitely generated nilpotent group G is embeddable in the direct product of a finitely generated torsion-
free nilpotent group and a finite nilpotent group (see ( 10)) [10]. This allows working the separate logarithm
problem in this case as well. Either the separate logarithm is uniquely calculated from the first element, or if
this element a = b™ if for a and b in the equation there is only one, then for the second - the last set.
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Result

We can Description of protocol Il from [5] with its cryptographic analysis.Protocol Il is a multilinear
cryptographic scheme proposed by D. Kahrobaei, A. Tortora, and M. Tota that uses a nilpotent group of class
two as a platform for encryption. In this scheme, plaintexts are represented as elements of a finite field, and
ciphertexts are represented as elements of a finite abelian group. The encryption process involves a sequence
of multilinear maps, with each map using a different set of group elements to encrypt the plaintext.

The security of Protocol Il is based on the difficulty of computing discrete logarithms in the underlying
nilpotent group. However, recent research has shown that the use of unitriangular matrices in the group of one-
dimensional matrices used in Protocol 1l makes it vulnerable to attacks based on the efficient computation of
unknown exponents.

In particular, the vulnerability arises from the fact that the unitriangular matrices used in Protocol Il have a
special structure that allows for efficient computations of discrete logarithms. This makes it possible for an
attacker to recover the plaintext from the ciphertext by computing the discrete logarithm of the encryption key.

To address this vulnerability, researchers have proposed various modifications to Protocol 11, such as using
more complex nilpotent groups or adding additional layers of encryption. However, these modifications may
come at the cost of increased computational complexity and decreased efficiency.

Overall, the analysis of Protocol Il highlights the importance of carefully selecting the underlying
mathematical structures and algorithms used in cryptographic schemes. It also underscores the need for
ongoing research and development in the field of cryptography to ensure the security and resilience of
cryptographic systems in the face of evolving security threats. As a result if let G be an open nilpotent group
of nilpotency class n + 1 that is not n-energetic, left (n> 1). Then there are elements x, b € G such that [x, b; n]
# 1. Suppose that n+1 usersAy,..., An+1 Want to share a private key among themselves. Each user Ai chooses a
private non-zero key - a natural number A;, calculates and publishes the value b*e G. Then each user A;
calculates the element

[x%,b22,..., bri-1, b+, bra+1] = [x,b,n]%, (12)

where A = A; * ... * Apyq.

This key is common to all users. We can provide cryptographic analysis. The efficient procedure described
in the previous section allows you to calculate, for any value of , b%, the parameter yu; such that b =
b#i. 1t is enough to calculate one such value, say u, .1, and obtain a distributed key as:

[xkne1, b2, .., bAi=1, bhisa, . bAnn] = [x, b, n] . (13)

Formally, the right side of equality (12) includes as an exponent the product Az... Anpn+1. However, there
is an integer A,,41 = Uny1 + Y5, Where vy is the order of the element b hence the commutator [x, b; n] to the
power vy isequal to 1, so replacing the factor A+ with pq1 in the exponent A does not changethe element (12),
i.e., the shared key.

Discussion

In the course of our research into the Kahrobaei method, we encountered a significant oversight: an
assumption that the unitriangular matrix system would remain impervious to security breaches. However, this
investigation yielded a startling revelation, underscoring the need for a more comprehensive understanding of
the method's vulnerabilities. Within the framework of this scheme, plaintexts are meticulously encoded as
elements residing within a finite field, while ciphertexts are artfully represented as elements within a finite
abelian group. This dual representation is pivotal to the encryption process and its subsequent analysis. Delving
further into the encryption process, it becomes evident that it encompasses a meticulously orchestrated
sequence of multi-line cards. Each of these cards operates autonomously, employing its unique set of group
elements to meticulously encrypt the plaintext. The crux of the method's security hinged on the intricate nature
of computing discrete logarithms within the fundamental nilpotent group, a complex mathematical concept
pivotal to the encryption protocol. However, a recent breakthrough in our research has unfurled a startling
revelation - the integration of unitriangular matrices within the group of one-dimensional matrices, a
fundamental component of Protocol Il, renders the system susceptible to attacks premised on the efficient
computation of unknown exponents. This vulnerability has been brought to the forefront due to a fascinating
mathematical phenomenon: the capability to manipulate the exponentiation process, enabling the arbitrary
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selection of values that ultimately yield the result of 1. In light of these revelations, it is abundantly clear that
the security of this system is severely compromised. Addressing this vulnerability necessitates extensive
research and development efforts to bolster its resilience against such attacks, ensuring the continued viability
of the Kahrobaei method in the realm of encryption and data security. The discovery of vulnerabilities in the
Kahrobaei method highlights the importance of thorough security analysis and ongoing research and
development in the field of encryption and data security. It appears that the integration of unitriangular matrices
within the group of one-dimensional matrices, as a part of Protocol I, has introduced a significant weakness
in the system’s security. Specifically, the manipulation of exponentiation processes leading to the arbitrary
selection of values that result in 1 has the potential to compromise the confidentiality and integrity of encrypted
data. To address these vulnerabilities and enhance the security of the Kahrobaei method, several steps should
be taken.

1 In-Depth Analysis: Continue the investigation into the specific mathematical properties and algorithms
that lead to these vulnerabilities. Understanding the underlying mathematical principles is essential to
developing effective countermeasures.

2 Algorithm Modification: Consider modifying the encryption and decryption algorithms to mitigate the
identified weaknesses. This may involve altering the way exponentiation is performed or introducing
additional security measures.

3 Peer Review: Engage the cryptography community in peer review and collaboration. External experts can
provide valuable insights, identify potential flaws, and suggest improvements.

4 Testing and Evaluation: Rigorously test the modified method against various types of attacks and
scenarios to ensure that the vulnerabilities have been effectively addressed.

5 Documentation and Education: Clearly document the revised method and provide educational materials
to users and implementers. Proper training and understanding of the security protocols are crucial for effective
implementation.

6 Continuous Monitoring: Recognize that security is an ongoing process. Continuously monitor the method
for new vulnerabilities and adapt to emerging threats.

7 Collaboration with Industry: Collaborate with industry partners to integrate the improved method into
practical encryption systems and applications. Real-world deployment and feedback are essential for
validation.

8 Legal and Ethical Considerations: Ensure that any changes made to the method comply with legal and
ethical standards, especially if it is used in critical applications.

It is important to acknowledge that the field og cryptography is constantly evolving, and security is a never-
ending challenge. The discovery of vulnerabilities, while concerning, provides an opportunity to strengthen
the Kahrobaei method and make it more robust against emerging threats. By addressing these issues
proactively and collaboratively, the method can continue to be a valuable tool in the realm of encryption and
data security.

Conclusion

In conclusion, the vulnerability of a group of unitriangular matrices to an attack based on an efficient
method of computing an unknown exponent m in a matrix equality poses a serious challenge to the security of
the polylinear cryptosystem proposed by Kahrobaei et al. The solution of the discrete logarithm problem in a
group of one-dimensional matrices is a crucial aspect of modern cryptography, and any weakness in this area
can compromise the confidentiality and integrity of sensitive information. Therefore, it is essential to identify
and address any vulnerabilities that exist in the cryptosystems to ensure that they remain secure against
potential attacks. Further research is needed to develop more robust cryptographic techniques that can
withstand these types of attacks and provide greater security for sensitive information.

The vulnerability of the polylinear cryptosystem using nilpotent groups highlights the need for ongoing
research and development in the field of cryptography. As attackers continue to develop new and more
sophisticated methods of attack, it is essential that cryptographers remain vigilant and continue to improve the
security of their systems.

One potential avenue for addressing this vulnerability is to explore alternative cryptographic primitives that
are resistant to the type of attack demonstrated in this research. For example, there may be other types of
groups that are resistant to this particular type of attack, or other mathematical structures that can be used to
secure communications.

Another important consideration is the implementation of best practices in cryptographic engineering.

121




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.

Cryptographic algorithms are only as secure as their implementations, and even the most robust algorithm can
be compromised if implemented incorrectly. Therefore, it is crucial that cryptographic systems are
implemented with the utmost care and attention to detail, and that they are subject to rigorous testing and
verification.
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AnHomayus

[TpoHnIIaeMOCTD SIBNISIETCS] BAKHBIM CBOWCTBOM MOPHCTO CPEIbl, U €e ONpe/iesieHHe SBIISETCS aKTyalbHOM 3a1aden.
B cratbe u3zyuaercst 3ppeKTUBHOCTH aJrOPUTMOB MAIIMHHOTO 00y4eHus, Takue kak RF, GB, SV, Lasso, k-NN u GP,
IPY IPOTHO3MPOBAHUY [TPOHUIIAEMOCTH PA3IMYHBIX MOPOJ. B KauecTBe NMpU3HAKOB UCIIOIB30BaHBI PAIUYC MOP, PAaIHyC
TOPJIOBHHBI, KOOPMHALIMOHHOE YHCIIO, TOPUCTOCT, YAEIbHA IJIOIIA/Ib OBEPXHOCTH, M3BUINCTOCTh U IPOHULIAEMOCTb.
Bruto m3ydeHO BIHMAHHE COOTHOIICHWS OOydaromiero w TectoBoro Habopa maHHBIX (70/30 m 80/20) m kommdecTBa
NPU3HAKOB Ha HPOU3BOAUTEIBHOCTh aNrOPUTMOB. Pe3ynbTaThl moKasaim, 4to anroput™ RF sBisics Hambounee
HNOAXOISIIMM JJIs NPOTHO3HPOBAHHMSA INPOHHLIAEMOCTH C BBICOKOH JocTOBepHOCTH. Haumbonpmmid kodpduimeHt
JIOCTOBEPHOCTH MPOTHO3a cocTaBui R?=0.83, 1 OH GbUI MOJTyY€eH IIPH KCTIOIB30BaHUM 5 TIPU3HAKOB. AnroputM GB Takske
MOKa3aJl XOPOIIYIO IPOrHO3UPYIOIIYI0 CHOCOOHOCTh MPOHUIAEMOCTH, XOTS OH BBIOUpAJT IPAKTUYECKU OTHOTO IPH3HAKA
(mopucTocTH) Kak BaxHbIM. Hanbompummii kospduuuent s Hero coctaBua R?=0.73 npu 80/20. PesynbTaThl Takxe
MOKa3aJu, 4YTo BCe alrOpUTMBbI, Kpome RF, mpejckasany cylecTBeHHO 3aBbIIICHHbIE MUHUMAaJIbHbIE IPOHUIIAEMOCTH. A
Takke, Bce amroputMbl, kpome SV u K-NN, mpeackaszanum cpeqHee 3HAYCHHE MPOHHIAEMOCTH C HAWMEHBIIMMHU
MOTPEITHOCTSIMH.

KaioueBble ciioBa: MammHHOE 00ydeHHE, NMPOTHO3 MPOHUIIAEMOCTH, MUKPOKOMIIBIOTEpHAsE TOMOrpadusi, MHUHU-
o0pa3elr, TOpoMacITabHOE MOICTUPOBAHHE.
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OPTYPJII TAY )KbIHBICBIHBIH JEPEKTEPI HET'I3IHAE MAIINHAJIBIK OKY AJITOPUTM /IEPIHIH
TUIMALIITTH 3EPTTEY

OTKI3rIMTIK KEYEKTi OpTalapIblH MAaHbI3Ibl KACHETI OOJIBIN TaOBIIA IbI, a7l OHBI aHBIKTAY aKTYaJIIbl MOCEE OOJIBII
TabbuTamel. Byt sKyMBICTa OpPTYPIIi Tay JKBIHBICTAPBIHBIH OTKi3rimTirin 6omkayaa RF, GB, SV, Lasso, k-NN xone GP
CHSIKTBl MAIIIMHAIIBIK OKBITY aJTOPUTMICPIHIH THIMIUTICT 3epTTeiiedi. benriiep peTiHae Keyek pamuychl, Keyek
MOWHBIHBIH PAJNyChl, KOOpPIMHAIUSA CaHbl, KEYEKTLTK, OETTIH MEHINIKTI ayAaHel, Oypamy >XKoHE OTKI3TIITIiK
Kogaspuael. OKy jKOHE TeCTiIey AepeKTep KUHAFBIHBIH apakaTeiHachIHEIH (70/30 xone 80/20) sxoHe Oenrinep CaHBIHBIH
aNnropUTMICPAiH eHIMALTIriHe ocepi 3epTreni. Hotmkenep RF anroputMi eTKI3TIMITIKTI KOFapBl CEHIMILTIKIICH O0IDKay
YIIiH eH KOJIAHIBI eKeHiH KopceTTi. bommkayapIH eH KoFaphl CeHIMALTIK K0d(hUIHeHTI R2=0.83 60161 5x0HE 071 5 OeJri
yiid ansiHabl. GB anropuT™i e ©TKI3TiIITIK YIIiH aKchl 00ipKay KaOUIeTiH KepceTTi, IereHMeH o1 Tek Oip OenriHi
raHa (KEYEKTUTKTI) MaHbI31b1 e TanTbl. O yinin e xorapsl koddduuuent 80/20 kezinae R?=0.73 Gonawl. Hotmxenep
conbiMeH Katap RF anropurminen 6acka OapiblK anropuUTMIEp OTKI3TIIITIKTIH TOMEH MOHIEpIH aWTapibIKTail ackipa
6omxaranblH kepceTTi. Connaii-ak, SV xone k-NN anropurMiner 60acka 6apIiblK alrOpUTMAEP OTKI3TIIUTIKTIH opTamia
MOHIH €H a3 KaTeJepMeH OOJIKabl.

Tyiiin ce3aep: MamIMHANBIK OKBITY, OTKI3TIIITIKTI OOIKay, MHUKPOKOMITBIOTEPNIK TOMOTpadus, MUHH-YITLIEp,
KEYeKTi MacmTabTa MOAETBICY.
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Abstract
STUDY OF THE EFFICIENCY OF MACHINE LEARNING ALGORITMS BASED
ON DATA OF VARIOUS ROCKS
Assilbekov B.K.>?, Kalzhanov N.E.3, Bolyshek D.A.13, Uzbekaliyev K.Sh.!
1Sathayev University, Almaty, Kazakhstan
2JSC «KBTU BIGSoft», Almaty, Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan

Permeability is an important property of porous media, and its determination is relevant. This paper studies the
effectiveness of machine learning algorithms (RF, GB, SV, Lasso, k-NN and GP) in permeability prediction. Pore and
throat radius, coordination number, porosity, specific surface area, tortuosity and permeability were used as features. The
influence of the training and testing dataset ratios and the number of features on the algorithm’s performance was studied.
The results showed that the RF was the most suitable for predicting permeability with high confidence. The highest R?
was 0.83, and it was obtained for 5 features. GB also showed good predictive ability, although it selected only porosity
as important feature. The highest R? for it was 0.73 at 80/20. The results also showed that all algorithms except RF
significantly overpredicted low permeabilities. And also, all algorithms, except SV and k-NN, predicted the average
permeability value with the smallest errors.

Keywords: machine learning, permeability prediction, microcomputed tomography, sub-sample, pore-scale
modeling.

Beenenue

AOCONIOTHAsI POHHUIIAEMOCTh SIBISIETCS] BAXKHOM MaKpOCKOMHYECKOW TPAaHCIIOPTHOM XapaKTEPUCTHKON
MMOPUCTON Cpenbl, OT KOTOPOW 3aBUCAT JOOBIYAa YTIEBOJOPOAOB MPH Pa3padOTKE MECTOPOKIACHHM,
MPOM3BOJUTEIBHOCTh QUIBTPOB MPU OYHCTKE BO3/IyXa B MOMEIICHUX, CeNapaliy Ta30)KUAKOCTHBIX CHCTEM
W B KaTaJIUTHYECKUX cHCTeMax M T.h. [IpoHHIIaeMOCTH OOBIYHO OTPEAECNSIOT B JTAOOPATOPHBIX YCIOBHAX
9KCHEPUMEHTAIIBHBIM IIyTEM C IIOMOIIBIO CIIeHHaIbHbIX 000pynoBanun. JlaboparopHble 3MepeHHs: OOBIYHO
JUIATCSL HE Majo BPEMEHH M SBISIOTCS Joporoctosmumu. [lo3ToMy ee ompexaeneHue anbTepHATHBHBIMU
MyTSAMU Ha OCHOBE UMEIOIINXCS aHATUTUYECKUX U SKCIIEPUMEHTANBHBIX JaHHBIX O TIOPUCTOM cpenie sBiseTcs
aKTyalbHOU 3aa4eil.

C pa3BuTMEM METOAOB MAIIMHHOTO OOY4YEeHHMs, OHM CTald NPUMEHATHCS Ui aHajiu3a OaHHBIX H
MPOTHO3UPOBAHUS BAXKHBIX XapaKTEPHCTHK BO MHOTHX c(epax Takux Kak meiaunuHa [1], skoHomuKa [2, 3],
reousuka [4-6] u T.1. [Ipu nporHo3upoBaHUM aOCONOTHON MPOHHMIIAEMOCTH HCIIOJIB3YIOT U300paKeHuUs
pealbHBIX TOPHBIX IOPOJ WJIM CHHTETHYECKHX MOPHCTBIX Cpel, MOJY4YEeHHbIE C  IOMOLIBIO
MUKPOKOMITBIOTEpHON ToMorpaduu [5, 7, 8] u HudpOBLIX JaHHBIX, U3BJICYEHHBIE TEM WM UHBIM CIIOCOOOM
13 9TUX 300pakeHuii [9, 10]. A Taxke HCHOIB3YIOTCS KapOTaXKHbBIE JAHHBIE CKBAYKHMH JIJISl TPOTHO3UPOBAHUSI
abCofOTHOI mpoHutiaemMoctH [6, 11].

JBymepHBIE HM300pa)KeHHsI CHUHTETUYECKMX MOPUCTBIX CPel B COBMELICHHU C PELICTOYHBIM METOJOM
BonbiiMana uWcTHoNb30BaHbl ISl MPOTHO3UPOBAHWSI  TIOPUCTOCTH, W3BWIIMCTOCTH U aOCOIOTHOM
npoHuiiaeMoctd B pabore [7]. CuHTeTHYECKHE TOPHUCTBIC CPEAbl MOJYy4YEeHBI ITyTeM CIy4aifHOro
pacripeniesieH!sT KBaJpaTHBIX YacTUI], O3HAYAIOLINE TBEPAOTO CKeJleTa IMOpOoJbl, B KBaApaTHOH 00IacTH.
ABTOpBI HCTIONB30BATIN CBEPTOUHBIE HEHPOHHBIE CETH ISl OTPEACTICHHS B3aUMOCBSI3H MEXy CTPYKTYpOil U
OCHOBHBIMU XapaKTEPUCTUKAMU CHHTETHYECKOW MOPUCTOM cpeAbl. A ¢ MOMOIIBIO PEUIETOYHOTO METoJa
BosbiimMana Haxo WK TOJISL TEUEHUS VIS AalIbHEHIIEro BRIYMCICHUS U3BWIMCTOCTH U poHujaeMoctu. OHU
YTBEPXKJAIU, YTO CBEPTOYHBIE HEHPOHHBIE CETH IOKAa3ald BBICOKYIO IMPOTHO3HPYIOUIYIO CIIOCOOHOCTH
OCHOBHBIX XapakTepucTHK. [logoOHOe uccnenoBaHue mpoBeaeHo B [8], rme ObIIO Takke CKa3aHO, YTO
CBEPTOYHbIC HEMPOHHBIE CETH MOKAa3aJld BBICOKYIO NMPOM3BOMTENBHOCTH B MPOTHO3MPOBAHMH aOCOIIOTHOM
npoHunaemMoctd. TemOmu u Ap. [5] ucnons3zoBanu n3o0paxenus csoie 1000 00pa3moB ropHON MOPOIHL,
OTCKaHMPOBAHHBIE C MOMOIIBI0 MHKPOKOMITBIOTEPHOH TOMOTpaduu C BBICOKHUM MPOCTPAHCTBEHHBIM
paspeleHuemM, Uil MOCTPOSHUsS] NMPOTHO3HOM MOJENN NPOHHMIIAEMOCTH Ha OCHOBE METOAO0B MAIIMHHOIO
o0ydyeHus: u rayOokoro oOydeHus. OHM IMOKa3ajv, YTO MOJAEIH TNPOHUIIAEMOCTH Ha OCHOBE METOJIOB
MalIMHHOTO 00YyYeHHUs U IITyOOKOTro 00ydeHHs MpecKa3aiy MPOHUIIAEMOCTh C JOCTOBEPHOCTHIO 88 1 91%,
COOTBETCTBEHHO. A TaKke MOKa3aJld, YTO UCIIOJIb30BaHHE METOJOB MCCKYCTBEHHOT'O MHTEJIEKTa MTO3BOJISET
COKpAaTUT BPEMEHHU pacyeTa MPOHUIIAEMOCTH Ha TPH MOPSJIKA 110 CPAaBHEHUIO C TPATULMOHHBIMUA METO/IaMHU.
[Iporno3upoBanue aOCONIOTHOW MPOHULIAEMOCTH MOPOJBl HA OCHOBE KAPOTAKHBIX JAaHHBIX CKBAXKHHBI C
WCIIOJTb30BaHNEM METO/IOB MAITMHHOTO O0y4YeHHs MpuBeieHs B [0, 11].

B HacTosimelt craThbe M3ydaeTcs MPOTrHO3 aOCONIOTHOW MPOHHMLAEMOCTH Ha OCHOBE JAHHBIX Pa3JIMUHBIX
MOpOJ, HCTHHHAs MPOHMLIAEMOCTb KOTOPBIX CHJIBHO OTJIMYAETCS OT HX CpPEAHECTaTHCTUYECKON
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MPOHUTIAEMOCTH. AHAITN3 JTUTEPATYp MOKAa3all, YTO IIPH UCCIICIOBAHUAX Y (HEKTUBHOCTH METO/IOB MAIIMHHOTO
00y4YeHHs, B OCHOBHOM HCIIOJIb30BaHbI JIAHHBIC CHHTETUIECKUX MOPHUCTBIX CPEJl U pEaTbHBIX TOPHBIX TOPOBI
C HECWJILHO M3MCHSIFOIIMMUCS XapakTepucThkamu. [Ipu u3ydeHnn paccMaTpUBaIuCh 6 METOI0B MAITUHHOTO
00y4eHus1, 3PEKTUBHOCTh KOTOPBIX ObUIA M3Y4Y€HA IMPH Pa3HBIX COOTHOIICHMs 00YYaroIIero U TECTOBOTO
Habopa JaHHBIX.

MarepuaJbl 1 METOAbI

Mamepuansi

Kak mpaBmiio, MeTOIbI MATMHHOTO OOYYEHHUS UCIIOMB3YIOT HAOOP NaHHBIX C PA3ITUYHBIMHU NIPU3HAKAMHE B
KaueCTBE BXOJHBIX JaHHBIX. C 3TOM 1ebI0 OBUIM MOArOTOBJICHBI IU(GPOBEIC MOACTH 266 MUHU-00PAa3IIOB U3
TOTOBBIX MOJIEJICH pa3nuuHbIX mopo. Kaxapii MUHU-00pa3eln] UMeeT 7 XapaKTepUCTHK B KQ4eCTBE MPU3HAKA
(BXOmHBIX) MaHHBIX. [ 0TOBBIC IUPPOBBIC MOICITH OOJIBIIIETO pa3Mepa 8 PasIMIHBIX PEATbHBIX TOPHBIX TOPOJT
1 1 UCKyCCTBEHHOM MOPOo/IbI (YIIaKOBaHHAs U3 YACTHIL TeCKa) ObLIH B3SAThI M3 OMOIHMOTEKH UCCIIEI0BATEIBCKON
rpynmbel npodeccopa M. branra uz Umnepckoro Komnemka JIoHIOHA ¢ OTKPBITBIM JOCTYIIOM, KOTOPBIC
moka3zanel Ha puc. 1. OTMeTnM, YTO BHIIIECKa3aHHbIE MU(POBBIE MOIENH YyKe ObUTH OT(QHIBTPOBAHBI H
oTcerMeHTHpOoBaHbI. Kak BUIHO 13 puc. 1 mOpoBoe MPOCTPaHCTBO IMECYAHBIX MTOPOT 0Opa30BaHbI MTyCTOTAMU
MEXy TpaHyll Iecka U MUMEIOT 0ojee OJHOPOIHOE paclpeleieHHue Mo BCeMy 00pasily MO CPaBHEHHIO C
CTPOCHUAMU Kap6OHaTHI)IX mopona. D1 MOJCIHN 6I)IJ]I/I IMOJIYy4YCHbI B PE3YJIbTAaTC CKaHUPOBAHUA IMOPOJ C
MTOMOIIIHI0 MUKPOKOMITHIOTEPHOTO TOMOTpada ¢ MPOCTPaHCTBEHHBIM Pa3pEIIeHHEM OKOJIO 3 MKM.

Cl Ketton Estaillades

Pucynox 1. Lludpossie Mogenn 06pa3ioB pa3IMdHbIX TOPOJT

C uenpio yBenMUYEHHS KOJIMYECTBA BXOJIHBIX JIAHHBIX B METOJBI MAIIMHHOTO OOYYEHHs, TONyYeHHBIC
r(poBBIE MOAETH TOPOA OBLIH pa3jelieHbl Ha pa3Hble KyCKH (MHHH-00pPAa3Ilbl) MEHBIIETo pa3mepa (CM.
puc. 2). Takum o0pa3zom, Bcero ObLJIO MOATOTOBIEHO 266 MUHH-00PA3IOB pa3Mepbl KOTOPBIX MEHSIETCS OT
0,125 MM 710 3 MM.

[IponnnaemocTs MUHU-00pa3uoB npuBeneHa B Tabu. 1. Kak BUIHO W3 3TOH TabiaMLbI, pacCMOTPEHHBIE
00pa3upl MMEIOT CYLIECTBEHHO OTIMYAIOLIAsICS NMPOHUIAaeMOCTb. OTIETbHO MOXHO BBIICIUTH 0OOpaser
YIIAaKOBAaHHOTO MEeCYaHNKa, KOTOPhI UMEET OTHOCUTEIBHO BBICOKYIO MpoHHIIaeMocTh. Kak BumHO U3 Tad. 1,
KapOOHATHBIE MOPOJBI UMEIOT OTHOCUTEIHHO HEOJHOPOAHAs M HU3Kasg MPOHHMLAEMOCTb MO CPAaBHEHMIO C
necyaHbIMH opogamu. CpaBHEHHE MHHUMAIIBHOTO, MAKCUMAJIBHOTO U CPEAHEr0 3HAYeHHs IPOHUIIAEMOCTH
TOBOPUTH, UTO B KAPOOHATHBIE MUHU-00PA3Ilbl B OCHOBHOM HMEIOT IIPOHUTIAEMOCTh, OJTH3Kas K MUHUMAJILHOM,
TOrJa Kak TIilecyaHble MHUHH-00pa3mbl kpome Bentheimer m Doddington umeror Oornee oHOpOIHBIE
pacmpenesieHlss TPOHMIAEMOCTH. A MHHH-00paslbl MecyaHold ymakoBkM F42A mnpakTHYecKH HMEIOT
OJIMHAKOBYIO ITPOHHUIIAEMOCTb.
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Tabnuya 1. Ilponuyaemocms Munu-oopasyos

Obpasey/ Kapbonamuwiii Iecuanwiii Hecuanan

mun Ynakoska
nopooul C1 C2 Ketton | Estaillades | S1 S2 Bentheimer | Doddington F42A
Munumym | 0,097 | 0,012 | 0,0033 0,0019 0,45 | 181 0,04 0,001 7,42
Maxcumym | 495 | 4,24 | 16,05 85,4 3,59 | 7,84 15,1 9,24 104,3
Cpeonee 1,65 | 0,87 3,08 4,09 1,36 | 4,44 2,53 2,16 66,0

OCHOBHBIM M CIIOKHBIM 3TariOM BCETO IIporiecca ObUT cOOp MAaHHBIX M3 yXK€ MOATOTOBICHHBIX MUHH-
00pa3uoB, Tak Kak OOJBIIMHCTBO MapaMeTPOB MOPUCTOM Cpebl, TAKUE KaK CPeIHHUN paanyc TOp, CPeAHUH
pazuyc TOpJIOBHHBI TIOP, CpEmHsSS W3BWIMCTOCTb, CpelHee KOOPAMHALMOHHOE 4YHCIO H alOCOooTHas
MPOHUIIAEMOCTh, OyIyT HAWIECHBI TOJBKO NPU MOJEIMPOBAHUH TEUECHUS >KUIKOCTH CKBO3b ITH IOPHCTHIC
cpenbl. Habop nmaHHBIX CONEPKHUT MOPUCTOCTH (), CpenHud pamdyc nop (1,, B MKM), CPEIHMA paamyc
TOPJIOBUHBI TIOp (73, B MKM), M3BWJIHCTOCTH (T), KOOpIWHAIMOHHOE dncio (N.), YIOEeNbHYIO IDIomanb
TIOBEPXHOCTH TI0P (S, B 1/MKM) 1 aGCOMIOTHYI0 NpoHKIaeMocTh (k, B MKM?) 111 KaXk10ro MUHH-00pasia. B
HacTosIIei paboTe TeueHHe KHUIKOCTH B IOPUCTHIX cpeiaX ObUIO CMOAEIMPOBAHO PY TOMOIIH IOPOCETEBOTO
MO/ICTUPOBAHUSI C UCIIOJIB30BAHUEM CIIEUATIBHOTO IPOrPaMMHOro obecriedeHust AViZ0, B IpoIiecce KOTOPOro
CHaJaja CTPOUTCS MOPOBAst CETh MUKPOCTPYKTYPhI MUHH-00PA3I0B TOPHBIX MOPOJ HA OCHOBE BBIJEIICHHOTO
MOPOBOTO MPOCTpaHCTBa (puc. 3), 3aTeM Ha Hel OylleT CMOJEIMPOBAHO TEUEHUE CaMOH JKUIKOCTH HAa OCHOBE
3aKOHA COXPAHEHHS MaCCBHI.

Pucynok 3. [loposoe npocmpancmeo u noposas cemv MuHu-oopasya

[lopoBast ceTp — 3TO COBOKYNHOCTb OTJIENIBHBIX MOp M TOPJIOBHH NOp, KOTOpBIE B CBOK OYEpENb
npencTaBisifoTcss B Buie cdep W HMAMHAPOB. [locTpoeHHWE IMOPOBOW CETH OCHOBAaHO HA AITOPHTME
MaKCUMaJbHBIX IIAPOB, B KOTOPOM IHOPHI 3aMEHSIOTCA cdepamMH, a TOPJIOBHHBI MOp — LWJIMHIPAMH.
CoOTBETCTBEHHO, paanychl chep ¥ HUIMHAPOB SBIISIOTCS pagnycaMu IOp U ropioBuHE nop. [lopoBas ceTh
JaeT MHQOPMAIIHIO O paclpe/ielieHHN 0P U TOPJIOBUHBI IOP MO HX pa3MepaM, COOTBETCTBEHHO MBI MOXKEM
HaWTH CpelHUE PaJNyCHl TIOP U TOPIOBHHBI MOp. IlopoBas ceTh Takke MO3BONIAET OMPENETUTh KOJINIECTBO
CBA3€ KOHKPETHOM MOPHI ¢ IPYTMMHU COEAMHEHHBIMHU C HEH MOPaMH, @ 3HAUYUTh 3TO JJAET O KOOPANHAIMOHHOM
qyclie CeTH. YZeNnbHas IUIOMAa[b MOBEPXHOCTH MMOP SABISAETCS OAHMM W3 BAXKHBIX MapaMeTpOB MOPUCTON
cpenpl, TaK KaKk OHA BIUSET Ha aOCOJIOTHYIO MPOHHUIIAEMOCTb M CTETIEHH PAaCTBOPEHUS MOPOJAbI Pa3HBIMU
KHCIIOTHBIMH COCTaBaMHU.
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OCHOBHEIM MaKPOCKOITUYECKHM IapaMeTpOM TOPUCTOM CpeIbl SBJISETCA €€ IMPOHUIAEMOCTh — OHa
MOKAa3bIBAET CIMOCOOHOCTh MOPUCTOM Cpellbl MPOIMYCKaTh uepe3 ceOs KHUIKOCTH M 3aBHCUT OT MHOTHUX
(hakTOpOB, Takue Kak MOPUCTOCTh, U3BHIUCTOCTh, YACIbHASI IIONIAlb TOBEPXHOCTH Top | T.4. Ho, 1o cux
MOp KOHKPETHO HE YCTAHOBJICHO KaKue MapaMeTpbl OOJbLIE BCEr0 BIUSIOT Ha Hee. AOCOMIOTHAs
MIPOHUIIAEMOCTH CpeIbl onpezensercs o 3akony Japcu. C nudpoBoit Mogeny KaxI0ro MUHH-00pasna Obutr
W3BJICUCHBI 7 €ro mapaMmeTpoB, TaKWe KaK CPEeJHHN pajuyc TOp, CPEAHUH paanyc TOPJIOBUHBI TIOP,
M3BIJIUCTOCTh, KOOPAMHAIIMOHHOE YHCIIO M a0CONIOTHAS POHHUIIAEMOCTh KOTOPHIC IpUBeIeHBI Ha puc. 4. B
TabJIMIe Ha puc. 3 KaXkaas CTPOKa O3HadaeT HAOOp JaHHBIX U3 7 mapaMeTpoB (HE BKIOYas HAUMCHOBAHUE)
JUISL K&XKJIOr0 MHHU-00pa3ia. DTH JaHHbIE SBISIOTCS UCXOTHON MH(OpMaIel Mpy WX aHAIN3e ¢ MTOMOIIBIO
METOJIOB MAIIMHHOTO OOYYeHHs. OTOT Ha0Op JaHHBIX HMMEET IICJICBYH IMEpPeMEHHYI0: 'k' W BXOIHBIC
nepemennsle: ', ‘N, ¢, ‘¢, 'Sy, 'T. CratucTHka XapakTEpUCTHK HMCIOJB30BAHHBIX MHHH-00pa3IoB
MpUBeACHA B Ta0I. 2.

1 | HamvmeHoBaHHE N Cpennee Cpennuil pamuyc ‘VenbHas WIowans

Cpenemit pamuye | Y Cpenmas i

00pasma H eTo i KOOPAHHAIMOHHOE | TOPIOBHHE IOD HOBEPXHOCTH H3pmumrcrocTs | [IpormmaeMocts [MEM2]
) nop [MrM] i IOPHCTOCTD o

7 KYCKOB UHCIO [aEcn] [1/mmm]
3 |Full Size C1 31,382 5,00 15,064 0,21 0,0503 1,809 1,27736824300
4 C1-1 18,235 429 10,160 0,14 0,0234 1,596 0,09680006031
5 C1-2 19,583 508 11921 023 0,0265 1,779 4,05577314400
6 C1-3 19,745 2,81 13,590 0,16 0,0250 2,053 038747577120
7 |c1-4 30,996 403 14,737 0,17 0,0234 1,569 0,72855039900
8 Cl-5 29,190 3,69 14,091 0,19 0,0248 1,337 1,06907533700
9 Cl-6 30,269 452 13,718 026 0,0301 1,675 0,74851358560
10 |C1-7 21,431 482 11,523 0,18 0,0251 1,800 150289427500
11 |C1-8 34,897 5.10 17,082 0,33 0,0334 1.646 495092404800
12 |Full Size C2 47 434 4,13 20461 0,14 0,0138 1,888 0,08093792610
13 |[C2-1 35,080 3,50 17.130 0,24 00181 1,693 0,23001029520

Pucynok 4. Habop oannvix ¢ yughpogvix mooeneii Munu-oopasyos

Tabnuya 2. Cmamucmuka Xapakmepucmuk MUuHu-00pasyos

Munumansnoe Maxcumanvroe Cpeonee Cmanoapmmnoe
Haumenosanue napamempa
3HAueHue 3HAueHue 3HaAueHue OMKIOHEHUE

Ty (MKM) 11,70 188,32 77,33 26,73
N, 1,71 7,48 4,13 1,18
Ty (MKM) 10,11 73,85 21,27 11,08
) 0,02 0,34 0,19 0,067
Ss (1/mxm) 0,0014 0,050 0,013 0,005
T 1,05 2,66 151 0,19
k (mxm®) 0,001 104,3 9,38 21,98

Memoowr uccredosanus

[Ipy n3ydyeHHWH NaHHBIX MPUMEHSUIMCh TaKUE METOJbl KaK aJrOpUTM CIIy4ailHOTO Jieca, MOBBIIICHUS
rpaaneHTa, onopHsIx BekTopoB, JIACCO, K-Onmmxaimmx coceneii, raycCOBCKOro mpoiecca.

Meron ciyqaiinoro sieca (Random Forest, RF) — 910 ajgroputm ManmHHOro o0ydeHHsi, OCHOBAHHBINA Ha
aHcaMOJie pelIamyX JepeBbeB. B TaHHOM MeToJle KaxI0e JIEpPeBO pellaeT 3aauy He3aBUCUMO OT JPYTHX
JIepeBbEB, B KOHIIE OTBETHI BCEX NepeBheB ycpeamsioTcs. RF mcmonp3yer MHOXKECTBO mapamMeTpoB s
yIOpaBJieHHs] ONTUMH3alMEd pelleHreM Takhe Kak n_estimators, max depth, max_features u t.m. [11].
Hcnonp3oBanHbIe B HacToOAIEH paboTe MX 3HAYEHHS NPUBEICHBI B Ta0I. 3. Mbl moxdupaiy HawIydIlne
napaMeTphbl ISl 3TOr0 Metoja ucnonb3ys oubimoreky GridSearchCV [12], koTopasi TOMOXET YIPOCTUTH
nepedop napameTpos.

[TepBbIM BaskHBIM ITapaMeTpoM B Metoze RF sisiercst n_estimators — o3Havaromee KOJIM4ecTBO ICPEBBEB,
4yeM OOoJIbIle IEPEeBbEB, TEM JTyUIlle Ka4eCTBO, HO BpeMsl HaCTpOKu u paboTel RF Takke mpomnopruoHaibHO
YBEJIMYHMBAIOTCSA. BTOpBIM Ba)KHBIM TapameTpoM siBisieTcss Mmax_features mpu yBenmueHHHM KOTOPOTO
YBEJIUUUBAETCS BPEMsI [IOCTPOCHUS Jieca, a IEPEBbsI CTAHOBATCS «Ooiiee onHOo0OpasHbIMmny. Tpetuit mapameTp
— max_depth (rnyOuHa nepeBa) Mpu yBEIHMYEHUH KOTOPOI'O PE3KO BO3pacTaeT KadecTBO oOyueHuu. [lpu
MCIIOJIb30BAaHUU HETITyOOKHX JiepeBbeB (T.e. mpH Maibix max_depth) u3mMeHeHHe apaMeTpoB, CBSI3AHHBIX C
OrpaHMYEHHEM Yuciia OOBEKTOB B JIUCTE U JJIS IEIEHUs, HE IPUBOIUT K 3HAYUMOMY 3P PEKTY.
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Tabnuya 3. MemoOost u ux napamempsoi ynpasiexus

Memoo llapamempul ynpasnenus 3nauenue
max_depth 41
max_features 1
Cnyuatinozo neca n_estimators 15
bootstrap True
criterion MSE
n_estimators 19
Tosviuenus 2pa0ueyma Ie;rai;](l_r](jgg;;te 019
criterion friedman_mse
kernel linear
OnopHuix 6ekmopos epsilon 0.5
C 10
gamma le-07
JIACCO alpha 0.01
max_iter 11
n_neighbors 86
K-bnusicaiiwux coceoeti p 1
weights distance
Tayccosckozo npoyecca alpha 0'0(.)1
kernel DotProduct (sigma_0=0.1)

Merton nmoesienust rpaguenta (Gradient Boosting, GB) — 3To MeTox npeodpaszoBanus ¢1ab000yUeHHBIX
MoJieJIell B XOpOIIooOyUYeHHbIE. DTOT METOJ OCHOBAaH Ha MMHUMM3ALUIO0 (DYHKIHH HOTEPU C MOMOLIBIO
TpaIHeHTHOTO cITycKa [ 12]. 3-3a CX0KeCTH ¢ MeTOAOM CITyJalHOTO Jieca, JAaHHBIA METO UMEET MPaKTHISCKU
TaKHe K€ MapaMeTpsl YIpaBlIeHUs Kak B METOZe ciiydaifHoro Jieca. [lapameTpsl ynpaBieHUs U UX 3HA4ECHUS
MpUBEICHBI B Ta0m. 3.

Meron (perpeccop) omopHbIX BekTopoB (Support Vector, SV) smisiercss Bepcueil Meroma OMOPHBIX
BEKTOPOB JJIsi MCIIOJNB30BAaHUS B 3ajjadyax perpeccuu. JlaHHBIN perpeccop OCHOBaH Ha HaxOXJECHUE
HETPEPHIBHON (JIMHEHHON MM HEeJIMHEHHOH) QYHKIMH, KOTOpask MaKCHMAIBLHO allpPOKCHMHUPYET BXOJHBIC
JaHHBIE BHYTPHU 3aJlaHHON TPYOKM C IOCTaTOYHO MajblM AMAMETPOM Ha OCHOBE ONOPHBIX BEKTOPOB [4].
JlaHHBII METOJ| TaK)KEe UMEET CBOM MapaMeTphl YIIPABIICHHUS, KOTOPbIE TPUBEICHBI B Ta0I. 3.

JIACCO (Lasso) — Meron, W3HAYalbHO MPEJHA3HAYCHHBIH Ui JIMHEHHOW pPerpecchu, KOTOPBIH
obecriednBaeT BbIOOpa MEPEMEHHOW M PEryJAPH3aLMIO JUIsl MOBBILICHUS TOYHOCThH NporHosa. llapamerpsr
yIpaBJIeHUs] JAHHOTO METO/1a IPUBEIECHBI B Ta0I. 3.

Merton K-6mmkaitmux coceneit (k-Nearest Neighbors, k-NN) — metos pemrenust 3aau kiaccupuKaivu 1
perpeccur, OCHOBaHHBIN Ha TIOMCKeE OIMKANIIIX 00bEKTOB C H3BECTHHIMH 3HAUCHHUSMHU 1EJIEBOM ITEPEMEHHO.

Perpeccusi rayccoBckoro mpomecca (Gaussian  Process, GP) sBisiercss  yHHUBEpPCAIbHBIM
HEMapaMeTPUUYSCKUM METOJIOM OOYUYEHHUs C yduTelieM, pa3pabOTaHHBIM i pelieHus peepeccuu [13].
Anroputmsr Lasso, K-NN u GP paccmaTtpuBaroTcst B IIENIAX CPABHEHUS PE3yIBTATOB MPOTHO3a C MTOMOIILIO
JPYTUX aJITOPUTMOB C UX PE3YJIbTATaMHU.

Pe3ysabTaThl M UX 00CY:KAeHHS

CoOpanHble JaHHbIE OBUTM aHAJIM3UPOBAHBI C TOMOILBIO BBIIICIPUBEACHHBIX METOIOB MAIIMHHOTO
oOydenusi. CHayala TOKaXXeM CBs3eH MEXIy Npu3HaKamu (IapaMeTpaMy MOPHUCTBIX cpell), KOoTopas
BH3yallM3MpOBaHa B BHJE KOPPEISIMOHHON MaTpuilpl (puc. 5). JlaHHas MaTpHia MOKa3bIBaeT HACKOJIBKO
XOPOIIIEH MK TUIOXOW CBSI3M MMEIOT KaXKasl Tlapa NMPU3HAKOB — 4yeM Oolbiie K03QQUIMEeHT B MaTpuIle, TeM
BBIILIE KOPPENSIUHUsT MEXIY BBIOpaHHbIMH Npu3Hakamu. KosdduumeHt, paBHblii 1 o3HavaeT uieanbHYyIO
Koppesuio. [1Jis oToOpakeHHs: KOPPEISIMOHHON MATPHUIILI HCITONIb30BaIK OubInoTeKy seaborn. Seaborn —
3TO, MO cyTH, Oonee BbicOkOypoBHeBoe API Ha 0aze Oubiamorekm matplotlib. Seaborn coaepxxut Gosee
a/IeKBaTHbIE HACTPOWKU oopMileHUs IpadMKOB MO yMom4aHUio. Takxke B OMOJIMOTEKE €CTh JIOCTATOYHO
CIIO’KHBIE THUIIBI BU3yajHM3aluH, KoTopele B matplotlib motpeboBanu Ob1 Gosblrero konudectsa koaa. Kak
BUJHO W3 pHUC. 5, BCE BXOJHBIC IMEpeMeHHbIe (TPU3HAKH), KPOME YJENLHOW TUIOMAMU IOBEPXHOCTH U
W3BUJIMCTOCTH, UMEIOT BBICOKYIO KOPPEJISILIUIO C LIEJIEBON ITIEPEMEHHOM.
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0.071 [ 056

Pucynox 5. Koppenayuonnas mampuya 01 u3yanu3ayuu ceésaseil Mexcoy NpusHaKamu

Brusnue pazoenenus oannvix na obyuenue/mecm Ha npou3800UmMenbHOCMy An20pUmMmo8

[locme ToOro kak BBIOpanM ajropuTMa MAIIMHHOTO OOydYeHHS, MEePBOOYEPENHON 3amadeil SBIIeTCS
OmpeneNieHue CIHMCKa BXOIHBIX JAHHBIX (IPU3HAKOB), KOTOpPBIE SBISAIOTCS HamOojee BaXKHBIMU IIPU
MIOCTPOEGHHUU TMPOTHO3HOM Moxaenu [14]. Jas d3TOoro y KaXIOro ainropurMa €cTh  CBOWCTBO
feature importances , ¢ MOMOIIBIO KOTOPOTO MOKHO TOCMOTPETh BeC (BaKHOCTH) KaXKJIOTO MpPHU3HAKA B
WUTOTOBOW NPOTHO3HOM Mozenu. BakHocTh pasneneHuss HaOopa BXOOHBIX MAAHHBIX Ha OOY4YEHUS H
TECTHPOBAHUS 3aKIIOYACTCs B TOM, YTO oOydaromuii Habop COJAEP)KUT W3BECTHBIC BBHIXOJHBIC NaHHBIC, HA
KOTOPBIX MOJICIIb YUUTCs. B HacTosIei cTaThe HAOOp NaHHBIX ObLT pazneneH B cooTHomenun 70/30 u 80/20.

PesynpTaThl MpOTHO3MPOBAHMS MPOHULAEMOCTH MO PACCMOTPEHHBIM BBILIE AITOPUTMaM MAIIWHHOTO
0o0ydeHust IpuBeIeHBI Ha pUc. 6-8 1 TaOi. 4. Puc. 6 moka3siBaeT Kakue n3 6 HE3aBUCHUMBIX BXOJHBIX JAHHBIX
ObuTM BBIOpaHBI HanOoJIee Ba)KHBIMHU TIPH MOCTPOCHWH MPOTHO3HOW MOJENH MPOHUIIAEMOCTH MO Pa3HbIM
ITOPUTMaM MAIIMHHOTO 00y4eHus. OTMETHM, YTO B LENISIX CPABHEHHMS 3/1€Ch U Jlaiee BaKHOCTH MpU3HAKa
HOPMAaJIM30BaHa 10 MAaKCHUMAaJIBHOMY 3HAYEHHIO BAXKHOCTU AJISI KaXIOro anroputma. Kak MokasbIBalOT
nuarpammbl, anroputMbl RF, SV u GP okazanncek ycToiuMBBIME Ha U3MEHEHHE J0JIM 00ydaromero Habopa
JAHHBIX — TPH HCIOJb30BAHUH OSTHX AITOPUTMOB KOJMYECTBO BaXKHBIX MPU3HAKOB M HMX BaKHOCTh
npakTuaecku He MeHsunch. RF u GP BeiOpanu BaskHbIMHE 5 13 6 TpU3HAKOB, TOT/Ia Kak SV mocunTann Hanbosee
Ba)XXHBIM BCETO 2 MPHU3HAKOB. YBENWYECHUE 07 00ydaromero Habopa JaHHBIX CYIIECTBEHHO MOBIHIIO Ha
BBIOOD BakHBIX Npu3HakoB aiaroputMamu Lasso u k-NN. Ecnu anroputm Lasso nmpu 70/30 Beigenui Beero 2
npH3HaKa BaXHBIM, TO 1711 80/20 BaKHBIX MPH3HAKOB YBEIMIMIUCH 10 5, a it K-NN Konu4ecTBo BaKHBIX
npu3HakoB yBenwmuwiock ¢ 3 mpu 70/30 mo 6 mms 80/20. Bce 3TO mMOKaspIBaeT UyBCTBHTEIHHOCTH
PacCMOTPEHHBIX aITOPUTMOB K KOJIMYECTBY OOYYAIOIIUX JAaHHBIX.

70/30 80/20
a) n wS; AN, m¢ 1, ®T ~ 1t S, BN, m¢ 1, ®T

1 1 0)
g m Z
£ 075 075
= =
~ - -
E E
5 05 2 05
= =
- 3
=] =
E 025 E 0.25
= -

0 I = = 0 = -

RF GB sV Lasso NN GP RF GB sV Lasso kNN GP
Aaropurm Aaropurm

Pucynox 6. Bascnocmv npuznaxa npu pasdouenuu oannvix ¢ coomuowenuu 70/30 (a) u 80/20 (6)

[locme TOrO Kak paccMOTpEHHBIE AITOPUTMBI OBUIM OOY4YEHBI MPOBEPHIN WX MPOTHOIUPYIOIIYIO
CIIOCOOHOCTh Ha TECTOBBIX JIAHHBIX ITyTEM COIOCTABIEHUS WX PE3yJbTaTOB C HCTUHHBIMUA JAHHBIMH.
PesynpTathl comocTaBieHus MOKa3aHbl HA PUC. 7, TOE CUMBOJBI pa3HOH (OPMBI COOTBETCTBYIOT pPa3HbIM
aJIrOpuUTMaM, a CIUIOIIHAS JIMHUS O3HAYAET MJCAIBHYIO KOPPEIALMI0 MEXIY MPEICKa3aHHBIM M NCTUHHBIM
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3HAYEHUSIMH NPOHUIIAEMOCTH. 37iech U Jaiee, Ha BceX rpadukax Ha ocH abCIcC U OpAUHAT PacIONOKCHEI
WCTUHHAS U MOJICJIbHAS TIPOHUIIAEMOCTH, COOTBETCTBEHHO.

Kak BumHO M3 rpadukoB, Bce alrOpUTMbl MAIMHHOTO OOy4YeHHMs MpeACcKa3ald 3aBBILICHHBIC 3HAYCHUS
IPOHULIAEMOCTH, 0COOEHHO B ManasoHe <l um2, a cpejiHee ¥ MaKCUMAJIbHOE 3HAYEHHs JIOKATCH OJIM3KO K
muauH 1:1, 9TO MOKa3pIBaeT ONM3KOE K WCTHHHBIM 3HAYEHUSIM ITIPOTHO3a TPOHMIIAEMOCTH C ITOMOIIBIO
MTOCTPOCHHBIX MOJeNnel mporHo3a (puc. 7a-r). Anp-Xamuda u np. [9] npu uzydeHun kapOOHATHBIX MOPOJ
TaKKe OOHapYXWIHM, YTO KAaueCTBO MPOTHO3a METOJaMHM MAalIMHHOTO OOy4YeHMs CHWXKACTCA NMPH HHU3KHX
3HaUCHMAX TNpoHHIaeMocTd. Ilpm yBenmmuenmn nomm oOydaromero HaOopa TaHHBIX, MPAKTHYECKH BCE
aNTOPUTMBI ITPEACKA3AIIN 3HAUYCHHUS IPOHUIIAEMOCTH, KOTOPBIE OTHOCUTEIBHO OJIM3KO HAXOAATCS K TMHUH 1:1
npu 80/20 (puc. 78, T) mo cpaBHenuto c¢ ciydaem 70/30 (puc. 7a, 6). OTO monTBEepKIAETCS pUC. 8, TOE
MPUBEACHO KOJMYECTBEHHOE CpPaBHEHHE MPOTHO3UPYIONIEH CIMOCOOHOCTH PacCMOTPEHHBIX alrOpPUTMOB
MaIlMHHOTO 00ydeHHsi B BHAe Kodpdumuenta koppensuun (R?) MexmIy NpeAcKa3aHHOM W HMCTHHHOM
MPOHHULIAEMOCTSIMU. Kak 3aMeTHO W3 3TOro PHCYHKa, KOPPEIALUs MEXAy MpeAcKa3aHHONM M UCTUHHOHN
MPOHHULIAEMOCTEN YITydIIMIIach AJsl BCEX AITOPUTMOB C POCTOM KOJIMUYECTBa 00ydarolero Habopa JaHHBIX.

OTHOCHTENIFHO BBICOKHE KO3 duItmenTsl koppensiun Hadmonamuch y GP (0,75), Lasso (0,77) k-NN
(0,784), Torma kak Ay OCTaJIbHBIX aNTOPUTMOB AaHHBIA Kod(¢uiment coctasmn 0,687, 0,723 u 0,732,
cootBeTcTBeHHO 11 SV, RF u GB. OueBuaHO, uTO YeM OoJibIie Ko3dQuimeHt R?, TeM BbIIIe JIOCTOBEPHOCTD
MPOTHO3a, T.€. MpeICcKa3aHHasl MPOHUIAEMOCTh OJIMKE K MCTHHHOW MPOHUIAEMOCTH. XOTS BCE alTOPUTMBI
Ipe/ICcKa3aly MPOHUIIAEMOCTH, KOTOPbIE BBICOKO KOPPEIUPYIOT C HCTHHHOM NMPOHMIIAEMOCTHIO, HEKOTOPHIE
AJITOPUTMBI NPCACKA3aJIM OTPHUUATCIIBHBIC IMPOHHUIACMOCTH, YTO HEIIPUCMIICMO. B Ta6J'I. 4 MMPUBEACHBI
MHUHHUMAJIBHOC, MAaKCUMaJIbHOC M CpE€AHEC 3Ha4YCHUA UCTUHHOU MNPOHUIAEMOCTU U MPOHHUIACMOCTH,
Ipe/ICKa3aHHbIe C TOMOIIBIO PACCMOTPEHHBIX aITOPUTMOB MAIIMHHOTO 00y4yeHus. Kak BUIHO 13 Tadu. 4, mpu
MPOTHO3€ ¢ TMOMOIIp0 anmroputMoB SV, Lasso m GP Obun monmydeHBl OTpHUIATENbHBIE MHUHHUMAIbHBIC
nponunaemoctd. FOH [3] Takxke momy4us oTpunaTenbHble 3HaUueHus no anroputMy GB npu npornoze BBII
SAnonwnm 3a 2001-2018 roxsr. Xots mpu momorw GB 11 k-NN HoIy4YriInuch MoN0KATETbHBIE 3HAYSHIS, OHA Ha
TP TOpSAIKA BBIIIE HCTHHHOTO MHWHHMAJIBHOTO 3HadeHus. Camoe OJHM3KOoe 3HAa4eHHE K HCTHHHOMY
MOJYYHIIOCH TONIBKO y anroputMa RF miis oboux ciyuaeB pazdoueHust Habopa BXOJHBIX JaHHbBIX.
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Pucynox 7. Ilpoeno3upogantas ¢ NOMOWbIO PA3HLIX AN20PUMMO8 NHPOHUYAEMOCHb 8 CPABHEHUU ¢ UCTIUHHOT
npoHuyaemocmu npu pazdouenuu oannvix ¢ coomuowernuu 70/30 (a) u 80/20 (6)
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Tabnuya 4. Cmamucmuxa npedckazannvix nponuyaemocmeit npu 70/30 u 80/20

Hapamemp | O6yyenue/Tecm | Hcmunnas RF GB SV Lasso k-NN GP
70/30 0,00249 0,03128 1,94 -10,95 | -16,37 1,66 -17,10
Munumym
80/20 0,00249 0,02273 3,03 -10,79 | -16,32 0,52 -18,27
70/30 95,91 87,81 80,94 33,44 58,44 51,63 56,39
Maxcumym
80/20 87,07 91,15 68,40 34,18 59,12 58,35 59,36
70/30 9,31 8,22 7,96 4,59 7,64 5,57 8,18
Cpeonee
80/20 8,37 7,72 9,78 4,65 8,60 6,30 8,33
E70/30
! 80/20
0,75 . -
% 0.5
0.25
0

RF GB SV Lasso k-NN GP
Ajaroparm

Pucynox 8. Koapgpuyuenm docmoseprnocmu npocHo3a npoHUyaeMocnu Ha mecnogblx OAHHbIX
npu pazbuenuu danuvix ¢ coomuowenuu 70/30 (cunue cmonbdywt) u 80/20 (oparnsicegvie cmondywvi)

MakcumarbHas TPOHHUIAEMOCTh, TpeicKaszaHHas 1o amroputmam SV, Lasso, K-NN u GP umeer
CYIIECTBEHHYIO Pa3HUILy OT HICTUHHOM npoHuiiaeMocti. Ainroput™ GB npenckasan npoHUIIaeMocTh, KOTopast
HaxoauTed B ripenenax 20% MorpenrHocTy 0T HICTUHHONW. MakcuManbHas IPOHUIIAEMOCTh, ITPeICKa3aHHas 110
anroputMy RF, nocrarodno Gn3ko HaXoaUTCs K UICTUHHOM MPOHUIIAEMOCTH, OTHOCHTENIBbHAS TIOTPEITHOCTD
nporHosa cocrasiusier 8,5 u 4,5%, coorBercrBenHo npu 70/30 u 80/20. Bece anroputmsl kpome SV u k-NN
npescKa3any OJu3KNe K ICTUHHOM MPOHUIIAEMOCTH. DTO MOKET OBITh CBSA3aHO C TEM, YTO METO/Ibl MAITUHHOTO
00y4eHHUs] B OCHOBHOM 0a3MpOBaHbI Ha CTATHCTHKE JIAHHBIX, KOTOPBIE JOCTOBEPHO MPECKA3bIBAIOT CPEIHHUE
3HAYEHUsI.

Brusnue xonuuecmea npusHaxkoe Ha npou3eo0UumenbHOCHb A20PUmMMO8

A TakKe aJropuT™Mbl ObUIM 00y4eHBI Ha HA0Ope NaHHBIX, B KOTOPBIX KOJIMYECTBA IPU3HAKOB MEHSJIMCH OT
3 10 MakcUManbHOro (T.€. 10 6), U coctaBunu 'r,', 'N¢', '’ (3 npusHaka), 'r,', 'N.', 'r¢', ‘¢’ (4 mpusnaka), ‘",
‘N, ', ‘@', 'Ss' (5 npusnakoB) u 1., ‘N, ', '@', 'Ss', 'T' (6 npusHaxos), coorBercTBeHHO. IIpK 3TOM
COOTHOIIICHHE 00YUaIOIIEro ¥ TECTOBOI0 Ha0Opa TaHHBIX HE MEHSIOCh U coctaBmiio 70/30 BO BCeX Cilydasx.
Lenplo W3MEHEHMs KONIMYECTBA NPU3HAKOB B HaOope BXOAHBIX MJaHHBIX SBIISIETCS IPOBEpKa
YyBCTBHTEJILHOCTH MOJIEJIH IIPOrHO3a MPOHUIIAEMOCTH K KOJIMYECTBY HE3aBUCUMBIX IIEPEMEHHBIX, OT KOTOPBIX
MPOHHUIIAEMOCTh MOTJIA MUMETh (YHKIHOHAIBHYIO 3aBUCHMOCTh. OYEBHIHO, YTO OBLIO OBl JIydllle eciu
MPOHHULIAEMOCTh OYJeT paccuuTana 1mno Gpopmyse (MoIeIn), KOTOpas UCHOIb3YeT MUHUMAJIbHbIEC, HO BaXKHbIE
napameTpsl (IpU3HAKW) TPH 3TOM He Tepss TouHocTh. Hampumep, smmnupuueckas dopmyina Koszenu-
Kapmana [15], xoTopass mo3BosiieT HaWTH aOCONIOTHYIO MPOHHMIIAEMOCTb, WCIOJB3YyEeT BCETO JIUIIb TPHU
npu3Haka (MOPHCTOCTh, YJeNbHas IUIONIaJ(b MOBEPXHOCTH M W3BWIMCTOCTH) M OJHOM mNapameTpuyecKoi
KOHCTaHTBHI.

Kakwne npusHaku ObLTH BEIOPAHBI PACCMOTPEHHBIMHU aJITOPUTMAaMHU MAIIMHHOTO 00y4YEeHHUs IIPH W3MEHEHUU
HX KOJUYECTBO MMOKa3aHbl Ha puc. 9. Kak 3aMeTHO U3 3TOro prucyHKa, anroputMsl SV, Lasso u K-NN seiopamu
OJHH U TE K€ NMPU3HAKK XOTA UX KOJMYECTBO OBLIO Pa3HBIM B KaXXIoM ciyyae (puc. 9B, r, n). [Ipu sTom
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B2)KHOCTb BBIODaHHBIX HPU3HAKOB NMPaKTHYECKH Oblia ofuHaKkoBa. OCTalbHBIE AITOPUTMBI MOCTAPAIUCDH
BBIOPATH MPAKTHUECKH BCEX MPHU3HAKOB, KOTJA UX 00IIee KOJIUISCTBO MEHUTOCH (puc. 9a, 0, €). Kpome Toro,
Ba)XHOCTb STHX NPU3HAKOB ObUIM paszHbIMHU y anroputMoB RF, GB u GP. GP BriOpan B kauecTBe caMoro
Ba)KHOTO MPU3HAKA CPETHETO PaAnyca FOPIOBUHBI ITOP 73 HE 3aBUCHMO OT KOJIMYECTBA MPU3HAKOB, 8 BAXKHOCTh
OCTaJIbHBIX IPHU3HAKOB OblIa 3aMETHA C POCTOM KOJHUYECTBa MpU3HaKoB (puc. 9¢). A anroputMm GB cuuran,
YTO HauboJIee BAYKHBIM ITPU3HAKOM SIBIIIETCS] TOPUCTOCTh MIUHH-00pa3ma ¢ (puc. 96). B ciayqae ¢ RF naubonee
Ba)KHBIMH NPU3HAKaAMH CUUTAIMCh OPUCTOCTH ¢ ¥ KoopauHaunoHnHoe uncio N, (puc. 9a).

Pacnpenenenue mpeackazaHHON MPOHUIAEMOCTH 1O Pa3HBIM alTOPUTMaM B CPaBHEHHH C €€ MCTHHHBIM
3HaYeHHeM Moka3aHo Ha puc. 10. MoXHO cka3aTh, 9YTO BCE alTOPUTMBI MPEACKA3AIN BU3yadbHO OIM3KHE K
WCTHHHOMY 3HAUeHHWIO MpoHUmaeMocTH. OnpHako, s BCEX QJITOPHUTMOB XapaKTEPHO 3aBBHIINICHHOE
npeJcKa3aHHble MUHIUMaJIbHbBIE MPOHUIIAEMOCTH, & MAKCUMAIILHOE U CpeHee 3HaYCHUS ObUIM CyIIECTBEHHO
OJIM3KO MPOTHO3MPOBAHKI K HICTUHHOMW MTPOHUIIAEMOCTH (pactpeaeNieHe 3Ha9eHNH BOKPYT CILIONTHOW JTNHIH).
Cpemn Bcex anroputMoB, RF mpenckazan Hamboiee OMM3KHE K WCTHHHON IPOHUIIAEMOCTH B AHAria3oHE
MUHMMaIbHBIX nponunaemocteit (0,001-1 um?). Kak BuaHo u3 puc. 10, ¢ poCTOM KOJMYECTBA TIPH3HAKOB,
npeJcKa3aHHas MpOHUIaeMoCcTh 1o anroputmaM RF (cuame kpyru Ha puc. 10a, B, 1 1 ) 1 GP (opamkeBbie
TpeyroiabHUKH Ha puc. 100, T, € 1 3) cOMU3MIach K MICTHHHOM IMPOHUIIAEMOCTH, TaK KaK 3TH METO/IbI BHIOpaIH
HauOO0JIbIIIee KOJUYECTBO BAKHBIX MPU3HAKOB (pHC. 9a, €).

[MapameTp, xapakTepu3yOIHH HACKOJIBKO XOPOIIO MM TIOXO CIPOTHO3MPOBAT MPOHUIAEMOCTh MUHHU-
00pa3IoB TOT WU MHOHN alTOpPUTM IoKa3zaH Ha puc. 11. Ha aToM pucyHke pacmpeneneHbl Kodh UIueHTH
JOCTOBEPHOCTH TPOTHO3a, KOT/Ia KOJMYECTBO MPU3HAKOB B HA0Ope BXOAHBIX JaHHBIX pacTeT. A B Tabim. 5
MPUBEACHB MUHUMAIBHOE, MAKCHMAIILHOE U CpellHee 3HAUCHHS IPOHUIIAEMOCTH, TTIOJIyUYCHHBIE C TTIOMOLIBIO
PaCCMOTPEHHBIX allTOPUTMOB MAITHHHOTO 00yYEHUS B 3aBUCHMOCTH OT KOJMYECTBA BAXKHBIX MPU3HAKOB.
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Pucynox 9. Basxichocmo npusnaxa npu ux pasiuyHoM Koauiecmse 8 Habope OaHHbIX
071 PA3HBIX ANCOPUMMOE MAUUHHO20 00YYeHUs
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Kak 3amerno Ha puc. 11, y amropurmoB SV, Lasso u k-NN ko>hduiueHT 10CTOBEpHOCTH IPOTrHO3a
MPAaKTUYECKH HE M3MEHUIICS C POCTOM KOJHMYECTBA NPU3HAKOB B HAOOPE BXOJHBIX JAHHBIX XOTS 3HAYCHUE
3TOro KO3((UIMEHTa HEe HU3KHIA. DTO CBA3aHO C BEHIOOPOM MPAKTHYECKU OJJMHAKOBO KOJIMYECTBA MPU3HAKOB
no ux BaxHocTH (cM. puc. 98, r, m). C apyroii croponel, R? y OCTanbHBIX aIrOPUTMOB MMEET
YYBCTBHTEJILHOCTh K W3MCHEHHUIO KOJNHMYECTBA Ba)KHBIX Mpu3HakoB. Y amroputMoB RF m GP umeercs
TeHaeHIHs pocTa R? ¢ pocTOM KOIMYECTBa IIPU3HAKOB, T.€. STH AITOPUTMBI TOYHEE MTPEICKA3bIBAIOT 3HAUCHHS
MTPOHUIIAEMOCTH TPH BKJIFOUYECHUU OOJIBIIETO CBONCTB MUHU-O0pAa3loB B HAOOp BXOJHBIX JaHHBIX. A y
anroputMa GB Ha000poT yXyAmaeTcs: KauecTBO MPOTHO3a C YBEITMYCHHUEM KOJUYECTBA BXOIHBIX MMPH3HAKOB.
DTO MOKET OBITh CBS3aHO C TEM, YTO JAHHBIN AITOPUTM CUUTAI BAXKHBIM Pa3HbIC IPU3HAKHU MTPH UX PA3THIHOM
xonudecTse (puc. 96). Taxke OTMETHM, YTO MAKCUMAJIbHBIH KO3 (QULIMEHT J0CTOBEpHOCTH ITporHo3a R?=0,83
OBLT JOCTUTHYT MPH UCIOJIb30BaHUM anroputma RF, u 3To ObUIO MONMy4eHO MpH 5 pU3HaKaXx.
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Pucynoxk 10. IIpocnozuposannas ¢ nNOMOWbIO PA3HBIX ANCOPUMMO8 NPOHUYAEMOCHIb
8 CPABHEHUU C UCTUHHOU NPOHUYAEMOCMU NPU PA3HOM KOJIUYEeCHEe NPUSHAKOG
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B Tabm. 5 coOpana craTHCTMKAa KIIIOYEBBIX MapaMETPOB TPOTHO3HOIO W WCTUHHOTO 3HAYCHUS
npoHunaemMoctd. Kak BUIHO U3 3ToM Ta0uIIbl, anroputMbl SV, Lasso u GP nporso3upoBain OTpUliaTeIbHbIC
(MUHMMAaJIbHBIC) 3HAUCHUS MPOHUIIAEMOCTH BO BCEX CIy4yasX C KOJIMYECTBOM IPU3HAKOB, TOTNA KaK OHA
JIOJDKHA OBITH CTPOTO MOJI0KUTEIBHON. [Ipruem, oTpuiaTeTbHBIC TPOHUIIAEMOCTH HMEIOT OOJIBIITHE 3HAUCHUS
o Moaynu. XOTsI, MUHUMalbHast iporuiiaeMocts 1o GB 1 k-NN monoxuTensHass, HO OHa BCe eIlie MMeeT
OOJIBIIYIO TIOTPEITHOCTh OT UICTUHHON MUHUMATBHOW TIPOHUIIAEMOCTH.

Ta6ﬂuua 5. Cmamucmuxa np€00K613aHHle nponuuaemocmeﬁ npu pas3Hsvlx Koaudecmeax npusHaKkoe

Hapamemp | Ilpusnaxu | Hcmunnas RF GB SV Lasso k-NN GP
3 0,07540 2,66 -10,64 -16,37 1,6557 -4,33
Murun 4 0,00249 0,01001 1,75 -10,94 -16,37 1,6634 -21,50
5 0,17730 2,40 -10,93 -16,37 1,6633 -17,05
6 0,03128 1,94 -10,95 -16,37 1,6563 -17,10
3 84,05 71,47 33,25 58,44 50,893 45,63
Maxcunm 4 95,91 88,70 78,88 33,26 58,44 50,409 60,02
5 78,69 72,95 33,23 58,44 50,408 56,54
6 87,81 80,94 33,44 58,44 51,634 56,39

3 7,51 8,67 4,627 7,64 5,4628 2,40

Cpeonee 4 931 9,40 9,10 4,626 7,64 5,3918 7,63
5 8,04 8,63 4,640 7,64 5,3917 8,29

6 8,22 7,96 4,589 7,64 5,5671 8,18

[ 3 mpH3HaKa
1 4 TIpH3IHAKA
[0 5 NpH3HAKOB

0.75 H 6 MpH3IHAKOB
2 0.5
0.25

0 H

RF GB SV Lasso k-NN GP
AITropHT™M

Pucynox 11. Kosgpgpuyuenm docmoseprocmu npocHo3a npoHuyaemMocmu
NpU pa3HbIX KOIUYECMBAX NPUHAKOS

Haunbonee Onm3koe K MCTUHHOMY 3HAYEHHIO MPOHHUIIAEMOCTH (MpeBbIIIamomas Bcero 4 pasza) ObLIO
momydyeHo ¢ momomipio anmroputMa RF mpm 4 mnpusnakax. Hawmbomee oTmaneHHbIE OT HMCTUHHOTO
MaKCUMaJIbHOTO 3HAYEHUS NMPOHUIIAEMOCTH OBLIU MOJIyYeHBI TpU nomMoitu anroputMoB SV, Lasso, k-NN u
GP, xoTopbie IMEIOT OTPeIHOCTh 37-65% 0T ucTuHHOM npoHUIIaeMocTH. CamMoe OJIM3K0e K MaKCHMAJTBHOH
WMCTUHHOH MPOHUIIAEMOCTH ObLJIa MOJIyYeHHAas ¢ TOMOIIbI0 aropuTMa RF morpentHocTs KOTopoii cocTaBisieT
7,5%. llponumaemocth, mpeackazanHas no GB, Ttakke Omm3ko HaxomuTcs K wucTuHHOW. CpenHue
MIPOHHUIIAEMOCTH, TTOJTy4YE€HHBIE C ITOMOIILI0 aroputMoB RF u GB, sBiisitorcst HanboJiee OJU3KUMU K HCTUHHOM
MPOHUIIAEMOCTH TIpY 2 TPU3HAKAX, U MX TOTPEHIHOCTH OT UCTHHHOM NMPOHHUIIAEMOCTH cocTaBuin 2-3%.
Hdpyrue cpeaHue 3HAYEHHUS MPOHULIAEMOCTH TPU OCTAJIBHBIX KOJIMYECTBAX MPU3IHAKOB HAXOISATCS
OTHOCHTEJIHHO OJIU3KO TI0 CPAaBHEHUIO C pe3yJIbTaTaMH JIPYTIux aaroputMoB. Hanbosiee oTnaneHHbIe cpenHne
OT MCTHHHOIO 3HAYEHUS IPOHHUIAEMOCTH ObUIM MoJydeHbl ¢ mnomomieio SV u k-NN, Torma kak
nponuniaemoctH 1o Lasso u GP HaxonsTcs B aquamazone norpentHoct 18-29% ot uCTHHHON TPOHUIIAEMOCTH.
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3akil0ueHue

B Hacrosieit craTbe paccMOTPEHBI 6 pa3TMYHBIX METOIOB MAIIMHHOT'O OOYYEHUS JUIsl aHAITN3a TAHHBIX U
MPOTHO3a a0COMIOTHOM MPOHULIAEMOCTH 266 00pa3IoB pa3IMYHBIX TOPHBIX ITOPOJ] pa3MepaMu oT 125 MkM 10
3 MM. AHanu3 NOJHOTO Habopa JaHHBIX IMOKa3aJl BBICOKYIO KOPPEJSLMIO TPOHUIIAEMOCTH C paanycoM
TOPJIOBUHBI TIOp, MIOPUCTOCTHIO, KOOPAMHAIIMOHHBIM YMCIIOM U paguycoM Top. Pazduenue nomHoro Habopa
JaHHBIX HA OOYYAIOIIHI U TECTOBBIN CYIIECTBEHHO MOBJIHUSIT Ha pe3yibrarhl MmeTtonoB GB, Lasso u K-NN: ¢
yBEJIMUCHHEM JI0JTH 00yJaromero Habopa JaHHBIX KOJIMYECTBO BAYKHBIX MPU3HAKOB 10 BEIOOPY 3THX METOJIOB
BEIpOCO. Bce anropuTMmpl mpeickasaly 3aBBIIICHHbIE MUHUMATIbHBIC IPOHUIIAEMOCTH TPU JTFOOBIX
pazbueHnsx Habopa maHHBIX. Kpome Toro, anroputmbel SV, Lasso u GP mporaosupoBanmm oTpuIiaTeIbHBIC
MPOHHULIAEMOCTH. Bce anropuTMbl mocrapanuch OMU3KO MpeAcKa3aTb MaKCHMallbHOE M CpeiHee 3HAUYCHUS
(mecuanble IOPOABI M MecYaHas YNakoBKa) K HCTUHHOMY 3HAYEHHIO MpoHHIaeMocTH. CpaBHEHHE KauecTB
MPOTHO3a BCEX alTOPUTMOB TOKa3aji, 4To anroput™ RF sBisiercss Hamboree MOIXOMSANIMM JIsi aHAH3a
HEOJJHOPOJIHBIX JaHHBIX, T.€. AAHHBIX 00Pa3LOB Pa3IUYHBIX TOPOBI, CBOWCTBA KOTOPBIX CHIILHO OTINYAIOTCS
OT MX CpeJHECTaTUCTHYeCKOro 3HaueHus. HauGonbmii kodduImMenT nocToBepHocTH mporHosa R?=0,83
OBIT JOCTUTHYT TIPH HUCIIOJIb30BaHMH ayiroput™Ma RF, 11 3TO OBIIO TTOTYIEeHO TIPH 5 MPHU3HAKAX. AJITOPUTMBI B
OCHOBHOM BBIOpaJT B KA4eCTBE BXKHBIX MPHU3HAKOB (MTapaMEeTPOB) pajryca mop, paanyca TopJIoBUHBI TIOP U
MOPUCTOCTH.

Bnazooaprnocms. /lannoe ucciredosanue 6v110 npogunancuposaro Komumemom Hayxu Munucmepcmea
Hayku u evicuie2o obpaszosanusi Pecnyonuxu Kazaxcmawn 6 pamxax npoepammer BRI18574136 «Pazeumue
MeMo008 21yO0K020 00YyYeHUs U UHMELIEKMYATbHO20 AHAAU3A O PeuleHUs CTIOJCHBIX 3a0aY MeXaHUKU U
POOOMOMEXHUKU Y.
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YNPABJIEHUE BOJIbINIMMH JAHHBIMH C IOMOIIbIO METOZ0B MAINIMHHOT'O OBYYEHHUA

AnHomayus

B craree mpemroskeH aHCaMONb aNTOPUTMOB MAaIIMHHOTO OOYYEHWS W MPOTPaMMHEIC PE3YJITAaThHl, BKIIOYAIOIINE
TaKUEe MCTOAbI YIIPABJICHUS OOJIBIIINMH JAaHHBIMU KaK perpeccus, KJ'IaCCI/I(I)I/IKa].[I/ISI " KJIacTepu3anusi. Hpe,[[.l'[O)KeHHBIe
MCTOABI B CpPAaBHCHUH TMO3BOJAKOT AHAJIW3UPOBATh W HWHTCPIPUTHUPOBATL MOJYYCHHBIC JHdaHHBIC C pPCaJIbHbBIMH
00CTOSATENBCTBAMI HA PBIHKEC HCJABHUXHMMOCTH. B kauectBe JAaHHBIX pacCMATpPUBAIOTCA CBCACHUA O HCABWKUMOCTH B
CTOJIMLE Kazaxcrtana. Boibime JAaHHBIC CTPYKTYPHUPOBAHBI IO TAaKUM IOJSIM KaK CTOMMOCTL, KJIIACCHOCTb, pPa3Mep
KYXOHHOTO [TOMEIICHUS, TUTOIA b ¥ IPEACTABIAIOTCS B BUC (ailia ¢ pacuiMpeHreM .csv, 00padaThIBAIOTCS ¢ TIOMOIIBIO
METOJIOB MalIMHHOTO 00y4eHHs. B kauecTBe cpezbl MporpaMMHUpOBaHUs UCMONb30BaH Python, mpu aTomM 6ubIMOTEKH
numpy, pandas, matplotlib, Axes3D, LinearRegression, Scikit-learn, KMeans M03BOJSIOT HHTEPIPETUPOBATH U
BU3YaJIU3UPOBATh IOJTYUCHHBIC IaHHBIC. HpOBC}IGHHLIﬁ BBIYHMCIIUTEIILHBIN OKCIICPUMECHT HAarIsiIHO ACMOHCTPUPYET
Kiaccu(uKaIuo TaHHBIX, pa3AeieHie Ha KIacTephl, a Takke (GOPMUPYET MPOTHO3 MO0 CTOUMOCTH B 3aBUCUMOCTH OT
3a4BJICHHBIX IMTPU3HAKOB.

KuroueBble ciioBa: 1uHeliHas perpeccus, KJ'IaCCI/I(I)I/IKaLII/Iﬂ, Ki1acTepusanus, OOJIBIIIHNE JAaHHbIC, 1EPCBO peH.IeHPIﬁ.

Anoamna
JK.C. Eceneanuesa t, A.C. Ecencanuesa ?, P.5.buxmumup 1 C.C. Ecenzanu
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MAMNWHAJIBIK OKBITY 9JAICTEPI APKbLJIbI YJIKEH TEPEKTEP/II BACKAPY

3

Makasaja yJaKeH AepeKTepAi 0ackapy oIICTepiH KaMTUTBIH perpeccus, KiaccuuKaims jKoHe KIacTepiiey CHUSKTHI
MAallIMHANBIK OKBITY aJITOPUTMJIEPIHIH aHcaMOJli JKOHE MPOrpaMMAalIbIK HOTHIKENIEp YCHIHBUIFAaH. ¥ ChIHBUIFAH OJIICTEp
CaJbICTHIPMANBI TYPAC allbIHFaH MAJIIMETTEpPAl KbUDKBIMANTBIH MYJIiK HapbIFBIHIAFl HAKTHI XKaFJalllapMeH Taliayra
XKOHE TYCiHIipyre MyMKiHAIK Oepeni. Jepektep perinme KasakcTaH acTaHACBIHOAFBI KBUDKBIMAWTHEIH MYJIK TYpabl
MONIMETTEep KapacTBIPBUIAABI. YJKEH JepeKTep KYHBI, KJIAacChl, ac Y KCHICTITIHIH eJIeMi, ayIaHbl OOWBIHIIA
KYpBUTBIMIANIFaH JKOHE .CSV KeHeUTiMi Oap (aiin peTiHme YCHIHBUIFaH, MAITHHAJBIK OKBITY SHiCTEPi apKbUIBI OHICIEI.
Python 6argapnamarnay opracel peTiHie naiiaanaHsuLIb, numpy, pandas, matplotlib, Axes3D, LinearRegression, Scikit-
learn, KMeans kitarmxaHanapbl apKbUIbl aJIbIHFAH JEPEKTEpAi MHTEPIpETAlMsUIay KIHE BH3YalH3alMsuIay HKacajbl.
XKyprizinren ecenrtey 3KCIEpUMEHTI AepeKTep i KiaccuuKaiusiayra, Kiactepiepre 0enyre, COHIal-aK MOTIM/ICIITCH
Oenrinepre OaitlaHbICTH KYHBI OOWBIHIIA OOJDKAM jKacayFa MyMKIHIIK Oepei.

Tyiiin ce3aep: ChI3BIKTHIK perpeccus, KiiacCu(pUKaIusl, KlnacTepiey, YIKeH AepeKTep, HICIiM aFallbl.

Abstract
MANAGING BIG DATA WITH MACHINE LEARNING METHODS
Yessengaliyeva J.S.}, Yessengaliveva A.S.?, Biktimir R.B. !, Yessengali S.S.3
Eurasian National University, Astana, Kazakhstan
2 Kazakhstan branch of M. V. Lomonosov Moscow State University, Astana, Kazakhstan
3Republican Physics and Mathematics School, Astana, Kazakhstan

The article proposes an ensemble of machine learning algorithms and program results, including such big data
management methods as regression, classification and clustering. The proposed methods in comparison allow to analyze
and interpret the obtained data with the real circumstances in the real estate market. Information about real estate in the
capital of Kazakhstan is considered as data. Big data is structured by such fields as cost, class, kitchen space size, area
and is presented as a .csv file, processed using machine learning methods. Python was used as a programming
environment, while the numpy, pandas, matplotlib, Axes3D, LinearRegression, Scikit-learn, KMeans libraries allow you
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to interpret and visualize the received data. The conducted computational experiment clearly demonstrates the
classification of data, division into clusters, and also forms a forecast for the cost depending on the declared features.
Keywords: linear regression, classification, clustering, big data, decision tree.

Beenenue

CoBpeMEHHBII MUD YK€ HEBO3MOXKHO MPEACTABUTH 0€3 OONBIIMX AaHHBIX, UX 00pabOTKH, OOY4eHUs C
LEJIBIO TIOyYeHHs PE3yJIbTaToOB MPOTHO3a, KiaccuPuKkauuy 00BEKTOB MO TPyINaM, KiacTepu3annu. PeIHOK
HEABWKHMOCTH B Kazaxcrane M B MHpE B LEJIOM, €KEIHEBHO MEHSACTCS, NWHAMWUYHO DPa3BUBACTCH,
MIOTIONHAETCS. JAHHBIMU M SIBISIETCS] AKTYaJIbHOM TEMOM IUISl U3Yy4YEHHs B CTAaTUCTHYECKOM IUIaHE, IPOrHO3a
CTOMMOCTH, TaKXe 3aTparkBaeT APYI'He OTPAaciid M SBJICHUSI KaK CTPOUTEIHCTBO, TOBAPOOOOPOT, AM3aliH,
neMorpadUuecKui pocT U Ap. MHOKECTBO CaliTOB, pEIAKIIMA, COITHAIBHBIX CETEH MPEAOCTABIISIOT TAHHBIC O
HEABWXHUMOCTU. [IOTOK HaHHBIX €XEIHEBHO OOHOBIsETCS, 00pabaThIBaeTCs, yBEIMYMBAETCS, IIPU ITOM
TpeOyeT CTPYKTYPUPOBAaHHON BBIXOAHOW HWHQOpPMAIMK A KOHEYHOro IMojb3oBatens. l3Bnekaemble
Oonplivie NaHHbIE TPU NPaBUIBHOW 00pabOTKEe NPUHOCAT 3HAYUTEIbHBI HHBECTHLHMOHHBIH 3¢ QeKT,
MO3BOJISIOLINM O0iee BBITOIHO HCIIOJIB30BaTh HMEIOLINECS PECYPCHI.

OpnHako, Tpexae 4eM MPHUCTYIMUTh K 00pa0OTKe OONBIIMX JAHHBIX C IETbI0 MOJYYEeHHUS JOCTOBEPHOM
CBOEBPEMEHHON M HeoOXoauMoi MH(pOpManuu cielyeT MPOBECTH Pa3BelOYHbIN aHaIN3 JaHHBIX, TO €CTh
HabJronaeMble JaHHbIE JOJDKHBI OBITH NMPEICTABIICHBI B ONPENENICHHON (hopMe, NOCTYITHON AJIS BBISIBICHUS
KaKuX-TH00 3aKOHOMEPHOCTEH, MOAETNPOBaHUs IPOTHO3HBIX pemeHnit. K nmpumepy, B padote 1. Kepuesa u
ap.[1] st pa3paOoOTKH CBEpTOYHOM HEHPOHHOH CETH MPOBEICH Pa3BeIOYHBIIN aHAIN3 TAHHBIX U3 TOTYYSHHBIX
STAJOHHBIX KapT CErMEHTALMH. BpIgeneHbl NPU3HAKH CETMEHTOB M300pakeHMs, NPEAsokKEeHA MOAETb
HEHPOHHOU CeTH AJIS IOMMUKCEIhHON KITacCU(UKAITIH.

OO6BeM JaHHBIX MPOJOIDKAET PACTH, M KaK UCCIIEIOBATENSAM, TaK U KOMIIAHUSAM TPeOyIOTCS HHCTPYMEHTHI,
MOMOTAIOIINE aHAIM3UPOBaTh M MOHUMATh ITU AaHHBIE, OOJbINAS YacTh KOTOPHIX MHpEACTaBlieHa B BHJC
HECTPYKTYPUPOBaHHBIX HaHHBIX [2]. IIpaBUTENBCTBEHHBIC YUPEKIOCHHUS M HCCICAOBATENbCKUAE TPYIIIIBI
cTpemsTcsi 00pabaThiBaTh U MIOHUMATh JAHHBIE, KOTOPBIC OKa3bIBAIOT OINpPEIENICHHOE BIIHMSIHUE HA Pa3BHUTHE
COLIMAIbHBIX, IKOHOMUYECKHX, HAYYHO-TEXHOJIIOTUYECKUX MPOIIECCOB.

ABTOpBI B CBOUX TpyJax [3] paccMaTpUBaOT MHOTOMEPHBIN aHANN3 AaHHBIX, OCHOBHBIMH OCOOCHHOCTAMU
KOTOPOTO SIBIISIFOTCSI BO3MOKHOCTH YUWTHIBATh PAa3lUYHbIE THUIBI NEPEMEHHBIX (KOJUYECTBEHHBIC WU
KaTeropuajibHbIe), Pa3INYHbIE THITBI CTPYKTYP JaHHBIX (pa3/ell MepeMeHHbIX, HepapXus IepEMEHHBIX, pa3zel
OTAETBHBIX JIMI) U HAKOHEIl, JONOJIHNUTENbHas HHpOpMaLus (JONOIHUTENIBHBIE JIUIA U IepeMeHHbIe). bosee
TOTO, MNapaMeTpbl, MOIYYEHHBIE B pE3yJbTaTe pA3IMYHBIX aHAJIN30B pa3BEJOYHBIX JAHHBIX, MOTYT
ABTOMATHYECKU OTHCHIBATHCS KOJMUECTBEHHBIMY H/UJIM KaTErOpUaIbHBIMU TiepeMeHHBIMU. [IpeioskeHHbIH
MHOTOMEPHBIN aHAIN3 JaHHBIX MO3BOJISIET CHCTEMATH3UPOBATh HECTPYKTYPUPOBAHHYIO HH(POPMAIIHIO.

[locne aTama mpoBefeHUA paBEAOYHOTO aHAIW3a JAHHBIX CIEIYET ONPEAEIUTh ANTOPUTMBl MAITUHHOIO
o0yd4eHus 1151 JanpHele o0paboTKHU ¢ LeNblo MOTy4YeHHs HCKOMOM HHopMauu. s mocTaBIeHHON Lenu
MPEUIOKEHBI TaKue MHCTPYMEHTHI KaK perpeccHs, Kiaccu(UKalus U Kiactepusaus. MeTo bl MallnHHOTO
00y4eHHs MO3BOJISIOT OCYIIECTBUTH IPOTHO3, Pa3[eiUTh U3BJICUEHHBIE JaHHbIE MO KJIacCcTepaM U KIIaccaM.

B cratee 3. Axman, M. Mancyposoii [4] mpezacTtaBieHa MoOJelb MAlIMHHOTO OOYYEHHs IS OICHKU
3HAYUTEIIBHOM BBICOTBI OKEAHCKOM BOJHBI C ILIEJIBI0 IIPOTHO3UPOBAHMSI COCTOSIHUSL OKEAHA C IIOMOUIBIO
perpeccud Ha OCHOBE METOJAa OIOPHBIX BEKTOPOB. B  IpeiokKeHHOW MOZAENHM  BBIYMCIICHA
cpeAHeKBaJpaTuyeckas omuoOka, paBHas 0,044, npuOimkeHHas K HYJIIO, YTO CBHJAETENBCTBYET 00
aJIeKBaTHOCTH MOJIETH U TIPOBEACHHBIX BBIYUCIEHUH.

B tpynax A. MudTtaxoBoii [5] onucaHo npuMeHeHHEe METO/Ia ISpeBa PENICHHUIT B 3a1a4ax KiacCu(pUKaImm
U TIPOTHO3MpOBaHMs. MeTon JepeBa pelIeHHH, OCHOBAaHHBIN Ha ONPEAENEHHBIX pEUIAloIIUX MpaBHiax
CTPYKTYpHpYeT OOJbIINE JaHHBIE MO OTIPENEeNICHHON HepapXHH.

M.TunznoBa [6] onuchiBaeT KiIaCTEPU3ANUIO Kak HAOOP TOYEK UIsi BBISBICHUS HEPABHOMEPHOCTEH B MX
pacnpeneneHu 1o TpocTpaHcTBY. Ilon «HEpaBHOMEPHOCTAMH» MOHHMMAIOTCS CTYLIEHUS TOYEK H
oOpazoBaHMe MMHU KiacTepoB. Ui pemieHus: 5TOH TpaJuIMOHHOM 3a7ayd pacro3HaBaHUs o0Opa3oB 0e3
YUUTENS IPEJIOKEHO MHOKECTBO TIOAX0/I0B, 0a3UPYIONIUXCS Ha TEOPETHKO-BEPOITHOCTHON MOJIENH JTHOO Ha
HEKOTOPOW MpaBIoNoA00HON 3BpucTHke. B crathe [7] mpemioeHbl anrOpuTMbl MapaMeTPUYECKOi
KJIACTEpU3allii Ha OCHOBE IIEHTPOUOB, TAKHE KaK KIAaCCUYECKHUE CPEIHNE 3HaUeHus, anroput™ Jlunne-byso-
I'pes (LBG) wu Teoperuko-nHGopMaIMoHHas KJIacTepU3alMs, KOTOPbIE BO3HHKAIOT B pe3yibTare
CHENHMaIbHOTO BBIOOpa AMBEpPreHNrH bpermana. AITOpuUTMBI COXpPAHSIOT MPOCTOTY M MAacIITaOHMpPyeMOCTh
KJIaccHyeckoro anropurMa kmeans, B To xe Bpems 0000mas MeTox Ha OOJbLION Kilace (DYHKIMHA MOTEPh
KJIACTEpU3aLINH.
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C nosiBiieHUEM OOJBIIMX TAHHBIX B HACTOSIIEE BPEMSI BO MHOTHX MPHUJIOKEHHSIX JTOCTYITHBI 0a3bl JaHHBIX,
cojiepkarye OOJBIIOe KOJIMYECTBO IMOXOKUX BPEMEHHBIX PSOB. [IpOrHO3MpOBaHUE BPEMEHHBIX PSJIOB B
3TUX O00JACTSIX C TMOMOIIBID TPAJUIMOHHBIX MPOLEIYp OJHOMEPHOTO TMPEABHICHUS OCTaBJISACT
HEUCTOJIh30BAaHHBIMU OOJIBIITNE BO3MOXHOCTH JIJIsl IOJYYCHHS TOYHBIX MMPOTHO30B. PekypeHTHas HelipoHHAs
CETh BMECTE C Pa3IMYHBIMH aJTOPUTMAaMH KIIacTepH3aIlii, TAKUMH Kak kMeans, DBScan, Partition Around
Medoids (PAM) u Snob mo3BoisieT MOCTHYh KOHKYPEHTOCIIOCOOHBIX PE3YJIbTATOB IPH CPABHUTEIHLHOM
aHasM3e HaOOPOB JAHHBIX B COOTBETCTBHHM C MPOIEIyPaMH OIEHKH KOHKYpeHInH [8].

Ha ocHOBe BBIIICONTUCAHHBIX METOAOB CHOPMUPOBAH aHCAMOIbh ANTOPHUTMOB MAIIUHHOTO OOy4YeHWs,
MO3BOJISIIONIUI Hanbosee TOYHO ONPEACIUTh MPOTHO3, KATErOPHATHHOCTH 10 WMEIOIIUMCS CIIAPCEHHBIM
JTAaHHBIM,

Metoabl

Kak ommcano Bblle, /s 3alycka TeX HMJIM MHBIX MOJENCH MAalIMHHOTO OOYYeHHMs HYXKHBI JaHHBIC.
OO0paboTKa MCXOMHBIX TAHHBIX SBISCTCS BAKHBIM ATAllOM B IOCTPOCHUHM CHCTEM MAIIMHHOTO OOYYCHHUS.
[TpoBeneH pa3BelOYHBIN aHAIM3 JAHHBIX, IPH 3TOM BBISBICHBI HNPH3HAKH, HA KOTOPBIX OyAeT 00y4aThCs
Mozenb. ChopMHUpoBaHHAs JaTaceT ¢ MOMOIIBI0 PErpecCHH MO3BOJNUT MOJNYYUTh MPOTHO3HYIO MOJENb B
paMKax BH3yaJbHOW HHTEpIPETAllMd, a TaKkKe KIACCU(PHUIMPOBATh M KJIACTEPU3UPOBATh JaHHBIC IO
npu3HakaM. Kakiplii mpecTaBICHHbII alrTOPUTM UMEET CBOKO 00J1aCTh PUMEHEHUsI. AHCaMOJIH aJrOPUTMOB
— HabOPBI MOJIETICH ISl PEILICHUsI OHOM U TOM e 3a[a4i CIOCOOCTBYIOT MOBBIIICHHIO TOYHOCTH MOJICIIH.

CHayasa pacCMOTPUM PETPECCHUIO C IByMsl MPU3HAKAMU, 3aTeM C TpeMsl IPU3HAKaMH, TI0 OTIeIbHOCTH. B
Ka4ecTBe MPU3HAKOB, TaK Ha3bIBaeMbIX (huueii, onpeaenum nepemennsie dim_1 — momaas kBaptupsl, dim_2
— IUIOLIA/b KyXOHHOT'O MOMEIIeHHUs, Price — nena. Ciie10BaTeNbHO, IPH UCTIOIb30BaHUU PETPECCHHU C JIBYMS
(hIaMu OTyYUM 3aBUCHMOCTH cOTiiacHO dopmyre 1:

price(dim_1) = a* dim_1+b. 1)
B ciyuae npornosa mmo Tpem npusHakam, uMeeM Gopmyiy 2:
price(dim_1, dim_2) = a+ b1*dim_1+ b2*dim_2. 2

Hanee, mpoBeaem kiaccudukanuto. TodHOCTh Kiaccuukammu nepeBa pemieHuid (0e3 ymepba mms
WHTEPIIPETAIMU U C COXPAaHEHHEM CTPYKTYPBI y3JIOB M JUCTHEB) MOXKHO 3HAYUTENHHO YIYUYIIUTh MOJIENb C
MOMOIIIBIO aJIaNTAllUK TTapaMeTpoB [7].

JepeBbs penieHnt — 3To croco0 MpeCTaBICHUS TPABHUII B HEPAPXHUECKOM, ITOCIIEA0BATENIEHON CTPYKTYpE,
IJIe KaXJIOoMy OOBEKTYy COOTBETCTBYET €IUHCTBEHHBIM y3en, maromuii pemenue [5]. Llems mporecca
MOCTPOCHUS JIepeBa MPHHATHS PEUICHUH — CO37]aTh MOJIENb, 10 KOTOPOI MOXHO OBUIO ObI KiTacCU(UIIPOBATH
cllydyal W peliaTh, KaKhe 3HAYCHHs MOXET NPUHHMATh IeneBas (YHKIMs, UMes Ha BXOJe HECKOJBKO
nepemeHHbIX [5]. IlocTpoeHme Mojenn OCHOBaHO Ha OONBIIUX JAaHHBIX W3 CalTa HEABIKAMOCTH TIO
Pecniyonuke Kazaxcran, a umenHo Krysha.kz [9]. 3uas mapamerpbl HEIBHKMMOCTH, HA OCHOBE BXOJIHBIX
JAHHBIX MOJXXHO BBISICHUTH €r0 KJIACCHOCThb. [lOCTpOMM alropuTM KiacCH(UKAIMd Ha OCHOBE JepeBa
pEelIeHnH, T1e 1o ONpeelIeHHBIM PEIIaroIM MPaBUIaM IIPOU3BOIUTCS Pa3AeleHHe Ha KITacChl.

Kaxkwne Op1BaroT ki1accel xxuiibs? B PK oduimmansHo cymecTByeT 4eThIpe Kiiacca KoOM(GOPTHOCTH KUibs. Ho
3TO BOBCE HE SKOHOM, KoM(popT, 6usnec u anut. B CHullax onn o603HadaroTcst puMckuMu nudpamu ot 1 1o
IV. ConocTtaBuTh X MOKHO Tak: NEPBBIH KJacc — 3JIUT, BTOPO — Ou3HEC, TpeTHil — KOM(OPT, YETBEPTHINA —
skoHOM. [To manubeiM Krisha.kz [9], sxuns€ IV knacca kombopTHOCTH 00619HO Ha 25-35 % nemesne 111 kmacca.
Pa3anna crommMocTH KBaJIpaTHOTO METpa B 3KOHOM Kiacce oTHocutenbHO Il m I kimacca (Gm3Hec u amuT)
nocruraer 50-80 % u 6os1ee. KpoMe Toro, 0coObIM CIPOCOM MOJIB3YIOTCS TaKUE COMOCTABICHMS KaK OU3HeC,
koMdopT+, KoMpopT. B cBsI31 ¢ uem, 32 0CHOBY 0AHOTO U3 PHUUEH B3SITHl JaHHBIE KATETOPHH.

Hepeso, 1o cytu, 310 Bompoc. OUH BOMPOC BEAET K APYrOMy, ITOKa HE MOIyYUM IOCIETHHUI BOIPOC C
HCKOMBIM oTBeTOM. brbmnorexu Python [10,11] mo3BosstOT MPOU3BECTH JaHHBIN AITOPUTM. 31€Ch IEJEBBIE
npusHaku feature_0=> dim 1, a feature_1=> dim_2 cooTBETCTBYIOT OIpe/ICIICHHBIM (hHYaM.

B mpemioxkeHHOM aHcamOlie aJITOPUTMOB CIIEAYIOMIMM SIBJISIETCS KJIacTepH3alus. 3/AeCh paclpenesiuM
JMaHHBIE TIO0 KJacTepaM BBIIICYIIOMSHYTOTO CONOCTaBieHHs.  Pa3feneHue mo KiactepaMm IO3BOJISIET
CTPYNIINPOBATh JAHHBIE IO OMPEIEIIEHHBIM KPUTEPHUSIM, SBIIETCS METOAOM MAIIWHHOTO 0o0ydeHus Oe3
yuutens. Ha ocHOBe M3TI0KEHHBIX HAYYHBIX METOJOB MALIMHHOTO OOY4EHUS MPOBEIEH BBIYMCIMTEIbHBINA
9KCIIEPUMEHT, PE3yIbTaThl KOTOPOTO MPEACTABICHBI HIXKE.
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Pe3yabTaThl u 00cy:xKI€HUE

[IpoBeneH MPOrHO3 CTOMMOCTH HEJIBUYKUMOCTH TIO KBaJIpaType M KJIACCHOCTHU JKUITbs. 32 00pasel] B3sIThI
JIaHHBIC TPEXKOMHATHBIX KBapTUp B r.Actana, PecryOnuka Kazaxcran. B kauecTBe mpumMepa paccMOTpeH
daitn ¢ pacmupeHueM .CSV W JaHHBIMH, H3BJICUCHHBIMU ¢ caiita Krysha.kz. OOyuenuto mosmexat
HETIOCPEICTBEHHO NaHHBIC TPEXKOMHATHBIX KBapTup (T.AcraHa, Kazaxcran). Ha puc.1A) mpencraBieHb
oOydyeHHbIC JaHHble, Ha puc.lB) BeicunTana perpeccusi, KOTOpasi MO3BOJIIET CIPOTHO3UPOBATH CTOMMOCTh
HEJBM)KUMOCTH TTOCPEJICTBOM perpeccuu (KpacHOM JTUHKH).

K Figure 1
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Pucynox 1. Obyuenue c nomowwto pecpeccuu

x=1019y=444

371ech JUHUA perpeccu MpeanoaaraeT CTOMMOCTh HEIBUKUMOCTH 110 ITPU3HAKAM IIJIOMAAN U CTOUMOCTH
xuibsl. [lodydyeHHble qaHHBIE UMEIOT OOIIKE MPHU3HAKA M KOPPEIUPYIOT ¢ MaTeMaTH4ecKol Mozaenbto. [lpu
3TOM €CTh HEKOTOPBIE BEIOPOCHI, B PEATbHOCTH TaKUe IK3EMILISPEI UMEroT MecTo. [1o JaHHo# Moe MOKHO
MIPOTHO3UPOBATH CTOMMOCTB TIO TUIOIIA IH.

Janee Ha puc. 2A) npeacTaBieHbl 00yUYEHHBIE JaHHBIE [0 TpeM pu3Hakam: dim_1 — miomaas KBapTupsl,
dim_2 — miom@aas KyXOHHOTO TOMEIICHHs, PriCeé — 1eHa, Ha puc. 2B) BbICUMTaHa perpeccus, KOTopas
MTO3BOJISIET CIIPOTHO3UPOBATh CTOMMOCTH HEABM)KMMOCTH TIOCPEICTBOM IIJIOCKOCTH.
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A) Obyuennvle danuble NO Mpem NPUSHAKAM

x=58.0655, y=9.2765, 2=-2.2587

€ +al= @

X Figure 4

b) ITnockocmw peepeccuu

Pucynok 2. Obyuenue ¢ nomowwo pecpeccut no mpem npusHaKam

x=106.3208, y= 18.5652, 2+1120087

ILntockocth perpeccuu npeamnojraract CTOMMOCTb HEABUKMMOCTH 110 ITPU3HAKAM IJIOIIA AN TpeXKOMHaTHOfI
KBAapTHUPLI, IJIOMIaAW KYXHHU H CTOUMOCTH. TpCXMepHOG MMPOCTPAHCTBO TIO3BOJIACT bouee HarjsaHo
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BU3YQJIM3UPOBATh IMMOJyYeHHBbIE OOpa0OTaHHBIC OOJBIINE JaHHBIE IMOCPEACTBOM METOJOB MAIIUHHOTO
o0ydeHHs B MporpaMMHoii cpene Python ¢ ncmoss3oBaHreM COOTBETCTBYIOIIUX OUOIHOTEK.

Crnenyronum pe3yJIbTaTOM MPaBUIILHOCTH CYXKJICHUM SIBJISCTCS KIACCU(UKAIIHS TTOTYYCHHBIX JaHHBIX 110
nepeBy pemienuii. Ha puc.3 npeacraBieHo pacnpeaeieHue 3asBISHHbBIX IOMIACH M0 KJIaCCHOCTH, 2 IMEHHO:
ousnec, koMmpopt+, Kompopt. UMEeHHO MeTon KiIacCH(DHKAITUU SBIISETCS OCHOBOIIONATAIOIINM B JTAHHOM
ancambie anroputMoB. [locpenctBom meToma DecisionTreeClassifier B maHHOM ciiydae mpeacTaBIeHO IEPEBO
PEUICHUH, KOTOPOE SBJISISCH AITOPUTMOM MAIIMHHOTO O0YYCHUS Peasu3yeTCs Ha OCHOBE MTPABIIT 00pa3yroIuxX
OMpeNeNiecHHY0 HWepapxuio. JIaHHBI aNrOpUTM B  BBIYMCIUTEIHLHOM OKCIEPUMEHTE OCHOBaH Ha
KOJIMYECTBEHHBIX MPU3HAKAX, B3ATBIX U3 .CSV (aiina.

& Python 2.8.5 Shell - =] %
Eile Edit Shell Debug Options Window Help

Python 3.8.5 (tags/v3.8.5:580fbb0, Jul 20 2020, 15:57:54) [MSC v.1924 &4 bit (&M
D64)] on win32

Type "help™, "copyright", "credits"™ or "license()" for more information.

>>>

= RESTART: C:\Users\Xarxa\AppData\Local\Programs\Python\Python38\BigData\clas.py
|--- feature 1 <= 9.50

| |-—— class: comfort

|-—— feature 1 > 9.50

| |--- feature 1 <= 12.50

| | |-—— feature 1 <= 10.50

| | | | -—— feature 0 <= 85.50

| | | | |-—— class: comfort

| | | | -—— feature 0 > 85.50

| | | | |-—— class: comfort+

| | |-—— feature 1 > 10.50

| | | |-—— class: comfort+

| |-—— feature 1 » 12.50

| | |--- class: business

>3 |

Ln: 19 Col: 4
Pucynox 3. Mawunnoe ob6yuenue. Knaccugpuxayusi no oepegy peuteruii

B mponecce uccnenoBanuss HaMU HOTYyY€HBl PA3IUUHBIC PE3YJIBTAThl MHOXKECTBA J€peBa PEIICHHUM, I1e
OBUIO CIIOKHO MHTEPIIPETUPOBATH UCKOMBIE NaHHbIE. [lonOupanuce pa3nuuHbie QUUM, 1 HIMEHHO B paspese
TPEXKOMHATHBIX KBAPTHUP C COOTBETCTBYIOIIUMH IJIOMIAASIMUA HAMH TIOJTy4eHO YUTA0eTbHOE IEPEBO PEIICHHH,
C ONpeeTICHHBIMU NPaBUIaMH 110 3asIBJICHHBIM ITPU3HAKAM.

B wurore, cornacHo MeToZa MalIMHHOTO OOYYEHUS, & UMEHHO MOJYYEHHOTO JIePeBa PEIICHUH Ha OCHOBE
anmroputma DecisionTreeClassifier B cpene Python mpoBenen BbIYMCIHTENBHBINH KcriepuMeHT. COrIacHO
pe3yibTaTaM, eciiv IUIONIah KyXHH MEHBIIE WK paBHa 9,5 KB.M., TO HEJIBUKUMOCTh OTHOCHTCSI K KJIAcCy
kompopt. B nuamaszone npusHako 9<feature 1<=10.50, npu feature 0<89,5 mbI moydaeM TaKKe Kiacc
KoMdopT ¥ T.1. Takum 006pa3om, MpH IIIOMAIN KyXHH OoJbire 12,5 KB.M. MBI ITOJTy4aeM KJiacc OM3HecC.
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Pucynox 4. Mawunnoe obyuenue. Knacmepuszayus
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B BBIUMCIIUTENIEHOM 3KCIEPUMEHTE HCIIOJIb30BaHA KIIACTepU3allvsl MOJNyYeHHBIX NaHHBIX. Ha puc.4A)
MMOKa3aHbl CTPYMIIMPOBAaHHBIE KIacTepsl: Om3Hec, kKoMdpopT+, koMmpopt. Ha puc.4b) momyuenHsie Kiactepsl
00bEMHEHBI B COOTBETCTBYIOIIUE 00JaCTH MO0 UTOraM MPOBEJICHHOHN KacTepU3alliK COTJIACHO KPUTEPHUSIM
CTOMMOCTH U TUIOMIAH KyXOHHOT'O TTIOMEIICHHMS.

C nmomompro Onbmmotrekn Kmeans cymecTByeT BO3MOKXHOCTh C(pOPMHUPOBATH OIIpeIeJIeHHbIE KIIACTEPHI, a
TaKxke IeHTpoupl. J[aHHas mporenypa MO3BOJSET CTeHEPHPOBATh HAadallbHBIE IICHTPOHIBI KilacTepa, Ha
OCHOBE IMITMPUYECKOr0 PaclpeesieHNs] BEpOITHOCTEH BKJIaJa TOUYEK B OOLIYI0 HHEPLHIO C

B Hamewm ciywsae Mb1 nMeeM MaccuB ¢ mapameTpamu (dim_1, dim 2) u monydaem Ha9albHBIC IIEHTPHI.

BozoB OubmmoTekn mpomcxomuT 1o komanme from sklearn.cluster import Kmeans. 3mecs MbI
UMIOPTUPYEM MOAYJIb, OTBEUAIOIINH 3a KJacTepu3aluio. BerpyskaemM NprU3HaKU B OTACIBHYIO IEPEMEHHYIO,
3aTeM CO3/1aeM MOJEIb TS KIIacTepU3alii ¢ TIOMOIbI0 MeTona fit:

clust = KMeans(n_clusters=3).fit(X).

Merton fit(X[y, Bec_BBIOOPKH|) TIO3BOISIET BRIYUCIUTH Kiactepu3aruio k-cpennanx [11]. s onpenenenus
IeHTpa KiacTepoB wucmoab3yem clust.cluster_centers . Peanmusanust obiacteil MO3BOJIACT BH3YaIbHO
BBIJICJIUTh KJIACTEPHI, B HAIlEM CiIydae pas3/icjieHHe MPOHCXOAHMT C TOMOIIBI0O MapKepoB M OWMOIMOTEKH
mathplotlib:

markers = {"comfort™: "0", "comfort+": "v", "business": "*"}
plt.scatter(c1[0], c1[1], s=250, marker="x", c="blue")
plt.scatter(c1[0], c1[1], s=250 * 2e2, c="yellow", alpha=0.1).

MeTpHKH KauecTBa MaIIMHHOTO 00YYEeHUS IS PErPECCUH MO3BOJISIIOT OMPEICTUTh aIeKBATHOCTh MOJICIIH.
JU1st OLICHKH KayecTBa MOZEIH UCHOIb30BAIH KO3 (DUIIMEHT KOPPENALUH, TAKXKE B HAYYHON JIUTEpaType ero
Ha3bpIBalOT Ko3(duuuenTom aerepmuHannu. Kpome Toro, MOXHO HCIOJB30BaTh CPEIHIOID KBAJAPATUYHYIO
oumbky. Cpena Python pacnonaraer cooTBETCBYIOIIMM (YHKIIMOHAIIOM IO PacyueTy MaHHBIX METPHK
KayecTna.

Ha pucynke 5 mpencrasneH ¢aiin ¢ pacmmpenreM .CSV, JaHHbIE ¢ ¢ailia TOATPYKAIOTCS B MPOTPAMMY
MOCPE/ICTBOM OHOMOTEK ¢ MOMOIIIbI0 KoManabl houses = pd.read_csv(*'houses.csv").

) FEile Edit Selection View Go Run Terminal Help

) Restricted Mode is intended for safe code browsing. Trust this window to enable all features. Manage Learn More

E houses.csv X

,11,comfort+,45.
88,9, comfort,22.0
57,8, comfort,19.0
91,11, comfort+,64.0
76,7, comfort,28.0
59,7, comfort,27.0
98,11, comfort+,52.0
56,8, comfort,24.0
56,8, comfort,21.0

iness,80.0

ess,87.0
57,8, comfort,26.0
55,8, comfort,17.0
55,8, comfort,16.0
55,8, comfort,15.0

82,11, comfort+,56.0
56,7, comfort,21.0
75,7, comfort,25.0

94,11, comfort+,55.0

94,10, comfort+,73.0

98,10, comfort+,66.0
65,7, comfort,17.0
126,15,business,79.0
76,7, comfort,21.0
99,10, comfort+,50.0
128,15,business,79.0
79,8, comfol .0
127,19,business,107.0
77,7, comfort,27.0
78,7, comfort,28.0
75,7, comfort,18.0
83,7,comfort,39.0
@ Restricted Mode @0 A 0

Pucynok 5. @paemenm usgneueHHsvix OaGHHbIX
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Takum 00pa3oMm, HMCCIEAOBaHBI AJITOPUTMBI M METOJABI MAaIIMHHOTO 0O0ydeHus. [IpoBenmeH aHamm3
MOJYYCHHBIX JIAHHBIX, KOTOPBIA MO3BOJISET KIACCH(PHUITUPOBATE, PA3JICIUTh HA KJIACTEPHI U MIPOTHO3UPOBATH
OoubIlMe JaHHBIC, U3BJICUYCHHBIC C caiTa mocpeacTBoM OubamoTekn BeautifulSoap ¢ pacrmmpenuem .CSv.
Kpome Toro, pazpaboraHo mpuinoxkenue B cpene Python, kotopoe ocymiecTBiIsieT MPOrHO3 ¢ MPUMEHEHHUEM
aHcaMOJIs1 anTOpUTMOB, Oa3UPYIOIIETOCS HA PErPECCHH, KIacCH(PUKAINH, KIaCTEPU3AIINN.

BriBoabl

B cratbe mpoBenen 6ubnmorpaduyaecknii 0630p B 00JIaCTH METOIOB MAIIMHHOTO 00y4YeHus. PaccmoTpen
pa3BefoYHBId aHaIM3 OONBIIMX JAHHBIX, OCBELICHbl MAaTepUalbl II0 PErpeccuH, KiaccupuKauuu u
Kjactepusanun. TeopeTHyeckn U MPaKTUIEeCKU U3Y4YeHBI IPEAIOKECHHBIC METOIBI MAITMHHOTO 00YYCHUSI.

[lo momyueHHBIM AaHHBIM, HA OCHOBE OTOOpDAHHBIX MPU3HAKOB BBHIBEJCHBI MaTeMaTHYECKHE MOJIEIH,
pa3paboTaHbl IPOrpaMmel B cpeie Python u o0beanHe s B eHOE MpritoKeHne. V3ydensl OMOIOTEKH Cpe/Ibl
nporpammupoBanus Python, takue kak numpy, pandas, matplotlib, Axes3D, LinearRegression, Scikit-learn,
KMeans mo3BoJISIOT HHTEPIPETUPOBATh U BU3YAJIM3UPOBATh OIy4YCHHBIE JaHHBIE.

[IpoBeneHB! BBIYMCIUTENIBHBIE 3KCIICPUMEHTHI, Pe3yJIbTaThl KOTOPBIX NPEICTABICHBI B JAaHHOW CTaThe.
[Tonmy4eHHBIE pe3ybTaThl HO3BOJIIOT 00pabaThIBaTh OONIBLINE JaHHBIE, MOJECIHUPOBATH PHIHOUYHYIO CUTYALHIO
HEJBHKUMOCTH B OIPEIECICHHOM CETMEHTE M BHM3YalIM3MPOBaTh B BHJE JACPEBA PELICHUM, pPErpeccuu,
obmacteld kmactepoB. [lpexcraBieHHBI aHcaM0Jb alrOPUTMOB MAIIMHHOTO OOYYECHHS HATJISIHO
JEeMOHCTPHUPYET aACKBATHOCTh MOJIEJICH U PE3YJIbTaTOB.

AHCﬂMGHB AJITOPUTMOB YKa3bIBACT Ha MOAXOMA, IMPHU KOTOPOM BLINOJHACTCSA HECKOJBKO MCETOOO0B, U HUX
COTJIACOBAaHHAsI BU3YyaJM3alllsl MCIONB3YeTCsS B KauyecTBE OKOHYATEIBHOW HMHTepIperanuu. AHcamOJeBble
peLIeH s JIy4llle, YeM MPOCThle MOJEIbHbIE PelIeHusl. AHCaMOJIb CUNTAETCS JIy4LINM aHcaMOJeM, eclid ero
YIICHBI SBJISIIOTCS 1EHCTBUTENBHBIMH WIIN KAYECTBEHHBIMU M €CJIM OHU YYACTBYIOT B COOTBETCTBUH CO CBOUMHU
KayecTBaMH B IOCTPOCHUHM KOHCEHCYCHOMN KJIaCTepH3alnH, KIacCu(UKAIUN, PETPECCHH.

B craree mpemiokeHa CTpyKTypa aHCaMOJisi ajJrOpUTMOB, B KOTOPOH HCHOJB3YETCS aAJITOPUTM
KJIacTepU3allii, OCHOBAaHHBIA Ha anroputMme kiactepuzauumu kmeans. Ham anroputMm kimactepusaunuu
rapaHTHpyeT, 4TO OOHapyKeHHbIe Kiactepbl neiictButenbHbl [13]. CTpykTypa ancamOusi airopuTMoB
WCTIONB3YEeT MEXaHW3M JUIS HCIIONB30BaHUSl KaXJAO0ro OOHAPY)KEHHOI'O KIacTepa, Kiacca, PEerpeccHd B
COOTBETCTBHU C €r0 KaYECTBOM.

B mepcrnekTtuBe IIaHUPYETCS HCCIIEAOBAHHE TOJMHOMHAIBLHON pPErpeccH C IeNbl0  TMONyYeHUs
MTPOTHO3HOM MOJIENIN OILICHKH CTOMMOCTH HEJBHKMMOCTH. TakKe B Ka4eCTBE 0OBEKTOB UCCIIEAOBAHUSA OYAyT
PaccMOTPEHBI KBapTUPHI C PA3IMYHON KOMHATHOCTBIO. M3BIIeueHre O0IbIINX JaHHBIX C BEO-PECYPCOB UTpaeT
BXXHYIO POJIb Ul 00pabOTKM C MOMOIIBIO METOJ0B MAaIIMHHOIO oOyueHHs. B 3Tol CBs3M IU1aHUpyeTCs
a/lanTanus NoJy4eHHONH MOJENU AJisi OONBIINX JaHHBIX U3 JIPYTUX OTpaciiell SKOHOMUKH, HHPOPMAIIIOHHO-
KOMMYHHKAIIMOHHBIX TEXHOJIOTHH.

HccnenoBanue npeacTaBiseT HayYHbIH, SKOHOMHUYECKHH, MApKETUHIOBBIH MHTepec U 3((EKTUBHO AT
HaCEJICHHSI.

Cnucox ucnonvb308aHHOU TUMEPAMYpbl:

1 Kerchev I.A., Maslov K.A., Markov N.G., Tokareva O.S. Semantic segmentation of damaged fir trees in unmanned
aerial vehicle images [Cemanmuueckas cecmenmayusi NO8PeNCOEHHBIX 0EPE6bE NUXMbL HA CHUMKAX ¢ OeCHUIOMHbIX
nemamenvhvix annapamos] (2021) Sovremennye Problemy Distantsionnogo Zondirovaniya Zemli iz Kosmosa, 18 (1),
pp. 116 — 126. DOI: 10.21046/2070-7401-2021-18-1-116-126 Scopus

2 Edwards A., Sullivan M., Itkowsky E., Weinberg D. TextQ—A User Friendly Tool for Exploratory Text Analysis
(2021) Information (Switzerland), 12 (12), art. no. 508 DOI: 10.3390/inf012120508 Scopus

3 Lé S, Josse J., Husson F. FactoMineR: An R package for multivariate analysis (2008) Journal of Statistical
Software, 25 (1), pp. 1 — 18 DOI: 10.18637/jss.v025.i01

4 Ahmad, Z., & Mansurova, M. (2021). Machine learning approach to predict significant wave height. Journal Of
Mathematics, Mechanics And Computer Science, 110(2), 87-96. doi:10.26577/JMMCS.2021.v110.i2.08

5 Mugpmaxosa, A. A. [Ipumenenue memooa oepesa pewienuti 01 peuieHusi 3a0ay K1acCu@urayuu u npocHO3UpO8aHUs
/ A. A. Mugpmaxosa // Hnpoxommynuxayuonnvie mexnonoeuu. — 2016. — 7. 14. — Ne 1. — C. 64-70. — DOI
10.18469/ikt.2016.14.1.10. - EDN WDCYVR.

6 Tunoosa M. I'. [Ipedsapumenvhas kiacmepusayus MHO2OMEPHbIX 00bEKMO8 8 UHMEIEKMYAIbHOM AHANU3E OAHHBIX
Il Becmuux Capamo8ckozo 20¢ydapcmeeHHo20 coyuanbHo-3KoHoMudecko2o yHusepcumema. 2008. — Ne. 4. — C. 137-138.

143




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.

7 A6pamosa, T. B. Yayuwenue mounocmu xnaccugurayuu memooom 06pamnoco pacnpocmpanerus napamempad no
uepapxuueckomy Hewemrkomy depesy peutenuii / T. B. Abpamosa // Akmyanvhvie npobiemvl CO8PeMeHHOU HAYKU, MEeXHUKU
u oopasoeanus. —2020. —T. 11. —Ne [. — C. 126-127. — EDN CWUUCW.

8 Bandara K., Bergmeir C., Smyl S. Forecasting across time series databases using recurrent neural networks on
groups of similar series: A clustering approach (2020) Expert Systems with Applications, 140, art. no. 112896

9 Dnexmponnwiii pecype: https:/ikrisha.kz/. Jama o6pawenus: 14.11.2022

10 Cysu P. A. Asvix npocpammuposanus Python //M.: Bunom. Jlabopamopus snanuii. — 2006.

11 Boppu I1. Hzyuaem npocpammuposanue na Python. — Litres, 2019.

12 Dnexmponnwlii pecypc: scikit-learn: machine learning in Python — scikit-learn 1.3.1 documentation /Jama
obpawenus: 30.11.2022

13 Niu H., Khozouie N., Parvin H., Alinejad-Rokny H., Beheshti A., Mahmoudi M.R. An ensemble of locally reliable
cluster solutions (2020) Applied Sciences (Switzerland), 10 (5), art. No. 1891

References:

1 Kerchev I.A., Maslov K.A., Markov N.G., Tokareva O.S. Semantic segmentation of damaged fir trees in unmanned
aerial vehicle images [Semanticheskaya segmentaciya povrezhdyonnyh derev'ev pihty na snimkah s bespilotnyh
letatel'nyh apparatov] (2021) Sovremennye Problemy Distantsionnogo Zondirovaniya Zemli iz Kosmosa, 18 (1), pp. 116
—126. DOI: 10.21046/2070-7401-2021-18-1-116-126 Scopus (In Russian)

2 Edwards A., Sullivan M., Itkowsky E., Weinberg D. TextQ—A User Friendly Tool for Exploratory Text Analysis
(2021) Information (Switzerland), 12 (12), art. No. 508 DOI: 10.3390/info12120508 Scopus

3 Lé S, Josse J., Husson F. FactoMineR: An R package for multivariate analysis (2008) Journal of Statistical
Software, 25 (1), pp. 1 — 18 DOI: 10.18637/jss.v025.i01

4 Ahmad, Z., & Mansurova, M. (2021). Machine learning approach to predict significant wave height. Journal Of
Mathematics, Mechanics and Computer Science, 110(2), 87-96. D0i:10.26577/JMMCS.2021.v110.i2.08

5 Miftahova, A.A. (2016) Primenenie metoda dereva reshenij dlja reshenija zadach klassifikacii i prognozirovanija
[Application of the decision tree method to solve classification and forecasting problems]. A.A. Miftahova
Infokommunikacionnye tehnologii. T. 14. Ne 1., 64-70. DOI 10.18469/ikt.2016.14.1.10. —- EDN WDCYVR. (In Russian)

6 Tindova, M.G. (2008) Predvaritel 'naya klasterizaciya mnogomernyh ob “ektov v intellektual 'nom analize dannyh
[Pre-clustering of multidimensional objects in data mining]. Vestnik Saratovskogo gosudarstvennogo social no-
ekonomicheskogo universiteta. Ne 4., 137-138. (In Russian)

7 Abramova, T.V. (2020) Uluchshenie tochnosti klassifikacii metodom obratnogo rasprostraneniya parametra po
ierarhicheskomu nechetkomu derevu reshenij [Improving classification accuracy using the parameter backpropagation
method over a hierarchical fuzzy decision tree]. Aktual 'nye problem sovremennoj nauki, tekhniki i obrazovaniya. 7. 11.
M 1., 126-127. EDN CWUUCW. (In Russian)

8 Bandara, K., Bergmeir, C., Smyl, S. (2020) Forecasting across time series databases using recurrent neural
networks on groups of similar series: A clustering approach. Expert Systems with Applications, V.140, 112896.

9 Electronic resource: https://krisha.kz/. Date of the application: 14.11.2022

10 Suzi, R. A. (2006) Yazyk programmirovaniya Python [Python programming language]. M.: Binom. Laboratoriya
znanij. (In Russian)

11 Berri, P. (2019) lzuchaem programmirovanie na Python [Learning Python Programming]. Litres. (In Russian)

12 Electronic resource: scikit-learn: machine learning in Python — scikit-learn 1.3.1 documentation Date of the
application: 30.11.2022

13 Niu, H., Khozouie, N., Parvin, H., Alinejad-Rokny, H., Beheshti, A., Mahmoudi, M.R. (2020) An ensemble of locally
reliable cluster solutions. Applied Sciences (Switzerland), 10 (5), 1891.

144



https://krisha.kz/
https://scikit-learn.org/stable/index.html
https://krisha.kz/
https://scikit-learn.org/stable/index.html

Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

MPHTH 81.93.29
YK 004
10.51889/2959-5894.2023.83.3.017

AKX Kapunofcanoeal, KT Koofcaxmeml*, P.3. )Kymaﬂueeal, AM. QMipafzil, IA. Baszumoé*

'HAO « Yuusepcumem Hapxo3z», . Anmamul, Kazaxcman
“e-mail: k.kozhakhmet2023@gmail.com

INOBBIINEHUE BE3OIMTACHOCTH PACHIEIVIEHHBIX IAHHBIX ITPHU UCI10/Ib30BAHUHN
AJITOPUTMOB MHOTOMEPHOM YETHOCTH

AnHomayus

Mogens pacnpeAeseHHOT0 XpaHeHHs JaHHBIX C HCIOJb30BaHMEM MHOTOMEPHBIX KOJOB C YaCTHYHON 3aIUTOH OT
MOTEPh JaHHBIX pacCMaTPUBACTCs KaK albTepPHATUBHBIN cr1oco0 obecrieueHns: 0e30MacHOCTH, KOTOPBIH MOXKET 3aMEHHUTh
OOIIENPHHATBII METOA MHOXECTBEHHOTO pE3epBHOTO KOIMPOBaHWA. B 3Toil Monenmn W30BITOYHBIE JaHHbBIC
TEHEPHUPYIOTCS, TO3BOJISISI BOCCTAHABIMBATE YACTHYHBIE ITOTEPH Pa3eiIeHHBIX YacTeld. BoccTaHOBIEHNE TPOM3BOANTCS
C HCIIONb30BAaHMEM KOJOBHIX (haiijioB, (OPMHUPYEMBIX BO BpeMs MpPOLEAYpPHl pa3/eleHHs, OCHOBHOE [CHCTBHE
3aKJIIOYaeTCsl B pacueTe OMTOBOM YETHOCTH C MOIyNeM-2 cioxeHus. CpaBHEHHE C PsIOM MOZEIEH, MCIONB3YIONIIX
KOHTPOJIbHBIE CYMMBI IJIi BOCCTaHOBIICHHUS, MOKAa3bIBAaeT, YTO pacueTHas BEPOATHOCTH IOTEPh B ciydae cOOEB B
XpaHEHUN 3HAYNTEIHHO HIXKE IIPH HCIIOJIb30BAHUN MHOTOMEPHBIX KOJIOB C YaCTUYHOH 3amnToi. [ToBpexneHHbIe anbl
MOTYT OBITh MOJHOCTHIO BOCCTAHOBJICHBI C MOMOIIBI0 OUTOBOTO CJIOKEHHUS HEMOBPEKICHHBIX (aiiioB. JJaxe xorma
TEOPETHYECKH HETIOJBIACTHbIE BOCCTAHOBJICHHUIO IIOTEPHU JOCTUTAIOTCS, BCETAa €CTh ILIAHC HAaWTH KOMOWHAIMH
LIEMOYEeYHOr0 BoccTaHOBJIEHUsA. CucTeMa XpaHEHHUS, MCIOJB3YIOIas MHOTOMEpHBIE KOABI C YaCTHYHOM 3aIllUTOH,
sBysiercst 0osiee yJoOHOM TeXHONIOruel KoppeKuy ournooK. CII0KHOCTB aNbTEPHATHBHBIX METOJIOB, B TOM YHCJIE METOIA
HUTCPATUBHOTO ACKOAUPOBAHUSA, ACJIACT CUCTEMY pACTIPEACICHHOIO0 XpaHCHUA PACHICIUVICHHBIX JaHHBIX C MPUMCHCHUEM
ITOPUTMOB MHOTOMEPHOH YETHOCTH Oosiee y100HOM TEXHOIOTHEH HCTIIPaBICHNUS OIIHOOK.

KaioueBble c1oBa: 0e3011acHOCTh, PACIpPEENICHHOE XPaHCHUE, PACIICIUICHHE NaHHBIX, MHOTOMEpHAs YETHOCTH,
BOCCTaHOBJICHHE NOTEPb, (haiiIbl YETHOCTH.

Anoamna
AK. Kapunocanoea®, K. T. Koocaxmem?, P.3. XKymanueea®, A.M. Omipani*, JI.A. Baazumoe*
Y«Hapxoz Ynusepcumemi» KeAK, Anmamor x. , Kazaxcman
KONeJIIIEM/I ECEII BEPY AJITOPUTMJEPIH HAﬁHAﬂAHY KE3IH/E bIIBIPATBIJIFAH
JEPEKTEPIIH KAYIIICI3AITTH APTTBIPY

Jlepektepai KoFanTy[aH illliHapa KOpFafaH KemeJjmeMJi KOATapAbl KOJIAaHa OTBIPBIN, TapaTblIFaH AepeKTepi
caKTay MOJeJi aJrbl KaObUIaHFaH OipHEIle CaKThIK KOUIpMe 9ICiH alMacThIpa ajaThlH KAayINCI3IKTI KaMTaMachl3
eTymiH Oanmama ofici peTiHme KapacThIpbUIAABl. By Momenplne apTHIK JAepekTep maima Oomampl, Oy BIABIPATHIIFAH
OeIiKTepIiH iNTiHapa >KOFATYBIH KalIbIHa KeNTipyre MyMKiHIiK Oepeni. KanmeiHa kenripy O0exy mporemypachkl Ke3iHe
KaJIbINTaCKaH KOATHIK (haiigapabl KOJIAHy apKbUIBI )KY3€re achbIpbUIAbI, HETi3Ti 9peKeT-2 KOCy MOAYyJiMeH OHTTIK
napuTeTTi ecenrtey. KaimpiHa KenTipy YiIiH Oakpuiay coManapblH naiianaHaTiH OipKaTtap MOJIENIBbAEPMEH CaBICTBIPY
XKapThIJIail KOPFaJIFaH Kell eJIIeM i KOATapIpl NaliJadanFaH Ke3/le CaKTayIarbl akaysiap OOJFaH JKarJai/a IIbIFbIHHBIH
00JDKaMITBI BIKTUMAJIBIFBI A TApIIBIKTAH TOMEH eKeHiH KepceTei. byminren dainmapast OyninOeren dainmapasr OUTTIK
KOCY apKbUIbI TOJIBIFBIMEH KaJIbIHA KeATipyre 0oJajpl. TeopHsuIbIK TYPFBIIAH KallbIHA KENTIpUIMEreH MIBIFbIHAAPFa
KOJI JKeTKi3ijce Je, TI30eKTi KalmblHa KenTipy KOMOMHAIMsJIapblH Ta0yFa opKaiiaH MyMKiHAik Oap. JKapreuiait
KOpFaJIFaH KOl OJILeM/ i KOJTap/bl KOJJIaHAThIH CaKTay jKyleci Karenep/i TY3eTYAIH bIHFalIbl TeXHOJIOTHSCH OOJIbII
Tabbaabl. bagamalsl omicTepaiH KYpJENiiri, COHbIH iMliHAe KalTalaHAThIH JEKOATAY ofici, ken emmemi [Taputet
aNTOPUTMICPiH KOJAaHA OTBHIPHIN, BIIBIPATBUIFAH JEPeKTepl YJECTIpiIreH cakray >KYHeciH KaTelepil TY3eTyHiH
BIHFAMIIBI TEXHOJIOTUSCHIHA alfHAIIIBIPA/IBL.

Tyiiin ce3mep: Kayincizaik, TapaTbuFaH cakTay, AepeKkrepi Oemy, kem enmemMai [Tapurer, MBIFBIHIAPABI KaJIIbIHA
KeNTIipy, HapUTeTTIK (aingap.

Abstract
ENHANCING SECURITY OF SHARED DATA USING MULTIDIMENSIONAL PARITY ALGORITHMS
Karipzhanova A.Zh.t, Kozhakhmet K.T.%, Zhumalieva R.Z.1, Omirali A.M.%, Bayazitov D.A.*
INJSC «Narxoz University», Almaty, Kazakhstan

Distributed data storage using multidimensional codes can replace the traditional method of multiple backups to
ensure security. Redundant data allows for partial recovery of separated parts, with recovery using code files generated
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during separation and calculating parity bits with modulo-2 addition. Compared to checksum models, multidimensional
codes with partial protection significantly reduce the probability of data loss due to storage failures. Damaged files can
be fully restored using bitwise addition of undamaged files. Even theoretically unrecoverable losses can sometimes be
recovered through chain recovery. Compared to iterative decoding and other alternatives, the utilization of
multidimensional codes with partial protection in the storage system presents a more convenient fault tolerance
technology. These multidimensional error-checking codes provide a simplified and user-friendly approach to error
correction within the distributed storage system for partitioned data. By employing this method, the complexity
associated with alternative techniques like iterative decoding is significantly reduced, further enhancing the convenience
of error correction. It offers a more efficient and reliable means of protecting data against storage failures.
Keywords: security, distributed storage, data splitting, multidimensional parity, loss recovery, parity files.

1. Bseaenme

ITonck HOBBEIX MeTOmOB oOecrieueHus IT Oe30macHOCTH WACT HENPEPBIBHO, HO TOKa I COXPaHCHUS
JaHHBIX TOBCEMECTHO HCIOJb3yeTCs pelUiiKanus (MHOTOKpaTHOE pe3epBUpoBaHue). [locTOSHHBIN pocT
o0beMa uWHPOpPMANMHM TMPHUBOAUT K TOMY, YTO pEIUIMKAaUUs O0OpayMBaeTCsl POCTOM aNlapaTHBIX,
SHEPTreTHUYECKUX U, B UTOTe, PUHAHCOBBIX 3aTpart. [130€XaTh 1OPOrOCTOSAIIEr0 Pe3ePBHOIO XPaHEHU MOKHO
MIOTIBITAThCA IyTEM OIEPAMOHHOTO BOCCTAaHOBIEHU wH(popManuu (McmpaBieHne omuOok). B gacTHOCTH,
aBTOpaMHU HAcTOALICH CTaThu anmpoOMpOBaHAa BO3MOXKHOCTH XpaHEHUs (aiIoB B pachpelesieHHbIX 0azax
nanabix (PBJ]) B pacmeruieHHOM COCTOSIHWHM, KOTAa pacuieivieHne (aijioB W WX BOCCTaHOBIICHUE
OCYILIECTBIISIETCS. C MOMOIIbIO ITaTEHTOBAHHBIX MHOTOMEPHBIX KOAOB C YAaCTUYHOW 3aIUTON OT IOTEPb
NaHHBIX, CHOCOOHBIC 00paldaThiBaTh YacTUYHBIE MOTepu MecT xpaHeHus [1-3] (matenter: GB2467989
«Distributed Storage», UK; GB2463078 «Distributed Storage», UK; GB2463085 «Communication Systemy,
UK; GB2463087 «Data Storage», UK; GB2492981 «Data Storage», UK; HO1175001 «Data Storage», Hong
Kong; US9026844 «Distributed Data Storage and Communicationy», USA).

Wntepdeiic dppeliMBOpKa OCHOBAaH Ha BEO-TEXHOJOTHAX M HCHONB3YyeT mpocTtoe coriamenue HTTP
(Hypertext Transfer Protocol), cBsi3aHHOE ¢ HHTYHTHBHO MOHATHBIMHU HHHOBanusmMu B AJAX /PHP (WEB 2.0).
CMS Word Press ncnomns3yercst s peann3anni (yHIaMEeHTAIbHOW CHCTEMBI YIIPaBIeHHSI KOHTEHTOM BeO-
qactu. BeO-caiit pasmemen kommanueir PS Internet Company LLP Ha BblIeleHHOM cepBepe TMoJ
ynpasneHueM Beb-cepepa Apache 2.25 ¢ PHP 7.0 u cepBepHoii onepannonsoit cuctemsl Linux Ubuntu. B
KadecTBe 0a3bl MaHHBIX ucnoibzyercs MySQL 5.0 [4].

3a CUeT IIaTCHTOBAHHbBIX AJITOPUTMOB TCHEPUPYIOTCA I/I36I)ITO‘IHI)IC JaHHBbIC, ITO3BOJIAOIIINEC
BOCCTAaHABJIMBATL YaCTUYHBIC YTCPU PACIICIIJIICHHBIX JacTei. PaCHIeHJIeHHI)Ie OaHHbBIC HE HECYT
OCMBICJIEHHOT'O COJEPKaHUs, W MIO3TOMY MX MOXHO XPaHUTh Ha JIIOOBIX JOCTYHHBIX MECTax, HE ONacasch
HECaHKLIIMOHUPOBAHHOTO JocTyma. Jlaxe coOpaB Bce 4acTH pacIlEIUICHHBIX JaHHBIX, 0e3 3HaHus crocoda
paciienyieHrss HeBO3MOKHO BOCCTAHOBUTH WH(OPMAIUIO. AJTOPUTM PACHICTUICHHS] MOXKET HCIIOIb30BaTh
0ECKOHEYHOE MHOKECTBO CIIOCOOOB pacUICIUICHUS, M MO3TOMY JOCTYIl K JaHHBIM HMEET TOJBKO
Biajesen/co3aarens nHpopManuu. Ilpu 3ToM B cilyyae 4aCTUYHOW MOTEPU AAHHBIX UX BOCCTAHOBJICHHUE
MPOM3BOJUTCS 3a cuUeT (DAIOB YETHOCTH, OOpa3yoUIMXCs MpU TMpOoleaype pacuielUIeHUs, B KOTOPOH
OCHOBHBIM JICHCTBUEM SIBJISICTCS BHIYMCIICHHE TOOUTOBON Y€THOCTU C CYMMHUPOBAHUEM TI0 MOJTYJIO «11Ba». C
MOMOIIBIO TAKOW OIEepaliy CIOXKEHUS MEXIy UCXOIHbIMH (ailjlaMi MO>KHO BOCCTAHOBHUTH 0€3 MCKaXKEHUH
MOBPEXKJICHHBIN (yTEepsIHHBIN) (aii.

2. Mertoasl

ANTOPUTMBI YETHOCTH OIIEPUPYIOT OMHApHOM MHpOpManuend. I cymmupoBaHue, KOTOpPOE UCIIONb3YeTCs
HaMU TIPH PaCUIEIUIEHWH JaHHBIX, CBOJIWTCS K OMPEAETeHHI0O YeTHOCTH. lIpudyemM cymMMmupoBaHWe BeneTcs
CTPOrO MO3MLUUOHHO («10OMTOBO») M MO Monyio. Ilomy4yaercss Tpetwii ¢aiiin, B KOTOPOM COXpPaHSIOTCS
npocyMMHpOBaHHbIE OuThl. CyMMHpOBaHHME NPOHM3BOAMTCS IO MOAYIIO «Ba», a WMEHHO: BKIIIOYAETCS
MaTeMaThueckas onepanus «uckirouatoniee UJIN». Ecnu, Hanpumep, B iepBoM (aiiyie HoJb ¥ BO BTOPOM —
HOJIb, TO B TpeTheM OyJieT HOJb. Ecii B IepBOM — HOJIb, 2 BO BTOPOM — €JIMHHUIIA, TO B TPETHEM OYIET INHUIIA.
Ecnu B nepBoM equnMIa, BO BTOPOM HOJIb, TO B TPETHEM TOKE OyJeT enuHuna. Eciau u Tam, u 371ech eTMHHLA,
TO B TpETheM (aiiiie moryqaeTcsi HoJb. DTOT TpeThi (aiii u siBisiercs (ailioM YeTHOCTH, a BCS OTIepaIys €CTh
oTiepanus YeTHOCTH: U3 ABYX (haljioB moaydaeTcs Tpu. Ecim ynamuTh 1r000# 13 3TuX (HhalioB, TO, BHITOJTHUB
OTIEPALIUIO CIIOKEHHSI MEXKAY OCTaBIIMMHUCS IBYMS, BCErZa MOXKHO BOCCTAHOBUTH 0€3 MCKaXCHHH TPETHH
¢aiin. Ota naes, 6a3upyromnascs Ha CBOMCTBAaX YETHOCTH, 1 JIEKHUT B OCHOBE PELICHHSI 3a/]1a4 PaclipeeICHHOTO
XpaHeHus1 HHQOPMAIINH ¢ pacIlleIIeHHeM JIaHHBIX C TPUMEHEHHUEM aITOPUTMOB MHOTOMEPHOH yeTHOCTH. [0
CHX TOp CBOWCTBO YETHOCTH HCIIOIB30BAJIOCH TOJBKO JUISL TOTO, YTOOBI OOHAPYKUThH MOBPEXKACHUE (aiina 1
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OIpeIenTh, Kakas nHdopmarus yrepsHa, He 6osee Toro (Redundant Arrays of Inexpensive Disks - nanee
RAID). B takux cucreMax wH(GOpMAIUsS ACIUTCS Ha OTUHAKOBBIE OJOKH, 3aT€M BBIYHCIICTCS YETHOCTD,
KOTOpasi 3aMKChIBaeTCA B OTACIBHBIN (aiin, cogepkamunii OuTel ueTHOCTH. U KOraa, HarpuMep, [pH rnepegade
JAHHBIX OUT YETHOCTH TEPSETCS, IPU CIOKCHUHU JaHHBIX OMT YETHOCTU He coBnaeT. OJIHAKO 3TOT pe3yabTaT
B RAID HyXeH TONBKO AJIsi TOTO, YTOOBI yIAIUTh (Paiiyl, eci OOHApyKUTCS ero MoBpexaeHue. B cmydae
MOTEPH NPH Tepeiaue JTaHHBIX JIENIAeTCs TOBTOPHBIN 3arpoc. 3aTeM yTepsIHHbIH (aiia BOCCTaHABIMBACTCS U3
MECT Pe3epBHOT0 XpaHEeHHs (METO]] peTUTUKALINN).

Mexny Tem B anmpoOMpOBAaHHOM HAaMH METOJ€ MHOTOMEPHOW YETHOCTH YTepsHHas HH(popManus
BOCCTAHABIMBACTCA C PACUCTHON BEpOSATHOCTHIO. Kak cka3aHO BBINIE, €CIM MOACIHTH (ailn (HocHTemb
JAaHHBIX) Ha JIB€ OJJUHAKOBBIC YACTH, BEIYUCIUTH NOOUTOBYIO YETHOCTh U 3aIICaTh PE3YNbTaT B TPETUH (aidi,
TO BCEr/Jla MOKHO BOCCTaHOBHUTH MOTEPI0 (WM MOBPEXKICHUE, €CIM HM3BECTHO, KakoW (haill MOBpEXICH)
mo0oro u3 Tpex (hauios.

PaccmoTpum, miia npumMepa, cirydail Tpex ¢aiioB, KOraa OAuH U3 HUX Tepsiercs. [loOuToBo ckiagsiBacM
Mo MOAYIIO Ba ocTaBmuecs Qaiina. [lomydeHHsli (ailn 4eTHOCTH B TOYHOCTH PaBEH MOTEPSIHHOMY (aiiiy.
DT0 ciy4ait ogHOMEpHO YyeTHOCTH (puc. 1).

X

Pucynox 1. Bapuaum oonomeprotl wemnocmu

Ecau TCIICPb IMOACINUTH Q)aﬁn Ha Y€ThIPpEC OJMHAKOBBIC YaCTH, PACIIOJIOXUTL MX B BHUJAC KBaJpaTa H
BEIYHCIIATH TTOOUTOBYIO YETHOCTH 10 CTPOKAM U IO CTONOIaM, TO monydnm 4+4+1=9 ¢aiinos. I1o ciydait
JIBYMEpHOI 4YeTHOCTH (puc. 2).

1A2=3, 273=1, 1"3=2

4N5=6, 576=4, 4"6=5 L YeTHOCTb NO

3> X
6 [—»
KoopauHate X
7 8 -—> 778=9, 8"9=7, 7"9=8

114=7, 4°7=1, 17=4
v |

275=8, 578=2, 2"8=5

v

376=9, 6"9=3, 39=6

YeTHOCTb NO
KoopauHate Y

Pucynox 2. Bapuaum 08ymepHoU yemuocmu

B cnydae nByMepHOI 4e€THOCTH, OUYEBHIHO, YTO MBI MOKEM HOTEPSTH JItOOBIE TpH (aiia u3 AeBATH, YTO
PaBHOCHIIBHO noTepe (ailyioB 1Mo 0HOI U3 KOOPAMHAT, HO 3aT€M BOCCTAHOBHUTH BCIO HCXOIHYIO HH(OPMALIHUIO.
Uro0bl MOKa3aTh 3TO, PACCMOTPHUM JUIsI IPOCTOTHI CITyYai 3alucH Mo OJHOMY OHUTYy (MH(pOPMALIUS XPAaHHUTCS
Ha 9 nuckax).

PesynpTar cymmupoBaHus npruBeAeH B Tadnuie 1.
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Tabnuya 1. Pezynomam cymmuposanust no uemnocmu 01s 9 ouckos

No bum No bum Ne Bum
7-01 Ouck,
1-ouck 1 2-01 Ouck 0 yemnocms no 1- 1
01l cmpoke
8-oit ouck,
3-uil duck 0 4-v111 Ouck 1 uemHocmos no 2- 1
01l cmpoke
5-buit Ouck, 6-blit OUCK, 9-sit OuUCK,
yemnocms no 1-ou 1 uemuocmb no 2-oii 1 uemnocHb 0
KOJIOHKe KOJIOHKE uemnocmu

B Taxkoii cucteme ¢ 1ByMepHON Y€THOCTHIO MOTYT BBIUTH U3 CTPOS 3 TUCKA U3 9 OAHOBPEMEHHO, U TAHHBIE
BCEIrJa MOXXHO BOCCTAHOBUTb, T.K. BOCCTaHABIMBAaTh OMTHI MOXHO IO JBYM KOOpDAMHATaM. A 3TO yxKe
PaBHOCHUIIBHO 3-X-KpaTHOMY KOIMPOBAHUIO MPH peIUIMKaUU. bosee Toro, Mo>kHO mOTepsTh Jaxke 4 AucKa U3
9, 1 Bce emie OyneT BO3MOKHOCTh BOCCTAHOBUTH HH(OPMAIIHIO C BEPOITHOCTHIO 92%. MOKHO TIOTEpSATH AaxKe
710 5 TUCKOB M BOCCTAHOBUTH C BEPOSATHOCTHIO 67% [5].

B cucreme ¢ AByMepHOI 4eTHOCTHIO, KOHEUHO, B PEaIbHOCTH HEOOXOAMMO OOJbIIE JUCKOB M OOJBIIOE
KOJUYECTBO OAaHHBIX, IMOTOMY 4YTO B 3TOM BapHAHTC JOJIKHO 6I)ITI) 6OJ'HJIHC JaHHbIX YC€THOCTH. HO, B
JIByMEPHOW YETHOCTH M30BITOYHOCTD paBHA 2,25 (MaHHBIE 3aMTUCHIBAIOTCS Ha 4 JHCKa U IOTIOTHUTENBHO eIle
Ha 5 IHUCKax: YeTHOCTh 9/4=2,25).

Ecnmu cpaBHUTH ¢ peruMKanueld, To U30BITOYHOCTh ABYMEPHOH UYETHOCTH IOJIyYaeTCsl TMOYTH Kak MpH
IBYKPaTHOW PEIUTHKANNN ¢ U30BITOYHOCTRIO 2,0, KOT/Aa 3aIIChIBAIOTCS BE KOMUH. A TIOTEPSATH B CHCTEME C
JByMEPHON Y€THOCTHIO MOJKHO OT 3 /IO 5 AWCKOB, T.€. HaJIE)KHOCTh — KaK MPH 3-5-KpaTHOW peTuINKaIIH.

3. Cas3aHHbIe paboTHI

Ha cerogusmuuii neHh CTaHIAPTHBIM CHOcOOOM oOecmedeHus: Oe30MacHOCTH  SIBIISIETCS METO
MHOTOKPATHBIX PEUIMKAIUH.

Kpome Toro, 06111 H3y4eHbI pa3iuyHbIe TOIX0/1bl K HOBBIIICHUIO HHPOpPMaIMOHHOH 6e3omacHocTH. K HUM
OTHOCSTCS HUCHOJb30BaHue anroputma Puma-Comnomona [6], ucnonp3oBanue TexHoiyoruii fountain [7] u
BKIIFOUEHUE KOHTPOJBHBIX cyMM B cuctemy RAIDS5/6 u komoB, oOecrieunBaroOmuX JIOKAIBHYK) YE€THOCTh
LRC [8]. Taxxe ObLTH JOCTUTHYTHI YCIIEXH B 00TACTH KOJOB C UCIIPABIEHHUEM OIIMOOK, B YaCTHOCTH B TEOPHUH
KaHaJIOB CO CTUPAHUSMH, TIepBOHAYANBHO BBeIeHHOM B. [leTepconom [9]. Bocniencteum M. Jabu pactmpun
3Ty MOJEJIb KaHAJIOB CO CTUPAHUSIMU B CBOUX HccienoBanusx [10].

3.1. Memoo pennuxayuti

ANTOPUTMBI  TIPOBEPKH  YETHOCTH,  KOTOpbIE  SIBISAIOTCS ~ OJHOBPEMEHHO  MPOCTBIMH U
OBICTPOACHCTBYIONIMMH, MTPUOOPENH 3HAYUTENIbHYIO MOMYJSIPHOCTh B alrOPUTMaxX HCIPABICHHUS OIIUOOK.
OHM 0COOEHHO HIMPOKO HCIIONB3YIOTCS, ¢ pa3HOW 3¢ (EKTHBHOCTHIO, B IIMPOKO HCMONIb3yeMbix RAID-
cUCTEMax, peaj30BaHHBIX B OTKAa30yCTOMYMBBIX IMCKOBBIX MaccHUBax IJsi cepBepoB. OpHako cienyer
OTMETUTh, YTO, XOTSI 3TH BBICOKOCKOPOCTHBIE W NPOCTHIE AITOPUTMBI INPOBEPKH YETHOCTH MOIXOIAT VIS
OOBIYHBIX TPHIOKEHUH, OHM HE O00ECIEeYMBAIOT BO3MOXKHOCTH BOCCTAHOBIICHHS IOCJIE€ MHOXKECTBEHHBIX
noreps AaHHbIX. Hampumep, pacnpoctpanennsiii Bapuant RAIDS npu oTkaze ofHOro AMCKa MEPEXOIUT B
COCTOSIHME BOCCTAHOBJIEHHE, B KOTOPOM Ha4MHAETCS MHTEHCHUBHOE YTEHHE CO BCEX IUCKOB MacCuBa s
BOCCTAHOBJICHHS JAaHHBIX OTKa3aBIIero Aucka. Eciu mpu pasMepax AMCKOB MOPSAAKA HECKOJIBKUX THTabauT
3TO HE BBI3BIBAET MPOOJIEM, TO C yBEIIMYEHHEM OOBEMOB AMCKOB J0 TepabalTOB MPOLECC MOXKET 3aHATh
3HAYNUTENILHOE BpEMsl, B TEUEHHE KOTOPOTO JIF0OOH 0TKa3 elie OAHOTO AUCKa IPUBOAMT K ITOJTHOH MOTEPEe BCEX
JaHHBIX.

[Ipo6nembr ¢ HamexxHOCTRIO cTaHAApTHBEIX RAID-MaccHBOB 3aCTaBISAIOT HCMOIB30BaTH OOJIEE CIIOKHBIC
koHpurypauun RAID ¢ xomOuHMpOBaHMEM pa3lUMUHBIX cXeM, Takue Kak RAID6, npumensars
JOTIOJTHUTENIbHOE 3epKajpoBaHue. M3BecTHH KoMMepueckue mnponpuerapabie BapuanTsl RAID Takue kak
HP EVA c¢ co6ctBennoit Texronorueir VRAID, RAID m + n ¢ ucronas30BaHreM CTHpAIONINX KOa0B Puma-
Conomona. Ho Bce 3T0 MPUBOIUT K €1ie OOIBIIEMY YAOPOKAHHIO TEXHOIOTHH.

[TosTomy wacto B RAID-mMaccuBax BBIACTSIOT CHENMANBHO OJUH JUCK JUIS 3aIICH YETHOCTH, C TOMOILIBIO
KOTOPOI MOKHO BOCCTAaHOBHUTH JJAHHBIE CO CIIOMAHHOTO JTUCKA.
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UToOBI MOSCHUTH CMBICII BOCCTAHOBIICHHUS TI0 YETHOCTH, PACCMOTPHUM, Hampumep, ciydaid RAID u3 5
muckoB. [lycTh Ayt MPOCTOTHI 3aMHCHIBAIOTCS YeThIpe Oaifta Ha yerbipe mucka: 1, 2, 3 m 4. Pesymprar
CYMMHPOBAHHUS 110 YSTHOCTH 3aMUCHIBACTCS Ha 5-i TUCK (Tabmuma 2).

Tabauya 2. Pezynomam cymmuposanus no yemnocmu 6 cucmeme RAID

No bum
1 ouck 1 1 1 0 1 0 1 0
2 ouck 0 0 1 0 1 1 1 0
3 ouck 0 1 0 1 1 1 0 1
4 ouck 1 1 1 0 0 1 0 1
5 Ouck — uemnocmo 0 1 1 1 1 1 0 0

CyMMHpOBaHHE TIO YETHOCTH MPOM3BOJUTCS BBIYHMCICHHEM «HcKitouatoniero WMJIM» OutoB Mexmy
pasHbIMH AuCKaMH. Ero eme Ha3pIBaIOT «CII0KEeHHEM 110 MoayIro 2». [Ipu atom 070=0, 0*1=1, 1*0=1, 1*1=0.
MeTton Ha3pIBaeTCSI CyMMHPOBAHUEM TI0 Y€THOCTH, TIOTOMY YTO B PE3yNbTaTe BCETAa JOKHO OBITH YETHOE
KOJIMYECTBO OUTOB BMECTE C BBIYUCIICHHBIM.

W3 Tabmuiel BUAHO, YTO €CJIM CKJIAJbIBACTCS YETHOES KOJIMYECTBO €JMHUII, TO PACUCTHBIA OMT YETHOCTHU
JOJDKEH OBITh paBEH HYIIO: YeTHOCTh He MeHsieTcsl. Harmpumep, B epBoii KoytoHKe OuToB: 1 mauck = 1; 2 nuck
=0; 3 guck = 0; 4 nuck = 1. J/IBe enuHULIbI, HA 5-# auck 3anuchiBaeTcs 0. Eciu KonuuecTBO OMTOB HEYETHOE,
TO OMT 4yeTHOCTH OymeT 1, mpeBpaiias TakuM 00pa3oM oOIlee KOJIMYSCTBO CAWHMI[I B YETHOE YHCIIO.
Hanpumep, Bo Bropoii kononke: 1 auck = 1; 2 nuck = 0; 3 quck = 1; 4 auck = 1. Tpu enqununepl, Ha 5-i1 AUCK
3armckiBaercs 1. Torna nomyyaem 4 enuHUIEL, T.€. «1oOuBaeMcs» yeTHOTO yrcna 4. Ecnu tenepsb mo0oi u3
[IATH AUCKOB CIIOMAETCsI, TO BCETJ]a MOXXHO BOCCTAHOBHTH MPOIIABIINE JaHHBIC, 3AITUCHIBAS B HOBBIM TUCK «1»
JI0 YETHOCTH, €CIM KOJMYECTBO CAWHUI[ HA OCTaBIIMXCS 4 IHCKaxX HEYCTHOE, W 3amuchiBas «0», eciau
KOJIMYECTBO €IMHUI] HA OCTABIIUXCA 4 OUCKAX YCTHOE.

Ho Bce xe B coBpemennbix RAID-maccuBax mpeamoyuTaloT OTKa3bIBATHCS OT BBIICTICHHUS AUCKA IS
3anucu yetHocTH. [Touemy?

B cucremax RAID, ucnoiap3yromux AUCK YETHOCTH, MOKHO BOCCTAHOBUTH JAHHBIC MIPU OTKa3€ TOJIBKO
OJIHOTO JHMCKa W3 MaccuBa. JIMCK MPOCTO MEHSIOT Ha HOBBIM, 1 HAUMHAETCS BOCCTAHOBIICHHUS JAHHBIX. DTOT
MIPOIIECC HA3BIBAETCSI BOCCTAHOBJICHHE, IPU 3TOM CUHTHIBAIOTCS JIAHHBIE OJJHOBPEMEHHO CO BCEX OCTABIIIUXCS
JTUCKOB JUISI BBIYUCIIEHUS YeTHOCTH. ECITN BO BpeMs BOCCTaHOBJICHHE OTKAXKET eIlle OJIUH JIUCK, TO BCE TaHHBIS
MOJKHO TIOTEPSTh TOJHOCTBIO, TaK KaK YK€ HEBO3MOXKHO HUYET0 BOCCTAHOBUTH. PHCK BOMHOTO OTKa3a TeM
BBIIIIE, YE€M JIOJIbIIE TPOIECC BOCCTaHOBJIEHUE. [IpM COBpeMEHHBIX O00BbEMax, KOTJa OHHU JIOCTHraloT
TeppabaiiToB M 00Jiee, 3TO MOXET JUIMThCS HECKOJbKY JHEH. Bo3Mo)KHA cHUTyalds C HaJIMYUEM Tak
Ha3bIBAEMOTO «THHJIOTOY» OuTa (COOMHOTO OWTa), SBISIOMIETOCS OJHUM W3 3aBOJACKHX ITapaMETPOB KECTKHX
JTUCKOB. B 3TOM cily4ae, KOTOPBIN MPOSIBJIIETCS MMEHHO TPU OOJBIIMX 00beMaxX XpaHCHHsS, PUCK MOTEPU
naHHbIX B RAID cTaHOBHUTCA HEMPHUEMIIEMO BBICOKUM.

B cBsi3u ¢ 3TUM B COBpEeMEHHBIX MHOTOJIMUCKOBBIX cricTeMax xpaHeHus Big Data orkassiBarorcs or RAID-
MacCHUBOB, M €IWHCTBEHHBIM METOJIOM 3alllUThI TaHHBIX, JIe-(haKTO, OCTAETCI MHOTOKPATHOE KOTHPOBAHHE
(permukanmst). [lpuueM perukamnusi UAET HE TOJBKO MEXAY y3JIaMH, HO U BHYTpU y3i0B. Jlake BHyTpu
DATA-mieHTpa MpUXOAUTCS AeTaTh PEILTUKAIIUIO OT OJJHOTO CEPBEpa K APYroMy.

3.2. Koowl 01 ucnpasnenust owmubox, eruoyaiouue KOHmMpOoibHy0 CYyMMY

Konpl ucnpapieHns OmMUOOK, BKIIOYAIOIINE KOHTPOIBHBIE CYMMBI, OOBIYHO HCIIONB3YIOTCS B KAaueCTBE
mpocToro u 3GHEKTUBHOTO METO/1a BOCCTAHOBJICHUS MOCIIEC MOTEPU JTaHHBIX.

Koraa marueie D = {do, ds, ... dn} pasmeneHsr Ha 6J0KHM OMMHAKOBOTO pa3Mepa, CyMMa TAHHBIX MOYKET OBITh
BBIYHCIIEHA C MCIOIb30BaHUEM KOHTPOIbHOU cyMMbl Cp = dg + d1 +... di ...+ dn. B cimyuae morepu Gioka d;
OH MOET OBITh BOCCTAHOBJICH ITyTEM MepecueTa CyMMbI ocTaBinuxcs qaHHbix C'D, v pasHuIia Mex 1y Gpaiaom
CYMMBI U MTEPECUUTAHHOM CYMMOI Oy/IeT paBHa OTCYTCTBYIOIIEMY 00Ky, T.e. di = Cp — C'p. CymmupoBanue
MO0 MOZYJIIO HCIIOIB3YETCS BO BPEMS CIOKEHHUS IS OMPEIENIEHUS Pasiuuuii MKy OJIOKaMH aHHBIX,
rapaHTUpysl, YTO 00BEM JAHHBIX, HEOOXOTUMBIH JIsT KOHTPOJISE KOHTPOJILHOW CYMMBI, HE TIPEBBIIIACT pa3Mep
050ka. B TBOMYHOIT TOTHKE BBIYKMCICHNE KOHTPOJILHOU CYMMBI YIIPOIIAETCS 10 CYMMHUPOBAHUS TI0 MOJYITIO 2,
peann3yeMoro ¢ moMoIe0 oaHoi omeparn XOR, KOTOpas M3BECTHA KaK KOHTPOJIb YETHOCTH B KOHTEKCTE
00pabOTKH IBOMYHBIX JTAHHBIX.
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[TepBoHauanbHO 3Ta TexHONOTUs MpuMeHsutach B RAID-cucreMax Ay MmHOronuckoBbeix cuctem. B RAID
3/4/5/6 manHbBIe ACNATCS HA OJOKH M BBIYHCIICTCS Y€THOCTH, IPHU ATOM OJOKH MAHHBIX W OJOKH KOHTPOJISA
YETHOCTH paclpeessloTCs MO pa3HbIM JHMCKaM BHYTPH MaccuBa. Takol MaccuB MOYKET BOCCTAHOBHUTHCS
nociie ¢0ost ogHoro aucka. OnHako mpu padbote ¢ 6oabimmuMu o0beMamu JaHHbIX RAID cam mo cebe Moxer
He 00ecTieunTh MPUEeMIIEMBIN YPOBEHb HaIe)KHOCTH. BoccTaHoBiieHue mocite c00si, KOTOpoe BKITIOYAeT B ce0s
BOCCTAHOBJICHHE JTAHHBIX C BBIMIEAIIETO W3 CTPOS AWCKA ¥ 3aIUCh UX HA HOBBIM ()YHKIIMOHAIBHBIN IWCK,
CTaHOBHTCSI HETIPUEMJIEMO TPYIOEMKHM, TIOCKOJBKY Ul pacdyera TpeOyroTcs JaHHBIE CO BCeX OUCKOB. Bo
BpeMsI TIpoIlecca BOCCTAHOBIEHU (MEPECTPONKN) CHCTEMa XPAaHEHHUS JaHHBIX HEOCTaTOYHO 3allMIIEeHa OT
MOCTIEAYIOMINX COOEB, M TTOTEPSI IPYTOTO AUCKa MOKET MPUBECTH K 0€3BO3BPATHOM MOTEpe TaHHBIX.

C npyroil croponsl, RAID-MaccuBBl - 3TO AOPOrOCTOSIINE YCTPOMCTBA, MpeAHA3HAUECHHBIE B TEPBYIO
oyepenb A BBHICOKOCKOPDOCTHOTO OHIAaWH-XpaHeHusi W oOMeHa maHHBIMH. RAID-koHTpoiuiep BHYTpH
yCTpoiicTBa obecreyrBaeT OTHOBPEMEHHOE YTEHHE U 3aIICh Ha BCE TUCKH, TEM CAMBIM YBEIIMIHBAs OOIIYIO
CKOpOCTh OOMEHa HaHHBIMHU. JlJI1s1 YIOBJETBOpEHHs MOTPEOHOCTH B XpaHWIHIIAX OONBLIOH EMKOCTH
pa3pabaThIBalOTCs CHEIHANTN3UPOBAHHBIE CHCTEMBI, KOTOPhIE COUETAIOT OTHOCUTEIBHO 00JIee MeJICHHBIE, HO
e€MKHe AWCKH C TEeXHOJIOTHUSMHU DPACIIPENEICHHOTO XPaHEHWs, 00eCTIeYMBAIONIMMU yCTOMYNBOCTE K COOSIM
TUCKOB. JTH CHCTEMBl XPaHEHHWS MaHHBIX Takxke HasbBatoTcs RAID, XOTs B HUX HE HCHOIB3YIOTCS
TpaJUIIMOHHBIE MPONPUETAPHBIC TEXHOJIOTHU KOHTPOJS YETHOCTH. J[JIs STHX MHOTOAMCKOBBIX TEXHOJOTHH
XpaHEHUs JIaHHBIX CYIICCTBYIOT pa3lIMdHble 00o03HaueHus], Takue kak RAID 7.3 miam RAID m+n, kak B
OTKPBITOH, TaK U B MPONPUETAPHON hopMax, KOTOPBIE OTINIAIOTCS OT 00bIYHBIX RAID-cucTem n BocxomsT K
MepBOHAYANIbHOMY 3Ha4deHWI0 ab0peBuaTypsl RAID — w30BITOYHBI MacCMB HEJIOPOTHX JIHCKOB,
O3HAYAIOIINI MaCCHB JOCTYIHBIX TUCKOB [11].

3.3. Ucnonvzosarnue kodos Puoa-Conomona

Hs3-3a megoctatkoB RAID-cucTeM, CBS3aHHBIX C BBICOKOM HM30BITOYHOCTBIO, CTOMMOCTBIO M HM3KOM
HaJEeKHOCTBIO, CYIIECTBYeT HEOOXOAMMOCTh B W3YYEHWH TEXHOJOTHH XpaHEHWs, HCIIONB3YIONMX Ooee
MPOJABUHYThIE MeETOABl. Pasnmmunple cucremMbl, YacTto Ha3eiBaemble RAID n+m, wHCIOmB3yIOT
MOMEXO0YCTOHYMBBIN anropuT™ KoaupoBanus qanHbix Puna-Conomona (RS). [lpumeuaTensHpiMu npuMepaMu
spisitoTest RAID 7.3 ot RAIDIX u3 Cankr-IlerepOypra u pemenne IBM niist xpaneHus JaHHBIX, OCHOBaHHOE
Ha TexHonorun Cleversafe, npnobperennoe IBM.

AnroputM RS mo3BosisieT HAacTPOUTH KeTaeMylo OTKa30yCTOMYMBOCTh NMyTEM YKa3aHHMS KOJUYECTBa
OJIOKOB, KOTOPBIE MOTYT OBITh BOCCTAHOBJICHBI TIOCHE TTOTepH. OH MOXKeT 00HAPYKUBATh MMOBPEXKICHHbIEC UITU
OTCYTCTBYIOIIME OJIOKM U ONPEAENATh MECTONOJOXKEHHE OJIOKOB, TpPeOYIONIMX BOCCTAHOBIICHUSI.
TeopeTruecku anroOpuTM MOXKET OOHAPYXKWBaTh | OMIMOOK W BOCCTaHABIUBATh WH(M)OPMAIUIO, WCIIONIB3YS
W30BITOYHBIC TJaHHBIE, B Pe3yJIbTaTe Yero MoydaeTcs B 00MIeH cIokHOCTH N+2t O10KO0B, TAe N MpeCcTaBiIsIeT
CO00M KOMTMUYECTBO OJIOKOB JaHHBIX.

Meton RS wMakcuMmm3upyer €MKOCTh XpaHWIWINA TpPH COXPAaHEHWH W30BITOYHOCTH, ONM3KOH K
TeopeTuueckoMy mnpeaeny. OnaHako 3T0 TpeOyeT OOJBIIMX BBIUMCIUTEIBHBIX 3aTpaT HM3-3a CJIOMXHBIX
BBIYMCJICHUN W MOXET MPUBECTH K 3HAYMTEIBHOHN 3a7epKKE CHUCTEMBbI NMPU 00pabOoTKe OOLIMPHOr0 OOMEHa
nH(popMaIueit ¢ cucremoit xpaneHus. Kpome Toro, anroputMy He XBaTaeT MacIITaOUPyEeMOCTH, TIOCKOJIBKY
m000€ yBETHMUEHHE EMKOCTH XpaHMINIIA TPeOYET MOTHOTO NepecueTa JaHHbIX TI0 BCEMY MAaCcCHBY, YUUTHIBAS
KECTKYIO areOpandeckyro CTpyKTypy anroputMa RS. B coBpeMeHHBIX MHOTO/IMCKOBBIX CHCTEMAaX XpaHEHUS
JTAHHBIX C BBICOKOW YaCTOTOW OTKA30B JIa)K€ HE3HAYMTEIHHOE OTKIOHEHHE OT TIOPOrOBOTO 3HAUEHUS OTKa3a
MOXKET TIPUBECTH K TOJHOW TOTepe IaHHBIX, MOCKOJbKY OTKa30yCTOMYMBOCTH ajroputMa RS wumeer
MOPOTOBYI0 TipupoAy. [pyras mpobiema, cBsI3aHHASI C pACIIpeIeIEHHBIM XPaHWIHIIEM, 3aKITI0YaeTCS B TOM,
yT10o anroput™ RS Tpelyer mist BIMUCIEHWI JaHHBIX CO BCEX IMCKOB MAacCHBa, YTO JIEJA€T JOCTYHMHOCTh
JAHHBIX YSA3BUMOM IS CKAYKOB CETEBOTO TpaduKa XpaHWIHUIIA.

MHoroMepHbI€ KOJIbI KOPPEKIMH OLITHO0K, U3BECTHBIE KaK TIOMEX0YCTONUNBOE KOJAUPOBAHHUE, ITPEIIararoT
pa3nIMuYHBIE TOAXOABI JUISI TpeomofieHuss d3Tux mnpodbmem [12]. Msl  pa3pabotamm  MPOCTOM,
pecypcocOeperarpIuil anropuTM, KOTOphIii 00ecrevynBaeT HaJIe)KHOCTh, CPABHUMYO C anroputMoM RS, HO
JIUIICHHBINA €r0 HEAOCTaTKOB. XOTs OH 00ecIeunBaeT 00yiee BRICOKYHO U30BITOYHOCTD, YeM anroput™ RS, oHa
3HAYUTEJILHO HUXKE, YeM H30BITOUHOCTD, JIOCTHraeMasi ¢ IIOMOIIBIO METOIOB perutnkanuu [13].

4. Pesynomamul
4.1. Yemnocms 8 00HOM UsMepeHUU.
Jagaiite pa3nenum qaHHBIE HA Ba 0J0Ka OIMHAKOBOTO pa3Mepa U BBIYHCIUM HX YE€THOCTb.
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D - {dy,dy}, d, =dy®Dd; (1)

rae @ obo3znavaer omepanmio XOR, KOTOpas BBIOJHSET MOOMTOBOE CIOKEHHE MO MOIYIIO 2, CTOUT
OTMETUTh, YTO PE3yIbTHPYIOIINE OJIOKM JaHHBIX 00JalaloT CHOCOOHOCTBIO BOCCTaHABIMBATH JIOOYIO
HeZocTaromIyo 4yactb. [lokaxkem, uTo, Hanpumep, dy = d,@Bd,. IT0 MOXKHO MPOJEMOHCTPUPOBATH, HATIPUMED,
BBHITIOJIHUB OTIEpaIMi0 ¢ 00EMMH CTOPOHaMM ypaBHEHUs d,. Mcmonb3ys CBOWCTBO MHBONIOLWHU OMEpaIHU
XOR, mb1 yripomiaem ypaBaeHue d,@d,, 9T00BI MOIYIHTh IPAaBHILHOE PaBeHCTBO (1).

d,®(dy = d1®d;) - do®dd; = d; (2)
AHaJIOTHYHO JTOKA3bIBACTCS PABEHCTBO d; = dy@d, C UCIOIL30BaHUEM OTIEpaH dD:
do®(d; = do®d;) > do®dd; = d, 3)

B pesynbraTe MbI moydaeM Ha0Op M3 TPEX COOTHOMICHHH, KOTOpPBIE MO3BOJISIFOT BOCCTAHOBUTH JHO0OI
MOTEPSHHBIN OJIOK TAaHHBIX B TIpe/enax Hadopa:

dO == dledz
dy = do®d, 4)
dz = do@dl

Pe3yanMpy}omaﬂ TpOﬁKa JaHHBIX MOXKECT OBITH BbIpaX€Ha B BUJC OJHOMCPHOI'O BEKTOPA, BEBIPOBHCHHOT'O
110 OCH X, I'’/IC DJICMCHTHLI JaHHBIX CBA3AHbI MCKAY €000 OTHOLIEHUAMHU YETHOCTH:

do
D - |dy|, d; = di1®d;4 5)
dy

rne i = {0,1,2} BBIYKCICHUS BBINONHSIOTCA C WCIOJIB30BAHMEM OIEpPAalUH 10 MOAYTI0 3. DTO
MoJIpa3yMeBaeT, uTo (popMyiia 4eTHOCTH paboTaeT B KOHTEKCTE apupMeTHKH o Mmoayiio (5) 0—1=3 u 3+1=0.

4.2. BoluucieHnue 4emuocmu 8 08yx UsMepeHUsIxX

JaBaiiTe pa3fenyM HCXOAHBIE JaHHBIE Ha 4YeThIpe OJIOKAa OJMHAKOBOIO pazMmepa. MBI pacloyioKuM 3TH
OJIOKH B BUJIE IByMEpHOU MaTpuIlbl 2x2. YToOBI Mpeodpa3oBaTh MATPHILY, MbI pACITUPUM €€ 10 MaTpHIIb 3X3,
n00aBMB IyCTOM CTONIOEL CIpaBa U IyCTYIO0 CTPOKY BHU3Y. Jlasee Mbl BBIYMCIMM KOHTPOJIBbHBIE CyMMBI JJIs
K10 CTPOKH U CTOJIOLA U IOMECTUM PE3yJIbTaThI B IIyCThIE MECTA.

d d dOO dOl d02
[ 00 01] - (dyo di1 di2 (6)
le dll dzo d21

PesynpTHpytomias mMaTpuua JaHHBIX 00JalaeT ABYMEPHON YETHOCTBIO, YTO MO3BOJISIET BOCCTAHABINBAThH
JOObIC TIOTEPSHHBIC JIAHHBIE C IOMOINBI0 BBIYMCICHWH Kak IO CTONOIAM, Tak W IO CTPOKaMm. OTO
JEMOHCTPHUPYET NPUMEHEHHE MHOTOMEPHOT'0 KO/1a IPOBEPKH ueTHOCTH [11].

UroOBl 3aBEpIINTh MATPHUILY, Mbl BEIYUCIUM YETHOCTh YETHOCTH. DTO MPHUBENET K ABYM PaBEHCTBAM —
dyo®d,, = dy, 1dy,®d,, = d,, , T @, HAOMHUM, YTO JTOT 3HaK MpeacTapisieT oneparuio XOR, koTopas
BBITOJTHSIET IOOMTOBOE CIIOKEHHUE 10 MOJYIIO 2. MBI TIEMOHCTPUPYEM OTO, BBISBIISIS 3HAUCHHS YETHOCTH U
paccmarpuBasi KOMMYTaTUBHOCTH oneparuu XOR:

do®Ddy = (doo@dlo)@(dm@dn) =dy,
doz@du = (d00®d01)®(d10®d11) = (doo@dm)@(dm@dn) = dzzl (7)

moyduM d,,' = d;.
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Pesynprupyromas matpunia 3x3 B IBYX H3MEpEHHSIX OyJET COJepXaTh JaHHBIE B CBOMX CTOJIOIAX U
CTpPOKaX, COCIWHEHHBIX C TOMOIILI0 omepamnu XOR, mpuMmeHseMol K COCeIHMM IapaM JIaHHBIX. B
pe3ylbTaTe KaKAbIH OJIOK TaHHBIX MOXKET ObITh TIOJYYCH C TOMOIIIbi0 oneparui XOR n1Byms criocobamu, Kak
10 TOPU30HTAJIU, TaK U TIO BEPTUKAIIU:

doo do1 do2] 4. . = 4 ©d
ij = Qit1,j i-1,j
D - d10 d11 d12 ){dij = dl' j+1®dij—1 (8)
dyo dzq dy; ' ' ,

IJIe YMCIOBOE 3HAYCHUE WHIEKCA OMPEACIISIOTCS 10 MOJYIO 3, YTO MOKa3biBaeT Kobio BeiueToB {0, 1, 2}.
OTU COOTHONICHHS MOXHO TIOHMMATh KaK JABYMEPHYIO YETHOCTh B KOOpAMHATaX X U Yy, KOTOpHIC
COOTBETCTBYIOT OJJHOMEPHBIM BEKTOpaM, ITOTy9€HHBIM U3 CTPOK M CTOJIOIIOB COOTBETCTBEHHO.

4.3. Bviuucnenue uemnocmu 8 mpéx usmepeHusix

Crnemyst omMCaHHOMY alTOPUTMY, CTAHOBUTCSI BO3MOKHBIM CTEHEPHPOBATH TPEXMEPHYIO MATPHILY ITyTeM
paszeneHusl MaHHBIX Ha 8 OJIOKOB OJMHAKOBOTO pa3Mepa W BBIYUCIICHUS JAHHBIX O YETHOCTH 1O TPEM
KOOpAUHATaM X, Y, Z:

D - dOlO d011 d012 d110 dlll d12 d210 d211 d212 (9)

dooo doo1 dooz] [dloo d101 doz] [dzoo d301 dz02
d120 d121 da2] Ldyzg dagq dags

dOZO d021 d022

MyTEM YCTAHOBJICHHUS TPEX B3aUMOCBS3EH MEXy OJIOKaMU JaHHBIX:

dijr = dig1,jk®di—1,jk
dijr = dij+16®dij_1k, Tae (i,j, k) mod 3 = {0,1,2} (10)
dijr = dijr+19d;jr—1

Ecnmu MBI paccMaTprBaeM NBYMEpPHYIO MaTpHIly, ONIHCAaHHYI) paHee, KaK COCTOSIIYI0 M3 OJHOMEpPHBIX
aeMeHTOoB (5), TOo TpexMmepHas MaTpuia (GopMHpyeTcsl MyTeM IOCIEA0BaTEeIHHOTO CIOXKEeHHsT HAOOpOB U3
Tpex aByMmepHbIXx Matpuil (9). Tperbs wmarpuiia, TpencTaBieHHAs KOOPAMHATHOM IUIOCKOCTBIO Z=2,
TCHEPUPYETCS HAa OCHOBE BBIYMCIICHHBIX JAHHBIX O YETHOCTH JIBYX BEPXHHX IJIOCKOCTEl. B oOieM, 000k
OJIOK TaHHBIX CO 3HAYEHUEM HHJIEKCA 2 SBISETCS OJIOKOM YETHOCTH.

B pesymprare Mbl monydaem KyO pasmepoMm 2x2x2, COCTOSIIMKA HM3 HCXOJHBIX OJIOKOB IaHHBIX CO
3HaueHUsAMHE uHAeKca 0 wiu 1, a Takke TpexX TPaHUIHBIX TI0OCKOCTEH, COACPIKAIINX JJAHHBIE O YSTHOCTH, OJTHA
13 KOTOPBIX MMEEeT 3HAUYEeHUE HHIEKCa 2.

4.4. N-uepnas wemnocmo

OmnucaHHyl0 MOJICTb PACIICIUICHHS JAHHBIX Ha OJOKH M CIOCO0 TeHepaluu OJIOKOB YETHOCTH MOXKHO
pacIIUpUTh Ha JIIOOYI0 N-MEPHYIO YETHOCTh. [Ipy 3TOM OpUTHHANBHBIC aHHBIC OyIyT pacileriaThes Ha 2"
0JIOKOB, TOCJIe OOpabOTKH AJIrOPUTMOM T€HEpallMd YETHOCTeH MbI mojay4duMm 3" OJIOKOB, rae N — 3TO
pasMepHOCTh YeTHOCTH. [lomydeHHbIe OJIOKH OYIyT CBS3aHBI MEXAY COO0I COOTHOIIEHUSMHU YETHOCTH:

(Qijk,.n = dit1,jke,..nDdiz1,jk,..n
dijr..n=dijr1k..nPdij-1k..n
Aijk..n = dijk+1, nDdijr-1, n TAE HHAEKCHI mod 3 = {0,1,2} (12)

dijr..n=dijr. ns19dijk,. n-1

KittoueBbie XxapakTepUCTUKH MHOTOMEPHOM Y€THOCTH BKITIOYAIOT:

1. Tlo wMepe yBenW4YeHUS Pa3MEPHOCTH UETHOCTH YBEIMYMBAETCS M KOJMYECTBO METOJOB
BOCCTAaHOBJICHHUS! TIOTEPSHHBIX OJIOKOB AaHHBIX. B n-mepHOM mpocTpaHCTBe (DyHIAMEHTaJIbHOE CBOWUCTBO
OJTHOMEPHOTO BEKTOpa YETHOCTH IMpeodpa3yeTcsi B MEPEKPECTHBI KOHTPOIb YETHOCTH B KaXIOM H3 N
HaTpaBJICHU, TIO3BOJISISI BOCCTAHOBUTH IMOTEPSIHHBIN OJIOK, CIIONb3YsT OCTABIIMECS JIBA.
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2. Ilo mepe yBenuueHus pa3MEPHOCTH PACUIUPSETCS HE TOIBKO KOHTPOIb MEPEKPECTHON YETHOCTH, HO
MW CTAHOBATCSA JOCTYITHBIMH JOTOJIHWUTENbHBIE ONIMKA JUI BOCCTAHOBJICHHS IENMOYKH. bomee BBICOKas
Pa3MEpPHOCTh TPEAOCTABISICT BO3MOXKHOCTH BOCCTAHOBJICHHS "OTCYTCTBYHOIIMX' NaHHBIX I JIFOOO0H
3aJlaHHOW KOOPAWHATHI (B Clydyac IMOTCHIMAIBHO KPUTUYECKOW TOTEPH) IYTEM HCIOJb30BAaHUS JIPYTHX
(haitmoB. DTO MO3BOISIET OCYMIECTBIATH MOIIATOBBIA MPOIIECC BOCCTAHOBIEHHS, TIPU KOTOPOM TpeOyeMbIit
(haiir BoccTaHAaBIMBAETCSA MOCTIE MTOCIIEA0BATEIHHOTO BOCCTAHOBIICHHS JPYTHUX (PAiIIoB.

4.5. Unmocmpayus nowazo8020 60CCMAaAHOBNEHUS

JoryctM, 9T0 B MaTpHIlEe IBYX U3MEPEHUN OTCYTCTBYIOT 5 OJI0KOB MaHHBIX. B ciydae ¢ daiinom dgy, 310
npeacTaBisieT co0OH MOTEHIHWAIBHO HEOOpaTHUMYIO CHTYallWlo, MOCKOJIBKY HH OJHA M3 KOOPAMHAT HE
MIO3BOJISIET €r0 BOCCTAHOBUTD:

doo do1 do2
dip di1 diz| = dq1 dq; (12)
dzo dz1 da2 dao d3q

Ho ects nBa BapHaHTa HECNIOYCYHOI'0 BOCCTaHOBJICHUA:

dyo = d11®dy > doo = d1oDdye — B ABa mara
dyz = dyo®dy1 = doy = dya®dy; = dog = d11Bd31 = doo = do1Dd, — B UeThIpe wara (13)

Hanuuue omiuit BOCCTaHOBJICHHUS IIETIOYKA B MHOTOMEPHBIX KOJAX YETHOCTU YCTPaHSET MOPOTOBBIM
XapaKTEp BEPOATHOCTH BOCCTAHOBIICHUS NAaHHBIX. JTO O3HAYAET, YTO AAKE B CLUEHAPUSX, II€ MPOUCXOIAT
TeopeTuieckne Oe3BO3BpaTHBIE IOTEPH, BCETNa CYIIECTBYET BO3MOXHOCTH ITOMCKAa KOMOWHAIUN IS
BOCCTaHOBJICHHS IICTIOYKH.

B nBymepHOI MaTpuIle YETHOCTH, COCTOSIICH 13 9 (paiioB, Kax bl (aiiil COSAMHEH C IBYMS COCEIHUMU
(haiimamMu gepe3 MmapuTeTHBIE CBSI3U, YTO MO3BOJISIET OCYIIECTBISTH BOCCTAHOBJICHUE C X MOAEPKKON. DTO
MPUBOJIUT K CIICAYIOIIMM HAOJIOCHHSIM:

a) morepu oT 1 10 3 MecT XpaHeHus (aiioB Bcera rapaHTUPOBAHHO OYYT BOCCTaHOBJICHBI.

0) motepu B 4-5 MecTax 00ecIeunBalOT BapUaHThl BOCCTAHOBIICHUS IETIOUYKH, 00ecrieunBasi HEHYJIEBYIO
BEPOSITHOCTh BOCCTAHOBIJICHHUS.

B) €CTECTBEHHO, Han0OJIee CEPhE3HBIM ClIHApUEM MOTepH (HaiIoB SBJISIETCSA OTCYTCTBUE 6 U3 9 (aiiios.

4.6. Pasnuunvie cyenapuu nomepu OaHHbIX, 8bI36AHHbIE OMKA3AMU XPAHUIUWA

JlapaiiTe onpenenuM KPUTHUECKYIO kKoMmGuHaimio c6oes DLX" Kkak crieHapwii, mpy KOTOPOM HCXOHBIIA
¢aiin He MOXeT OBbITh BOCCTAHOBJICH Ipu moTepe K u3 N mMect xpanenusi. Hanpumep, B ciiydae IByMepHOit
MaTpuipl, ecnd 4 u3 9 sgueek XpaHeHHs OyAyT MOTepsHBI, HAOOp KPUTHMYECKMX KOMOMHAIMA Oyner
CIIEAYIOIIUM:

(T do2]1 [ do21[  dor ]
dlZ ) d10d11d12 ) dll ]
dy0dy1dya] L dyol Ldyody1d;,]
'doo 1 [doo 1 [Qoodo1do2]
DL4’9:< d10 ) d10d11d12 ) d10 ,> (14)
[d;0d21d221 Ly 1 1dy ]
[doo@o1do2] [doodordoz] do1
diq ) diz|,|diod11d12
L dyy 1L d;; ] dyq J

CyMMapHOe KOJIMYECTBO IMOTCHIIMAIbHBIX KOMOWHAIMHA U3 K MECTOMONIONKEeHUH W3 N IKBUBAJICHTHO
KOJIMYECTBY KOMOMHANMi1 U3 N BeIOpaHHbIX K [12]:

cn = n(n-1)..(n-k+1) _ n!
e k(k-1)..1 T (n-k)!k!

(15)

153




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.

HeB0o3M0XHOCTD BOCCTAaHOBIICHUS TIOCIIE TTOTEPH YETHIPEX OJOKOB BO3HUKAET, KOT/IA BBILICANITHE U3 CTPOS
MecTa XpaHEHHs, PACIOJIOKEHHBIE B BEpIIMHAX IBYMEPHOW MATPHIIBI, NMPHUBOIAT K IEPECEKAFOIIAMCS
(hafiIOBBIM KOOPJMHATAM, KOTOPBIC (DOPMUPYIOT NAPHBIC TOTEPH.

Jisa kaxk o koMOMHaImu U3 2 U3 3 OyJeT 2 KOMOMHAIMY U3 2 U3 3, B pe3yJIbTaTe 4ero B 00IICH CIIOKHOCTH
MOJYIHUTCS DL*® = 9 koMOuHAaIHMiA.

HeB03MOKHOCTE BOCCTAaHOBJICHHUS IIOCJIE IIOTEPH IIATH OJOKOB BO3HHKAeT, KOTIAa MeCTa XpaHCHUS
PaCIOJIOXKEHBI TAKUM 00pa3oM, 4TO JIFOOBIC YEThIPE U3 HUX 00Pa3yIOT BBIIICYMTOMSHYTYIO KOMOHHAIIUIO.

YunthIBasi, 4TO AOCTYITHO IIATH TO3HUIINHN, 00IIIee KOINIeCTBO KOMOMHAIINNA PAaBHO DL>®= DL*®- 5 = 45,

Teneps maBaiiTe MOACYNTAEM BEPOATHOCTH MOTEPH JAHHBIX NPU CIIy4alfHOM OTKa3e YETHIPEX IHUCKOB H3
neBsTH. KakoB MIaHC MOTyYuTh KOMOWHAIIHIO DL*®, KOTOpast MPUBEJCT K OTEPE JAHHBIX?

BeposTHOCTS MOTEpH TaHHBIX Q*° MIPU BBIXOJI€ U3 CTPOS YETHIPEX MECT XPaHCHUSI:

qucio DL*? 9 9

Q¥ =—xF—=——=--=0,0714 (16)

(n—-m)'m! (9-4)!4! 126

[Ipennonoxum Teneps, 4TO CIyd4aiiHBIM 00pa3oM OTKa3bIBAIOT 5 NUCKOB. KakoBa BEpOSITHOCTB, YTO MBI
TIOJTyqHM IpH 3ToM KombuHamuio DL>® Beymyro k motepe 1aHHBIX?
BeposaTaocTs Q*° oTepn JaHHBIX TIPH OTKa3e MATH MECT XPAHEHHS:

4ucao DL 45 45
Q5,9 = i = 91 = FG = 0,3571 (17)
(n-m)!'m! (9-5)!5!

BeposTHocTh motepy aHHBIX ¢ komOmHamusamu Q°°, Q7°, Q%°, Q°° mpm motepe 6 mim Gonee mect
XpaHCHHS paBHA 1,0 I[pyI‘I/IMI/I CJIOBaMH, TaKHU€ IMOTCPU MECT XpPaHCHHA ABJIAIOTCA HEBOCIOJIHUMBIMU U
NPUBOJAT K ITOJTHOW TOTEPE TAHHBIX.

C YBCINYCHUCM KOJIMYCCTBA JUCKOB B MaCCHUBEC, HAICIKHOCTb MHOT'OAUCKOBBIX CUCTEM CHHIKACTCA. HyTCM
HMCIOJIb30BAHMUS CTATUCTHUYECKOM MOJACIIN, y‘II/ITBIBaIOHleﬁ BEPOATHOCTb OTKa30B AMCKOB, MOKHO YTBCPIKIATh,
YTO YacTOTa OTKAa30B A B MAacCHBE W3 N MCKOB YBEIHUYHUBACTCS MPHMEPHO MporopioHanpao N [13].
BepostHOCTE OTKa3a mucka Qdey B T€UEHHE 33aJaHHOTO BPEMEHHOTrO MHTepBasia { MOXXET OBITh BBIpayKeHa
CIeIyIomuM 00pa3oM:

Qaev =1 — e—lt’ (18)

I[J'IH MacCHuBa, COCTOALICIO U3 N TUCKOB, BEPOATHOCTDH C60$I JHUCKa Qnarr 6y,[[6T OIIPEACITIATHCA KaK:
n _ —nAit
Qarr =1-e (19)

3aBOJICKOI TIOKa3aTelnb, MpeAcTaBIstoNmiA KadecTBo nucka, MTBF (cpemHee BpeMst Mexay OTKa3amHu),
COOTBETCTBYET IMapaMeTPy A, KOTOPBIM YKa3bIBA€T OXKHIaeMOE KOJMIECTBO YaCOB PabOTHI JHUCKA JIO TIEPBOTO
OTKa3a.

B TekylieM KOHTEKCTE Halle BHUMAHUE COCPEIOTOUYEHO HA OMPEAEIICHUU BEPOSTHOCTH OJHOBPEMEHHBIX
0TKa30B K TMCKOB U3 3a1aHHOT0 Habopa N. X0Ts Takue cOOM MOTYT BOSHHKATh B MACCHBE U3 N JIUCKOB, TOJIHKO
n!
(n—k)!k!
HYXHO YYHUTBIBATh COBMECTHYIO BEPOSITHOCTh K OTKA30B JMCKA U3 N, HAPSITY C BEPOATHOCTHIO BOSHUKHOBEHUS
(harampHOTO CIIEHAPHS Qk'”. [Ipeamonarasi, 9To0 OTKa3 OTAENBHBIX ITUCKOB SIBJSIETCS CIyYalHBIM |

HE3aBUCHMBIM COOBITHEM, Mbl MOXKEM PACCUUTATH BEPOSITHOCTEL cO0st XpaHunuiia K ciaeayrormm o6pa3om:

9 k,n Cn —_
ClICHApHUKn (baTaJ'ILHOFO DL , IPUBCICT K C60I0 XpaHuiviia k — . OT0 noApasymMeBacT, 4YTO HaAM

‘Ilc}r; = Qk'n ' (Qtrzlrr)k (20)

4.7. Beposmnocmos omkaza CX/[ ¢ d6ymepnoti uemnocmuio

[IpuBenem mpumepHBId pacdeT BeposTHOCTH oTkaza CXJl ¢ AByMEpHOW YETHOCTHIO, MCTOIB3YIOIIEH
tunoBble sxectkue aucku ¢ MTBF ~ 800 Toic. wacos (Mean Time Between Failure — Bpemst Mexay cOosiMu
nnu HapaOoTKa Ha 0TKa3). BepoarHocTh c60s nucka B Teuenue rona ¢ MTBF Gyner:
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8760
Quey =1 — e * =1 — e 500000 = 0,0109 (21)
rae A= 1/MTBF, at=1 ron (8760 gacos). Jlucku ¢ Takum MTBF umeroT BeposSITHOCTh OTKa3a B TSUCHUE
roga 1,09%.
BeposiTHOCTB cO0s1 KaKOTO-TMO0 JHMCKa B TEUEHUE TOjla B MACCHBE U3 9 JIMCKOB, COOTBETCTBEHHO OyNeT

yxe 9,38%:

8760

Quep =1 — e~ — 1 — ¢” 500000 = 0,0938 (22)

BepositHocth oTkaza CXJl mpu oTkase 4 &OUCKOB, T.. MOJNydeHUE (aTanbHOTO ClieHapus OyneT
0,00055273%:

B =k (Q2,)* = 0,0714 - (0,0938)* = 5,5273-107° (23)

BepositHocTh oTka3za CX/JI mpu oTkase 5 auckoB oyaet 0,0002593%:

R

3';1 =Q>%-(Q2,)° = 0,3571-(0,0938)° = 2,5930 - 10~° (24)

5. O6cy:xneHue

N36biTounOCTh CX ]I, HCITONB3YIONICH TEXHOJIOT M0 MHOTOMEPHON YeTHOCTH VIS IOBBIIICHUS HAJC)KHOCTH
XpaHEHHUs B MHOTOJIICKOBBIX MacCHBaX, ONPEIENseTCS COOTHOIICHHEM OpUTMHAIBHBIX (PaiiioB Kk oOmemy
qucy (haijIoB BMECTE C N30BITOYHOCTHIO.

Kak ykaspiBanock mpu oOCYXI€HHH CBOHCTB MHOTOMEpPHOW YETHOCTH, OHA paBHA COOTHOMEHWI0 R =
(3/2)", rme N — pa3MepHOCTH YETHOCTH.

Jus CX]1 ¢ nBymepHO# 9eTHOCTRI0 R = 2,25, 94TO mpakTH4ecKn PaBHOCHIBLHO ABYKPATHOW PEIUIMKAIIAN
WIN 3epKanupoBaHrio. BepostHocTh oTkaza CXJ[ ¢ 3epkamupoBaHmeM Ha JBa IUCKa OyJeT paBHA
BEPOSTHOCTU OTKa3a JBYX JIUCKOB OJHOBPeMEHHO. YuuThiBas Gpopmyiy (19) 1 BEpOSTHOCTH OTKa3a UCKa
B MacCHBE U CUMTas COOBITHSI OTKa3a HE3aBUCHUMBIMH M COBMECTHBIMH, IOJYy4aeM BEPOSTHOCTh OTKa3a

2,166%:
8760
Qmirror = (1 — e724)2 = (1 — e *500000)% = 0,02166 (25)

B CX/]1 ¢ TexHONMOTHEH ABYMEPHOIM YETHOCTH MPH CPABHUMOM N30BITOYHOCTH MBI MTOJTy4aeM BEPOSITHOCTH
otkasa ot 0,00055273% no 0,0002593%.

TakuMm 0Opa3om, pacueTHast BEpOATHOCTh MTOTEPh MPU OTKA3€ MECT XpaHEHHs MPU HCIIOIB30BaHUH KOJIOB
MHOTOMEpPHOM HYETHOCTH 3HAUUTEIIbHO MEHBIEe, YeéM TIpPU HCIOJb30BaHMM HWHBIX BapuaHToB CXJI.
MHoromepHsle KOIbl YETHOCTH IO CBOEH CYTH HE HMEIOT ONPEACICHHONM IOPOroBOM BEPOATHOCTH
BOCCTAHOBJIEHHS [JaHHBIX. OJTO O3HA4aeT, 4YTO JaXEe B CLEHApUsAX, [Je TEOPETUYECKH MPOUCXOIAT
0e3BO3BpaTHBIC TOTEPH, BCET/IA CYIIECTBYET BO3MOXKHOCTh OOHApy>KEHHS KOMOWHAIMA BOCCTaHOBIICHHS
nenouku. OHAaKO BaXKHO OTMETUTb, YTO HAJIE)KHOCTh MHOT'OJMCKOBBIX CHCTEM OOBIYHO CHMXKAETCS 110 Mepe
YBEJIUYEHHUs] KOJMuYecTBa IUCKOB B MaccuBe. Ho wuzObiTouHocts CXJI, HMCHOJIB3YIOLIMX TEXHOJIOTHIO
MHOTI'OMEPHOU YETHOCTH Il HOBBILIEHUS HaJIEXKHOCTH XPAHEHUS] B MHOI'OJIUCKOBBIX MACCUBAX, TEOPETUYECKU
SKBUBAJICHTHA MHOIOKPATHOM PEIUIMKALIMH.

6. BoiBoabI

Crioco6 xpaneHus u nepenadn (hanoB 6e3 HCroab30BaHus MU(GPOBAHUS, a TOJIBKO 32 CUET PAaCIIeTNIEHUS]
¢ailnoB mo ajropuTMaM MHOTOMEPHOM UYETHOCTH oOecredynBaeT KOH(OUACHUUAIBHOCTh M TapaHTHPYET
0€301acHOCTh COAEPIKUMOT0 OT HECAHKLIMOHUPOBAHHOTO J0CTyNa. ' TaBHass 0cOOEHHOCTh 3TOW TEXHOJIOTHH,
B OTJIMYME OT CYHIECTBYIOUIMX METOJOB OOecredeHHns Oe30MacHOCTH, 3aKJII0YaeTCs] B €€ CIIOCOOHOCTH
cOo3/1aBaTh BHYTPEHHIOIO MOJIENIb XpaHEHHs U 00pabOTKM JaHHBIX, KOTOpast SABJISIETCS] HENPOTUBOPEUNBOU U
aKTyaJlbHOMW, 00J1a/1as1 BBICOKUM YPOBHEM 3aIIMTHI OT BHELIHUX BTOpXKEHMIA [14].
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Bo-niepBhIX, cucTeMa He MO3BOJISIET BOCIIONIB30BATHLCS MH(POPMAIIUEH B Cllydyae HECAHKIIMOHUPOBAHHOTO
noctyma. Pa3meneHHble MaHHBIE HE CoOIEp)KaT cyllecTBeHHOW wuH(popmannu. Kpome Toro, mpomecc
BOCCTAHOBJICHUSI MOXET OBITh BBIMIOJIHEH C HUCIOJB30BAHUEM TOJBKO YaCcTH PA3/ICICHHBIX JAHHBIX, YTO
MPUBOJUT K pereHepanuu Mect xpaHeHus [13]. Ilpm 3ToM B oTIMYMEe OT MeTOJa PE3epPBUPOBAHUS
(MHOTOKpaTHOTO KOTIMPOBAHMS), CUCTEMA YCTPOSHA TaK, YTO 4eM OOIIbIIle MECT XpaHEHHS HCIIONB3YETC s, TEM
OoJpIee KOMM4IecTBO MH(popManuu pacmiervisierca. @parMeHTsl HHOPMAIIUN XPAHATCS B Pa3HBIX MECTax.
YKenaromemy 100bITH HHQOPMAITUIO, TPUIETCS COOUPATh (PArMEHTHI CO BCEX MecT XpaHeHus. Ho maxe ecnu
OH cobepeT TO, YTO pacCIICIUICHO, OH JOJDKCH 3HaTh, KaKMM 00pa3oM coeauHuTh dacTH. Crocod ke
pacIIeruIeHHs/ BOCCTAHOBJICHUS 3aliCaH B MeTa-(aiiyie, KOTOPBIH MpenocTaBIsieT JOCTy K nHpopmanuu. B
U(PPOBAHUY €CTh KJIFOY, B HAIIIEM METOIC — MeTa-(aiisl. DTo (aiiii, B KOTOPOM OMHUCaH CIIOCO0 paCIICIICHHS,
MMEHHO C €r0 IMOMOIIbI0 MOXHO COOPAaTh TO, YTO PACIICIUICHO.

Koneunas menp TexHONOTHH TOApa3yMeBaeT (yHKIIMOHHUpPOBaHHE Oa3bl JAHHBIX, B KOTOPOW YacTHBIE
MOJIL30BaTENIM, KOMIIAHWA W OpPraHM3allMd MOTYT XPaHUTh CBOM (paiibl, OyAy4Yd YBEPCHHBIMH B HX
0e30MacHOCTH.

Bnazooaprnocms. Hccieoosanue GulNOIHEHO 8 pamKax 2panmosozo @urancuposanus MHuBO no
npoexmy AP13068084 «Paspabomka mexHonocuu OemeKmupo8aHusi aHOMAIbHO20 (0OMaHuU8020)
noGeoeHUsl peCHOHOEHMA € UCNONb306AHUEM ANCOPUMMOSE UCKYcCmEeHHo2o unmennekma (MH) na ocnoge
UBMEHEeHUs XapaKmepucmuk 2010¢d u peyuy» (KOHKYPC MON00bIX YUEHbIX NO HAVYHLIM U (Ulu) HAYYHO-
mexuuyeckum npoexmam ua 2022-2024 200w1).

Cnucox ucnonb306anHOl IUmMmepamypb.

1 Cwpeabexos U., 3aoayner E., Kypmanbaes E. 3awuma ungopmayuonuvix 6asz no memooy pacnpeoeienHozo
xpanenus // JJoknaoer Hayuonanvrou axademuu Hayk Pecnyonruxu Kazaxcman. — Ne5. — 2014. — C. 141-153.

2 3aoaynwl E., Kypmanbaes E., Coipeabexos U. Hnnosayuonnas cucmema be3onacnocmu Ha 6ase pacnpeoeieHtozo
Xpanenusi ungopmayuu ¢ pacueniienuem oannwix // Patriot Engineering. — N2 (7). 2015. C. 111-119.

3 Kapunowanosa AJK., I'voos A.M. Opeanuszayus pacnpedenenuvix 6a3 OAHHLIX UHGOPMAYUOHHBIX CUCTHEM
Memooom pacujennenus oannvix // Mamepuaner XIV (XLV) MeswcOoynapoOHoii HayuHot KoHeperyuu cmyoenmos u
Mono0bix yuenvix «Obpazosanue, HAYKA, UHHOBAYUU: 6KIAO MOLOObIX uccredosameneiy, e. Kemeposo, Poccus, 25
anpens 2019 2. — Kemeposo, 2019.

4 Kurmanbaev E.A., Syrgabekov I. N., Zadauly E. Karipzhanova A.Zh., Urazbaeva K.T. Information Security System
on the Basis of the Distributed Storage with Splitting of Data // International Journal of Applied Engineering Research.
—2017.-Vol. 12. — Ne 8. —pp. 1703-1711.

5 Karipzhanova A., Sagindykov K., Dimitrov K. Justification of the method and algorithm of multidimensional parity
control in distributed databases of information systems // Proc. X National Conference with International Participation
«Electronica 2019», May 16-17, 2019, Sofia, Bulgaria. — https://ieeexplore.ieee.org/xpl/conhome/8816819/proceeding.
—DOI: 10.1109/ELECTRONICA.2019.8825600.

6 Plank J.S. Optimizing Cauchy Reed-Solomon Codes for Fault-Tolerant Storage Applications. — Tennessee, 2005.

7 Shokrollahi A. Transactions on Information Theory // Raptor Codes. — 2006. — Vol. 52. — P. 2551-2567.

8 Lee J.H. WEAVER Codes: Highly Fault Tolerant Erasure Codes for Storage Systems, in FAST-2005: 4th Usenix
Conference on File and Storage Technologies, 2005.

9 Peterson W.W., Weldon E.J. Error-Correcting Codes / 2nd edition.Cambridge, Massachusetts: MIT Press, 1972.

10 Luby M. LT Codes // Proc. of the 43rd Annual IEEE Symp. on Foundations of Computer Science (FOCS), 2002.

11 Patterson D.A., Gibson G., Katz R.H. A Case for Redundant Arrays of Inexpensive Disks (RAID) // Proceed. of
the 1988 ACM SIGMOD conf. on Management of Data. — Chicago IL, 1988. — P. 109-116.

12 Wong J., Shea M., Tan F. Multidimensional Codes. — The Wiley Encyclopedia of Telecommunications, 2016.

13 Kapunocanosa AIK. Tecmuposanue cucmemvl Xpaumenus UHPOPMAyuu ¢ NPUMEHEHUEM aI2OPUMMOS
MHO2OMEPHOI YeMHOCMU, YCHOUYUBHIX K HaACMUYHbIM nomepam mecm xpanenus // Becmnux EHY. Cepus Mamemamuxa.
Komnvromepnuie nayxku. Mexanuka. —2019. — T. 129. — Ne4. — C. 67-76.

14 Kapunocanosa A.K., Cacvinovikos K.M. Cnocobuvl nosviuieHus HadedcHoCmu xpanenus ungopmayuu 8 6asax

Oannvix // Becmuux Ka3['FOUY. — 2018. — Ne3(39). — C. 265-270.

References:
1 Syrgabekov I., Zadauly E., Kurmanbaev E. (2014) Zashhita informacionnyh baz po metodu raspredelennogo
hranenija [Protecting infobases using the distributed storage method]. Doklady Nacional'noj akademii nauk Respubliki
Kazahstan. Ne5. 141-153. (In Russian)

156




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

2 Zadauly E., Kurmanbaev E., Syrgabekov I. (2015) Innovacionnaja sistema bezopasnosti na baze raspredelennogo
hranenija informacii s rasshhepleniem dannyh [Innovative security system based on distributed information storage with
data splitting]. Patriot Engineering. No2 (7), 111-119. (In Russian)

3 Karipzhanova A.Zh., Gudov A.M. (2019) Organizacija raspredelennyh baz dannyh informacionnyh sistem
metodom rasshheplenija dannyh [Organization of distributed databases of information systems by data splitting method].
Materialy XIV (XLV) Mezhdunarodnoj nauchnoj konferencii studentov i molodyh uchenyh «Obrazovanie, nauka,
innovacii: vklad molodyh issledovatelej». (In Russian)

4 Kurmanbaev E.A., Syrgabekov I. N., Zadauly E. Karipzhanova A.Zh., Urazbaeva K.T. Information Security System
on the Basis of the Distributed Storage with Splitting of Data // International Journal of Applied Engineering Research.
—2017.-Vol. 12. — Ne 8. — pp. 1703-1711.

5 Karipzhanova A., Sagindykov K., Dimitrov K. Justification of the method and algorithm of multidimensional parity
control in distributed databases of information systems // Proc. X National Conference with International Participation
«Electronica 2019», May 16-17, 2019, Sofia, Bulgaria. — https://ieeexplore.ieee.org/xpl/conhome/8816819/proceeding .
—DOI: 10.1109/ELECTRONICA.2019.8825600.

6 Plank J.S. Optimizing Cauchy Reed-Solomon Codes for Fault-Tolerant Storage Applications. — Tennessee, 2005.

7 Shokrollahi A. Transactions on Information Theory // Raptor Codes. — 2006. — Vol. 52. — pp. 2551-2567.

8 Lee J.H. WEAVER Codes: Highly Fault Tolerant Erasure Codes for Storage Systems, in FAST-2005: 4th Usenix
Conference on File and Storage Technologies, 2005.

9 Peterson W.W., Weldon E.J. Error-Correcting Codes / 2nd edition. Cambridge, Massachusetts: MIT Press, 1972.

10 Luby M. LT Codes // Proc. of the 43rd Annual IEEE Symp. on Foundations of Computer Science (FOCS), 2002.

11 Patterson D.A., Gibson G., Katz R.H. A Case for Redundant Arrays of Inexpensive Disks (RAID) // Proceed. of
the 1988 ACM SIGMOD conf. on Management of Data. — Chicago IL, 1988. — pp. 109-116.

12 Wong J., Shea M., Tan F. Multidimensional Codes. — The Wiley Encyclopedia of Telecommunications, 2016.

13 Karipzhanova A.Zh. (2019) Testirovanie sistemy hranenija informacii s primeneniem algoritmov mnogomernoj
chetnosti, ustojchivyh k chastichnym poterjam mest hranenija [Testing of the information storage system using
multidimensional parity algorithms that are resistant to partial loss of storage locations]. Vestnik ENU, Serija
“Matematika. Komp juternye nauki. Mehanika”. Ne4, 67-76. (In Russian)

14 Karipzhanova A.zZh., Sagyndykov K.M. (2018) Sposoby povyshenija nadezhnosti hranenija informacii v bazah
dannyh [Ways to increase the reliability of information storage in databases]. Vestnik KazGJulU. Ne3(39), 265-270. (In
Russian)

157



https://ieeexplore.ieee.org/xpl/conhome/8816819/proceeding

BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.

MPHTH 20.01.07
VIIK 004.89
10.51889/2959-5894.2023.83.3.018

A.E. Hazoposa™®, I'T. bexmanosa®, A.C. Myxanoea®, MJK. Kanoapoeda®, H. Tac6onramyni®

YUILH. N'ymunes amvimoazwr Eypasus ¥nimmuix Yuusepcumemi, Acmana k., Kazaxcman
2 Acmana xanvigapanvix yuusepcumemi, Acmana ., Kazaxcman
*e-mail: ayzhan.nazyrova@gmail.com

BIJIIM BEPY BAFJAP/IAMACBIHBIH OHTOJIOTUAJBIK MOAEJ/IIH KYPY

Anoamna

Makanana 6inmim Oepy OarapiiaMachlHBIH KYPBUIBIMBI MEH Ma3MyHBIH CHIIATTay YLIIH OHTOJIOTHSUIBIK TSCLIIL
KOJIIaHy HOTIIKEJIepi, COHBIMEH Karap Kypc TajanTapbl MEH OKBITYy HOTWXKENEpi apachIHIarbl COWKECTIKTIH KeWiHri
TalAaybl KapacThIpblIagbl. 3epTTEYAiH NPaKTUKANBIK HoTmxkeci Protégé 5.5.0 pemaktopblHIa OKYy OapbIChIHAA
KaJIbINTaCaThIH JIaFAbLIap MEH CTYIEHTTepre KOWBLIATHIH al/IbIH ajla OUTIKTLIIK TananTapbl TYPFBICBIHAH 3€PTTENETiH
TIOHIEP/Il KOPCETETiH OHTOIOTUSHBI KYPY 00JbIT TaObuTaabl. OKY )KOCTIAPBIHBIH MOJIENI YAKbITKA TOYSIAUTIKTEP i ecKepe
OTBIPHII, OKY JKBUIBI OOMBIHA CEMeCTpiiep MEH KypcTapablH Tiz0eriH Kamtuapl. Kypeurran onTosorus «lIporpaMmaisik
HHKeHepus» OiniM Oepy OarmapiaMachiHBIH EepEeKTEpPIMEH TONTHIPBUIFaH. ABTOpPJAp JIOTHKANBIK SiCTepHi KOJAaHa
OTBIPHII, OKY KOCIIAPBIHBIH AJIIBIHFBI OKY Ke3SHICPiHAe KAIBIITACKAH TalalTap MEH JIaFIbUIapFa COUKECTIriH TeKcepyre
My™mKiHnik oeperin DL Query sxone SPARQL Tinmgepinme cypaHbICTapIbl d3ipiedi. O3ipIieHreH OHTOJIOTHSIBIK KOHE
JIOTHKAJIBIK KOPBITBIHABI epexxerniepi OiniM Oepy ymepiciH Oackapy KyHelepiHae jkoHe opTYpIli MoHIep OOUBIHIIA OKY
HOTWOKEJIEPIHIH JKYHeniniri MeH OaraapiiaMa TYTaCTBIFBIH MHTEIUIEKTYaNbl Tajjay YLIiH OiniM Oepy OarmapiamachiH
)obanay KypaigapblHaa KOJIJaHBUTYbl MYMKIH.

TyiiiH ce3aep: OHTOIOTHS, IPEPEKBU3UTTEP, O1ITiM Oepy OaraapiIaMachIHBIH KOHCTPYKTOPHI.
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CO3JAHUE OHTOJIOT MUECKOMW MOJEJU OBPA30BATEJLHOM ITPOI'PAMMBI

B craree paccmarpuBaioTCs pe3ysbTAaThl UCIIOIB30BAHHS OHTOJIOTHYECKOTO IOAXO/a AJSl ONHMCAHMS CTPYKTYPHI U
coJiep>kaHusl 00pa30BaTENbHON MPOrPAMMBI, @ TAKXKE MOCIEAYIOLIET0 aHaIu3a COOTBETCTBUS MEXIy TPEOOBaHUAMU K
KypcaM U pe3ynpTaTamMu oOyueHHs. [IpakTHUeCKUM pe3yJbTaTOM HCCIEOBAHUS SBISETCA CO3JaHME OHTOJIOTHHU B
penaxrope Protégé 5.5.0, koTopast oTpaxaeT u3y4aemble TUCHUILIMHBI C TOYKH 3PEHHsI HABBIKOB, KOTOPBIE ()OPMUPYIOTCS
B X0Ji¢ 00yueHHs, U IPeABAPUTEIBHBIX TpeOOBaHNH K KBaTH(UKALIMN CTYACHTOB. Mo/eib y4eOHOro IIaHa BKII0OYaeT
MIOCTIEIOBATENbHOCTh CEMECTPOB M YUEOHBIX KypCOB B TEUEHHE AaKaJeMHYECKOr0 TOoAa C Yy4YeTOM BPEMEHHBIX
3aBucuMocTei. Co3maHHass OHTOJNOTHS 3alONHAETCS MaHHBIMU H3 o0pa3oBarenbHO mporpammsl «IIporpamMHuas
HHKeHepus». ABTOPHI pa3pabotanu 3anpockl Ha si3bike DL Query 1 SPARQL, koTOpEIe, ¢ HCTIOIh30BaHUEM JIOTHIECKIX
METO/I0B, HO3BOJISIOT ITPOBEPHUTH COTIIACOBAHHOCTH y4eOHOI MporpaMMsl ¢ TpeOOBaHUSMH 1 HaBBIKAMH, ()OPMUPYEMBIMH
B Ipedplnymue y4deOHble mnepuonipl. PaspaboraHHas OHTOJOTHMS W TpaBHia JIOTHYECKOTO BBIBOJA MOTYT OBITH
UCTIONIb30BAaHBl B CHUCTEMax YIpPaBJIeHUS o00pa3oBaTeNIbHBIMM TIPOLECCAMH M WHCTPYMEHTAaX MPOEKTUPOBAHUS
00pa3zoBaTeNbHBIX NPOrpaMM ISl HMHTEUICKTYaJbHOTO aHali3a LEJIOCTHOCTH TPOrpaMMbl M COTJIACOBAHHOCTH
Pe3ynbTaToB 00YUYEHUs [0 PA3IMYHBIM JTUCIUILTHHAM.

KiroueBble cJ10Ba: OHTOJIOTHS, TPEPEKBU3UTHI, KOHCTPYKTOP 00pa30BaTeNbHOMN MPOrpamMM.

Abstract
DEVELOPMENT OF AN ONTOLOGICAL MODEL OF THE EDUCATIONAL PROGRAM
Nazyrova A.E. 12, Bekmanova G.T. !, Mukanova A.S. 2, Kaldarova M.zh. 2, Tasbolatuly N. 2
L. N. Gumilyov Eurasian National University, Astana, Kazakhstan
2 gstana International University, Astana, Kazakhstan

The article discusses the results of applying an ontological approach to describe the structure and content of an
educational program, followed by an analysis of the alignment between course requirements and learning outcomes. The
practical outcome of the study involves the creation of an ontology in the Protégé 5.5.0 editor, representing the studied
disciplines in terms of the skills acquired during the educational process and the prerequisites for student qualification.
The curriculum model encompasses a sequence of semesters and academic year courses, taking into account temporal
dependencies. The developed ontology is populated with data from the «Software Engineering» educational program.
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The authors have formulated queries in DL Query and SPARQL languages, which, using logical methods, enable the
examination of the educational program's consistency with the requirements and skills developed in previous study
periods. The developed ontology and rules of logical inference can be employed in educational process management
systems and educational program design tools for intelligent analysis of program integrity and the alignment of learning
outcomes across various disciplines.

Keywords: ontology, prerequisites, educational program constructor.

Kipicne

AKIapaTTBIK TEXHONOTHsNIAp Kasipri 3amanfbl OinmiM Oepy camacelHIa, COHIAii-ak KemTereH Oacka
caiajapia MaHbBI3BI peu aTkapaasl. OKy mporeciH OacKapyIblH aKIMapaTTHIK KyHenepiH KoiaanOail Oimim
Oepy MekeMmelepiH THiMai 0ackapy MyMKiH emec. PersmusuielK gepektep 0as3achblHa HeETi3IenreH JocTypdai
aKnapaTThIK JKYHenep agaM pecypcTapblH Oackapy, CTYACHTTEpAl TipKey, KecTe Kypy KoHe YAarepimii
0aKpIIay CHUSKTHI THITIK €CEll MEeH aHaJUTHKAIBIK TallchIpMajapAbl aBTOMAaTTaHAbIpansl. Jlereamed, OimimM
Oepy OarmapiaManapeIHBIH Ma3MYHBIH 0acKapy aHarypiibIM apHaWbl MIEMTIMAEPAl KaXKeT eTeTiH KypAeTipeK
MIHAET O0JIbIN TaOBUIAIEI.

Kenrteren 0inimM Oepy MekememepiHAE «OKY >KOcHapiapbIMEH» JKOHE «Kypce YKOCHapliapbIMEH» >KYMBIC
icTeyre apHaJfaH WHTeTpalysyIaHFaH akKMaparThlK Kypainmap Oap. [lerenmen, kebOiHece OV Kypanaap OKy
KypcTapbsl MEH OJIapAbIH Y3aKTHIFbI, Oaranay HbICAHAAPHI )KOHE OKY KOCHAPBIHAAFBI OPHBI CHSIKTBI HETi3ri
cUIaTTaMalapblH ecenKe alyMeH mekTenei. EH akchl araaiia, xxyienep Kypcka eHTi31IreH TaKbIphIITap
Tizimaepin Oepeni, Oipak Oyi TisiMaep TepeH KOMIBIOTEPIIK Tajaay YIIH CHpeK Komaiinel. Macere
KOJIIAaHBICTaFbl aKMapaTTHIK JKyHenepmaiH OiumiM Oepy Ma3MyHBIH OacKapyIblH THIMII OAICIH KaMTaMachl3
eTeyiHe.

binim Gepy maTepuanblH KaMTaMachl3 €Tyre oHe OKYyIIbIIapMEH e3apa apekerrecyre apHamraH LMS
(Learning Management Systems) maiimanaHpUFaH JKaFAaia Kargail a3fam jkakcapanbl. JlereHmeH, Oy
JKarJaiia 1a oKy Marepualiapsl ofeTTe Oip KypcTa Jia, 9pTYpIii KypcTap apachlHJia Jia apTypiii OutiM Oepy
JIIEMEHTTEPI apachlHIarbl OAiNIaHBICTHI TajjayFa MYMKIHIIK OCpMEHTIH «CTaHIApTTBD» MOAEIbIEPMEH
cunartanansl. KomganeicTarel OitiM Oepy JKyienepi MeH KypajJIapblHBIH KOMIIUIriHIH 0acTel Macereci -
OiiM Oepy Ma3MYHBIHBIH CEMaHTHKACHIH PECMH TYPJIE YCHIHYIBIH O0IMAaYHhI.

OHTOJIOTHSIBIK TACII aKmapaTThl MarFbIHAJBIK TpapuK TYpiHAE YCHIHYAAH TYpajbl, MYHIA YFBIMAAD
TYHIHIEpMEH, al KaTblHacTap MIETTEPMEH YCHIHBUIFaH. PecMm Typnme, OHTONIOTHS - OyJl KilaccTapjsl,
KaTbIHAcTapIbl, GYHKIHAIAP/IBI J)KOHE OIIIeM OIpIiKTepiH CHUIaTTayFa apHalFaH 9JIICTEp MEH epexenepi
KaMTUTBIH XKyiie. belipecMu MarbiHaIa, OHTOJIOTHS OCNTiii Oip KbI3BIFYIIBUIBIK Calachl ICHOSPiH/E dIeMre
KO3KapacThIH TOCUI Oonbin Tabbuiaabl. by cumatrama Oenrimi Oip cananarbl MarblHAAPBIH AHBIKTAUTHIH
TEPMHHEP MEH OJIap/bl KOJIIaHy epeKeNepiH KaMTHIBL.

Binim 6epy MeH OKy OarapiamMaliapbIiHbIH Ka3ipri cajgachl TalAayAblH THIMJI 9JICTEPIH KOHE OJapibIH
JOMEKTUIINH KaMTaMachki3 etyal tajgan erefi. OKy OarnapiaManapblHBIH KYPACIUITIHIH apTybIMEH JKOHE
KypCTapAblH OpTYPJIUITIHIH apTYbIMEH CTYACHTTEP/IiH JAOUEKTUTIKIIEH KaXeTTi JaFabUIapbl HTEpYiH )KOHE
KypcTap apachlHAAFbl OKY TOYESIIUTIKTEPiH CaKTayblH KAMTAMAaChI3 €Ty 6T€ MaHbI3/IbI 00JIa bl

By makanaga Ginmim Oepy OariapiiaMachbHBIH MOJIENIH KYpPy VIIIH CEMaHTHKAIBIK TEXHOJOTHsIIAp MEH
OHTOJIOTHSIIBIK TOCUIII KOJJAHy KapacThIpbuiaabl. OHTONOTHSUIIBIK MOJENb - Oy KypcTap, Jarpuiap MeH
CTYICHTTEpre KOWBUIATHIH TaJlaTap apachblHIAFbl JOWEKTUTK TIeH TOYeJAIIKTI KepceTeTiH Tpaduk.
MoienbIiH HETi3ri MakcaThl OKy OaFaapiaMachiHbIH COUKECTITH Tanaay OOJIbII Ta0bLIa bl, MYH/IA COMKECTIK
CTYJCHTTEP/IIH YaKbIT IICH TOPTINTE KAKETTI JaFIblIap bl UTePETiHIH OUIIipeIl.

OnronorusiHpl  JaMbITyAbIH OipHeme Tociamepi Oap [1,2,3,4], OHTONOrMSIHBI KypyFa apHajfaH
oiicTeMenepal, Kypajigap MeH TUIAEpAl Tajlfay >KOHE CajbICTBIPY, COHBIMEH KaTap OHTOJIOTHSHBI OLIiM
Ma3MYHBIH CXeMaJbIK TYp/ie KOpceTy VIIH Kalail KoJjiaHyra OOJIATBIHABIFBIH cumarTay. OHTOJIOTHS, KeH
MarblHaza, Oenrini Oip canagarsl CyObeKTiIep MEH oJlapAbIH KaThIHACTAPBIH OeiHeNeyre MyMKiHZIIK OepeTiH
Oimimai cumarraydplH pecMH >kyHeci. binmim Oepyne OHTONOTHS OKy Marepuaniapbl, KY3bIPETTUIIKTEp,
oJIapJIbIH apachlHIarbl OaiiaHbICTAp XKoHE OaraapiamMa KypbUIBIMBI Typajibl OUTIMII pecimiaeyre Heriz 0oja
anaapl. OHTOJOTHSIIBIK TOC OisliM Oepy OarmapiiaMachlHBIH SPTYPJIl 3JIEMEHTTEPIH CHUIAaTTayFa JKoHE e3apa
OaiinaHpICTBIpYFa OONaThIH OIpbIHFAall aKMapaTThIK KEHICTIK KypyFa MYMKiHAIK Oepei.

Byn 3eprreymiH MakcaTbl OiniM Oepy OarmapiaMachiHbIH KYpPbUIBIMBIH KOOajilayFa OHTOJIOTHSUIBIK
KO3KapacThl 3epTTey OOJIbINT TaObuIaAbl. bi3 OKBITYIBIH MaKcaTTapblH, Ma3MyHBI MEH JOUEKTUIIrH ecKepe
OTBIpHIN, OiiM Oepy Oarmapiamachl KYpBUIBIMBIHBIH OHTOJOTHMSJIBIK MOJENiH KYpyFa MYMKIHAIK OepeTiH
ozicTeMeHi a3ipieyre ThIpbicaMbl3. by Tocin OaraapiaMaHbIH KYPBUIBIMBIH TYCIHY/I1, OHBIH UKEMIUTITiH KoHE
OinrimM Oepy TamanTapbIiHBIH ©3repyiHe OeliMIeyiH KaKcapTyFa MYMKIHIIK Oepeti.
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Oky mporueciH/e aKknapaTThIH HHTETPALMsUIAaHYBIH )KOHE OpTYPJIi pecypcTap bl Maiiaaany 1l KAMTaMachi3
€TEeTiH OKY OHTOJOTHSUIAPBIH Kypy OOJBII TaObIIamk [5, 6]. OKy mporeci mporerypaiapbIHbIH OHTOIOTHSUTBIK
CHUIIaTTaMachl CTYJEHTTEPAIH JKeKe TPAaeKTOPHsUIAPBIH >KocHapiay jkoHe OeiiMey alrOpUTMACPIH KypyFa
Heri3 Oonbln TabbuTagbl. By anroputmuep Oinim Oepy opTackIHAArbl e3repicTepre, )KyMbIC OepymIinepaiy
KociOm TamanrtapbiHa OeifiMmenyre, coHAai-aK OifliM adyIIbUIapABIH MaKcaTTapblH, OUTiM JeHreinepi MeH
TaHBIMJIBIK CTHJIBJAEPIH eckepyre MyMKiHAIK Oepemi [7]. OnHtomorus OimiM Oepy xyihenepinae OyphIHHAH
konganburad [8,9,10] skoHe Oy KonmaHyAbl WAPTTHI Typle OipHemie canaTka Oemyre Oomnanel. Bipinmi
caHaTTa OHTOJIOTHA OKY TIOHIHIH OaFmapiaMachlH MOJENBACY VIIIH KOJNIAHBUIAABI, OHBIH IIIHIE
OarmapiaMaHbl YCBIHY, JKOCIAap KYpPY, OHBIH OpBIHAANY IIEPCIEKTUBACHIH Tajlgay, OaraapiiaMaHbIH
OPBIHJIANTYBIH Oarayay jkoHe OaFjapiiaMaHbIH MIHJICTTI AJIEMEHTTEpiHIH OoyyblH aHbIKTay. COHJaii-aK, OChl
caHaTTa OarJapiaMaHbIH OCBI SIIEMEHTTEP OKY MOHIHIH MiHAETTEpi MEH HOTI)KEIEPIMEH XKoHe KYHeHiH Oacka
aMeMeHTTepiMeH OaimaHbIcThl. EXIHIN caHATTa OHTOIIOTHS apaiblK OaKpIIayIsl, ecer Oepy ic-mapaiapbiHa
JANBIHABIKTEI, €cenl Oepy ic-liapajiapblH ©TKi3yli, Oarayay >Kypri3yai joHe Kepi OaiyiaHbic amyasl Koca
aNFaH/ia, OKy IIOHIHIH OarjgapiamMachblH 0Oackapy VIIH KOJJaHBUIAJbL. YIIHINI CaHAT OKY MOHIHIH
OarmapiraMaibIK-oiCTEMENTIK KaMTaMachl3 eTUTYiHIH CHITaTTaMaCchIMEeH OailIaHBICTHI KOHE OKBITY MIHIETIHIH
OHTOJIOTHACBHIH KYpyZbl KamTuapl. COHbIHIA, TOPTIHIII CaHAT OKYLIBUIAPIABIH KEKe JKOHEe TONTHIK YITrepiMiH
KOHE allbIHFaH HOTIDKEJEePAl Taljay Heri3iHIe OKYyIIbUIapAbIH MaTepHajabl MEHrepyiH OaranayMeH
0aiiJIaHBICTHI.

binim Oepyze OHTONOTHSUITBIK TOCLIAI KOJNAAHY CANAaCHIHIAFBl KOJNAHBICTAFBI 3€PTTEYNIEPHl €Ki caHaTKa
Oexyre Oomasel. BipiHin caHat Oenriii Oip MOHIK caa YIIiH OHTOJIOTHUSHBI TaMBITY IbIH JKaJIIIbl 9J[ICTEMECiHE
OarpITTaNFaH 3eprreynepiai kamtuasl [11,12]. By sxymbicTapaa 3epTTeyIiiep OHTOJOTHSHBIH KaIBIITacy
MIPOLIECIH 3ePTTEi i KOHE OHBIH 9JIICTEMECIHIH opTYPJIi aCIIEeKTiNIepiH KapacThIPaIbl.

3epTTeydiH eKiHIIi caHaThl OiiM Oepy *KyleciH OLTIMHIH ecil Kele )KaTKaH KelleMiHe OeiiMIiey Kypabl
PETIH/IE OHTOJIOTHSUIBIK TOCUIII KOJIAaHY/ I )KOHE OJIap bl KYPHUIBIMIAY MEH peCiMIey KOKETTUIITTH OUIAipeai
[13,14,15,16]. Bbyn 3eprreynep Oimimai TuiMai YHBIMAACTHIPY XoHE Oackapy, OimiM Oepy NpoOIleciHiH
OeifiMienyi MeH XKeKeIeHIIPUTyiH KaMTaMachl3 €Ty YIIIiH OHTOJIOTHUSHBI KOJIJaHyFa OaFbITTajFaH.

3eprrey OapbickiHaa OUTiM Oepy OarmapiaManapblH MOACIBACY YIIIH CEMaHTHUKAIBIK TEXHOJIOTUSIAPIbI
KOJIJaHyFa apHaJiFaH akaJeMUsUTBIK OachUIbIMIapra Tajjaay kacanibl. Tangay HOTHKECIHIE KOJNJAHBICTAFbI
OHTOIIOTHSIIBIK MOJIEIBACPre TOH KeMIIUTKTep TaObuiapl. OnmapislH HETi3riepi — Oyl MoIenbIepliH
JIOTHKAJIBIK KOPBITBIHABI KYPaJIapblH KOJNJaHyFa JaidblH €MECTiri, COHJai-aK OChl KOHTEKCTE JIOTHKAaJIbIK
TYKBIPBIMJIBI i€ JKY3iHIIE KOJJIaHyFa apHallFaH 3epTTeylep/iH 00IMaybl.

CoHbIMEH KaTtap, KOJIJaHbICTaFbl MOZENbIEP HEeri3iHeH OiyliMm Oepy OarmapiiaMachbIHbIH KYPBUIBIMBIH FaHa
KOepCeTeTiH penaepliH (KaTblHACTapAblH) LIEKTEYJi >KUBIHTBIFbIHA OarblTTanFraH. Onap yakplT eTe Kele
YFBIMJIAp MEH OKY MPOIECiHIH Ma3MYHBI apachlHarbl OaliTaHBICThl CUTIATTAN aIMaiIbl.

oicTep MxKIHe dTicCHAMATIAP

TpuruieT-ceMaHTHKAIIBIK aKIMapaTThl Oepy YIIIH KOJJAHBUIATHIH apHalbl KYPBUIBIM JKOHE OJ YIII HeTi3ri
AIIEMEHTTEH TYPaJIbl: CYOBEKT, MPEeIUKaT koHe 00BbeKT (1-cyperTi KapaHs3). MyHIa#l YIITIKTI €Ki YFBIMHBIH
apachIHIarbl OalIaHBICTBI CHIATTayFa OOJaabl, MYHJa MarblHACHI NPEIMKATIICH aHBIKTATIAIbl, MBICAIBI,
«Kypc-Oyn-naraery. CoHbIMEH KaTap, CyOBEKT KAacHeTi MpeIuKaT PETiHle OpeKeT eTe alajbl jKoHe Oyl
KACHETTIH MOHI O0O0BEKT peTiHae opekeT eTe amamsl, Mbicanbl, «Kypc-has-Name-OOPy». Mynpait
KYPBUIBIMIaFbl 00BEKT HBICAH ]2, TUTEepal Aa (CaH HeMece KOJ MOHi) O0Iybl MYMKIiH.

6yn

Darob

Cypem 1. Tpunnem - cemanmukanvly aknapammal yColHyOuly Hezisei Oipaici

OHTONIOTHSIBIK TOCUI CEMaHTHKAIBIK MOJENbIACPAI KYpyla MaHbI3Abl pejl aTKapaigbl, MyHAa Heri3ri
npuHOUNTepAiH Oipi  oObekTinepai araynslH Oipereitnmiri Gonbin  TaObutaabl. CeMaHTHKAJBIK BeO
TYKBIPbIMJIaMACHIHBIH Oediri petinne myHnail araynap snerre URI (Uniform Resource Identifier) typinme
ycbiHbUTa Bl CeMaHTUKABIK JKemi jk00achkl HeMece semantic web-OHTOJIOTHSITBIK, TACUIII KOJJAHYIbIH €H
TaHBIMaJ MbIcaIapbIHBIH Oipi. By sko0a akmapaTka MeTagepeKTepai KocyFa MYMKIHAIK OepeTiH BeO-opTaHbl
JaMbITyFa OaFbITTaliFaH, OYJ1 ©3 Ke3€riHjae KyKaTTapaarbl MarblHaHbl CaKTay MEH OHJCYHl JKEHUIIETEII.
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CoHbBIMEH KaTap, OHTOJIOTHSUIBIK TOCUI JEpeKTepAl ally YLIH apHailbl KypaigapAbl KOJJaHyFa MYMKIHIIK
Oepeni JKOHE «CEMaHTHKAJIBIK 137eyre» MYMKIHAIK Oepexi, sSIFHM aKMapaTThl TeK KOHTEKCTKEe FaHa eMec,
MaFrbIHaFa Ja i37e/1i, COHBIMEH KaTap JIOTUKANbIK TYKbIPBIMABI KOJIJaHa bl

CemaHTHKANBIK BeO TEXHOJOTHSIAPH TEK aKMapaTThIK PecypcTap MEH CEMaHTHKANBIK JKeli cajachlHAa
FaHa eMec, COHBIMEH KaTap »YHeNiK HHTErpalus, aKIapaTThIK peCypcTap/bl CUIIATTAY )KOHE KaTallorTay )KoHe
aKbUIIBI OaFIapiaMablK )KacaKTaMa areHTTepiH KYPY CHUSKTHI 0acka cananap/a Ja KOJIaHbUIa kL.

OHTONOTHSUTBIK TOCUT O1T1iM Oepy OarmapiiamaliapblH KOca alFaHa, a3 peciMIereH NoH K canaiap YIliH
aKIapaTTHIK MOAETBACPAl KypyAa OipKaTap apTHKIIBUIBIKTAPFa UE:

On mepekTep MOMACIIHIH «aIIBIKTHIFBIH» KaMTaMachl3 €Telll, Oy *KYHeHIH eMipiIiK UK OoibIHA jKaHa
TYKBIpbIMIaMaliap MEH KaTbIHaCTap bl KOCY apKbUIBI OHBI OHAall KEHEHTYTre MYMKIHAIK Oepei.

Byn kypaeni kxaTelHAacTapabl MOAEIBIACYTe BIKIMAJd €TeAl KOHE AEPeKTepli Tajjay YIIiH JIOTHKAIBIK
TYKBIPBIM/IBI KOJITaHyFa MYMKIHJIIK Oepei.

Ot HaKTHI aHBIKTAFaH CeMaHTHKaMEeH YHIIECIM/Ii TEPMUHOJIOTHAHBI KOJAaHy bl KAMTaMacChI3 eTe/Ii.

CeMaHTHKAIBIK MOJCIBAIH MaHBI3AbI OeJiri OOBEKT aTayNapblHBIH Oipercilyliik MPUHIMI OOJIBII
TabbiIanbl. CeMaHTHKANBIK BeO KoHIenuusceiHaa 0yt araynapasie URI (Uniform Resource Identifier) mimini
OOJIyBI 9[ETTET1IeH.

OHTOJIOTHSUTBIK TOCUTIIH €H TaHbIMaJI KOJIaHOACH! - CEMaHTHUKAJIBIK B0 )K00ACHI - CEMaHTHUKAJIBIK BeO. By
KY)KaTTap/IblH CEMaHTHKAChIH CaKTayFa >KOHE OHJeyre MYMKIiHAIK OepeTiH akmapaTka MeTallepeKTepi
€HTi3yTe apHallFaH Be0-OpTaHBI d3ipyey TyKbIpbiMaaMackl. COHBIMEH Katap, JepeKTepli amy YIIiH apHaibl
KypanjgapAbl maijaiaHy KOHTEKCTIK €MEeC, «CEMaHTHKANBIK i3JIeyre», SSFHU CYpakKa jKayarl i37ieyre jKoHe
JIOTHKAJIBIK KOPBITBIHIBI JKacayFa MYMKIHIOIK Oepeni. CeMaHTHKAIBIK BEO-TEXHOJIOTHSIIAPABI JKYHeHi
OipiKTipy, cHIIATTay, aKMapaTThIK pecypcTapibl KaTalorTay >KOHE HHTEUISKTYyalasl OarmapiaMallbiK
areHTTepi Kypy YIIiH 6acka canaiapia fa KoJaaHyFa 00abl.

OHTOJIOTHSUIBIK TACLI OiTiM Oepy OaraapiaMachbiHBIH Ma3MYHBIH KAMTUTBIH Halllap PECiMICITCH TOHIIIK
canajapIplH aKmapaTTHIK YITUIEpiH xKy3ere ackipyaa OipHelle apThIKIIBUIBIKTapFa He:

- JXKyiteniqg eMipiik muKIi OOWBIHA aHA YFRIMAAP MEH KaThIHACTAP/ABI KOCY apKbUIBI OHBIH KEHEIOiH
KaMTaMachl3 €TETiH JAEPEKTep YITICIHIH «alIBIKTBIFBIY;

- Kypaeni kaTeiHacTapabl MOZICIIBCY JKOHE JIOTMKAJIBIK KOPBITHIHIBIHBI KOJIIaHY MYMKIHJIITI;

- Kemicinren (0apibiFsl OpTaK) TEPMHUHONOTUSHBI HAKTHI aHBIKTAIFAH CEMAaHTHKAMEH KOJIJIaHYy.

3epTTey cypaKTapsbl

Kipicriene kepceTiireH MOy XoHE oeOMETTep/i IOy HOTIKENepi Kerleci 3epTTey CYpaKTapbiH
TY)KBIPBIMJIayFa MYMKIHJTIK Oep/Ii:

Cypak 1. Kypcrap/pl, narapuiap/sl )KoHE OKY Ke3eHjepiH OipikTipeTiH OuniM Oepy OarmapiaMachbIHBIH
erKel-Ter kel OHTONOTHSIIBIK MOJIEIIiH KYPY 00BEKTIre OarbITTaFaH TC1I apKbIIbI MYMKiH Oe?

Cypak 2. Tuicti OarnapiamMalbIK kacaKTaMaHbl KOJ/IaHa OTBIPHIT, OimiM Oepy OarmapiaMackl MEH OHBIH
OHTOJIOTHSJIBIK MOJICTIHIH KYPCTBHIK MPEPEeKBU3UTTEPI MEH OKY HOTHIKEJICPIHIH COMKECTIriH Taigay/abl
aBTOMAaTTaHABIpyFa 001a Ma?

Cypax 3. binim 6epy OarnapiamacbIHbIH JaMbIFaH OHTOJOTHSUIBIK MoJeli Learning Management Systems
OaraapiaMaibiK xKacaKkTaMachIMEH OHal OIpIKTipiinyl MyMKiH 0e?

Binim 0epy 6arnapaMacbIHbIH OHTOJIOTHSIBIK MOJEJIiH KYPY

OHTONOTHUSIIBIK MOZIETIB/II KYPY Ke3iHae OipHelle TalanTap bl OpblHAay KaxeT. bipiHImiieH, Moaemns /e
OIpKEJIKUTIK IeH CTaHAapTTayabl KaMTaMachl3 €TETIH KaTaH aHBIKTAIFaH YJITrUIepae peciMIenyi Kepek.
ExiHImiieH, MOJENb/IIH aHBIKTBIFBI MEH TYCIHIKTI OOJYbIH KaMTaMmachl3 €Ty YIIIH Heri3ri TepMHHICPAIH
LIEKTEYJl CaHBIH KOJJaHy KepeK. YIUiHINiJAEeH, MOAETIb OHBIH AYPHICTHIFBIHA JKOHE 9PTYPJi KOHTEKCTTEpe
naianany MYMKIHIITiHE KemiIik Oepy YIIiH ilIKi TOJIBIK >KOHE JIOTUKAIBIK JIoMeKkTi O0ybl Kepek. by
MOJIeINb/Il 0acka TYMaHWTapIbIK TOHAEPE Jie JIOTMKAHBI CakTaldl OTHIPHINT KaObLumayra jkoHe KalTamayra
MYMKiHAIK Oepeni. Ochl TananTapisl OpbIHAAY CEHIML KoHE aMOeOar OHTOIIOTHSUIBIK MOJIENIbA1 KYPYFa bIKIal
erem [17, 18,19].

Binim Gepy Oarnmapnamackl Oi1iM amylIbLIapAbIH Oeiri Oip JaFabuiapblH TaMBITYFa OarbITTallFaH e3apa
0ailIaHBICTBI OKY KypCTapbIHBIH KUBIHTBIFbIHAH Typansl. benrini Gip naraputapApl urepy YLIiH 9AeTTe Oacka
aNAplH-aJla JaFapliap KaxkeT. Melcansl, «lIporpammansik nHXeHepus» OarbITbl OoifbIHIIA OakanaBpuaT
OarnapiaMachl aschiHAa OOBEKTIre OaFbITTANFaH OarjapiiamManay JaFdbUlapblH WTepy YIIiH Herisri
Oarmapiiamaiiay, HpoLeaypaliblK OarfdapiiaHFaH Oarjapiamaliay jKOHE alllOpUTMEY Jarasuiapbl Kaxer[20].
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MyHBl JAaFOBUTApIBIH TOYEHIUNIK Tpaduri peTiHAe YChIHyFa Oomaipl, MYHAa MJaFaplIap apachIHAAFbl
OaiimaHpIcTap TajamrTap peTiHae Oenrinenexi. [largpurap apachlHAarsl MYHOAH TOyeNAUTIKTED OTHemi
KYPBUIBIMIIBI KYpaipl, SFHU erep A mebepdiri B mebepairine, an B mebepairi C mebepmirine Toyenni Oodca,
oHna A mebepniri C mebepiirine ae 0aimaHbICThI 0onab! (2-CypeTTi KapaHsbI3).

require

/—\

require require

—_—

Cypem 2. Jlaz0binapoviy emneniniei

binim ©Oepy OarmapiaMacelHAaFbl KypcTap OKy — Ke3eHJepi-CeMecTpiepre CoWkec TomTapra
yitermaacTeipeuFad. Cemectpiiep O0ip-OipiHEH CBI3BIKTHIK PETIICH JKYPEi )KOHE 9p CEMECTP YILiH «aJIIBIHFBI»
KOHE «KEHiHT1» OalaHpICTap aHBIKTaNa b, JKanmb! qenreiine Oy OainanpicTap «OYphIH» XKoHE «KEHiH» Ien
cunartananel. byn OaiimaHeicTap Ja ©TMENi XKoHE yakKbpIT OOWBIHINA KaThIHACTApABI Kepceremi (3-cyperti
KapaHbI3).

zoesBefore

goesBefore

precede precede precede
I —_— _—
— -— -—
followBy followBy followBy

goesAfter

esoesAfier
goesAdter

Cypem 3. Oxy xesendepi (cemecmpiep)apacviHoagvl yaKvlm KamvlHACMAapbl

«Kypc» (course) TyxbIppIMIamMachl ceMecTpAiH QyHknuoHanae! (functional) kacueTiMeH OalTaHBICTHI
«Cemectp 0Ooiibl OKbITBLIANE (studiedDuring) >koHE OHBIH HMHBEPCHSUIBIK KacueTi «OKyIbl KaMTaMachi3
ereni» (providesStudy). ConbiMeH Katap, oap Kypc OUTiM ajiyiibla KaHmai ja Oip marabuiapibl YHpeTei
(train). Protégévowl rularmHi apKpUIBl QJIBIHFAH KIAcCTap MEH KacHUeTTep JauarpamMmachl 4-cyperte
KOpPCETLITEH.

require
(transitive)

requiredBy
(transitive) Tain
\
trainedBy
precede
Bef studiedDuring
oesBefore
g(transitive) Semester providesStudy
followBy

goesAfter
(transitive)

Cypem 4. Kypc, cemecmp dicane 0a20bl apacelnoagbl 6aianbicnibl
CURAMmMAaimuvlH CEMAHMUKATBIK dicelli epaghuai
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binim Oepy OarmapnamMachlHBIH 931pJIEHTEH OHTOJOTHSJIBIK Monemi Protégé 5.5.0 OHTONOTMSUIBIK
peIaKTOpBIHIIA JKY3€ere achIpbUIIBL. MbIcai peTinae Moaenb «IIporpaMMaibIK HHKEHepHs» OarbIThl OOMBIHIIA
OakanaBpuar OarrapiaMachiHbIH (pParMeHTIH CHIIATTANTBIH IEPEKTEPMEH TONTHIPBUIIBI. KyphUTFaH kiaccrap,
cunatrap (Object Properties) xone kiacc nananapsl (Individuals) 5 - cyperte kepceriires.

Classes | Object pro
.‘

& 000_Discrete_Math

& 001_Informatics

’ 002_Programming_and_algorithms

& 003_Computer_networking v owl:Thing

& 004_00P_pPatterns ] Course

& 005_Web_Programming
& 006_Website_development Semester
& 007_Database_ingeneering - Skill

. 008_Web-application_development_Part_1

@ 009_Web-application_development_Part_2

& Boolean_algebra

. CSS_implemeinting

& HTML_layout

@ HTTP_programming [ Active ontology x | Entities x | Individuals by class = ||
& 1P_protocol_networking - - — — -
@ Javascript_farmework_implementing »Classes | Object properties | Data properties = Annotatit
& JavaScript_programming - - a - » "

@ object_oriented_programming Object property hierarchy: owl:topObjectProperty

@ PHP_MVC-framework_implementiing .+

& PHP_programming m

@ Programming_basics A& lowl:topObjectPropel

. RDBMS_development_and_integration 7 - goesAfter

& Relation_data_modeling
& Relational_algebra
& REST_API_deviopment

- i followBy
y N goesBefore

& semester_1 . W precede
& semester_2 - provides Study
& semester_3 - I require

@ semester_4 M requiredBy

L 4 Set_theory - studiedDuring
@ saQL_querying ... train

& Web-application_development_SPA

@ Web.design ... trainedBy

Cypem 5. binim bepy 6a20apramaceiibly OHMOAOSUSLIBIK MOOENIHIHY KIACCMapbl,
Kacuemmepi dcane 0aHaANapbi

OHTONOTUSIIBIK MOJCIBII KYPYABIH HETi3r MaKCaThI-IOTHKAIBIK KOPBITHIHIBI MEXaHU3MI apKbUIbI OUTIM
amy. bynm mexanm3m Oinmim Oepy OarmapraMachlH JaFibpUIapFa KOWBUIATHIH TananTapAblH (prerequisites)
COMKECTIT oHE OKYIIBIHBIH aNJBIHFBI KYPCTap/bl OKBIII-YHPEHY Ke3iH/e anaTbhlH JaFJbUIapbl TYPFBICBIHAH
Tajayra MYMKiHIIK Oepesi. HoTmkeciHae op KypCThIH Tajanrtapbl CTYACHTTEPAIH NaHBIHABIK JICHreHiHe
colikec KeJeTIiHJIriH aHBIKTayFa OoJNalibl, COHBIMEH KaTap op TYpJi KypcTap apachIHAAFbl TOYEIAUTIKTI
aHBIKTayFa 00JIa/IbI.

Binim Oepy OarmapiiaMachIHbIH COMKECTITIH TEKCEpy YIIIH OapiblK KaKeTTi JaFabLIapiblH aJJIbIHFbI
cemecTpiiepie OUTIM ayIibia KaJIbINITACYbIH KaMTaMachl3 €Ty KaKeT. benrimi Oip ceMecTpiiH alibIHaarsl
ceMecTpliep/ie KalbIIITaCKaH OapJIbIK IaFIbIapblH Ti3IMiH airy yuriH (Mbeicansl, TepTiami) DLQuery TiniHmgeri
CYpaHbICThI KoyaanyFa 6omaser [20].

trainedBy some (studiedDuring some (goesBefore value Semester 4))

Binim Oepy OarmapiiaMachIHbIH COHKECTITIH Oarajiay YIIiH CTYJACHTTEPIIH aJJbIHFbI CEMECTPIIEPIE alFaH
JaFUTAPBIH aFbIMIIAFBl CEMECTP/e KypcTapiAbl YHPEHYTre KaKeTTi JaFAbulap >KUBIHTBHIFBIMEH CaJIbICTHIPY
KakeT. Erep KakeTTi AaFapuiap )KUBIHTBIFBI OUTIM aTylibl aifaH KeNTereH JaFabuiap/ia TOJbIK KaMThlIMaca,
oHzma OimiM Oepy OarmapiaMachkl KeliciaMereH. BipiHin »kublHaa Oap, Olpak €KIHINICIHIE JKOK KenTereH
Jarputap el any ymia SPARQL rtiniageri cypayasl naigananyra 60mnaasl 6 - cyper.
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PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>PREFIX owl:
<http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs: <http://www.w3.01rg/2000/01/rdf-schema#>PREFIX xsd:
<http://www.w3.0rg/2001/XMLSchema#>

PREFIX curriculum: <http:/www.enu.kz/ontologies/curriculum#=>SELECT ?rs
WHERE {?c curriculum:studiedDuring curriculum:Semester 4.?s
curriculum:trainedBy ?c.

?rs curriculum:requiredBy ?s.

FILTER (NOT EXISTS {?rs curriculum:trainedBy ?cp. ?cp
curriculum:studiedDuring ?sp.

?sp curriculum:goesBefore curriculum:Semester 4})}

Cypem 6. /laz0vinapovr any yuin SPARQL minindezi cypay

Binim Oepy OarmaprnamachIHBIH COMKECTITIH TEKCepyliH OyJl oficTeMeci MEH TEXHOJOTHACH aMOeOarn
0O0JIBITT TaOBIIABI JKOHE Ke3-KEeNTeH OKY Ke3eHAEpiHe JKOHE Marapliapra TOYeNIUTIKTIH Ke3-KeNreH epikTi
KYPBUIBIMBIHA KOJIZTAHBUIA/IBI.

Taakbuiay

3eprreyiMizaiH Oediri petiHae 0i3 Kemeci Heri3ri KagamMaapabl OpbIHAAI, KeJIeci Heri3ri HoTmKenepre Ko
KETKI3IIK:

- Oinim Oepy OarmapiraManapblH MOJIENBCY YIIiH CEeMaHTUKAJIBIK TEXHOIOTUSIIAP bl KOJIaHyFa apHaJFaH
FBUIBIMH  KapUsUTAaHBIMIAPIABl TANIAIbIK. Tannay YCHIHBUIFAH OHTOJIOTHSUIBIK MOJETBICPAIH IKaJIIbI
KeMIIUTIKTepiH aHBIKTaApl. Herisri kemmigikTtep Oy MOAENbASpIiH KOPBITHIHABI Kacay KypajaapblH
naiananyra OeHIMAUIITIHIH TOMEHIIT], COHIali-aK MYHIaii KOPBITBIHIBIHBI iC JKY31HJE KOJAaHy OOMBIHIIA
3epTTeynepaiH OonMaybl 0omabl. COHBIMEH KaTap, KOJJIAHBICTAFbl MOJIENBJEP HETI3IHEH TeK OiniM Oepy
OarapiIaMachlHBIH KYPBUIBIMBIH KOPCETETIH penaepAiH (KapbIM-KaThIHACTAP/ABIH) MIEKTEYJl KUBIHTHIFBIH
naiianana OTIPbIN KYpacThIpbuiaabl. Onap yakeIT OOHBIHINA YFRIMAAP MEH O11iM Oepy Ma3MyHBI apachlHAaFbI
0aliIaHBICTHI CHITATTAMATBL.

- Oimim Oepy OarmapraMachIHBIH OHTOJOTHSUIBIK MOJENi 93IpJeHi, OHNIA OKBITBUIATBIH KypcTap
KaJIBINITACATHIH JaFIplIap MEH OUTIM ayIIBIHBIH OUTIKTLIITiHE Kipy TananTapsl (TpeKBU3UTTEpi). Mojens oKy
Ke3CHJICPiHIH yaKbIT OOWBIHIIA OalIaHBICBIH KapacThIpaabl, Oy OKY KypCTapbIHBIH PETTLIITIMEH KYMBIC
icTeyre MyMKiHAIK Oepe/ti.

SPARQL cypaynapsl 6inim O6epy OarmapiaMachlHBIH KypCTapAblH Kipy TajanTapblHA KQHE CTYACHTTIH
QJJIBIHFBI OKY KE3CHIHJIC KaJbINTACKAH JIaF/blIapblHa COMKECTIrH TalijjayFa MYMKIHIIK OepeTiH 93ipJieH/I.
CypaynapIbIH HOTHKeIepi Oelrii 0ip 0Ky Ke3€HiHIH Kipic TaJlanTapblHa COUKEC KENIETiH, OipaK aIbIHFbI OKY
Ke3eHIepiH/Ie JaMbIMaFaH JIaF IbUIap/IbIH 1IK1 )KUBIHBI OOJIBIN TaObLIAIbI.

XKyprizinren 3epTrey KOHBUIFaH 3epTTEy CypaKTapbhIHa Kayar 0epyre MyMKiHIIK Oepi.

1-cypax: oObBekTire OarbITTAIFAH TOCUIAI KOJJAaHA OTBIPBIN, KypCTapibl, JaFAbUIaplbl *OHE OKY
Ke3eHiepiH OipikTiperiH OuTiM Oepy OarqapiamMachIHBIH €TKeH-Ter kel OHTOJOTHSUIBIK MOJENIH KypyFa
0oxa ma?

Wo, 0i3 oraH xkeTTik. JlereHMeH, HaKThl JKargaiyap yimH (MbICAlbl, KypcTap, Har[bliap *KOHE OKY
Ke3eHJIepl Kell TepT KbUIIABIK OliM Oepy OarmapiiaMachl) 93ipJeHreH MOJACIbACPAl NaiiiagaHy eTe KUbIH
00JIybI MYMKiH €KEHIH €CKepy MaHBI3]IbI.

2-cypax: THICTI Oar IapiaMaliblK )kacaKTaMaHbl KOJIIaHa OTHIPBII, KYPCTHIH aJIFBIIIIAPTTAPBI MEH O11iM Oepy
OarapiaMachl MEH OHBIH OHTOJIOTHSUIBIK MOJEIIHIH OKY HOTHXKEJIEPl apachIHIIArbl COMKECTIKTI Taaayabl
aBTOMAaTTaHABIpyFa Oomna ma?

o, 613 Mogenbai Kypy YILUiH FaHa eMec, COHBIMEH KaTap OHbI KaparaibiM jK9HE aBTOMATThI TYpAE Tallaay
YIIiH apHaiibl OarmapiamMaliblK *KacaKTaMaHbl KOJJAaHBIK. bi3 JIOrMKablK NaibIMaay YIINIH apHaiibl cypay
TUTiH Koamauabik: SPARQL.

3-cypax: Oinim Oepy OarnapiaMachIHBIH OHTOJIOTHSUIBIK MOJAETIH OKBITYIBl Oackapy kyiecinig (LMS)
OaraapiiaMaibiK JKacaKTaMachIMEH OHal OipikTipyre 6ojia ma?

Kok, Oy Mymkin emec. LMS onerre aepexrep AeHreHiHAEr! PEISIMUIIBIK JIEPEKKOPAbI Oackapy
xyHenepine cyieneni. SPARQL cypaynapslH KypeUlbIMIBIK cypay TimiHe (SQL) Herizmenren Oy
TEXHOJIOTHJIa OHall eHri3y MYMKiH emec. Exi TeXHONOrUsHBI OipiKTipy HeMece OipiKTipy FhUIBIMH-3€PTTEY
KOHE TIKIPUOETIK-KOHCTPYKTOPJIBIK KYMBICTap/a 06JieK KYII-Kirepli KaKeT eTell.
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KopbIThIHABI

Byn makanmama 6imiM Oepy OarmapiamMachIHBIH MOJEIIH jKacay YIIH OHTOJOTHSIBIK TSCILT KOJIAAaHBUIIBL.
By monens oky GarmapiiaMachIHBIH KYPBUIBIMBIH 9p Kypce YLIIH CTYACHTTIH alfaH AafAbllapbl, COHAAN-aK
OepinreH KypceThl YHpeHYAiH alnFbIIapTTaphl peTiH/Ie Tajlal eTiIeTiH JaFAbUIaphl aHbIKTaIFaH KypcTap Ti30eri
perinme yceiHampl. OKy Ke3eHAepiH OUIAipeTiH yaKbIT apajblKTapblHBIH PETTLIN MEH KipicTipimyiHe
0aliIaHBICTHI YFRIMIIAP/Ibl CEMAHTHKAJIBIK MOJIETIJICYTe EPEKIIe Ha3ap ayaapbuibl.

Byn MopenbiH Herisri MakcaThl OKy OaFiapiiaMachlHBIH COMKECTITIH Taiaay 00ibIn Tabbuiaasl. Erep ke3
KEIITeH CeMecTple KypcTaplbl OKyIbl OacTay VIIH OapiiblK KaXKeTTi AaFApUIap alIbIHFBI CEeMeCcTpiiepie
KypcTapabl OKy MpOIeciHIe KajbllTacca, oKy Oarmapiamachl KeJiciinreH OONbIN caHajambl. ABTOpiap Oy
MOCEJICHIH IIENIiMiH JIOTUKAJIBIK MaIlMHACKIH (reasoner) maiinanany >koHe SPARQL Tininge cypaHbicTapabl
OpBIH/AYy apKbUIbI KepceTTi. byt ozic 6enrini 6ip Oiim Oepy OargapiaMachbIHBIH COMKECTIrH Tangayabl FaHa
eMec, COHBIMEH KaTap OaraapiamMaliap/Isl ©3apa CaIbICTBIPy MYMKIH/ITIH YCHIHAIBL.

Oxy OarnapiaMachIHBIH YWISCIMAUIITIH Talfay YIIiH CEMaHTUKAIBIK TEXHOJOTHSUIAPbI KOJIAHYIBIH
TUIMJUTITT  OHTOJOTHSUIBIK MOJICIBJIH TrpaduKalblK cuUnaThiHa OaiaHbICThI. OHTOJOTHSUIBIK MOJEIh
CHUIATTAMANBIK JIOTHKAHBIH MaTeMaTHKAJIBIK allapaThlHbIH apKachlHIa KYpJAeTi OaliIaHbIC KYPHUIBIMIAPHIH
YCBIHYFa JKOHE TMOHMIK calla Typalbl TOJIBIK akKmapaT Ooimaca Ja HOTHKE alyFa MYMKIHIIK Oepeni.
OHTOJIOTHSUTBIK TOCUIIIH apTHIKIIBUIBIKTAPhI, €rep TOMEHHIH CEMaHTHKAJIBIK MOJCIIHAC Kyp/eili OaiiaHbIC
TOTIOJIOTHSICHI JKOHE KOITereH YruIMaap Ooica, aiikplH KOpIHE].

ABTOpIap YCHIHFAH OHTOJIOTHSIIBIK MOJICNBI TaKbIPBINTHIK afMaKThl HEFYPJILIM TOJIBIK KOHE Oapadap
KOPCETY JKOHE KCHEUTY YIIIiH KbICKapTyFa 0oJaabl. Moaesb Al HaKThUTayAbIH Oip KOJIbI OKY OaFIapiaMachiHbIH
yineciMIimri yirH jxaHa MapTTapasl eHrizy 0oiybl MyMKiH. COWKECTiKTiH KOCHIMIIA MIAPTTapbl OKY
KYPCBIHBIH KeJieMi, OHBIH OKy OarjapiaMachl TYPFBICBIHAH KIKTeIyi, KypcTa KapacThIPbUIFAaH OKYy
cabaKTapbIHBIH TYPIIEPi koHe OacKanap 60mysl MyMKiH. COHIai-aK, MOAEIBE NaFIbLIAP bl TEOPHSITBIK O1TiM
MEH MPaKTUKAJIBIK JaFblIapra 06y sky3ere achipyra 0oajbl.
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CETEBOE NPE/ICTABJIEHUE TEKCTOB BA3 3HAHUM B 3KCINEPTHBIX CHCTEMAX

Annomayus

Llenpro maHHOW CTAaThU SIBISACTCS TEOPETHYECKOE PACCMOTPEHHE BOIPOCOB LU(PPOBOH CHUMYISIUN MOBEACHHS
9KCIepTa B 3aJaHHOW MPEIMETHON O0JIACTH, CYIIECTBEHHO HCIOIB3YIOMIeH 00padOTKy TEKCTOB, OTHOCSAIINXCS K TOH
mpeaMeTHo# obnacTu. B kadecTBe OCHOBHOM HCCIIEOBATENECKOM 3aladd, aBTOPAMH PACCMATPUBAIOTCS BOIPOCHI
peoOpa3oBaHMsl TEKCTOB K BHIY, O0OJIerdarnmeMy NpoBeAeHHe ¢ HUMH (OPMANIBHBIX BBIKIAAOK M MAHUITYJSIUN TPH
CO3/IaHUsI aBTOMaTH4ecKol skcnepTHOH cucteMbl (DC), QpyHKIHOHUpYOHMEH Kak HU(PPOBOH CHMYJSTOpP IOBEICHUS
sKkcnepTa. B ctaThe BIepBbIe ompeaensercs coiep)kaHue MOHATUH TekcToBbIX ba3 3HaHuit mast OC U CTPYKTYpHO-
THUIIOJIOTHYECKOM MOACIN TCKCTA. B cTarbe BBISICHEHBI OCO6CHHOCTI/I HCIOJIb30BaHUA JIsI PCHICHUA MPUKIAAHBIX 3a7da4
Fpa(l)OBI)IX N CCTCBBIX (bOpMaTOB NpEeACTaBJICHHUA TCEKCTOBBIX JAaHHBIX, OKCTpAarupOBaHHBLIX H3 IMCPBHUYHBLIX TEKCTOB.
IIpennaraercst UCIONB30BaTh TEMATHUYECKHUE TEKCTOBBIE KOJUIEKIIMU JAJISI aBTOMATU3MPOBAaHHOTO co3faHusa bas 3HaHuit
OC. Ins OC npemnaraeTcs HMCIOJB30BATH MaTeMaTHUECKHH amnmapar cereil [letpu aist aHanuTHdeckoi paboOTHI ¢
rpagu4ecKuM MpeICTaBICHUEM TEKCTOB.

KuiroueBble cjI0Ba: 3KCIEPT, IKCIIEpTHAsL cuctema, Teket, MU, ba3sbl 3Hanuii, cets [letpu.
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SKCHEPTTLI 7KYI7[EJIEPI[E BIJIIM BA3ACBI MOTIHAEPIH KEJILIIK TYPJIE BEPY

ByJ1 MakasiaHbIH MaKcaThl — OChI IOHIK cajlara KaThICThl MOTIHAEP/Ii OHCY/II alTapiIbIKTall KOJIJaHbIIAThIH OepiireH
MOHJIK CaJla/laFbl CapallllbIHBIH iC-9pEKeTiH HUMPIBIK MOJENbACY MACelNeliepiH TEOPUSUIBIK TYPFbIIAH KapacThIpy.
Herisri 3eprrey MiHAeTi peTiHIOe aBTOpiap caparlibl MiHE3-KYJIKbIHBIH CAaHABIK CHMYJISITOPBI KBI3METIH aTKapaTbhlH
aBTOMATTHI capanTay xyitecin (CXK) Kypy Ke3iHIe onapMeH pecMH ecenTeyliep MeH MaHUITY ISIIUsIIap bl JKSHULIETETiH
MIIIHTe MOTIHAEPI TYPIACHIIPY Macenelepin KapacTeipansl. Makanana anramr per CXK ymiH mMoTiHmik OimiM Oa3ackl
YFBIMIIAPBIHBIH Ma3MYHbI JKOHE MOTIHHIH KYpBUIBIMJIBIK-TUIIONOTHSUIBIK MOJIEI aHBIKTaNFaH. Makanaga KoJjiaHOasbl
€CenTepi MmNy YIIiH HEeTi3Ti MOTIHICPACH allbIHFaH MOTIHIIK JACPEKTepai KOPCEeTy YIIiH TpauKaIbIK KOHE KEILIIK
mimMaepai nananany epekmeniktepi tyciamipineni. CXK OuTiM KOpPBIH aBTOMATTHI TYPAE KYPY VIIiH TaKBIPBHIITHIK
MOTIHJIIK )KUHAKTAp Il Maliaanany YebHbuaapl. CXK yImia MoTiHAEpAiH rpadUKAIBIK KOPIHICIMEH aHATUTHKAIBIK YKYMBIC
yiuid [TeTpu TOpiaapbIHbIH MaTeMaTHKAJIbIK allapaThiH NaiilajlaHy YChIHbLIA b

Tyiiin ce3aep: cpanray, capanray xyieci, marit, XKW, 6inim kopsr, [Tetpu xedici.

Abstract
NETWORK REPRESENTATION OF TEXTS OF KNOWLEDGE BASES IN EXPERT SYSTEMS
Sakipov N.Z. , Vikhnin A.G.?, Seidildaeva A.K. !, Berkutbaeva R.A. !, Segizbaeva R.U. !
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The purpose of this article is a theoretical consideration of the issues of digital simulation of the expert behavior in a
given subject area, which essentially uses the processing of texts related to this subject area. As the main research task,
the authors consider the issues of converting texts to a form that facilitates formal calculations and manipulations with
them when creating an automatic expert system (ES) that functions as a digital simulator of the expert behavior. The
article defines for the first time the content of the concepts of text Knowledge Bases for ES and the structural-typological
model of the text. The article clarifies the features of using graph and network formats for representing text data extracted
from primary texts for solving applied problems. It is proposed to use thematic text collections for the automated creation
of ES Knowledge Bases. For ES, it is proposed to use the mathematical apparatus of Petri nets for analytical work with a
graphical representation of texts.

Keywords: expert, expert system, text, Al, Knowledge bases, Petri net.
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Beenenue

Hcropust pazpaboTkun ¥ KOMMEPYECKOro Hcronb3oBanuss JC HacuuTeiBaeT okoyio 50 ser. OcHOBHAs
3agaya DC — aBTOMAaru3anusi padOTHl JKCIEpTa B pa3HOOOPa3HBIX MPOW3BOJICTBEHHBIX CHUTYalHUsAX. ITO
HaXOJUTCS B COTJIACHU C aKTyaJlbHBIMHU UHYCTPUAIBHBIMHU TPEHIAMH 0 COKpPAIIEHUIO TPYyI03aTpar, MmyTeM
nepenayn (QyHKOUH ymnpaBieHHs, aHaIW3a M KOHTPOJS OT 4YeJIOBEeKAa K aBTOMAaTHYECKHMM LHU(PPOBBIM
YCTPOKCTBAM.

WnTennextyanusanus ykazaHHBIX QYHKIHUA 10 YPOBHS, COMOCTABUMOTO C PACCYJOYHOHN AESTENbHOCTHIO
CIELMAJINCTA, B HACTOSIIEE BpPEMs TaKXKe IPEACTaBIIOT CcOOOM YCTOMUYMBYIO TEHAEHLMIO B cdepe
uHpopmannonusix texuomoruii [1]. ComepkarenbHO OHAa OTHOCHTCS K mpoOsiemaTHke MCKycCTBEHHOTO
Wntennexra (M1M), mockonbKy U 10 NOHATHHHOMY ammapary, u 1o npukiaaaeiM neisiv, UW u OC umerot
MHOro ooumx mMect [2]. JIBmkok (Engine) cumyssiuu paccyI04HON ACATEIBHOCTH YeTI0BEKa — 3TO HU(POBOit
00BEKT, MPEICTABIIONTNI c000¥ 000JI0UKY, MOJISKAIIYIO 3aIOJHEHHUIO ONPEACICHHBIMI JaHHBIMH. JTH
JaHHbIC JOJDKHBI (DOPMHUPOBATH MaMATh, 0a3y 3HAHMH, 33JaBaTh LeJernoyaraHie (WKU3HCHHBIC LENN),
CIHMCOK TMOTEHIMANbHBIX ACUCTBHH (pecypc yhpaBieHHA) U KOMITIOHEHTBl IS BBICTpaMBaHUS
byukmonansHOi cuctembl 1o I1. Anoxuny [3]. 3amonHeHHYIO JaHHBIMH O0OJOYKY, CHMYJIHPYIOIILYIO
peaibHOe IOBEACHHUE CIICLHUATINCTA, YYACTBYIOIIEIO B LIENOYKAaX YNPABICHHUSA W NPUHATHSA PEILCHUN IS
pa3HOOOpa3HBIX IMPOU3BOJACTBEHHBIX CHTyallMii, Mbl OyZeM Ha3piBaTh CHMYISTOPOM paccylouyHOR
JesITeNbHOCTH uenoBeka. [1o ymonuanuio, Takxke CUMYISTOP T0JDKEH MOJACPKUBATH BEIPAOOTKY SKCTIIEPTHBIX
3aKJIFOUEHUI TI0 MPOOJIEMHON CHTYallMd Ha YPOBHE creruanucTa-skcrepra. OynknuoHan CuMmynsTopa BO
MHOTOM Tmepecekaercs ¢ QyHkmusmu OC, rie B KadecTBe ba3bl 3HaHMU HUCHOJIB3YHOTCS TEMaTHUECKUE
TEKCTOBbIC KOJUICKIIUH.

MarepuaJibl U METOABI

Cumynarop paccyJO4YHOH AEATENFHOCTH TPENCTaBisieT coOOi YNpaBISAIOUIYIO CUCTEMY, CYOBEKT, B
TePMHUHAX TEOPHH aBTOMAaTHYECKOTO YIPABICHUS, XapaKTePU3YIOIIHICS CBOMM BHYTPEHHUM COCTOSIHUEM H
3aJI0’)KEHHBIMH BO3MOJKHOCTSIMH NIl TIOTEHIMANBHBIX nedcTBuil. [locrmeanee Ha3bIBalOT pecypcoM
yTIPaBIICHHUSI.

Cosznanue 1mupoBOTO CUMYJISATOpPa 3KCIEpTa, TpeOyeT pa3paObOTKU MPOCTOM M WHTYUTHBHO MOHSTHOM
MOJIETH €r0 MH(POPMAIMOHHOTO TIOBEJCHHS B BHIEC HEKOTOPOW OMUCAHHS W XPAHSAIIETOCS B aBTOHOMHOW
MaMATH OIPEIEICHHOr0 o0beMa 3HaHui. B nmanbHelimem, mociie o0ydeHUS ¥ OOpeTeHHs] HEOOXOIUMOMN
(YHKIIMOHAIBHOCTH, 3Ty KOHCTPYKIIHIO MOHO Oyner cuntath CHMYISTOPOM dKCHepTa. DKCIepT, Oy aydH
HajlelleH 3HaHWSIMH B CBOEHW IpeIMEeTHOW OO0JIacTH, CIIOCOOCH OTBeYaTh Ha BONPOCHI COOECeTHUKA B
muanoroBoM pexume. CooTBeTcTBeHHO CHMYIATOpP TOXKE JOJDKEH MOJIISPKUBATh JAHAJIOTOBBIN PEKUM Ha
€CTECTBCHHOM SI3BIKE.

KitoueBpiMu cBoricTBamMu CHMyIATOpa  SIBISIETCS  BO3MOXKHOCTH NPEANPUHUMATH  OINpPE/IEIICHHBIC
neiicteuss. OHU MOTYT BBI3BaTh M3MEHEHHS B Cpejie MO0 B IPYTHMX KOMIIOHEHTAX, BKIIFOUEHHBIX B MOJIEIb.
TunoBble 1EHCTBUSI KOMIIOHEHT MOTYT BECTH (OBITH IPHUYUHON) K CIICAYIOIINM CIIEICTBHSM:

- H3MEHEHHE II100aTBFHOTO COCTOSHUS CPEJIbI

- JIOKaJIbHOE U3MEHEHHUE CPEelIbl;

- peakuus Ha OT/ENbHbIC BO3JICHCTBUS;

- BBHINOJHEHHWE BBIYHCIUTENBHBIX TMPOIECCOB BHYTPM KOMIIOHEHT Ui OOpabOTKH TOITydaeMoi
WHPOPMAIIUH.

CranmaptHele 6a3oBble cBoiicTBa Cumyssatopa B CumBoiabHOM WM XapakTepu3ylOTCs CIEIYIOIIUMHU
«UHTEJUIEKTYaTbHBIMI BO3MOKHOCTSMHU:

- CoOBITHITHOM MaMSITBIO — CIOCOOHOCTBIO 3alIOMUHATEH paHEe MPOU30LICAIINE COOBITHS.

- Hanmmuwme nenemnonaranust (<oKU3HEHHOW HENN») U BO3MOXKHOCTH € CIIeIOBaTh.

- OOyyaeMOCTb JABMXKa, T.€. BO3MOKHOCTb 3BOJIIOLMM €r0 TMOBEACHUS CBA3aHHOH C BBEACHHBIMH
JAaHHBIMH.

- B03MOXHOCTBIO peaIM3alliH CIIOKHBIX BEIYUCICHHH.

- HHTennekTyalbHOCTH — CIIOCOOHOCTh K aJaNnTaliy NOBEACHUS B M3MEHSIOIICHCS BHEIIHEH cperne,
HAKOIJICHWE W OTYYXJCHHWE 3HAHHWW, CHOCOOHOCTH MpelnBWaeHUs (MPOrHO3a), TMOHUMAaHWE TEKCTa,
CIOCOOHOCTD K AUANOTY (MOAJIEPKKa BOIPOCHO-OTBETHBIX CHCTEM U JIp.

- Y3HaBaHue U HIeHTU(DUKAIHMA 00BEKTOB MIPEIMETHON 00JIACTH.
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3HaHUS U CIOCOOHOCTH K pEUeBOW KOMMYHHKAIMM — 3TO MOCTYJIMpyeMble 0a3oBble  CBOMCTBa
Cumynsropa. [ToaToMy, B HallMX TMOCTPOCHUSX HA MEPEIHUMN TUTaH BBIXOJUT €CTECTBEHHO-SI3BIYHBIA TEKCT,
TECHO CBSI3aHHBIN C STHMH MOHATHSIMH.

B nepbix TunoBeix JC [4] SKCHEPTHBIHA BHIBOI BHITTOTHSIICS IIyTEM ONEepaluii HaJl JIOTHYECKHUMHU JaHHBIMU
W3 TpeIBapUTENbHO TOCTPOCHHOW 0a3bl ()akTOB M TpaBwil.  Peann3oBaHHBIA NPOrPAaMMHO METOJ
nexyktuBHOro tormdeckoro Beioga (ECJIN... TO) n3 Habopa ¢akToB U MpaBwil, Ha3pIBaeMbIX ba3oii 3HaHMIA,
SIBJISUICSL pe3yJIbTaToM paboThl O6710Ka jorndeckoro BeiBoaa JC. [Tossienne nogobusix DC cTano mpopbIBOM
[5], [6], mopomuBIIMM OTPOMHBIE OXKHIAHMS, KOTOPHIE AajeKO HE IMOIHOCTHIO ONpaBHaauch. OCHOBHOM
HEJIOCTATOK BHIBOJIOB, MOJYYa€MBIX C TIOMOIIBIO (hOPMAILHON JIOTUKH, COCTOUT B CHJIBHO OrPaHUYEHHOM
CHHCKE 3aa4y, Ui KOTOPHIX (opManbHasi JIOTHKA SIBISIETCS OCHOBHBIM HHCTPYMEHTOM Pa0OThI CO 3HAHUAMHU.
Hano ObuTO HAalTH APYTHE ITOAXOIBI.

[Ipr TOCTPOEGHUHM SKCHEPTHBIX CHCTEM KIFOYEBHIM KOHIIENITOM BBICTYNACT MOHATHE OKCIEPTHOTO
3HaHus [7]. [lon HUM MOHMMAIOT OTPAKEHUE ICHCTBUTEIBHOCTH B CO3HAHUHM dKcTiepTa. OYHKIMS DKCIePTHOM
CucTeMBl COCTOUT B aBTOMAaTU3UPOBAHHOM PELICHUH MPHUKJIAJAHBIX 33/1a4, KOTOPhIC PaHbIIE PEHIATIHCh JIUIIb
SKCTIEPTaMU ITPH HEMTOCPECTBEHHOM BOCTIPHATHH POOJIEMHON CUTYaIMU. DKCIIEPTHOE 3HAHUE YaCTO MOXKET
OBITh 00BEKTUBU3UPOBAHO, T.€. MPEJICTABIICHO B BUJC HEKOTOPOTO TEKCTA.

Tekct mpexacraBisieT coOoi ClOBapHOE €IUHCTBO, XapaKTepu3ylolleecss B 00uMxone coaepkaTelbHO-
CMBICITOBOH CTPYKTYpoit u nuneitHo# dopmotii [8]. Tekct obnamaeT 0COOBIME CTPYKTYPHBIMH CBOHCTBaMH,
W3BECTHBIMH TIOJ TEPMUHOM «CHCTEMa» (OCHOBHOE TIOHSATHE CHCTEMHOro aHajim3a). CHCTeMOW Ha3bIBalOT
COBOKYITHOCTh B3aUMOCBSI3aHHBIX JJIEMEHTOB, 00pa3yoIMX HOBBI OOBEKT CO CBOMCTBaMH, KOTOPHIMH HE
obnaziaet mo OTACIbHOCTH HU 0JJH KoMIoHeHT cucteMsl [9], [10]. B Texcte npemnoxenue (frase) — coctout
W3 B3aUMOCBSI3aHHBIX CIOBOQOPM U 001a1aeT CBOMCTBAMU, KOTOPHIMHU HE 00J1aJ1aeT 10 OTASILHOCTH HU OJTHA
OTJIENBHO B35ATas CIIOBO(opMma.

ITomumo nUHEMHOTO MNpEaACTaBJICHUSA, ABJIAIOIIMUMCA KaHOHUYCCKHUM, TCKCT OOITYCKACT TAaKIKE CETCBOC
(Tpaduueckoe) mpeacTaBIeHHE, JeNaolee BO3MOKHBIM BH3YyaIH3aIMI0 COAepKaHus ero cmbicia. Hanbomnee
pacnpoCTpaHEeHHBbIE MPHUMEPHI TpapuuecKHuX (GOpMaTOB MPEICTABICHHS CMBICTA TEKCTa — JIUArPAMMBL,
YCPTECIKU, 9CKU3LI, Cﬂaﬁﬂbl Hpe?;eHTaHHfI, MCHTAQJIbHBIC KaAPTHI U HOI[O6HOC, cO31aBacMbI€ Ha OCHOBEC NCXOJHbIX
tekcroB [11], [12]. Jannyto TpaHChOpMAIIMIO C COXPAaHEHHEM CMBICIIA, MOYKHO CUHTATH IMIEPEBOJIOM TEKCTa C
BepOanbHOW B WHYI 3HaKoByk (opmy. IlpeoOpaszoBanms ITHMHEHHOTO TeKCTa B Jpyrue (opmatel, C
COXpaHEHUEM CMBICIIA, 00YCIIOBICHBI MMPAKTHYECKOH HEOOXOJUMOCThI0. Harpumep, Korjia UCXOIHBIA TEKCT
npeoOpa3yeTcss B MaTeMaTH4eCKUi OOBEKT THMa rpada, 4To IMO3BOJSIET MPOBOJUTH C HUM JajbHEHIIne
BBIKJIQJIKK B aHAJIMTHYECKOU (opme.

MBI nipe/iiaracM UCTONIb30BaTh JBYAONBHBINA Ipad Ui CETEBOro MPE/CTABICHUS PEUEBBIX COOOIICHUH, a
B KauyecTBE MOJIENIM, KOTOpasi TIO3BOJISIET CBS3aTh B €AMHOE IEJI0€ BCE CTPYKTYpPHBIE JJIEMEHTHI TEKCTa —
cereBoit popmanusm Ilerpu (CIT) [13].

PaccmarpuBaeMble JHUCKPETHBIE  CHUCTEMbI — COOBITHSI M SIBJICHUS BHEIIHETO MHpPA, HA3bIBaEMbIC
«CUTYaIHsIMUY WK Ke «pparMeHTaMu JeHCTBUTEILHOCTHY, MOJIAraloTCsl HEKOH 1ETOCTHOCTHIO (CHCTEMOI),
COCTOSIIIEH U3 B3aUMOCBSI3aHHBIX YacTel, KX jast U3 KOTOPBIX BHOCHT CBO BKJIa]] B XapaKTEPUCTHKH 1IEII0TO.
IMpu aHanm3e, OSMIHUPUYECKHE CHCTEMbI aOCTParupyroTCs JO YPOBHS MHOXECTBA ACHHXPOHHO
B3aMMO/IEHCTBYIONIMX MPOIECCOB M HEKMM 00pa3oM 3aJJat0T MOBEJCHNE CUCTEMBI B TICIIOM.

TekcT momaraercs MOJEJNBI0 HEKOTOPOM cuTyanuu. B OCHOBE peleHus JIEKUT aHaIU3 TEKCTa ¢
BBIJICJICHUEM B HEM TEKCTOBBIX CTPYKTYp, KOTOPbIE MOXKHO CUUTATh YCIOBHSAMH M MPOIECCAMH.
MUHUMAJIBHBIM TIPOIIECCOM CUMTACTCS TMPEAUKAIUS - CYyOBEKT W MOAJCPKUBAEMbBIA MM TPOLECCYATbHBIN
MIpU3HAK. Y CIIOBUS JODKHBI COOTBETCTBOBATh AJIEMEHTAaM COOBITUHHOMN MOJICIIH.

MerTop pemeHus COCTOUT B ONPEIEIEHUH TOTONIOTuH uenoiib3yemMoi Cetu [leTpu u HagalbHBIX YCIOBUSX.
JHanbie pemaercsi COOTBETCTBYIOIAs! IPUKIIaIHAs 3a1a4a.

21_]151 AUCKPETHBIX TMHAMUYCCKUX CUCTEM KIIFOYEBBIC ITOHATHSA, CBA3AaHHBIC C OITMCAHUEM ITPOLECCOB MOTYT
6I)ITI) KOHKPETHU3NPOBAHBI, TaK KaK 3J€Ch BXOJbI PCACTABIIAIOT c000ii: XapaKTEPpUCTHUKU BXOAHBIX JaHHBIX,
CBEZIEHHsI O Pecypcax, JOCTYIHBIX MPOLECCy, TOTOBHOCTH IO YCIOBHSM, [TOKAa3bIBAIOIINM MOXKET JIH IIPOLIECC
BBITOJIHATHCS B JaHHBIH MOMEHT BPEMEHHU WM K€ JOJDKEH 0KUIATh CBEACHUI OT APYTHX MPOLECCOB H T.II.
BbIxo10M SBIISIFOTCSI HAOOPBI TaHHBIX, 00Pa3yIOIIKUXCS B pe3yJibTaTe 3aBepiieHus npoiecca. Cpeau HaOOpoB
JaHHBIX I0JDKHBI OBITH JaHHBIE, SIBJISIOIIMECS OTBETOM Ha SKCIIEPTHBII BOIIPOC, TOCTaBJICHHBIH B IUAIIOTOBOM

pexume.
Oopmanusm [letpu crienuanpbHO co3MaBajics L pabOTHI C CHCTEMaMH, MOJTOMY TEKCT XOPOIIO HMH
ormuckiBaerca. Tomomoruss CII comepxuT rpadudeckne MPUMHUTHUBBI YETHIPEX THIIOB: KPYKKOB — UM
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COOTBETCTBYIOT YCIJIOBHS, IUIAIEK, KOTOPHIM COOTBETCTBYIOT IPOLECCHI, AYT OT KPYXKKOB K ILIAIIKaMm,
obecrieynBaroIve BXOJ, U OT IUIAIIEK K KpykKaM — BbIXoA. [Ipocteie CII mosp3yroTcs ansi onMcaHus U
W3yUYCHHS MOBEJCHHUS AUCKPETHBIX TUHAMUYECKUX cucTeM. OH 0071a1aeT HAMITyYIIMMH BO3MOKHOCTSIMU IS
OIIMCaHMs B3aUMOCBS3EH AIIEMEHTOB M IIPOLIECCOB. DTO MO3BOJISIET F’MOKO HCIIOIB30BATH €r0 AJIsl 0TOOPaKEeHHUS
U aHaJlu3a [PUYMHHO-CICACTBEHHBIX CBS3€H B CaMbIX pPa3HOOOPA3HBIX Ipoleccax, MPOMCXOMSIMX B
JUCKPETHBIX TMHAMUYECKUX CHCTEMax, BHE 3aBUCUMOCTH OT UX IPUPOJIBL.

CII naet BO3MOXHOCTH aBTOMATHU3UPOBATh COACPIKATEIbHYIO pabOTy C TEKCTOM M MOIYYUTh BHIBOJ. B
JAHHOM KOHTEKCTE BbIBOJ] O3HAYaeT OTBET Ha 3KCIIEPTHBIN BOIPOC U €r0 MOIYIEHUE OIIpeaesieTCs PeIICHUEM
3aJjayd O JOCTI)KUMOCTH TpeOyeMol MapKUpoBKM. Ecnmu MapkupoBKa INOCTIKHMA, TO MOXKHO
c(hOpMyIUPOBATh BEIBOJ, KOTOPEII B 00ILIEM BHJIE HE SIBISIETCS IOTHYECKUM, Mbl HAa3BAJIM HHTEIUICKTYaJIbHBIM.
Taroke mosiBIsieTCss MHTEpeCcHas “NpeficKaszaTelibHasi CIIOCOOHOCTH” AaHHOTO MOAXO0JA - HATUYUE PELICHUS
3aJjaud JOCTHKUMOCTH MapKHUPOBKHM CBUIETEILCTBYET O CYLIECTBOBAaHMU OTBETA HA SKCIEPTHBIN BONIPOC,
Jla)Ke €ClIM caMO HaJln4Ke OTBETa HEOUEBUIHO WJIU MOABEPIaeTCsl COMHEHHUIO.

Taxke CYIIECTBEHHBIM SBJSICTCS BO3MOXKHOCTH  HCIOJIB30BaTh TEKCTOBBIE ~ KOJUICKLIUH  JJIsSt
aBToMatu3upoBanHoro monydermss b3. C mnomompio b3 MomenmpyroTcs 3HaHUS — JKCIEpTa.
QOYHKINOHUPYOMUH [H(PPOBOH CHMYNATOp TOBEIEHUS OJKcrepTa, T.e. OC, mpeacTaBisieT coOoi
MPOrpaMMHBIA  aBTOMAT TOJACPKUBAIOIINA JAAIOT C TIONb30BaTeJieM Ha €CTECTBEHHOM  SI3BIKE.
OyHKIIMOHUPOBAHNE TAKOTO aBTOMAaTa HEBO3MOXKHO 0e3 B3.

Obwue nodxodul k npoexmuposaruio IC.

[Nonstne pemenns ans OC BKIOUaeT B ceOsl AITOPUTM TMOJyYSHHsI OTBETOB Ha BOMPOCHI, MOCTaBICHHEIC
k b3. PaccmoTpruM cxemy moiydeHHs OTBETa Ha IKCHEPTHBIN 3arpoc (T.e. Borpoc k Tekcty b3). Mexomum u3
TOro, YTO NMpH UKU(POBOH CHUMYJISLMH MMOBEACHHUS JKCIEPTA, €ro 3HaHMS MOKHO IPEACTaBUTH KOJJIEKIHEH
TeMaTH4eCKUX TeKcToB b3. ABTOMaTHdeckoe OIpeneieHHe CMBICIa KOMIOHEHT Tekcta b3 mpexacraBiser
c000# Cepbe3HyI0 TPYIHOCTH - cMBICH mopoxkaaercsa B Llenrpansnoit Hepsroit Cucteme (IHHC), a B si3b1Ke
HET CpeACTB paboThl cO cMbIciaMH. BeIOOp 3meck cocTouT B 00y4yeHHHU C yuuTenaeM. B cooTBeTcTBYyIOIEM
Moayse OC yduTeneM TEeTHpYyIoTCS KOMIOHEHTH! BbicKasbiBaHui b3, a uepe3 Tern oHU NMPUBS3BIBAIOTCS K
CMBICTY.

B npouecce pasMbIlIeHU 0 HEKOTOPOU CUTYAaLMK U MOCIEAYIOIEH KOMMYHUKAUU O HEH, y4acTByeT
MHOTO Pa3HOPOJHBIX COCTABISAIONIUX. ITO TEKCT, JEHCTBUTEIHHOCTh, YUACTHUKH OMUCHIBAEMBIX CUTYaIlUi,
WX pOJI, KOMMYHHUKATHUBHAs Cpejia, I/I€ KTO-TO TOBOPALINM (HCTOYHHK), KTO-TO CIYIIAIOMUI (MPUEMHHUK) U
t.0. Ilpeamonaraercs, uro To obuiee, 4To 00BEOUHSAET CTOJb Pa3HbIE CYIIHOCTH, TPeOYeT MCIOIb30BAHUS
MOHATHHN "MOHMMaHKe" U "OCMBICIEHHOCTD" .

[lpobnema TIOHUMaHUST HMHTEPIPETHPYETCS, KaK CIOCOOHOCTh  AHANIW3UPOBATh  (CUMTHIBATH,
peoOpa3oBbIBaTh, TPYNIIMPOBATh K BHIY) HEKOTOPOE MHOXKECTBO AAaHHBIX, OOJeryaromiee B AajbHEHIIEM
MOJIy4eHue pemeHns. Tak, B HEKOTOPBIX NMPEAMETHBIX 001acTsX Ha0Op JaHHBIX YacTO MPUBOAUTCS B BUILY
"ypaBHEHHE IS HEM3BECTHOW IMepeMeHHOH, (yHKuuu, npon3BoAHoN ¢ynkmmu u T.a1. ". [lomyueHue
YpaBHEHHUSI CBUAETEIBCTBYET O IMOHMMAaHWU Tpobiembl. TeKkcT, B TEPMHHAX KOTOPOTO JOJDKEH OBbITh
MPEICTABJIECH Pe3ybTaT HOHMMAaHUs CKJIa(bIBAIOIIEHCs CUTYalluy BHEITHUM HalmoaaTeneM, GUKCHpyomnum
COBOKYITHOCTh COOBITHI M (haKTOB, MPOUCXOASAIINX B mpoliecce (QyHKIIMOHUPOBAHUS CHCTEM, HAa3bIBAIOT
BCTPEUHBIM TEKCTOM. THIIOBOW HpHMEp BCTPEUYHOTO TEKCTa — 3TO TEKCT BOMpOCa OT TOBOPSILETO K
CIIyIIAIOIEMY.

[lox oCMBICTIEHHOCTBIO MBI TIOHMMAaeM BO3MOXXHOCTb HMHTEPHPETALUU HEKOTOPOTO IOJIOXKEHHS el B
TePMHUHAX M TOHATUSAX YK€ HM3BECTHOM CHTyanuH. Tak Kak KOMIIOHEHTHI BCTPEYHOTO TEKCTa HECYyT
OTIpeIeNIEHHBIN CMBICI, TO K HUIM MPUMEHUM CHHOHHM '"CMBICIIOBBIE KOMIOHEHTHI". DMIIMPHYECKUM IyTEM
YCTaHOBJIEHO, YTO KOJIMYECTBO PA3HBIX THUIIOB CMBICIIOBBIX KOMIIOHEHT HE TpeBbImaeT B Tekcre 100 eaunuL.

CMBICTTOBBIE KOMITOHEHTHI BCTPEYHOTO TEKCTa C OTBETaMU Ha HUX, TIO3BOJISIIOT OMHCATh MPOU3BOJIBHYIO
CUTYaIlMIO B BH/IE€ BOIPOCHO-OTBETHOW Tabmuipl. Hanmpumep, KOMIOHEHT €O 3HAUEHUEM MECTOMOIOKEHHS,
OIIpPENETSETCS BOIPOCOM «T/I€?», & CO 3HAYEHHEM XapaKTEPUCTHKH MPEAMETA 10 MaTEpHAITy — BOIIPOCOM «H3
4ero?», BPEMEHHBIE XapaKTEPUCTHKU — BOIPOCOM «KOTJa?», CO 3HAYEHHWEM INPHYUHBI — «U3-3a 4YEro?y,
«mmovyemMy?», Co 3HAaUCHUEM OpYA¥S — U3 Yero?; Ha 4em? | T.II.

Hapsiny ¢ npenMeTHbIMH 1 aTpUOyTUBHBIME CMBICIIOBBIMH KOMIIOHEHTaMHU CUTYallMid MOXHO yKa3aTb U
MIPOLIECCYATBHBIE CMBICIIOBBIE KOMIIOHEHTHI— IPEUKATHI, C 3JIEMEHTAPHBIMHU BOIIPOCAMH: KTO, YTO JENIAET?

[Ipumep cMBICIOBBIX KOMIIOHEHT (TIOJYEPKHYTHI, CIUCOK HE MCUEpPIIbIBAOIINN) TpuBeaeH B Tabmume 1.
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Tabnuya 1. Ilpumepsbl cMblCI06bIX KOMIOHEHM.

No Cmbicnosas KoMnonenma cumyayuu Texcmoswiii npumep
1 €O 3HAYEeHUeM COOEPIHCAHUA pedeMblCaumenvho2o, | Bepa e arodel
COYUATILHO2O OeliCMBUS UL 80CHPUATNUSL.
2 CO 3HaUeHUueM Ha3HayeHue npeomemad. Ipysrcuna ons kankaua, Karoy om oubIUoOmeKy
3 co  3HaueHnue  xapaxmepusyiowum  pasmep, | Ilopm — 3a cmo muib, dom 8 08a smasica
UCHUCTIAIeMYI0 MepY BeTUYUHDL.
4 €O 3HaueHuem opyous Oelcmeaus. Iums u3 nuanel, uepame Ha cKkpunke, mecamso
monopom
5 KOHCMPYKYUs, ~ KOMHOHeHm  cO  3HaueHuem | M3 mecmu, uz-3a oenez
NPUYUHDBL OellCBUsL U NPOSIBNIeHUs. NPUSHAKA
6 o 3Hauenuem 6030elicmgyrOueco  Gakmopa | cied om naivyes
npeomMema uiu sS61eHuUs.
7 CO 3HAYEHUEeM MEeCIMOHAXO0NUCOEHUS. Y dhonmana, npomus yupxa
8 €O 3HaueHueMm cnocoba, cpedcmea Oelcmaus. Ineimob Ha napoxode, svicmyniienue no paouo
9 KOMNOHeHm ¢  npeomMemuo-eeujecmeeHnvim | Kenumoca na xyooscnuye
3Hauenue no0gepearoyuiics 0eticmauio
10 | co 3uauenuem — yacmo (yacmu) yenozo. 06e0 u3 d8yx 61100, Xpam — 0 mpex uwlampax
11 | co 3Hauenuem nomeHyuarbHozo Odevicmeus, | OmMKa3amvcsa om NpuSIAeHUs, Peuumscs Ha
cocmosAnus (8 MOOANbHO-KAY3AMUBHBIX | PAZIVKY
KOHCMPYKYUSIX)
12 | 3nauenuem eHewmell cumyayuu, npupoonol unu | B mymane, nod doscoem
COYUANbHOL, onpedensrouyel cocmosHue
cybovekma.
13 | co 3mauenuem ucmounuxa uHOpMAYUU UAU | VZHAT U3 XPOHUKU, yumama u3 [lywkuna
CEHCOPHO20 BOCHPUSMUSL.
14 | nazvisarowuti memy oyeHu8aemol Cumyayuu. B yueme — nepasbepuxa
15 | komnonenm, svbIpadicaouull epemennvle | C nepswvix OHetl, OHem
Xapaxmepucmuxu.
16 | co 3mauenuem xapaxmepucmuxu npeomema no | Uz nedpmu, u3 enunvl
Mamepuany, geujecmsy

BomnpocHo-oTBeTHas TabMIIa U3 KPATKUX BOIIPOCOB C OTBETAMHU, MPEJICTABIISIOT Ty YK€ CaMyIO CUTYAIHIO,
4TO U COOTBETCTBYIOIIEE TEKCTOBOE coobIneHue. Hanpumep, coobrenuto "EBreHuil o BEIXOIHBIM MOCEIIACT
KOPT, YTOOBI MOUTPaTh B TGHHHC'", MOXKET OBITh MOCTABJICHA B COOTBETCTBUE HIDKECIICAYIOIIAs BOIPOCHO —
orBeTHas TabOmuua 2.

Tabnuya 2. Bonpocho-omeemuas madbauya

Kpamxkuii éonpoc Cmvicnogas komnonenma | CmblcI06as KOMROHEHMA CUMYAYUSL
Kmo ? Eseenuii Jlesmeno
Ymo oenaem? nocewaem Jleticmsue
Hocewgaem umo? Kopm Obvexm Oeticmaust
C kaxotui yenvio ? umo0bl nouspamo Lenv
Kozoa? 1O 8bIXOOHbIM Bpews

Kak BuINM, BOIPOCHO-OTBETHASI TAOJUIIA HECET TOT JK€ CMBICI UYTO U COOTBETCTBYIOIIEE BHICKAa3bIBAHME,
HO HE 3aBHCUT OT CHHTAaKCHCa HCIIOJIb3YEeMOTO ECTECTBEHHOIO s3bIKa. BompocHo-oTBeTHas Talnmia
MO3BOJISIET PEIINTh OOpaTHYIO 3aJady - O TpaHcpopMmanuyd TaOIHIBI B COAEP)KATEIHHO SKBHUBAJIEHTHOE
COOOIIIEHNe, COCTABIIEHHOE 10 BCEM MpaBmiiaM CHHTakcuca. Heobxomumo Takke WMETh B BHJY, UYTO €CITH
OTJEJIBHOM CMBICIIOBOM KOMIIOHEHTE BBICKa3bIBAHUS MOKHO TIOCTaBUTh B COOTBETCTBHE HEKUI IIEMEHTAPHBIN
CMBICII, TO JJISl BBICKA3bIBaHUS B 1IEJIOM YK€ MMEIOTCS J1B€ Hanbojee OOIIMX CMBICIOBBIX COCTABIISIOIIMX:
TUKTYM ¥ MoAayc. JIMKTyM OTpa)kaeT 0OBEeKTHBHOE COJEpKaHNE BBICKA3bIBAHMS, & MOAYC - €T0 MOJAJIBHYIO
4acTh, T.€. OTHOIIIEHUE CyOBEKTa K IeHCTBUTENIbHOCTH, OMTMCHIBAEMOI B BRICKA3bIBAHHH.
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MonansHOCTb MPOSIBIIIETCA Yepe3 T.H. MOAYCHBIC PAMKH, CBOM [T K&KIOT0 U3 MATH KOMMYHUKATHBHBIX
peructpoB (B DC MBI UCTIONB3yEM TOJIBKO TP KOMMYHUKATHBHBIX PETHCTPA).

BoT nepedeHs 3THX MOIYCHBIX PaMOK:

a) MepUenTHBHAs IS PENPOIYKTHBHOIO KOMMYHHKAIIMOHHOTO PETHCTPA;

b) wmenTameHas - T HHGOPMATHBHOTO;

C) BOJIOHTUBHAs - IJIs1 BOJIOHTUBHOI'O, U €LIE /IBE, HE MCIOJb3yeMble Ul TEKCTOBbIX b3 3kcmepTHBIX
CHCTEM.

Tun MoxycHOH paMKH MOXKHO PacIO3HATh Ye€pe3 UCIIOJIb3YEeMbIE IIPEANKAThL. B neprenTuBHbIX MOAYCHBIX
paMKax HCIONB3YIOTCA (Ha MaTepuaie PYCCKOrO $3blKa): HPEAMKAThl UyBCTBA — GUOEMb, CIblULAND,
YY8Ccmeosams 1 m.0., MOLYCHBIE TIPEAUKATHBEI Ha -0 — BUOHO, CIILIUHO, 3aMemHo; TPEAUKATHI 3pUTEIHHOTO
BOCTIPHATHS - GUOEMb, & TAKKE APYrue MepLUENTUBHBIC PEIUKATBI — CAbIUUAMb, YYECE08AMb U M. 0.

B MeHTanbHBIX MOAYCHBIX paMKaxX BO3MOXKHBI: NPEIUKAThl BOCHPHUSTHS B MEHTAJIBHOM 3HAUY€HHH, MX
KOppEeNATHl B Nepudpazax — x00sam cAyxu, MOAYCHbIC MPEIUKATUBBI HA -0 — BUOHO, CIbIUHO, U38ECHIHO,
Heus8ecmHo; IPeTUKAThl 3HAHUS, MHCHUS — 3HAMb, 8ePUmMb, OYyMaAMb, CYUMAMb, NOAA2AMb U Op.

B BOMIOHTHBHBIX MOIYCHBIX paMKaX IOJDKHBI IPUCYTCTBOBATh: MOJAJIBHBIE NPEAMKATBI — XOMEmb,
JHcenamo, U3bLAGUMsb U Op.; MOAAIbHBIE IPEAUKATUBBI HA -0 — HYICHO, OOJINCHO, MOJICHO; TIATOIBI PEUEBOTO
BO3JICHCTBUS — npuxasvieams, mpebosamn, ciedyem, nooobaem, no1azaemcs u m.m.

BbIHlerI/IBCILCHHLIC COO6pa)KeHI/I$I TIO3BOJIAKOT O6OCHOB3TI) " MOATrOTOBUTHL CUCTEMY TEIr'OB IJId PYYHOI'O
TErupoBausl JIEKCUKOHOB IpeaMoil obsactu ¢ yunTteneM. CamMu JIEKCUKOHBI IOJIy4arOT B ABTOMaTHYECKOM
pexumMe mpu 00paboTKe TEKCTOBBIX KOJJIEKIIMH, OMMCHIBAIOIINX MPEIMETHYIO 001aCTh.

Hwuxe npuBoauTCS alNropuT™.

O6paboTtka TekctoB b3 HaunmHaeTcs ¢ rpadeMaTHyecKoro aHanu3a (TOKeHU3AIluH, B 3a1aTHOW TPAIUIIAHN).
B TexcTe HE0OXOIUMO BBHIAECIUTH COCTABHBIC M MPOCTHIE COOOLICHHMS, M HX O0Jiee MEIKHE COCTaBJISIOLINE.
[Tepeuens mporpamm Jist pabOTHI ¢ TEKCTaMU MpuBeneH B [14].

Cnenyromuii mar — BbIACICHUE NpenuKanuil ¥ yciaoBuil. OUHAIBHBIM [IAr 3aMeHa MNpeJuKalMid Ha
abcTpakTHbIE MNEpEeMEHHBbIC, Ha3blBaeMble HAEHTH(UKaTOopamu mporeccoB. OHU OOBIMHO BBIPAXKAIOTCS
rIarojiaMu. Y CIOBHsI TOXe 0003HA4aI0TCsl aOCTPaKTHBIMHU IEPEMEHHBIMU. 3aTEM POUCXOAUT WX IOCTAHOBKA
Ha COOTBeTCTBYIOIICH no3unmu B rpade. B CII 3amaeM Taxke HauaabHbIe yCioBus U BbinoHsem CII.

Hcnonb3yloTcst TEKCTOBBIE PECypChbl, YTWIIMTBHL IO paboTe ¢ TeKcTamMH, YTHIUThl i padotsl ¢ CII u
YTWIMTBI JUIS PELICHHs NEPEONPEICIICHHBIX CHCTEM JIMHEMHBIX ypaBHEHUH. TOKEHH3aTop, NOCTPOUTEIb
JIEKCMKOHOB, PYYHOH Terrep Jjsl HadaJIbHOTO OOyUeHHS JIEKCUKOHOB, YTHIIUTHI AJisl paboThI ¢ ceThio [leTpu
UMEIOTCS B CBOOOIHOM JtocTyIe. UTo T0KHO «yMeTh» (puHalbHOE pelenre? BoliaBaTh HHTENIEKTYalbHBIN
BBIBOJI HA OCHOBE PELICHHS 3a/1a41 O TOCTHKUMOCTH MapKUPOBKH JUIst peodpaszoBanHoro B CII Tekcra u ero
WHTEPIPETAIUN B 33JaHHON TPEIMETHOM 00IacTH.

Pe3syabTaTsl

Jlyis paccMOTpeHHsI BOIPOCOB ITU(PPOBOM CHUMYJISIMHM TOBEACHHUS SKCIIEPTa B 3aJaHHOM IMpeIMETHOMH
00s1acTH, TPEOYETCS BBITIOJHEHHUE CIICAYIONIUX YCIOBYIA:

1) HeoOX0aUMO OITUCaHKE, TOBEJACHHS SKCIEPTa B PA3HBIX CUTYAIUX, YTO BHITOJHSACTCS PH TTOMOIIH
TEKCTOBBIX ba3 3HaHUI;

2) JOJDKEH OBbITh COPMYITMPOBAH SKCIEPTHBIN 3aMPOC B TEKCTOBOM BHJIE;

3) u3 TekcroB b3 o/okeH ObITh BbIJETIEH (PAarMeHT, C OMHUCAHHEM TEKCTa, MOJIEKAIIEero
MpeoOpa3oBaHUIo B Ipyroi popmar;

4) 10 (hopmar JOMKEH IOMyCKAaTh €ro mpeodpa3oBaHus B rpaduueckoe mpeacrasienne, tTumna Cetn
[etpu, u mocnenyromyo 00padoTKy hopMaTbHEIMA MAaTEMAaTHIECKUMHU METOJAMH.

[IpuBeneHHbid BbImIe (QOpMaNU3M IMO3BOJSIET pEajM30BaTh HAa TEXHUYECKOM YPOBHE TpeOyeMblil
(YHKITOHAM AJIs1 YIIPaBIIsEMBIX TUCKPETHBIX JUHAMHUYECKHUX cHCTeM. Peann3anys, ectecTBeHHO, HAUMHAETCS
¢ MojenupoBanus. J{ist aToro co3maercs 1100 IECKPUNTUBHAS, TUOO popMaIbHas MaTeMaTHYecKast MOJIEIb
yIpaBJieHHsI TOBEICHUEM COOTBETCTBYIOLIET0 0OBEKTa yIpaBieHus. Hamomuanm, 4ro aganrtamnus ynpaBieHus
K HOBBIM yCIIOBHSIM BHEIIHEN CPENIbI, SABISAETCS XapaKTEPHBIM CBOWCTBOM MHTEIIEKTYaIbHBIX YIPABIIAIOLIINX
cucteM. MHTemIeKTyalbHblE TPOIECCHl B COOBITHMHBIX MOJEISIX YINPABICHHUA  PETyIUPYIOTCS
COOTBETCTBYIOIIUMH (QYHKIHMOHATBHBIMH cucTeMamu. Ilpu 3ToM, mpenmonaraercs, 4YTO Hapagurmy
AKTUBHOCTH COCTaBJIAIOT MHTEJUIEKTYaJIbHBIE IIPOLIECCHI, YTO MO3BOJIMIIO pacCMaTpuBaTh UX INPUMEHEHHE B
TEXHUYECKOW cdepe ¢ Mo3unui  (QyHKIMOHATBHONH CTPYKTYPBl H JCSTENLHOCTH BTOpoii cuUrHaibHON
cucrembl [THC yemoreka. B qaHHOM 1o1X07ie cUUTaeTCs, 4TO HarboJIee Mepe1oBbie TEXHOJIOTHH YITPABICHUS
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CJIO’KHBIMHU JTUHAMUYECKUMH 00BEKTaMH MPeronaraloT HudpoByo 00padoTKy HHPOPMALMOHHBIX CUTHAIOB
C MHCIOJb30BAaHHEM LM(POBBIX BBIYMCIMTENBHBIX CpeAcTB. Kpome TOro, cucrembl aBTOMAaTHYECKOTO
yIpaBieHUS B TEXHUYECKOH cdepe — 3TO, KaK MpaBUII0, CUCTEMBI PealbHOro BpeMeHH. MHade roBopsi, Bce
ITOPUTMBI 00pPa0OTKM MHPOPMAIIMOHHBIX CUTHAIOB B MHTEJUIEKTYalbHBIX CUCTEMAax yNpaBiCHHUS TOJLKHBI
OBITh peann30BaHbl B PEaJIbHOM BPEMEHH.

3akaoueHue

Wrak, y Hac mMeeTcsi TEKCT, SBISIFOIINANACS OMICATENbHON MOAENhI0 HEKOTOpOU cuTyanuu. CTpyKTypHO
3TO CHCTEMa, COCTOSILAsi M3 peuYeBBIX cooOmieHnil. OAHOBPEMEHHO, y HAac BEAETCS OIepalrOHHAas
JESITeNBHOCTh 10 CO3/IaHHI0 OOBEKTa YNpaBJICHHUS COTJIACHO 3aJaHHOM MporpaMme OeHCTBU. DTO TOXe
crcTeMa, HO COCTOsIIasi U3 OMMCAHUH MPOLIECCOB, MPEAMETOB, COOBITUH U NeiicTBuil U T.4. CrnpamuBaercs,
KaKOBBI HAaIlli BO3MOXHOCTHU ISl aBTOMAaTH3aLuu? BrIcnii ypoBEeHb aBTOMATH3AL[MH IPOU3BOJCTBEHHBIX
SKCHEPTHBIX 3a/1a4, COCTOMT B 3aMEIICHUs YeJOBeKa — WCIIONHUTENS JHOO0 IKCIepTa Ha BCTpanBaeMoe
MporpaMMUpyeMOe  aBTOMaTH4YEeCKOe MpWiIoXeHue, Hampumep, Ha Lludposoit Cumymnsarop c
COOTBETCTBYIOIIUM (yHKUMOHAIOM. Mbl pasnndaeM ase mnapagurmel MckyccrBenHoro MHrtemnekra:
HeiipocereByto u CumBomnbHyto. [log CumBonsasiM W moHMMatOT (hopmManmusm, MOAETUPYIONIUI B IIHPOKIX
mpenenax paboTy TOJOBHOI'O MO3ra YelioBeKa Mpu pabdoTe ¢ CHUMBOJBHOH M 3HAKOBOW HH(OpPMAIUCH.
N3BecTHO, UTO SI3BIK U pedb, MOSBIWINCH Y YeJIOBEKa 3HAUUTENIBHO TO3KE, YeM 3peHHe U CIIyX. OJTO 3HAYMT,
9T0 00pabOoTKa 3HAKOBOI U CUMBOJIHHON MH(OPMAIIHH JISKUT Ha O0JIee BBICOKOW IBOIIOIMOHHON CTYIIEHBKE,
4yeM OOBIYHOE paciio3HaBaHHe 00pa3oB. [loaToMy, MOKHO TpearnoyaraTh, YTO MOCIE HEHMPOHHBIX CETEH,
XOPOIIO pabdOTAIONINX ¢ M300paKSHUSAMH U 3By4alllel peublo, MOSBUTCS, pEIlICHHE, TOKA3hIBAIOIIEE XOPOIIUE
Pe3yIbTaTHI MPH PabOTe CO CMBICTAMH, B 4acTHOCTH B paboTte DC. MbI monaraeM, 9to 310 0yneT CHMBONBHEIHI
WU [15], [16].
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Abstract

One of the most used technologies in computer and network security is Security Information and Event Management
(SIEM) systems. A SIEM system is a tool that collects logs of all software and hardware connected to the network, detects
security violations using these logs, and generates alarm notifications. The SIEM system generates several alerts during
operation. It is an essential problem because of the abundance and the correctness of these alerts generated. In this paper,
we implement the Artificial Immune System (AIS) algorithm to generate more stable alerts and to increase the verification
rates of the alerts produced by SIEM systems. The results show that the adaptation of the AIS algorithm to SIEM systems
is successful. When we apply the SIEM systems powered by AlS, then we had got more successful result than the
traditional SIEM systems.

Keywords: Security information and event management (SIEM) systems, Information security, Cyber security,
Acrtificial immune systems, Intrusion detection systems.

Annomayus
PEAJIMBALIUS AJITOPUTMA UCKYCCTBEHHxOM UMMYHHOM CUCTEMBI J1JI51
NH®OPMALMOHHBIX CUCTEM BE3OINIACHOCTMU U YIIPABJIEHUS COBBITUSIMU
10. Yenux?, O. Qunoux?, 10. Anaoxca®, b. Acanoea?, C. Illapmyxanbem?
Kapabyxckuii ynusepcumem, 2. Kapabyk, Typyus
2Amwipayckuii ynusepcumem um. X, Jocmyxameoosa, 2. Amvipay,Kazaxcman
Yuusepcumem Xumum, e. Yopym, Typyus

OnHolt m3 Hambosee YacTO MCHOJIB3YEMBIX TEXHOJOTHH B 00NAacTH KOMIIBIOTEPHOW M CETeBOH 0e30macHOCTH
SIBIITIOTCSL CHCTEMBI yrpaBiieHuss mHpopMmarnmeid o OezomacHoctH u coObitmsiMu (SIEM). Cuctrema SIEM — 3t0
HHCTPYMEHT, KOTOPBIA COOMpAeT >KypHaJIbl BCETO MIPOTPAMMHOTO U aIlllIapaTHOTO 00eceueHHs, MOJKIIOUEHHOTO K CeTH,
0OHapy)XMBaeT HapyIIeHUs Oe30MacHOCTH C IMOMOIIBI0 ITHX JKYpPHAJIOB M TEHEPUPYET TPEBOXKHBIE YBEIOMIICHHS.
Cucrtema SIEM reHepupyeT HECKOJIBKO IIPEAYNPEKICHUN BO BpeMs paboThl. DTO CyIIeCTBEHHAs MpodieMa 13-3a O0MINs
U KOPPEKTHOCTH T€HEPUPYEMBIX NIpeAyNpexIeHUi. B 3Toi cTatbe Mbl peain3yeM aJIrOPUTM UCKYCCTBEHHONH UMMYHHOM
cucteMsl (AIS) mns reHeparuu Gojee CTaOMIBHBIX ONOBEUICHWH M TOBBIIICHHS CKOPOCTH IPOBEPKH OIMOBEUICHHUH,
reHepupyemsix cucremamu SIEM. Pe3ynbTaTsl moka3beIBaroT, uto aganrtaius anropurMa AIS k SIEM -cuctemam nponuia
ycrnemHo. Korma mel mpumenmnu cuctemsl SIEM Ha 6aze AIS, mMbl momy4ymnu Oornee yCHEUTHBIH pe3yibTaT, deM
TpaauLroHHbIE cucTeMbl SIEM.

KiroueBble cioBa: cucTeMBl 0e30MacHOCTH WHpopManuu U yrnpasieHus coowitusivu (SIEM), uadopmanmonHas
6e30rmacHOCTh, KnOepOe30macHoCTh, McKkyccTBeHHBIE IMMYHHBIE CHCTEMBI, CHCTEMBbI OOHAPYKEHHUS BTOP)KECHHH.

Anoamna
AKITAPATTBIK KAYITICI3JIIK )KOHE OKUFAJIAPIbI BACKAPY KYWEJIEPI YIIITH )KACAHJIbI
UMMYH/IBIK ’KYHUE AJITOPUTMIH EHT'I3Y
FO. Yenur®, O. @unoux?, 10. Anaoxca®, 5. Acanosa?, C. Hlapmyxanbem?
Kapabyk ynusepcumemi, Kapabiox ., Typxus
2X Jlocmyxame0oe amuinoazel Amuipay yHueepcumemi, Amwipay ., Kazaxcman
SXumum ynueepcumemi, Yopym ., Typxus

KomnbroTepitik sxoHe )KEIUTIK KayilCi3iK calachbIHIAFb €H KOIl KOJIIAHBUIATHIH TEXHOJIOTHSIIAPIBIH Oipi-Kayilci3aik
XKoHe oKuraap/bl 6ackapy xyienepi (SIEM). SIEM »xyiieci-Oyi1 xetire KocbUraH 0apiiblk OarjapiiamMariblK Kacakrama
MEH aNnapaTThlK KYpajJapAblH >XKypHaJJapblH >XKMHAWTBIH, OCHl JKypHANJap apKbUIBl KayilCI3HIKTIH Oy3BbUTYBIH
AHBIKTaHTHIH JKoHE J1a0bIT XabapiiaManapblH XKacaiTeIH Kypail. Siem xyHeci >KyMbIC Ke3iH/e OipHelIe ecKepTy KacaiIbl.
Byn xacanraH eckepTyJepaiH KONTIrh MEeH AYPHICTHIFbIHA OaiIaHBICTBI MaHBI3ABI Mocene. byn Makanana 6i3 TypakThl

176




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

eckepryiep skacay xaoHe SIEM skyienepi jkacaraH eCKepTYJEpIi TEKCEPY JKbIIIAMIBIFBIH apTThIPY VILUIH KacaHJIbl
UMMYHIBIK Ky#e (AIS) amroputmin enrizemis. Hotwxkenep AIS anropurmin SIEM xyitenepine OeitiMaey corTi
OonrranbIH kepcereni. AIS apkpuisl sxymebic icreiitin SIEM sxyienepin konpanranna, 6i3 goctypii SIEM xyitenepine
KaparaH/ia TaObICTBl HOTHKETE KOJI )KETKI3IK.

Tyiiin ce3mep: aknmapaTThIK Kayilci3mik jkoHe OKuranapisl Oackapy xyienepi (SIEM), aknapaTThIK Kayinci3mik,
KubOepKayiInci3ik, )kacanabl IMMYHIIBIK )KYHenep, HHTPY3UsHBI aHBIKTay JKyHenepi.

Introduction

Network infrastructures consist of many devices and software tools such as computers, clients, servers, etc.
All machines and software in the network produce logs every day. Due to a large amount of log data, it isn't
easy to filter the data that can be helpful to take from network traffic. Network movements need to be reported
to analyze incoming and outgoing traffic data and obtain meaningful results for the network.

Identifying the events occurring in information security or network security and taking precautions against
them can be provided using these reports and log analysis [1]. If attacks on the network can not be detected
correctly, then the security of all components connected to the network is compromised. Since the network is
a multi-user system and many connected systems, it is challenging to ensure network security. Log records of
all users and system activity must be collected to ensure information security [2]. One of the goals of log
management is collecting log records automatically from systems, databases, and users. One of the information
security systems developed especially for analyzing logs is a SIEM system.

A SIEM system can become an automated and self-adaptive system using artificial intelligence techniques.
A traditional SIEM system has difficulty with newly encountered and multi-step attacks by combining data
from many heterogeneous systems. To overcome these difficulties, a self-adaptive and automatic SIEM system
is introduced using genetic programming and deploying artificial neural networks [3].

SIEM systems have two classic tasks. The first is to collect log data from software and hardware such as
network servers, routers, firewalls, and intrusion detection systems (IDS). Another task is to listen to the
network traffic in real-time and apply a series of correlation rules to detect suspicious events and analyze the
encrypted network. Since the whole network is complex and large, SIEM log records should be collected in a
specific location [4]

In large-scale networks with a large number of security incidents, SIEM systems face problems such as the
normalization of data, reducing the number of false positives, and the length of data analysis. Effective data
processing plays a vital role in eliminating these problems [5].

A cyber Kill chain model was first developed by Lockheed Martin and is known as the Lockheed Martin
Kill-Chain model, which is currently used by the National Institute of Standards and Technology (NIST) as a
component of the cyber security framework. The Kill-Chain model was used in SIEM systems to generate
fewer false positive and false negative alerts [4]. Supervisory Control and Data Acquisition (SCADA) systems
are integrated with SIEM systems to be more reliable [4].

One of the methods developed against cyber-attacks is the Artificial Immune System, and it is used to detect
abnormal activities in the network for intrusion detection [6].

Artificial Immune System (AIS) has attractive features such as self-configuration, self-learning, and self-
adaptation. Thanks to these features, AlS is generally used when anomalies are identified as non-self. Thus, a
proactive system is developed to identify and prevent new and unseen anomalies [7].

A self-adaptive SIEM system is improved by deploying artificial neural networks. It is possible to identify
the attacks in the existing system by generating the rules and correlations using Artificial Neural Networks
(ANN) [4].

Denial of service attacks (DoS) is constantly growing and threatening. Due to their sophistication, ease of
application, and improvements in hiding fingerprints, they have recently been the most common types of
attacks. When dealing with DoS flooding attacks, the AIS approach has yielded successful results in reducing
such attacks [8]. In this approach, various agents are distributed to the devices and software in the network.
These agents can identify threats and perform behaviors similar to the biological defense mechanisms of human
beings, such as creating quarantine areas and constructing immune memory.

To ensure the security of computers and networks, keep unauthorized users away from the system, or
prevent them from logging into the system and capturing information, first, unique authentication and access
are provided to users. Such phases form the lowest level of security [9].

The necessary signatures should be well defined, and the size of the large-scale signature databases should
be adjusted by this method. There is a high probability of false alarms in a signature database that is not well-
sized [10]. If the signature database is more minor than necessary, it is ineffective in detecting attacks and
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negatively affects security. A profile of events is created to monitor user behaviors using an anomaly intrusion
detection method [10].

The remainder of the paper is organized as follows. A review of SIEM systems is given in Section 2. The
design of the dataset for cyberattacks on SIEM systems and the use of SIEM together with AIS are introduced
in Section 3. In Section 4, the experimental test results obtained from the proposed SIEM and AIS methods
are presented, and finally, some concluding remarks are given in Section 5.

1. Security information and event management system (SIEM)

SIEM systems are software tools that provide the log records produced by all network software and
hardware resources to be collected and reported on a central system [11]. A SIEM system contains and stores
logs. If the identical records are generated repeatedly, then SIEM will show them as a single event. It is a tool
that makes the collected logs readable and categorizes them, manages the events created by generating reports
and alarms, and establishes relationships between many events [4].

There are three main challenges in conventional SIEM systems.

1. The existing SIEM systems are highly dependent on the configuration of multiple sensors (agents)
deployed over the network. Numerous techniques have been proposed to combine data derived from different
sources to help identify attacks.

2. Existing correlation engines require collecting relevant warnings of operators and making a minor
effort to choose the most appropriate precaution.

3. SIEM systems attach great importance to the use of automated procedures for real-time analysis of
security events. SIEM systems are equipped with autonomous up-to-date information on attacks that prevent
further damage to zero-day attacks by self-learning and adaptation to the event association.

Classical management flaws still persist; for example, bringing together many security events reported from
multiple heterogeneous systems poses exciting challenges in adapting to new and multi-step attacks.

Methods such as ANN and Genetic Programming have been used to minimize the disadvantages of SIEM
systems. ANNs classify all events collected by a SIEM system. The ANN is trained to categorize the attack
scenarios whose events are dynamically defined and controlled by the information examined. More precisely,
an ANN creates patterns containing the type and number of events to represent a particular multi-step attack.
It generates efficient correlation rules by introducing Genetic Programming (GP) into the SIEM correlation
engine. It also provides a correlation infrastructure to learn and develop correlation rules for different multi-
step attacks automatically. Therefore, it associates events with a specific attack context and makes the response
of the event more efficient [12].

A standard SIEM solution must have the components given in Figure 1 to manage and analyze security
events at a single place and to follow the incident response processes, if necessary.

< LoG PARSING & RULES & ALERTS &
OURCE ‘—> COLLECTION '_> FORMATTING CORRELATION ALARMS

!

STORAGE

) MONITORING &
REPORTING

Figure 1. Six basic steps of a SIEM system

1.1 Log Collection Aggregation

SIEM systems collect logs from many different devices connected to the network. Depending on the
variability of the systems, before the log collection process is performed the records created by that system in
their structure differ [13].

Processing log files collected from software, hardware, and application resources of each system has
significant problems [12]. These problems can be listed as follows:
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1. The log records being high both in number and size,

2. The recording patterns are different from each other since the logs of each source are collected in its
log format,

3. The content of the logs is very different from each other since various events come together to form
records.

All devices and resources that are actively connected to the network collect their log records in their format,
which allows the patterns of the log records to be designed differently. Due to this difference, it isn't easy to
read and analyze the logs. The main reason for the difference in these patterns is that the application areas are
not considered quite broad, readability is not prioritized, this process is left to the discretion of the application
developers, and most importantly, there is no specific standard. No organization has set a standard regarding
this issue, and its deficiency continues. SIEM systems define these events by combining these patterns within
specific rules [14].

1.2 Normalization

Normalization correlates by enabling the data to be converted to another format to reveal appropriate
information from the log files without disturbing the integrity of the data. Filtering should be applied to log
data with specific criteria to reduce massive data. By using this process, unnecessary parts of massive data are
removed. The data can be saved in databases so that it may be organized logically. Thus, efficiency will be
achieved in terms of time and performance [15].

1.3 Correlation

It is establishing a relationship between logs independent of each other and taking action as a result. In
other words, designing of reports from records collected via device or raising alarms from the rules created is
called correlation [16]

Correlation is the process of checking millions of data collected every day and storing them in a single
directory before reporting. This helps to reduce huge data and creates easy to read by the system administrator.
Complex alarms are reported by the correlation system [17].

1.4 Prioritization

Prioritization is the classification process according to critical values if the system is under any attack and
this attack is successfully performed. A priority value between 0 and 5 is determined according to the
magnitude of the attack [18]. For example, scanning to find vulnerabilities in a network or server port is more
important than scanning a printer's port. Administrators can change these priorities in the normalization tables
for each event.

1.5 Alarm, Report

These are services for collecting information (logs) of the events that occurred and recorded in the systems
and for the analysis and reports of the operations made in the systems. It is the process of creating reports for
analysis of all successful and unsuccessful event information or logs in systems having SIEM systems [17]. It
is the process of determining that the systems have been attacked by creating alarms and reports and analyzing
these attacks in order not to have such attacks again. In contrast, reporting of the log records, graphs, and past
analysis is performed. If a problem occurs within certain criteria, an alarm is generated, and the responsible
system administrators are warned.

1.6 Post-event Analysis (Incident Response)

A log containing an attack vector or a risky situation caused by multiple threats is called an incident [17].
For example, the reverse TCP connection attempt from the machine where SQL Injection experiment was
performed and adding users to that machine can be given as an example. After the event, archiving the logs to
analyze logs is called Post-event Analysis (Incident Response).

2. Design of siem dataset

In 1998, DARPA created datasets for intrusion detection. KDD'99 dataset was created in 1999 by adding
new ones to these datasets and changing some of the data in the datasets (KDD'99, http://kdd.ics.uci.edu/,
Tarih yok). KDD'99 dataset, which has become standard, is still up to date for academic studies (DARPA).
This dataset consists of 41 features. Among them, 32 features are continuous variables, and nine are discrete
variables (KDD'99, http://kdd.ics.uci.edu/databases/kddcup99/task.html, Tarih yok). We used the KDD'99
dataset to test the method's success proposed in this study [20].

Training Dataset

The training data consists of 65536 data taken randomly from KDD'99, of which 10% can be used. These
data determine the population of AlS, that is, the antibody. These training data are mutated with the Clonal
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Selection Algorithm, and the population of antibodies is created with mutated data. Antibody data shows the
number of data in four types of attacks. Log records consist of DoS, U2R, R2L, Probe attacks, and non-attack
log data. Since there is no log data when there is no attack, there are normal type values. Thus, by looking at
these values, false positive and false negative numbers can be determined.

Table 1 Antibody populations

Attack Type  Attack Name Nr of data Subtotal of Attacks All Attacks Total of dataset
Land 16
Neptune 29086
DoS Pod 20 42681
Smurf 13459
Teardrop 100
Buffer-overflow 2
U2R Loadmodule 1 4
Perl 1
44098
Imap 11 65536
ROL Multihop 1 34
Warezmaster 20
Phf 2
Ipsweep 102
Probe Nmap o1 1379
Portsweep 238
Satan 038
Normal Normal 21438 21438 21438

As seen in Table 1, 10% of KDD log data contains 65536 attack data in total. Among the total log data,
most of which is DoS attack data. Although there are four different types of attacks, the number of antibodies
varies with the scarcity and distribution of other data.

Test Datasets

It is possible to test multiple antigen populations with the antibody population obtained from KDD'99. In
Table 1, three sets of antigens were created by selecting random values from the antibody population of the
data. In this way, it is aimed that the antibodies differentiate against different antigens and try to identify
these antigens.

Preprocessing

The preprocessing has to be performed since KDD'99 data are in txt format, and these data must be used
in AIS. These preprocess are digitization and normalization. A sample of KDD'99 data is shown in Figure 2.
All data have 42 features in total and are converted into 42 columns. The data converted into columns are
given in Table 2.

0,udp,private,SF,105,146,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,2,2,0.00,0.00,0.00,0.00,1.00,0.00,0.00,255,252,0.99,0.01,
0.00,0.00,0.00,0.00,0.00,0.00,snmpgetattack.

1,tcp,smtp,SF,3170,329,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,1,2,0.00,0.00,0.00,0.00,1.00,0.00,1.00,54,39,0.72,0.11,0.02
,0.00,0.02,0.00,0.09,0.13,normal.

0,tcp,http,SF,297,13787,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,2,2,0.00,0.00,0.00,0.00,1.00,0.00,0.00,177,255,1.00,0.00,0.
01,0.01,0.00,0.00,0.00,0.00,normal.

Figure 2. Sample KDD 99 data
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Table 2. Data parsed to columns

0|udp |private |SF 105 |146 |.. 0.00 [0.00 |0.00 [0.00 | snmpgetattack.
litcp |smtp |SF 3170 |329 |.. 0.02 |0.00 |0.09 |0.13 normal.
Oltcp | http SF 297 13787 ... 0.00 |0.00 |0.00 |0.00 normal.
O|tcp |http SF 291 3542 | .. 0.00 [0.00 |0.00 |0.00 normal.

Data converted into columns must be transformed into numerical data used in AIS. Due to the size of the
data, the data were digitized with the preprocessing phase. In the digitization process, the digitization of the
protocol names were carried out as TCP =0, UDP =1 and ICMP = 2. Flag names, attack names, and service
names are shown in Table 3, Table 4, and Table 5, respectively.

Table 3. Digitization of flag names

Flag S0 s1 2 3 SF | SH | OTH | REJ | RSTO | RSTOSO | RSTR
Numerical 0 1 2 3 4 5 6 7 8 9 10
Value

Table 4. Digitization of attack names

Nr Attack Names

1 ipsweep, nmap, portsweep, spy, warezclient, saint, mscan,

2 back, buffer_overflow, land, neptune, pod, satan, smurf, teardrop, warezmaster, apache2, udpstorm,
mailbomb, processtable

3 loadmodule, perl, rootkit, ps, xterm, sglattack

4 ftp_write, guess_passwd, imap, multihop, phf, named, sendmail, snmpgetattack, xsnoop, httptunnel,
snmpguess, worm

Table 2. Digitization of service names

Service Nr |Service Nr |Service Nr |Service Nr [Service Nr
http 0 |exec 33 |ftp data 13 [csnet ns 46 |daytime 26
smtp 1 [printer 34 |rje 14 |pop 2 47 |ctf 27
finger 2 |efs 35 |time 15 [sunrpc 48 |nntp 28
domain u |3 [courier 36 |mtp 16 [uucp path 49 |shell 29
auth 4 luucp 37 |link 17 [netbios ns 50 [IRC 30
telnet 5 |klogin 38 |remote job |18 |netbios ssn 51 [nnsp 31
ftp 6 |kshell 39 |gopher 19 |netbios dgm [52 |[http 443 32
eco i 7 |echo 40 |ssh 20 |sgl net 53 furh i 59
ntp u 8 |discard 41 |name 21 |vmnet 54 [X11 60
ecr i 9 |[systat 42 [whois 22 |bgp 55 |urp i 61
other 10 |supdup 43 [domain 23 [Z39 50 56 |pm dump |62
private 11 [iso tsap 44 |login 24 |ldap 57 |tftp u 63
pop 3 12 [hostnames |45 [imap4 25 |netstat 58 [tim i 64

red i 65

The Use of the Clonal Selection Algorithm

When creatures are exposed to an antigen, this antigen is responded by producing antibodies through B
lymphocytes in the bone marrow. As shown in Figure 3, antibodies are on the surface of the B cell and bind
into incoming antigens to recognize them. A uniform antibody against each antigen is produced by the B cell.
If any antibody recognizes an antigen, then B cells divide and reproduce with the help of the T cells and then
grow. This reproduction occurs by cloning a single cell or cluster of cells.

Burnet first introduced the clonal selection theory in 1976 [19]. This theory consists of three basic features,
as shown in Figure 3. First, the most suitable antibody is selected among n antibodies. The antibody is
proliferated and divided into a set of subpopulation groups. The proliferating antibodies to detect different
antigens differ.
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Figure 3. Clonal selection principle

The learning mechanism in the immune system also has an important place. Clonal selection algorithm
(CSA) designed to perform machine learning and pattern recognition tasks, where an explicit antigen
population represents a set of input patterns at the beginning of 2000 [19]. As shown in Figure 4, the antibody
population is first created. The training data that has been preprocessed are read, and an antibody population
is created. Then the threshold value that controls the specificity level of the antibodies is determined.
Antibodies in the population are cloned to produce new antibodies. Antibodies whose fitness values are lower
than the threshold are eliminated. Otherwise, they are added to the population. The test data after the
preprocessing are read, and an alarm is generated by comparing the test data with the antibody. The pseudocode
of the algorithm is given in Figure 5.
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Figure 4. The flowchart of the clonal selection algorithm [1]

Input: Ab Ag: iternd.L:

Output:Abm

for t=1 to iter

for =1 to M,

f: =coding(Ab):
Abn: =selection(Ab.fn):
C: =cloning(Abn:f):
C: = hypermutation(C.f);
f: =coding(C):
Abn: = selection(C;fin):
Ab: = add(Ab.Abn);
Abd: = produce(d.L):
Ab: = crossover(Ab:Abd:f))

end

end

Figure 5. The pseudocode of the implementation of CSA on SIEM systems
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The threshold value is determined using the Euclidean distance formula. With this formula, the distance
between the antibody and antigen is found. Antibody data consists of 42 different data. The test data consists
of 42 different data, as well. The distance between the first data of the antibody and the first data of the test
data is calculated. By repeating this calculation to all features, all values are added together. The threshold
value is determined by taking the average of all these values.

The antibodies and antigens shown in Table 6 and Table 7 are calculated using the Euclidean distance
formula starting from the first column to the last column in each row. The threshold value is computed as the
average of these values. Antibodies whose values are lower than the threshold are eliminated.

Euclidean distance between Ab (Antibody) and Ag (Antigen) is calculated by Equation (1).

D= [S4,(Ab; — 49, ®
Cloning process:
In this process, all antibodies in Table 6 are cloned using Equation (2).

C; = round (w), 2)

where i is index of the antibody in the population, g is an input parameter and s(Ab) is the size of Ab
population. C; determines the number of antibodies to be cloned.

Table 3 Digitized Ab data

1 2 3 4 5 6 38 39 40 41 42
1 0 5 0 | 3170| 329 | ... ... | 0.02| 0.00| 0.09| 0.13
0 0 0 0 297 | 13787 ... ... | 0.00| 0.00| 0.00| 0.00
0 0 0 0 291 | 3542 ... ... | 0.00| 0.00| 0.00| 0.00
Table 4 Digitized Ag data
1 2 4 5 6 38 39 40 41 42
1 0 4 215 | 626 | ... ... 1 002| 000| 009|065| 0
1 0 13 4 232 | 2019 ... ... | 0.00| 0.00| 0.00| 1.00
0 0 13 4 314 | 315 | ... ... 1 000| 000| 000|020| 2

Each antibody is cloned n times. Each row and column is cloned with a certain similarity rate. The best n
of cloned antibodies are selected and added to the antibody population. The K-means clustering algorithm
conducts selection. The best k antibodies are selected for the cloned n antibodies and added to the population.
Adding new antibodies provides to detect different antigens. Using three different antigen sets, the algorithm
detects false-negative and false-positive alarms.

As shown in Figure 5, the data is first read from the file to create an antibody population. New antibodies
are generated by determining the similarity ratios and cloning the population of antibodies. The test data read
from the file are compared with the population, and attacks are detected. Steps of the clonal selection algorithm
is shown in Figure 6.

3. Computational test results

Experiments on the development of SIEM systems using AlIS are introduced in this section. False-positive
and false-negative rates of SIEM systems have been significantly reduced by using AIS. Three experiments
were carried out using the KDD’99 dataset. KDD’99 dataset includes approximately 4,900,000 instances.
Each instance has 42 columns. The last column represents the class of the instance. Each instance is either
labeled as normal or as an attack. Table 8 shows the attack types.
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Figure 6. Steps of the clonal selection algorithm

Table 8. Instance and attack types

Class Type of attack
0 Normal
1 Probe
2 DoS — Denial of Service
3 UZ2R — User to Root
4 R2L — Remote to Local

The antibody population used in the experiments is shown in Table 9. It is seen that the number of DoS
attacks is high in the training data given to AlS. However, since the CSA algorithm is used in the experiments
and this algorithm clones itself, there is no problem detecting the low number of attacks.

Table 9. Training population size

Class Number of attacks
0 21438
1 1379
2 42681
3 4
4 34
Total 65536

Three experiments were carried out in total. The test data used in Experiment 1 are shown in Table 10. The
number of DoS attacks is higher than the others in the attacks given as antigen data in Experiment 1. This way
measures how much AIS strengthens SIEM in determining the antigens with a different number of attacks.

184




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

Table 10. The number of antigen attacks used in Experiment 1

Class Number of attacks
0 6367
1 809
2 57256
3 3
4 1100
Total 65536

The number of attacks used in Experiment 2 is given in Table 11. Normal values given as antigens in
Experiment 2 are higher than others. Thus, when test data that does not contain a normal attack is given to
AIS, the system's success has been measured. In particular, the number of false negatives was measured in this
experiment. AlS powered by SIEM was tested on test data with a high number of normal data, and as a result,
the false-negative number was measured.

Table 11. The number of antigen attacks used in Experiment 2

Class Number of attacks
0 16698
1 2654
2 41791
3 4257
4 37
Total 65536

The number of attacks used as test data in Experiment 3 is shown in Table 12. The number of antibodies
and antigens in the other two experiments is equal. In Experiment 3, the number of attacks in the training data
used as the antibody population was defined to be greater than the number of attacks in the test data used as
the antigen population. In this way, the number of false positives was measured. By giving SIEM log data to
AIS, it was tested how many of these attacks the system can measure in case of an attack.

Table 12. The number of antigen attacks used in Experiment 3

Class Number of attacks
0 8212
1 15
2 38235
3 1
4 2422
Total 48885

According to the results of the experiments, it is seen that the success rates of SIEM systems, which AIS
powers, are quite high. Three experiments were conducted with software developed using the Clonal Selection
Algorithm (CSA), one of the main algorithms of AIS, and the experimental test results are given in Table 13.
The experimental results show that the use of AIS together with SIEM systems yields high success rates.

Table 13. Experimental results

Experiments

Accuracy Rate

False Positive Rate

False Negative Rate

Experiment 1 295,13 %5,14 %3,91
Experiment 2 %94,75 %7,73 %8,23
Experiment 3 %97,68 %3,45 %4,52

Average %95,85 %6,44 95,55
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The antibody population was trained with the training data in AIS, and experiments were carried out with
three different test data containing different attacks. The experimental results given in Table 13 show that the
success rate of AIS is quite satisfactory and high. Another result of this system is that it produces some values
using AIS in SIEM systems. These values are as follows. Detection Rate: Detecting an attack if it exists or
identifying a normal situation as abnormal is called detection rate. False Positive: If there is an attack, then the
system indicates it as normal. False Negative: Although there is no attack on the system, it indicates an attack
and generates an alarm. Table 13 presents false positive, false negative, and detection rates obtained in three
experiments. The difference in the experimental results is due to the different test data used in the experiments.
It is seen that Experiment 3 is more successful, and the detection rate is higher than the other two experiments.

120 iterations are performed for all experiments, and the success percentages are obtained. A summary of
the regression statistics based on the percentage of success and the number of iterations are presented in
Table 14. Standard error rates are given according to the number of observations made with this statistical
information.

Table 14. Regression statistics

Regression statistics
Multiple R 0,965952403
R Square 0,933064045
Adjusted R Square 0,93302643
Standard Error 10,20824399
Observation 65536

In addition to the regression statistics in Table 14, the regression graph was obtained in Figure 7. With this
regression graph, the percentage of success increased due to the number of iterations. The regression graph
changes with the number of observations of the test data used and the number of iterations.
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Figure 7. Regression graph

To obtain the regression graph, the iteration number and the percentage of success were chosen as
dependent and independent variables, respectively. The regression graph increases as the iteration number
increases. As a result, the system was tested on three test data containing different log records and was
successful. It is seen that traditional SIEM systems provide significant information security. However,
traditional SIEM systems can sometimes give false positive and false negative alarms due to many log data
and collecting from multiple sources. Artificial Immune Systems have been used to reduce the number of these
alarms, and SIEM systems have been made more robust.

4. Concluding remarks

In detecting cyber security attacks, SIEM systems play an important role. Reviewing the studies carried out
on the SIEM systems, it is noticed that they produce false positive and false negative alarms. In this study, to
reduce the false-negative alarms generated by SIEM systems, the traditional SIEM system’s data analysis
phase is adjusted to the CSA of AIS methods, so the SIEM systems' success is increased.

According to the experimental test results obtained from the proposed study:

1. The SIEM systems powered by AIS are more successful than the traditional SIEM systems.
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2. The log data used in the SIEM systems should be preprocessed to be used in AlS.

3. The heterogeneous data collected from different sources should pass certain criteria to filter the
unnecessary data.

4. Log data contains a large amount of event data. To increase the system's performance, similar log and
event data should be recorded as a single log.

5. It has been observed that the variety and amount of training and test data did not affect the success rate.

Considering all these results, it has been observed that implementation of AIS on the SIEM systems reduced
false positive false negative alarm rates and worked more efficiently. As a suggestion, the artificial immune
algorithm applied in this paper to the SIEM system can be adjusted to other intrusion detection and prevention
systems to increase their performance.
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Annomayus

OCHOBHOHM INENbIO MCCIIEOBAHUS, MPOBOAMMOIO aBTOpPAMU CTaThH, SIBISETCA pa3paboTka MOJAETH BHYTpPEHHEH
OIICHKU YPOBHS MPO(ECCHOHATBHON KOMIICTCHTHOCTH BBIITYCKHUKOB OakanaBpuaTa. OlieHKa YPOBHS KOMIIETCHTHOCTEH
Ha cTaguu (OPMHPOBAHUS B BY3¢ MOXKET CTaTh YaCThIO CHCTEMbI MOJTOTOBKU BBIMYCKHHUKOB K KBAJTHU(PUKAIIMOHHBIM
sk3ameHaM. CornacHo mpoekty 3akoHa PK «O mpodeccrnoHanbHBIX KBaTH(PUKAINAKY, TIOATBEPKACHNE KBATH()UKAIII
JOJDKHO TIPOBOAMTHECS pabortomarensamu. s ompeneneHus (OpMBI M COIACpPKaHUS pa3padaThlBacMOil BHYTpPCHHEH
CHUCTEMBI ~ OLCHKH TMPOBENCH KOHTCHT-aHAIM3 CTaTeli W  JOKYMCHTOB, OITUCHIBAIOIINX  CYIIECTBYIOIIHE
KBaTU(UKAIIMOHHBIE K3aMCHBI B cdepe MeAWIWHBI W 31paBooxpaHeHns P® m Kaszaxcrana, HE3aBUCHMOH OICHKHU
kBamudurammu UT-crermanicro PO, Ouenku 3HaHMiA megaroroB Kazaxcrana. [IpoBeseH Takxke aHaIH3 COICPKaHUSL
npodeccHoHaNbHBIX cTaHmaptoB otpacon WT Kaszaxcrama, MeXIyHapOTHBIX OKYMEHTOB, OIHMCHIBAIOIINX
kBani(ukanronnsie TpedboBanus k UT-cnenumanuctam. B By3ax Kazaxcrana ernie He HaKOIJIEH OMBIT MCIOJIb30BAHUS
npodeccroHanbHbIX cTannapToB oTpaciu UT npu pazpaboTke oOpazoBareabHbIX mporpamm. ConpspkeHne coiepiKaHus
00pazoBaTeNbHBIX MPOTPAaMM BY30B ¢ TPEOOBAHUSMU K MPOQPECCHOHATLHBIM HaBbIKAM, OTPaKEHHBIMU B OTPACJIEBBIX
CTaHAapTax, JOJDKHO CTaTh OCHOBOW MOJATOTOBKH BBIMTYCKHMKOB K MOATBEPXIACHUIO KBATU(DHUKAIIMM B HE3aBHUCHMBIX
LIEHTPAaX.

KuaroueBble ciaoBa: mpodeccHoHANbHBIE KOMIIETCHTHOCTH, MPO(QECCHOHATBHBIC HABBIKM, OICHKA KBaIH()HUKAIIUH,
OIICHKa HAaBBIKOB, TPOPECCHOHATIBHBIC CTAHIAPTHI, TPYIOBHIC (DYHKITHH.

Axoamna
K.C. A6oues %, . M. Ecxenoupoea *, M. JKacanowvixwizwl %, I'.C. IIpumbemosa ?
Y Typan» ynueepcumemi, Anmamer ., Kazaxcman
2Acmpaxans memaexemmix mexnuxaivly yuueepcumenti, Acmpaxans ., Poccus
AT-MAMAHJIAPBIHBIH BIJIIKTUUIITTH BAFAJIAY IAFBI ZKAHA TOCUJIJIEP TYPAJIBI

Makasia aBTOpJIapbl JKYPTi3reH 3epTTeYiH HEri3ri MakcaThl — OakalaBpHaT TYJICKTEPIHIH KOCIOM KY3BIPETTLIIK
neHreiin imki 6aranay momemnis xacay. JKOO-ma Kaysinracy Ke3eHiHeTi Ky3bIpeTTiIiK JeHreilin Oaranay OiTipymrinepi
OUTIKTUNIK eMTHXaHIaphlHA NaWbIHIAy >KyHeciHiH Oesiri 6oma amanmel. «Kocibm Oimikrimik Typamsn»y Kazakcran
PecriyOnmkacel 3aHBIHBIH K0OachlHAa ColiKec OIMIKTLMIKTI pacTayipl JXYMbIC Oepymiiep >Xy3ere achIpybl THIC.
O3ipieHeTiH 1mKi Oaranmay S>KYHeciHIH Typi MEH Ma3MyHBIH aHbBIKTay MakcaTbiHna Peceil ®exepanmscsl MeH
Kazakcranmarbl MenuIuHa O>KOHE [EHCAYNBIK CakKTay CallaChIHIarbl KOJIJAHBICTAarbl OUIIKTUIIK eMTHUXaHJIapbhlH
CUMATTAHTHIH Makajajap MEH KYXKaTTapAblH Ma3MyHBIHBI TanjaHnel, Peceit ®enepammsiceianarsl AT camacel
MaMaH/apbIH OUTIKTUIriH Toyeinci3 Oaranay >xone Kasakcrannmarel Ilemarorrep OinmiMiH Oaranay InapanapbIHBIH /1
MasmyHbl TangaHapl. CoHpaii-ak KasaxcraHHblH AT camacelHBIH KaciOum cranpaprrapbibiH, AT MamanpapbeiHa
KOMBUTATBIH OUTIKTUTIK TajanTapblH CHIATTAWTBIH XaNbIKAPaNbIK KYXKAaTTapJbslH Ma3MyHBIHA Tajjiay >Kypri3iiii.
KazakcTtaHHBIH KOFapbl OKYy OpBIHAAphl OumiM Oepy OarmapmamanapblH a3ipiiey ke3inge AT callachIHBIH KociOw
CTaHJAPTTAphIH TMaWIalaHy ToKIpUOECiH ol JKWHAKTaFaH »>KOK. JKoFapbl OKy OpBIHIAPBIHBIH OimiM  Oepy
OarapyiamManapblHbIH Ma3MYHbBIH CaNaJbIK CTAHIAPTTap/a KOPCETUINeH KACINTIK AaFbulapFa KOHbUIATBIH TaJlANTApMEH
colfkecTeHIpY TYJNEKTep/i aepOec opTaiblKTapaa OUTIKTUTIKTEPiH pacTayFa JalblHAayFa HeTi3 OOIybl THiC.
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Tyiiin ce3mep: kociOM Ky3blperTep, KociOM narnmbliaap, OUTIKTUIIKTI Oaranay, narnpliapiabsl Oaranay, KociOu
CTaHAapTTap, eHOeK (QyHKUIHUSIIAPHI.

Abstract
ABOUT NEW APPROACHES IN ASSESSING THE QUALIFICATIONS OF IT-SPECIALISTS
Abdiyev K.S., Yeskendirova D.M.}, Zhassandykyzy M., Primbetova G.S.2
Turan University, Almaty, Kazakhstan
2 Astrakhan State Technical University, Astrakhan, Russia

The main goal of the study conducted by the authors of the article is to develop a model for internal assessment of the
level of professional competence of undergraduate graduates. Assessment of the level of competencies at the stage of
formation at the university can become part of the system for preparing graduates for qualification exams. According to
the draft Law of the Republic of Kazakhstan “On professional qualifications”, confirmation of qualifications should be
carried out by employers. To determine the form and content of the developed internal assessment system, a content
analysis of articles and documents describing the existing qualification exams in the field of medicine and health care in
the Russian Federation and Kazakhstan, an independent assessment of the qualifications of IT specialists in the Russian
Federation, and Assessment of the knowledge of teachers in Kazakhstan was carried out. The analysis of the content of
the professional standards of the IT industry of Kazakhstan, international documents describing the qualification
requirements for IT specialists was also carried out. The universities of Kazakhstan have not yet gained experience in
using the professional standards of the IT industry in the development of educational programs. Matching the content of
educational programs of universities with the requirements for professional skills, reflected in industry standards, should
become the basis for preparing graduates for confirmation of qualifications in independent centers.

Keywords: professional competencies, professional skills, qualification assessment, skills assessment, professional
standards, job functions.

Beenenue

OcHOBHOE HampaBJIeHHE B3aMMOJCHCTBHS BY30B W paboronareneil c(hOKYyCHpOBAHO Ha TOATOTOBKY
KBaJM(HUIUPOBAHHBIX CICIIMAIMCTOB JUIsl phIHKA TpyAa cTpaHbl. [Ipu 3TOM rinaBHOI 3a1aueii Obla 1 0CTaeTCst
HE JOIyLIeHHEe OOJBLIOrO pa3pblBa MEXAY TpPeOOBAaHMSAMU K IOATOTOBKE CIIELUAIUCTOB CO CTOPOHBI
paboTtonaTeneil ¥ ypoBHEM MOATOTOBICHHOCTH BBIITYCKHHUKOB BY30B K OCYIIECTBIICHHIO TIPpodeccHoHambHON
nesTenpHOocTH. Ha perieHue STOH 3aayd HAIEJIEHO CO3/IaHUE YCIIOBUH Ui NMPOXOXKIACHHS CTYIAEHTaMU
MIPOM3BOJCTBEHHON IPAaKTHKH, COBMECTHas paszpaboTka oOpasoBarenbHblx nporpamm (OII), coBmectHOE
ydacTue B pa3paboTke M OOCYKICHHH Npo(ecCHOHANbHBIX CTaHIApTOB W Apyrue Mepbl. Pedopmel,
MIPOBOJIIMEBIC B TIOCJIEAHHUE T'OJIbI B c(hepe BBICIIET0 00pa30BaHMs U HAIMOHAILHON CHCTeMe KBATM(UKAIINHN B
Kazaxcrane, BBICBETHIIN Psill IPOOJIEM, Ha PEIICHHE KOTOPBIX JOJDKHBI OBITh HAIIPABICHBI YCUIIMS yUYCHBIX,
pYKOBOJMTENEH U IIperoaBarTeseil By30B U paboToaareneil U3 pasHbIX OTpacieil SKOHOMHKH.

B pamkax npoBoanMBIX peOopM B CHCTEME BBICIIEr0 00pa3oBaHus Bce By3bl KazaxcTaHa mocieanue Tpu
rofia BBIJIAIOT JUIIOMBI 0€3 yKa3zaHHs KBaJH(HUKAIMK BBITYCKHHKOB, YKa3blBas JIHIIb aKaJeMHUYeCKUE
crerieHn ¥ HauMeHoBanue OIll, moaTBepkaeHHEe YPOBHS KBaIM(UKALMHM JOJDKHO OCYLIECTBIATHCS CO
CTOPOHBI paborofareneld. ITO SBUIOCH CIEACTBUEM TOTO, YTO MUHHCTEPCTBO 00pa3oBanus 1 Hayku PK B
2018 roay yrBepaua HOBbIM KilaccudukaTop HampaBJIeHWH TMOATOTOBKM KaJpOB C BBICHIMM U
MOCJIEBY30BCKMM OOpPa30BaHKWEM, B KOTOPOM OBLIO HCKIIIOYEHO MOHSATHE «CHEIHaIbHOCTBY», YKa3bIBAIUCH
TOJILKO 00J1acTH 00pa3oBaHusl U HampasieHus noarotoBku [1]. Ilpu aTom ncnonp3oBanaces MextyHapoaHas
cranfapTHas kinaccudukanus oopazosanusi (MCKO- 2013), cemu3HadHble MUPPOBBIE KOJBI YKA3BIBAIOIIUE
oOyacT 00pa30BaHus U HANpaBIlIeHHS MOATOTOBKH ObLITH IPUBEJICHBI B COOTBETCTBHE ¢ EBporieiickoil paMKoit
kBanmudukanuu: OakanaBpuar — 6B, maructparypa/pesuaentypa — 7M/7R, nokropantypa — 8D. CorinacHo
HOBOMY Kjaccudukaropy obsactu obpazoBanus 6B06 NHpopMalimoOHHO-KOMMYHHKAIIHOHHBIE TEXHOJIOTHH
OTHOCSATCSI HanpasliieHus: moArotoBku 6B061- MHbDopMamoHHO-KOMMYHHUKAITMOHHBIE TeXHOJIOTHH, 6B062-
Tenexommynukanuu, 6B063- Mudopmaunonnas Oe3onacHocts. HoBeiii Knaccudukarop cram ocHoBoit
KapIWHAJIBLHOTO U3MEHEHUs B cepe BhICIIEro o0pa3oBaHus, OCHOBHOH CYThIO KOTOPOTO SIBISIETCSI OTKA3 OT
MPUCBOCHUS KBATM(UKAIIUN By3aMH U Tiepeiada 3To (yHKIIMH Ha HE3aBUCUMBIE OT By30B IICHTPHI.

Jnst perynupoBaHusi BONPOCOB mpu3HaHUS kBanudukauuid B Kazaxcrane paspaboran 3akon «O
podecCHOHANBHBIX KBATU(PUKALHUIX», KOTOPBIH B HACTOSILEE BPeMsl HaXOIUTCS HA CTaIuH yTBepKIeHHs [2].
B mpoekre 3akoHa ompexaeneHo, 4ro HarmumonanpHas cucteMa KBAIM(GUKAIMKA COCTOUT W3 CIETYIONIHX
KOMIIOHEHTOB: HAIIMOHAJbHAS M OTpaciieBble paMKH KBaH(UKaIuii; mpodeccuoHallbHbIE CTAaHIAPTHL; PEecTp
npodeccuil; KBanu(UKANUOHHBIE NPOTpaMMbl; LEHTPbl Npu3HaHusA. JlaHO crexyollee OnpeaeiIeHue
«KBanudukanmoHHas nmporpamMmma — KOMIUIEKC Mep, UCIIOJIb3YEMBIX JUIsl OIICHKA COOTBETCTBHSI KaHIUIaTa
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TpeOoBaHUAM MPOQECCHOHATBHBIX CTAHAAPTOB, a MPH MX OTCYTCTBUH KBATH()UKAMOHHBIM TPEOOBAaHHUAM K
IIPUMEHEHUIO 3HAaHUM, YMEHMH M HAaBBIKOB B OIPEAEICHHBIX YCIOBHSIX paOOThl C HCIOJIB30BaHUEM
OTIPENENICHHOTO O00O0PYIOBaHUs, METOMOJIOTHMH W (WIM) MHCTPYMEHTOB». Takke, NMpUBENEHBI OCHOBHBIC
NPUHOUIB TPU3HAHUS TPOPECCHOHAIBHBIX KBaTH(UKALUK, 3TO0 — OOBEKTHBHOCTH, MPO3PavyHOCTh M
OTKPBITOCTb, HE3aBUCHUMOCTH OpraHM3alUi, MNPU3HAOLIMX NPO(PecCHOHANbHbIE KBaIU(UKALUK, OT
opranmzanuii oopasoBaHus. HecMOTps Ha TO, YTO PETYIUPYIOMINKA 3aKOH €Ile He MPHUHST, CYIECTBYIONTHI
Peectp yTBepkIeHHBIX NPO(ECCHOHATIBHBIX CTaHAAPTOB CIYXHT OPHUEHTHUPOM Ui BY30B B paboTe IO
MOJTrOTOBKE CIIELUAINCTOB, COOTBETCTBYIOIUX TpeOOBaHUAM paboTonaTenei.

Bwmecre ¢ Tem, B 2022 roxy yTBepKaeHBI BTOpBIe Bepcnuu 25 npodeccrnoHalbHbIX cTanaapToB (naiee [1C)
orpaciu UT [3]. B 3TuX yciaoBusiX By3bl MPOJOKAIOT OPUEHTHPOBAThCs Ha TpeboBanus [1C, BkiItovas ux B
cogepkanue cBoux OIl. OmHako, He pELICHHBIM SIBISIETCS 3aJada OLEHKH TOTOBHOCTH BBITYCKHHKOB
OaxaiaBpuara K BBITIOJTHEHHIO TPYAOBBIX (DYHKIMI CBOWX BBIOpaHHBIX Mpodeccuit.

Takum oOpa3om, HabIrOAaeTCa MPOTUBOPEUUE MEXKAY TeM, YTO oOydeHHe OakalaBpOB IPOBOAUTCS Ha
ocHoBe 00mux cranaaptoB obpazoBanus (I'OC BO — rocymapcTBeHHBIH 0011€00s3aTeNbHBIN CTaHAAPT
BeIcIIero obOpazoBanms) u coxepkannu Oll yHHWBEpCHTETOB M TeM UYTO, KBATH(DHKAIMOHHBINA HDK3aMEH
(mpu3Hanme kBanM(ukanuu) OyJIeT MMOCTPOCHO Ha TpebOoBaHUSX padoTomarerneld, KOTOpbIe BKIFOUEHBI B
conepxkanue [1C. DTo nmpoTUBOpeUre SIBJIACTCS CEPhe3HON MPOOIEMON MPH CO3IaHUKM CUCTEMBI MOJITOTOBKU
BBIIIYCKHUKOB OakanaBpuata - Oyaynmx MT-cnenuanucToB K KBaTU(UKAIMOHHOMY SK3aMeHy. [Ipobiemy
ycunmBaeT ToT (akt, uto conepxkanue [IC orpacnu UT He mponumm npoBepKy MpaKTUKOM, XOTS OHU HadaH
pazpabateiBathecs ¢ 2018 roga, B 2022 rogy yTBepKACHHI yxe BTopble Bepcul [1C, olHAKO MPaKTHYECKOTO
MMPUMCHCHUS OHHU HE UMCIOT.

[Ipennaraemplii B JaHHOHM cTaTbe MOAXOM, MO HAIIEMy MHEHHIO, OyIeT paspellieHHEeM MPOTHBOPEUHS,
ornucaHHoro Bbime. [IockoNbKYy MOAXOA MOCTPOEH IO MTOraM aHaIW3a COAEP)KAHHS CYyLIECTBYFOLIUX
KBaJ’II/I(I)I/IKa]_[I/IOHHbIX 9K3aMCHOB, IIPOBOJUMBLIX pa6OTOI[aTCJ'I5{MI/I U OICHKH BO3MOXHOCTH BKIIIOUYCHUS
JJIEMEHTOB HAa3BaHHBIX MEPOIPHATHI B YI€OHBIN TIporiecc By30B. [Ipy ycrenHoM pemeHnn CyIecTBYomen
npoOJaeMbl CTYIOCHTHl JOJDKHBI IOJYYUTh BO3MOXKHOCTh OLICHKM CBOEH TOTOBHOCTH K BBIIOJIHEHHIO
npodecCHOHANBEHON AEATENFHOCTH HAaXOSICh elle B CTeHaX By3a. Takas OlLleHKa, Ha Halll B3IJISAM, SBISIETCS
CHJIbHON MOTHBAIEH HE TOJBKO JJIsl BEIMYCKHUKOB, HO U JUIA MPodeccopcKo-MpenoaBaTeIbcKoro cocTana,
T.K. OPHCHTHPYET UX paboTy Ha KOHEUHBIH pe3ynbrar. Y TBepkaeHable [1C mpu 3ToM He OyayT ocTaBaThbes
npocTo GopMaIbHBIMU IOKYMEHTaMH, OHU OYJIyT JaBaTh KOHKPETHBIE HallpaBJieHus coBepieHcTBoBanus OI1
W y4eOHBIX IIaHOB BY30B. /111 3TOro HEOOXOANMO YK€ TIPU TIOCTYIUICHHH B BY3 OOBSIBIISITH O TOM, Ha Kakue
IIC 6yzner opuentupoBana moaroroska B pamkax OIl. OTo odeHb BaXXHO B CBSI3H C TE€M, UYTO KOJIUYECTBO
yrBepkaeHHbIX [IC mocTaTO4HO MHOTO, OYEBHIHO YTO HAAO AENaTh OrpaHMYECHHBIH BBHIOOP HCXOAS U3
BO3MOKHOCTEH BY3a, M CTY/ICHTBI 3TO JOJDKHBI 3HATH MPH MOCTPOCHUHU CBOCH TPACKTOPHU OO0YUEHHUSL.

MeTtonmoJiorusi uccjaeg0BaHus

st moucka OoTBeTa Ha TOCTABICHHYIO HpOOJIeMy HaIIero HCCIIEAOBAHHMS, ONPEJCIICHUS MOAX0J0B K
pa3paboTKe MOJEIH OIIEHKH TOTOBHOCTH BBHITYCKHHKOB 0OakajaBpuaTa K BBIMOIHEHUIO MPOQecCHOHATLHON
JeATEIbHOCTA HAMU MTPOBEJICH KOHTEHT-AHAIN3 PA3HbIX HCTOYHUKOB IO CIAEAYIOIIUM TEMaM:

- CTaThbW M JIOKYMEHTBI, MOCBSIICHHBIE ONMUCAHUIO posin EBporelickoll paMKu KBalH(HKAIWH, TaKkke
OIKMCAHUIO OMbITa BHEApeHUs HannonansHbix pamok kBanudukamnmii Poccun u Kazaxcrana,

- pe3ynbTaThl WCCIEIOBAaHUM, TMOCBAIICHHBIX BOIMpPOCaM MPOECCHOHAIBHON CTaHIapTU3allii, CTAThH,
OMNUCHIBAIOIINE COACPNKAHUE TAKUX IIUPOKO PAaCIPOCTPAHEHHBIX MEXIYHAPOAHBIX cTaHAapToB oTpaciau UT
kak Computing Curricula, European e-Competence Framework (e-CF), Skills Framework for Information Age (SFIA);

- comepxxanne kazaxctanckux IIC ortpacmu WT, cpaBHeHHE WX OCHOBHBIX XapaKTEPHCTHUK C
MEKIYHAPOJAHBIMU CTaHAAPTaAMU,;

- JIOKyMEHTBI, OITMCHIBAIOIINE COJIEPKaHNe CEPTUHUKAITMOHHBIX SK3aMEHOB B 00JIACTH 37PaBOOXPaHEHUS
P® wu Kazaxcrama. Otor BbIOOp OBUT OOYCNOBIEH TeM, YTO NPOGECCHH OTpacidl 3APaBOOXPAHEHUS
TPaJUIIMOHHO OTHOCATCS K HanOOJIee PeryIupyeMbIM IpoeCCHsIM, U 316Ch HAKOILIEH HanOOJIBIIINHN OIBIT IO
OpraHM3alUY PU3HAHUS KBaJIU(PUKAIHIH;

- JIOKyMEHTHI C ONHCAaHHWEM conepkaHus sk3ameHa «Omnenka 3HaHuii memaroroB (O3Il, panee —
Harmonaneneiit kBanmudukamuonnsnii Tect, HKT), kak €IMHCTBEHHOTO KBAaTHU(PUKAIIMOHHOTO 3K3aMeHa B
Kazaxcrane, B KOTOPOM y4aCTBYIOT BHIITYCKHUKH OaKallaBpHaTa;

- coJiepKaHue CepTUPHUKAIMOHHOTO 3k3aMeHa U T-cneruanucTos, MpoBOAUMOro B pamkax HesaBucumoi
olleHKH KBanuukaiui, PD.
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Pe3yabTaThl M 00cyKIeHHE

Brepsrle npodeccroHanbHble CTaHAAPTHl Havdaau pa3padaThiBaTh M BHEAPATH B €BPOICHCKHUX CTpaHax
6onee 20 nmet Hazan. Ha mepBom srtane crpansl EC oOcyaunu Bompoc o paspabotke EBpomeiickoit pamku
kBanudukanuu. EBpomeiickas cucremMa o0pa3oBaHMs CIHMIIKOM pa3o0IIeHHasl, IO3TOMY PEIIeHHE NaHHOM
Mpo0IIeMBI TOTPEOOBATO OONBIINX YCHUIHHA OT YYaCTHHKOB.

«B Komnenrarene B HostOpe 2002 r. Ob11a mpuHsATa eknapanus EBporetickoit Komuccnn 1 MUHHUCTPOB
00pa3oBaHMsl €BPOIEHCKHUX CTpaH MO Pa3BUTHIO COTPYAHHYECTBa B 00JacTu mpodeccuoHanbHOro odpa
30BaHUs U 00y4yeHus B EBporie, monokupiias Hadano Tak Ha3siBaeMoMy «KoneHnrarenckomy npoueccy, B
KOTOPOi1 (hOpMYIMPOBAINCH CIEAYIOLINE 3aaUH:

- CO3/aHMe €IMHOTO eBpoIelcKoro npoctpancTsa B oonactullO0;

- ofecrieyeHne MpO3pavHOCTH KBanu(ukanuii (3a cueT BBeICHHUS EBpomeickoro pesmome,
[TpuokeHus: K AATIIIOMY MM CBHAETEILCTBY O mpodeccronansHoM oOpasoBanuu, Europass Mobility —
cBUIETeNbCcTBa 00 OOy4YeHHMM 3a TpaHMIICH, B TOM YHCJIE€ U B IMpoIecce TPYAOBOU NEATEIBLHOCTH, U
€BPOIEHCKOTOI3BIKOBOT'O TOPT(}HOIHNO0);

- pelieHue NpoOsieMbl NPU3HAHUS KOMIETECHIMH M KBAIM(QUKAUMNA (CO3MaHME €IUHON PaMKH IJIS
obecrnieueHns MPO3PavyHOCTH);

- CO3/IaHME€ €AMHOW CHUCTEMBI MepeHoCca KPEAUTHBIX eIWHUI (pa3paboTKa MEXaHH3MOB IepeHoca H
MPU3HAHUS KOMITETEHIINN U (MJTM) KBATH(PUKALMA MEXIY Pa3HBIMU CTpaHAMHU M Ha PA3IMYHBIX YPOBHSAX
ITyTeM YCTaHOBIIEHUS pedepeHINaTbHBIXYPOBHEH, pa3pab0OTKu OOIIUX MPUHITUIIOB CepTU(PUKAIINHN U JIP.);

- ¢opMupoBaHHE OOMMX NPHHIMUIOB MPU3HAHUS HEPOPMAIBHOTO W CIIOHTAHHOTO OOydYeHHS
(pa3paboTka OOIIUX NPHUHIIUIIOB MPU3HAHUS C YYETOM IO3UIUM PAa3IUYHBIX KaTErOpUi CYOBEKTOB
o0pa3oBaHUs U O0yUEHUS) U A APYTHX.

KiroueBbIMU HOHSTHSMHU HHTETPALMOHHBIX IPOLIECCOB SIBJISIOTCS MOHATHS IPO3PAYHOCTH U IPU3HAHMS,
KOTOpbIE MOHUMAIOTCS CIEenyIo muM oOpa3oM. [Ipo3pauyHocTh (KBadU(UKAIMH W KOMIIETCHIMH) —
JIOCTYIIHAs UIIOHATHAs HH(pOpMAaIHsl, HeOOX0IUMas ISl OTIpeIeJICHHS] U CPAaBHEHHS LIEHHOCTH KBaTU(pUKaLnui
Ha OTpPAacleBOM, PErHOHAJIbHOM, HAIMOHAIHPHOM H MEXIYHAapOOHOM YpOBHAX. llpusHanue
MpOQECCUOHANBHBIX KBUIH(PUKAIMA — TMOATBEPXKIEHUE TOTO, YTO Ha0Oop KBanUpUKAIUK U
KOMITETCHIINM oOJagaeT ToKa3zaTeIsiMH, KOTOpBIE, [0 MEHBIIEH Mepe, SKBUBAJICHTHBI TPEOOBAHUSIM,
MPEObABISIEMbIM OPIaHOM, YIIOJIHOMOYEHHBIM IIPU3HABATh KBATU(UKALIMN U KOMIETEHIIUH, B TOM YHCIIE
MOJIy4eHHBIE B X0/1€ HEOPMAIILHOTO U CIIOHTAHHOTO 0Opa3zoBanusy [4, ¢.6-7].

[Mocne Toro, xak ObuH pa3padoTanbl EBpomneiickue pamku kpamudukanun (EPK), 6onee cra rocynapcts
MIPUHSITUCH 32 CO3JaHue HanMoHABHBIX paMok kBanmupukanuu (HPK). Heooxomumo otrmetnts, uto B EPK
o4YepueHbl KBATH(UKAMOHHbIE TPEOOBAHMS K CHELMAIMCTaM B Pa3JIMYHBIX 00JAaCTSAX, COOTBETCTBYIOIUE
€BPOIEHCKUM cTaHIapTaM, 0cOOEHHOCTSM MPOU3BOCTBA U T.A. B cBOIO 0ouepenp, «HarmoHanbHbIe CHCTEMBI
KBaJM(UKALMIl BKIIOYAIOT B c€0sl OTJEIbHbIE B3aUMOONOIHSIIONINE KOMIIOHEHTbI — HAIIMOHAJIBHYIO PAMKY
KBaJM(UKaLWi; OTpacieBble paMKu KBadudukauuii, QopMupyeMble Ha OCHOBE IPO(ECCHOHATBHBIX
CTaHJIapTOB, KOTOPbIE, B CBOIO OYEpe/b, IPOEKTUPYIOTCS Ha 00pa30BaTeNbHbIE CTAHIAPThI; CHCTEMBI OLIEHKH
pe3yIbTaTOB OOYYEHUsI M CEepTUPUKALNY, TPEIyCMaTPUBAIOIINE SANHBIA WHCTPYMEHTApUH HAKOIUICHHS U
MpU3HaHUA KBAM(UKANWKA Ha HAMOHATHFHOM U oOmieeBporierickoM ypoBHsax. HPK mpeacraBmser coboit
CTPYKTYPHUPOBAHHOE TIO YPOBHSIM OITMCaHWE KBAIM(UKAIMN, BHIPAKCHHBIX B 3HAHUSX, YMEHHSAX, YPOBHE
OTBETCTBEHHOCTH, CJIOKHOCTH M CAaMOCTOSATEIBHOCTH BBIMOJHEHHA pabOT, C TOMOIIBIO KOTOPBIX
OCYILIECTBIISIETCS B3aUMOCBSI3b PE3yJNbTaTOB OOYYEHHs M YCTAHABIMBACTCS COOTHOLICHHE UIUIOMOB,
cBUAETeNhCTB U cepTuduraroB» [5, c.74]. Ilomarne «xBammduranms» B EPK paccmarpuBarorcs, kak
«bopMalbHBI  pe3yabTaT Mpoliecca OLUSHKH W OQUIMAIbHOTO TPU3HAHHS DPE3YJIbTAaTOB OOYyYeHUS,
MOJTy4aeMBI B CiIy4ae, KOTJa KOMIIETEHTHBIN OpTaH CUYHUTAET, YTO JIMIO JOCTHIJIO PE3YyNbTaTOB OO0YUECHHUS,
COOTBETCTBYIOIIMX YCTAaHOBJIEHHBIM cTaHAapTam» [6, C.12]. MHeHus mnpeacTaBUTENEeld pa3HBIX CTpaH IO
JTAHHOMY BOIIPOCY Pa3JIeNUIINCh, TaK KaK B OJIHUX CTPpaHaX CYMTACTCS, YTO Mpodeccheil Helb3sl OBIAJIeTh Ha
MOJIOBHHY, HEOOXOAMMO TIOJHOCTHIO OBJAJeTh KOMIETEHLUSMH, B JPYTHX CTpaHaXx — B Hadaie
npodecCUOHANBHON AESTENBHOCTH JOCTATOYHO BIaeHHE 0a30BBIMU KOMIIETEHIIUSAMH, B 1ajIbHEHIIIEM MOXKHO
OBNIAJIETh APYrUMH OoJiee y3KUMH HpOQecCHOHAIBHBIMH HaBbIKaMu. JlaHHOE pa3HOrJacue IO03BOJIUIIO
CTpaHaM YTOYHHUTH HAIMOHAIIbHBIE 0COOEHHOCTH CUCTEMBI TIOIOTOBKH CIIEIIMAMCTOB M Havanach padora o
paspabotke HPK, cobcTBeHHBIX podeccnoHaIbHbIX CTaHAAPTOB.

EBponetickuii ¢ponn oOpazoBanus B omybOiaukoBaHHOM B 2021 rogy agokymeHTe [7] ommcalnl HUCTOpHUIO
pa3BUTHS W HBIHEIIHee cocTosiHne HammonanbHOW paMkm kBanmudukanuii Kazaxcranma. B mokymenre
oTMedeHo, uTo «...B Kazaxcrame ecte cmoxusmasicss ctpykrypa HPK m geckpunTopbl ypoBHEH, Oblia

191




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.

npunsTa cBosit HPK, HazHaueHsl rocy1apcTBEeHHBIC YUPEKACHUS U paclpeesieHbl OCHOBHBIE (DYHKIIMH MEXKITY
3aUHTEPECOBAaHHBIMU JHIAaMHU. TakuM oOpa3oM, OHa HAaXOAWUTCS Ha dTale BHeApeHus». B paznmene «llenu
HPK» ykazaHo, 4To oHa pazpabaTbIBajiach Kak elnHast CTpyKTypa kiaccupukanun kpaaudukanuii. Ona Oynet
BKIIIOYAaTh BCE KBATU(HUKALWK TapaHTHPOBAHHOTO KadyecTBa, IIOJNyYCHHbIE B pe3ylbTaTe HpOrpaMm
obpazoBanmst 1 oOy4deHHs B cdepe OOIIero cpemHero, BBICIIET0, MPOQPEecCHOHATHFHOTO O00pa3oBaHUS M
obpazoBanmst B3pochbsix. HPK mpemHasHadeHa qist camMblX pasHBIX TPYIIT TOJIH30BATENIE, B TOM HHCIE
rpaxjas, paboToaarteneii 1 opraHoB oOpa3zoBaHus. B uncie apyrux otMedensl cnenyromue 3anaun HPK:

- ONIMCBIBATh C €AMHBIX MO3ULUHI TPeOOBaHUS K pe3ysibTaTaM 00y4eHUs KBaTu(uKaLuii;

- pa3zpaOaTbIBaTh HAa €IUHOM METONOJOTHMYECKONH OCHOBE NPO(ecCHOHAIbHBIE CTaHAAPTHI, CTAHAAPTHI
00pa3oBaHus U 00pa3oBaTelbHbIE IPOrPAMMEI,

- IOJICP’KUBATh Pa3pabOTKy OLICHOUHBIX MaTepHaJIOB.

Takum o6pa3zom, HPK crama ocHoBOit mims pa3paboTku OTpacieBbIX paMOK KBaTU(UKAIMH H
npo¢eCcCHOHANBHBIX CTAaHJAPTOB IO BCEM OTPACIISAM.

OnHoli U3 TepBBIX padoT, 0000IMIAIOIIMX OMBIT Pa3padOTKU MPOQPECCHOHANBHBIX CTAHAAPTOB PA3HBIX
oTpaciei, a Takke onbIT pazpadorku OIl Ha ux ocHOBe, cTanm cOopauk crateit PYMO npu KazHY um. ans-
®dapabu [8]. B paboTax aBTOpoB cOOpHUKA MPOBOIMIICS aHATN3 COOTBETCTBUS colepKaHusi HeKOTophIx Ol
(«MapxeTtunr», «MeHemkMeHT» U 1p.) TpeboBanusm [1C, Takast pabora cpaBHHBanIach C ONBITOM JPYTHX
cTpaH. Taxke, B CTaTbIX HEKOTOPHIX aBTOPOB NpuBeAeHa kputuka coxaepkanus [1C pasubix orpacieiil. B
MIPEIUCIOBUM COOPHHKA yKa3bIBaIOCh, 4T0 «OCHOBHOM 3aaueil popMupyeMoil cucteMsl MpoQCcTaHiapToB
SBIISIETCS. BHEJPEHHUE Ipoliecca MOATBEPXKICHHUS KBalH(UKau paOOTHUKOB 4Yepe3 MpodecCHOHANBHBIN
sK3aMeH. Takod MeXaHW3M MOXKHO OOECIeUYHTh TOJILKO Yepe3 BBICTPAUBAHWUE CETH HE3aBUCHMBIX
cepTU(PUKALUOHHBIX LIEHTPOB, KOTOPBIE OYIAyT MOATBEPKAATh NPO(ECCHOHATIbHBIA YPOBEHD CIICLUAINCTOB.
OneHka, moiydaemas B CEPTU(UKALMOHHOM LEHTpe, OydeT CIyXKUThb TapaHTHEeld MpodecCHOHANbHON
COCTOSITENIFHOCTH MIPETEH/ICHTA Ha paboTy».

B Kazaxcrane [1C orpacnu KT nauanu paspadareBathest ¢ 2017-2018 romos, 66u10 paspadoTtano 6oee
40 crannmaptoB. B 2022 roay npu akTyalu3aluu CoJepXaHusl ObLTH PACCMOTPEHBI H YTBEPKACHBI TOIBKO 25
CTaHAapTOB, OTHOcsmuUecs K «ancto» UT chepe. Kak onpeneneno B cratee 117 Tpynosoro koaekca PK,
«[IpodeccronanbHplii cTaHAAPT — CTAHIAPT, ONMPEICNSIONMNA B KOHKPETHOH oOsiacTu npodeccrHoHaIbHOM
NESITeIbHOCTH TPeOOBAaHUSI K YPOBHIO KBAJM(PHUKALMM U KOMIIETCHTHOCTH, K COAEP)KAHHIO, KAaueCTBY H
ycnoBusM Tpyaa» [9]. IlockonbKy Mpomuio He MHOTO BpEMEHH ¢ YTBEpKAeHHs BTOpbIX Bepcuit [1C oTpaciu
UT, 10 B By3ax ele He HAKOMWJIOCH OOJIBLIOrO OMbITA MX MCIOJIb30BaHMS. TeM He MeHee, aHaJUu3upys
cogepkanue HoBbIX Bepcuid [IC MOXKHO OTMETHTH clieytoliee:

- Bcero B 25 I1C orpacnu UT onucansl 65 pa3Hbix npodeccuii, u3 HUX B 37 npodeccusx ectb ypoBeHb 5
no OrpacneBoii pamke kBanudukanuii (OPK). 3ToMy ypoBHIO COOTBETCTBYET BBIITYCKHUKH OakagaBpuara 6e3
orbITa paboTHI,

- mpu pa3paboTKe CTaHIApTOB OBLIM MCIOJIb30BaHBI JBa Pa3HBIX KilaccudukaTropa — KiIacCHYUKATOP
sansituid (K3), Bepeust 2005 rona n O0mwmii kiaccudukaTop BUIOB dKOHOMUYecKoi JiesitebHocTr (OKD /D),
KOTOPBI INPUCBAMBACTCS NPEANPUSATUSM I[PH NEPBUYHON perucrtpauuu. HM3-3a Takoro mnoaxona,
npodeccuoHaNbHbIE TPYMIBl, K KOTOPBIM OTHOCSTCS NMPO(peccHdu U KOAbl Mpodeccuil OmpenessioTcsl He
OJIHO3HAYHO.

MOXHO TaKKe OTMETHTB, YTO HE OBUI MCTIOJIb30BaH ONBIT MPU3HAHHBIX MEKITYHAPOIHBIX JOKYMEHTOB,
perymupytounx MT-npodeccun Ha poiHKe Tpyaa. OnHOH M3 TJIaBHBIX OCOOCHHOCTEH JIOKYMEHTOB,
pa3pabOTaHHBIX B Pa3BUTBHIX CTpaHAaX, SBJSIETCS MCIOJIb30BAHME KBATMMETPHUUECKOIO MOAXOJa, T.C. BCE
TpeOoBaHUs K MPOPEeCCHOHAIBHBIM HaBbIKaM C(OPMYJIMPOBAHBI ¢ COOIIIOJICHUEM CBOWCTBA H3MEPUMOCTH.

Conepxanue paboT, TPOBEJCHHBIX B 00NAaCTH MeEXIyHaponHoW cranmaptusanuu WT-oOpazoBanus,
HaunOonee mosaHo onucansl B ctatbe CyxominHa B.A., 3ybapeoii E.B. [10]. ABTOpbI 0TMEHaIOT ClleAyIOIINe
HaTpaBJICHUs ITPpoIlecca CTaHIAPTH3AINN METOTMUECKIX OCHOB B chepe MOJATroTOBKH KaJpOB:

- crapjapTuzanmus  KBalM(DUKAMOHHBIX  TpeOOBaHWI  (KOMIETEHIMK/  HABBIKOB/  Mpoduiieit
npoeccuoHaIbHbBIX posieit) B oomactu UT,

- co3/aHue OTpaciieBbIX ¢Bo10B 3Hanui (Body of Knowledge — BoK) asst akTyanbHBIX JOMEHOB U BHJIOB
nestenbHocTH oonactu UT,

- CcTaHzapTu3alys KyppuKyJIyMoB (Y4eOHO-METOJMYECKUX MATECPUANIOB) IO HANPABJICHUSIM HNOATOTOBKH
UT-kanpos B cucreme 0Opa3oBaHHUAL.

K umcnmy nambornee pasBUTHIX W INMHPOKO TPUMEHSEMBIX METOJOJOTHH W CHCTEM CTaHIapTHU3aluU
MUQPPOBBIX HABBIKOB/KOMITETCHIIMH B 00nactu MT aBTOphI BBINICHA3BAHHOW CTAThU OTHOCAT PpedMBOpK
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HaBbIKOB 151 H(popmarmonHoro Beka (SFIA — Skills Framework for the Information Age) u EBponeiickuit
¢petimBopk  komnerenrmii (e-CF — European e-Competence Framework). OCHOBHBIM KOHIIENTYaIbHBIM
JTOKYMEHTOM KYPPHKYJIYMHO# cTanaaptusanuu Hazsan Computing Curricula.

B Tabmume 1 Mbl mpHBENW OCHOBHBIC XapaKTEPUCTHKU MEKAYHAPOIHBIX JOKYMEHTOB M CHCTEMbI
npodcrangaproB UT-orpaciu Kazaxcrana. Cineyer OTMETUTB, YTO B MEXKIYHAPOIHBIX JOKYMEHTAaX MOKHO
TOYHO OIPE/CNIUTh KOJMYECTBO OIMCHIBACMBIX KOMIIETCHIIMH, HaBhIKOB. K ToMy e Bce TpeOoBaHMS
SIBJISIIOTCSI M3MEPUMBIMH, YTO OYEHb CHIIHO TIOMOTaeT NpH pa3paboTKe 3aJaHuil JUIs OLCHKH YpOBHSI
npoecCHOHANBHBIX HABBIKOB. B Ka3axcTaHCKUX cTaHAapTax TpeOoBaHMs CHOPMYTHPOBAHBI B BUJIE «yMECHUS
U HaBBIKW», T.€. CIIUCOK YMEHHUIl U HABBIKOB HE pPa3/ielicH, YTO SIBIISICTCS HE MPABWIBHBIM C TOYKH 3PEHHS
ONpE/ICICHUI THX BaKHBIX MOHATHH. J[JIs1 MO/CYETa KOJIMYECTBAa HABBIKOB TPEOYEMBIX JUISl BBITOJHECHUS
KOHKPETHBIX TNPOPECCHOHATBHBIX (YHKIMHA HEOOXOAMMO TPOBECTH JOMOJHUTEIFHOE METOIUYECKOS
uccnenoBanue. [loaToMy, B KauecTBE OCHOBHOTO IOKasaTesisi B TaOJMIE Mbl MPHBEIH TOJBKO
OPHEHTUPOBOYHOE KOJMYECTBO TPYIOBBIX (QyHKIMH. Takke HEOOXOAMMO OTMETHTb, YTO 3a/IaHHS IS OLICHKH
YPOBHSI MTPO(ECCHOHATBHBIX HABBIKOB, B OTJIMYME OT 3aJaHUi Ui OLCHKHA TPeOyeMbIX IJIsl 3TOr0 HaBbIKA
3HAHUHA W YMEHHUH pa3pabaThIBAIOTCS COBEPIICHHO IO APYTHM MeTojaM. T.e. MOXKHO yTBEp)KAaTh, 4TO
TpeOOBaHUS K 3HAHHSM, YMECHHSM U HaBbIKaM B pa3pes3e TPYAOBbIX (GYHKUHIA chopMyanpoBaHbl O6e3 yuera
TpeOOBaHUs UX U3MEPUMOCTH.

Tabnuya 1. Cpasnumenvnoe onucanue OCHOBHLIX XAPAKMEPUCUK MeHCOYHAPOOHBIX Pe2YIUpyioujux OOKyMeHmos
ompacau UT u npogpeccuonanvuvix cmanoapmos Kazaxcmana. Cocmaenerno asmopamu Ha ochose 0anuvix cmamout [10]
u Peecmpa ymeepoicoennvix npogeccuonanvuvix cmanoapmos Kaszaxcmana [3]

Haumenosanue Axmyanvhas Konuuecmso onucvigaemvix
Obuyee onucarnue .
O00KyMenma, cmpana sepcus KOMnemeHyull, Ha8blKO8
Computing Curricula | CC2020, 7 aKmyanbHblX HANPAaeIeHUll. Io nanpasnenuio 152020,
(CC), CLA sepcust 2020 . | Ungopmayuonnsie cucmemsr (152020), onucanwl 116 obsi3amenvubix
Komnvromepnule nayxu (CS2013), u 62 gpaxynbmamueHvIxX
Ipoepammnasn unscenepus (SE2014), KOMnemeHyuu

Komnvromepnas unocenepus (CE2016),
Hugpopmayuonnvie mexnonozuu (1T2017),
Kubepbesonacnocmos (CSEC), Hayxa o

Oannvix (DS2021)
European e- 4-gepcus, s onucanus e-komnemenyuil Onpeoenena 41
Competence 2021e. UCNONBL3YIOMCS Yemblpe UMepeHUs KOMnemeHyus
Framework (e-CF), (dimensions). Hzmepenue 4 onpedensiem
Eeponerickuti coros mpebosanUs K 3HAHUAM U YMEHUSIM,
(EC) OMHOCAWUMCS K €-KOMNEMEHYUSIM.
Skills Framework for | 8-sepcus, Tpexyposnesas uepapxuueckas cucmema: | Onucan 121
Information Age 2021e. Kamezopuu, NOOKAmMe20puu, HAblIKU. UHOUBUOYATILHBILL HABBIK
(SFIA), Hcnonvzyromesi ompaciesvie c600bl
Benuxobpumanus snanuy, Bodies of Knowledges — BoK.
Ipogeccuonanvnvie | 2-eepcuu, Komnnexm cocmoum uz 25 I1C. B 25 IIC onucanvt 65
cmanoapmoi 2022e. Tpebosanus Kk 3HAHUAM, YMEHUAM U npogeccuil. B kaxcoou
ompacnu UT, HABLIKAM ONUCAHBL 8 PA3PE3E MPYOOBbIX npogheccuu onucanwvl 3-7
Kaszaxcman @yHKYull Kaxcoou npogheccuul. mpyooewix GyHKyuil.

VY4eHble BCECTOPOHHE M3y4aloT MpoliieMy pa3palOTKH M BHEAPEHUS! MPO(PECCHOHANBHBIX CTaHIapTOB.
N3yuuB npobiiemMy pa3paboTKu MPOQEeCCHOHANBHBIX CTAaHAAPTOB, KOJJICKTUB yueHbIX PO (Bomommua N.A.,
3aiineBa O.M., 11 Jp.) BBISIBHIM IPUYMHBI TOPMOXKEHUSI IPOLIECCA «CTAHOBJIEHHUS CUCTEMBI PO ECCHOHATEHON
CTaHAAapTH3ALUH:

- Hec)OpMUPOBAHHOCTh MO3WIMK paboTojaTeNeil MO TOBOJY IIeJIecO00pa3HOCTH pPa3pabOTKH |
3G GEKTHBHOCTH HCIONB30BaHUST TPO(PECCHOHANBHBIX CTAHIAPTOB KaK HOBBIX MEXaHU3MOB YIIPaBIICHUS
MEPCOHAJIOM U MOBBILIEHHUS KauecTBa Npo(ecCHOHaIBHOTO 00pa3oBaHMs;

- OTCYTCTBHE IIHUPOKOTO JKCIEPTHOTO COOOIIECTBA, CHOCOOHOTO KBaTH(UIIMPOBAHHO OCYIIECTBISTH
WHPOPMAITMOHHOE U METOIMUECKOE COIPOBOXKICHHUE MpoIiecca pa3padoTKU MPOopecCHOHANBHBIX CTaHIapTOB,
9TO AE30pUEHTHpYEeT paboToaarteneii M oT4acTH (OPMUPYET HEraTUBHOE OTHOLIEHHE K HEOOXOAMMOCTH
pa3paboTKH MpodCTaHAaPTOB;
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- OTCYTCTBHE OOLICTIDHHATBHIX MOAXOJOB B METOAWKE (popMupoBaHus MPOPEeCCHOHANBHBIX CTaHIAPTOB,
CyIIECTBOBAHNE TEPMUHOJIOTHYECKUX PA3HOTJIACHH, YTO MPHBOAUT K HEOJHO3HAYHOMY OIEHUBAHHIO
KadyecTBa nMpodhecCHoHATbHBIX cTanmapTosy» [11, C.11-12].

OTMmeueHHbIE BBIIIE TPUYMHBI AKTYaJIbHBI HE TOJIbKO Poccuu, Ho 1 st Beex ctpad CHI'. BzanmoneiictBue
BY30B U paboToparenei, OM3HEC Cpeibl O CHX TOP OCYMIECTBISLIOCH TOJNBKO MO BOMPOCAM MPOXOXKICHUS
CTYICHTaMH TMPAaKTHUKH Ha MX 0aze, TakkKe TPYIOYCTPOHCTBAa BBITYCKHHUKOB BYy30B. CIEAYIOUIMM 3TarioM
B3aMMOJICHCTBUS SBISIETCSl pa3padOTKa MPOEecCHOHANBHBIX CTaHAAPTOB, COBMECTHBIX O00Opa30BaTENbHBIX
MporpamM, 1 (PUHANBHBIHN dTall — CO3JaHNe MOJIETH KBATN()UKAIIMOHHBIX YK3aMEHOB.

B nmoxmane «OrieHKa yHUBEpPCAIBHBIX KOMIIETEHTHOCTEH KaK pPe3yJbTaToOB BHICIIETO 00pa3oBaHus» [12]
ectb mHoOpMals o mposegaeHHoM B 2015-2018 rogax mexmynapoanom mpoekte SUPERtest (Study of
Undergraduate Performance). On Obl1 HampaBlieH Ha H3MeEpeHHE 00pa30BaTEeNbHBIX PE3yIbTAaTOB IO
TUCTIMITINHAM (pyHIaMeHTanmpHOTO (MaTeMarnka W (n3WKa) W TPOPECCHOHAIBHOTO IIMKIIOB, a TaKKe
M3MEpEHNE HaBBIKOB KPUTUYECKOTO MBIIIJIEHHUS CTYyJIeHTOB-uHxeHepoB B Poccuu, Kutae, Unaun n CILA.
HccnenoBanue BriepBble MO3BOIMIO OTCIEAUTH, KAK MEHAIOTCS KOMIIETEHTHOCTH CTYJIEHTOB KOMIIBIOTEPHBIX
HAayK W DIIEKTPOHHOW WHXEHEPUH Ha TPOTSHKEHWH Yy4eObl, M COIMOCTAaBUTH JaHHBIE YETHIPEX CTPaH.
UccnenoBanne SUPERtest manmmupoBan CtaHdopackuii yauBepcuter B mapTHepcTBe ¢ HUY BIID un
yauBepcuteramu Kurast u MUugun. B nccnenosannu ydactBoBaiu 6omee 30 000 cryneHTOB-0akaiaBpoB U3
«QIUTHBIX» U «MAacCOBBIX» BY30B, IPUMEPHO B PAaBHOM KOJIMYECTBE OT KaXKJ0W CTpaHbl. Y POBEHb Pa3BUTHUS
KOMIIETEHTHOCTEH CTYJICHTOB M3MEPSUICS TPIKIBI: Ha BXOJIE B BY3, B KOHIIE BTOPOTO Kypca W B KOHIIE
00y4eHusi. DTOT MPOCKT SIBJSIETCS] €IMHCTBEHHBIM IPUMEPOM BHEIITHETO HE3aBUCHMOTO OL[CHUBAHHSI YPOBHS
chopMHUPOBAaHHOCTH TPO(ECCHOHATBLHBIX KOMIIETEHTHOCTEH Ha CTausIX (OPMUPOBAHUS B BY3€.

B anamutunyeckom noknaae Copokuna II.C., MansueBoit B.A., T'acc II.B. «Kak u 3auem u3MepsTh
npoecCHOHaIbHBIE HABBIKU?» CHCTEMATH3UPOBAHBI W ONMHCAHBI TPAJAWIIMOHHBIE W HOBeWIwe mudpoBbie
MOJIXO/IbI K I3MEPEHHUIO M (PUKCAINU TPO(PECCHOHANBHBIX HABBIKOB. BBISIBIICH HOBBIN CETMEHT HHCTPYMEHTOB
¢ukcanuu MpPoQecCHOHATFHBIX KOMIIETEHIIMA dYepe3 aHalli3 pealbHOW MPAaKTHYECKOW esTeNbHOCTH.
[IpencraBien oTAeTbHBIN pa3zel, OMHUCHIBAIOIINN POCCHHCKUH OMBIT OIIEHKH MPO(ECCHOHATFHBIX HABBIKOB,
€ro 0COOCHHOCTH U TepcrieKTHBbI. Cpeii MPOYKX MPaKTHK OTMEUEHa TOOPOBOJIBHAS OIIEHKa KOMIIETCHIINH B
¢dopmare KBamMPHUKAIMOHHOTO SK3aMEHa Ha TOATBEpIKACHUE NpodecCHOHANbHBIX 3HAHWN W HABBIKOB B
COOTBETCTBHH C TpodeccnoHanbHbIM cTaHnaptom. Ha 2020 rtoma yrtBepxknmeno 1347 cranmaprtos.
KpanupukanoHHbIH 3K3aMEH BKIIFOUACT TEOPETUYECKYIO YacTh (TECTHpPOBaHME B HU(POBON 000JI0UKE) U
MPaKTUYECKOE 3a/laHKe, TOapa3yMeBalollee dKCIepTHYIO oleHKy [13]. B mokiame, B OCHOBHOM, OIHCAHBI
mpoOyieMbl  pa3pa0OTKH  CTaHAAPTH3MPOBAHHOTO  WHCTPYMEHTAa  JUIS  BHEIIHETO0  OIICHWBaHUS
po(ecCHOHAIBHBIX HABBIKOB. OTMEUEHO, YTO 3TO SBJSIETCA €Ile He PelIeHHON HayYHOW mpobiemon. Kak
ele OTMEYaloT aBTOPhI AOKJIaaa, MyOIUKAIMKA B 001aCTH W3MEPEHUs MPOPECCHOHAIBLHBIX HABBIKOB UMEIOT
rIIyOOKYIO OTPaCiIeBYIO CIIEI(PHKY, a CAMU U3MEPEHHS 3a9aCTYI0 CTIe(DUIHBI [T KOHKPETHOW MTPeIMETHON
o0actu. OCHOBHAS YaCTh MyOIHMKAIMA C YIIOMUHAHUEM M3MEPEHUH Mpe/ICTaBlIeHa B 00JIaCTH MEAUIIMHBI U
3a00TBI 0 3/10poBbe (42% myOnukarmii), B cdepe cormanbHbIx Hayk (23%), mucrmmma STEM (Science,
Technology, Engineering and Mathematics) (14%). OueBuaHO, 6OJBIIAS OIS MYOTHUKAIHIA [T0 H3MEPEHUAM
B 00JIACTH MEIUIIMHBI K 3JIPAaBOOXPAHEHUS CBSA3aHA C TEM, YTO POPECCHH ITOM OTPACTH OTHOCATCS BO MHOTHX
CTpaHax K peryjupyemMbiM npodeccusM. DTOT BBIBOJ sIBJIsIETCs cripaBeyiuBbiM st PO u Kazaxcrana, rie
cepTH(HKAIMOHHBIE YK3aMEHbI JUISI MEIUIIMHCKUX Pa0OTHHKOB MPOBOJSTCS YK€ MHOTO JIET, U HAKOILICH
OOJIBIIION OTIBIT.

B Poccuiickoii ®Denepanuu cepTu(UKANUOHHBIN SK3aMEH Il METUIIMHCKUX ¥ (hapMaleBTHYECKUX
pabOTHUKOB TIPOBOJUTCS B COOTBETCTBHHM C TpeOoBaHUsAMH crenuaibHoro Ilpmkaza MuHmcTepcTBa
3npaBooxpaneHusi PO. «Ceprudukar crenuaniucra CBHICTENBCTBYET O JOCTHXKEHHH €ro o0JaaarelieM
YPOBHSI TEOPETUYECKUX 3HAHHM, MPAKTHYSCKUX HABBIKOB M YMEHHIA, JOCTATOYHBIX JIJISI CAMOCTOSTEILHOM
mpoeCcCHOHAIbHON (MEIUIIMHCKON MWK (hapMalleBTHUECKON) paestenbHocTH» [14, m.1]. K ask3ameny
JIOTTYCKAIOTCS BBIITYCKHUKH MEAWIMHCKAX U (hapMaleBTUYECKHX KOJUIeKeW W By30B. JaHHBINH 3K3ameH
NPUHUMAET JK3aMEHALMOHHAss KOMHCCHs, B COCTaB KOTOPOW BXOISAT CIEUMATUCTHI B 00JacTu
3/IpaBOOXPaHEHUS U MEUITMHCKOM Hayku. CepTuduKar BbIaeTcs Ha 5 JeT.

CepTuuKallMOHHBIA SK3aMeH TPOBOJUTCS B TPW 3Tama: 1) TeCTHpOBaHWE, 2) OINEHKA MPaKTHYECKHX
HaBBIKOB, 3) coOecenoBanue. TecTupoBaHue MPOBOIUTCS B TeueHHE 2 4acoB. TecTupyeMbie BHIMOMHAIOT 100
TECTOBBIX 3aJIaHUH MO BCEM pa3zesiaM crenraibHocTH. PopMaT NPOBEACHUS MOXKET OBITh THM00 OJIAHOYHBIM,
nub0 KOMIBIOTEpHBIH. Llenpio TecTHpoBaHMS SBISETCS ompereNneHHe oObeMa M KadecTBa 3HAHWHA H
0coOeHHOCTEeH MPO(PECCHOHANFHOTO MBIINUICHHUS BBITYCKHHUKOB MEJMIIMHCKHX BY30B W KOJUICIDKEH.
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MUHHUMAJIBHO TECTUPYEMBIE TOJDKHBI BHITONMHUTE 70% TECTOBBIX 3a/IaHHi, OLIEHKA «XOPOILOY» CTaBUTCS MPH
BemoaHeHnd uMu 80-89% TECTOBBIX 3a/laHUi, OI[EHKA «OTIWYHO» CTaBUTCS Ipu BhionHeHNH 90% 1 Gomee
90% TtecToBBIX 3amanuid. COracHO MOJIOKEHHIO 00 3k3aMeHe «OleHKa MPaKTHIECKUX HABBIKOB BKJIIOYAET
MPOBEPKY MAaHWUIYIALMOHHOW TEXHUKHU MO pe3ysbTaraM OOy4YeHHs W/WIIM Ha OCHOBAaHWHU MPEICTaBICHUS C
MecTa padOoThl IK3aMEHYEMOTr'0 MMCbMEHHOT'O IOATBEPKACHUS IOCTATOYHOCTH €r0 NPAaKTUUECKUX HaBBIKOBY.
Ha tperbem sTame B pamkax coOecemoBaHUS OLEHHMBAIOTCS YMEHHE pelatbh InpodeccHoHaabHbIE 3a1adu,
aHaJMM3UpOBaTh W TPUHHMATh pemieHne. K mpodeccnoHanbHBIM 3ajadyaM OTHOCSTCS JHAarHOCTUYECKHE,
TaKTUYECKHUE, OPraHU3aLMOHHbIE U JP.

B Pecnybmuke Kazaxcran cepTudWKallMOHHBIA 5JK3aMeH /I MEAWIMHCKAX M (apMaleBTUIECKIX
pabOTHUKOB, CIEIUATMCTOB CAHUTAPHO-3MUAEMHUOJIOTMYECKON CIyKOBl CO CpeJHUM (TEXHUYECKHUM U
npogecCHOHANBHBIM), TOCIECPEIHUM, BBICIIUM M TOCIEBY30BCKUM MEAWIUHCKUAM, (apMaleBTUIECKUM
oOpazoBaHueM, B cdepe CaHUTAPHO-IMHUICMHOJIOTHUECKOr0 OJaromnoay4yuss HacelIeHHs IPOBOAUTCS B
COOTBETCTBHU CO CIEIYIOIIMMHU MprUKa3aMu Munuctpa 3apaBooxpanenus PK: 1) mpuka3 «O0 yTBepxkaeHnH
MPaBUII MPOBENEHHU CEPTUPUKALNYU CIICIUANNACTa B O0JIACTH 3paBOOXPaHEHUs], TOATBEPKACHUS NEHCTBUS
cepTuduKaTa CrenualucTa B 00JacTu 30paBOOXPAHEHHs, BKIJIIOYass MHOCTPAHHBIX CIIECLHATIMCTOB, a TAKXKe
YCIIOBHSL [JIONyCKa K CEPTU(QUKALMK CHELUATIUCTa B O0JACTH 3IPaBOOXPAHEHUs JIMIA, MOJYyYUBILEIO
MeJUIMHCKOoe oOpa3oBaHue 3a npenenamMu Pecnyonuku Kazaxcrany, 2) npukas «O0 yTBEpKICHUH MPaBHI
OLICHKH 3HAaHWH M HaBBIKOB O0YyYaroIIMXCs, OUEHKH MPO(ECCHOHATBHON MOJTOTOBICHHOCTH BBITYCKHHKOB
00pazoBaTeIbHBIX IPOrpaMM B 00JIACTH 3PAaBOOXPAHEHHMS U CIICLIMAINCTOB B 00JIACTH 3APABOOXPAHEHHUSD).

CepTuduKat crienuanucta B 001acTy 3/[paBOOXPAHCHUS — JIOKYMEHT, TOJTBEPKAAFOIINEN KBATU(PUKAITUIO
(PM3UYECKOTO JIMIAa U €ro TOTOBHOCTh K MPO(ECCHOHANBHONW IEATENFHOCTH B 00JAacTH 3/paBOOXpaHEHUs,
BKJIIOYas TOTOBHOCTh K KIMHUYECKOM WM (papMaleBTUYECKON NpaKTHKE, WM AESITEJIbHOCTH B cdepe
CaHUTapHO-3IUIEMHIOIOTHYECKOT0 Onaromonyuns Hacenenus [15, m.2, mm.2, rmaBa 1]. Ceprudukar
JICHCTBUTEJIEH B TEUEHUE S JIET.

CepTuduKaOHHBIA 3K3aMeH MPOBOAWTCS HamnmoHAIBHBEIM EHTPOM HE3aBHCHMOW HK3aMEHAITUH
(HIIHD) B 2 sTama: mepslit 3Tan mpoBOAUTCS B (hOpMe KOMIBIOTEPHOTO TECTHPOBAHMS, BTOPOU 3Tall — HA
KIIMHUYECKUX CTAHIMUSAX C HCIOJNBb30BAaHHEM CHMYJSIIMOHHBIX TEXHOJIOTHH W HWH(POPMALMOHHBIX CHUCTEM
oueHkH. llenmpio mepBoro asrama sBJISETCS OLEHKAa 3HAHWM, a BTOPOTO — OILIEHKAa HaBBIKOB. B pamkax
TECTUPOBAHUSI UCHBITYeMbId BbINONHAOT 100 TecTOBBIX 3amaHWil. MHUHMMAaNbHOE KOJHYECTBO TECTOBBIX
3aJlaHUi, KOTOPBIN JOJDKEH BBIMIOJHUTH YYAaCTHHMK dK3aMeHa ISl MPOXOXKIEHUs Ha BTOpoil Typ — 60% ot
00IIIEro KOJIMYeCTBA TECTOBBIX 3aJIaHHM.

Bropoii 3tan mpoBoaMTCs Ha 5 KIMHMYECKHX CTaHUUSAX. «Bpemsi BBINONHEHHS 33JaHUsl Ha KaKIOH
craniuu coctasinsier 10 muHyT. OOLiee BpeMsi Ha BBIOJHEHHWE BTOPOIO 3Tala Ha MATH KIMHUYECKUX
craniusax cocrapisger 50 munyTt» [16, 1m.3.1.8, rmaBa 3]. [lns Toro, uyTtoObI mMpoTH 2 STam dK3aMeHa,
UCTIBITYEMOMY HEOOXOAMMO MPABUIBHO BHIIIOJIHUTH MUHUMaJIBHO 90% 3amaHuii.

OOmMMHU TONOXKEHUSIMU /ISl IBYX BBIIICONMCAHHBIX CEPTU(HUKALMOHHBIX 3K3aMEHOB SIBIISIOTCS, BO-
MEPBBIX, HAJIWYHE CHJIBHBIX PEryJIHPYIOIIUX OTPACiEBbIX JOKYMEHTOB B BHJE IPHKA30B, MOJOKEHUIN U
WHCTPYKIUi. Bo-BTOpHIX, OlleHKa TPO(eCcCHOHATIBHBIX HABBIKOB IPOBOAMTCS B CIIEIUAIBHO TOATOTOBIICHHBIX
MeCTax, KOTOpble CHMYJHUPYIOT YCJOBHUSl, MMEIOIIMECS B MNPAaKTUKE MEIUUMHCKUX opraHuzauuil. T.e.,
CO3/1al0TCS  yCJIOBHS, NPHUOMIKEHHBbIE K peajbHbIM, TJ€ OHH JIOJKHBI IPOJEMOHCTPHPOBATH CBOHU
npodeccHoHANbHBIC YMEHHS M HABBIKH.

PaccMoTpum ombIT poBeneHusT KBaTU(UKAIMOHHBIX dk3aMeHoB it U T-cnenmanvctoB B PD. CornacHo
OenepansHoMy 3akoHy PD «O HezaBHcHMOI olleHKe KBampukanum» u lIpaBun mpoBeAeHHS EHTPOM
OLIEHKHU KBanM(pUKaIUii HE3aBUCUMOHN OIIEHKU KBaTU(PUKAINK B popMe MpodecCHOHATBHOTO 3K3aMeHa [17]
MPOBOANTCS HE3aBHCHMMAasi OIEHKa KBadu(uKanuu. [laHHBI 3K3aMEH MPOBOAWUTCS IEHTPOM OILEHKH
kBanmudukanun. [IpodeccrnonanbHblii 9K3aMeH IPOBOAUTCS B ABYX CIYYasx: MO YKEJIAHUIO COMCKATels 00
10 HaIpaBJICHUIO paboronareis. B nepBoM ciydae ydacTre Ha SK3aMeHe OTUIaYNBACTCsI CAMUM COMCKATEINEM,
a BTOPOM — 3aKa34MKOM, TO €CTh paboronarteneM. llocie mpoxoxaeHns sK3aMeHa Pe3yNbTaThl COMCKATEh
nony4yaeT B TedeHue 30 OHeH B BHUIE CBHICTENbCTBA O KBanupuKanuu (ecad dK3aMeH CcIaH Ha
MOJIOKHUTENIBHYIO OIICHKY) WIIN CIPaBKU O MPOXOKACHUH MTPOPECCHOHATBHOTO IK3aMEHa ¢ PEKOMEHIALMIMHU
JUIA coucKarens (ecnM dJK3aMeH CllaH Ha OTPHIATENbHYIO OIEHKY). Ecim comckaTens He corjlaceH ¢
pe3ysbTaTaMy SK3aMEeHa, OH MOKET IT0J1aTh >kajio0y B MMCHbMEHHOM BUJIE B alleJUISIIMOHHYIO0 KOMHCCHIO COBETa
no mnpodecCHOHAIbHBIM KBaluuKauusiM. CBeleHHS O NOJIYYECHHBIX COHMCKATEISIMH CBUAETENBCTBA O
KBaJM(HUKAIUN BHOCITCS B PEECTP.

B oxgHOM BapmaHTe TecTa I MPOBEPKH TEOPETHUECKHUX 3HAHMH conckarenei — 40 TecToBbIX 3ananus. U3
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HUX: TECTOBBIX 3aJlaHMH C BHIOOPOM OJHOTO MPAaBMWJILHOI'O OTBETa M3 MHOXECTBa mpemiokeHHbIXx — 30,
OTKpHITOH (opMbBl — 3, Ha YCTAaHOBJIEHHE COOTBETCTBHUSA — 5, HAa YCTaHOBJIICHHWE IMPAaBHILHON
nocienoBaTensHOCTH — 2. Bpems tectupoBanust — 90 munyt. Ecniu couckarens Habupaet ot 30 u Gojee 6ainna,
TO OH JIONMYCKaeTcs A0 CIEAYIOLIEro 3Tama, IIe MPOBEpsIOTCs MpakTHiyeckue HaBblkM. Ha BTOpoM sTame
UCTIBITYEMBbIH BBIMOJIHACT 3 MPAaKTUUECKUX 33JaHuUsl, KOTOphIe HAIIPaBJICHbI HA POBEPKY c(POPMUPOBAHHOCTH
npoecCHOHaIbHBIX HABBIKOB M YMEHHI, OMIMCAaHHBIX B IpodcTanmapre. Beero HyxHO HabpaTh He meree 11
0ammoB. DK3aMeH MPOBOAMTCS HAa TEPPUTOPHH LIEHTPA OLCHKH KBaJHU(PHUKALWK WM IPYroM CIEHHaIbHO
00OpYZOBAaHHOM MOMEIIEeHHH. MaKCHUMajabHO Ha BBINOJIHCHHWE 3aJaHus BblAENseTcs He Oomee 5
acTpoHOMHU4YecKuX yacoB. C nmpuMepaMu 3aJaHuii MOXKHO 03HAKOMUTHCS Ha caiite HanmonansHOT0 areHTcTBa
pasButus kBamudukanuu PO [18]. dopMbl TECTOBBIX 3aJaHUN Ui TEOPETHYCCKON YaCcTH 3K3aMeHa
pa3paboTYMKN BHIOMPAIOT CAMOCTOSTENBFHO B 3aBUCHMMOCTH OT MpoBepsieMoil kBaiudukanuu. B pamkax
MIPAKTUYECKOM YacTH 3K3aMEeHa MCIIONb3YIOTCS 3aJaHMs Ha BBINOJHEHUE TPYAOBBIX (YHKIUM, ONMCAHHBIX B
npodcranaapTe, B MOJICIBHBIX WIIN PealbHBIX YCIOBHUSX, B HEKOTOPBIX CIYYasx U IOPTHOIUO TOXKE.

OnucaHHBI KBaTM(pUKAIUOHHBINA 3K3aMeH mpoBomuTcs ¢ 2017 ronma, B OTKPHITBHIX MyOJMKAIMSIX HET
nHpOpMau 0 KommdecTBe paboTHUKOB MT-cdepbl, MOATBEpAMBIINX YPOBEHb CBOEH KBaTH(DHKAITHH.
Bo3moxHO, 3TO SBJISIETCS CIEACTBHEM NOOPOBOJILHOCTH ydacThs B sk3ameHe. CieqyeT OTMETUTbh, YTO Kak
OITyOJNIMKOBaHHBIE PETYIHUPYIOIIME JOKYMEHTHI, TaK W COJACp)KaHHE BOIPOCOB M 3aJaHUi JK3aMeHa,
MpUBEACHHBIE B 00pa3Iiax, XOpOILO OMUCAHBI U AIOT MPETEHICHTaM MOJIHYI0 HHPOPMAIH O MEPOTIPUATHH.

Teneps paccMOTpPHUM OTEUECTBEHHBIHN OMBIT BO BHEAPEHUH KBaTHU(PUKAITMOHHBIX SK3aMeHOB. B Pecmybmike
Kazaxcran curyanmuss oOCTOUT CIEAYIOIIUM 00pa3oM: NpOQecCHOHANBHBIE CTAaHAAPTHI IO Pa3HBIM
npodeccusiM pa3padoTaHbl, MHOTHE YK€ YTBEPIKICHBI, HO CEPTUPHUKAIIMOHHBIN 3K3aMEH MPOBOAUTCS TOJIBKO
IUIsl TIEJaroruuecKux paOOTHUKOB. BBIMYCKHHMKOB NMENarorn4eckux BY30B, HE HMMEIOIIUE OMNbITa PaboOThHI
ydacTByIoT B HeM ¢ 2021 roma. Drtor sk3amen no 2023 roma mpoBomwics B (opme HarmumonaapHOTO
kBanmudukanmonHoro Tectuposanus (HKT). «HaunonanpHOe KBaMU(QHUKAMOHHOE TECTUPOBAaHUE (layee —
HKT) — mpouenypa, mpoBoauMas B IENSX ONpPEENIEHUS YPOBHS MPOo(ecCHOHATBFHOW KOMIETEHTHOCTH
Mearora, 1mo TectaM, pa3paboTaHHBIM YIOJTHOMOUYEHHBIM OPraHOM B 00JIacTH oOpa3zoBaHus» [19, mm.12, m.2,
rinaBa 1]. HKT npoBoautcs B cootBercTBUU ¢ [IpaBuinaMu U yCIOBUSME NPOBEIEHUS aTTECTallUM NIEaroros,
YTBEP>KACHHBIX MpHKa3oM MuHHCTpa oOpa3zoBanus u Hayku PK.

®opwmar sk3ameHna: Bcero 100 TectoBbix 3amanuii (70 TECTOBBIX 331aHUN TI0 HATIPABJICHUIO JESTEITLHOCTH,
30 TecTOBBIX 3aaHUil — MO TEAArorMKe W METOoAuKe mpernoaasanus). @opmbl TecToBBIX 3amanHuii: 80 c
BBHIOOPOM OJTHOTO TPABWJIBHOTO OTBETAa M3 MHOXKECTBA NpeiokeHHBIX, 10 ¢ BBHIOOPOM OJHOTO WU
HECKOJIbKMX MPaBUIIBHBIX OTBETOB M3 MHOXKECTBA MPEIIOKEHHBIX, 2 KOHTEKCTa ¢ 10 TeCTOBBIMU 3aJaHUAMHU
Cc BHIOOPOM OJHOTO TNPaBUJIBHOTO OTBETAa W3 MHOXECTBA IPEUIOKEHHBIX. [l MomydeHus KaTeropuu
«TIe/Iarory», UCTIBITYEMBIH JIOJKEH BBIMOIHUTD MpaBWIbHO 50% 3a1aHuii 0 KaKAOMY OJI0KY.

[lo mpenonaBaeMoil IMCHMIUIMHE TECTOBBIE 3aJaHMS OXBATHIBAIOT TEMBbl, OYEPUEHHbIE B Y4EeOHOH
nporpaMMe Mo JaHHOMy mpeamery. [lo memaroruke M METOAMKE MpPENOJaBaHMS TECTOBBIE 3aJaHUS
OXBAaTBIBAIOT CIIEAYIOIIUN KpPyr BOMPOCOB: METOAMKA BOCIMTAHUS, Ipolecc OOydeHHUs, yIpaBieHHE U
opraHu3anus yueOHOTo Mporiecca, HOBbIE MOXO/IbI B MPEMOIaBaHUH U 00yUeHHH, 00yYeHUE KPUTHUECKOMY
MBILUICHUIO, OLIEHUBAHWE YYEOHBIX JOCTIDKCHMH, OOydeHHE TalaHTJIMBBIX M OJApPEHHBIX JETEH,
WCCIIeIOBAHNE TIPAKTUKH.

Kanaunarer 6e3 cTaxka, OKOHUMBIIKE BY3 10 [1€AarOrMYECKUM CIIEIHATBbHOCTSIM, TPUHUMAIOTCS Ha paboTy
nocie ycrneusoro npoxoxaeaus HKT. [lns naHHbIX KaHAUIATOB 0€3 cTaxa KBaM(HUKAIMOHHAS KaTerOpHsl
«Ieiaror» MPUCBaMBAETCs AaTTECTAMOHHONM KOMHCCHEH OpraHu3anuud oOpa3oBaHHsS HA OCHOBAaHUH
pesynbrata HKT [19, m.20, rnaBa 2, naparpad 1].

C 2023 roma Bmecto HKT mpoBomuTcss HOBBIM B 3K3ameHa, «OueHka 3HaHuii nemaroros (O3I1) —
nporeaypa, MpoBoIUMas B LESX ONpeAesieHrs] ypOBHS NMPOo(dhecCHOHaTbHONH KOMIIETEHTHOCTH Tearora, 1mo
TecTaM, pa3paboTaHHBIM YITOTHOMOYCHHBIM OPTaHOM B 00JIACTH 00pa30BaHUs B COOTBETCTBHH C HACTOSIIIUMHU
[paBunamuy [20, rnasa 1, n.12]. I3MeHeHHIM MOJBEPTIINCH HE TOJBKO COZCpPIKaHNe 3aJaHui, HO U JopMaT
U CTPYKTYpa 3K3aMeHa, ClIoco0bl MOAau JOKYMEHTOB | T.1. [1o conep:kaHuio OTIMYHe JaHHOTO 3K3aMeHa OT
MPEIbIAYILEr0 COCTOUT B TOM, YTO NPHU NMPOBEPKE MPEIMETHBIX 3HAHMN yduTenedl OymyT MCIOJIb30BaThHCS
3aJlaHusl B BHJE KOHTEKCTa, TO €CTh TekcTa. K TekcTy OyAyT JAaHbI TECTOBBIEC 33[aHUS C BRIOOPOM OJHOTO
MPaBUWIBHOTO OTBETA M3 MHOXKECTBA MPENJIOKEHHBIX. Takxe megarord Oyayt nucaTh 3cce. [lomumo sToro,
noOaBiieHa KBaJTM(HUKALMOHHAS OLEHKA, KOTOpas «IPOBOAMTCS OPTaHU3aLMAMH OOpa30BaHUS U BKIIOYAET
paccMOTpeHre AOKYMEHTOB Ha COOTBETCTBHE MMEPEYHIO JOKYMEHTOB, M3JIOKEHHBIX B IEPEYHE OCHOBHBIX
TpeOOBaHUI K OKa3aHWIO TocyaapcTBeHHoW ycmyru» [20, m.16, maparpad 1]. «/lokyMeHTHI aTTecTyembIxX
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MeIaroroB 3aroNHAI0TCS B MHQOPMAIIMOHHON CHUCTEME, IO Pe3ylbTaTaM KOTOPOTO BBIAAETCS yBEJOMIIEHHUE
WM pacliicKa O MpHeMe WM OTKa3e B mpueme AokymeHToB» [20, m.17, maparpad 1]. Ilemaror, koTopsiid
MPOXOIUT aTTeCTAIHIO, 3al0JMHACT HU(PPOBOH MPOpUIL. DKCIEpTHAS KOMHUCCHSI MIPOBEPSIET TOKYMEHTHL. B
cirydae, eciii HopT(hOIIHO [earora He COOTBETCTBYET TPEOOBAHUSAM, TO OH HE MPOXOAUT Ha CIEAYIOIINH dTal,
TO ecTb Ha TecTHUpoBaHue. Ilo wWToraMm arrecranuu, B 3aBUCHMOCTU OT CTaXa aTTECTyeMOro, B CIIydae
YCIIEIIHOTO TPOXOXKIEHHUS BCEX €€ 3TAIoB, MENaror Mnojy4yaeT OAHY W3 KBAaIH(UKAIIMOHHBIX KaTeropuil
«TIe/Iarory, «IeAaror-MacTepy, «IeJaror-uccieoBaTelby, «IeJaror-MoIepaTopy, «IeJaror-KCuepT».

OnbIT y9acTrs BRITyCKHUKOB OakanaBpuata nemarorudeckux OIl B ron okonwanuns By3a HKT u O3l eme
He 0000IIeH, OJHAKO, B MEJArOrMYecKoi cpefie OOCYXKTAeTCs BOIMPOC O HOBBIX (DOpMax IMOATOTOBKH K
KBaJM(HUKALMOHHBIM 3K3aMeHaM. B cBs3u ¢ yrBepxkaeHuem HoBoil Bepcuu [IC «Ilegaror» B Hauame 2023
rojia, O4YeBUIHO, YTO JIOJDKHBI OBITH BHECEHBI U3MEeHEHHS U B conepxanne O311.

BriBoabl

B Kazaxcrane cucrema npu3HaHHA OPOPECCHOHANBHBIX KBATU(HUKAIMKA HAXOAUTCS Ha CTaauu
CTaHOBJICHMA, peryaupyrommid 3akoH «O mnpodeccHoHaNbHBIX KBAIM(HUKALMAX» €II€ HE YTBEPXKIEH.
EnnHCTBEHHBIM 3K3aMEHOM 10 AOMYCKY K PBIHKY TPYZAa, B KOTOPOM Y4acTBYIOT BBITYCKHHKH OakanaBpHaTa
siBisieTcst «OleHKa 3HAaHUH Te1aroroBy. BBITYCKHUKY Me1arorndecKrux By30B B HEM ydacTBYIOT ¢ 2021 roaa.
JUist IOATOTOBKKM CBOMX BBIITYCKHUKOB K KBaJHM(PHKAMOHHOMY 9K3aMEHY BY3bI MPOBOJSAT TaK HA3bIBAEMbBIC
«0030pHBIE JIEKIUM» MO COACPIKaHUIO TUCLUIUIMH, BXOIAIIMX B IporpaMmy sk3aMeHa. OmbIT OKa3aj, 4To
TaKOM METOJI MOATOTOBKHU He JlaeT 3dekra, pe3yabTaThl BBITYCKHUKOB OCTAIOTCS HU3KHMU. PaboToaarensMu
orpaciu UT npusHanue kBanuduKauii He MPOBOAUTCS HU B Kakoi popme, 1o 3TON MPUUUHE YTBEPKICHHBIC
[IC He mpomumn TpoBepKy NpakTHKOW. OHHM HCIONB3YIOTCS By3aMH TOJBKO KaK JOKYMEHTHI OOIIei
OPHMEHTAlINH, COePXKALUi KBaau(UKauoHHble TpeOoBaHus K BblmyckHIKaM OIl HanmpaBieHus: TOATOTOBKH
6B061 - MubopmaimoHHO-KOMMYHHUKAIUOHHBIE TEXHOJIOTHMH. TeM He MEHee, B 3TOW CHTyallud OCTaeTCs
aKTyaJIbHOW pa3paboTKa MOJIEJN OLEHKH YPOBHS C(HOPMHUPOBAHHOCTH MPO(PECCHOHATIBHBIX KOMIIETCHLIUH
Oynymux UT-cnienmanuctoB Ha cTagusx GopMupoBaHus B By3e.

MexnyHapo/Hble MpU3HAHHBIC JTOKYMEHTHI, Takue kak Computing Curricula, e-CF, SFIA sBnsrorcs
XOPOILIUMH MPUMEpPaMH 10 (pOpMYJIUPOBaHHIO TpeOoBaHUi padoTomatencii otpaciu UT K BbIyCKHUKAM
By30B. OCOOEHHO MX OTJIMYaeT COOJIIOACHNE TPEOOBAaHMN IO CBOICTBY M3MEPUMOCTH K ONHCAHMSAM BCEX
kommerennmii UT-cenmanucroB. OmHON W3 cephe3HbIX HemocTaTKkoB comepkanus [IC ortpacom UT
KazaxcraHa siBisieTcs OTCYTCTBHE HMEHHO TaKOT'O MIOIX0/1a TIPU OMTUCaHUH TpeOOBaHUH K PpodecCHOHATEHBIM
HaBBIKaM, [IPEIbABISIEMbIM K IPETEHACHTaM Ha 3aHsiTHe noibkHocTH 1o UT-npodeccusm. Ipu paszpabotke
WHCTPYMEHTOB JJISi OLEHKHM YPOBHSA C(HOPMHUPOBAHHOCTH NPO(ECCHOHATBHBIX HABBIKOB, T'OTOBHOCTH
BBIMYCKHUKOB K BBITIOJIHEHUIO TPYJNOBbIX (yHKuui no UT-npodeccusiM, 310 siBiseTcs: MpoOIeMoi, ais
pEeLIeHnsT KOTOPOH, OYEBHTHO MPUIETCSI TPOBECTH JIOTIOJIHUTENBHOE HCCIIEI0OBaHME.

[Ipumepom nefcTBYOIIEro KBaTH()UKALMOHHOTO 3Kk3amMeHa it U T-cneunannucToB sBisieTcst He3aBUCHMAs
olleHKa KBanudukaiuii, mpoBoumasi B P®. Jlnis Takoro sx3aMeHa pazpaboTaH IpuMep OIIEHOYHOTO CPEJICTRa,
coJiep KallIni 3aJlaHus Pa3HOM (GOPMBI M Bce He0OXoqiMble HHCTpYKIMH. CoJiepkaHue Ha3BaHHOTO dK3aMeHa
MOJKET CIIYKMTh OPUEHTHUPOM IIPH pa3padOTKe MOAEIH U MHCTPYMEHTA OLICHKH YPOBHS MPOQECCHOHANBHBIX
HaBBIKOB BBIITYCKHUKOB OakanaBpuata. OJTHaKO, €CTh OCOOCHHOCTH, UMEHHO OTIMYKE cUTyanuu B PO B ToMm,
9TO Y HHUX €CTh TOCYJapCTBEHHBbIE O00pa3oBaTelIbHBbIE CTAHAAPThl BCEX CIEIUalbHOCTEH By30B. B HHX
COJIep>KaTCsl B TOM YHMCIIe IepevyeHb BUI0B PO(ecCHOHAIBHON AeATeNbHOCTH OYAYIINX CIICLHAINCTOB. DTO
obzeryaer nporiecc coroctabneHus conepxkanuii [IC u OI1 By3oB. B Kazaxcrane cranmapThl crieliuaibHOCTEH
OTMEHEHBI, CaMO TIOHSTHE «CTIEHAIBHOCTHY Takke He ucrnonb3yercs. Coaepxanne OIl By3bl onpenenstor
CaMOCTOSITEIIHFHO, B IUTJIOMaX BBITYCKHUKOB YKa3bIBAIOTCA TOJIBKO aKaIEMHUYECKHE CTETICHH.

Bribop orpanuuennoro kosmuectBa [IC Ui HOCHEOYIOMIErO COMOCTAaBICHHS HX COJCPXKAHUS C
conepkanuem Ol sBiseTcss He TPOCTOM 3a/a4eid, T.K. KOJIMYECTBO yTBEP)KIEHHBIX CTaHAapTOB oTpacau UT
— 25, KaK/Iplil UX HUX BKJIIOUAET B ce0s1 onucaHue HeCKobkux mpodeccuit. Oana OIl He MOKET 0XBaThIBATh
cogepxanue Bcex [IC, mosToMmy HEOOXOIUMO ONPENETUTHCS ¢ KAKUMH KOHKPETHBIMHU CTaHAapTaMH OyJeT
npoBoauThCsl conpsbkeHust conepxkanusi OIL Ilocme 3TOro MoKHO COCTaBISATH TAaONMIBI CONPSKEHUS
TpeOoBaHuil K TpyA0BbIM (pyHKIMsAM KoHkperHoro IIC ¢ mepeunem aucuuiuind u tem OIl. B Hamiem
uccnenoBannu BeiOpansl Ol «Mudpopmanonusie cucteMbl» U «BbluncnuTenbHas TEXHUKA U IPOTPaMMHOE
obecnieuenuey. Conpsoxenns onucanus rpedosanuii [1C otpaciu UT u conepxanus HazBauubix Ol siBisieTcs
HE MPOCTON paboToil B CBA3M C T€M, UTO 3TH JAOKYMEHTHI pa3paboTaHbl HE Ha €IMHOW METOJI0IOTHYECKOH
OCHOBE, XOTsI 3TO U yKa3bIBajoch B 3ajauyax HPK.
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Crnenyronieii 3a1aueii B paMKax HaIIero MpoeKTa sBisieTcs GopMupoBaHue 0a3bl 3ajaHuiA, KOTOpas OyneT
OCHOBHBIM 3JIEMEHTOM HMHCTPYMEHTa OICHKH YPOBHS MPOPECCHOHATBHOW KOMIIETEHTHOCTH BBIITYCKHUKOB
OakanaBpuara. [Ipruem, HTHCTpYMEHT Oy/IeT UCIOJIb30BaH JIJIsi BHYTPEHHEW CUCTEMbI OIICHUBAHUS, 1IEJIb PU
ATOM — JIaTh BO3MOXHOCTh BBIITYCKHHKAM OIICHUTh CBON YPOBEHb TOTOBHOCTH K BBITIOJTHCHHIO KOHKPETHBIX
TpyAOBBIX QyHKIMHA. 3aaHus OyayT pa3padaThiBaThCs JIJISl OIICHKH YPOBHS 3HAHUI U YMEHUMN BBIITYCKHUKOB,
HEOOXOIMMBIX JUIsi COOTBETCTBYIOIIEH mpodeccru, 3T0 — mpeAroaracMast meppast 4acth OIEHKH, BTOpast ke
4acTh, OUYEBUIHO, JIOJDKHA COCTOSATh M3 3aJaHUN MPEJHA3HAYCHHBIX JIJISI OLEHKUA NPO(ECCHOHAIBHBIX
HaBBIKOB, T.C. OTH 3aJIaHUsI JIOJDKHBI OIICHUBATH YPOBCHb BIIAJICHUSI HABBIKAMH, HYXKHBIX JJISI KOHKPETHON
TpynoBo# Gpyukuuu npodeccuu. Onpenenenue Gopm 3aaHAN s TAKOH OIIEHKH TaKXKe SBISETCS OTIEIbHOM
3ajia4yeii, TpeOyIoIIel OTICIILHOTO HWCCICA0OBaHUs. J[OKa3aTeNbCTBO BaJMIHOCTA M  HAJACKHOCTH
pa3pabaThiBa€MOr0 HMHCTPYMEHTA OLEHKU JIOJDKHO OBITh IMPOBEICHO C HCIOJIh30BAaHHEM COBPEMEHHBIX
METOIOB TICHXOMETPUYECKOTO aHAIIN3a U MeIarOTHYeCKUX U3MEPEHHH.

Jlannoe uccredosanue npogunancuposano Komumemom nayku Munucmepcemea Hayku u @ulcuieco
obpaszosanus PK, epanm NeAP14871781, npoexm «Pazpabomxa modenu oyeHu8anus npogheccuoHaibHbix
KOMnemeHmHocmel Ha cmaousx gopmuposanus 8 gyse (Ha npumepe obpazosamenvhblx npozpamm
Hanpasaenus nooecomoexu UKT)».
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®OPMUPOBAHME IJUPPOBO KOMINETEHTHOCTH JA0IIKOJIbHUKOB

Annomayus

B nacTosmmee Bpemst nn(poBEIe TEXHOJIOTHH UTPAIOT BCE OOIBIIYIO POJIb B HAIlEH JKU3HHU, TIOATOMY (HOpPMHUpPOBAHHE
IU(PPOBOH KOMIETEHTHOCTH CTAHOBHUTCS BAXKHBIM 33aJJaHUEM U 00pa3oBaHus. JlaHHOE HiccIeI0BaHNE OBLIO MTOCBSAIICHO
H3yYeHHUIO (GOpMHPOBaHUS NU(POBOH KOMIETEHTHOCTH B JOUIKOJIHHOM BO3pacte. B pamkax Hero Oblia HCClIeZJOBaHA
MOJICJIb HHq)OpMaHHOHHOﬁ KOMIIETCHTHOCTHU, a TAaKXC MPOBCACH aHaIW3 MOaHHBIX, CBA3aHHBIX C (bOpMI/IpOBaHI/IeM
(poBOH KOMIETEHTHOCTH B JOLIKOJIBHOW OpraHu3alu. Pe3ynbraTel MccieqoBaHMs MOKa3ad, 4To (OpMHUPOBAHHE
U(poBOH KOMIIETEHTHOCTH Y JIeTeH B AOIIKOJIBHOM BO3pPAcTe UMEET MOJI0KUTEIbHOE BIHUsSHUE. J[eTH, KOTOpble HMeH
OIIBIT pa60T1)1 C HI/I(prBI)IMI/I TEXHOJIOTHUAMHU H o6ﬂa11am/1 COOTBETCTBYIOIIIMUMU HaBbIKaMH, HMCIOT 60.]'[66 BBICOKUH
YPOBCHb KOTHUTHUBHBIX U COIIUAJIBHO-OMOIIUOHAJIbHBIX HABBIKOB, YEM TC, KTO HEC UMEJI TAKOT'O OIIbITaA.

KiroueBble cjI0Ba: [OMIKOJbHOC OOy4YeHHE, MHU(POBas KOMICTEHTHOCTh, UU(PPOBBIC TEXHOJOTHH, MOJCIb
WHPOPMALIMOHHON KOMIIETEHTHOCTH, HaBBIKH.

Anoamna
A.M Aiimvivmoea X, I.M.Abunvounoea ?, JK.C.Kaocuaxnaposa ® A.E. Kapvivcaxoea. ?
Y«Manaw Kosvibaee amvindazvt Conmycmix Kazaxcman ynusepcumemiy KOMMEPYUAIbIK eMec aKyUOHEPIiK KOaMbl,
ITemponaen ., Kazaxcman
2 JI.H. I'ymunee amvinoasget Eypaszus yammolx ynusepcumemi, Acmana x., Kazaxcman
3 bamvic-Kazaxcman uHHOBAYUATbIK - MexHON02uANblK yrueepcumemi, Opan K., Kazaxcman
MEKTEII )KACBIHA I[EﬁIHFI BAJIAJIAPABIH HU®PJIBIK KY3BIPETTIJIITTH KAJIBIIITACTBIPY

Kasipri yakpiTTa nudpiablK TeXHOJOTHsIIap O131iH eMipimisae OapraH cailblH MaHBI3BI POJI aTKapy/la, COHIBIKTaH
TUQPIABIK KY3BIPETTUTIKTI KAJBINTACTEIPY OLTIM OepyIiH MaHBI3IBI MiHICTIHE aifHamyna. by 3epTrey MekTenke neiinri
KacTarbl MUQPIBIK KY3bIPETTUIIKTI KaIBINTACTHIPYbI 3epTTeyre apHanabl. OHBIH asChIHIA aKNapaTThIK KY3bIPETTLIIK
MOJIeINi 3epTTEeNiN, MEKTEIKe NeHiHT1 YHBIMIa H(PIBIK KY3bIPETTUTIKTI KAIBINITACTEIPYFa KATBICTHL IEPEKTEpre Tauuay
KYprizinai. 3epTTey HOTHKeIepi MEeKTEeNKe AeHIHT JKacTarsl OananapIslH MUPPIBIK KY3BIPETTUIITIH KaIBIITACTEIPY OH
ocep eteriHiH Kepcerri. CaHIBIK ToXipuOeci MeH Jarmbuiapbl Oap OamanapAblH TaHBIMABIK JKOHE OJICYMETTIK-
SMOIMOHAIIBIK JTaFAbIaph! )KOK afaMaapra KaparaH/a >KorapbIpak 0oJa sl

Tyiiin ce3aep: Mekrenke JAeiiHrT OKBITY, UUQPIBIK KY3BIPETTUIK, LUGPIBIK TEXHOJOTHsIIAp, aKMapaTThIK
KY3BIPETTITIK MO, JaFapLIap.

Abstract
THE FORMATION OF DIGITAL COMPETENCE OF PRESCHOOLERS
Aitymova A. M.,* AbildinovaG. M., 2 Kazhiakparova Z. S.,® Karymsakova A. E.?
! Non-profit limited company «Manash Kozybayev North Kazakhstan university, Petropaviovsk, Kazakhstan.
2 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
3 West Kazakhstan University of Innovation and Technology, Uralsk, Kazakhstan

Currently, digital technologies are playing an increasingly important role in our lives, so the formation of digital
competence is becoming an important task for education. This study was devoted to studying the formation of digital
competence in preschool age. As part of it, a model of information competence was investigated, and an analysis of data
related to the formation of digital competence in a preschool organization was carried out. The results of the study showed
that the formation of digital competence in children at preschool age has a positive impact. Children who have had digital
experience and skills have higher levels of cognitive and social-emotional skills than those who have not.

Keywords: preschool education, digital competence, digital technologies, model of information competence, skills.
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Beenenue

OmuH W3 KIIOYEBBIX acTEKTOB 00pa3oBaHus B IHU(pOBOil smoxe — 3T0 (popmupoBanue IHUGPOBOH
KOMIICTCHTHOCTH Y ICTEH yKe B JIONIKOJILHOM Bo3pacte. LludpoBas KoMIIeTEHTHOCTh BKITIOYAET B CE0sl 3HAHUS
Y YMEHUS1, HEOOXOIUMBIC JJIs1 UCIIOIb30BAHUS UG POBBIX TEXHOJOTHI B pa3IMYHbIX chepax KU3HHU.

CerogHsmHAE IETH PACTyT B Cpelie, Te Nu(POBBIE TEXHOJIOTUH MPHUCYTCTBYIOT MOBCIOLY, W TIOITOMY
(dhopmupoBaHre MUPPOBOH KOMIIETEHTHOCTH B IETCTBE SABJISACTCS BaXKHOM 3amadeil. B To ske BpeMs, Bce ere
HE COBCEM SICHO, KaK MIMEHHO (hOpPMHUPOBAHHUE ITU(PPOBOI KOMIIETEHTHOCTH B JIOIIKOJIBHOM BO3PacTe BIIUSCT
Ha YCIENIHOCTh O0y4eHus B AanbHeidmeM. OCHOBHOW MpoOIeMOi sBIsSETCS TOT (aKT, YTO IH(PPOBBIC
TEXHOJIOTHH CTAaHOBATCS BCe O0Jiee pacIpOCTPAaHEHHBIMH U BXKHBIMU B COBpeMEeHHOM Mupe. DopMupoBaHue
U(pPOBON KOMIICTCHTHOCTH B PaHHEM BO3PAacTe MOXET OKa3aTh 3HAYMTEIBHOC BIIMSHUEC HA YCIEUTHOCTh
oOyueHUs W B JayibHeHmIen xu3Hu. Takum o0pa3oMm, ompesesicHue BaXXHOCTH (OpMHUpOBaHMs IU(POBOI
KOMIIETEHTHOCTH B JIOIIKOJIFHOM BO3PAacTe M 3YUYEeHHUE er0 BIUSHUS Ha 00pa30BaTeIbHBIN MPOIIECC SBISETCS
aKTyaJIbHOM.

Llenb qaHHO¥ CTaThU — UCCIIEAOBATH BIUSHIE POPMUPOBAHUS IU(DPOBOH KOMIIETEHTHOCTH JJOIITKOJIEHUKOB
B JIOIIKOJIHBIX OpPraHM3aNMsAX. B paMKkax cTaThy MpOBENCH aHAJIN3 JaHHBIX, CBSI3aHHBIX C (popMHUpOBaHHEM
(pOBOI KOMIIETEHTHOCTH B JIOITKOJIEHOW OpraHu3any. Pe3ynpTaTel MCCIeI0BaHUS IIOMOTYT OTPEICTUTD,
HACKOJIbKO Ba)XHO (hopMUpOBaHHUE HH(PPOBON KOMIIETEHTHOCTH B JOIIKOJIBLHOM BO3PAacTe U KakK 3TO MOXET
MOBJHSTH Ha YCIIEIIHOCTh BOCIIUTATEILHO-00pa30BaTeIbHOTO Mpolecca.

Ha dopmupoBanme nnhpoBoii KOMIIETEHTHOCTH B JOITKOJIFHOM BO3PAacTe M €r0 BO3MOKHBIE TIOCIIEICTBHUS
MOYHO ITOCMOTPETH C pa3HBIX CTOPOH.

3HaueHue nU(POBOH KOMIIETEHTHOCTH B JIOITKOJILHOM BO3pacTe:

- PazButHe nn(poBHIX HABHIKOB M KOMIIETEHTHOCTH HAYMHAETCS C CaMOT0 paHHero Bo3pacTta. B
COBpEeMEHHOM HH()OPMAIMOHHOM OOIIECTBE BiaJleHUEe IU(PPOBHIMA TEXHOJOTHSIMH CTaHOBUTCS Bce Oolee
BaYKHBIM.

- lludpoBass KOMITETEHTHOCTh BKJIIOYAaeT B ceOs HE TONBKO YMEHHE TOJh30BAThCA KOMITBIOTEpAMH M
YCTpOMCTBaMH, HO M KPHUTHYECKOE MBIIUICHHE, YMEHHE HAXOAWTh W AaHAIU3UPOBaTh HH(OPMAIHIO,
TBOPYECKOE pPEIICHHE MPOOJIeM U JPYTUe HaBBIKH, HEOOXOIMMBIE JIJIsl YCIICIITHOM alanTallii B COBPEMEHHOM
MHpE.

B nmomkompHOM BO3pacTe (QOPMHPYIOTCS OCHOBBI JIOTHYECKOTO MBIIUICHUS, PEYHM W KOTHUTHBHBIX
HAaBBIKOB, KOTOPBIE MOTYT OBITh IOJICPYKAHbI U PA3BUTHI C IOMOIIBIO IU(GPOBBIX TEXHOJOTHH.

[NoTeHnuanbHbIe MOCIEACTBHS (YOPMUPOBAHUS ITUPPOBOM KOMIIETCHTHOCTH B JIOIIKOJILHOM BO3pPAaCTe:

- Pannee oBnameHume nM(GPOBHIMH HAaBBHIKAMH MOXET CTHMYIWUPOBATh PA3BUTHE HHTEIUIEKTYalbHBIX
crocoOHOCTe! pedeHKa.

- [{udpoBble TEXHOJIOTUU MOTYT OBITh MCIIOJIB30BaHBI JJIs MHIUBUAYAIBHOIO OOYYCHUS M IMOJIICPHKKU
Pa3BUTHUS KOHKPETHBIX HABBIKOB Y KaXI0TO peOCHKA.

- Oco3HaHHOE U 0€30IMMacHOe HCIIOIh30BaHNE MU(POBBIX TEXHOJOTHI MOXET MOMOYb B MPO(MUIAKTHKE
po0JeM, CBSI3aHHBIX C UHTEPHETOM U COITUAIbHBIMU CETSIMHU.

CoracHo pe3yibTaTaM HCCIIEJIOBaHUN, MPOBEJCHHBIX B MOCIEAHUE ToAbl, Gopmuposanue mudpoBoit
KOMIIETEHTHOCTH y JeTeld B JOIIKOJEHOM BO3pAacTeé MOXET OKa3aTh IOJIOKUTENBHOE BIMSHUE Ha HX
B3auMozeiicTBue ¢ nudpoBoil cpemoit. Hampumep, B wuccienoBanuu, mnposenaeHHoM [lIBeiiapckum
(benepanbHBIM HHCTUTYTOM TexHOIOTUH B 2020 Tomy, OBUIO BBISICHEHO, YTO JIETH, Y KOTOPBIX B JOHMIKOJIBHOM
Bo3pacTte ObLTa pa3BuTa NU(POBas KOMIIETEHTHOCTH, MPOSBISIFOT OOJie€ BBHICOKHM YPOBEHb Pa3BUTHS U
criocobHocreit [1]. Taxke, uccaenoBanue, npoeaeHHoe HarmoHabHbIM HHCTUTYTOM 0OpasoBanus B CIITA
B 2019 romy, moka3ajo, YTO BBEJACHHE IU(PPOBBIX TEXHOJOTHH B OIIKOJbHBIC OPTraHU3alldd MOXKET
CIIOCOOCTBOBATH PAa3BUTHIO KPUTHYECKOTO MBIIIUIEHHS M TBOPYECKHUX CITOCOOHOCTEH y metei [2].

OTH WCCIeOBaHMs TaKXKe IMOKA3bIBAIOT, 4YTO BBEJACHHE IU(PPOBLIX TEXHOJOTHA B JIOMIKOJIBHOE
o0pa3oBaHWE MOXKET CIIOCOOCTBOBATh PA3BUTHIO KPUTHUYECKOTO MBIIUICHUS, TBOPUYSCKUX CIIOCOOHOCTEH, a
TaKk)K€ HAyduTh JeTed OcHOBaM HMH(OpPMATHKA M mporpaMMmupoBanus. OIHAKO, HECMOTPS Ha OTH
MIOJIOXKUTENbHBIEC PE3YJIbTAThl, HEKOTOPHIEC UCCIEIOBATENN BHICKA3bIBAIOT OMACEHUSI O MOBOAY YBEIUYEHUS
BPEMEHHU, KOTOPOE ACTH MPOBOJAT 32 DKpaHaAMU, U OTEHIUATIbHBIX HEraTUBHBIX MOCIEACTBUMN IS 3A0POBBS
u passutusa (Plowman & McPake, 2013) [3].

OmHO W3 WCCIeNOBaHWH YKa3blBa€T Ha TO, YTO B3aMMOJEWCTBHE C MMEPCOHAIBHBIMU IHU(POBHIMHU
YCTpOMCTBaMH, TaKUMH KaK IUIAHINETHI M CMAapTQOHBI, CIIOCOOCTBYeT Ooliee 4YacTOMy IPOSBICHHUIO
MIPOCOITMATLHOTO TTOBEJCHUS JIeTel M0 CPaBHEHHUIO C aHTHUCOIHMAIBHBIM [4]. MccaemoBarenu u3 pa3BUTHIX
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CTpaH C IIMPOKHUM HCIIOIb30BaHUEM HU(PPOBBIX TEXHOJIOTHH, BKIIOYAs CKaHAWHABCKHE CTPaHbI, OTMEYAIOT,
YTO TIeIarOT'yl aKTUBHO HCIIONB3YIOT IePCOHANFHBIE IIU(POBBIE YCTPOHUCTBA B Mpoliecce o0ydenus [5].

Tepmunbl «unppoBasi KOMIETSHIMS» M «IU(pPOBas KOMIETEHTHOCTB» A0 CHX IIOP HCCIEAyeTCs, H
WCCIIEIOBATENN BKJIAABIBAIOT B HUX pa3lWYHbIC CMBICIBl M 3HAYCHHS, CBA3aHHBIE C CYIIECTBOBAHUEM
JUYHOCTH B Iu(poBoM obmiecTBe. MccnenoBanus, NOCBSIIEHHbIE JaHHOMY (DEHOMEHY, pPacKpbIBalOTCS B
tpynax I'.Y. Conmarooit, E.1O. 3oroBoit, M.Jlebemesa, B. [llnsamankosa, T.A. HectBuk, E.N. PacckaszoBoii,
O.B. Kanumymnunoit, N.B. Tpouenko, I".A. AdanaceeBoii, A.A. 3s0koBa u ap. OBnagenue TUPPOBOI
KOMIIETeHIINEH SIBISIETCS OCHOBOM JIJISl YCIEIITHOTO B3aMMOAECHCTBHUS C IU(POBBIMH TEXHOIOTHSIMHA. B 001mem
BuAe, LU(POBbIE KOMIIETEHIMM MOXXHO OIMCaTh Kak HaOOp 3HAHUM M yMEHUH, HEOOXOAMMBIX I
UCIIOJIb30BaHMUs IU(PPOBBIX TEXHOJIIOTHIA B JICATSILHOCTH [6].

Hudposast koMmeTeHIHs1 AOIIKOIFHHUKOB — 3TO CIIOCOOHOCTh M yMeHHE 3((EKTUBHO HCIIOIH30BAThH
IU(PPOBBIE TEXHOJIOTMH, TAKNE KAaK KOMIBIOTEPHI, INTAHIIEThl, CMAapT(HOHBI U UHTEPHET.

OOuieyueOHble YMEHUSI y AOIIKOJIBHUKOB — 3TO YHHMBEpCaJbHbIE B OPTaHM30BAaHHOH AEATENLHOCTH
CHOCcOO0BI TOTyYeHHsI, OpraHU3alry 1 IPUMEHeHHs1 3HaHui. [Ipu 3ToM BiageHne o0mey4eOHbIMI YMEHUSIMH
MO3BOJISIET CaMOCTOSATENIHO BBIIIOJHWUTH ONEpalMyd M ACHCTBHUA IO pealu3aly IONYyYEHHbIX 3HAHUN B
Pa3NMYHBIX YCIOBUSX, OOJIaZaeT CBOWMCTBOM IIEPEHOCHMMOCTHM Ha pa3Hble IpeAMETbl U JACHCTBHA,
XapaKTCpU3yCTCsa ACATCIIBHBIM XapaKTCPOM, MOAPa3syMEBArOIIUM HCO6XOI[I/IMOCTI) OBJIaACHUA PA3JIMYHBIMU
Croco0aMu JeSTEILHOCTH U 3HAHUSIMH O HUX. J[JIs1 3TOro meaarory IOIIKOIBHON OpraHu3aluid He00X0AuMO
B CBOEi paboTe ¢ AeTHMU JIOMIKOIHHOTO BO3pacTa MPUAEPKUBATHCS KiIaccu(puKanuy o0meyIeOHbIX YMEHHIA.

CymecTBYIOT pa3nuuHble KIaccuukanuy o0mey4eOHbIX YMEHUH.

TpaauuMOHHO UX NPUHSATO JIEJIUThH HA:

1) yueOHO-OpraHu3aLMOHHBIE yMEHHs (IpuUy4yaTb JeTed MJOIIKOJBHOIO BO3pacTa K OpraHu3aluH
CaMOCTOSITeTFHON TI03HABATEHHOMN, B TOM YHCIIE - YUeOHOH NEATEIbHOCTH);

2) y4eOHO-mH(MOpMaNlMOHHBIE yMeHHs (paboTa C pa3IUYHBIMM HWCTOYHMKaMK HWH(opMmanmy,
pacckas3bIBaHHE 110 KapTHHE C OJIM3KUM JIETCKOMY OIIBITY CI0’KETOM, OIIMCAHHE UTPYILEK);

3) yueOHO-KOMMYHHUKATHBHBIE YMEHHs (KyJIbTypa YCTHOW U MUCEMEHHOW pPedn);

4) TBOpueckue yMeHHs (PUCOBaHUE, KOHCTPYMPOBAaHHE, JIEMKA, BBIMONHSS AECUCTBUSA C WUIPYIIKAMH,
CI0)KETHO-POJICBBIE UTPBI).

[lon y4eGHO-OpraHM3allMOHHBIMHE TOHUMAIOTCS YMEHUS: IEeJaror YCTaHABIMBACT aJeKBaTHYIO 3a/ady B
COOTBETCTBHM C CHUTyalldeii B MPOIECCe OPraHWU30BaHHON JESTENBHOCTH; IEJaroroM COCTaBISETCS
paHHOHaJ’IBHBIfI IJ1aH pa6OTLI 1A JOCTHIXKCHUA MMOCTaBJICHHOMN 3agadyn C Y4YC€TOM HWHIAUBUIAYAJIBHBIX
0coOeHHOCTEH JieTell AOIIKOJIBHOIO BO3pacTa M UMEIOLIMXCS YCIOBHI; MeNaror JOMIKOJIbHOW OpraHu3aluu
OIIpeaeIsieT KOJMYECTBO BPEMEHH, KOTOpoe OyIeT 3aTpaueHO Ha paldoTy; OLEHHWBACT BO3MOXKHOCTH JAETeH
JIOIIKOJIBHOTO BO3pAcTa U PAllMOHANBHO pacTIpeiesIeT UX IS TOTyuYeHHsT He0OX0AMMOT0 pe3yiibTaTa padoThl
C IeTbMH U1 GOpPMHUpPOBaHUS YU€OHO-OPraHW3ALMOHHBIX YMEHMH; MEAaror HaMe4daeT U NMPOBOAUT OTOOD
CPEACTB M cIOCO00B, HEOOXOAUMBIX IS AOCTHKECHUS MOCTABIEHHBIX 3a7a4  T.J.

K yueOHO-MH(pOPMAIIMOHHBIM OTHOCSTCS] YMEHUSI:

1) megaror B BOCHHUTATENLHO-00pa30BaTEIILHOM IIpoliecce JTOJKEeH (GOopMUpOBATh y JeTel TOMIKOIBLHOTO
BO3pacTa CaMOCTOSITEIIbHOCTb, aHAIN3, CHHTE3, 0TOOP, OPraHU30BaHHOCTb,

2) KpPUTHUYECKH TOAXOAWTh K HWH(OpMAIMK, ONPENeIiTh BAXKHOCTh WM LEHHOCTh WH(opMarmy,
JIOCTOBEPHOCTh B yOeIUTENLHOCTD (DAKTOB;

3) pauoHaIbHO 3aIIOMHHATH HHPOPMALIUIO;

4) cuHTe3MpoOBaTh JAaHHBIE HECKOJBKUX HCTOYHHUKOB, 0000IIATh M CHCTEMaTH3MPOBATH IOJyYCHHYIO
WH(OPMAITHIO;

5) BBIACNATH TJIABHOE, JCJIaTh BEIBOMBL;

6) cpaBHMBaTh, COTIOCTABIIATE, KJIAaCCU(UIMPOBATH (PAaKTHI IO ONPEACICHHOMY MPU3HAKY U T.1.

K yueOHO-KOMMYHUKATHBHBIM YMEHUSIM OTHOCSTCSI:

1) B3anMOIEHCTBOBATH C JPYTHUMH JIFOJJbMH, C 00BEKTaMH OKPYIKAIOIIEro MUpPa ¥ ero HHPOPMAITHOHHBIMH
MOTOKaMH;

2) BBINONHATH Pa3IMYHbIE COLMAIBHBIE POJM B TPYMIE M KOJJIEKTHBE, HCIONb30BaThb COBPEMEHHBIE
TEJICKOMMYHUKAITUOHHBIC TEXHOJIOTHUHU ITIOA IMPUCMOTPOM I€garora Uik poauTeiis,

K TBOpuUecKuM OTHOCATCS ClIeAyIOIINE YMEHHUS:

1) peGeHOK AOIIKOJIBHOIO BO3PAcTa MOXKET COBMECTHO C IEJaroroM M pPOIUTEISIMH BOCIIPOM3BOIUTDH
OPUT'MHAJIBHBIE HUJICH, OTIIMYAIOIIUECA OT O6HIerI/I3HaHHBIX, MBICJICHHO 3KCIICPUMEHTHPOBATD, H306peTaTB
YTO-TO HOBOE; BOOOPaXKaTh, CO3/IaBaTh HEOXKHUJIAHHBIC aCCOIUAIIHN;
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2) IeTH CTapIIero AOMIKOJIFHOTO BO3pacTa MOTYT CAMOCTOSITENILHO MMEPEHOCUTD 3HAHHS, HABBIKA M yMEHHUSI
B HOBYIO CUTYallHl0, KOMOMHUPOBATh U MIPEOOPa30BhIBATH PaHEE U3BECTHBIE CIIOCOOBI PELLICHUS 3a1a4H;

3) netu cTapiiero AOMKOJFHOTO BO3pacTa MOT'YT OPTaHU30BBIBaTh U MPUHUMATh Y4acTHE B COBMECTHOM
TBOpPYECTBE.

Crnenyer nmpuHMMaTh BO BHMMAaHHE CIEAYIOLIEe: MPUPOJa KOMIIETEHTHOCTH TaKOBa, YTO OHAa XOTS H
SIBIISIETCS. IPOAYKTOM OOYYEHHs, HO IPSIMO HE BBITEKAET U3 HEro, a SABJIETCS CIEICTBUEM CaMOPa3BUTHUS
WHJIMBU/IA, €70 HE CTOJBKO TEXHOJIOTHYECKOT0, CKOJIBKO JIMYHOCTHOI'O POCTA, IIETIOCTHOM caMOOpraHu3alui U
CHHTE3a CBOETO JESITEJIbHOCTHOI'O U IMYHOCTHOTO OIIBITA.

dopmupoBarre nUGPOBBIX KOMIIETEHLIMN 03HAYA€T Pa3BUTUE HABBIKOB, 3HAHUN 1 YMEHHUH, HEOOXO0AUMBIX
111 paOOTHI M yCIIEITHON 1eSITEILHOCTH B 00J1aCTH MH)OPMAIIMOHHBIX TEXHOJIOTHHA.

Ham Mup cTpeMuTenbHO W3MEHSIOLIMICS, HEBEPOSATHO TEXHOJOTHYHBIM, a Mmporecc LU(ppOBH3ALUU
YCTOWYHMBO BXOAHUT a0COIIOTHO BO BCe Cephl HAIleH KU3HU.

UzmeHeHus, mpoucxonsiiye B MUpe, KOPSHHBIM 00pa30M KOCHYJIMCh U CHCTEMBI O0pa30BaHus, B CBSI3U C
4YeM B MIOCIIeHEE JIECSITUIIETHE OB BHECEHBI CYIIECTBEHHBIE KOPPEKTHBEI B COZIEpKaHne 00pa30BaTeIbHOTO
mnporecca, B OpMbI U METOABI peanu3anuu oOpa3oBaTenbHbIX coObITHH. Hapsiay ¢ 3TuMm BecbMa JIOTMYHO
3BYYHUT TE3UC O HEOOXOMUMOCTH (OPMHUPOBAHHS COOTBETCTBYIOIIETO Habopa MUGPOBBIX KOMIETCHIUH Y
JEHCTBYIOUIMX MEJaroroB, a TAKKE YCOBEPIICHCTBOBAHUE MTPOLIECCOB MMOJTOTOBKHU MEJarOrHUeCKNX KaJpoB B
HarnpaBJIeHUH HUGpoBU3aMU. Bce 3TH MOMEHTBI KOCHYJIUCH U TIeJJaroroB, pealn3yolux o0pa3oBaTelbHbIe
MIPOTPaMMBbI AOIIKOJIBHOIO 00pa30BaHusl.

TexHOMOTHU JUCTAaHIMOHHOTO OOYYEHUsI Hapsay ¢ APYTUMH 00pa30BaTENbHBIMU OPTaHU3AIMSIMU TAKKeE
HAOJIONAIOTCS] 3HAYUTEIbHBIC MEPEMEHBI B HampaBlieHHMH LHU(PPOBU3AIMH, KOTOpBIE, O0€3yCIOBHO, BHECIH
CYILIECTBCHHbIE H3MEHEHHS BO BCE IPOLECCHl, MPOTEKAIOLIMEe B OpraHu3aluyd. B memsax peainsanuu
COBPEMEHHOTO  00pa30BaTeIbHOTO Mpomecca M JOIMIKOIBHBIX 00pa3oBaTelbHBIX  OpraHM3alUi
pa3pabateiBatoTcs  mu(poBbie  00pa3oBaTeibHBIE  PECYpPChl, 3JICKTPOHHBIE CPEIACTBA  OOydYeHWS,
WHHOBAIIMOHHbIE TEXHUYECKUE CPEACTBA, KOTOPhIE TPEOYIOT OT IeJarora COOTBETCTBYIOIIUX HABBIKOB [UIS HX
Pe3yIbTaTUBHOTO NPUMEHEHHsI B paboTe C IETbMH, COOTBETCTBYIOLIMX 3HAHUH, YMEHHH, TEXHHUYECKON
MOJIKOBAHHOCTH, & TAKXKE CIIOCOOHOCTEH MPUMEHSTH COBPEMEHHbIE IM(POBBIE PELICHHUS C HAIIETICHHOCTBIO Ha
JOCTIDKEHHE BBICOKOTO 00pa3oBaTEeNbHOTO pe3yiabTaTa M Ha JOCTH)KEHHE LEJIEBBIX OpPUEHTHPOB,
MPEICTABICHHBIX B HOPMAaTHUBHBIX JOKYMEHTALHAX.

BaxHo Takke OTMETHUTHh, 4YTO (GOPMUPOBAHHE IUPPOBOH KOMIIETCHIIMH SIBJSIETCS HENPEPHIBHBIM
nporeccoM. TexHomoruu u TpeboBanusi B IT-cepe MOCTOSHHO MEHSIOTCS, TIOATOMY BaXKHO OCTaBaThCS
TMOKUM U TOTOBBIM K OOYUEHHIO U alalTaliH.

C.E. lllykmuHa OTMeYaeT, 4TO pa3BUTHE LU(POBBIX KOMIICTCHLHUH SBISETCS HEOTHEMJIEMOM 4YacThIO
OO0ILIEro M ecTeCTBEHHO-HAYYHOI'O Pa3BUTHs COBPEMEHHBIX JOMIKONbHUKOB. OHA CUMTAeT, YTO Oyarogaps
COOTBETCTBYIOIIEH pabOTe MEAaroroB M BOCIUTATENEH MOXHO JOCTUYD PAa3IMYHBIX MOJOKHUTEIBHBIX
3¢ exToB, BKIto4as popMupoBaHre HU(PPOBOH rPaMOTHOCTH, aJaNTalui0 00pa30BaTEIbHON IESTEILHOCTU K
W3MEHCHUSM, CBSI3aHHBIM C IU(POBH3ALMEH M KOMIBIOTEPHU3AILIUEH, Pa3BUTHE TBOPUYECKOTO TOTEHIIMANIA U
CIIOCOOHOCTH K OTBETCTBEHHOMY OOPAIICHHUIO C 3JIEKTPOHHBIMU YCTpoiicTBamu [7].

C.B. EmanoBa oTMeyaeT, 4To pa3BUTHE HU(PPOBBIX KOMIETEHIMH B JOLUIKOJIBHOM BO3PACTE TOTOBUT AETEH
K MH(POPMAIMOHHOH cpejie. DTO BKIFOYAET TOTOBHOCTD a/IalITAllMN B HHTEPHET COMAIBEHOM TPOCTPAHCTBE,
OHJIAIH cpele B3auMoieiicTBHs U (hopMUpOBaHUS U(POBO KYIBTYpHI B fanbHelIeM [8].

B wmonorpaguu T.B. KamuHuHOH, MOCBSIIEHHOW paboTe C JOMIKOJRHUKAMHU JUIsl (DOpMHUPOBaHUS
WH(POPMALMOHHON KYJIBTYPBI, yTBEPKAACTCS, UTO KaXKAAs U3 MPEACTABICHHBIX KOMIIETEHIH HE MOXKET OBITh
TIOJTHOCTRI0 Pa3BUTa y NIeTEH MOIIKOJBLHOTO Bo3pacta. OHA CUHTAET, YTO ITO paboTaer Jydmie ¢ Oojee
CTapIIUMH JIOIIKOJILHUKAMHU W MIKOJIbHUKAaMH. HarmpuMep, KOMMyHHKAIUs B IUQPOBON cpejie MOXKET ObITh
pasBuTa y neTedl nake B Bo3pacTe 5-0 JeT, HO ymnpaBieHHe HHpopManueid B HU(PPOBBIX HCTOYHHKAX
npeicTaBisieT co00i CIOXKHOCTh. JleTH MOTYT HCIONb30BaTh OHJIAHH pecypchl W HM3y4aTh HX, HO
MCCJIe/IOBAHUE U aHATM3 YaCTO BBI3BIBAIOT TpyaHOCTH [9].

OnHako, 3TH OrpaHUYEHHS HE 03HAYAIOT, YTO Pa3BUTHE LU(PPOBBIX KOMIIETEHIM B JOIIKOJIBHOM BO3pacTe
HEBO3MOXKHO. Kaxxast u3 nmpeacTaBieHHBIX KOMIETEHIIMHA MOXKET OBITh COpMUpPOBaHa XOTs ObI Ha 6a30BOM
ypoBHe. JlJisi JOCTIKEHHS STOHN 1eH, TIeJlaroraM ¥ BOCITUTATEIISIM JIOIIKOJIBHBIX OpraHu3aliii He00X0IMMO
pemaTs ciaokHble 3agadd. OHM JOJDKHBI MCIOJIB30BaTh 0Opa3oBaTeNibHBIE M BOCHHMTATEIbHBIE MOJEINH,
COOTBETCTBYIOIIME MPUHLUIIAM M (PPOBU3AINH U HHPOPMATU3ALH.

A.A. Tloranos, uccneayss GOpMHPOBAaHHE TEXHOJIOTMYECKOH KOMIETEHIMU JeTeil B HU(POBOH cpeje,
JenaeT BaxkHble BBIBOJBL. OH yKa3blBaeT Ha CBs3b 00pa3oBaHuWs € MUQPOBHIMH KOMITLIOTEPHBIMH
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TEXHOJIOTHSIMU, KOTOPBIE MPEIOCTABIISIOT HOBBIE BO3MOXKHOCTH JUIS PAa3BUTHUS TUYHOCTH. DTO MOKA3bIBAECT,
9TO COBPEMEHHBIE JOIIKOJIbHBIC OPTraHW3alMU HYKAIOTCA B KOMITBIOTEPH3AMN M HU(POBU3AIMHU, YTOOBI
pasBuTHE IM(POBBIX KOMIIETEHIMH Y IETeH AOIIKOIBHOTO Bo3pacTa 0110 mpoiie u yaoouee [10].

I'.B. CanpikoBa oTMeYaeT, 4yTo nugpoBas rpaMOTHOCTh U pa3BUTHE HU(POBBIX KOMIETECHIUH SIBISIOTCS
BKHBIMH IS IETEH U 1e1aroros. HemoAroToBneHHbIE CIIEIMANNCTHI HE CMOTYT ITOMOYb JIETSAM ITPHOOPECTH
He0OXOMMbIe HaBBIKH 110 JaHHOU Teme. [loaTomy ycmemnnas paboTta B 001acTé BOCIUTAHUS M 00pa30BaHuUs
JOIIKOJIBHUKOB B IIU(POBOM TUIaHE TPeOyeT HATUUNSI COBPEMEHHBIX TEXHUYECKUX CPEICTB U KOMITBIOTEPHOM
IPaMOTHOCTH IIEIaroroB U BocomraTemneit [11].

JInst pa3BuUTHS TUPPOBBIX KOMIETCHIMH JTONIKOIEHIKOB MPEIIaraeTcs HECKOIBKO MOAX0/I0B, TaKUe KaK
3aHATHS C KOMIBIOTEPHOU MOAJICPKKON M 3aHSTUSL ¢ MYJIBTUMEIUHHBIM CONPOBOXKIeHHEM. KommbioTepHast
MOJICP’KKa BKJIIOYAET HCIIOJIB30BaHHE OOYYalOUIMX MpOrpaMM, B TOM UHCIE WIPOBBIX, a TaKKe
JIMAaTHOCTHYECKUX HMTp. MynbTUMenuiiHas MOAAEpKKa MPEAIoaraeT MpeACTaBIeHNe 3aHATHH B (opmare
MPE3eHTAlNH, YTO JIeNIaeT uX OoJiee HATSAHBIMU 1 HHTEPECHBIMU [T ACTEH.

B cootBerctBuu ¢ A.A. [loranoseiM, C.E. LllykmunHa noguepkuBaeT BaXKHOCTh CIEIYIOIINX aCIIEKTOB B
IOIIKOJIBHOM 0o6pa3oBanuu [12]:

- obecniedeHre HeOOX0UMOTO 000PYIOBAHUS (KOMITBIOTEPHI, IUTAHIIETHI, TPOEKTOPHI, KOIOHKH U JIp.) IS
pa3BUTHs HU(PPOBBIX KOMIETEHINH JOMIKOIEHUKOB;

- oXpaHa 3JI0pOBbsA. JleATENIbHOCTh C IEThbMH JIOJDKHA OBITh OpPraHM30BaHAa TaKUM 00pa3oM, YTOOBI HE
HAHOCHUTB BPE]] UX 37I0POBBI0. PE&XKIM NeITeIbHOCTH T0JKEH COOTBETCTBOBATH BO3PACTY JIETEH M CAHUTapHBIM
MpaBUIIaM.

[To cnoBam H.A. Myprasunoii, I'.B. CagsikoBoii u C.E. LllykmnHo#, pa3Butre HUPPOBBIX KOMIIETCHINH
JeTeil B JIOMIKOJBHOM BO3pacTe NPUBOAMT K PAa3BUTHIO CIEAYIONIMX KOMIIOHEHTOB IH(POBOM
komrereHTHocTH [13]:

- 3HaHUsI B PA3NIMUHBIX 00J1aCTIX MCIOIB30BaHUS IU(PPOBBIX YCTPOICTB;

- ICTIOJIb30BaHUE Ta/PKETOB [UIS TIOCTIKECHUS HE TOJIBKO PAa3BIICKATEIBHBIX LEIIEH;

- OCO3HAHHE PHCKOB, CBSI3aHHBIX C HEJOCTOBEPHBIMHU M IIOTEHIIMAIFHO OTIACHBIMU OHJIAWH-PECYPCaMH;

- MOHUMaHKe paboTHl HHTEPHETA.

HeoOxoauMble HaBBIKY I ASTE BKIIFOYAIOT:

- UCTIOJIb30BaHNE U(PPOBBIX TEXHOJIOTHH;

- caMOpa3BHUTHE, TOUCK HH(OOPMAIIHU B CETH, TBOPUYECTBO;

- TUPPOBYIO KOMMYHHUKAIHIO.

MoOTHBBI pa3BUTHS HU(PPOBBIX KOMIICTEHIINI BKIFOYAOT:

- 00y4eHHe C UCTIOIb30BaHUEM LU (DPOBBIX HHCTPYMEHTOB;

- IPUMEHEHUE 3HAHUI 1 HABBIKOB ISl IOCTHXKEHHSI Pa3TUUHBIX LIeJIeH.

CoBpeMeHHBIE HCCIIEIOBATEIN TaK)Ke OTMEYAlOT, 4TO (OPMHUpPOBaHHE HU(PPOBONW KOMIETECHTHOCTH B
JOIIKOJIBHOM BO3pacTe MOMOTAeT JIETSAM IOHSATH YCIOBHBIC NpaBHJIa UCIIOIb30BAaHUS YCTPOMCTB M Pa3BUTh
xKenanue ux cobmonare. TakuM 00pa3om, pa3BuTHE HUPPOBBIX KOMIETEHIMH B JOMIKOJIBHOM BO3pacTe
SBIISIETCS HEOOXOAMMOCTBIO, O YeM TOBOPSIT MHOXKECTBO HCCIIEIOBATENIEH.

LlenenanpaBnenHas paboTa MO pPa3BUTHIO HU(PPOBBIX KOMIIETEHIMI B JIOMIKOJBHBIX OpPraHU3alUsIX
HCKITIOYACT:

- 0E30TBETCTBEHHOE OTHOIICHHE K IIM(POBBIM YCTPOWCTBAM U MPaBHUIIAM WX UCIIOIB30BAHUS;

- HEMIOHUMaHHE POJIM TEXHOJIOTHI B COBPEMEHHOM OOIIECTBE B Pa3iIMUHbIX cepax;

- HEJOCTATOYHBIC HAaBBIKU UCIIOJIb30BAaHMS IIM(POBBIX YCTPOMCTB IS MParMaTHYECKUX IIeNIeH.

MarepuaJjbl H OCHOBHbIE METOABI

Jlyia pelieHus MMOCTABJICHHBIX 33/1a4 HAMH OBUIO MPOBEICHO HCCICIOBAHKE, IENIbI0 KOTOPOTO SIBIISUIOCH:
HCCIICIOBaTh BIMSAHUE (POPMHUPOBaHMs HH(PPOBONM KOMIETEHTHOCTH B JOIIKOJBHOM BO3pacTe Ha
CITOCOOCTBOBATH PA3BUTUS KPUTHUSCKOT'O MBITIUICHUS, TBOPUYECKUX CIIOCOOHOCTEH, rlie OBIITN MCIIOIb30BAHBI
CJIEYIOINE METOJIbL: IITUTEITLHOE HAOII0IeHUE, H3yUSHHE IICHXO0JIOr0-TIeIarOTHYECKOH JINTepaTyphl 1O TeMe
WCCIICIOBAHUS, U3MEPEHUS YPOBHS ITU(PPOBO KOMIETECHTHOCTH U YCIIEBAEMOCTh B TEYEHHE BCETO MEPHOA
JKCIIEpUMEHTa. B JKcmepuMeHTaNbHOH paboTe OBLIO 3aMeWCTBOBAaHO 14 MOMIKOJNBHBIX OpTaHU3AINN,
620 neteit 5-6 metHero Bo3pacrta, 60 MEIAroroB JOIIKOIBLHOW OpraHu3alvu, 4 3aBeAYIONINX IOIIKOIbHON
opraHuzanu, 4 METOAUCTA.

beumm co3maHbel KOHTpOJBHAS M JKCIIEPUMEHTaNbHas rpynnsl. B koHTponmpHOM Tpymme 310 meteit 5-
6 netHero Bo3pacra, 30 rmeaaroroB JIOMIKOJIBHON OpraHu3aliy, 2 3aBeIyIOIINUX, 2 METOINCTA.
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B oskcnepumenrtanpHoit rpynme 310 nmereéi 5—6-metHero Bo3pacTta, 30 TeEmaroroB JOIIKOJIBHOU
OpTraHM3aINH, 2 3aBEAYIONNX, 2 METOINCTA.

Jlyis moATBep KIIEHUS BBIIBUHYTOW HAMU TUIOTE3bl MCCICAOBAHUS NMPOBOJMM aHAIW3 MOHUTOPUHTA B
JOUIKOJBHOW OpraHu3alii. AHaTM3UPYys MOHUTOPHHT M YYMTBIBasS OCOOCHHOCTU JAeTed S—6-leTHero
BO3pacTa, OBIJIO MPOBEIEHO SKCIIEPIMEHTAIBHOE UCCIIEOBAHUE B IOMITKOIBHBIX OPTraHU3AIHIX. DKCIIEPUMEHT
mpoBomwiIcs B 3 dTama. Ha maHHBIE MOMEHT IOJHOIICHHO peaanu30BaHbl 2 drama. [lepswiii sman —
xkoncmamupyiowuii. Ero 1eib, BO-epBBIX, MPOBECTH aHKETUPOBAHKE TIEJaroros AOMKOIbHONW OpraHU3aluy,
3aBeyIOINX W METOAWCTOB IO TPOBEACHWI0O MOHHWTOPHHTA B JONIKONBHOW opranm3annu. HeoOxommmo
OTIPEIETTUTh WX OTHOIIEHWE K TpobjeMe OpraHu3alii BOCIUTATEIFHO-00PAa30BaTEIHHOTO MpoIlecca Ha
OCHOBE KOMIICTCHTHOCTHOTO TIOJXO/Jia B KOHTEKCTE HCITBITHIBACMBIX 3aTPYJHEHUN W TyTeH pemeHus
uccieayeMoil mpobnembl. Bmopoii sman — gopmupyrowui. llenb — BHEAPUTH MOJENb YHpPAaBICHUS
WH)OPMAITMOHHBIMA ~ TIpollecCaMi B MHGOPMAIMOHHO-00pa30BaTeIbHON  cpene Ui OpraHu3aIldi
JOMIKOJIBHOTO 00pa30BaHMsl B BOCIHTATEIbHO-00pa30BaTEeNbHBIN MPOIECC B SKCHCPUMEHTAIBLHON TpyTIIe.
Tpemuii sman — koumponvHui. ETo 1enb — uccnegoBaTh HTOTOBOE COCTOSIHUE KpuTepueB 3()(HEeKTUBHOCTH B
KOHTPOJIBHBIX M SKCIIEPIMEHTANBHBIX TPYIIaxX Yyepe3 aHKeTUPOBAHHE MTEaroroB JOMIKONBHON OpraHu3aIliH,
METOJIUCTOB U 3aBeAylommx. CTOUT OTMETHUTh, YTO DKCIEPUMEHT MOXET 3aBHCETh OT MHOTHX (PaKTOPOB,
BKJIrO4Yasg JOCTYIIHBIC PECYPCHI U BPEMH.

Pe3yabTaThl u 00CyKIEHUS

Peanuzanus mnemarorudyeckoro mporecca BO3MOXKHA TPU  HAJIMYMM  HEOOXOAMMOH IpeaMeTHO-
MPOCTPAHCTBEHHOM pa3BUBAIOILIEH CPE/Ibl IOLIKOJbHOW OPraHU3aliy.

Ha d¢opmupyromem »stame sKkcnepuMeHTa OBUI TPOBENEH aHaMu3 WH(POPMAIMOHHBIX MPOIECCOB,
HEOOXOIUMBIX IJI1 MOHUTOPUHra COPMUPOBAHHOCTH HABBIKOB y MOLIKOJBHHMKOB, a TaKXke pa3paboTaHa
CTpYKTypa TIpEACTaBIieHHS JaHHBIX B HWH(QOpMaAIMOHHO-00pa3oBaTeNbHOH cpene. MOHHTOPHHT
c(OpPMHUPOBAHHOCTH HaBBIKOB Y AOIIKOJIEHUKOB 110 pe3yjIbTaTaM aHAJIN3a UMEET psif MpoOiieM, CBA3aHHBIX C
XpaHEHUEM, HCIIOIb30BAHUEM U YNPABICHUEM JaHHBIX, HA OCHOBAaHUM ATOro pa3paboTaHa cxeMa XpaHEeHUs
JAHHBIX YPOBHEW COPMUPOBAHHOCTH HABBIKOB y JOIIKOJIBHUKOB C UCIIOJIb30BaHNWEM 0a3bl JAHHBIX, a TAKKE
3alpochl [ YIpaBJICHUsl JaHHBIMH, BKIIOYAs XpaHEHHE M W3BJICUCHME JAaHHBIX. [lenaroru MOUMIKOIBHOM
OpTraHu3alliy NPUHSUIM aKTHBHOE y4yacTHE B JAHHOM S3KCIEPUMEHTAILHOM HCCIIEOBAHWH, MOKa3ajld BCE
Mpo0GJIeMBl, CBSI3aHHBIE C MOHUTOPUHTOM B OpraHHU3alHsIX JOIIKOJIBHOTO 00pa3oBaHus. B mpouecce ananuza
JAHHBIX TIPOOJIEM CTAJ0 OYEBUIHBIM, YTO HY)KHA CXEMa YIpaBleHUs AAHHBIMHU Ui WH(POPMAIMOHHO-
00pa3oBaTe’IbHOM cpenpl AJsl OpraHu3alMid JOLIKOJIBHOTO OOpa30BaHMWs, IO3BOJISIOUIAS ONpPEAEISTH
pe3yabTaThl BOCIIUTATEIEHO-00pa30BaTEIbHOTO MpoLecca U KOPPEKTHPOBaTh MHAMBUAYAIbHYIO paboTy ¢
NeThbMH 5—6-JIeTHEro Bo3pacra.

Ouenka cHOPMHUPOBAHHOCTH HABBIKOB OIpeaesseTcss ¢ ucnonb3oBanneM 211 wmHaukatopos [14].
PazpaboraHa cTpyKTypa npeacTaBieHus JaHHbIX B HH(POPMaIIMOHHO-00pa30BaTeIbHOM cpenie, KoTopas Jana
BO3MOXHOCTb OPTaHH30BaTh JJAHHBIE TAKMM 00pa3oM, 4TOObI OHU MOTJIN OBITh 3 ()EKTHBHO UCIIONB30BAHBI U
obpaboTanbl. CTpyKTypa NMpecTaBlIeHHs AaHHBIX B WHPOPMAIMOHHO-00pa30BaTEIbHOW Cpejie OTpaKeHa Ha
pucyHke 1 u comepXuT 8 KaTeropuil HaHHBIX, KaXaas U3 KOTOPHIX HMEeT CBOH (yHKIMOHAJIBHBIA HaOop
3aja4. JlaHHbIe 331a4M B3aMMOCBSA3aHbI MeX 1y co00il B OIpeIeIeHHOI MmocenoBaTelbHOCTU. Bee kareropun
HaTpaBJICHbl Ha JOCTIKEHHUE OJHOW IIEIM — KaYeCTBEHHOMY MPOBEJICHUIO0 MOHUTOPUHTA 110 OTCJIC)KUBAHUIO
YPOBHS IOCTHMXKEHUS JETHMH M TIEJarOroM OXKUAAEMBIX PE3YJIbTATOB, ONPEACICHHBIX B COIEPXKaHUN THIIOBOH
y4eOHOM MPOrpaMMBbl AOIIKOJIEHOTO BOCIUTAHUS U O0y4eHHUS.

JanHas cxema oOecrieunBaeT ymOoOHBIH JOCTYyN K WMH(QOpPMAaIH O BOCHHTATEIHHO-00pa30BaTEILHOM
nporiecce M COCTOSHUM C(QOPMUPOBAHHOCTH HABBIKOB Yy JIOIIKOJNBHUKOB. JTO TIO3BOJISIET Teqaroram
JOIIKOJIBHOM OpraHM3aluy NOoJdy4aTh HE0OXOIUMYI0 MH(GOpMALHUIO JUII KOPPEKTUPOBKH CBOel palboThl, a
TAaKXKE POJUTEISIM M 3aKOHHBIM MPEJICTABUTENSIM TIONy4aTh HWH(POPMAIMIO O XOJ€ BOCIUTATENBHO-
00pa30BaTEIBHOTO MPOIIECcca CBOUX JETEH.

3akioueHmne

PaboTa mo maHHOMY HaIpaBJICHUIO €IIe MOJHOCTHIO HE 3aBEPIICHA, BEACTCS MCCICAOBAHNE 110 TaHHOMY
BOIPOCY, TAKXKe IJIAHUPYETCs B OJIMOKaiiIiee BpeMsi TOJyYUTh Pe3yJIbTaThl MOCIEAHEr0 dTara 3KCIIepUMEHTA.
Ha panHBIE MOMEHT MOXHO CHENaTh CJIEAYIOLIUE BBIBOJBI, YTO HCCIENOBAHUE IOJITBEPKAAET, UYTO
¢dopmupoBanue HU(POBOH KOMIIETCHTHOCTH B JIOIIKOJIBHOM BO3DAcTe IOJIOKUTEIBHO BJIHUSCT Ha
(hopMHpOBaHHUE U PA3BUTHE KPUTHUECKOTO MBIIIIICHUS, TBOPUECKUX CIIOCOOHOCTEH.
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Pucynox 1. Cmpykmypa npedcmagnenus OaHHbIX 8 UHPOPMAYUOHHO-00PA308AMENbHOLL Cpede

Jletn, KOTOpblE MMENU OMBIT PabOThl C HU(GPOBBIMU TEXHOJIOTHSIMH M 00JIafalnyd COOTBETCTBYIOIIMMH
HaBBIKAMH, UMEJIH 00Jiee BHICOKUN yPOBEHb KOTHUTHUBHBIX M COLMAIBHO-3MOLMOHANBHBIX HABBIKOB, YEM TE,
KTO HE MMeJl Takoro ombITa. Takum o0pazoM, IH(poBas KOMIETEHTHOCTh SIBISETCS BaKHBIM 3JEMEHTOM
COBPEMEHHOH 00pa30BaTENbHON CUCTEMBI, KOTOPas JOJKHA YUUTHIBATh HE TOJIBKO TPaIULMOHHbIE YieOHbIC
MpeaMEThl, HO U Lu(poBble TexHoJoruu. Pannee hopmupoBanue nuppoBoii KOMIETCHTHOCTH MOXET AaTh
JeTSM MPEUMYILECTBO B 00yYEHNH H YCIIEIIHOM CTapTE B )KU3HHU.
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DUOPPOBAA AHAJIUTUKA KAK ®AKTOP ITIOBBIIIEHUA
KAYECTBA BbICIHIEI'O OBPA30BAHUA

AnHomayus

B crarbe nccnenyercs MUPOBOM M OTEUECTBEHHBIM ONBIT BIMSHMS LU(PPOBOH aHAINTHKMA HAa Ka4eCTBO BBICLIETO
oOpa3oBaHuA. BaXXHOCTP W pENEBAHTHOCTh IUIAHHPYEMBIX HCCICIOBAHUM 3aKIIOYAOTCS B UX IOTCHLHANE JUIs
MOBBIIICHUS KayecTBa BBICIIEr0 oOpa3oBaHUS M aJalTallid K COBPEMEHHBIM BbI30BaM. Vcmoib3oBaHHE LU(PPOBOM
AQHAIUTUKY B 00pa30BaHUM MO3BOJISICT BHLIBUTH BaXKHBIC (DaKTOPBI, BIMSIONIME HAa YCIIEXH CTYICHTOB, 3()(EKTHBHOCTD
00pa3oBaTeNbHBIX IPOTpaMM ¥ HporeccoB oOydeHHs. OJHMM M3 KITIOYCBBIX BBI3OBOB, CTOSIIIMX IEPEA BBICIIHM
obpa3oBaHueM, sBIsieTcs 00pabOTKa M aHauM3 OONBIIMX OOBEMOB NAaHHBIX, I'CHEPUPYEMBIX B BBHICIINX Y4eOHBIX
3aBeeHUAX. MHbOpManus o cTyaeHTax, yueOHBIX IporpaMmax, IpernoaaBarelisix U npoleccax 00ydeHUs HelpephIBHO
HaKaIUIMBAeTCs B CUCTEMAax yIpaBieHHs: 00pa3oBaHUEM. AHaJIN3 3THX JaHHBIX C UCTIOJIb30BaHHEM HU(DPOBOH aHATUTUKH
MO3BOJISIET BBISIBUTH NMATTEPHBI, TPEHABI U Ba)KHbIE (aKTOPBI, BIAMSIONINE HA KauecTBO oOpazoBanus. OpHako Tpedyercs
pa3paboTka ¥ IpUMEHEHUE HHHOBAIIHIOHHBIX METOJIOB 1 MHCTPYMEHTOB 1Sl 3 PEeKTUBHOI 00pabOTKN M aHAIN3a TAKOTO
o0bema nHdpopmanuu.

KiroueBble cj10Ba: BhICIICe 00pa30BaHKE; KAUueCTBO; (haKTOPBI; MOHUTOPUHT; NA(GPOBU3AIKS; [I(POBas aHATUTHKA.

Axoamna
HNU®OPJIBIK AHAJIMTUKA KOFAPBI BIUIIM CAITACBIH APTTBIPY IbIH ®AKTOP PETIHJE
B.C. Axmemos t, H.T. Owanosat, b.5. Axmemog?
Y46aii amvindazer Kasax ynmmuix nedazoaukansiy ynusepcumemi, Aimamot ., Kazaxcmarn
2 [II. Ecenos amwinoazvl Kacnuii mexuonoaus sicane unocunupune ynusepcumemi, Axkmay x., Kasaxcman

Maxkanaga mudpiIblK aHATUTHKAHBIH KOFaphl OUTIM camachklHa 9cep eTYIHIH QNeMIIK XoHE OTaHABIK TaXkipuoOeci
KapacThIpbUFaH. JKocrapnanraH 3epTTeyliepiH MaHbI3IbUIBIFEI MCH ©3CKTUIIr OHBIH JKOFAphl OUTIM canacklH apTThIpy
JKOHE 3aMaHayW TananTapra OeiiMzeny oneyeTiHAE JKaTelp. bimiM Oepyne TUQPIBIK aHANIUTHKAHB KOJIIaHY
CTYICHTTEPIiH XKETICTIKTepiHe, OiTiM Oepy OarmapiamManapbl MEH OKY YAEPICTEepiHiH THIMIUIITIHE acep eTeTiH MaHbI3IbI
(axTopnap/pl aHbIKTayFa MyMKIHJIK Oepesi. JKorapbl OKy OpbIHIApBIHBIH aJIABIHIA TYPFaH Heri3ri MIHAETTepAiH 0ipi —
JKOFaphl OKY OPBIHIAPIH/IA KAJIBINITACATHIH YJIKSH KOJIEMIETI MAIIMETTEPII OH/CY XKoHe Tanaay. bixiM Oepynai 6backapy
KYHECIHIe CTYICHTTED, OKY KOCIApJIapbl, MyFalliMEP XOHE OKY YAEpicTepi Typajbl akmapar Y3[IiKCi3 KUHAKTAIAIbI.
by nepexrepai uudpIblK aHATMTHKA apKbLIbI T ay OiliM camachiHa Scep eTeTiH 3aHbLIBIKTAP Ibl, TeHACHINSIIAP bl
JKOHE MaHbI3Ibl (aKTOpJIap/bl aHBIKTayFa MYMKIHIK Oepeni. JlereHMen, MyHIai KeseMaeri aKnaparTbl THIMII OHIEY
JKOHE TaJI/Iay YIIiH HHHOBAIMSIIBIK 9IICTEP MEH Kypaslaapibl 93ipiey KoHe KOJIJaHy KaKeT.

Tyiiin ce3aep: xorap¥rbl OiiM; cama; (pakTopiap; MOHUTOPHHT; HH(PIAHIBIPY; UPPIBIK aHATHUTHAKA.

Abstract
DIGITAL ANALYTICS AS A FACTOR IMPROVING THE QUALITY OF HIGHER EDUCATION
Akhmetov B.S., Oshanova N.T.}, Akhmetov B.B.?
! Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
2 Caspian University of Technology and Engineering named after Sh.Yessenov, Aktau, Kazakhstan

The article examines the global and domestic experience of the impact of digital analytics on the quality of higher
education. The importance and relevance of the planned research lies in its potential to improve the quality of higher
education and adapt to modern challenges. The use of digital analytics in education makes it possible to identify important
factors influencing student success, the effectiveness of educational programs and learning processes. One of the key
challenges facing higher education is the processing and analysis of large amounts of data generated in higher education
institutions. Information about students, curricula, teachers and learning processes is continuously accumulated in
education management systems. The analysis of this data using digital analytics makes it possible to identify patterns,
trends and important factors affecting the quality of education. However, the development and application of innovative
methods and tools for efficient processing and analysis of such a volume of information is required.

Keywords: higher education; quality; factors; monitoring; digitalization; digital analytics.
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Beenenue

CoBpeMeHHOE BEHICIIEe 00pa30BaHHE CTANIO KIFOUEBBHIM (DAKTOPOM B Pa3BUTHH OOIIECTBA U ITOATOTOBKE
KBaJM(HUIMPOBAHHBIX CHEIUAINCTOB. B mocneanue AecsTUIeTHs MHOTHE HMCCIIEAOBAaTeNN aKUEHTUPOBAIN
BHUMAaHHWE Ha Pa3IMYHBIX aCMEKTaX KauecTBa BhIcIIEro oOpasoBanus. OHAKO Mepe]] BHICIIUM 00pa3oBaHUEM
CTOAT CJIO’KHBIE BBI3OBBI, CBS3aHHBIE ¢ 00eCIieYeHrneM BBICOKOTO KadecTBa oOpa3oBaHus. B maHHON craThe
MIPOBOJIUTCS BCECTOPOHHEE HCCiIeqoBaHne (PaKTOPOB M aHAIW3 WX BIHMSHUS HAa KadeCTBO BBHICIIETO
obpazoBanus. @aKkTOPHI, BIMAIONIME HA KAYECTBO BHICHIETO 00pa30BaHMs, MHOTOUYMCIICHHB 1 MHOTOTPaHHBI,
BKJIIOUAsl TEJaroTHYeCcKue, TEXHOJIOTHMUECKHE, TEXHUYECKHE, COIHAIbHO-IKOHOMHUYECKHE M KYJIbTypHBIC
acniexThl. [locnenHue wmccrieoBaHMS TakKe YKa3bIBalOT Ha HEOOXOTUMOCTh WHTETPAIMHd COBPEMEHHBIX
TEXHOJIOTH, TaKUX KaKk LU(PpOBas aHAIMTHKA U MCKYCCTBEHHBIH MHTeIUIeKT (nanee M), ans ymydmeHus
3TOTrO0 Iporuecca. MccienoBanne MoJTHOCThIO COOTBETCTBYET CTPATETHUECKH BaXKHOU FOCYJapCTBEHHOU 3a1aue
Pecrry6imkm Kazaxcran — pa3BUTHIO 00pa30BaHMS U MOBBIIIIEHUIO Ka4ecTBa 00pa30BaTeNIbHON cucTeMbl [1].
[IpuMeHUMOCTh pe3yNbTaTOB HWCCIEHOBAHMS MAJsl PEUICHHS OTMEUYCHHBIX BBIIIE CTPATETMYECKUX 3amad
3aKIII0YaeTcsl B TOM, 4YTO Hcnojib3oBaHue VU mo3BodauT onTHMU3HMPOBaTH 00pa3oBaTENbHBIC MPOLECCH U
MTOBBICUTH Ka4eCTBO BBICIIEro oOpa3oBanus B Kazaxcrane.

3HAUYNMOCTh WCCIIEOBAHUS B HAI[MOHAIBHOM MAacCIITa0e 3aKII0YaeTcsl B TOM, YTO OHA HampaBleHa Ha
COBpPEMEHHBIE BBI30BBI M 33Jauu BbIciero oOpazoBanus B Kazaxcrane. YiydiieHue kadecTBa 00pa3oBaHUS
UMeeT IpsSMOoe BO3ACHCTBHE Ha Pa3BUTHE YEIOBEUECKOTO KalHUTaia, TOBBIIICHHE KOHKYPEHTOCTIOCOOHOCTH
CTpaHBl U DKOHOMHYECKHH pocT. Kpome Toro, pa3zpaboTka W IMprHMEHEHHE WHHOBAIMOHHBIX TEXHOJIOTHH,
takux kak MU, B oOpa3zoBarenbHOU chepe cnocoOCTBYET Pa3BUTHIO HAIIMOHAJIBHOM SKCHEPTH3BI B ATHX
obnactsax. B MexayHapomHoOM Macimitabe 3HAYMMOCTh HCCIEIOBAHMS TaKKe HECOMHEHHA, TaK Kak OHa
BHEJIPSET TepeoBble METOIBI U MHCTPYMEHTHI IS YIYUIIEHUS! KauecTBa 00pa3oBaHuUs. DTO CIIOCOOCTBYET
YCTaHOBJICHHIO TAPTHEPCTB C MEXAYHAPOJHBIMH 00pa30BaTENBHBIME OPTaHU3ANUSAMH U yUPEIKICHUSIMH,
06MCHy OIIBITOM W HEpcaadye MCPCAOBLIX IMPAKTHUK. HCCJ’IC}IOB&HI/IC MOXCET TAKXXC IIPUBJICYb BHUMAHHUC H
WHTEPEC CO CTOPOHBI HCCIENOBAaTeNel M JKCIepToB B obmacTu obOpasoanus u MU, gto cmocobcTByeT
Pa3BUTHUIO HAYKH U TEXHOIOTHH.

Henbto uccnenoBanus sIBIsETCS 00bEAMHEHHE MHUPOBOTO M OTEUECTBEHHOTO OIBITA B 3TOW 00JacTH, C
OIOpOW Ha aKTyalbHbIE HCCICAOBAHHMS M TPAKTHUECKHE MPHUMEPBI, YTOOBI MPEIJIOKUTh MHTETPATUBHBIHN
B3I Ha Oy Iylee BhICIIEr0 00pa30BaHusl B SNIOXY HU(POBU3AIMH U UHTEIUICKTYaTH3alluH.

OcHoBHasl 9acThb

Ha kadecTBO BbICIIEro 00pa3oBaHUs B COBPEMEHHBIX YCIOBHSX BIUSIOT KaK BHYTPEHHHE, TaK ¥ BHEIITHHE
¢daktopbl. K BHYTpEHHMM OTHOCSITCS I€Jarornyeckre, TEXHOJOTHYECKHEe U TEXHHYECKHE (aKTOpbl, K
BHEIITHAM — COLUAJIbHO-3KOHOMUYECKHE, KYJIbTYPHBIE U IIOJTUTHYECKHE (GakTopbl [2].

Ileoazoeuueckue ¢pakmopuvl OXBATHIBAIOT IIMPOKHIA CIIEKTP aCIEKTOB, OT KBATH(UKAIINY MIPEIo1aBaTeeil
JI0 METOIOB MPETOJaBaHus, OLCHKH U TOIJICPKKH CTYICHTOB. M3yueHue u yirydleHue 3TuX GakTopoB MOKET
MPUBECTH K 3HAYUTEIFHOMY YITYUIICHHIO Ka4eCTBa BHICIIETO 00pa30BaHusI.

Texnonoeuueckue ghakmopbsl SIBISIOTCS KPUTHIESCKU BayKHBIMH IS TIOBBIIICHNS KauecTBa 00pa30BaHMs B
By3€ M OHH ChIPaJTH KJIFOUEBYIO POJIb B TpaHC(hOpMaIHu Bbiciero oopazoanust. OHH HE POCTO JIOMOTHSIIOT
TPaJUIIMOHHBIC METO/IbI, HO M OKAa3bIBAlOT 3HAYMTEIBbHOE BIMSHHE Ha OOPa30BaTENbHBINA MPOIECC, €ro
Ka4ecTBO, JIOCTYITHOCTh H JIA)K€ Ha caMy CTPYKTYpPY BBICIIETO 00pa30BaHUsL.

Texnuueckue axmopvl B yCIOBUSX HOBOM pEaJbHOCTH Uil YCIICIIHOM peau3aliy TPaJUulMOHHOTO,
JVCTAaHIIMOHHOTO W THUOpPUIHOTO OOYy4YEeHHs CTAHOBSTCS ompeselstomumMu. K HUM, B MEpBYIO OdYepels,
OTHOCHTCA I/IHTepHeT 1 €TI0 XapaKTCPUCTUKU: IMTPOU3BOJUTCIILHOCTE KaHalla JOCTYIIAa; JOCTYIl K CETU UHTCPHET
Y CTETICHB MOKPBITHS OECITPOBOIHBIME CETSIMU B KaMITycaX YHUBEPCHTETa; HaTMuue B By3e LMS-tmardopm u
CHCTEM BHJICOKOH(DEPEHIICBS3H.

Coyuanvro-skonomuueckue Gaxmopsi (GakTOPbl SBIAIOTCS BAKHBIMUA JCTEPMHHAHTAMH KauecTBa
BBICIIIEr0 00pa30BaHMUs, BKIIOYAsl AOCTYITHOCTh, YPOBEHb WHBECTHPOBAHMS, TIOJIUTHUKY, U CBSI3b C PHIHKOM
Tpyna. OHH MOTYT CIY)XUTh KaK BO3MOKHOCTH JUIS PACIIMPEHUS M YIYYIICHUs 00pa3oBaHUs, TaKk M
NPENATCTBAAME, KOTOPBIE HY>KHO IIPEOIOJIETD.

Crosiie mepes BbICHIMM 00pa3oBaHHEM 3aaaud HUQpoBol TpaHchopmanuu TpeOyrT GopMupoBaHUS
HOBBIX MOJIeJIeH «IM(pPOBBIX» OpraHU3alrii ¢ HOBBIMH ITOJIX0JIAMHU K PEean3allii BCEX BHJIOB JICSATEIBHOCTH,
6a3OBI)IX U BCIIOMOIraTC€JIbHBIX MPOLUECCOB, HOBBIMH IIPHUHIUIIAMHA B3aHMOHeI71CTBPIS[ Y4aCTHUKOB
00pa3oBaTe’IbHOro Tpollecca U HOBBIMH IM(PPOBBIMU cepBHCaMH. B 3THUX yCIOBHSAX KpaliHE BaXKHBIM U
aKTyaJIbHBIM SIBIISICTCSI IPOBEACHHE MCCIICIOBAHMI BO3MOKHOCTEH IIM(PPOBBIX TEXHOJIOTUH B 00pa30BaHUH,
pa3paboTKH BHJEHUS YCIOBUH UX 3()(HEKTHBHOIO MCIIOJIb30BaHUS, YUUTHIBAs CKOPOCTh TEXHOJOTHUECKUX
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W3MEHEHUH B coBpeMeHHOM Mupe. Ocoboe BHUMaHKE AOJDKHO OBITH yAEJIEHO BOIIpOCcaM BIHSIHUS LU(POBOiM
AQHAIMTUKN Ha KAadecTBO BBICIIEr0 oOpa3zoBaHus. Bompocam BnusHUS nA(POBON aHATUTHKH Ha KadeCTBO
BBICIIIETO 00pa30BaHUs MOCBSAIICHO JTOCTATOYHO OOJBIIOE KOJMYECTBO 3apyOCKHBIX Y4eHbIX [3-7]. Otu
WCCIIEIOBAHUS TPEAOCTABISIIOT LIEHHYI0 MH(QOPMAIMI0O O MOTEHIUAE U MPEHMYIIECTBAX HCIOJIb30BaAHUS
M(POBBIX TEXHOJOTHA M aHAIUTHUKHA B 00pa3oBarenbHOM mporecce. OHU TakKe YKa3bIBAIOT Ha BBI3OBHL,
CBS3aHHBIE C BHEAPEHWEM U WCIIOJNb30BaHWEM NH(POBONH aHATUTHKH B 0Opa3oBaHHWM, TaKHe Kak
HEOOXOIUMOCTh oOecriedeHns KOH(PUICHIUATFHOCTH IaHHBIX, OOyueHHE MpenojaBaTeneil M CTyICHTOB
WCTIONF30BAHUIO AHAJUTHYECKUX WHCTPYMEHTOB, afanTanus WH(PPaCTPyKTYpsl M MPOLIECCOB UIA cOopa u
aHalM3a JaHHBIX W T.0. OTH BBI30BBI TPEOYIOT JAIbHEHIINX WMCCIENOBAaHUA W Pa3pabdOTKHA PECYpCOB IS
yCIIEIHOW peanu3anyuy Iu(POBOH aHAIUTUKY B BICIIEM oOpa3oBaHuu. B pabdore [5] moxpobHO uccnemyercs
BIMSHUE HU(QPOBON aHAJUTUKKA Ha KadeCTBO OOPAa30BaHUSI M MPEICTaBJICHBI MOJE3HBIE PEKOMEHIAIHH.
Pe3ynprarel JaHHOTO HCCIEOBAHHS MOTYT OBITh HCIOJB30BaHBI B MPOEKTE IS pa3pabOTKH MOAXOMOB U
METOAMK UU(POBOM aHAIUTUKW, a TakXke s OLEHKH APQPEeKTHBHOCTH MporpaMmel. B paborte [6]
OIIMCHIBAECTCSL OMBIT BHEAPEHHUS W HCIOJIB30BaHHUS WHPOPMAIMOHHONH CHUCTEMBI AJISl aHAIMTHKH JaHHBIX B
BEICIIEM OOpa30BaHWU. OTOT OMBIT MOXET OBITh YYTEH B TMPOEKTe TMpH pa3paboTKe MPOTOTHIIA
WH(GOPMAITMOHHON CUCTEMBI IS TIOAIEPIKKH TIPUHSATHUS PEIICHUN.

I[.HH KpPaTKOCTU HU3JIOKCHUA U HC TCPAA IIPU 3TOM O6IIIHOCTI/I pacCyxKacHus, NpuBeaEM OCHOBHLIC BbIBOABI
o ApyruMm padoram. Ilpumenenue nmudpoBoii aHAIMTUKK B BBICIIEM 00pa30BaHUMU IMO3BOJISET COOUpPATH U
aHAIIM3UPOBATH TAHHBIE O CTYJEHTaX, 00Pa30BaTEIbHBIX MPOTPAMMAX U MpOoIleccax 00ydIeHusI. ITO IO3BOJSET
OIITUMH3NPOBATH y‘Ie6HI>IC IJIaHBI, aarTupoBaTh IIoaAX0abl K O6y‘ICHI/IIO u npeaoCTaBIATh
MEPCOHAIM3UPOBAHHYIO TIOANCPKKY cTyaeHTaM [7]. LludpoBas aHainTHKa MOXKET OBITH UCIOJB30BAHA IS
omleHKH J((HEKTUBHOCTH JWCTAHIIMOHHOTO OOyYeHWS W TIOBBIIICHHS KayecTBa 0Opa30BaTEIbHBIX
nporpamm [8]. IudpoBast aHaTUTHKA PEIOCTABIISIET BO3MOKHOCTH JIJISI aHAIHM3a JTaHHBIX 00yJaronMXCs, HX
MOBEJICHUSI U TIPOTpecca, YTO MOXKET MOMOYb B ONTHMH3AIMKA 00pa30BaTeIbHOrO MPOIEecca W YIyYlICeHUH
pesymbraToB [9]. LudpoBas aHamuTHka MOXXeT OBITh HCHOJB30BaHA B Tporecce MpodeccHnoHaTbHOTO
pa3BUTHS TpeToiaBaTeNeld u yydiieHus kadectBa oobpasosanus [ 10]. Ludposas ananuTrka MOXXET TOMOYb
B aHaJIN3€ AaHHBIX 06yqa}01111/1xcsl, OIICHKC HMX AKTHUBHOCTH M BOBJICYCHHOCTH, YTO MOXCET HNPHUBCCTU K
YIYUIICHUIO KadyecTBa oOpa3zoBanus [11].

K coxanenmnro, B Kazaxctane mpakTHYeCKH OTCYTCTBYIOT HCCIICJIOBAHHUS, CBS3aHHBIE C MPUMEHEHHEM
IUPPOBON aHATUTHKH M MX HUMIUIEMEHTAlMM B WH()OPMAIMOHHBIC CHCTEMBI ISl MOJIACPKKHA TPUHSATHUS
peuieHnii B BhiciieM oOpazoBanuu. CyliecTBYOIIHE MyONIUKalui OTEeUeCTBEHHBIX MCCIeoBaTeNeH, cpeu
KOTOPBIX €CTh M ITyOJINKAIMY aBTOPOB HACTOSIIEH CTAThH, MTOCBSIIEHBI PA3IMYHBIM aclieKTaM Nu(POBU3AINN
00pa3oBaHMs, B KOHTEKCTE KOTOPBIX 3aTPArMBAIOTCs OOIIHME BOMPOCHI MOBbIIIEHUs KayecTBa [12-15].

B KOHTEKCTE HACTOSIIETO HCCIEA0BaHMs, 0030p MPEIUICCTBYIOIIMX HCCICJOBAaHUI TOATBEPKIAET
AKTyaJIbHOCTh M BaXHOCTBH HCIIOJIb30BaHUS MHU(PPOBON aHATUTHKY U TOJACPKKU MPUHITHS PEUICHHA U
TTOBBIIIICHHS Ka4eCTBa BEICIIEro 00pa3oBanus. Harre nccieoBanme CTpeMHUTCS JallbIle pa3BUTh U PACIIUPHUTH
CYIIECTBYIOIIHNE MCCIIEIOBAHMSI, UCTIONB3YsI OTBIT 3apyOekKHBIX HCCie[0BaTeNeH.

Hudposast ananmuTHKa B BEICIIIEM 00pa30BaHHUU TOApa3yMeBaeT cOOp, aHaIN3 U HHTEPIPETAIUIO JIAHHBIX,
CBSI3aHHBIX ¢ Y4eOHBIM TiporieccoM. OHa UTpaeT BXXHYIO POJIb B COBPEMEHHOM 00pa3oBaTeIbHOM JIaHmadTe
" UCIIOJIB3YCTCA JIA NOBBIIICHHUA KaueCTBa O6paSOBaHI/IH. PaCCMOTpI/IM Pa3iIMYHbIC ACIICKThI IMPUMCHCHUA
TEXHOJIOTHH IIU(POBOI aHAJTUTUKU B BBICIIEM OOpa30BaHUH: aHAIUTHKY OOyUeHHS, aJanTUBHOE OOydeHHe,
MTPOTHO3UPOBAHUE YCIIeXa, OLIEHKY W Ka4eCTRO.

Ananumuxa o6yueHus 6 gbicuiem 00pPa308aHUU CTAHOBUTCS BCe O0Jiee BAYKHBIM KOMIIOHEHTOM B BHICILIEM
oOpasopanuu. OHa BKIIIOYaeT B ceOs cOOp, aHAIM3 W HHTEPIPETAIMIO JAaHHBIX 00 ydeOHOM Imporecce
CTYZICHTOB JIJIsI TOHUMAHUS ¥ ONITUMH3AITUN 00yUEHUS U CPEIbl, B KOTOPOi oHO mpoucxoant [12, 13].

Honumanue cmyoenmog. AHanuTHKa OOYYEHHS MO3BOJIAET y4eOHBIM 3aBelJeHUsAM Oojiee TIIyOOKO
IMOHMMAaTh, KaK CTYIC€HTBI BSaHMOHeﬁCTByIOT C MaTCpUuaIoOM. CucremMaTHYECKHI aHaIn3 JaHHBIX 06 yT-Ie6HBIX
JOCTUKCHHUAX U BSaHMOHeﬁCTBHH CTYACHTOB C O6pa3OBaTeJ'[I)HBIMI/I pecypcaMu MOXKET BBIABUTH 0COOEHHOCTH
uX y4eOHOTO MOBeACHUsS. DTO, B CBOIO OYepelb, MOXKET MO3BOJIMUTH MIPEMOABATENIAM aJanTHPOBATh METOIbI
00y4eHHUs! K MHANBUAYAJIbHBIM MOTPEOHOCTSIM CTYAEHTOB, CIIOCOOCTBYS YJIYUIICHHIO YPOBHS [TIOHUMAHHUS U
YCBOEHHS MaTepHaia.

Ilpoaxmusnoe emewamenscmeo. IlpoakTHBHOE BMEIIATEILCTBO OCHOBBIBACTCS Ha HWCIOJIB30BAaHUU
JAHHBIX aHAJUTUKU AJIS1 ONIEPATUBHOTO BBISBJICHUS CTYIEHTOB, KOTOPBIE MOTYT CTOJIKHYTHCS C ITpobieMamMu
B yueOHOM mpouecce. Hampumep, cuctemsl, paspabotanHsie B Purdue University, M0o3BOJNSIOT
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MpenoJaBaTeisaM 3apaHee ONpeeNINTh CTYyICHTOB, HY KJAIOIUXCS B TOTIOTHUTEIBHON MOJCPIKKE, U BOBpEMSI
HPEJIOKUTH UM HEOOXOIUMYO IIOMOIIIb.

Onmumuzayusi Kypcog u npoecpamm. JlaHHbIe aHATUTHKH OOYyYEHHMS MOTYT CIY>KUThb OCHOBOW JUIS
CHCTEMaTH4eCcKOro aHanu3a 3Q()eKTHBHOCTH Pa3IMYHBIX KYPCOB M IIPOrpaMM. DTO BKIIOUYAET B €05l OLICHKY
ycrexa CTyICHTOB, yIOBIETBOPEHHOCTH KypCOM U Ja)ke TOT0, KaK KOHKPETHBIE 3JIEMEHTHI Kypca BIMSIOT Ha
yclex CTyIEHTOB. DTH JaHHbIE MOTYT OBITh HCIIOJIb30BAaHbI AJIsl BHECEHHUS M3MEHEHHUH M YIydllIeHUil B
y4eOHBIC TIAHBI.

Omuueckue paccmompenus. AHAIUTHKA OOY4YEHHs TAaKKe IOPOXKAAET BOIPOCHl ITHKH U
KOH(pUICHINAIBHOCTH. B TO Bpems kak cOop M aHaiIM3 AaHHBIX O CTYIEHTaX MOTYT IPUHECTH MOJb3y, OHU
TaKXKe MOTYT BBI3BAaTh ONACEHUS O KOH(HUICHIHMATHHOCTH M COONIOJCHUM 3aKOHOB O 3allUTe JaHHbBIX.
[Ipo3payHOCTE B OTHOILIEHHWH TOTO, KaKHe JaHHBIE COOHMpAIOTCSI M KaK OHHM HCIONB3YIOTCS, SIBISIETCS
KIII0YEBBIM (PaKTOPOM B 0OECIIEYEHUH STUYHOTO HCIIOIb30BAHMUS aHAIUTUKY 00yUYEeHU.

Otn O6moku 00pa3yloT MHOTOOOCHIAIONIYI0 KapTHHY NPUMEHEHHUsS] aHATUTHKH OOYYeHHs] B BBICIIEM
00pa3oBaHMU, MOAYEPKHBAs €€ BO3MOXKHOCTH AJISl MHIUBHIyaIH3allMd OOYYCHHUS, PAaHHETO BBISBICHUS
MOTEHIUAIBHBIX [IPOOJIEM M ONITUMH3ALNH YUEOHBIX IPOrPaMM, C yIETOM BaKHBIX ITHIECKUX COOOPaKEHUH.

AjanTuBHoe 00yyeHue B BbIcLIeM 00pa30BaHUM

AnantuBHOe OOyueHHUE SBJISCTCS OJHUM M3 HamOosee OOCIIAIONIMX HAaIpaBJIeHHUH B cdepe BBICIIETO
o0pazoBaHus1, Oaroapst MHTETPaluK aHATUTUKY 00ydeHusi. OHO peAcTaBiIsIeT COO0H MOaX0 I, IPU KOTOPOM
y4eOHBIH IpoLece afanTUPYeTCs MO HHANBUAYaIbHbIC IOTPEOHOCTH KaXI0ro CTyAeHTa. PaccmorpumM, kak
9TO paboTaeT Ha MPaKTHKE, ¥ 0OCYIMM Hay4HbIE UCCIESIOBAHUS MO0 JaHHOMY Bompocy [10,11].

Ocnosvl adanmuenozo obyyenus. ANANTHBHOE OOyYEHHE HCIONB3YeT alrOPUTMbI U HCKYCCTBEHHBIH
WHTEJUIEKT Ul aHaju3a IMOBEICHHS M YCIEXOB CTYIEHTAa, a 3aTeM HAcTpauBaeT y4yeOHBIH Marepuasl B
COOTBETCTBUU C YHHKAJIBbHBIMH HNOTPEOHOCTSMH KaXIOrO CTyIEHTa. DTO MOXET BKJIIOYATh B ceOs BBIOOD
YPOBHSI CIIOKHOCTH 3aJiay, THIIa BOIIPOCOB, TeMIa 00y4eHHs U TaK Jajee.

Ipeumywecmsea aoanmuenozco o0Oyuenus. llpuMeHeHHE aJaNTHBHOTO OOYYEHHS MOXKXET YBEIUYHUTh
YpOBEHb ynepKaHHs HMHGOPMALMH M YIYYLIUTh MOTUBALMIO CTyAeHTOB. OHO IMO3BOJSET Y4YalIMMCS
MPOJIBUTATHCS B CBOEM COOCTBEHHOM TeMTIIe U (DOKYCHPOBATHCS HA TE€X 00JIACTAX, B KOTOPBIX OHU HYKAAIOTCS
B JIONIOJTHUTENLHON MPaKTHKE.

Texnonozuueckue peutenus. CylmecTByeT MHOXKECTBO IIAaT(GOPM U HHCTPYMEHTOB, IPeIHA3HAYCHHBIX VIS
peanu3anuy ajanTHBHOro o0yueHus, Takux kak Squirrel Al, Knewton u DreamBox Learning. Otu cuctembl
HCTIONB3YIOT CIIOKHBIE aJITOPHTMBI M OOJIBIIINE JaHHbBIE JJIS HACTPONKH y14eOHOT 0 Mpoliecca MojI KKIOTo CTyIEHTa.

Bosmoorcnvie ocpanuuenus u 6vi306vl. HecMOTpsi Ha NIpenMyILEecTBa, aanTHBHOE OOYUYEHHE TaKkKe
NpeacTaBisieT psd BeI30BOB. OHO TpeOyeT 3HAYMTENBHBIX TEXHOJIIOTHYECKHUX PECYpCOB U MOXKET OBITH
CIIOKHBIM B peanu3alud Ha OonbiioM Macmrabe. OcTaroTcs akTyalbHBIMH 3aJadqd  00ecreueHUs
0e3omacHOCTH M KOHGUACHIMAIBHOCTH JaHHBIX. COOp M 00paboTka OONMBIIMX 0OBEMOB JaHHBIX TPEOYIOT
MIPUMEHEHUS HAJAEKHBIX MEXaHW3MOB 3aIIUTBHl U KOHTPOJIA J0CTYyNa K HH(POPMALUH, YTOOBI rapaHTHPOBAThH
COXPAaHHOCTb JINYHOM MH(OPMAIIMU CTYJICHTOB M IMperojaBareicii. B paMkax naibHEHIIMX UCCIEA0BaHUN
OyaeT ynensTbecs 0co00e BHMMaHUE pa3pabOTKE CUCTEMbl 0€30MacHOCTH M MPUBATHOCTU JIAHHBIX, YTOOBI
o0ecreYnTh COOTBETCTBUE CTaHAapTaM 0€30MacHOCTH U KOH(UACHIINATBHOCTH B 00pa3oBaTesibHOM chepe.

ApnanTiBHOE OOy4eHHE B BBICIIEM OOpa30BaHUM TMpelylaraeT PEBONIOIUOHHBIN  MOAXO0J K
WHIWBUIyalu3alud Y4eOHOTO Mpoliecca, MO3BOJIsis CTyJeHTaM padoTaTh B yAOOHOM JUIsi HUX TEMIE H
(OKycHpOBaThCSl Ha YHHMKaJIbHBIX MOTpeOHOCTsAX. OHO o0emaer yiIydlIMTh Kak KadecTBO, TaK U
3¢ dEeKTUBHOCTE 00pa30BaHysl, XOTs TAKXKe BJIEYET 3a COOOW ONpe/IeICHHbIE TEXHOJIOTHUECKUE U ITUIECKHE
BBI30BEI.

IIporHo3upoBaHue ycnexa B BbICIIEM 00pa30BaHUU

[Iporno3upoBanue ycnexa CTyJEHTOB SIBISETCS KJIIOUEBBIM aCIIEKTOM aHAIUTHKH OOYYEHHUS U TUHAMUYHO
pa3BUBArOIIEHCS 00acCThIO B BHICIIEM OOpa30BaHWH. JTO HAIPABJICHHE BKIIIOYAST B CE0S MCIIOIH30BaHUC
JIAHHBIX U aHAJTUTUYECKUX METOJIOB JUIS ONPE/ICIICHUs] BEPOSITHOCTH ycIieXa CTyAeHTa B yueOHOM Iporiecce.
PaccmotpuMm 3TO HampaBieHHE, a TaKKe MCCICJOBaHMS W NpPAaKTHKH B JaHHOW oOmactu [12, 13].
[Iporno3upoBanue ycnexa BKIIOYAET B ce0s aHAIN3 JAHHBIX O CTYACHTaX, TAKUX KaK OLIEHKH, TIOCEIaeMOCTb,
YPOBEHb Y4acTHsl B Kllacce W JIPyrHe, C LEeNbI0 MPOTHO3WPOBAaHHSA UX OyIyIIero ycriexa Wi HeyJadd B
yaebHoM mnponecce. C IOMOIIBIO MAIIMHHOTO OOYYEHHUS] M CTAaTHCTHYECKHX METOJIOB, yueOHBIE 3aBEACHUS
MOTYT CO3/laBaTh MOJICNIM, KOTOPBIE OLEHHMBAIOT PUCKH M MOTEHIHMAN CTYIEHTOB B PAa3IUYHBIX aCHEKTax
y4eOHOro mporecca. ITH MOJIENH MOTYT YUYHWTHIBATH HIMPOKUH CIEKTp (PaKTOpOB, OT JgeMorpaguyeckux
JAHHBIX JI0 B3aUMOJICHCTBHS ¢ 00pa3oBaTenbHBIMHE TaTGopMamu oHmaliH. [Iporuo3upoBanue ycrexa MoXeT

212




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

MIOMOYb IPENOIABATENAM U aIMUHICTPATOPaM BOBPEMS BBISIBIISATH CTYJIEHTOB, KOTOPBIE MOTYT CTOJNKHYThCS
C TPYAHOCTSIMH, U IIpeylaratb UM HEOOXOAUMYIO MOIAEPKKY. OHO TakKe MOXKET ObITh MCIIOJIB30BAHO LIS
omnpeneneHus 3PPEKTUBHOCTH KYPCOB U IPOTPaMM 00yUCHHSI.

HeoOxomumo BHHMMaTENbHO paccMaTpUBaTh BOIMPOCH KOH(MMACHIMAIBHOCTH M CIPaBEIIMBOCTH B
KOHTEKCTE IPOTHO3UPOBAHUS YCIEXa, TaK KaKk HENpaBUIbHOE IIPUMEHEHHE MOXKET IPUBECTH K
OUCKPUMHMHAIMM WIM HapyLICHWIO IIPUBATHOCTH CTYINEHTOB. IIporHo3mpoBaHue ycmexa CTYAEHTOB
MpeacTaBisieT COOOH MOIIHBIM HHCTPYMEHT B PyKaX COBPEMEHHOTO BBICIIEr0 oOpa3zoBaHus. OHO TO3BOJISET
co3/laBaTh MEPCOHAIN3UPOBAHHBIE IYTH OOYYEHHsS U CBOEBPEMEHHO pearupoBaTh Ha IOTEHIMAIbHBIE
TPYAHOCTH CTYIEHTOB. TeM He MeHee, 3TO HalpaBJIeHHE TAkKe TPeOyeT TINATeIbHOTO BHUMAHNUS K BOIIPOCaM
STHKH U CIIPABEJIMBOCTH, YTOOBI 00ECTICUUTh OTBETCTBEHHOE M CIIPAaBEAINBOE IPHMEHEHHE.

OueHka 1 Ka4eCTBO B BbICIIEeM 00pa30BaHUM

OneHka 1 KayecTBO 00pa30BaHUs — 3TO [IBE B3aUMOCBSI3aHHbIE KOHLETLNHU, KOTOPBIE UTPAIOT KIIFOUEBYIO
POJb B COBPEMEHHOM BHICIIEM 00pa3zoBaHuH. OLEHKa CTYACHTOB W 00pa30BaTENbHBIX MPOTPaMM SIBIISIETCS
OCHOBOH i oOecredyeHus] W yJIy4dllleHHs KadyecTBa oOpa3oBaHMs. PaccMOTpHM 3TH acmekThl, 0OpaTHB
BHHMAaHHE HA HAYYHbIC MCCIICIOBAHMS M TEKYIIHe MPAKTUKH B JaHHO# obsactu [14, 15].

Oyenka cmyoenmog. OLeHKa CTyICHTOB BKJIFOUACT B CE0s1 MEPBI X METObI, HCIIOIb3yEMbIE ISl H3MEPEHUS
3HaHWH, YMEHUH U JOCTIDKEHHUH cTyqeHToB. OHa MOXKET OBITh (OPMATUBHOH (HampaBJIeHHOW Ha 0OpaTHYIO
CBSI3b U YJIYYIlIEHHE) UM CYMMAaTHBHOM (HampaBIeHHON Ha OKOHYATENbHYIO OLIEHKY).

Oyenka obpazosamenvHblX Npo2pamm. ITOT HPOLECC BKIIOYAET B CE0Sl CHCTEMATHYECKYIO OLIEHKY
KayecTBa y4eOHBIX MJIAHOB, METOAOB MPENOaBaHuUs U IPYTUX KOMIOHEHTOB 00pa30BaTeIbHON POTPaMMBbl.
On BaxeH JJIsL O6€CH€‘ICHI/IH, 4TO mporpamma JOCTUTa€T CBOUX 06p330BaT€JII>HI>IX Heﬂeﬁ U COOTBETCTBYCT
CTaHIApTaM.

Kauecmeo obpazosanusn. KauecTBo 00pa3oBaHUs — 3TO MHOTOTPaHHBIA KOHIETIT, KOTOPBIH BKITIOYAET B
ce0st 3((HEeKTHBHOCTH 00pa30BaTEIBLHOTO MPOIECCa, YAOBICTBOPCHHOCTh CTYJICHTOB, COOJIO/ICHUE
CTaHAAPTOB U Ipyrue HaKkTopbl. ITO KIOUYEBOH acleKT, KOTOPBIH BIMICT HA PEIyTaLUI0 y4eOHOrO 3aBeICHUS
U YCIIEX €ro CTY/ACHTOB.

Texnonoeuu 6 oyenxe u xawecmge. COBpEMEHHBIE TEXHOJOTHMU, TaKHE KaK aHAIUTHKA OOyuYeHHS U
HCKyCCTBCHHbIﬁ HWHTCIIJICKT, MOI'YT 6I)ITI> HCIIOJIb30BAHbl [JIA aBTOMATU3aAllMM W YJIYUYIICHHUSA IIPOLCCCOB
OLICHKH, a TAaKXKe U1 MOHUTOPUHTA U YIy4lLIeHUs] KauecTBa 00pa30BaHuUsI.

Omuueckue gonpocwl u 8v1306b1. [1pu olieHKe 1 00eCTICYeHNN KayecTBa HEOOXOAMMO YUUTBIBATh dTHIECKHE
ACIICKThI, TAKWEC KaK CIpaBCAJIMBOCTb, IMPO3PAYHOCTb U KOH(i)I/I[IeHHI/IaJII)HOCTB JaHHBIX CTYJACHTOB. Taxxe
MOTYT BO3HHKATh BBI30BbI, CBSI3aHHBIC C Pa3IMYMSAMHU B KYJIbTYPHBIX U 00pa30BaTeNIbHBIX CTAHAAPTAX.

OreHKa U KauecTBO SIBJISIIOTCS )KU3HEHHO BaKHBIMHU aCIIEKTaMM BBICLIET0 00pa30BaHuUsl, KOTOPBIE BIUSIOT
Ha yCIIeX CTYACHTOB W PEeIyTalui0 00pa3oBaTelbHBIX yupexaeHui. COBpeMEHHbBIE TEXHOJOTHH U METObI
AHAJMTUKN 00Y4EHUs! IPEJOCTABISIOT HOBbIE BO3MOXHOCTH JUTSl yIYYIIEHHS 3TUX MPOLIECCOB, XOTS U BIEKYT
3a cO0OH CBOM ITHYECKHE U IPAKTUIECCKHUE BHI30BHI.

3akaoueHne

Bricmiee oO6pazoBaHue TiepekHBaeT IMEPHO;] 3HAYNTEIHHBIX U3MEHEHHH, U TEXHOJIOTHYECKNEe NHHOBAIIUH,
Takue Kak nu(poBas aHAJMTHKA, UTPAIOT BAXKHYIO POJIb B SBOJIIOIIMU TOTO Tpoiiecca. B maHHO# cTaThe Mbl
PacCMOTpPENH pa3IMuHbIC ACHCKThI BIMSHHS dTHX TEXHOJOIM Ha Ka4yeCTBO 00pa30BaHUs, BKIIIOUYAs aHAIIN3
pa3HO00pa3HbBIX (HAaKTOPOB M WX BIUSHUE, & TAKKE MOTCHIIHAIBHEIE TPEUMYIIECTBA U BHI30BBI.

Daxmopul, eruAOwWUe HA Kavecmgo obpazosanus. llemarornyeckue: KadyecTBO OOYYEeHHS BO MHOTOM
ompenensaeTcss KBamu(dUKAIMEed TperojaBaTesiei, MeToJgaMH OO0ydeHUs W TMPOoIeccaMHd OIICHUBAHWSL.
TexHomornueckne: COBPEMEHHBIE TEXHOJIOTMH IPEAOCTABIISIOT HOBBIE CIOCOOBI JOCTaBKH M JIOCTyNa K
oOpa3oBarteibHBIM pecypcaM. Texuuueckue: nudpoBas HHOPaCTPYKTYpa By30B SIBISETCS OIPEICIISIONICH s
YCHEIIHOW peanu3alyi KaKk TPaIuIUOHHONH (GopMbI 00ydUeHus, TaK M I JTUCTAHIIMOHHOHN, CMEIIAHHOW U
ruOpuaHoil popm oHnaitH oOydueHus. ConMambHO-IKOHOMHUYECKHE: SKOHOMHYECKUE YCIOBHS M COLMATbHAS
CTPYKTYpa OKa3bIBAIOT CYIIIECTBEHHOE BIUSHUE HA JOCTYIIOCTh U KA4eCTBO BBICIIET0 00pa30BaHUsI.

Ipumenenue mexnonocuu yugposol anarumuku 6 GvicuieM 006pazoeanuu. AnantuBHOE OOy4YEHUE,
o0ecreurnBacT NEPCOHATU3UPOBAHHOE 00pa3oBaHME IS KaXKIOro CTyAeHTa. [IporHo3upoBaHHE ycliexa,
MTOMOTaeT ONPENCTUTh MOTSHIIUABHEIEC TPOOJIEMBI B YCIIEBAEMOCTH CTYACHTOB 3apaHee. OlleHKa U Ka4eCTBO,
YIIYYIIaeT CIIOCOOBI OIIEHKM M MOHUTOPHHTA 00pa30BaTEeLHOTO MPOIEcca.

B 3akmrouenue cTOUT NOTYEPKHYTh, UTO TIOHMMAHHUE M aKTUBHOE BOBJICUCHUE B 3TH IPOIIECCHI TPEOYIOT
KoJutabopamuu MeEXAy aKaAeMHYeCKUMH, IMPOMBINUICHHBIMA W TPaBUTEILCTBEHHBIMUA OPTaHU3AIHUSIMU.
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CuHeprus 3TUX YCHIMH MOXKET MPUBECTH K Oosiee 3pPEeKTUBHOMY U OTBETCTBEHHOMY MPUMEHEHHUIO HOBBIX
TEXHOJIOTHH B BBICIIEM OOpa3oBaHMU. TeM He MeHee, BaKHO COXPaHATh OaJlaHC MEXIY MHHOBALMSMH U
TPaJUIIMOHHBIMA METOAAaMH, & TAaKKE yUYHTHIBATH STHYECKHE U KYJIbTYpHBIE OCOOCHHOCTH B Pa3lMYHBIX
KOHTEKCTaX. TOJIbKO KOMIUIEKCHBIH M UyTKMM TMOJXO0J] MOXKET TapaHTUpOBaTh, 4YTO IPUMEHEHUE
HCKYCCTBEHHOI'O MHTEJUIEKTa ACHCTBUTEIBHO OyJeT criocoOCTBOBATH MOBBIIICHUIO KAYeCTBA M JOCTYITHOCTH
BBICILIEr0 00pa30BaHMs Ha T1100aJIbHOM YpPOBHE.
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Annomayus

Crarpsi HampaBlieHa Ha BBISIBICHHE IiepedHs M Kkiaccudukanuum nmppoBoro koHTeHTa Kypca «l{udposas
TPaMOTHOCTBY JJIsl HHKJIFO3UBHOTO OOYYCHHUS B HAYaJbHOM IIKOJIE, B PE3yJIbTaTE aHATHM3a CYIMIECTBYIOMNX ITUPPOBBIX
KOHTEHTOB. Ha OCHOBE MEXIyHapOIHOTO OIBITa M BHYTPEHHETO HCCIICAOBAHHS OOO3HAYEHBI HE TOIBKO OCHOBHEIE
poOIeMBI IO TUPPOBOMY KOHTEHTY Kypca «LlmdpoBas rpaMOTHOCTE NP HHKIIFO3UBHOM OOYYCHUH, HO MPEITIOKCHEI
IyTH pelIeHus MaHHOH mpoOmembl. Ha ocHoBe aHamm3a mu()poBOTO KOHTEHTA BEIABICHBI IMPUTOAHOCTH DPAa3leIOB
aneKkTpoHHOro yaeOHuka mius neteid ¢ OOIL. Mcnons3oBaHreM Ompoca U aHKETHPOBAHMUS OBLTH BBISIBIICHBI HEKOTOPHIE
Npe/ICTaBICHUS poJuTeNiel U mpenojasarteneil. Takxke ObUTH MTPOaHAIM3UPOBAaHbI OCHOBHBIE JOKYMEHTHI PecryOmuku
KazaxcTaH ¢ 1esblo BBISIBJICHUS TIOJIOKUTENBHBIX M OTPUIATENbHBIX CTOPOH JJAHHOT'O HAIpaBlIeHUs] 00y4YEeHUsI AeTel ¢
HEKOTOPBIMU OTpaHUuYeHUsIMH. [IpoaHann3upoBaHbl CyIECTBYIOMINE HU(PPOBbIE KOHTEHTHI U ONpeeseHbl IepeueHb 1
kinaccu(uKaus 3JeMEHTOB NU(GPOBOro koHTeHTa mo Kypey “IludpoBas rpaMOTHOCTB” Ui CO3MaHUS MOOHIBHOTO
MPUIOKEHUS IJIsI cMapTHOHOB U TUTAHIIIETOB C YIETOM Pa3pabOTKH MOMOJHEHHOH peanbHoCcTH (AR).

KaioueBble ci10Ba: HHKIII0O3MBHOE 00pa3oBaHKe, JETH ¢ 0COOBIMU 00pa30BaTeIbHBIMU MTOTPEOHOCTAME, 00yUeHHE B
HaYaJIbHOM MIKOJIE, TUPPOBOI KOHTEHT, JICKTPOHHBIN YICOHUK.
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MOBWIb/I KOCBIMIIAFA APHAJIFAH "IIU®PJIBIK CAYATTBUIBIK" KYPChI BOMBIHIIIA
CAHJIBIK KOHTEHT 3JIEMEHTTEPIH AHBIKTAY KOHE IPIKTEY

Makasa KoJJaHbICTaFbl HU(PIIBIK Ma3MyH/Ibl TaJiay HOTIOKeCiHAe OacTaybllll MEKTENTe WHKIIIO3UBTI OiiM Oepyre
apHanraH «L{udpIblK cayaTTBUIBIK» KypPCHIHBIH HUQPIIBIK Ma3MYHBIHBIH Ti30€Ci MEH KIacCH(UKAIMACHIH aHBIKTayFa
OarpITTaNFaH. XalbIKapallbIK TOKIpHOE MEH 1IIKi 3epTTeyJIepre CyHeHe OThIPHII, HHKITI3UBTI OitiM Oepyaeri « {udpisik
cayaTTBUIBIKY KypPCHIHBIH HU(PIIBIK Ma3MYHBIH/IAFbI HETI3T'1 MpobiieMalap aHbIKTAJIBIN KaHa KOWMai, OyJ1 MaceseHi memry
KOJIIAPbl YCRIHBUIABL. LIudpibIk Ma3sMyHABI Talaay HeTi3iHIe 3JIEKTPOHIBIK OKYJIBIKTHIH OONIMICpiHIH epeKiie OiimM
Oepy KaxeTTumikTepi Oap Oajanmapra >kapaMABUIBIFBI aHBIKTANIBL. CayaaHaMa MeEH CYpacTBIPYJIapIblH HOTIDKEIEPiH
naiiianaHa OTBIPHII, aTa-aHAIap MEH MYFaliMAEPIiH Keioip mikipiepi anbiktanasl. CoHali-ak Kerloip nekreysepi oap
Oamamapra OimiM OepymiH OCBHl calachlHBIH OH JKOHE Tepic JKaKTapblH aHBIKTAy MakcaTtbiHaa Kazakcran
PecnyOnuKkachIHBIH HETI3ri Ky)KaTTapblHa Tajnay jkacaiabl. KosjmaubicTarbl HUQPIBIK KOHTEHTTEP TalIaH[bl KOHE
TONBIKTHIPBIIFAaH IIBIHABIKTEL (AR) 93ipieyai eckepe OTHIpHIN, cMapThOHIAp MEH IUIAHIIETTepre apHaJIFaH MOOWIBII
KOChIMINIaHBI Kypy YuIiH «{udpnblk cayaTTBUIBIK» Kypchbl OOWBIHINA IUQPPIBIK Ma3MyH 3JEMEHTTEPiHiH Ti3iMi MEH
JKIKTETyl aHBIKTAJIIBL.

Tyiiin ce3nep: nHKIIO3UBTI O11iM Oepy, epekiue OiniM Oepyai KaxeT eTeTiH Oananap, Oactayblln MeKTenTeri Oinim,
U (PIIBIK KOHTEHT, JIEKTPOHIBI OKYIIBIK,.
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Abstract
IDENTIFICATION AND SELECTION OF DIGITAL CONTENT ELEMENTS IN THE COURSE
“DIGITAL LITERACY" FOR A MOBILE APPLICATION
D.N. Isabaeva ?, L.B. Rakhimzhanova !, Y. Kultan 3, A.A. Kakenbekova *

1 Al-Farabi Kazakh National University, Almaty, Kazakhstan

2 Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3 University of Economics in Bratislava, Bratislava, Slovakia

4 Educational and methodological center for the development of education of the Karaganda region, Kazakhstan

The article is aimed at identifying the list and classification of digital content of the course "Digital Literacy" for
inclusive education in primary school, as a result of the analysis of existing digital content. Based on international
experience and internal research, not only the main problems of the digital content of the course "Digital Literacy" in
inclusive education are identified, but ways to solve this problem are proposed. Based on the analysis of digital content,
the suitability of sections of an electronic textbook for children with OOP is revealed. Using a survey and a questionnaire,
some representations of parents and teachers were revealed. The main documents of the Republic of Kazakhstan were
also analyzed in order to identify the positive and negative sides of this direction of teaching children with some
restrictions. The existing digital content is analyzed and the list and classification of digital content elements for the course
“Digital Literacy” for creating a mobile application for smartphones and tablets, taking into account the development of
augmented reality (AR), are determined.

Keywords: inclusive education, children with special educational needs, primary school education, digital content,
electronic textbook.

Beenenue

OpHOl W3 TIABHBIX 33/1ad CTPATETHYEcKOro IiaHa pasutus PecmyOmukm Kazaxcram mo 2025 roma
SIBIISIETCS] pa3BUTHE MHKIIFO3UBHOTO 00pa3oBaHus B cTpaHe. B sToii cBs3u, B [locmannu ['maBa rocymapctsa
OTMETHJI, YTO «HAIlla CHCTeMa 00pa30BaHMs JOJDKHA OBITh JOCTYITHONH M WHKIFO3WBHOW» [1]. BriepBbie B
3apyOeXHBIX CTpaHax BONPOCHI OpraHM3alMk 00pa30BaTENFHOIO Ipolecca A AETeH ¢ 0coOBIMHU
oOpazoBarenpHbiMU TIOTpeOHOCTsIME (OOIl) OpuH paccmoTpensl B 1970-x Tomax, a WHKITIO3WBHBIE
oOpa3oBaTesbHbBIE IPOrPpaMMbl ObLITH NOJHOCTHIO BHeApeHbl B CILIA u eBponeiickux crpanax [2]. ['apantuu
Ha 00pa3zoBaHue JHIl ¢ 0cOObIMU 06pa3oBaTenbHbIME TOTpeOHOCTsIME B KoncTrTynmu PK B 3akone "O npaBax
pebenka B PK" u 3akone PK "OO0 oOpazoBaHwH" mpeaycMOTPEHO, YTO TOCYJAPCTBO CO CBOEH CTOPOHBI
o0ecrieunBaeT pa3BUTHE U 00pa30BaHUE JIUI] C 0OCOOBIMH 00pa30BaTEILHBIMU OTPEOHOCTIMI [3].

C pasButHeM HMGPOBH3ANMK B CTpaHe, JJS yIy4IIEHWS HHKIIO3WBHOTO TPEMOJABaHUs M OOYy4eHUs
uudpossie KoHTEHTHI (LIK) OTKpBIBAOT MIMPOKHiA ClIeKTp BO3MOXHOCTEH. OHU 00JIeryaroT nNpelocTaBiIeHne
y4eOHBIX PECYpCOB pa3HOM CIIOKHOCTH, [UIMTENILHOCTH M YPOBHSI MHTEpeca, MO3BOJISISI MaclITaOMpOBaTh
0o0y4YeHHE B COOTBETCTBHHM C KOHKPETHBIMU MOTpPEOHOCTSIMU M mpenmeramu. Kpome Ttoro, LIK moryt
MOBBILIATH MOTUBALMIO YYAILIUXCS U CIIOCOOCTBOBAaTh HE3aBUCHMOMY OOYYEHMIO, YTO 3KOHOMHUT BpeMs U
YCHIIHSL, KOTOpBIE paHee ObUIN 3aTpaueHbl Ha TIeYaTh U Apyrue TpaJulOHHBIE METOIbI O0YUIEHUSI.

C 24 nrons 2023 roga B Komurere cpennero obpazoBanuss Mununctepcta npocsenienusi PK Zakon.kz
cooOmmm, 4to B Hacrosuiee Bpemst 80% yueOHHMKOB mepeBe/ieHbl B IUPpoBoi dopmar. ['1aBa komurera
yrounu, 4to B 2024 roxy nnanupyercs 100% oxsat aucuumind urdpoBeiMu yueOHMKamu. "Ha ceronHs B
cTpaHe nepeseieHo 94% yueOHMKOB HavaabHBIX KJaccoB, 81% yueOHuKOB 5-9 kinaccos, 61% yueOHukoB 10-
11 xmaccoB B anekTpoHHy0 Bepcuto. B 2024 rony mmanupyercs 100% oxBaT AWUCHMIUIMH TUPPOBBIMH
yueOHMKamMu" [4]. B cBs3u ¢ 3TUM, IS MONyYeHUs] Ka4YeCTBEHHOTO0 OOpa30BaHHS B COBPEMEHHOM MUDE,
nudpoBast TPaMOTHOCTb CTAHOBUTCS YaCThIO IMOBCEIHEBHOW JKM3HU [UIA BCEX yHYaIIMXCS, BKIIOYAs TEX, KTO
nMeeT pasHooOpa3Hble (hru3nvecKre, KOTHUTHBHBIE 1 KOMMYHHKATHBHBIE IIOTPEOHOCTH.

Termepr BO3HUKAIOT CICAYIOIIFE BOIMPOCH: KaKk 00ydaTh JeTel MUQpPOBOH TPAaMOTHOCTH C OCOOBIMH
NOTPeOHOCTSIMU, KakMMH JOJDKHBI OBITH 3JEMEHTHl LUQPPOBOro KoHTeHTa 1o Kypcy “Lludposas
TPaMOTHOCTH, U KaKWe€ PUIIOKEHHSI CIIEAyeT pa3paboTaTs s yIydIieH!uss KOHTEHTa 3TOro Kypca?"

CoBpeMeHHOe moKojeHue, B ToM gucie nereir ¢ OOIl Ha3BIBAIOT «CETEBBIMY MMOKOJICHUEM, TaK KaK OHH
POIMITUCH B 3MO0XY HU(PPOBU3ALNHU 1 BOBICYECHHOCTH B CMapT(OHBI HACTOJIBKO, YTO O HUX TOBOPST, YTO OHU
«pOAMIHCH cOo cMapTdoHOM B pykax» OOpa3 )KHM3HU ITOTO MOKOJeHUs Onaronapsi HTepHeTY NpoXoauT B
BUPTYaJIbHOM MHPE, OHU YBEPEHBI, YTO OH HE UMEET I'PaHHMIl. ITO TOKOJICHHE MTOJIKOBAHO TEXHHYECKH B IUTAHE
MOWCKa U MCIIOJIb30BaHMUS HHPOPMAIIUK U3 PA3INYHBIX HCTOYHUKOB U YK€ C JIETCTBA CIBIIAT O JOIOJIHEHHON
U BUPTYaJIbHOW PeaIbHOCTH.

217




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(83), 2023 2.

OO0pazoBaHue JOHKHO HJITH B HOTY C TIOKOJICHHEM U MCIIOJIb30BaTh CMAPT(OHKI U TUIAHIICThI, CTAHOBUTCS
HE3aMCHUMBIMU TIOMOIIHAKAMHU TIpU OOYYCHWHW, a OJHUM U3 Haubojee WHTEPECHBIX AacleKTOB HX
WCTIOJIb30BaHUS SIBJISICTCS JIOTIONHEHHAs pealbHOCTH (AR).

Lenv Oannotl cmamvy COCTOUT B aHAJIN3E CYNIECTBYIOIINX HU(PPOBBIX KOHTEHTOB U ONIPEACIICHUN NIEPEUHs
1 KJIACCHU(HUKAIMH dIEMEHTOB UG POBOT0 KOHTeHTa To Kypcy “‘LlndpoBas rpaMOTHOCTH” Aisi CO3mMaHUA
MOOWIILHOTO TMPHMJIOXKEHUS JUIs CMapTQOHOB W IUIAHIIETOB C YYETOM pPa3pabOTKH JOMOJIHEHHOMN
peansHocT (AR).

MeToo/10rust HCCJIEI0BAHNUS

1. Meroabl HcCIEI0BAHUS

Jis  pemeHusi TMOCTaBICHHBIX 3ajad OyayT WCIOJB30BaHBI CIEAYIONIME METOJbI HUCCIEAOBaHUS:
TEOPETUYCCKUN aHanu3 TpeaIMeTa HCCIICAOBAaHHS, HW3yYCHHUE NPOOIEMbl HCCICAOBAHHS IOCPEICTBOM
OCBOCHUS TIEPEIOBOTO OIbBITa, TEOPETHYECKOE OOOOIICHHE pPEe3y/IbTaTOB HCCIICIOBAHHS, a TaKkKe HX
WHTEPIIPETalns ¢ TOYKU 3PCHUS HOBBIX (JAKTOB U JICHCTBUTEIBHBIX YCIIOBHIA, aHKCTHPOBAHHUE YYAIUXCS,
OIPOCHI, Pa3roBOPHI, Oecebl, BUACOKOH(MEPEHIINH, TECTUPOBAHUE, MOJCIb IPUHATHSA TEXHOJIOIMH, aHAIH3
JTUTEPATYPHI.

2. MarepuaJbl H IPOLENYPHI

2.1 CoBpemeHHO€ cOCTOSTHHE HHKJIIO3UBHOT0 00yuenus B Kazaxcrane

[To naHHBIM TpeAcTaBUTENS Maxkuiauca, B Kazaxcrane HacuuthiBaeTcs Oosiee 162 ThIC. geTelt ¢ 0cOOBIMU
o0Opa3oBaTeIbHBIMU TOTPeOHOCTAMU MM 2,7% oT oOmieii unciaenHoctn nereidt [5S]. Ha mytu BHeapeHus
WHKITIO3UBHOTO 0Opa3zoBanusi KaszaxctaH mnpeononeBaeT TpPYyIHOCTH M CTapaeTcs pellaTh BO3HHUKILHUE
npoOJeMbl, B TOM YHUCJIE C MOMOIIBI0 BHEAPEHHS MEXIyHapomHoro ombita: Ilo mpumepy 3apyOekHbIX, B
Ka3axCTaHCKHX IIKOJIaX BBE/ICHA JOKHOCTH ME1arora-acCUCTeHTa — THIOTOPA.

Ha V 3acemannn HanmonamsHOTO coBeTa obmectBenHoro noBepus npe3uaent PK Kacsim-XKomapt Tokaes
OTMETHJI, YTO B CTPaHE PacTET KOJUYECTBO AETEH ¢ OCOOBIMU 00pa30BaTEIbHBIMU MOTPEOHOCTAMH, HO MIPH
3TOM JIEHCTBYIONIME HOPMBI TO (PYHKIMOHHPOBAHHIO MOJOOHBIX CIEIUATN3MPOBAHHBIX OpraHU3alnui
yctapenu [6]. Brecenme w3MeHEHHWH W JIOTIOJHEHUH B HEKOTOPHIE 3aKOHOJATCIBHBIE HOPMBI,
o0ecrnednBaroIX BApUaTHBHOCTh, THOKOCTH yU4E€OHBIX IIPOTPaMM B 3aBUCHMOCTH OT 0COOEHHOCTEH pa3BUTHUS
00y4Yaromerocss MO3BOJSIOT PACHIMPUTH BO3MOXKHOCTH JUIS TIOJNyYEHUS Ka4eCTBEHHOTO WHKIIO3UBHOTO
oOpa3oBaHus 1Jis AeTel ¢ 0COOBIMU TIOTPeOHOCTAMU [7].

C 2024 roga OyzeT ycuiieHa HHKJIFO3UBHOCTh 00pa30BaHusl, 00eCIedeH paBHBIN JOCTYI K KAUECTBEHHOMY
00pa3zoBaHMIO B 0011€00pa30BaTENIbHBIX, CIIEHUATIBHBIX IIKOJIAX, TOPOJCKUX U CEJILCKUX MIKOIax [8].

2.2 Jluua ¢ 0co0bIMH 00pa30BaTeIbHBIMH MOTPEOHOCTAMH

Tepmun "nuuma ¢ ocoObiMu oOpaszoBarenbHbMU noTpeOHOCTsIMH" (OOII) ncmonp3yercss B KOHTEKCTE
00pa3oBaHMsl ISl OMHMCAHHS yYallUuXCs, Y KOTOPBIX €CTh yHUKalbHbIE 00pa3oBaTeNbHBIE MOTPEOHOCTH,
KOTOPBIE MOTYT IOTPEOOBATh JIOTIOJIHUTEIHHOM NOAJIEPKKH, IaNTAIIUN TIPOTPaMM 00YUIEHHUS U PECYPCOB JIJIs
obecrieuenus ycnemHoro o0yuenus u pazsutua. OOII MoryT BrirouaTs B ce0si pa3sHOOOpas3Hble (PakTOphl U
0COOEHHOCTH (PUCYHOK 1).

ObecnieueHne HHKIFO3UBHOTO 00pa30BaHUsI H y4eTa 0cOObIX 00pa30BaTeNbHBIX MOTPEOHOCTEH CTAHOBSTCS
BaXXHOHM 3amauedl 11t oOpa3oBaTEeNbHBIX CHUCTEM. OJTO BKIJIIOYAeT B ceOsi pa3pabOTKy WHAMBHIYAIBHBIX
obpazoBarenbHbIX nporpamm (MOII), oOyueHne neraroros B MeToax MHKIIO3UBHOIO O0Yy4EHHs, JOCTYI K
CTIEIMAIBbHBIM 00pa30BaTENbHBIM pECypcaM M MOAJEPKKY OT CHENHATNCTOB B OOJIACTH CIICIHAIBLHOTO
oOpa3oBaHMs. OJTO TIOMOTaeT KaXIOMy Y4YalleMycs JOCTHYh CBOEro IMOTEHIMAJda | YCIEHIHO
WHTETPUPOBATHCS B 00pa3oBaTebHOE 0OIIECTBO.

BaxxHO TOAUEPKHYTH, YTO Ka)IbIii YEJIOBEK C OCOOCHHBIMU TMOTPEOHOCTSMH YHHKAJICH, U TOAX0J K HX
MOJJIEPKKE JIOJKEH OBITh WHIMBUIYaTH3MPOBAHHBIM M aJalTUPOBAHHBIM K KOHKPETHBIM MOTPEOHOCTSAM U
CHOCOOHOCTAM KaKAOTO 4ejoBeka. COIMyM CTPEMHUTCSI 00ECTIEUUTh PaBHbIE BO3MOKHOCTH M WHKIJIIO3MBHOE
00IIECTBO 7151 BCEX, BHE 3aBUCHMOCTH OT UX OCOOCHHBIX OTPEOHOCTEH.

2.3 AHajau3 v 0030p JIUTEPATypPbI

B wuccnenoBaHusIX OTeYeCTBEHHBIX M 3apyOeKHBIX aBTOPOB Mbl OOHApPYXHIM pa3Hble MHEHHUS O
TECOPECTUUYCCKUX U TIPAKTUUYCCKHUX aACICKTax III/I(i)pOBI/IEIaHI/II/I O6yquI/I${, B TOM 4YHCJIIE U B HHKIO3MBHOM
0o0pa30BaHUU.
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ocoBeHHbIe
obfpazoBaTenbHblie
noTpeBHoCTH
|
1 1 | 1 1
McuxonorMuecHne u Obwme TPYAHOCTHU B CoumanbHble U
MHTennexTyanoHole DU3MYEeCKHe
3IMOUMOHAaNbHbIE obGyyeHuu KOMMYHWKATHBHbIE
MHTENNEKTYa loHble MHBANMAHOCTS NcMx4Yeckue TPYAHOCTY UTeHMA npoGnembi 8
TPYAHOCTH paccrponcTea Py, obweHun
ymMCTBEHHaRA $prueckne aVTHIM TPYAHOCTH passuTne
3afepHHa orpaHuYeHuA Y NUCbMEHHBIE jlcoumansHbIX HaBbIKOB]
nuua Tpebylowee
— crneuManbHomn — aenpecua — MaTemaTMre '—]u1EeHbI MEHbLUEHCTBa
MHGPACTPYKTYPbI
rme
APy Apyrux obnacrax
‘—] ncuxonornueckue | —
obyyeHuA
O0COBEHHOCTH

Pucynok 1. Knaccuguxayus ocobvix obpazosamenvhbix nompedHocmel

LudpoBble KOHTEHTHl OTKPHIBAIOT IIUPOKHH CIIEKTP BO3MOXKHOCTEH ISl YJIy4YIICHUS WHKIIO3UBHOTO
oO0ydyeHusi. OHHM TPENOCTABISAIOT PECYPChl Pa3IMYHOIO YPOBHS, IO3BOJIIOT MAacIITabHpOBaTh KypC,
SKOHOMWTH BpeMs, U MO3BOJIIIOT mevyarb. Kpome TOro, OHM MOTHBHPYIOT y4allUXCsS Ha CaMOCTOSATEIIBHOE
oOyuenue. Kpome Toro, mudposusaius mo3BojsieT KOMOMHUPOBATh ayJHo, TEKCT, BHUJIEO, M300paKCHHUS,
reiMuuKanuio 1 T.I., a TaKKe CIOCOOCTBYeT MyJNbTUMONAIbHOMY OOyueHHo. LludpoBsie HHCTPYMEHTHI
MOKHO HCIIOJIb30BaTh /ISl YAOBJIETBOPCHMS WHIMBUAYaJbHBIX NOTpeOHOCTEH neTel ¢ 0coObIMH
00pa3oBaTe’IbHBIMU MMOTPEOHOCTSIMUA WM 0€3 HUX, a TakkKe MPEJOCTABUTh YYalIUMCS IIUPOKHH JOCTYI K
yueOHbIM MaTepuaiaM. Vcronb30oBaHuE IJIAHIIETOB MO3BOJISET MEPEHOCHTH IMpoliece 00y4YeHHUs: B JIF000E
MECTO M B JI000€ BpeMs, a TakXKe aJalTUPOBaTh €ro K pazauyHbIM moTpeOHOCTsIM. C HCHOIb30BaHHEM
IUQPPOBBIX KOHTEHTOB B KJIACCE MOXKHO IMOBBICHTH JETCKYH) MOTHBAIMIO. UTOOBI 00eCneunTh MOBBIIICHUE
YPOBHS MOTHBAIIUY JIeTeH K ydeOe, UPPOBBIE KOHTEHTHI IOJDKHBI OBITH yI00HEI [9].

TepMuH «ynoOCTBO NCTIONB30BaHUS» 03HAYAET, HACKOJIBKO JIETKO U NMPHUATHO MCIIOJIb30BaTh CUCTEMBI. 110
naaHbeiM [10] kagectBo mHTEpdeiica FO3abumutu coctout u3 natu gaxropos: (1) oOyuaemocts (mpocToTa
ucnonb3oBanus), (2) 3¢dekTuBHOCTh (CMOCOOHOCTH TONB30BaTENsl OBICTPO BHIMOMHATH 3amauu), (3)
3allOMUHAEMOCTh (CIOCOOHOCTh BOCCTAHOBUTH HABBIKM IIOCIIE TEPHOJAA HEHCHONb30BaHHA), (4) ommOka
(HOMep OmmMOKH, Cepbe3HOCTh M BO3MOXKHOCTh BOCCTaHOBJIEHHs) W (5) yIOBIETBOPEHHOCTH (TPUATHOE
WCTIONb30BaHue Ju3aitna). Takke HEOOXOAMMO TIPUHMMATh BO BHHMaHHE BOIPOCHI, KacaloUIHecs
pazHooOpa3us HCIONB30BAHUS U TEXHOJIOTHH. YCTpOMCTBa Takke JOIDKHBI OBITh pa3paboTaHbl st
PasNMYHBIX TpPYNIl T[OJIb30BaTeNEH, HampUMep, YTOOB MOXKHO OBIJIO HCIHOJB30BaTh MPOTPaMMHOE
o0ecrieyeHue Ha IUCIUIEH Pa3HBIX Pa3MEPOB WIIH Ha Pa3HBIX MOJICIAX TUIAHIIETOB. YTOOBI pelInTh MPOOIEMEI,
pasMep W JM3aiiH KIABUATYPHl JOJDKHBI ObITh THOKMMH. OTCYTCTBHE TaKTWIILHOW OOpaTHOU CBs3M Ha
BUPTYaJbHBIX KJIaBUATYPaX MOXET IPUBECTU K HETOYHBIM Ha>KaTHSAM, YTO MOXKET CO3/1aBaTh HEYAOOCTBO A
nojb3oBatesiell. BaxxHo obecreunBaTh MOCHENOBATENbHBIE W JIETKO YHWTaeMble yCJIOBUS M IIPUPTH Ha
BUPTYaJIbHBIX KIIABHATYPax, 4YTOOBI COOTBETCTBOBATH OXKHIAHUSIM TIOJIb30BaTenei. st yBenumueHus ynoocTsa
WCTIOJIb30BaHMS PEKOMEHYEeTCsl BBIICIISITh MIIM PACKpAIIUBATh BaKHBIE KHONIKK U MCTIOJIB30BaTh MOHSATHBIHN
SI3BIK M CTaHAAPTU3MPOBaHHbIE 3KpaHbl. Cpena 00ydeHus JoKHA OBITh POCTOM J1JIsi HOHUMAaHUS, a QyHKINN
W uHTEpdENCc JOKHBI OBITh MMOCIENOBATEILHBIMUA U YE€TKO ONpEACTICHHBIMHU, YTOOBI MOJIH30BATENN MOTIH
WHTYUTHBHO TIOHMUMATh, KaK M TIOJIb30BaThCs. ¥ 100CTBO UCIIONB30BAHMUS MOKET U3MEHSATHLCS B 3aBUCHMOCTH
OT KOHKPETHOHM 3a/1a4d, KOTOPYIO IOJIb30BaTelb NBITAECTCS BBINOJIHWUTH. Hamprmep, uTeHHE ¢ IUIaHIIeTa
MOKET OBITh BOCIPHHATO Kak Oosee yZoOHOe, YeM HalucaHue 3aJaHus Ha IuiaHmere. MccnemoBanust
MOKAa3ali, 4To MPHU pa3padboTKe BUPTYAILHBIX KIIaBUATYP U MHTEP(EHCOB BAKHO YIEIITH BHUMAaHUE YI00CTBY
WCTIOJIb30BaHMS, MHTYUTUBHON MOHSATHOCTH U COOTBETCTBHIO OXKUIAAHUSIM TI0JIb30BaTENICH, @ TAKKE YIUTHIBATH
pasHble 3a/1a4u, KOTOPbIE M0JIb30BATENIN MOTYT BBIIIOJIHSTH IPH B3aMMOJIEHCTBUY ¢ ycTpoiicTBamu [11].
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WnTepecHbIM mpencTaBisieTcsl HaydHO-HCCIIEIOBATENbCKUH TPOEKT “MeTOmONOrHUECKHE aCHeKTh
1 poBOH BH3yaIM3allii OOBEKTOB HA OCHOBE TEXHOJIOTWH JIOTIOJTHEHHOW PEalbHOCTH , TENBI0 KOTOPOTO
sBIsieTcs pa3paboTka M BHEApeHHe B y4eOHOM Tpolecce MYJIbTUMEAWHHON oOydaromieldl TEeXHOJIOTHH Ha
OCHOBE HCIIOIBb30BaHM onoaHeHHoi (AR) u BupTyansHoi (VR) peanbHocTell ¢ 311eMeHTaMu reiMuUKanuu
IUIs1 TIOBBIIIEHHUSI Ka4eCTBa 00y4EHUs], MOMYJIIpU3aLUy HAlIMOHAJIBHBIX LIEHHOCTEH U Pa3BUTHUS KyJIbTYPHOTO
noteHnuana ooygaromuxcs [ 12]. Ho o0bekToM nuccieqoBaHus SBISIOTCS YHUKATBHBIE IPOEKTHI BUPTYabHBIX
KaOMHETOB XMMUH, C Ta00paTOpHBIMHU paboTaMH U (PH3UKH.

Ha cerognsmiauii seHs IPOBEIEHO OTHOCUTEIBHO MAJIOE KOJIMYECTBO HAYyIHBIX UCCIEIOBAaHUM B 001acTH
WCTIOJIb30BaHMsl TEXHOJOIMH JIOMOJIHEHHOM peanabHOCTH B 00pa3zoBaHu. Cpenu y4eHBIX, 3aHUMAOLINXCS
JaHHOU Tpobaemoid, ciieayeT Beiaenutsh C. Jhxoxuma, X. Kaydhmanna, JI.JI. Jlones, b. Metiepa, T. Hocnonu.
B ux paboTax ONMUCHIBAIOTCS NPEUMYILECTBA HCIIOJNB30BaHMS CPEACTB JOMOJHEHHOW pEalbHOCTH B
00pa3oBaHMH, a TAKXKeE MPeUIaraloTcsl yueOHbIe 3a1aHus, CBA3aHHbIC C IPUMEHEHHEM JaHHOW TEXHOJOTHHU B
00pazoBaTeIbHOM IpoIiecce.

B mmpoBoii mpakTHke 00pa3oBaHUs AOMONHEHHas pealbHOCTh (AR) mcmonb3yercst At BOCCO3AaHUS
HUCTOPUYECKHUX COOBITUI MM UT€HUS OObIYHBIX KHUT B 3D-npoekuusx. [Ipumep yxe BHEAPEHHBIX TEXHOIOTUI
— simoHcKoe npuioxenue New Horizon, Ho ceifyac 3T0 NpUII0OkKEHNE HE HAXOAUTCS B CBOOOTHOM JOCTYIIE.

[punoxenne AugThat npeqHasHaueHHAs U1l HAYAIBHBIX HIKOJ, MIpeJiaraeT mapy JecsaTKoB KypcoB AR
HaTpaBJICHHBIX HA TO, YTOOBI 3aCTABUTh MAJICHHKHX YYCHUKOB MOJIOOUTH O0YUYEHHUE, HO, K COKAICHHIO, HET
ypokoB 1o uudpoBoil rpamMotHocTH. B Poccun ucnone3yercsi OecriaTHOe MOOMIBHOE NPHIIOXKEHHE IS
0o0ydYeHHUsI U COLMANBHOMN ajanTaluu JIeTei ¢ 0COOCHHOCTsIMH ncuxudeckoro pasputus «AR TUTOR», k
COKaJICHUIO MPUJIOKEHUE OPUEHTUPOBAHO JIMIIh Ha PYCCKOS3BIYHYIO ayJUTOPHIO U MMEET OrpaHHuYeHHbIE
OecruiaTHbIe BO3MOYKHOCTH €0 MPUMEHECHHUS, B OCHOBHOM OBITOBOTO Xapaktepa [13].

Kazaxcranckue xommannu AVR Group, BigDreamlLab, 10Tech koropsie 3aHmMaroTcss pa3pabOTKOi
npuwiokeHuil B obnactu BupTyansHoi (VR), nomonneHHo# peanbHOocTH (AR) M cMemmanHOW pealbHOCTH
(MR), a Taxxe co3mator mHTepakTHBHBIE 3D mpesentanmu VIP kimacca paccMaTpwBalOT KOMMEpPUYECKHE
3armpockl, KOTOpele He MOryT cebe mo3BonuTh OonmpmmHCTBO mKon PK. B Acrane coszmana mikonmbHas
naboparopus BupTyanbHoU peaibHocTd — NURIab. Mcnons3yroTces cienuaibHbie 04ku ¢ VR-TeXHOIOTHsAMU
[14]. Ho 1t TOTIOJTHEHHOM peabHOCTH HE 00sI3aTENIbHO MCIIOJIb30BATh JIOPOTOCTOsIee 000pyI0BaHUE, OHA
MTO3BOIISIET AOOABIATH PA3NYHYI0 HH(POPMAIUIO K 00BbEKTY Ha 3KpaHe, €CIIM HaBeCTH KaMmepy TenedoHa mim
rranniera. [ToMecTB JOTONHEHHYIO HH(GOPMAIIUIO PSOM C COOTBETCTBYIOIIMM OOBEKTOM, MPHUIIOKCHUE
[IOMOT'aeT COKPAaTUTh BPEMsI Ha TTOUCK OTHCAHMUS JAaHHOTO 00BEKTA, TAK)KE 3TO CO3/AaeT Oosiee MPOUHYIO CBSI3b
MEXIy N300paKeHUSIMH 00BbEKTa 1 JAaHHBIMU.

B Kazaxcrane npu o0ydyennu kypey “lLludpoBas rpaMOTHOCTS” HCIIONB3YIOTCS SJIEKTPOHHBIE YIEOHUKA
m3natenberBa "Atamypa" (http://www.oqulyqtar.kz/), "Anmateikitan" (https:/topiq.kz) u "Apman IIB"
(http://ekitap.kz/) [15], B Tom uucne ans gereit ¢ OOIL IlpuBenem oOmuit aHamu3 aJs BCeX TPeX U3IaHUH 110
CJICAYIOIINM KPUTEPHUSIM:

- JIOCTYIIHOCTh, KOHTEHT Kypca MpeJIOCTaBISACTCS B JIOCTYIHBIX QopMaTax, TAKHX KaK ayJHo, TEKCT W
BUZIC0. DTO 00eCTIeYrBaET JOCTYMHOCTD /ISl YYEHUKOB C Pa3HBIMHU MOTPEOHOCTIMU;

- pa3HoOOpa3ue KOHTEHTa, Kypc IpeAsaracT pasHooOpasHble MaTepHalbl, BKIIIOYas TEKCTOBBIE CTAaTbU,
WHTEPAaKTHBHBIC 33/IaHUS U BU3YAJIbHBIC DJIEMEHTBI, TAKUE KaK IpaUKH U WILUTIOCTPAIIHN;

- HMHTEPaKTUBHOCTH, KypC BKJIIOYAET MHTEPAKTHUBHBIC DJIEMEHTHI, TAKHE KaK 3aJaHHsl M TECThI, YTOOBI
MPOBEPUTH NOHUMAHNE YUCHHKOB;

- TOAJEpXKa BCIIOMOTaTEJbHBIX TEXHOJIOTHH, NPEAOCTaBISIeT MOANCPKKY AJsl MPOrpaMM UYTCHHS C
9KpaHa | JAPYTHX BCIIOMOTATEIBHBIX TEXHOJIOTH;

- aJIanTHBHOCTH, MaTepHalibl Kypca CHPOEKTUPOBAHBI TaK, YTOOBI aJaliTUPOBATHCS K Pa3HBIM YPOBHIM
HaBBIKOB M CTHJISIM O0y4YEeHHSI YIEHUKOB.

Br160p KOHKpPETHOTO W3/IaTENbCTBA M €r0 KOHTEHTAa 3aBHCHUT OT KOHKPETHBIX MOTpeOHOCTEH W Iieneit
o0y4YeHHs: B WIKOJE, a TakKe OT JIOCTYIIHOCTH W pecypcoB. [locie o3HakomiieHHsI ¢ 0Opa3oBaTelbHBIM
KOHTEHTOM, NpoBeleHa Oecela ¢ YYUTENSIMH, POIUTEISIMM M YYCHUKaMH s Oojee JeTaJbHOTOo
WCCIIEIOBAHMS KaXKIOr0 pasfenia, a TakkKe YTOObl ONpENeNHTh, KaKOH M3 HUX HaWiIydllMM oOpa3om
COOTBETCTBYET B WHKJIFO3MBHOM 00Pa30BaHMH. DTO TO3BOJISIET MPHUHUMATh UHPOPMUPOBAHHBIC PEHICHUS U
a/JlanTHPOBaTh 00pa30BaTENbHbBIC MaTEpHAIIbl U METO/IBI 11T KOHKPETHBIE MOTPEOHOCTH YUaIIUXCs ¢ OCOOBIMU
NOTPEOHOCTSIMU.

Henpro m3yuenus npeamera «L{ndpoBast rpaMOTHOCTEY SABISETCS oOecnederHne 00yJaronmxcs 0a30BbIMU
3HaHWSIMU, YMEHUSIMA M HAaBBIKAMH 110 BOIIPOCAM YCTPOMCTBA KOMIBIOTEPA, MPEACTABICHUS U 00padOTKH
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nHpopManum, paboTsl B ceT HTEpHET, BEIUNCINTEIHLHOTO MBIIUICHUS, POOOTOTEXHUKH A7 3 (HEKTUBHOTO
HCIOJIb30BaHMUs COBPEMEHHBIX MH(OPMAIlMOHHBIX TEXHOJOTHM Ha mpaktuke. Paccmorpum B Tabmune |1
CpaBHUTENBHBINM aHanu3 npuroguoctu s aeteil OOIl nudpoBoro KOHTEHTa HEKOTOPHIX Pa3lesioB Kypca
«Uudposast rpaMOTHOCTBY.

Tabnuya 1. Cpasnumenvhwli aHaiu3 npueoOHOCMU PA30ei08 2NeKMPOHHO20 yuebHuxa oasa demeti ¢ OOIT

Knaccugpuxayus
9NeMEeH08 Pexomenoayuu x dobasnenuio
Ilpuzoonocmo Ilpobnemuvl
yugpposozo anemenmos L{K
xonmenma (L{K)
Paszoen 1. UHOOPMAIJMOHHBIH DTUKET
LK ons oemeii ¢ | Cpeonss Croorcnocmo nonumanus | Ynpowenue [K, UCNONB308AHUE
3a0eparcKoil abecmpakmuvix nouamuil, | GU3YANbHLIX NOOCKA30K U KOHKPEMHbIX
NCUXUYLECKO20 maxkux Kaxk 6esonacHocmuv 6 | npumepos.
paseumus (3[1P) unmepHeme.
LK onsa oemeii c | Cpeousas Omcymcmeue — cyomumpog | [Hobasnenue cyobmumpos u dcecmosoco
o2paHuyeHuem unu  JHcecmogozo nepegooa | nepesoda K ayouo- u UOeoMamepuanam.
cnyxa npu ucnoavzoganuu ayouo- u | Hacvuyennocmo MEKCMo8020
8UOeoMamepuanos. mamepuana, 3ameHsAIwe20 2010CO8YI0
ungopmayuro.
LK ona oemeti c | Cpeonss Heobxooumocmo Beeoenue aoanmusnvix ycmpoiicmeé 0is
o2paHuyeHuem UCNONB306AHUA  MblU U | YpasieHus KOMNbIOMePOM, MAKUX KAk
08U2AMENbHO20 Kaaeuamypul 0niid Hasueayuu | 2010co8oe ynpagnenue unu
annapama U 8bINOTHEHUS 3A0AHUIL. CReyuanu3UpoBaKHble NepeKkiodamern.
LK onsa oemeii ¢ | Huskas Omcymcmeue ayouo- | Heobxooumo egecmu ayouo-onucauusi.
madxcenbimu onucanuii, cnoxcrnocms | npedocmagumao 603MOIHCHOCb
HapyuleHuamu socnpusamus ungopmayuu o | UCno1b308aHUs 20JI0COBbIX ACCUCMEHNO8
peuu bezonacnocmu 6 | ona UHMEPAKMUBHO2O0 00yyenusl.
unmepHeme. Lobasnenue cybmumpos u s#ecmogozo
nepesooa K ayouo- u GUOEoOMamepualdm.
Paszoen 2. IPOTPAMMUPOBAHUE
LK ons oemeni ¢ | Huskas Cnooicnocmsb nonumanus | Beedenue nowiacosvix UHCMPYKYull u
311P JIO2UYeCKUX — CMPYKMyp U | YNpOujeHHbIX 3a0aHUl.
aAneOpUMMOS.
LK ona oemeti c | Buvicoxas Omcymcmeue cyomumpog 8 | /lobasnienue cyomumpos u i ecmosoco
ocpaHuyeHuem 6UOCOYPOKAX, eCiu MaKogvle | nepesoda K 8UOEOYPOKAM.
cnyxa umeromcs.
LK ona oemeti c | Huszxas omcymcmgue  pabomwul ¢ | Hcnoavzosanue npozpamm c
02paHuyeHuem epaguueckumu 603MOJCHOCIbBIO 20710C08020 YNPAGIEHUS.
08U2AMENBHO20 unmep@eticamu u | u aoanmuenvix unmepdgeticos.
annapama npozpammami, Hacviyennocmeo MeKCmMo8020
mpebyrowumy  mMoYHo2o U | Mamepuana, 3aMeHsWe20 2010CO8YI0
bbICMPO2o ynpasieHus. ungopmayuro.
IIK  oemeu  c | Huskas omcymemeue  pabomul ¢ | Paspabomamuo ayouo-Kypcol.
MSICeNbIMU epaghuueckumu snemenmamu | Mcnoavszosame Cneyuanu3upo8anHvie
HapyuleHuamu u unmepgheticamu. npocpamMmvl, maxkue Kak — 9IKPAHHble
peuu OUKmopwl, Komopvie obnezuam
socnpuamue ungopmayuu u yiacmue 8
o0yueHuu.
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Ipooonxcenue mabauyvr 1

Pasoen 3. POBOThI B HAILIEY JKU3HU

LK ons oemeii ¢ | Cpeonss CnooicHocmsb nonumanus | Ucnonvzosanue 6U3YANLHBIX u

311pP Qdyukyuli U 8o3MONUCHOCMEN | MAKMUTLHBIX MAMEPUATIO8 O TYUULE20

pobomos. NOHUMAHUS.

LK ons oemeii ¢ | Cpeonss Omcymcmeue cyomumpos unu | JJobasnenue cyomumpos u dcecmosozo

ocpanuyenuem Jrcecmogozo  nepeeoda  npu | nepesooa K ayouo- u

cyxa (enyxux uau UCNONB30BAHUU  ayouo-  u | eudeomamepuanam.

nOYMuU 27YXux) 8UOCOMAMEPUANOS. Hacviyennocmo MEKCmMo8020
Mamepuana, 3aMeHsiome20 2010CO8YI0
ungopmayuio.

LK ons oemeii ¢ | Cpeonss Heobxooumocmos gusuueckozo | BeedeHue anbmepHamusHbix Memooos

ocpaHuyeHuem 83aumooelicmeus ¢ pobomamu | ynpasienusi pobomamu, MaKux Kax

08U2amenbHO20 wm  ycmpoticmeamu O | eonocogoe ynpasneHue unu

annapama 6bINOIHEHUS 3A0AHULL. UCRONb308AHUE aoanmueHvIx
ycmpoticma.

LK onsa oemeii c | Huskas mpebyemcsa OonoanumenvHas | Beeoenue ayouoKonmenma ons

MSICeNbIMU ungopmayust 0 e2o | ozmooicHocmu nogmopenus 3a

HapyuleHuamu coOepacanuu U  Memoouxax | OUKmopom pobomom.

peuu 00yueHus.

Obwuil 8v1600:

s oemeii ¢ 3[IP mexywuii yuebuwiti mamepuan LK mpebyem snauumenvhvix adanmayui. Heobxooumo

YApOweHue Mamepuand, 66edeHue NOULd2o8blX UHCIMPYKYULL U UCHOIb308AHUE GU3VATILHBIX U MAKMUIbHBIX

HOOCKA30K 015 0becneueHust 00CHMYNHOCIU MAMepuad.

s demeti ¢ oepanuieHUAMU CLYXA MAMEPUAT 8 YELOM MOICEN ObLMb NPULOOHBIM, HO MPEOYIOMC s HEKOMOopble

aoanmayuu, maxkue Kak 000aegieHue Cyomumpos u Jcecmoso2o nepesood K ayouo- u 8U0eoMamepuaiam.

s Oemeti ¢ oepanuyenusmu 08U2ameiIbHO20 annapama mexkyuwuil y4yeoHoitl mamepuai mpeoyem 3HauumenbHbIx

aoanmayuii. Heobxooumo enedpeHue adanmueHvlx YCMpoucme u uHmepgelicos, a maxice 803MONCHOCHENU

20110€08020 YnpagieHust Oisi 0becneyenust O0OCMYNnHOCMU MaAmepuaid.

s Oemetl ¢ Hapywenuem peyu, Ymo Cyuwecmeyen nOmpeOHOCHb 6 3HAYUMEIbHbIX VIYYUEeHUAX U Ad0anmayuu

YuebH020 KOHmeHma u Memoooaocuu 0Jia obecnederus 00CMYnHocmu u 3¢gdexmusHocmu oOyueHus oemell ¢

MSAACENBIMU HAPYUWIEHUSMU PeYL 8 IMUX PA30elax.

Ha ocnoBe IMPOBCACHHOT'O aHaJIn3a ONPCACIICH NIEPCUCHDb 3JICMCHTOB I_II/I(i)pOBOFO KOHTCHTA.

Pe3yabTaThl M qUCKycCUs

1. Onpeoenenue nepeuns u kraccuguxayuu s1emeHmos yughpoeoco KoHmenma

[IpoexTupyemble HaMH y4eOHO-METOANYECKHE MAaTePHaibl U MOOMIIBHOE MPUIOKEHHE JUIS IUIAHIIETOB U
TenehOHOB, IalITUPOBAHHOTO HA PAa3IMYHbIC ONEPAIIMOHHBIC CHCTEMBI, IPU MCIIOJIb30BaHUM JAOTIOTHEHHON
peanmbHocTH (AR) mo3BomAT moBbicuTh akTHBHOCTH Aeredt ¢ OOIl npu obyuenmn kxypcy «lludposas
IrpaMOTHOCTB» B muaamed mkone (1-4 kmacc) m u3ydars ydeOHBIA Marepuan HapaBHE C YYalUXCs, HE
HUMEIOIUX OrPAaHUYEHHBIX BO3MOXXHOCTEH 3/I0POBBS, T.€. B MHKIIO3UBHOM 00pa30BaHUM, a TAKXKE HX MOXKHO
WCTIONIB30BaTh U MPH JUCTAHIIMOHHOM OOYYEHHUH.

B momo1up yunTeno u yueHUKY NPEAOCTaBIsieM CIEAYIOIINN epevyeHb 3JIEMEHTOB HU(PPOBOro KOHTEHTA
MOOMJIBHOTO MPUJIOKEHUS 7151 CMapT(HOHOB U IJIAHILIETOB € 3JIEMEHTaMH JOMOJIHEHHOH peaiabHocTh (AR):

- JIEMOHCTpAIlMU TMHAMHYECKUX W WHTEPAKTUBHBIX TPEXMEPHBIX MOJIEJIeH N3y9aeMoro MaTepuara;

- MaHWMYJIHPOBAHUS BUPTYAIbHBIMH OOBEKTAMH C MOMOIIBIO JKECTOB PYK M WCIIONB30BAHUS MX JIJIS
YIIy4IICHUs! OIyIIEHUS U OTpeieNieH sl pa3Mepa, (OpPMbI U TIOJI0KEHUS] 00BEKTOB;

- JMue3peHust Jo0aBIeHHOW pasnuuHol uMHGopManmuu 00 00BEKTe Ha dKpaHe, €Clid HAaBECTH KaMepy
TenedoHa MK TUIAHIIEeTa Ha PeabHBIA 00BEKT;

- TONPaKTUKOBATHCS B IOITYYEHHBIX TEOPETUUECKUX 3HAHMSIX a0COIOTHO O€301acHO (HanpuMep, BUACTS,
Kak pa0OoTaloT OTHIENbHBIE YaCTH KOMIIBIOTEPa, HAIISAHO MPEJICTABIATH ANTOPUTMBI WM KOJUPOBAaHHUE
nH(pOpMaIny, U T.1.);
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- C TIOMOIIBIO BCTPOCHHBIX KaMep cMapT(OHa MOKa3bIBaTh NPSMO B yUEOHBIX KHUTAX aHUMHUPOBAHHBIX
MepCcoOHaXe Ha HYKHBIX CTpaHHMIAX (HAaIpUMep, HCIOIb30BaHUE CKA30YHOTO JUCKypca, TO €CTh
MHOTO3HAYHBIX CHMBOJHMUYECKMX 00pa3oB W MeTadop CKa30K, CKa30YHOTO IOBECTBOBAaHUS Y4eOHOTrO
MaTepHana).

2. Pesynomamul ankemuposanus

JInist oydeHus TOCTOBEPHBIX PE3yJbTaTOB OBIJIO PEeaIM30BAHO aHKETUPOBaHWE (PHCYHOK 2, 3), ompoc,
Oecena, BUACOKOH(PEPEHIMH C YUYHUTSISIMH M PONUTEISIMA JeTed MIaAlield MIKOJIbl HHKIIO3UBHOTO
obpazoBanus PecryOnmku Ka3axcran, KOTopble Ha OCHOBE 3aJaHHBIX BOIIPOCOB MO3BOJIHIIN OoJIee mogpoOHO
W3y4YUTh JaHHYIO IpobieMaTrKy. B nccnenoBanmnm yaacteoBaio 105 yunreneit, 80 poaurenei.

AHKeTUpOBaHue ANnA yuutenein

HepoctatouHoe obecrneyeHve B OpraHn3aLLmMm yCaoBuil. ..
CNoXKHOCTU € NOABOPOM KOHTPOIbHO-ANATHOCTUYECKHX. ..
HepoctaTouHOCTb METOL,0B Y UHCTPYMEHTOB AAA...
OTCyTCTBUE BO3MOMKHOCTEN OBHOBNEHUA UMN...
He cooTtBeTcTBMe 3aaaHunA gna aeten ¢ OO ¢ mx...
OTcyTCTBUE FOTOBBIX LUMPPOBBLIX 06Pa30BaATENbHDbIX...
CNoXKHOCTU € NOABOPOM KOHTPOIbHO-ANATHOCTUYECKHX. ..
HeypoBneTBOpeHHOCTb MMEIOLLMECA YCTIOBUAMM...
HegpoctatoyHoe obecneyeHve B OpraHun3aLLmMm yCaoBui. ..
HexBaTKa cneumanbHbIX y4ebHUKOB U TeTpaaen ans...
TpyAHOCTU C AOHECEHNEM MHPopmauun aetam c 00N

HeaganTMpoBaHHOCTb NpPOrpammbl y4ebHOro naaHa no...

0% 20% 40% 60% 80%

Pucynok 2. Pe3ynomamul ankemupoeanus yuumenei

AHKeTUpOBaHUe Ana pogurenem

HenHTepecHOCTb M HENOIE3HOCTb KypCa...
HenHpopmMaTUBHOCTb M HENONE3HOCTb CTPYKTYPbI...
HeyznoBnetBopeHbl A4OCTYMHbIMU BO3MOXHOCTAMM...
OTCyTCTBME NOBBILLEHWA KOMMbBIOTEPHOMN. .
HexsaTka MHTepHeT-pecypcos ansa geteit ¢ OOM
HeafanTmMpoBaHHOCTb NpOrpammsbl y4ebHoro...
HepoctatoyHoe obecnevyeHre B opraHm3aLmu...
He yunTtbiBaHMe ocobeHHOCTeN pebeHKa npw...
HexBaTKka KOMMbIOTEPHbIX MPOrPamMm CO...
Heyn0BneTBOPEHHOCTb KayecTBOM Kypca...

Hey,0B1€TBOPEHHOCTb METOAAMM M MNOAXOAAMM...

HeyA0BNETBOPEHHOCTb YCI0BUAMM NOTYHEHUS. .
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Pucynok 3. Pezynemamul ankemuposanus pooumerneu

HUrorm wuccnemoBaHusi TOKa3aliH, YTO OOJIBIIMHCTBO PECIIOHJICHTOB BBIPA3WIN O0ECIOKOCHHOCTh
OTpaHUYEHHBIM JIOCTYIIOM K HHTEpHET-pecypcam, KOTOpbie ObUTH OBl aIalTHPOBAHEI 10]T IIOTPEOHOCTH JeTei
C OrpaHUYCHHBIMU BO3MOXHOCTSAMHU. [loaBisironiee OOMBIIMHCTBO PECIIOHIEHTOB OTMETHIIA HEOOXO0IMMOCTh
ajanTanuy y9eOHUKOB, 4TOOBI OHM y4uThIBau ocobenHoctu aereit ¢ OOIl. MHorue poauTenu u OmeKyHbI
CYMTAIOT, 4YTO cojepkanue kypca "lludpoBas rpamoTHOCTB"' Ha JaHHOM BeO-pecypce HE SBISCTCS
nH(GOPMATUBHBIM U HE COOTBETCTByeT mnorpedHocTsaM jaereir ¢ OOIl. 3HauuTeNbHOE YUCIIO pOAUTENCH
BBIPA3WJIM HEJOBOJIBCTBO YCIIOBUSIMH, B KOTOPBIX HX JETH TMONYy4arOT o0Opa3oBaHHE, IOJYEPKUBAs
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HEIOCTaTOYHOCTh aJalTalud M MOANCpKKH. HexoTopsle pecnoHAeHTH oTMeTwid, uto Kype "Ludposas
rpaMOTHOCTR" He cTuMynupyeT uHTepec nereit ¢ OOIl m He MPUHOCHUT MONB3BI B X 00Pa30BaTEITHHOM
npornecce. MHOTHE peclOHACHTH! BHIPA3MIN HEJOBOJIBCTBO METOJAMH U MOAXOJaMH, TPUMEHIEMBIMU NPH
oO0ydyennu gereil ¢ OOIl. 3HaunTenbHOE YMCIO POAUTENCH CUMTAIOT, YTO KadecTBO OOY4eHHUS B Kypce
"LucdpoBast TpaMOTHOCTS" Ha YPOBHE MIIAIIIIEH IIKOJIBI OCTABIISET JKeNaTh JIydiiero. Hexkotopeie poaurenu
OTMETHJIM, YTO WHJUBHIyaJbHbIC OCOOCHHOCTH M MOTPEOHOCTH WX JIETeH HEJOCTATOYHO YUHMTHIBAIOTCS B
cucreMe oOpa3zoBaHusl. [1010BUHA PECTIOHICHTOB CUUTAIOT, YTO HEJAOCTATOYHO CYLIECTBYET KOMITBIOTEPHBIX
IporpamMM, KOTOphIe OBl UMETH CTCITHAIH3UPOBAaHHBIC BO3MOKHOCTH st AeTert ¢ OOIl. OKoI0 MOI0BUHBI
PECIIOHJICHTOB BBIPA3WJIA HEJIOBOILCTBO JIOCTYITHOCTHIO 00pa30BaTeNbHBIX BO3MOXKHOCTEH fuist ieteid ¢ OOI
B cetu HTepHET. HexoTophle poauTenu cHUTaloT, 4YTo 00y4eHHE KOMITBIOTEPHOM IPaMOTHOCTH AJISl X AeTei
¢ OOII okazbiBaercst Hea(h(hekTUBHBIM. HekoTopble pecioHASHTH YKa3ail Ha HEAOCTaTOUHOE o0ecTiedeHue
YCIIOBUI1 TOCTYITHOCTH, KOTOpbIe To3BorIu 06l geTssM ¢ OOl moxydgars oOpazoBaTenbHbIE YCIIyTH HApaBHE
C IpyTUMH.

U3 pe3ynbpTaToB BUIHO, YTO CYIIECTBYET P CEPHE3HBIX MPOOJIEM M HEAOCTATKOB B 00pa3oBaTENbHOM
cHuicTeMe, CBSI3aHHBIX C O0YUYCHHEM JIeTeH ¢ OrpaHMYCHHBIMH BO3MOXXHOCTSMHU. DTH MPOOIIEMBbI BKIIOYAIOT B
ce0s1 HeXBATKY PeCypcoB, HEaIalTUPOBAHHBIC MPOTPAMMBI M COJICPIKAHHUE, a TAKIKE OTPAHUICHHBIN JTIOCTYII K
00pa3oBaTeIbHBIM BO3MOXKHOCTSIM.

3akiiroueHue

Jis MOCTHXKEHMS TOCTABJICHHBIX IIeJIed MBI NMPUMECHUIM Pa3HOOOpa3HbIC METOIbI, BKIIOYAs aHaU3
CYIIECTBYIOLIETO MU(POBOrO KOHTECHTA, OTMPOCH M aHKCTUPOBAHUE POJUTEIICH M MPEIOAaBaTeNIeh, a TakKe
aHaIIM3 3aKOHOMIATENbHBIX JOKyMeHTOB Peciyonmku Kazaxcras.

B pesynbprare nccnemoBanus ObUIH BBISIBICHBI OCHOBHEIE POOJIEMEI, CBSI3aHHBIE C TU(PPOBBEIM KOHTEHTOM
kypca "Lludporas rpaMOTHOCTE" MPH MHKIIFO3UBHOM OOyUYEHHH. DTH MPOOJIEMbI KacatoTCs AOCTYIHOCTU U
MIPUTOTHOCTH KOHTEHTA JIJIsl IeTel ¢ orpanndeHHbIME Bo3MoxkHOCTsiME (OOIT).

MB&I He TOJBKO BBISIBHIIN TIPOOIIEMBI, HO M TIPEUIOKIIIN IYTH UX PEIICHHU. DTO MOXKET BKIIIOYATh B ce0s
aJIanTaIyio CYIIECTBYIONIET0 KOHTEHTA, CO3/IaHUe MOOMIIBHOTO MPWIIOKEHUS )11 CMapT(HOHOB U TUIAHIIICTOR
C y4eTOM pa3paboTKH JONOTHEHHOH peabHOCTH (AR), 4TO MOXKET clenarh 00ydeHne 00Jiee HHTEPAKTHBHBIM
Y yBIIEKATEIbHBIM.

[Ipoexktupyemasi pomnojHeHHas peaibHOCTh (AR) mopHuMer MeToj OOy4YeHHsS Ha HOBBIH YPOBEHb,
MPUBEJIET K 0OJIbIIEH BOBJICYCHHOCTH JICTEeH C 0COOBIMH ITOTPEOHOCTSIMH, YTO B OUEPE/Ib, IIO3BOJISIET JOJIbIIE
COXPaHUTh WX 3HAHUS W HABBIKA. B MPHUIOKEHUH JAOMOTHEHHON PealbHOCTH MIKOJBHBIA Marepual OyneT
MIpeBpaIleH B TPEXMEPHBIE MOJIEIH, JT00aBIIsis BU3yaJbHYIO TOIEPKKY H3ydaemoi TeMe. Bunenue dhopm B
TPEXMEPHBIX TOMEPEYHBIX CEUCHUSIX MOXET TIOMOYb MOJIYUYUTh ropa3o 00Jiee OCHOBATEIbHBIC 3HAHUS, YEM
YTEHHUE KHUTH.

JloroitHeHHas pealbHOCTh CO3/aeT OIyIIeHHE MPUCYTCTBUS BUPTYaTbHOIO OOBEKTa B PEaTbHOM MUpE.
JlonosHeHHasi pealbHOCTh YPE3BhIUAHO MMOMOTAeT Tpolleccy oOydeHHs, TaK Kak co3jaeT Oojiee TOIHYIO
KapTUHY 00bekTa. I[lOMECTHUB JONMONHEHHYI HWH(POPMAIMIO PSJIOM C COOTBETCTBYIOIIUM OOBEKTOM,
MpeIOKEHHOE MOOMIIBHOE TPHIIOKEHHE TOMOXKET COKPATHTh BPEMs Ha TIOWCK OMUCAHMS TAHHOTO O0BEKTa,
TaKXKe 3TO co3aacT OoJiee MPOUHYIO CBSI3b MEXK/TY N300paKEHUAMHU OOBEKTA U IAHHBIMH.

Pe3ynbrarhl JaHHOTO MCCICAOBAHUS MOTYT OBITh BaXKHBIMH JIJIS pa3pabOTUHMKOB 0OpPa30BaTEIbHBIX
MporpaMM H Yy4eOHBIX MaTepHaliOB, a TakKe JUIsl MEeAaroroB W POJIUTENEH NeTell ¢ OrpaHuYeHHBIMU
BO3MOXKHOCTSIMH, 4TOOBI 00ecIiednTh UM Ooliee 3pPEeKTHBHOE M HHKITIO3UBHOE O0YUYECHHE.

BaarogapHocTs

Cmambs 6bINOAHEHA HA OCHOBE HAYYHO2O NPOEKMA, NO SPAHMOBOMY (DUHAHCUPOBAHUIO HAVYHBIX U (Uau)
HayyHo-mexHuueckux npoexkmos Ha 2023-2025 200vt (Munucmepcmeo Hayku u @vicuieco 06pazosamus
Pecnyonuxu Kasaxcman), no meme: AP19678207 «Hccredosanue u paspabomka npocpammHo-
Memoouyeckou noodepoicku  kypca «L{ugposas epamomnocmey 6 maaowiell WKoae UHKIIO3UBHO2O
00pa306anUs ¢ UCNONL306aAHUEM OONOIHEHHOU peanvHocmuy. Bwipadcaem 6nazodaprnocms MHBO PK u
pykosoocmey Kazaxckoco Hayuonanvho2o yHueepcumema um. aiv-Papabu 3a npeoocmasnreHHyio
603MOJICHOCTD NPOBEOEHUSL HAYYHO20 UCCIEO08AHUS.
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STEM TEXHOJIOTHUACBIH OKbITY AbIH, 9 A1C-TOCLJIAEPI

Axoamna

STEM 6iniM Oepy — FBUIBIMJIBI, TEXHOJOTHSHBI, WHXXCHEPUSIHBI )XOHE MaTeMaTHKaHBI OIPIKTIPETIH OKBITYABIH
JMUHAMUKAJBIK Tocini. THpopMaTHKaFra KOJIJaHBUIFaH/a, OJ1 OUTIMANyIIbLUIApFa MPOOJIEMaHbI IICITY JaFIbUIAPbIH, CBIHU
TYpPFBIIaH OMNAyIbl KOHE KOATayla IPAaKTHKAJBIK TOXKIpMOCHI MaMmbITyFa MYMKiHAIK Oepenmi. bym wmakamanma
napopmatukaga STEM OumiMm Oepymi OKBITYOBIH OpPTYPJL THIMII omicTepi 3epTreieni, ko0ama  OKBITYIAFbI
OarapyiaMaHbl KOATAY KUBIHIBIKTAPbIH, ©3/ITHEH KYPETiH POOOTOTEXHUKAHBI OKBITY PECYPCTAPBIHBIH MaHBI3IbLIBIFbI
ampIn kepcetineni. Makamama, STEM OuriM Oepy TEXHONOTHACHIH alibIl KepceTy OacThl MaKCaTBIMBI3 OOJIHI.
TaxkeIpBITIKa caif KeJecineneit 3epTTey MiHAeTTepiH aHBIKTaAbIK: nHpopMaTrka Ooiibrama STEM 6imim 6epyzeri opTypai
OKBITY SICTEpiHIH THUIMIUIrIH 3epTTey, K00anblK OKbITyAbH (PBL) nHdopMaTukanbl OKbITY HOTHXKENIEpiHE SCEpiH
Oaranay, KoJITay NarAbliapbl MEH IpoOiieManapibl IIelry KaOlleTTepiH >KeTUIIipyneri KoATay TalchlpManapbl MeH
KOHKYPCTap/JplH THUIMALICIH Oaranay, BIHTBIMAKHACHbBIK OKBITY, WH()OPMAaTHUKAaHBIH 0acka IOHAEPMEH KipiKTipin
OKBITY/IBIH apTBHIKUIBUIBIKTAPBIH aHBIKTay, pOOOTOTEXHHKaHbl MHPOpPMATHKa cabaKTapblHa €HTI3YAIH dcepiH 3epTrey,
HH(pOPMATHKA CallaChIHIAFbI IaFIbLIaPAbl JAMBITYIAFb! 1epOec 0Ky pecypCTapbIHbIH THIMILTITIH Tajaay.

Tyiiin ce3mep: STEM TexHOJOIHWACH], OKBITY OIICTEpPi, €CENeNnTey TEeXHUKAChl, KOOAIbIK OKBITY, KOATAY
KUBIHABIKTAPHI, BIHTBIMAKTACCTHIK OKBITY, KipIKTIPUIT€H OKBITY TEXHOJIOTHSICHI.

AnHomayus
M.C. Kapamaesa *, K.M. Bepximbaes
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METO/JbI U IPUEMbI OBYYEHUA STEM-TEXHOJIOTUAM

STEM-o0pa3oBanue — 3TO JUHAMHYHBIA MOJAX0J K OOYYEHUIO, KOTOPHIH OOBEAMHSET HAyKy, TEXHOJIOTHH,
WHXKEHEPHIO U MaTeMaTHKy. [I[piMeHHuTeNbHO K MH()OPMATHKE 3TO TO3BOJISIET YYaI[UMCsl Pa3BUBaTh HABBIKH PEIICHHS
npo0JieM, KPUTHYECKOE MBIIIJICHUE U PAKTUYECKHH OIBIT TPOrpaMMHUPOBaHHUs. B 3To# cTaThe MCCIeyI0TCsl pa3iniHbIe
s¢dextuBHbIe MeTo B! penofaBannst STEM B o0macti mH(GOPMATHKH, OCBEUIAIOTCS TPOOIEMBI IPOTrPaMMUPOBAHUS B
IIPOEKTHOM OOYUY€HHH, a TaK)Ke BAXKHOCTb PECYpPCOB 00yUEHHsI aBTOHOMHOM POOOTOTEXHUKH. B cTaThe rilaBHOH LiesbIo
66110 packpbITh TexHONOTHIO STEM-00pa3oBanus. CoriacHO TeMe, Mbl ONPEISNMIIN CIEAYIOIINE HCCIIeA0BaTEILCKHIE
3a7a4M: U3y4uTh 3QPEKTUBHOCTD Pa3lHIHbIX MeTo/10B 0O0ydeHns B STEM-oOpazoBanuu 1mo MH(GOpPMATHKE, OLEHUTH
BIHsIHAE TpoekTHOro obydeHus (PBL) ma pesymbraThl 0O0ydeHHs WHPOpPMATHKE, OICHUTH 3(PQPEKTHBHOCTD 3a1ad U
COPEBHOBaHMH 110 KOJUPOBAHUIO B YJIYYLIEHHH HABBIKOB KOJMPOBAHUS M CIIOCOOHOCTH pelaTh MpoOieMbl, COBMECTHOE
oOy4eHue, MHTErpanusi MHPOPMaTHKUA C JAPYTUMH IIpEIMETaMH, OIpelelieHHe MPEUMYIIECTB OOy4YeHHUs, U3ydeHHUE
BJIMSIHHMS BHEJPEHHs POOOTOTEXHHMKH Ha 3aHATHAX 110 MHPOPMaTHKE, aHaau3 d(PPEKTUBHOCTH HE3aBUCHUMbBIX Y4EOHBIX
pecypcoB B pa3BUTHH HAaBBIKOB B 00J1aCTH HH(POPMATHKH.

KiaroueBble ciaoBa: texHonoruss STEM, Meroasl oOyd4eHHS, BBIUMCIIEHHUS, HPOEKTHOE OOy4YeHHE, 3ajauu
KOJIMPOBaHHs, COBMECTHOE 00y4eHHE, BCTPOCHHbIC TEXHOJIOTHH 00y EHHSI.

Abstract
METHODS AND TECHNIQUES OF TEACHING STEM TECHNOLOGY
Karatayeva M.S.%, Berkimbayev K.M.?
1 South Kazakhstan University named after M. Auezov, Shymkent, Kazakhstan
2 International Kazakh-Turkish University named after Khoja Ahmed Yasawi, Turkestan, Kazakhstan

STEM education is a dynamic approach to learning that integrates science, technology, engineering, and mathematics.
When applied to computer science, it allows students to develop problem-solving skills, critical thinking, and hands-on
experience in coding. This article explores various effective methods of teaching STEM education in computer science,
highlights the challenges of programming programming in project learning, and the importance of autonomous robotics
learning resources.
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In the article, our main goal was to reveal the technology of STEM education. According to the topic, we identified
the following research tasks: to study the effectiveness of different teaching methods in STEM education in computer
science, to evaluate the impact of project-based learning (PBL) on the results of computer science education, to evaluate
the effectiveness of coding tasks and competitions in improving coding skills and problem-solving abilities, cooperative
learning, integration of computer science with other subjects determining the advantages of training, studying the impact
of introducing robotics to computer science classes, analyzing the effectiveness of independent learning resources in the
development of skills in the field of computer science.

Keywords: STEM technology, teaching methods, computing, project-based learning, coding challenges, cooperative
learning, embedded learning technology.

Kipicne

TexHoMOTHA MEH WHHOBANWSAFa HETI3NeNreH Adyipae uHpopmaTuka OuimMi OlmiM Oepy JTaHAMIATHIHBIH
MaHBI3/IbI Kypamaac 6ediri 6omabl. biniM amymbsuiapsia udpiaslk Oonamakka JailbIHAay YIIiH OKBITYIIBIIAp
STEM (FbUIbIM, TEXHOJIOTHS, MHKCHEPUS KOHE MaTeMaTrKa) OiimMiHe kebipek OeT Oypy/ia - ChIHU Oiyiay MeH
npodieManapapl Lenly AaFAbUIapblH bIHTAJIAHIBIPATHIH MOHApabIK Tocll. MHdopmaTukara kateicTel STEM
6imimi biiM anymputapra ocbl YHEMI JaMbITT KeJle JKaTKaH callajia KEeTICTIKKe JKeTy YIIH KaKeTTi OuTiM MeH
MPAKTUKAIBIK ~TOXKIpHOe KYpriziimi. OKCIEPUMEHTKE KAThICYIIbUIap, UWHpopMaTHKa OiniM  Oepy
Oarnapnamacs 6oiibiHIa KOO cTyneHTTepi MEeH OpTa MeKTen MyFamiMaepi 6omapl. OFaH KaKeTTi IepeKTep/i
JKUHAY, aJlIbIH ajia )KoHe KOPBITHIHIBI Oaranay yiIiH, OLTiM amymsiiap HHQOpMaTHKa CalaChIHIAFb] aJTFaIIKbI
OlTiMIepi MEH JMaFabplIapbiH Oaranay ChIHaKTapbhiHaH oTe/i. OKBITYAbIH 9pTYPI 9icTepin Konnansin STEM
TEXHOJIOTHSICHIHBIH EpPEeKIIENiKTepiMeH TaHBICKAHHAH KEHiH oNapAbIH OiiMi MEH IaFabUIapbliH Tarbl Oip peT
Oaranay YIIiH KOPBITBIHABI CBIHAKTAp ©TKI31II.

binim amymeutap, STEM  TeXHONOTHACHIHA OKBITY oAiCTEepi MEH TOCIIAepiH opi OHBI MalmamaHyablH
THIMALIITIH aHBIKTAy YIIiH Kepi OaiiaHbic jkacar, cayamrHamaiapAbl TONTBIpAbI. OKBITYIBIH 9pOip 9MiCiHIH
CHT131JIyl MEH HOTIDKENUIITIH OaFraiay YUIH ChIHBINTA OaKbUIayJiap Kyprizuii.

Hepexrepni caHabIK Tanaay apKeuibl, STEM TeXHOJIOTHsIChIHA OKBITY 9/1iCi MEH TOCUIEPiH KOJMAAaHY O1TiM
TyIIBUIAPABIH UTepreH, OiLTiMi MEH IaFAbUlapblHa dCepiH ejley YIIiH OaranayFa JNeHiHT1 >KOHE COHFBI
KODBITBIH/B YIainap canbICTHIpbIIaabl. T-TeCTTep CHSKTHI CTATUCTUKANBIK OICTEpP KOJNJAHBUIAABL. A,
camanblK Taljay apKbUIbl, OUTIM aXylIpUIapAblH ToXKipuOeci MeH OiiMai Wrepy Typajbl calachlH aHBIKTAY
YIIiH, O1JTIM aTyIIbLIap/IbIH cayaTHaMalapbl MEH 0aKbUIay JKayarnTapbl TAIaH b

Hotmxkene, Oaranayra NEHIHTT KOHE COHFBI KOPBITBHIHIBI HOTHXKEICPI Tanjay >KOOaJIbIK MPOOIeMalIbIK
okbITy (PBL) Ginim anymsiapasiy STEM Oinimi MeH npoOseManapsl LIenly JaFAbUlapblH aiTapibIKTal
XKakcapTKaHblH KepcerTi. Koxray tamncelpManapsl MEH JKapbicTap KOATAy MJafAbUIapblH apTThIPHIIN,
0oceKkeNecTiKk pPYXbIH TOpOMENelTIHI aHBIKTANABIL, Oyl KoATay KaOUIeTTepiH jKakcapTyra oKelesl.
bIHTBIMaKTaCTBIK OKBITY OLTIM anyIbUIapAbIH cabakka KaThICYbIHA XKOHE KOMaH/IABIK KYMBIC IaFIbIIapbiHa
OH ocep eTTi, Oy WMHQpOpMaTHKa callaChIHIAFrbl OLTIMI TEepeHipeK urepyre okemnmi. PoboToTexHWKaHBI
OKBITY/Ia KipIKTIpUITEH OKBITY 9JIici OLTIM alymIsiiap/ibl MIBIFapMaIIbUIBIK KaOileTi MeH MmpobiiemMarap/bl
HIeNIyTe BIHTAJIAHJBIPHIN, COHBIMEH Karap, OLTIM alylmbuIapIblH HHOOPMATUKAHBIH HAKTHl KOJJIAHBLTYBIH
TYCiHYiH JKaKcapTThl. ©3iH-631 OKBITYFa apHaJFfaH pecypcTap MKeMIUIIKTI KaMTamachl3 eTelli jkoHe Oiim
aIyIIBLIApABIH AepOeCTiriH apTThIPYFa OKEJETiH jKeKe OKY CTHIIBAEPiH eckepei. byl 3epTrey opTypii OKbITY
oMiCTepiHIH THIMIUTINIHE Janeaep kentipe oThipbill, STEM TeXHOJOrHsICHIHA OKBITY SJICTEPIH KOJIaHY
apKBUIBI OLTIM aTyIIBUTAPABIH OLTiM camacklH apTThIpy/ia koHe HH(pOopMaTHKa oJicTeMeci OOWBIHINA ©31H/IIK
yJiec Kocaasl. 3epTTey KOPCEeTKeHIEH, OKBITYbIH pTYPJIi Tocinaepi OiTiM amymbuIapIslH TYPIIi JeHreinepi
MeH OedimMaiikTepiHe colikec kenmyi MyMmKiH. COHBIMEH Kartap, oy MH(opMaThka OiLTIMIH KakcapTy YIIiH
MPaKTUKAIBIK TOKIPHOCHI, KOHKYPCTAP/Ibl )KOHE ©31H-031 JaMbITy PEeCypCTapblH OipiKTipye eTe KYH/bI, api
Oyl FBUIBIM YIIiH MaHBI3JBl OONbIn TaObuiaabl. 3epTTEYAiH HOTHKENEpi OKBITYHIBUIAPFa, OKY >KOCIaphIH
Kacaylibuiapra *oHe i3JIeHyiiepre KyHasl aknapar oepeai. Onap nuadopmatrka men STEM OiniMine ken
KBIPJIbI KO3KApaCThIH MaHBI3IbUIBIFBIH aTall KepceTe I, OyJI MHKIFO3UBTI XKoHE THIMII OiaiM Oepy opTachiH
KypyFa biknan ereni. Caiipin kenrenze, 3eprrey STEM TexHONOrMsCHHA OKBITYAA OaMBITyFa XoHE O1lliM
TyIIbUIapAbIH MTHQOPMATHKA JKOHE OHBIMEH OaiIaHbICTHI cajajapAarbl MaHcanka Ooamak JailbIHIbIFbIHA
BIKITAJT ETeI1.

3eprTey aaicHamMachl

Nudopmaruka canaceianarbl STEM TEXHOJIOTHSICH JACTYPIi OKBITY OJICTEPIHEH achlll TYCENi >KOHE
WHTEPAKTHBTI JKOHE JMHAMHKAIBIK OKY OPTachlH Kypyra OarpiTTanmraH. Mynpa 06i3 wHpOpMaTHKa
canaceiHzarbl STEM  TeXHOJOTHSCBIHA OKBITY OAICTEpiH KapacThlpambl3 >KOHE OKBITYLIbUIap OiniM
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TyIIBUIAPBIH TapTy XOHE MOHII TEpeHIpeK TYCiHyre KOMEKTecy YILIiH MaijanaHa ajaTblH 9IicTep MEH
TOCUTIAEPII HETI3re aJlaMbI3.

JKobanvix oxeimy. Unpopmatuka canaceingarsl STEM 6inim O6epyae Herisri agictepliH Oipi - )k00abIK
okbiTy (PBL). PBL 6inimM amymsiiapslH HAaKThl ©MIpIIK KardasTTapAbl mienryre OarbITTaiiibl, OHIA onap
HaKThl MaceNesep i Menry YIIiH OaraapiaManay JaFIbUIapblH KOJIaHybl Kepek. BeG-caiiT Kypy, MOOMIIb i
KOCBIMIIIAHBI 93ipJiey HeMmece KapamalbM OWbIH Kypy OoinceiH, PBL GimiM adymputapbslH CHIHH TYPFBIAAH
oliiayra >xkoHe Oipiecinm >kymbic icteyre Oaymunael. Ockl xo0ajmap apKpUIbl OiNiM adywlIbuiap e31epiHiH
OarmapriaManay JaFablIapblH KETUIIIPIN KaHa KOoiMaid, oapablH TYBIHIBUTAPBIHBIH eMipre KelyiH Oakbliai
OTBIPHIIL, XKETICTIK ce3iMin cesinemi [1].

Koomay botivinwa manceipmanap men srcapvicmap yuvimoacmuipy: barnapiamanay TancelpManapbl MeH
KOHKypcTapbl biniM amymbutapra OarnapiaManay JarAbUIapblH TEKCepyre apHajfaH Tamama miatdopma
yeerHasl. LeetCode, Codeforces sxone HackerRank custkTe mmatgopmaiap opTypili mebepiik aeHreinepine
CoiiKec KeNeTiH KOATay TalcChlpMajlapblHBIH KEeH ayKbIMBIH YCbIHaabel. byn miatdopmanap cajayarTsl
09CeKeNecTIKTI bIHTAIAaHIBIPHIN KaHa KOHMal bl COHBIMEH KaTap biniM anmymsuiapra mpoodiaeManapisl memry
JaFIbUIAPBIH KETUIAIpYyTe KoHEe KypAacTapblHaH YHPEeHyre MYMKIHIIIK Oepei.

blymuimaxkmacmulx oxbimy: BIHTBIMAKTACTBHIK IEArOTHKACHl HETi3iHIAEe HH()OPMATHKA CajlaChIHIAFbI
STEM OinimiHiH Heri3ri ajieMeHTi 00Jibi Ta0bu1aabl. TONTHIK k00alapMEH KYMBIC JKacay HEMECE KYIITBIK
Oarmapnamanayra KaTblcy apKbUIbI Oi1iM amymibuiap THIMII KapbIM-KaThIHAC KacayIbl, MKip aaMacyIbl )KoHe
Oip-OipiHiH KYIITI )KaKTapBIH Maliganany el yiipeHeni. KipikTipinreH oKbITy KOFaMIACTBIK CE31MiH JaMBITaIbl
XKOHE OUTiM alymblIapblH OpTYPJi KO3KapacTapMEH TaHBICTHIPa/bl, ONapbl >KaH-)KaKThl MHPOpPMATHKA
MaMaHJapblHa alfHATABIPAJIbL.

Pobomomexnuxanul kipikmipe axvimyowvl ewneizy: PoboTorexHuka wHpopmartnka camackiHmarsl STEM
OimiMi yIIiH KbI3BIKTH O0acTay HykTeciH ychiHaael. LEGO Mindstorms »xoHe Arduino CHSKTHI )KUBIHTBIKTAP
OpoOoTTapabl Kypy JKoHe Oarmapiamanay KesiHJe Oarjapiiamaiiay, 3JIEKTPOHUKA JKOHE HMHKCHEPUS
calajapelHa €Hyre MyMKiHAiKk Oepemi. bynm mpaktukanslk ToxipubOe wHGOpMATHKA TYKBIPBIMIaMalapbiH
eMipre oKemin KaHa KOWMaiapl, COHBPIMEH KaTap aBTOMATTaHILIPY MEH pOOOTOTEXHHWKA MYMKIHAIKTepiHE
JIeTeH KBI3BIFYIIBUTBIKTHI OATA/IbI.

O3inoix okyza apnanzan pecypcmap. LIuppaslk poyipae e3iHAiK oKy OapraH caiiblH KOJ JKeTiMzl Ooa
6acragsl. Khan Academy, Codecademy >xone Coursera CusIKTHI IDIaT(opManapaarsl OHIAWH pecypcTrap MeH
OKy Kypamaapbl binmiMm amymburapra uHGOpMaTHKaHBl ©3 KapKBIHBIMEH YHpeHyre MyMKiHmiK Oepemi. by
pecypctap OuliM anymisiiapra e3iHAiK OiLTiM amyFa KbI3bIFYIIBUILIKTAPBIH apTTHIPBIN, MAaKCATThl YKOCHAap
Kacayra MYMKIHIIK OepeTiH KenTereH KypCTapAbl YChIHABL.

Kopeita kene, nnpopmaruka canaceiHgarsl STEM TexHonruscsl - Oy OUTIM amylibuIapblH LUPPIBIK
noyipae TaObICKa JKETy VIIH KaKETTI Jarapuiap MEH OUIIMMEH KapyJiaHIbIpaThlH — OKBITYIIbIH
tpaHchopmamsiblK - Tocimi.  JKoOasblk — OKBITYIBI, KOATAy TalChIPMAJIAPBIH,  BIHTBIMAKTACTHIKTHI,
POOOTOTEXHUKAHBI JKOHE O3IHIIK OKY PecypcTapblH OIpiKTipy apKbUIBI OKBITYIIBUIAP OLTIM amymisiapra
nH(GOPMATHKAHBIH YHEMI JIaMBINl KeJie JKaTKaH ojeMiHJie TaObICKa JKeTyre MYMKIHIIK OepeTiH Oail jxoHe
KBI3BIKTHI O1J1iM Oepy TokiprOeciH xkacail anajpl.

Bonamak napopmaTrka moHi MyraniMaepin gaspiayna STEM TexHONTHICHIHBIH Oec HeTi3ri OKBITY 9ic-
ToCiIepl Heri3re aabIHAbI [2].

1. JXKobanvix oxeimy. MyHna npoOnemansl memyre OarbiTTanFan okpiTy (PBL) TexHonorusicel: PBL
nH(pOpMaTUKAaHBI OKBITY HOTIDKEJEpiHE Kaylail ocep ereTiHiH 3epTrey. [IpobiaeMansl menryre OarbITTalFaH
okpiTy (PBL) — Oynm HakTel oneMpieri KypAeni Macenenep OinmiM amymbuiapablH  GakTinep MeH
TYKbIpbIMJIaMalap/ibl TiKelneld YChIHYJaH Tepi YFhIMIAp MEH MPHHIUITEP/I UTepyiHe BIKMAal €Ty Kypaibl
peTiHAe KOJJIaHBUIATBIH OKBITY omici. KypcThlH Ma3myHbiHaH Oacka, PBL cblHu ofinay narabliapbiH,
MocenenepAl meny KaOileTTepiH jKoHEe KapbIM-KaThlHAC NardbUIapblH JambiTa anaabl. On coHpai-ak
TonTap/a *KYMBIC icTeyre, 3epTTey MaTepUaNIapbiH 13/Ieyre KoHe OaraliayFa jkoHe eMip OoibI OimiM amyra
MYMKIHJIKTep Oepe anabl.

Bonamak nadopmaruka nmoHi MyFaniMaepiH gaspiayaa cabaxTapnaa KougaHeiatelH PBL TexHoNmoruscer
CTaHAAPTTHI CXeMa KeJleciiel KepiHei:

MacerneHi o3 OeTiHIIIE 3ePTTEY.

MacereHi wenty saictepin anbIkTay. binim anymsimapaan, tuicinme, STEM nemece STEAM typansr
OuTIM/II Kali1aH ajlaMbI3?

Yorcvimowix bpetincmopmune. binim anymsiiap (aiapiH-ana Tonrapra 6eniHreH) 6ip-0ipiMeH o3 uiesuIaphl
MeH IiKipJiepiMeH Ooicesi.
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Hoesnapowr kopuexi niwinee kenmipy. binim anymsinapra pedeparrap, TaKbIphI OOMBIHIIA TaHAATIFaH
omeOueTTepre Tayay Kacaiaabl.

JKymvicmuiy mycayxecepi. biniM anymsuiap mpe3eHTanusuiap MeH OastHaamanap >kacapl.

JKeke 3epmmey. BiniM anymibuiap, yHUBEPCUTET KiTallxaHachl MeH MIHTEpHET kellici KOMEKTECeIl.

Kopvimeinowinay. Tontap apacslHia albIHFaH MAJIIMETTEPMEH alMacy, OKBITYIIBIIAP TarChIPMaHbIH
IypBIC HYCKAIaphlH jkapusuiay. o ocsl Kesenae OiniM amynipuiap skaHa TarchblpMa ajajbl.

2. Koomay kuvinOvikmapvl MeH dcapbicmapsl: KOATAY NaFAbulapbl MEH MpoOieManapAbl Iemry
KaOlJIeTTepiH apTTHIpYAarkl KOJTAy KUBIHABIKTAPBIHBIH THIMAUTITIH Oaranayra KeMeKkTeceIi. MpIcanbl, TYCTi
KOJTAay VIIIiH, eKiTiK KYHeHi KoJJaHa OTHIPBII, TYPi-TYCTI KECKiHJeT1 aKnmapaTThl KOATay MpoIeci Keneciaen
xypeni. bacrankeina (oTocypeT kemrTereH KilIKeHTal TYCTi HYKTenepre-nukcenpaepre Oemineai. ComaH
KeWiH op MHUKCEJBIiH TYCl eKiTiK KOATHI MainanaHblll KYpBUIFBIFA XKa3bliagsl. Erep goTocyperTiH enmemi
325%325 Oomca, ogma on 105625 Gaiit maTpuma TypiHae maiima Ooiambl, OHBI TiTiHEH HYKTEIEp CaHbBIH
KOJIJICHEeH HYKTeJiep caHblHa KeOeHTy apKbUIbl anambl3. KeckiHai HyKTenepre OpHajacThIpy Ke3 - KelreH
3aMaHayH (poTo HeMece OeiiHe KYPBUIFBICBIHBIH KOMETIMEeH MyMKiH O0onaabl. Erep kamepa cunarramMachl OHBIH
12 Mega Pixels exeHiH kepcerce, OYJ1 Kamepa aJbIHFaH CYpeTTi eKUTIK aKmapaTThl KOATay JKyHeciHe kazy
yirie 12 MAJUIMOH MHKCEbre KaWbIl JKaTKaHeH Oinmipeni. Kypeursl nepexrepai Oepy yumriH ¢oTocyperTi
OeJieTiH MUKceNnaep caHbl HeFYPIIBIM Kot 0oJica, NEeKOATayJaH KeiiH, DKpaH/ia OifHaraH/1a Hemece (OTOCypeTTi
0achII IIbIFapFaHHaH KeHiH COFYPIIBIM IIIBIHAMDI, )KapKbIH, aKbIH CypeT Haiiaa 6omazst [3].

AfiTa KeTy KepeK, KeCKiH/i eKiJIiK KOJIIeH KOTay canachl OHBIH COFATHIH HYKTEINIEPiHiH CAHBIMEH, COHIA-
aK KojATay Ke3iHJe MHUKCENJEpiH TYCTIH OpTYPJLUIriMeH aHbIKTamaibl. EKimik KoaTay Kes3iHIe TycTepmi
Xa3yIblH OipHemie aici 0ap, eH TaHpiMas Hycka — RGB xylieci (aFbUIIbIH TUTIHIETT TYycTepiH OipiHImIi
opinTepi OOWBIHINA: KBI3BUT — KBI3BLI, JKACHLT — YKACHUI, KOK — KOK). Ocbl 3 TYCTi opTypIi apakaTblHAcTa
apanacTeIpFaH Ke3/ie KeCKiHIep/i KoaTay Ke3iH[e opTypi TycTep MeH peHkTep maiima O6omansl. RGB xazy
ITOPUTMI-Op THKCEIb eKiUTIK KOJTa OHBIH KYPaMBIHAAFbl KbI3bLI, )KACBUT JKOHE KOK TYCTEpAiH MOJIIIEPiH
KepceTe OTBIPHIT OeKiTiyeni. Op MUKCEIh KOATAIFaH OUTTEP CaHbl HEFYPIIBIM KOl 00Jica, COFYPIIBIM KOTl PEHK
ONIMSUTAPBIH KO apKbUIBI Oepyre 00Jabl, SFHH (POTOCYPETTIH TYC KaHBIKTBUIBIFBIHBIH HYCKaJIapbl COFYPIIBIM
KeIl 00J1aJIbl, KECKIH TYCIHIH TePEHIr COFYPJIbIM Kol 00JIabl.

AJNBIHFaH CypeT pacTpiblK KEeCKiH Jell aTajajlbl, OyJl 3KpaH[a, Karas[a oHe 0acka KYpbUIFbIIa TOp,
MMUKCETh MO3aWKachl apKbUIBI allbIHFaH KecKiHmi Ounmipeni. by KeckiHII KaNBIITAaCTBIPY oMici €H Kem
TapajFraH.

AKMapaTThl KOJTay Ke3eHIepi:

- Koparanatein aknapaTThIH KeJIEMiH aHBIKTAY;

- AKnapatTsl )KIiKTey XKoHE Kyleney;

- Koparay xyiiecin xoHe KoaTay OeNriiepiH aHbIKTaY;

- Tikeneii kogray.

Mpicanra 6ip ecenti KoaTay xyieci OoMbIHIIIA KapacThIpbIn kepcek. Windows 1251 kecTemnik Ko pIH
natigananei, «KKOMITBIOTEP» neren ce3mi koarans3 (Kecre 1).

Kecme 1. Hlewimi

K 0] M I b 10 T E P

234 206 204 239 252 254 242 197 208

Kayan: 234206204239252254242197208

OcwiHgail TancelpManapasl 0epy apKbLIbl TYPIi >KapbICTapapl YHBIMAACTBIPHIT, OLTIM aTylIbLIapAbIH
TaHBIM/IBIK KBI3bIFYLIBUIBIFAH aPTTHIPAMBI3.

3. blnmvimaxkmacmuix oKblmy mexHono2uscyl — OLTIM alylIbl MEH OKBITYIIBIHBIH apachlHIAFbl KapbIM —
KATBIHACTBIH TEH JJpeikKeie, OIpIiK 01aKTa Ky3ere acysbl.

erenmik onebuerrepae Oy SMICTIH ayFamKkel cumarTamanapbl 1970 xpuimapaeiH asrel MeH 1980
XKbUTIApAbIH OacklHOa dJeMHIH opTypui engepinzae (¥noiOpuranus, Kanana, bateic I'epmanus, ABctpanus,
Hunepnaner, XKanonwus, M3pannis sxoHe T.0.) 6achuibIM A maiiaa 60J11bl. Bipak bIHTBIMAKTaCTHIKTa OKBITY/IBIH
Heri3ri uaeonorusicblH J[koHc XONKWHC YHHBEPCHTETIHIH aMEPUKAHJBIK TOPOUENIJIepiHiH YII TOOKI
(P.CnaBun, 1990), Munnecorta yHusepcureTiin (Pomxkepc xoncon xone oBua [xoncon, 1987) xone
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Jx. Aponcon (1978, Kanudopuus), connaii-ak Tens-ABuB ynuBepcurtetiHig Llnomo Hlapan To6s1, M3panns
(1988). Student Team Learning (STL, TOTBIK OKBITY) [4].

KA. Ymuackuit, H.IL.ITuporos, JI.H.Toncroit, C.T.IHaukwuii, B.A.Cyxomnunckuii, A.C.Makapenko, X.-
K. Pycco, S1.Kopuak, K.Pomkepc, O.bepH nnesnapbIHbIH HeTi3iHAe BIHTHIMAKTACTHIK TEeJaroruka TybIHIa bl

bIHTBIMaKTaCTBIK NT€AArOTMKACHIHBIH 3 MaKCATTBIK OAFbIThl AHBIKTAJIFaH:

1. IlemarorukanblK Tajan €TyIeH MEeJaroruKajbIK KapbIM-KaThIHACKA KOLIY.

2. binim anymbapra i3riik-keke TYJIFaIbIK TYPFBICBIHAH Kapay.

3. OkpITy MeH TopOUeHiH OipIIiri.

TonThIK OKBITY SficiHiH Oy HYcKachl J[)oHC XONKIHC yHUBEpCUTETiH e kacanraH. 1. lllarsiH TonTapaa
BIHTBIMAKTAaCTHIKTa OKBITY bl YiibIMaacTeipy (STAD, CnaBus, 1986) TopT agamuaH TypaThiH O11iM anylibUiap
TOOBIH KapacThpaipl (9p TYpil AeHreimeri yigap MeH Kbi3aap). MyFaiiM KaHa MaTepHuaiisl TYCiHAipeni,
coJlaH KeiiH O1JIiM aTyIIbuIap TOnTapJa OHbI OEKiTy i, TYCIHyre THIPBICYIbI, OapIIbIK MAIIMETTEepAl TYCIHY Il
ycoiHanel. [lcuxonmorust TiNiHAE iC-OpeKeTTIH WHIWKATHBTI HETi3iH KalbIITACTHIPY OOMBIHIIA KYMBIC
yiteiMaacTeIpeansl (0ipak op cryneHt yuniH). Tonrapra Genrini Oip Tancelpma, KaKeTTi TipekTep Oepijieni.
Tanceipma OemimMaep OoibiHma (op Olmiamymmsl €3 OeiriMeH aiHambIcansl) Hemece "alHamIManbl ycren"
apKBUIBI OpBIHAANAIBI (9pOip Keleci TarchlpMaHbl KeJleCi CTYACHT OpBIHIAIbI, KYIITI CTY/IGHT HEMece dJICi3
Oacraif ananer). by xarnalia ke3-KelreH TanchlpMaHbIH OPBIHAATYBIH OlliMallylibl JaybICTal TYCIHIIpeai
xoHe Oykinm Tonm Oakpumaiasl. bapnblk  TomTapAbplH —TanChIpMaNapblH  asKTaraHHAaH —KeiiH, op
ca0aKTarblOKBITYIIBI 9P TYpPJi TONTapAblH OCHI TalChIPMaHbl OPBIHAAYBI TYPajbl Kbl TaJKbLIAYIbI
yibIMaacTeIpaabl (erep TarncsipMa OapiblK TONTap YIIiH Oipei Oosca, MBICaJIb, KATTHIFY HEMECE TarChIpMa,
TanchIpMallap CEepUsIChl) HEMece TalChlpMaliap dp Typhi 0ojca, o9p TONTHIH TaIllChIpMalIapblH KapacThIpy.
OKBITYIIBI MaTepHaAbl OAPIBIK O1TIMATYIIBIOAp UTEpreHiHe Ko3 KETKI3TeH Ie, O )KaHa MaTepHalIbl TYCIHY
MEH urepyni Tekcepyre TecT 6epeni. TecT TanceipmManapbIHia KeKe, TONTaH THIC )XYMBIC ictetini. CoHbIMEH
Oipre, OKBITYIIBL, SPHHE, TAIICBIPMAaJIapAblH KYPIESHLTIriH axbiparabsl. JKeke KyMbIc Oaranapbl (TecT) ToTa
YKUHAKTATABI J)KOHE JKaJIbl Oaranay xapusoiaHas! [S].

4. Pobomomexnuxarul Kipikmipe okbimy: MHPOpMaTrKa cabakTapbiHa pOOOTOTEXHUKA HHTETPAITHSICHIHBIH
ocepin 3eprrey. MHbopmatrka GoitbiHma 6iiM Oepyne KipiKTipiJireH OKYAbIH apTHIKIIBUIBIKTAPBIH Oaranay.

Kipikripy, ssFHu nHTerpanms (J1aT. integratio-KOChUIBIC, KANIBIHA KEATIPY) - OJIApbIH e3apa TOYeNIiTiri
MEH TOIBIKTBHIPBUIYBIHA HETi3[ENTeH JXYWeHIH OYphIH OeliHreH OeIikTepi MeH 3NeMEeHTTepiHiH OipTyTac
TyTacTeiFbiHa Oipiry. KipikTipinreH okpiTynsl yibiMaacteipy OoiibiHma C.M.['aneenkoB mnen [.O.
OdenopenTiy  €HOCKTEpIHAC KapacThIpbUIa[bpl. HTerpanuss TNPUHIMIN OKYy HPOLECIHIH  Oapiibik
KOMITOHEHTTEPIHIH, XYHEHIH OapiblK DSIEMEHTTEpiHIH, JXyielnep apachlHIarbl OalIaHBICTBHIH ©3apa
OaiinaHbICBIH OOJKalAbI, OJ1 MaKcaT KOIOZbBI, OKYy Ma3MYHBIH, OHbIH (hopMaliapbl MEH o/IiCTepiH aHBIKTayaa
xerekn Oonbin Tabbutagpl. KipikTipy - Oy Oenrimi Oip camagarbl >KalbUIaHFaH OuTIMHIH Oip OKYy
MaTepuaiblHIa MYMKIHAITIHIIIE TepeH eHy, Oipiry [6].

WuTerpanust e3iH-031 )Ky3ere acblpyra, 63iH-031 KepceTyre, MyFalTiMHIH IIBIFAPMAIIBUTBIFBIHA MYMKIHIIK
Oepei, KablneTTep IiH albLIybIHA BIKHA eTe/i. KipikTipiaren cabakrap/iblH apThIKIIBUIBIKTaPhI:

— OKy MOTHMBalMiCBIH  apTTBIpyFa, OUIIM  adylIbIapAblH  TaHBIMIBIK  KBI3BIFYLIBUIBIKTAPBIH
KaJIBINTACTHIPYFA JKOHE JAMBITYFa, 9JIEMHIH TyTac OeHHECiH KallbIIITACTBIPYFa JKOHE KYOBUTBICTBI OipHele
KarblHaH KapacThIPyFa BIKMAJ €Tel;

— operTeri cabakTapaaH repi OLTiM amynIsIapAsIH KOMMYHUKATUBTI KY3bIPETTUTIITIH, )KaIbl Oi1iM Oepy
YKOHE TIOHHEH THIC JIaFIbUTAPBIH JAMBITYFa BIKIAI eTe/l;

— OKy-TopOue MmporueciH KylmenTeai, mamMaJaH ThIC )KYKTEMEH] ajblll TaCTaH/abl.

— OKBITYIIBIHBIH KOCi0M MIe0epIIiridiH ecyiHe BIKIaN eTelli, OUTKEHI ojlap OKbITYAa OeNCeHAUTIK TICIIiH
JKYy3ere achIpyabl Tajamn eremi [7].

Kipikripinren cabdakrapasiH 3aHIbUIBIKTaPHI:

— Oykin cabak aBTOP/IbIH JU3aiiHbIHA OarbIHAIbI,

— cabak Herisri oiiMeH OipikTipineni (cabak e3eri),

— cabak OipTyTac TyTacThIKThI Kypai s, CabaKkThIH Ke3eHaepi OYTiHHIH Y3iHaLIepi 00BN Ta0bLIa kI,

CabaKThIH Ke3eHIepi MEH KOMIIOHEHTTEPI JIOTUKAIBIK OHE KYPBUIBIMIBIK TOyEJAUIIKTe, cabaK yIIiH
TaHJQJIFaH JUIAKTUKAJIBIK MaTepuaj Jau3aiiHfra coiikec OoJiblll, AKnapaT Ti3Oeri "OepiareH" koHe
"»xaHa'"peTiHAe YHbIMIaCTHIPbUIAbI.

Myranimaepaid e3apa apeKeTTecyi apTypii ToCIAepMEH KYpbUTybl MYMKIH:

— OmnapapIH 9pKANCHICHIHBIH TEH YJIECTIK KAThICYbIMEH TEH;

— OKbITYymIBIIAPBIH Oipi )KETEKIIT, ajl eKIHIIIICl aCCUCTEHT HeMece KeHecTi 00Jia aaipl;
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— bBykin cabakrbl Oip MyFajiiM €KIHIIICIHIH KaThICYbIMEH O€JiCeHi OaKbLIayIllbl jKOHE KOHAK PETiHIC
KYprize anasl.

Kipikripinren OipHeme moHAiK cabakTa Oipeyi »kerekmn Oomansl. KebOiHece KipikTipinreH cabaxrap
KYITacaabl )KoHE OJ1ap bl OKBITYIIBUTAp Oipiecin xyprizeai. OKy MOHAEPIHIH SPTYPIIi HHTETPaLUsICHl MYMKiH.
Kipikripinren cabakrap moHapajiblK OaiilaHbIC KYHECIHIH MaHBI3ABI Oemiri Oojibin TaObuiaabl. MyHnai
cabakrapra apHaimrad Martepuair 013711 KopInaraH oleMIe OOJIBII KaTKaH MPOIECTEPIiH OipIiriH KepceTemi,
OlTiM alymIbIapFa 9pTYPJi FRUIBIMAAPABIH e3apa OailaHBICKIH Kepyre MYMKiHmiK Oepeni. Herisri Hazap
Oenrini 6ip OimimMal urepyre emec, OeliHelni oiayapl JaMbITyFa OarpiTTanfaH. MaTerpanusinanran cabakrap
COHBIMEH KaTap OLTiM amymIsUIapIbIH IIBFApMaIIBUIBIK OSICEHAUTITIH MIHAETTI TYPAE NaMBITYIbI KO3IEHIi.
Byn OGapnplk OKy mMoHAEpiHIH Ma3MYHBIH MaiiajaHyFa, FHUIBIMHBIH, MOICHHUETTIH, OHEpHiH JpTypdi
cajalapblHaH aKnapar TapTyFa, KOpIIaraH eMipAiH KYObUIBICTapbl MEH OKUFaJIApbIHA JKYT1HYyre MYMKIHIIK
Oepei.

STEM nemece STEAM 6inim 6epyae FpUIBIM, TEXHOIOTHS MEH MH)KEHEPHs, MaTeMaTHKa MeH OeifHemney
©HEepi MoHIHAEpiHeH aiFaH OuTiMaepiH nHpopMaTuka cabakTapblHAa KOJIAAHBIN, TYpPJi poOoTTap yiAriiepin
*obanaynapbiHa 6omazs [8].

binim amymieuiap:

1) PoGoTTapmst sxobanay sxoHe Oackapy Heri3aepiH 0Ty MeH TYCiHyAi KepceTesi;

2) PoboToTexHMKa KypajaapblH Haiianana OThIPKII, cabaKThl )ko0anay ToCUIICPIH KO IaHaIbl;

3) LEGO MINDSTORMS EV3 korCcTpyKTOpHI MeH Arduino MEKpPOKOHTPOJUIEPIH KOJIaHa OTHIPHIIL,
OpTYpPIIi Macesenep/ i Menryre apHaliFaH poOoTTap bl kobanay xoHe OaFaapiaManay ToCUAepiH 3epTTeimi.

5. O30icinen oky pecypcmapel: UHQOPMATUKA NaFIbUIAPBIH JTAMBITYAaFbl ©3/ITHEH KXYPETiH OKY
pecypcTapbIHBIH THIMAUTITIH Tangay [9].

STEM npuammpnTepi (FBUIBIM, TEXHOIOTHSI, MHKEHEPHS KOHE MaTeMaTHKa) HHPOPMATHKA A MEITYIIIi POt
atkapanel. Madopmarnkanarst STEM  TeXHOMOTHSACH WHHOBAIMSUIAPFA, MACENENep/i IIelryre >KoHe
JaFIbLIap/bl IaMBITYFa BIKIIAT €TETIH OChI IOHICPIiIH KUBLIBICHI O0JIBIN TaObu1aapl. MiHe, HH(pOpMaTHKaIaFbl
STEM TexXHOMOTUSCHIHBIH HET13T1 acIeKTiIepi:

[Tonapansik okpiTy: STEM TeXHONOTHACH MToHApaJBIK OKBITYFa bIKIAN eTeni. Mapopmarrkana Oy HAKTHI
€cenTepi ety YIIiH MaTeMaTUKaJIbIK YFBIMIAPAb], FRUTBIMU MPUHIMIITEPl )KOHE HHKEHEPITIK IaFIbIIap/bl
OipikTipyni Oinmipeni. Melcanbl, anroputmaepli a3ipiey (uH(popMmaTnka) keOiHece OHTaMIaHIBIPYIbIH
MaTeMaTHKaJIBIK TYKbIPbIMIaMaliapblHa CyHeHe .

[paktukaneik 3eprrey: STEM TeXHONOTHACH MpPaKTUKAIBIK 3€pPTTEYJep MeH JKCIIePHUMEHTTEPIi
BIHTATaHAbIpanel. MHopMmaTHkaga Oyn  KoATay, ammaparThlK Kypayabl KOH(QUTypalusiay >KoHe
OarmapiaMaiblK JKacakTamMaHbl 93ipiey >koOamapeiHma KepiHemi. bimim amymsmmap  OarmapiiaMalibiK
KacaKTaMaHbl Kypy HeMece almaparThlk KOMIIOHEHTTepHi jkolanay KoHE KypacThlpy VINIH KOATay
JaFIbIIApbIH KOJJIAHY apKbUIbl TOKIPUOSACH YHpEHEeII.

Macenenepai mwenry: STEM texHonorusicel Mocenenepai menryre 6aca Hazap ayzaapansl. MHpopmaTuka
KOATHI TY3€TY HEMece THIMI1 AJTOPUTMAEP KYpy OOJICHIH, MaceleNep i aHbIKTayIbl )KOHE IICIIy 1l KAMTHAIBI.
STEM npunnunrepi uHGopMaTHka canachklHIAFbl CBIHU Oiflay MEH TpoOieManap/sl MIelly IaFAbUIapbiH
JAMBITAJIbL.

Hakrtet onmemperi kocwimmanap: STEM TeXHOJOTHSCHL CHIHBINTAFbl OKBITYIbl HAKTBl QJIEMAETI
KOChIMINIANIAapMEH OalylaHBICTHIpYyFa ThIpbicabl. MHpOpMaTHKaga Oy MPaKTHKAIBIK Maceneep/i NeneTiH
OarapiaMaiblK KOCBIMIIANAP/bl 93ipieyai HeMece HaKThl CliEHAPHIIepal MOJEb/IEY YIIiH KOMITBIOTEPIIiK
MOJIETIBICP/Ii KOJIaHY bl Ol ipesTi.

WnnoBanmsa xoHe mbrapMambuiblk: STEM WHHOBauMs MeH MIBIFAPMAIIBUIBIKTBL BIHTAJIAHIBIPAIBL.
Nudopmaruka Oi1iM anmymipuiapblHa Haiaananymsl HHTepdencTepin xobanay, OarnapiaManblK xacakrama
HeMece AJITOpUTMIED JKacay Ke3iHe IIbIFapMaIbIIBIKIICH OfIayFa KeHee Oepiyiei. byt skaHabIK KapKbIHIbI
JaMBIIT KeJIe )KaTKaH canaja 6Te MaHbI3/IbL.

ToNTHIK MKYMBIC )KOHE BIHTBIMAKTACTHIK: OipiieckeH OKbiTy STEM TeXHONOTHACHIHBIH aXKbIpamac Oetiri
Oonbin TabbuIaAbl. MH(pOpMaTHKa camachlHIAFbl jxobanap keOiHece HAKTHI JaMy OpTallapblH KOPCETETiH
TONTHIK JKYMBICTBI KaMTuAbl. Mocenenepai Oipiecinm menry »oHe X0O0aJblK KYMBIC OUTiM adyIIbUlapblH
nHpOpPMAaTHKa canachlHAAFbl OoJamaK MaHcankKa JaibIHAaW b

OTUKaNbIK KoHe aneyMmerTik oiap: STEM TeXHOJOTHACHI 3TUKAIBIK KOHE 9JICYMETTIK caigap/sl Ja
eckepeni. UnpopmaTuka canaceiHga Oy1 IepeKTepAiH KYMUSUTBIIBIFbL, KHOSPKAYINCI3IiK dKoHE TEXHOJIOTHSIHBI
STHUKAJIBIK KOJIAAHY Typajibl HmiKipranactapabl KaMmTuabl. STEM OiniMi HHpOpMaTHKa CalaChIHAAFHI JKayalThl
JKOHE ITUKAJIBIK MIHE3-KYJIBIKKA BIKIAJ €Te/l.
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TexnonorusHe! 6ipikTipy: STEM TeXHOMOTHSCHHBIH 031 OKYABI )KaKCapTy YILiH TEXHOIOTHSUIBIK Kypaiaap
MeH Tuitatdopmanapra cyieneni. Muadopmarnka OimiMmiage Oy koaray riaTdopMaliapblH, MOAETBACY
OarmapiaMaiblK >KacaKTaMachlH HeMece WHTerpanusiianral gamy optanapein (IDE) koaray wmeH
OarmapiaMabIK JKacaKTaMaHbl 93ipiey OOHBIHINA OKBITY MEH TOKipHOe YIIIiH maiaagany 1l KAMTHIBI.

Beitimneny: STEM TexHOMOTHACH O1TiM amymisuiapra jkaHa TEXHOIOTHSIIAp MEH KYpalJapasl KOJIIaHyFa
yiipery apkpuibl Oeiiimaenyre bIKman eteni. MHdpopmarnkana Oarmapmamanay TuUTaepi, KYpbUIBIMIApD MEH
KypaJigap Typaibsl xadapaap 6oiy ete Manb3apl. STEM npuHIMnTepi Oi1iM amyibuIapblH YHEMI TaMBIIT KeJie
KaTKaH cajajia >KYMBIC iCTeyTe JaifbIHIalIbl.

MaHcanka naisHIBIK: HHPopMaTHKa caidacklHAarel STEM TeXHONIOTHACHIHBIH TYIKI MakcaThl — OLTIM
IyIIBUIAPBIH  TEXHOJOTHS cajlachlHOaFrbl MaHcamnkKa JaibplHAay. byran OarnapiaManblK —JKacaKrama
J)Kacaylibuiap, JePeKTep TalIaylbuiapbl, KNOSPKAYINCI3AiK capanibuiapsl skoHe T.0. Mancan kipeai. STEM
TEXHOJOTHCH OLTIM amymbuiapra mU(PIBIK S5KOHOMHKAAa OpKEHAEY VINH KaXKeTTi JaFabuiap MeH OuTiM
oepeni [10].

Herizinge, unnpopmaruka canaceiHgarel OimiMm Oepyaeri STEM TexHonorusicel OiniM  amymisiiapra
TEXHHUKAJIBIK JaFblIaphl FaHA eMec, COHBIMEH KaTap OCHI JaFabLIap sl KYPAETl Moceenep/i menryre, xKaHa
TEXHOJIOTHIIapFa OeiliMIeyTe KoHe OJIapAbIH KYMBICHIHBIH STHKANIBIK JKOHE QJIEYMETTIK CalJapblH eCKepyTe
KaOieTTi nHpopMaTHKa calachlHAAFbI TOXKIpHOeTl MaManaap Oonyra MyMKiHIiK Oepexi. by nnpopmaruka
OuTiMiH 21 FacBIPIBIH TaJlAlITAPbIHA COUKEC KEITIPEi KOHE TEXHOJOTUSIHBI JKAaKChl OLIETIH, MHHOBAIMSIIBIK
JKOHE STUKAIBIK MaMaHIAP/IbIH *KaHa OybIHBIH Topoueneiimi [11].

3epTTey JKYMBICBIMBI3/BIH Herisri MakcaThl STEM TeXHOJIOTHUACHIHA OKBITY 9JIICTEpI MEH TICUIACPIH
KOJIJIaHa OTBIPBIN OUTIM aTyIIbUIapAbIH OUTIMI MEH JaFIbICHIH apTTHIPYABIH THIMAUIITIH Oaranay Ooysl. bi3
opOip omic MeH TocinmiH OiMiMaNyIIBIHEIH OUTIMII Wrepyre, AaFAbUIapAbl KaJbIITACTHIPYFa JKOHE OHBI
JAMBITYFa opi OHBIH JKaJMbl OKYy TOXiprOeciHe Kanmail ocep eTKeHiH Oaranmay/pl Makcat eTTik. OCchl MaKCaTThI
nIenry apkpuibl 3eprrey 6aprickinaa STEM TeXHOIOTHsIChIHA OKBITYIBIH SPTYPIIi 9iCTepl MEH TacIepi xaH-
JKaKTBI OiiMIi WrepyiHe Kajai BIKITal eTeTiHiH aHBIKTANIBL. 3epTTey HOTHIKECIHJE, TEeKCepiITreH FhUIBIMU
OopKaMaap TOMEHIETI MaTIIMETTEp Il alyFa MyMKIHIIK Oepi:

1 - reuTBIME OODKaM: JK0OOAIBIK OKBITY, TPOOJIEMaHbI Iienryre oarbiTTairald okpiTy (PBL) OiiM anymibuiap
apaceiaia nHpopmaruka sxoHe STEM TexHomorusicel OOMBIHIIA OUTiM MEH ecenTeplli LIeuly JarAbUIapbiH
afTapIbIKTal )KaKcapTabl.

2 - reutbiME Ooipkam: Kopray ofici TancsipManapbl MEH jkapbicTap KOATay JaFIblUIapblH )KaKcapTaIbl )KoHe
OUTIM ayIIbUIAPAbIH TPOOJIEMaIap bl MISITy KaOlIeTTepiH JaMbITa bl

3 - FpUTBIMH OOJKaM: bIHTBIMAaKTAaCTBIKTa OKBITY OiJiM amylibUIapAblH ca0aKKa KaThICYbl MEH TOTTHIK
YKYMBIC JTaFIbIIaphIHA OH acep eTei, Oyi1 nHpopMaTHKa OiTiMiH caKTayabIH KOFapblUIayblHA SKeIe/i.

4 - rebIME OOKaM: PoOOTOTEXHHMKaHBIH MHTETrPAlUsCHl IIBIFAPMAIIBUIBIK ME€H eCenTeplli INelryre
BIHTAJIAHIBIPA/IBI J)KOHE OUTIM ayIIbUIapIbiH HH()OPMATHKAHBIH HAKTHI SJeMJIETi KOJMaHOalapblH TYCiHYiH
KaKCaAPTaIbL.

5 - FeUTBIMH OOJDKaM: O3IHJIIK OKyFa apHaJIFaH PeCypCcTapibl MaiaaiaHy IbIH THIMJILIII MEH OHBIH JKEKE
TYJIFaHbIH OUTIMJII Urepy CTUIIBJEPiHE Coiikec Kejeni, HoTmxkeciHae STEM TeXHONOrHAChIH YHpEeHYIIIep
©3iH-631 OacKapabl )kKoHE OUTIMII HUrepyre KbI3bIFYIIBUIBIFBl MEH BIHTACHI apTa TYCE/.

Ocbl FBUIBIMEH  OOJDKaMIapAbl SMIOUPHKAIBIK TYpIe TeKcepy apkbuibl Oyl 3eprreyain  STEM
TEXHOJIOTHSICHIH UTEPY YIIiH OKBITY 9MIiCTepl MEH TacuniepiHiH TuiMaiiirid kepcerti. Hotmxkenep XKorapsl
OKy OpHBI Tefarorrapbl MeH Oomnamrak wH(popmarnka myramimiepiH STEM TexHomorumscbla OKBITYABIH
omicTepi MeH TacinepiH OitiM Oepy TaxipubeciHie KonIanya THiIMIUTITIH KOPCETT.

Toxipubenik 3eprrey >kymbichl, OHTYCTIK KazakcTaH Tenarorukayiblk YHUBEpCHTETI MeH M.Oye30B
aTeiHAarel OHTYCTIK KasakcTan yHuBepcHuTeTIH e Ooaliak nHpopMaTHKa MyFaTiMIEPiH Aaspiiay yaepiciHe
Kyprizinni. OKy Ky3ri cemectplie OacTanblil, KeJeci Ka3aa asKTalibl.

MaTtepuangap MeH JiepeKTep KUHAY

AnnpiH ana skoHe KeHinri Oaranayiap: 3eprreyne Oinim anymsmapasiy STEM TexHonorusicel OoibIHIIA
Oimimzepi MeH AarIpUIapblH Oaranay YIIiH CTaHIapTTanraH Oarajiay ajIbIHIarbl jKOHE KEHiHr1 ChIHaKTap
Konmanbuibl. byn Oaranay OipHemne TaHgay CypakTapblH, KOJATAy TaIlChIpMalapblH )KOHE MOCEJICHI IIelry
ClIeHapuiIepiH KaMThIabl. binim anymbuiapra, okpITyiubsiapra STEM TeXHOMOTHACHIH OKBITY 9iCTepi MEH
TOCUIAEpiH KOJIaHy ToxkipuOesepi Typaibl IepeKTep KMHAy YIIiH cayaiHamanap Taparsuiasl. CypaxTtap
cabakra KOJJAHBUIFaH 9JIiICTep MEH TACULACp/AiH THIMAUIIT MeH OUTiM alylmbuiapiblH cabdakka KaThiCy
JICHIeMIIepiH JKoHE OJIap/IbIH OKY HOTHIKEJEPiH aHbIKTay OOMBIHIIA KOHBUIIBI.
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Bakpuiay Tontapeiaaa opOip OKBITY 91iCi MEH TOCUIAEPIiH OPBIHAATYBI MEH dcepiH Oaranay YIIiH CHIHBINTA
Oaxpitay okyprizai. byn Gakputaymap OinmiM amymbuiapablH cabakka KaThICYBI, TONTHIK JWHAMHKA JKOHE
OKBITYIIILI MEH OUTIMAJIYIIBIHBIH ©3apa OPEKETTeCyl CHSKTHI (PaKTOpJIapAbl KapacThIpAbL.  3eprreyle
JepeKTepAl TaldaydblH CaHIBIK JKOHE camallblK oxicTepi KongaHeUiabl. CaHObIK Tangayaa, apOip OKBITY
omicinin STEM TexHomoruscel O60ibIHIIIA OUTIMI MEH JaF[pUIapbIHA alTapIIbIKTail ocep e€TKEHIH aHBIKTay
YIIH CTaTHCTUKAIBIK 9MICTEP/i, COHBIH imIiHae t-rectrepiH koHe ANOVA kemerimeHn Oaramayra IeHiHTi
KOHE KeHiHTi ynaiiiap tangansi [12].

CananpIk Tangay YIIiH, canaibl TYCIHIKTEpAl aly YIIiH cayamHaMma ayanTapbl MeH OaKpuiay JepeKTepine
Ma3MYH/IBI Tajaay skacaiasl. by TyciHikTep OimiM amymmpUIapAbIH TOXiprOeciH, KaObUTAaybIH XKoHE apOip
OKBITY SJIICIHIH THIMIUTITIHIH HIOAHCTAPbIH TYCIHYT€ KOMEKTECTI.

3epTTey HITHHKETEP]

Hotmxenep OipiHmi feutbiMu OoibKaMabl pacTaibl. JKobanwlx oxvimyda  TpoOieMaHbl IIENIyre
OarpiTTanFan okpITY (PBL) omici Ginim anymsutapasi STEM TexHomorusicel OoibIHIIA OiTIMIH apTTHIPBIT,
ecenTepal IIeNly MaFaplIapblHa aWTapibIKTail OH acep eTTi. baramayman keHiHri ymaiap sKCIepUMEHT
OachIHIarsl Oaraay yrmaiiapMeH CalbICThIpFaHIa alTapIIbIKTal )KaKCcapraHbIH KOPCETTi.

ExiHii, FeutbiMu 00JKaM, Koomay 20ici OOUbIHUA MANCHIPMANAP MEH JHCApblCmap Yubimoacmlpy Oiiim
anywsliapovly  KONTAy —JAFIbLUIaphIH  apTTBIPBIN, mpoOseManapisl ey KaOUIeTTepiH  JAaMBITY
MYMKIHIIKTepiH kepceTTi. Koaray chiHaKTaphiHa KaTHICKaH OiTiM alyIIibuIap KOATAY JaF JbIIapbIHBIF )KOFaphl
JICHTeHiH KOPCETTI.

YriHimi, FeUIBIMA 0ODKaM OOWBIHINA, BIHMbIMAKMACMbIK OKbIMY dIiCi OOWBIHIIIA OKBITY OH dCep CTTi.
bIHTRIMaKTaCTHIKITEH OKBITYFa KATHICKaH OUTIM amyIipuIap OeNCeHAUTIKTIH dKOFaphl ICHI€HiH KOPCETTI JKoHE
TONTHIK KYMBIC TaFIbUIAPBIH apTTHIPIBI, OJ1 TONTHIK ic-Iapaiapra OeJICeH i KaThICYAbl KOpCeTeTiH OaKpuIay
JIEPEeKTEePIMEH pacTalibl.

TepriHmii, FUIBIMA OOJKaM, HOTWDKEIEPl pacTalfbl, SSFHH, POOOMOMEXHUKAHbL Kipikmipe oKbimy 20ici
IIBIFAPMAIIBIIBIK TIEH MACeJeNep i menryre O1TiM amyIIbIapIblH BIHTACHIH KOFAPbUIATATBIHB aHBIKTAJIBI.
ConbIMeH Kartap, OLTiM amylbLIappiH, poOoTOTeXHUKa O0kbIHIIA TYPJIi )Kobanapbl STEM TeXHOIOrHsICHIHBIH
OYTiHT1 TYPMBICTA KQKETTUIITIH TEPEHIPEK TYCIHETiHIH KOPCETTI.

Becinmi, FeuteiMu O0MKaM J1a KOJIAy TanThl. O31HIIIK OKyFa apHaIIFaH peCypcTapabl Maiianany apKbLTbI
STEM TexHONOTHAHBI UrepyJie ©3iH-031 OacKaphblr, OLTIMII Mrepyre JEreH BIHTAChl apTybl, ©3iHMAIK OKY
CTHJIbJICPIHIH THIMAINITIH OalKaTThl. SIFHUM, OLTIM amylmIbUTApJIBIH cayaliHaMara OepreH jKayanTapbl e3iH/iK
OKyFa apHallFaH pecypcTap/Ibl KOJIaHY IbIH THIMILIITIH XKOFaphl JEHTelHiH KOPCETTi.

Tankbuiay

3eprrey HoTmxenepi nHpopMmarruka yuriH STEM TeXHOMOTHCHIH OKBITYABIH SAICTEPI MEH TCIIIEpPiHiH
THiMALTIriH kepcereni. On apTypii OKbITY omictepi OiniM amymbuiapaslH STEM TexHONOrusicbIH urepyre
JIeTeH KbI3BIFYIIBUIBIKTAPHIH KaHAFATTAHABIPY YIIH KOI KBIPJIbl TACIIII KOJNJAHYABIH MAaHBI3IbUIBIFBIH
Herizneini. Hotmxkene, xobanan OKpITY, KOATAY TalChIpMaliapbl MEH Kapbic cabaKTapbl, BIHTHIMAKTACTHIK
OKBITY 9ffici, POOOTOTEXHUKAHBI KipiKTipe OKBITY 9ICi MEH }ko0ayiap acay >koHe ©3iHIIK OKyFa apHaJFaH
pecypcrapabl naiaanany STEM TeXHONOTHsSHBI KOJJIAHYIBIH THIMIUICIH KepceTTi. MaHbBI3IbICh], OV
3eprrey JKOO-ma ocel OKbITY 9fictepin Oonamak uHpopmathka myraimimiepin STEM TexHoJOTHsCHIHA
OKBITY YIIiH, OKy OarmapiaManapblHa €HTi3y[i KapacThlpy KepekTiriH kepcereni. On opTypii CTYyAEHTTIK
TONTBHIH KAKETTUTIKTEPIH KaHaraTTaHIbIPa OTBIPHIN, WHKIIO3MBTI OHE TapThIMABI OKY OPTaJapblH KYPY
oJleyeTiH KepceTeIi.

Hotmwxkenep ToxipuOeniK, MHTEPAKTUBTI OKBITY TOCUIACPIHIH MAaHBI3IbUIBIFBIH KOPCETETIH allZbIHFbI
3eprTeyjiepMeH coiikec keneai. COHBIMEH KaTap, HOTMXKENIEDP OCBl OKBITY OAIiCTEpiH THIMII eTeTiH
MeXaHU3MJIEP/l OJlaH dpi 3epTTeyre MyMKIHIIK Oepeni. Kenemekre 3epTrey MepcreKTHBACHI OCHI OKBITY
omicrepiHiy Oinmim amymbuiapaeiH STEM TeXHOJIOTHUSHBI MEHrepTy/e koHe HMHQOpMaTHKa MyFaliMAepiH
Jasipyiay/ia >KOFaphl KETICTIKTepre JKeTy YLIIH, Y3aK Mep3iMIIi acepiH 3epTTeydi KaMTuabl. by 3eprrey Oinim
TyIIBUIAPEIH WHPOPMATHKAHbI OKBITYAAFbl KE3/I€CETiH KHBIHABIKTAD MEH OJIapbl LISy MYMKiHAIKTEpiH
TabyJa WHHOBAIMSUIBIK OKBITY OICTEPIHIH THIMIUIIIH 3MIMPUKAIBIK aojenney apkbuibl, STEM
TEXHOJIOTHSCHIH OKBITYFa bIKnau etemi [13].
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KopbIThIHABI

Nndopmaruka yoriin STEM TexHOJOTHSICEIHA OKBITY SiCTEpi MEH Tacijaepi OOWBIHINIA >KYPTi3UIreH
3epTTeyJep OKBITYIBIH SPTYPIl TOCUIIEpiHIH THIMIALTITT Typainsl KYHObl TyciHikrep Oepai. bynm 3eprrey
MyFalimMziepre, oKy OaFaapiamaiapblH KYpacTBIPYIIbUIAPFA XOHE dJicKepiepre MHQoOpMaTHKa OOMbIHIIA
OiiM Gepy/i skakcapTyaa OacIIBUTBIKKA aaThIH MAaHBI3IBI KOPBITHIHAB )KacayFa MYMKIHJIIK Oepi.

OKBITY SficTepiHiH THIMALIITI: K00aBIK OKBITY, KOATAY SfiCi OOWBIHIIA TalChIpManap MEH XKapbicTap
YHBIMAACTBIPY, BIHTBIMAKTACTBIK OKBITY, pOOOTOTEXHUKAHBI KIPIKTipe OKBITY 9Aici, ©31HAIK OKyFa apHalFaH
pecypcrapanl naimanany - STEM TexHONOTHAHBI OKBITYyFa OH ocep eTeTiHIH pactaiapl. bym omictep mMeH
Tacinaep OumiMrepiep iy OLTiMiH, JaFIBICHIH, OETICEHIUTITIH )KOHE YKaJbl OKY TOKIpHOECIH apTTHIPaIbI.

PoGoToTexHHKaHBI KipiKTipe OKBITY 9JIICI MEH O3iHOIK OKY2a ApHANAH pecypcmapovl NAtodnany Oinim
anyuvliapoviy OENCEeHAINIrT MeH MOTHBALMACHIHA aWTapJbIKTall ocep eTedi. bIHTBIMaKTacTBIKTarsl OKBITY
TOMNTHIK JKYMBICTBI OHE «TCH-TCHIMEH» OKYbI BIHTATAHIBIPAJIbI, O3iHOIK 0Kyea apHanean pecypcmap binim
ayIIbIIapFa OKY casxaThlH OakbulayFa MyMKiHIIK Oepeni. bencenai sxoHe piHTaBI OUTiM anmymbuiap STEM
TEXHOJIOTHCHI OOMBIHIIIA O171iM Oepy/ie TAOBICKA KETY BIKTUMAJJIBIFBI KOFaPHI.

KopseiTeiaapinail kene, Oy 3eprrey umHpopMmaruka ymriH STEM 6imim Oepyneri HHHOBAIMSUIBIK OKBITY
omicTepiHiH TpaHchOPMANKSIBIK d1eyeTiH atan kepceTeni. O 6151iM amymbuIapAbIH THGPIBIK ASYip/e 03bIK
OlmimMzi uTepy YIIiH KQXKETTi AaFabliap MeH OUTIMMEH KapylaHAbIpaThiH, AMHAMUKAJIBIK KOHE TAPTHIMIBI OKY
OPTaChIH KYPYABIH MaHBI3AbLUIBIFBIH KepceTei. OChl OKBITY 9iCTepi MEH TaCcUIAepiH Konnana oteiphin, STEM
TEXHOJOTHACH OOHWBIHIIA OimiM Oepy camachkl YHEMi Jamblll Kejle JKaTKaH TeXHOJOTHSUIBIK JaHmmadTka
OeifiMIeNin, epKeHICH anabl.
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STEM - MEKTEII ®H3UKA KYPCbIHBIH, «xJHEPTHA» YFBIMbBIH KAJIBIIITACTBIPY 1bIH,
TEXHOJIOT'UACHI PETIHAE

Anoamna

ByriHri KyHi TEXHONOTHs KbIJIaM KapKbIHMEH NaMblll Kenexdi. bimiM Oepy yzepiciH THiMAl XKy3ere achlpy YIIiH,
acipece KapaTbUIBICTAHY FBUIBIMAAPBIH WHTEIPATUBTI 3€pPTTEY Ke3iHIEe KONTEreH WHHOBAIMSJIBIK TEXHOJOTHSIAP/IbI
naiinananyra 6omanasl. Kasipri yakeITTa OKy MaTepuaiapbiH dPTYPIi HUPPIbIK GopManap apKbUIbl KAMTaMachl3 €Tyre
Oonaznpl. byn 3epTTey Mekren (u3HMKa KypchlHAA OKYLIBUIAPIBIH OKY MaTepHalIapblHa, acipece SHeprusl TaKbIPBIObIHA
KATBICTBl KaXXCTTUTIKTEpi MEH KBI3BIFYLIBUIBIKTAPBIHBIH TEHICHIMACHIH KbICKaIla OasHOaiapl. 3epTTEeyIiH MakcaTbl
MyFanimaep MeH okymbuiapasiH STEM MHTerpanusuiaHfaH OKBITYIBI CHII3TeHIE, OJIapJblH OpTa MEKTENTe SHEPIUs
YFBIMBIH 3€pTTEY MEH OKBII-YHpeHYIl >KeHUIIeTyAeri KYTUICTIH MOceneNepli aHBIKTay OOINBIN TaObUIaAbl. 3epTTey
OapBICHIHIA FHUIBIMU 9[cOHeTTepre, MeKTell ()U3MKAa KypPCHIHBIH OKYJBIKTApPhl MEH OKY OarmapiamanapblHa Tajjiay
wacanbsiaapl. ConbiMeH Karap, STEM anemeHtTepiH, nudpuslk OuUTiM Oepy pecypcTapblH TaHAAN ally KYMBICTAphI
Kyprizinai. Byn marepuanmapipl oKy yAepiciHe eHJIpin, OKYIIbLJIap apachlHIa SHEprusi TaKbIPhINTApbl OONBIHIIA
OakplIay JKYMBICTAphl YHBIMAACTHIPHUIABL. 3epTrey HoTmkenepi STEM TeXHONOTMsCHIHBIH OKYyLIBUIAP apachlHAA
SHEPrHsi YFHIMBIMEH OalIaHBICTHI FBUIBIMH OWNAYyJbl JaMBITYFa OaFbITTajiFaH ic-lapajsapMeH OailbITyra MYMKIHJIIK
OepeTiHIriH KOepCeTTi.

Tyiiin ce3mep: STEM texHosnorus, uudpiblk pecypcrap, MeKTen (u3MKa KypCbl, SHEPTUsl YFBIMBI, OKYIIBI,
KQJIBIITaCTHIPY.

AnHomayus
STEM KAK TEXHOJIOT'USI @OPMUPOBAHUSI MOHSITUS «KQHEPT USI»
B IKOJIbBHOM KYPCE ®U3UKHU
LK. Pamanxynos®, JK.M. Bumubaeea®, 5.A. Kypbanbexos', H. Mycaxan®, A. [lammaes*
! Meacoynapoonwiii kazaxcko-mypeyxuii Ynusepcumem umenu X.A Acasu, 2. Typxecman, Kazaxcman
2Kazaxcxuti Hayuonanohwiii nedazozuyeckuii yuugepcumem umenu Abas, 2. Aimamor, Kazaxcman

CeroHsi TEXHOJIOTMH DPa3BUBAIOTCS ObICTphIMH TeMmamu. s 3¢Q¢exkTuBHON peanuzanuu 00pa30BaTEIHHOTO
mporiecca, OCOOEHHO TPH WHTETPATHBHOM H3YYEHHHM €CTECTBEHHBIX HAyK, MOXXHO HCIIOIb30BaTh MHOXECTBO
MHHOBAI[MOHHBIX TEXHOJIOTMH. B Hacrosmee BpeMs y4ueOHbIE MaTepHaiIbl MOTYT OBITh MPEIOCTABICHBI C MOMOIIBIO
Ppa3IMuHBIX TUPPOBHIX GopM. DTO HCCIIeT0BAHNE KPATKO OMKMCHIBACT TEHACHIIMN TOTPEOHOCTEH N MHTEPECOB yUAIINXCS
B IIKOJBHOM Kypce (M3MKH B OTHOIICHHM YYEOHBIX MaTepHajoB, OCOOCHHO B OTHOIICHWH TeMbl 3Hepruu. Lleis
HCCIIEJOBAaHHUS COCTOMT B TOM, 4YTOOBI ONpPEICINTh OXHAaeMble MPOOJIEMBI, C KOTOPBHIMH YUUTEIS M Yy4dalluecs
CTAJKHUBAIOTCA NPU BHEAPEHHH HHTErpupoBaHHOro obydenmss STEM, 4roObl oOierduth MX H3ydYEHHE M H3ydYCHHE
KOHILETIIMY SHEPTHHX B CpeiHeil mKoue. B xoe uceiaenoBanms ObUT IPOBEAEH aHAN3 HAYYHOW JINTEPATYPhI, Y4€OHNKOB
1 y4eOHBIX TpOrpaMM IIKOJBHOTO Kypca (usuku. Takxke Obuta mposeneHa paboTa mo BeIOOPY dnemeHToB STEM,
UPOBEIX 00pa30BaTENBHBIX PECYpCOB. DTH MaTepHaibl ObUIM BKIIOYEHBI B YYEOHBIH IMpOIleCC M OPraHW30BaHBI
KOHTPOJIbHBIE Pa0OTHI CPEeOW ydYaIluxcs MO IHEPreTHYECKHM TeMaM. Pe3ynpTaTel MCCIEIOBaHMSA IOKAa3ajH, dYTO
texHosoruss STEM no3BosnsieT 060raTUTh ydamuxcs MEpONpUsSTHIMHI, HAIIPAaBICHHBIMU HA Pa3BUTHE HAYYHBIX 3HAHHMH,
CBSI3aHHBIX C TIOHSATHEM DHEPTHS.

KiroueBbie cioBa: STEM TexHONIOTHH, TUPPOBBIE PECYPCHI, INKONBHBINH Kypc (DU3NKH, TOHATHE SHEPTHH, YICHHUK,
(dopmupoBanue.
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Abstract
STEM AS A TECHNOLOGY FOR THE FORMATION OF THE CONCEPT OF "ENERGY" IN A SCHOOL
PHYSICS COURSE
Sh.zh. Ramankulov?, J.M. Bitibaeva?, B.A. Kurbanbekov?!, N. Mussakhan?, A. Pattayev*
1Khoja Ahmet Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan
2Kazakh National Pedagogical University named after Abai, Almaty, Kazakhstan

Today, technology is developing rapidly. For the effective implementation of the educational process, especially in
the integrative study of natural sciences, many innovative technologies can be used. Currently, educational materials can
be provided using various digital forms. This study briefly describes the trends in the needs and interests of students in
the school physics course in relation to educational materials, especially in relation to the topic of energy. The purpose of
the study is to identify the expected challenges that teachers and students face when implementing integrated STEM
learning to facilitate their learning and learning of the concept of energy in high school. In the course of the study, the
analysis of scientific literature, textbooks and curricula of the school physics course was carried out. Work was also
carried out on the selection of STEM elements, digital educational resources. These materials were included in the
educational process and control works were organized among students on energy topics. The results of the study showed
that STEM technology makes it possible to enrich students with activities aimed at developing scientific knowledge
related to the concept of energy.

Keywords: STEM technologies, digital resources, school physics course, the concept of energy, student, formation.

Kipicne

Byrinri Tanna Qu3MKaHBIH OLTIMIACPIH COTTI Wrepy YIIiH KYOBUIBICTAp MEH 3aHIBUIBIKTAP/Abl CHIIATTAY
KETKUTIKCI3 Oombim TabbiIanbl. JKahaHABIK €HOEK HAapBIFBIHBIH JKBUIIAM ©3repyl OumiMrepiiH opTypi
NEpEeKTepMEH JKYMBIC icTel OuryiH, 3aMaHayd TEXHOJOTHSIIAPABI MEHrepyiH XOHE HaKThl eMipae 3
KaOlJIeTTepiH Kajiai KoJiJaHy KepeKTiriH Oinyai Kaxet eteni. Mekren Tysiekrepi (Pu3uKaHbl OKy1a, apbl Kapai
JKOFapbl OUTIM ay/ia oHE KOCiOM KaJIbINTacy1a ajafaH JaFabUiapbiH TaObICTHI Nak1ailaHa OTHIPHII, QJIEMHIH
JKETEKIII OKY OPBIHIAPBIHBIH TYJIEKTepiMeH Oocekere KadineTTi 00rysl Kepek.

OJIeMHIH KOIlTereH eepine OiliM Ma3MYHBIH KaHFBIPTY, OHbI HAKTHl OMIp JKar[aiinapeiHa OapbIHIIA
yinectipy wuuescel STEM wuHTerpanusuiaHFaH TOHApaNbIK OarmapiaMaliapblH KOJJIaHyla THIMII iCcKe
aceipbutaiel [1]. STEM (S — science, T — technology, E — engineering, M-mathematics) - arbuIIIbIH TiTiHEH
ayJnapraHia TaOUFY TIOHJEP MEH TeXHOJOTHSUIapAbIH e3apa OaiIaHbICHIH, MATEeMaTHUKAJIBIK OUTIMII KoJTaHa
OTBIPHITI JKaHAa WHXKEHEPITIK NIeniMIepre Ko keTkizyai oimaipeni. 1989 sxpuisl Ameprka Kypama Ll tarrapst
STEM 6inimin anram pet ycbiHbl, an 2011 xbuibl o1 TonbiFsiMeH K-12 6enimine enrizingi. STEM kypcsl
apKbUIBl OKBITY 3€pTTEYJIEPiHIH KapKbIHIBI AaMybl MeH TtepeHneyimen STEM  oky Oarmapiamachl
MPAKTUKAIBIK OKBITYJa KeNTereH KWbIH Macenenepre Ttan Oonaabl [2]. STEM GarmapiamanapbiHBIH
TYKBIPbIM/IaMachl OKYIIBIIAPABIH (PHU3KMKagaH TEOPHUSIIBIK aKIapaTThl allIbIH-aIa OKbIIT MEHTepreHHEeH KeliH
Oenrinmi Oip ¢Qu3MKanbIK MpobiieMa aschiHAa Chi30a HeMece MOJellb KYpyIbl Kepcererdi. byn ic-opekerre
OKYLIBLIAp MaTeMaTHKaJbIK OUTIM Heri3JiepiH, KpeaTuBTI KaOieTTepiH, jKaHa HJesuiapAbl YCBIHY >XOHE
OospkamMapra Oakbliay kacay, *KaHa ©HIMHIH KacHETTepi MEH canachlHa KOWBUIATBIH TajlalTapra Colkec
MBICBIKTAY KaOlIeTTepiH KONJaHYbl KaKeT.

2019 xwuapry KaHTap aibiHa Belinapusaein XKenera kanaceiana etkeH «uaaycrpus 4.0: ©OHEpKacinTIK
TEXHOJIOTHsIIAp MEH WHHOBAIMSIIAPAbI JaMBITY IBIH HbICAHAITBI OaFapiapbly TaKbIpbIObIHAAFEI ByKinaneM ik
9KOHOMUKAIBIK Dopym/ia — OoJamak MaMaHAapabl OKBITY JKOHE )KYMBICIITBUTAPABIH OUTIKTUTIKTEPIH apTTHIPY
KarJgaiiblHaa OYTiHTI OHIIpICTIK cajalarbl MIHAETTEpJ WICNTy >XoHe WHHOBAIWIAPIBI €HTI3Yy apKbLIBI
OoJanrak KyMbIC OPHBIH KYpY MYMKIHJIr aiTeiuiFad 0onateiH [3]. By skarnaii eHpaipicTik peBomronus 4.0
JKOJIBIHIIA KYMBIC OepyIIiiep TEXHHUKAJbIK, COHBIH IIIHae (U3MKa cagachlHbIH MaMaHIBIKTaphl OOMBIHINA
OiTipywijepAeH KaHaai KaXeTTUIIKTep i KYTeTIHAIriH aHbIKTay MOceJieNIepiHiH 63eKTUIIrH KOpceTe/i.

2019 xwuiapiy 27 skxentokcaHblHmarbl Kazakcran PecmyOmukackl YxkimeriHiH Ne988 «bimiMm xoHe
FRUIBIMIBI AaMbITyAbiH 2020 — 2025 sxpuimapra apHaifaH MEMJICKETTIK OarmapiiaMachiH» OCKITy Typasbl
Kayneiga MHAycTpust 4.0 TajmanmrapblHa KOJI KETKi3y[iH Oip KOJIBI peTiHAE - XUMHS, OHoIorus, (pu3uKa
nonzepin STEM-kabuneTTepMeH xabapIKTay HET131HAe OKBITY Macelesepi KapacThIpbuiraH [4].

Kazipri yakeiTTa Herisri Mekrente (Qu3MKa Kypchl OOWBIHINA OKY MaTepHAaJbIHBIH Ma3MYHBIH TaHJAy
Macereci OOMbIHINA 3epTTeyJIepe, TaOuFaT 00BEKTUIEPIHIH KO3FaIbIChl MEH ©3apa 9PEKETTECYIHIH OJIIeMi
peTinae «DHeprus» YreIMbIH any ¢u3uka O0is1iM Oepy FhUIBIMBIHBIH O0acThl HazapbiHAa. Ce0ebi, SHEPTUSHBIH
CaKTaJly >KOHE TYpJIeHY 3aHBIHBIH AalllbUTybl MEXaHHKAJIBIK JKOHE JKBbUTy KYOBUIBICTAPBIH CHIATTAyFa
SHEPreTHKAJIBIK TYCIHIKTEP/II KOJIIaHyIbIH HOTHKECI 00JIAbI. AJI OCBI 3aHJIbI SPTYPJIi (DU3MKAJIBIK CHUIIATTAFbI
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KYOBUIBICTapFa KOJJaHy HETi3iHIE AallbUIFaH >KaHAIBIKTAp OHBIH OMOCOANTHIFBIHA JETEH CEHIMILTIKTI
HBIFAUTTBI.

OusuKanblK KyObUTBICTAPABIH, 3aTTap MEH 6piCTepHiH JHEPreTUKANbIK CHIATTaMallapblH 3epTTeyre
(u3MKa KypChIHBIH OKY MaTepHaJIBIHBIH €J2Yip 06iri KapacThIpbUIaAbl. JHEPTUSHBIH CAKTaIly KOHE TYpJICHY
3aHBIHBIH OMOCOANTHIFBIHBIH, KOPIHICI oJeMHIH FBUIBIMH OCHWHECIH, aram aWTKaH[a, OHBIH OJCMHIH
MaTepHaIbIK OipIiri, SHEPTHS - KO3FAIBICTHIH CAHJBIK OJIIIeMi, KO3FAIIbIC - MAaTEPHUSIHBIH OMIp CYPy Tocii
TypaJibl UAESIIaPbIH KaJBINTACTHIPY YIIiH MaHbI3AbI OONBIN TaObLIa kL.

«OHEeprus» YFBIMBI — OV FBUIBIMHBIH OapiblK caylajapblHa KEHIHEH KOJNIAHBUIATHIH YFBIM OOJIBII
TaObIIanbl. «JHEPTUs YFBIMBIHBIH MAarblHACHIHA JKOHE OHBI CHMNATTay YIIIH KOJJAHBUIATHIH OPTYPIi
MeTadopanapra KenTereH 3epTreyiep xKyprizinmi [5-6].

Opra MekTente (QHU3MKAaHBI OKBITYAa «IHEPTUS» YFBIMBIH KalBIITACTBHIpYFa OipHEIe IMIEeTENIiK >KoHE
OTaHJBIK 9IICKep FaIbIMAAp aiiTapibikTail yinec Koctel. E.XexT o3 3eprreynepinme 1860 xpuinapnan 6actan
Ka3ipri yakpITKa ACWiHTi (U3MKa OKYJBIKTAapbIHA Taijay >Kacail OTBHIPBHIN SHEPIrus TYKBIPBIMIAAMACHIH
OKBITYAAFbl Ka3ipri Ke3KapachbIMbI3AbIH KEMIIUIIKTEpiH KepceTTi. HoTmxeciHae MoHHIH NeqarorvKaibik
namMybl YIIiH OipmramMa KOJDKETIMII Heri3fi KaMTamachl3 eTe ajaThlH KYII, JKYMBIC JKOHE JHEPTUSHBIH
TYKBIPBIMIAMANTBIK aHBIKTAMAaJaPbIHBIH KEIiCUITeH JKUBIHTHIFBl YCHIHBUIABI. OJHEPTHSHBIH CaKTaTy 3aHBIH
KoJNJaHy, (U3UKaHBIH OpTYpii OelliMaepiH 3epTTey Ke3iHAe SHeprusi Typaslbl TYCIHIKTEpAlI TEepeHIETY
MaceJenepi 3epTTein, SAiCTEMENIK YChIHbICTap OepiireH [7].

P. Toppe, b.Onrro, K.Kopiy, M.Horaun, ;xone A.XyaH SHepreTHKAIBIK YFBIMIAP/Ibl OKBITY KYpajibl pETiH/IE
MOJIEJIb/ICY MEH MaHBI3/Ibl OMBIH/IAP/IBIH MAaHBI3IbLIbIFbIHA TANIIAY KacaraH [8]. ABTOpJIap OKBITY oaicTeMeci
KOPCETKEeH/IeH, oNlap/Ibl OKy YAEpiciHe eHTi3y OiniMrepnepi OeiceHai OKbITY1a THIMTI O0JIFaHBIMEH, KOJIaHy
MOceJIeci ol KeH TapKalMaFaHbIH TYKBIPBIMIAIBI.

O.Pycestan, P.Mapuwann, M.Mykruapau, A.HaamusHTO 3epTTeyiepiHie HWHKIIO3UBTI Oimim Oepyze
SHEPreTHKAIBIK KYOBUTBICTAP MEH 3aHIBUIBIKTAP bl OKYIIBLIAP IBIH KAKETTUTIKTEPiHE COUKEC KEICTIH 9IiCTep
MeH OyKapallblK akKmapaT Kypaimapbl MaTepHalfapAbl TYCIHY VIIH OKy IPOIECIH >XCHUICTETIHAIrH
monenneimni [9].

Orangpik Faneivaap O.M.MambetakyHoB, JXK.K.CeinpikoBa, b.EpxenOex 3epTrey >KyMBICTapbIH MEKTEI
¢u3nKa KypchiHIAa «JHEPrus»  YFBIMBIH JKATTBIFYJap  JKYHECIH KOJIaHy HETI3iHIEC KaJbITaCThIPY
omicTeMeciH KapacThIpa sl FambiMaap KaTrTeFynap >KYHeciH KONAaHy apKbUThl OKYIIBUTAPABIH MEHTepreH
OUTIMIEPIH NPaKTUKa A KOJJaHa ajy KaOlaeTTIIiKTepiH gaMbItast [10].

Opra MekTenTep/liH KaHAPThUIFaH Ma3MYHIaFbl OlTiM Oepy KylieciHe Kelryi Gu3nka Kypchl OOMBIHIIA 1A
KYHeTl OKyIbl iCKe achIpyabl KaMTHABIL. MekTen (u3uKa KypCHIHBIH op OeIiMiHiH OKy MaTepHalIbIHBIH
Ma3MYHBIH YFBIMJIAP, 3aHIap, PU3UKAIBIK TEOPUSHBIH KEHOip uaessiapbl HEeTi3iHe KyHelney Kallbl FhUIBIMU
YFBIMJIApABI, ipreni 3aHaapisl Oelin MeHrepyre MYMKiHIIK Oepeni. bys yreiMaapapiH HerisrinepiHiy Oipi
«QHEPTUSHBIH CaKTaly >KoHE TYPJICHY» 3aHbl €KeHJIITIH €CKepCeK, aTaliFaH YFbIM OOWBIHINA OKYIIbIIAPIBIH
TaHBIMJIBIK KaOIJIeTTEepiH AAMBITYIBIH THIMII SJIC-TACIIAEPIH 3epTTeYy ©3eKTi MacelenepaiH Oipi 0ok
TaOBLIAIEI.

Oranpapik ransiMaap . Kazoekosa men XK.McMmaryioBaHbiH 3epTTeynepinae nHHOBAMIBIK STEM-6imim
Oepyal KanblnTacTblpy TakbIpelObl asiceiiaa STEM OarbiThiHga Oinmim Oepyai pedopmanaynblH HErisri
(dakropiapel kepcetiyimi. Aropiaap STEM - GimiM OepyaiH HEri3ri apThIKIIBUIBIKTAPBIH adKbIHIAN b
(M3KMKa-MaTEeMAaTUKAJIBIK JKOHE JKApaThLIBICTAHY IUKJIIHIH MOHAEPl apachlHIarbl OalIaHBICTBI TECOPHSUIBIK
JKOHE MPAKTUKAIBIK TYPFhIZIa KepceTyre MyMKiHAiIK O6epeni; STEM cabakTapblH YHBIMIACTBHIPY OKYIIBIIAPIBI
MaTeMaTHKa, (hu3mKa xoHe OacKa MoH/Eep/Ii OKyFa TapTaibl koHe T.0 [11].

FoutbiMu  eHOexTepai Tanjay OKyIIbIIapja JKajlbl FBUIBIMH YFBIMIApAbI, «DHEPrus» YFBIMBI MeEH
SHEPrUSHBIH CaKTady >KOHE TYpPJEHY 3aHbl HETI3IHAE Ma3MYHIbl JKaIIbUIdy OIICTEMECIH 93ipJieyIiH
KeTKUTIKCi3airiH  kepcetti. COHBIMEH KaTap, OKYMIBUIADABIH OCHIHIIK JaspiblK JSHIEHIH apTThIpY
KQXKETTUTN MEH DHEPrHsi YFBIMBIH KAJIBINTACTHIPY OJICTEMECiH HMrepy OOWBIHINA OKBITYIBIH 3aMaHayH
UQpIbIK TexHomorusuiapbiH, STEM aneMeHTTepiH naiiianana OThIPBII, 9/IiCTEMENIK PAKTUKYM Ma3MYHBIH
o3ipiey AeHreliHiH )KeTKITIKCI3AIr apachliHaa KapaMa-KalIbUIBIKTap TybIHAANIBL.

AtanraH KaKETTUIIKTEpPAlI OpBIHAAY XOHE KapaMa-KaWIIbUIBIKTAp/bIH IICIIIMIH aHBIKTay Oi31liH
3epTTEYIMI3/IIH HETi3r UAEsAChI OOJIBI TaObLIAIbI.

3eprTey aaicHamMachl
3epTTeyaiH oMiCHAMANBIK HETI31H TaKBIPBIITHIH TEOPHSUIBIK HETi3iH KaJabIITACTHIPYMEH OalIaHbBICThI
¢unocodust, memparoruka, ¢Gpusnka OLTIM Oepy cajachIHAArbl FHUIBIMHU-9ICTEMENIK 3€PTTEY >KYMBICTAPhI
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Kypaiiapl. COHbIMEH Karap, OUIAKTHKAIBIK TeOpUsUIaplaH: TYIFAaHBIH JaMy TEOpHUschl, OimiMm Oepymiy
MakcaTbl MEH TAaKCOHOMMSCHI TEOPHUACHI, AKbUI-OM OpPEKETTEPiH AaMBITYy TEOPHSCHI HETI3re aJbIHIbI.
Ou3HMKaHbI OKBITY 9MIICTEMEC] CaNachIHAAFbl TYKBIPBIMAAMAIIBIK d3ipJieMeniep e 3epTTeyAiH HeTi3iH Kypasbl.

TeopusnbIk 3epTTey oicTepiHeH: (PU3UKaHBI OKBITYIBIH TEOPHUSUIBIK MOJEIBACPIH, ONapabl TYCIHIIpETIH
KoHe 0OJDKaMIBI QJIeyeTTepiHe Taay KaCaTbIH B

Scopus, Web of science nepektep 0a3acbiHIAFBI )KOFaphl PEUTHUHTTI FRUIBIMHU JKYpHAJIIApAa KapUsIaHFaH
Makananapra Tangay kacanblHAbsl. Tammay «STEMy, «®usuka», «OHeprus», «Oxyms», «ndpiasik
TEXHOJIOTHSIIAPY KOHE T.0. KIIT co3aep HEeTi31HIe )KY3ere acThl.

TeopusbIK 3epTTey KYMBICHI 2 — KE3EHE iCKE aChIPBLIIBL.

Bipinmii ke3eH e xKanmbl 9feOnuTTepre Moy x)acalbiHabl. OIap bz ilmiHAe 013/1iH 3epTTeyre Heri3 00IFaH
XKYMBICTap capantajiibl. 3epTTey O0apbIChl OKBITY OapbhICBIHAA HU(PPIBIK TEXHOIOTHUSUIAPIBI KOJIAAHY apKbLIbI
OKYIIBIJIAPABIH SHEPTeTHKA CcajlachbiHIa OiiM adyFa BIHTACHIH apTTHIPATHIHBI JKOHE OHBIH Oonariak KociOiHe
ocep eTyi OOHBIHIIIA MaceNeNnepli OpTara MIbIFapbl.

3epTTeyaiH eKiHI Ke3eHiHAe — YHEPTHUS TAKBIPHINTAPHIH OKBITY OapbICHIHIA KOMITBIOTEPIIIK THHAMUKAJIBIK
MOJIEJIBACY apKblIbl OipKaTap IelaroruKablK, TUNAKTUKAIBIK KOHE TEXHOJOTHSIIBIK MIceenepl ey iy
MYMKIHIKTepiH aHBIKTay MaKCaThIHAA OpTa MEKTeNnTep/iH (pu3uka moHi OoibIHIIA 0Ky OaFmapiiaManapbiHa
Tanjay >kacaiblH/bl.

OMIOUPHUKAIBIK 3€PTTEY OMICTEpPiHEH: FBUIBIMU JOJENAi MOJIMETTepHAi KMHAKTay, OKY YICpiCiHIH
Ma3MYHBIH aWKbIHIAWTHIH HOPMATHBTIK KYKaTTapAsl Tanmay, MeKTenm (H3uKa MYFaliMJepiHiH
MeJaroruKajblK TOXIPUOECiH 3epeney, (hu3uKa MMoHI OOWBIHINA OKYJIBIKTAp MEH OKY 9JIcOMeTTep/i Taujay
KYMBICTapBI KYPTi3UIi.

bi3 Typkicran kanaceiHslH, b.MowmpIitnyner aTeraaarsr Ne22 sxanmbl opta Mektebinae xoHe K. Tamenos
ateiaAarel No23 1T mexren-nureiine Gpr3nka moHi MyFaliMAepiHiH SpTYPIi OKBITY ToXKipubeci xone STEM
TYKBIpbIMIaMalIapblH TaHY MaKCaTBIH/IA CAlIAJIBIK 3epTTey 9licTepiH (cyxOarTacy, Oakpuiay) KOIAaHABIK. by
3eprrey 2022 xbuinbiH | Kbipkyiierinex 30 xenToKcaHbIHA AeiiH xKyprizinai. Jepexrepai any yiriH 0i3 xeke,
KapThUTall KyphUTBIMIBIK Cyx0aTTap KYpri3aik, (pu3nka cabarblHa OKBITY OaKpUIayJIapblH KAacaIbIK JKOHE
SHEPTUSMEH 0alIaHBICTBl OKBITBUIATHIH TAKBIPBINTAPFa KATBICTHI KYKATTapbl )KUHABIK,

BipinntigeH, 0i3 MyFaliMICp/iH OKBITYJIAFbl apTHIKIIBUIBIKTAPbI, OKbITY MaKCaTTaphl YKOHE OKBITYIBIH
OIeTTeri MPaKTHKACHhl TYpallbl MAIIMETTEp aly YIIiH OapiblK MyFaliMIepMeH aljiblH-aja JKeke cyxoar
xyprizaik. Koibuiran Herisri cypakTap: (U3MKaHbl OKBITY/IBIH MaKcaTTaphl KaHAai? GU3UKaHbBI 9IeTTe Kalai
OKBITAChI3? OKBITYABIH HAKThl TACUIIEPIH KOJmaHyaelH cebentepi kKanmain? STEM okbITynsl Kajiai
TyxkeipeiMaaice3? STEM okbITy Tocinaepi naipananyasiH cedbentepi KaHnail 6omyst Mymkin? byn Herisri
cypakrap OapiblK (HU3MKa MyFajdiMIiepiHe KOMbUIABL OHriMenecy op MyFaliMMeH 25 MHUHYTKa XXYBIK
KYPriziiii.

3epTTey HITHAKEIePi :KIHE TAIKbLIAY

STEM TexHonorUsichl Oy — FBUIBIM MEH TEXHOJIOTUSIHBI, HH)KEHEPHsI )KoHE MaTeMaTHKaHbI OipiKTIpeTiH
KEIIEH/T1 J)KOHE MOHAPAJIBIK KypC SKSHJIr Tarblia aiKpiHAama TycTi. by ¢usuka cabarbiHa OKyIIbIIAPpABIH
TanchIpMasiapFa Colikec mpoOjeManapipl aHBIKTAay >KOHE OHBbI LIeNly KaOileTiH, COHOai-aK, FbUIBIMU
CayaTThUIBIKThI, MHKCHEPIIIK KOHE TEXHUKAJIBIK KaOlJIeTTep Il JaMbITyFa KOMEKTECEII.

MekTen MyFamiMIepiMeH XYpriziireH cyxoarracy HoThxenepi kepcetkeHnaern STEM - oxkymibuiapasiy
FBUIBIMH CAyaTTBUIBIFBIH apTThIpyJa CaJbICTBIpMaIIbl TypAe Oasty »KypeTiHairiH kepcerti. COHbBIMEH KaTap,
STEM-nig - OimiM amymbuIapAblH TaHBIMABIK KBI3BIFYIIBUTBIFBIHA OCEPI MYFaNIMAEPAiIH cabaKTarbl
KOPHEKLIIK KOJIJTaHYbIHA THIFbI3 OaillaHbICThI €KeH1 allKbIH a6l bakeinay sxkymbeicTapsl STEM KosmaHblIFaHn
cabaKkTap/bIH KeMIIIiriHae TokcaH 0okl Oip Hemece eKi jkobalap/pl asKTay YIIiH CalBICTBIPMAIbl TYPJe
Y3aK YakpITThl KaXXET €TeTIHIITriH KepceTTi. by skobanap ¢usukanblk KyObIBICTap MEH 3aHBLIBIKTApAbI
OKBIIT YHPEHYAE OKYLIbLIAPbIH HETi3rl cayaTThUIBIFBIH Oenrim Oip Jopexene apTThipa ajaThIHbIHA
KapaMmacTaH, keOiHece OiTiM aylIbuIapFa Kabl OLTiM Oepy/ie O1TiM JKYHeCiHIH TYTacThIFbIHA KOJI )KETKi3y e
KHUBIHIBIK TYABIPATHIHBI OaHKaJIIbI.

STEM okpiTynbin kenterex aaicrepi 3D npuntepi, Po6oT Moaymi sxoHe Oacka OarnapiaMaiblK MOIYJIbIED
CeKUII CTAaIMOHAPJIBIK KYpajjlapFa HETi3JIeNreH. Ocipece *KOFapbl OKY OPBIHIAPhIHA TYCYre JaibIHJIBIK
ycringeri tynektep STEM kypcrapbiHa kenl yakbIT Oese anMaiinbl. JlereHMeH, TaKbIphIlKa OaiIaHBICTHI
YFBIMIapAbl aHbIKTay skoHe oHbIH STEM Herizinae MeHrepilyi MyrailiMHIH ToxipuOeciHe OaillaHBICTHI
0osanpl. Bi3miH 3epTTEey TaKbIPhIObIHA COUKEC «IHEPrus» yFbIMbIMEH OaiaanbicThl OosiraH STEM cabarbin
YHBIMIACTBIPYIBIH MBICAIIBIH KOpceTeiiik (1-cyper).
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Ha PaTbiNbICTaHy fbl/iIBIMAapbl TexHoaorasg

[pasuranus Kaifnsi-xypan
KpiceiM
Aya Kefieprici Jon-3Heprus Ko3i
TEIFERRIBIK
Macca
KiHeTHKAIBIK
JHEepTHA STEM
TToTeHITHAIIBIK,

SHeprus

Caban-0ekity
eHipici

LapaaH acanfaH
3bIMbIpaH

JlamMuHApIEL/
TYpOYIeHTTi arbiH
A>pOIHHAMIKA
PeakTusTi
KO3FaIBIC XKobanay

Kenewmi
BeriniH aygaHsl

TyxcoipoimMOamara
AFBIH KBIUIIAMIBIEB

HezizdenzeH ic-apeke

Jusaiin I'paduxrep

KpHTepnitiep Onmey

[laprTap MeH Mogensaey

meKTeyIep TeomeTpns
UH}KeHepuAa MaTtemaTtuka

Cypem 1. STEM cabaxmapuin scocnapiayoa nezizei NoHOIK YeblMOapobl AHbIKMAY MblCAbL

®usuka cabarpiaaa STEM-gi sxobanay yimiH MyFaigimMaep Kelleci YIII acTieKTiHI KOJIJaHybl KaKeT:

- binim men oKy 6azoapnamacvin meHzepyoin maKcammayl 0eH2eilin HaKmbliay.

OHeprusMeH OalnaHBICTBI TakpIpbinTap OolbiHiIa STEM-re HeriznmenreH cabak >KOCHapblH d3ipiey
Ke31HJe MyFaliMAep alObIMEH KypPCTHIH MaKCaThIH >KOHE OKYIIbUIApIbIH OHbI MEHIEpY IOPEKECiH HaKThI
aHbpIKTaybl Kepek. OKy MakcaTTapblH Wrepy YIOiH MyFajgiMaep OKy OarmapiamMachlH Kypyna oSpTypdi
KHUBIHJBIKTAp TYFBI3Y MIHJETIH KapacThIpyhl KepeK. SIFHU, )KEHUI MEHIepilieTiH OKy MaKcaTTapblHa a3 caraT
Oexin, am TEpeHIpeK MEHrepuleTiH OKy MaKcaTTapblHAaFbl HeTi3ri oWjilapApl OeyieKTey VIIH OKy
OarmapiaMackiH/a OipHeIe peT KOWBLTYBI KEpeK.

- OKy makcammapuina jcemy yulin yxceini menzepinemin STEM jcobanapont azipney nemece omipmen
oaiinansicmol Keiicmepoi Kypy.

STEM cabakTapbIHbIH JISCTYPIIl OKBITYIaH albIpMAalIbUIBIFbI, HETi31HEH KO0AIBIK OKBITY TYPIHAE KY3ere
aceippianel. STEM oKy yaepicinze xo0anapra HerizaenreH, Oipak HerisiHeH OiTiM alyubuiap )ko0aHb! Oip-
€Ki anTaja asKraybl HeMece MPaKTHUKAIBIK MOCENIeHI MIelyi YIIiH KeHUT MEHIeplIeTIH MUKPO sko0anapisl
93ipJiey YILUIiH OHBIH KOJDKETIMIII Kypaiaap MEH HbICaHAap.Ibl NaijanaHabl.

- Tuimoi 6azanay mexanu3min Kypy.

Myranimaep STEM cabakrapasl skocnapiay Ke3iHIe KOPBITBIHIBI Oarajay MEXaHWU3MiH Kypyra Hazap
aynapysl kepek. OKy TaKbIpbIOBIHBIH Ma3MYHbIHA COHKEC, OKYIIbI )K00aHBI )Ky3€re achlpy Typalibl ecen oepyi,
OH/TIPICTIK HOTWKEIIEP/Ii YChIHA ATy, TITI COTCI3AIKTEPIiH KbICKAIIa Ma3MYHBIH jka3a OiTyi Kepek.

Hoctypni oKy OarmapiaMachlHBIH aNJbIHAA TYpFaH MOcelesiep/i MINly OHE CHIHBINTA OKBITYIBIH
THIMJIUTITIH TUIMJII apTTRIPY YIIiH OYJ1 Makalaja SHepreTHKAIBIK TaKbIPhINTap YIIH ca0ak »KOCTapbIHBIH
Y3iH[II MOJIeINi YCBIHBLIABI (2-CypeT).

CepinmeHi co3sblll, OHBI OocaTKaHAa He OalikaiiMbI3? HenmikreH? DHEprusiHbIH Kallall allbIHATHIHBIH JKOHE
OepieTiHIH, OHBIH KO3FaJaThIH 3aTTapJblH JKbUIAAMIBIFBI MEH HMMIYJbChiHA Kajlali OaiJIaHBICThI CKEHIH
TYCIHAIpY NOTEHUUANIBIK JKOHE KHMHETHKAJIBIK SHEPTUsHBI TYCIHYII KaMTUABl. Bysl SHEprusiHbIH caxTaiy,
TYpJIeHY 3aHBIMEH MPaKTHKAJIBIK TAHBICY, OKYLIbUIApFa OOJIBIN JKaTKaH OKHUFajapMeH OaillaHBIC OpHaTyFa
KOMEKTECETIH FhUIbIM canachkl. OKymbiiap Oip HOpCceHi CO3BIN, OJ ajbICKa YINBII 0apa »aTKaHaa HeMece
JIOTITHI KaFa3 claiiTapra alHaIBIPBIN, OHBIH KeJ0ey IMKIMEH KOoTepilie alaThbiHbIH OallKaraH Ke3je, onap
FBUIBIMIBI iC XKY31HE KOpei )KaHe op TYPJIi alHBIMAJIbLIAPIBIH ©3Trepyi KbUIIaMIBIKKA, KAIBIKTHIKKA, HEMece
00BEKTIHIH MMITYJIbCIHE KaJlall 9cep €TETIHIH iC JKY3iHIe 3epTTEH anabl.
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Cypem 2. [lomenyuanovix sicone KUHeMuKauwlk sHepausinol sepmmey 6otivinuia STEM snemenmmep [12].

ConblMeH KaTap, OKymibutapra ¢(usmka cabarbiHna STEM-gi TmiMal icke aceipyda FhUIBIM MEH
MaTteMaTrkara apHairad PhET unTepakTHBTI MOembIey OarnapiaMachliH maigaianyra 0oabl.

PhET mopmenwbaeynepi sHeprusi TakbIpHIOBIMEH OaiIaHBICTHI AHUMAIMSIIBIK, WHTEPAKTHBTI XKOHE ONBIH
Topi3ai opramapnasl yeeiHansl. by ¢usnka moni myramiMaepine STEM 3eprreynepai THiMIIL icke achIpyFa
MYMKiHIIK Oepeni. bBarmapnamana 1msiHaiibl eMip KyYOBUIBICTapbl MEH HETI3Ti FBUIBIM  apachIHAAFbl
OaifmaHpICTapBI aTall KepceTel, KopiHOSHTIH Hapcenep/Ii KOpiHeTiH eTei (MbICaNbl, aTOMAApP, MOJIEKyajap,
ANEeKTPOHIAp, (OTOHAAp) JKOHE MYFANIMIEP OKYIIBUIAPABIH TaHBIMIBIK OMIayblHA KOMEKTECY YIIiH
KOJIIaHATBIH KOPHEKI MOJIENbIEP/Ii KaMTHIbI (3-CypeT).

¥ Enery Symbois B (O Energy Symbois B

. ! . : i
i@ = L)

i 2855 5

Cypem 3. «Dnepeusy yevimuln Kanvinmacmoipyea bazoapianzan PhET moodenvoepi [13].

MpIcansl, OKyIIbUIApIaH TYPJIl JKaF/Aai/1a SHEPTUSHBIH TYPJCHYI Ke3iH1e KHHETHKAIBIK KOHE TOJIBIK
sHeprus rpadUKTepl yakbIT GYHKIUACH PETiHIC KaHaal 00JIaThIHBIH 00JDKAY bl CypayFa 0oJabl.

Okyibutap Jxkeke OoJpKaMaap/bl ska3bill OOJIFaH COH, 63 TOOBIHA COHFBI OOJDKaM jkacay YIIiH Oacka
OKYIIBUIAPMEH TOITHIK JKYMBICTa aKplinacaabl. MyFajiM ChIHBINITAaH OOJKamabl THIHAAYIBI Cypaiiabl,
coman keiiH, Phet OarmapnamackiH icke kocaapl. Okymbuiap Phet GarnmapnamachiHaH KyOBUIBICTHI
KOpPIreHHEH KeiliH, He OOJIFaHbIH J>KOHE OHBbIH OOJDKaMbIHAH Kajal epeKIeICHETIHIH OasHIai/bl.
CoHpIHAa, oJlap KOpreH Hopceliep Typalbl >koHe (HU3MKa HIesjapblHa HerizfenreH OumiMai Oykin
CBIHBITITA TaJKbUIayFa cajnaabl. Moaenbaey Oipereid Oonbln TaObUIAbI, OMTKEHI OJIApAbIH IU3aiHBI Y
TaIrchIpMaIapblH MYFaJiMHIH KATBICYBIHCHI3 OACHIBIIBIKKA aJbIHFAH CYpay 9JMICiH COTTI maiijaaHyra
MYMKIHIIK Oepe/i.

CoHbIMeH KaTap, OyJ1 KipiKTipiIreH Koiaay MyralimMaepre Yi TancblpMachblHBIH CYpaKTapblH KOCYyFa
MYMKiHAIK Oepeni, Oipak onapmaH esrenie KYOBUIBICTApABI TYCIHIIPY apKbUIBI CTaHIAPTTHl YU
TarchIpMachl MOCeIIeCiH/Ie MyYMKiH O0JaThIHHAH THIC OKYBIH KeHEUTY i CYpau/ibl.
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Phet «3epTxaHanbIK» >KYMBICTAPBl HAKTHl XAOABIKIICH MPAKTHKAJBIK JKY3€re achlpyra OONMMalThIH
KYOBIITBICTApABl TYCIHIIpYTe MYMKIHIIK Oepemi. MpIcanbl, DHEPreTHKAIBIK CKEUT casOarbl, OKyIIbLIap
SHEPTrUsHBl YHeMueyAl OipHemie Typiai alHbIMaibUIapMeH 3epTTeli (GKOJIBIH IMilliHi, KOHbKHUMEH
KYTipyliHiH OacTanmkbl OWIKTIrT MEH KbIIAAMABIFBl, KOHBKMMEH CBhIpFaHAYIIBIHBIH Maccachl >KOHE
ytikexnic). OKymsIiap Taxxipubenepai )Kpu1aaM KalTarai ajgaasl )KoHe KOITEreH SpTYpIli mapaMeTpiaepaiy
ocepiH XKbIIIaM 3epTTeH ajaibl.

Oxy OarnmapiaMachlHBIH Ma3MyHBIHA cyiieHe oThIpbil, 0i3 STEM-OinmiM HeriziHae MekTen (U3UKachl
OoHbIHIIA OKYy OarmapiaMachlHIa <«JHEPTUsS» YFBIMBIMEH OaiaHBICTHI TaKbIPBIITApAbIH Oenrini Oip
Ma3MYHBIH OKBITY YIEPICiH Kelleci Typ/ie YChIH/BIK;

1-xkamam: cabak Ma3MmyHbIHA coiikec opOip cabakrel STEM-re OarpiTTanraH OinmiM HeriziHzme kacay
KUBIHIBIK TyAbIpanbl. COHIBIKTaH Aa 0i3 MH)KEHEepHs, TEXHOJIOTHS, MaTeMaTHUKa KOHE NU3AMHHBIH 2-IeH
acTam acnekTinepin Oipikripe amateiH STEM-re GarmapianraH Ma3sMYHIBI TAHIAybIMBI3 KepeK.

2-xagaM: ca0aKTbIH MaKcaTTapblH aHBIKTAy YINIH OKYy Ma3MyHbIHAaa CyHeHe OTBHIpBIN, OifiMm, OifiK,
Mocenenep i IIenry AaFapliapbl, KapbIM-KaThlHAC NaFIblIapbl, NPaKTHKAIBIK Narasuiap cusakrel STEM
Oarmapiay marapuIapbiHa OaFbITTaNFaH OacTamnkpl OKy OarfapiamachblHa CoWKec KelylH KaMTaMachl3 eTyi
KEpeK.

3-kamam: caOaKThIH Ma3MYHBIHA, OKYIIbUIAPJBIH OLTIM JIEHTEHiHEe, jKac epeKIICTIKTEepiHe, CaOaKThIH
KOCTapJIaHFaH YaKbIThIHA OaiJIaHBICTHI THICTI IIAPTTAPIBI KOPCETY KEpEK.

4-kanmam: cabak yKOCTIaphIH JKacay.

Cabak araybl/ca0aKkThIH MakKcaTTapbl: OuLTIM, Jarabuiap, KapbIM-KaTbiHac. CabakThl 93ipiey Ke3iHJe
OKYIIbLJIapFa KaHa TCOPUSIIBIK cabaKTap/Ibl UTePYre KETETIH YaKbITThI eckepy KaxkeT. Cebedi, OiiM, yaKpIT
eTe KeJle OKYIIbLIapFa TaXKIproOe jkacayra MyMKIHAIK Oepeni. OKy-oaicTeMeliK KbI3METTEe bIHTAIAaHABIPY YIIiH
OKYIIBUIAPBIH BIHTBIMAKTACTBIK JAFIbUIAPBIH, MNPAKTHKANBIK JaFJbUIAPBIH, MpoOIeManapipl MIemry
JIaFIbIIAPbIH MBICHIKTaYFa KAaTHICYbIH KAMTAMAChI3 €TETIH OKBITYABIH THIMII 9/IiICTEPiH KOJJIAaHY KaXKeT.

5-KamaM: OKy iC-opeKeTiH YHWBIMAACTBIPY YIEpiCiHIAe MpaKTHUKara, Kayilci3 MPaKTHKAIBIK cabaKTapra
KOJIAJIbI OPBIHIAP/ABl YHBIMIACTBIPY JKOHE CYPBINTAY JKOHE MIBIFAPMALIBUIBIK II€H BIHTBIMAKTACTHIKTHI
BIHTAJIAH/BIPATBIH TICHXOJIOTHSUIBIK OpTa Kypy KaxkeT. OKymbutap OepiireH TarchipMaiapibl OpbIHAAI
KaTKaHIa, MYFaJliM yaKThUIbI KOJIIay yKoHE OACHIBUIBIK €Ty YIIiH TONTapAbl KaMTybl kepek. COHBIMEH KaTap,
COHFBI OHIMII FaHa eMec, OepilreH TarceIpMalapIbl OpbIHAAY OaphICBIHIA OKYIIBUIAPABI OaKpUIay >KoHE
Oarayay Kaxer.

6-kamam: MyFraiaiM cabakThlH Ma3MYHBIHBIH ca0akrac cajiajapFa COMKECTIriH, MEKTEeNTiH Kasipri
KaraifbIMEH CaJIbICTBIPFaH/Ia OPBIH/IBUIBIFBIH, TIPAKTUKAIIBIK COMKECTITIH KaliTa Oaranaibl.

Anpparel 3eprreynep STEM TeXHOJIOTHS OKyIIBUIAp/ABIH OLTIM ayFa JIereH KbI3BIFYIIBUIBIFBIH €19yip
apTTHIPHIN, OLTIM aNylmIbUIapAbl MAcCHUBTI OWlaynaH OeJceHl Oijlay KOHCTPYKTOpJIAapbIHA aifHaJIBIPYBI
MYMKIiH eKeHiH kepceTeni [14]. bi3niH arpIMaarsl 3epTTeyimizie OimiM amymisuapaarsl Oy e3repic oxapapiH
SHEpPrusiMeH OalIaHbICTBl 3aHIBUIBIKTAPILI TEpPEHIpEeK TYCiHYyiHe, ocipece, iC-OpeKeTTIK JaFIbLIap/Ibl
JKaKcapTyFa bIKIaJl eTeIl.

KopbIThIHABI

OJeMHIH (QU3UKANBIK OeiHeci - FRUIBIMHA JYHUETAHBIMHBIH Oeuiri 0onbin TaObuiaabl. JyHHeTaHBIMIBI
KaJIBINTACTHIPA OTBHIPBIT, OKYIIBUIAPABIH TEOPHSUILIK OHJIAybIH JIaMbITa OTBIPBIN, OJIAPJbIH Ha3apblH
MaTepUaIbIK OOBEKTUIEPre TOH ©3repy YHAepicTepiHe aynapy MaHbI3bl. KO3FallbICTBIH (U3UKAIBIK
(hopManapsl yiiH 3Heprus - OipbIHFall CaHIBIK eIIeM OO0 ecenTeneai. Ko3rambIcThiH OipbIHFall emeMin
Oenriney KO3FaJIBICTHIH (GHU3UKAIBIK (QopmManapsl Oenrimi Oip caHIbIK KaTelHactapaa Oip-OipiHe aiiHana
QIATBHIH/IBIFBIHA OalJIaHBICTBI. BYJT JHEpPrHsHBI CakKTally >KOHE TYpJIeHy 3aHbIH Oekitenmi. «DHeprus
YFBIMBIHBIH KaJbINTaCybl MEH JaMybl, OyJl YFBIMIBI OKYyLIbUIAPFAa MEHIepTy OOMBIHIIA oIiCTEeMENiK
XKYMBICTapFa Tajay, SHEPIHAHBIH HETi3r1 KacHeTi — caKTally 3aHbl aJlFalllKbl1a MEXaHUKAJIBIK JKOHE JKBLTY,
COJIaH KEHiH AIEKTPOMArHHUTTIK J)KOHE KBAHTTHIK ©3apa OpeKeTTeCy Ke3iH/e aHBIKTAIFAHBIH KOPCETEI].

Byn 3eprrey sxymbIchiHBIH HoTIKenepi STEM TeXHONOTHSACHIHBIH OKYIIBUIAp apachlHIa SHEPrus
YFBIMBIMEH OaiJIaHbICTHI FRIIBIMH OWJIAyIbl TaMbITYFa OaFbITTajIFaH ic-IIapajtapMeH OalbITyra MYMKiHIIK
OepeTiHAiriH KepceTTi. AJBIHFAaH MOJIMETTepre CYHEHE OTBHIPBII, OKYIIbLIAp SHEPTUSHBIH CaKTaTy >KOHE
TYpJeHY 3aHIapblH 3epTTey Ke3iHme uudpislK OimiM Oepy pecypcrapbl CHSKTBI KOMEKII OKY
MaTepHaiapbIMEH KaMTaMachl3 eTUIreH 1e KoOipeK KbI3bIFyIIbUIBIK TAHBITATBIHABIFBIH OaliKayra 00Ja bl
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Hemex, STEM cabakrapblH YHBIMIACTHIPa OTBHIPHIN, OLTIM aylIbLIap CANBICTHIPMaIbl TYPAE SPKiH
atMocdepama «IHEpPTus» Typaiasl kKelipek OuliM ana amaapl. byl MoHAEpIiH WHTETPalHsIChIHA BIKIAJT
eteni, mpobiemanapasl Taly >koHe IIemy KadineTTepin aambiTagsl. STEM HeriziHae makcaTka >KeTy
YIIiH OLTiM anymisiiap 3HEprusl Typajbl OiliMiH opTYpIi MOHAEpAe KOJMAaHYyIbl YipeHeni. 3epTTeyacH
ANBIHFAH MOJIIMETTEP JKOFaphl JKoHe opTa OinmiM Oepy yilbIMAapblHIA KOJAAaHBICKA YCBHIHBIIAABI YKoHE OYII
HOTIDKeTep PU3MKaHbIH OimiM Oepy canackl OOMBIHINA )kaHa OAFBITTAFbI 3ePTTEYJIepre Heri3 00abl.

Anzvic
byn 3epmmeyoi Kasaxcmarn Pecnybnukacvl foineiv dwcone swcozapvl 6inim munucmpiiciniy Folavim
xomumemi Kapoicovinanowvipovt (AKTH «AP19579398»).
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AKIIAPATTDBIK TEXHOJIOTUAJIAP CAJIACBIHAAYbBI IIPAKTUKAYA BAFYbBITTAJIFAH OKBITY
3EPTTEYJIEPIHE KYHEJII ILIOJIY

Anoamna

CoOHFBI KBULAAPBI JKOFAapbl OKY OpBIHAApbIHIA aKNapaTThIK TEXHOJOIMs OaFbITBIHAA OKUTHIH CTYISHTTEp.i
NpaKTHKara OarbITTall OKBITY MOJIJi KeHIHeH KoJiaHblc Ta0yna. by Monenp kaciOu Ky3bUICTTUIIKTEPiH HrepiiyiHe
BIKIIAJ €Te/li J)KOHE OJICTTE YIIIHINI JKAKThIH, SFHHU KYMBIC OCpYIIiIepaiH KaThICYbIH TajJal eTeii. Alaiia KermKbUIIbIK
3epTTeyliepre KapaMacTaH, JOCTYPJIi TOCIIMEH CajbICThIPFaH/Ia MPaKTHKaFa OarbITTall OKBITYIBIH KeHOip TOCIaepiHiy
THIMALUIIT ol e KYMOH Tyablpansl. byr Makarana mpakTukara OarbITTaNFaH OiniM Oepyle COHFBI JKBUTIApIa KaphIK
KOPIreH yKapusUlaHbIMApAaFsl TSHACHIUSIIAP MEH 3aHIbUIBIKTApIbl aHBIKTayFa )KOHE TaliayFa OailllaHBICTEI MOJIIMETTEP
KenTipired. 3epTTey VII Ke3eHHEH Typansl, OipiHIINI Ke3eH, Scopus IepeKKOphIHAAa Makalamapasl Oenrinmi Oip
KpUTepwHiiyiep OOHBIHIIA ipikTeyaeH Typaabl. EKiHII Ke3eH, ipiKTeNTeH MaKalajlapFa Ma3MYH/IBIK TaJ/Iay jKacarl, FEUTBIMHI
KapusIaHBIMIapaa KOJIaHBUIFaH SICTEpAl aHBIKTAy jKoHe OMOIHMOrpadMsuIbIK Tannay, e3¢KTi TaKbIphIITapabl Taly;
COHFBI K€3¢H, HOTIDKEIEPAl KOPBITHIHABUIAYIAH TYPaabl. 3epTTey GapbIChIHAA FHIIBIMHU )KYMBICTApAA 3EPTTCYIILICPAiH
TYpJIi 3epTTey SJicTepiH NaijanaHybl calbICTRIpMaibl Typae 3eprreini. JKorapbina kepcerinren OuOIMOrpadusIbIK
tanaay yuiH VOSviewer KOCBIMIIACH KOJNZAAHBUIABI JKOHE TaJJdy HOTIDKENEPl JKENUIK BHU3yadH3als apKbLIbI
KepCeTiIi.

Tyiiin ce3mep: mnpakTHKara OarbITTANIFaH OKBITY, aKMNApaTTHIK TEXHOJIOTHsUIAp, 3epTTey OAicTepi, 3epTrey
TEHICHIMSIIAPHI, XKYHEI 110y, KOHTEHT Talifay, OHOIHoTrpadusIbIK Tauaay.

AnHomayus
I'U. Canzapaesa®, A.M. basapbaesa®
L2Kazaxckuil HAYUOHANbHBIU JCEHCKULL Nedazocudeckutl yuusepcumem, 2. Aimamol, Kazaxcman
CUCTEMATHUYECKH OB30P UCCJIEJOBAHUI MPAKTUKO-OPUEHTUPOBAHHOI'O OBYUYEHMUSI
B OBJIACTH UH®OPMAIMOHHBIX TEXHOJIOI Ui

B MOCJICAHUC TOABI B By3aX IMHUPOKO HMCHOJB3YCTCA MOAC/Ib MPAKTUICCKOI'O 06y‘IeHI/Iﬂ CTYACHTOB, B HalIpaBJICHUU
nH(pOpPMALMOHHBIX TeXHOJOTHH. JlaHHas MOJEJb CIOCOOCTBYET OBJAJCHUIO NMPOGECCHOHATBHBIMU KOMIIETEHIUSIMU H
00BIYHO TpebyeT ydacTHsl TPEThUX JIMI, TO ecTh paboTonareneii. OMHAKO, HECMOTpPS HA MHOTOJIETHHE HCCIIEIOBAHMUS,
3 PEKTUBHOCTH HEKOTOPBIX IOAX0/I0B K O0YUEHHIO C YIIOPOM Ha MPAKTUKY 110 CPABHEHHUIO C TPAJUIMOHHBIM OAX0A0M
BCE €I[e OCTAeTCs IO COMHEHHEM. B 3TOi#l cTaThe MpeCcTaBiICHBI JaHHBIC, CBSI3aHHBIC C BBISIBICHHEM U aHAIA30M
TEH/ICHIINI ¥ 3aKOHOMEPHOCTEH B MyOJIMKALUAXK, OITYyOJUKOBAHHBIX B ITOCIEIHUE TOABI B MIPAKTHKO-OPHEHTHPOBAHHOM
oOpa3zoBanun. VccrienoBaHMe COCTOMT W3 TPEX 3TAIOB, MEPBEIA, COCTOSIIMA W3 OTOOpa CTAaTeH MO OIpeaeieHHBIM
KputepmsiM B 0a3e MaHHBIX Scopus. BTopoil 3Tam COCTOMT W3 COAEPKATEIBFHOTO aHANW3a OTOOPaHHBIX CTaTew,
0000meHns 1 OnbHorpaduIecKoro aHaIN3a METOAOB, UCIIOIB30BAHHBIX B HAYYHBIX ITyOIHKAINAX, TONCKA aKTYaIIbHBIX
TeM; 3aKIIOYUTEIFHBIH ATall-TIOABECHIE UTOrOB. B XoJe mccieoBaHUS OTHOCHUTEIHHO H3ydalloCh HCIOJIB30BAHUE
HCCIICAOBATEeNIMA  Pa3iMYHBIX METOJOB HCCICIOBaHMSA B HAYYHBIX paborax. J[[nd mpuBeneHHOTO BHIIIE
oubnmorpaduueckoro aHaiM3a HCIOJNBb30BAIOCH MpuioxeHue VOSviewer, u pe3ynbTaThl aHaIM3a OTOOPAXKAIUCH C
MOMOIIBIO CETEBOM BU3YaTH3AIHH.

KiioueBble clI0Ba: IIPAaKTHKO-OPUEHTHPOBaHHOE oOydeHWe, WHGOPMAIMOHHBIE TEXHOJIOTHH, METOJbI
WCCIIeTOBaHUS, TEHACHIINH UCCIIEIOBAaHIH, CHCTEMAaTHYECKUH 0030p, KOHTEHT-aHau3, Onbauorpadguueckuii aHau3.

Abstract
A SYSTEMATIC REVIEW OF RESEARCH IN PRACTICE-BASED LEARNING IN THE FIELD OF
INFORMATION TECHNOLOGIES
Salgarayeva G. I. !, Bazarbayeva A. M. 2
12 Kazakh National Women's Teacher Training University, Almaty, Kazakhstan

In recent years, the model of practical training of students in the direction of information technology has been widely
used in universities. This model promotes the acquisition of professional competencies and usually requires the
participation of third parties, that is, employers. However, despite many years of research, the effectiveness of some
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approaches to training with an emphasis on practice in comparison with the traditional approach is still in doubt. This
article presents data related to the identification and analysis of trends and patterns in publications published in recent
years in practice-oriented education. The study consists of three stages, the first consisting of the selection of articles
according to certain criteria in the Scopus database. The second stage consists of a meaningful analysis of selected articles,
generalization and bibliographic analysis of methods used in scientific publications, search for relevant topics; the final
stage is summing up. In the course of the study, the researchers' use of various research methods in scientific papers was
relatively studied. For the above bibliographic analysis, the VOSviewer application was used, and the results of the
analysis were displayed using network visualization.

Keywords: practice-based learning, information technology, research methods, research trends, systematic review,
content analysis, bibliographic analysis.

Kipicne

AKDapaTThIK TEXHOJOTHSJIAP Ke3 KEITeH FHUIBIMHBIH, TINTI KYHACNIKTI eMipiMi3diH axkpIpamac OeJiri
Oonbin Tabeanel. CoHABIKTaH Kazipri Tanda |T MamaHABIKTapblHA JIET€H KBI3BIFYHIBUIBIK KYHHEH KYHTE
apTHIN KeJeldl. AKNapaTThIK TEXHOJOTHS MaMaHIBIFbIHA apHAJFaH >KOFapbl OKY OpPBIHAAPBIHBIH YCHIHATHIH
Oisim Oepy OarmapraManapsl >KHi ©3Tepill TYPAaTHIHBIFBI 0opiMi3re MamiM. by OimiM Oepy carmachIHIAFbI XKeKe
JKOHE MEMIICKETTIK YHBIMAAp apachlHOAaFrbl »KaHAa OpINTECTIK MOJENiH eHri3yre TypTki Oommer. IT
KOMITaHUSUIapbl YHUBEPCUTETTE ayIMTOPHS HEMECE OPTANIBIK KYPHIIT KaHa KOiMal, COHBIMEH KaTap 0iiiM O6epy
caJachliH/Ia KeIICH I KbI3METTEeP/i Je YChIHBIN OThIpabl [1]. biniM Mekemerepin jxabapIKTayMeH KaTap, ojap
e3/1epiHiH JoroTuIi O0ap ayIMTOPHUIIAPBIH Ko0anayFra, YHUBEPCUTETTIH KBI3METKEPIIEpi MEH OKBITYIIBLIAPHIH
KaliTa fJaspliayra, COHIail-aK ayAuTOPHUsIIapAbl ’KaHa NEKTPOHIBIK PecypcTapMeH KaOabIKTayFa HHBECTHIIUS
camanel. bymaH Oacka, Xymbic Oepylijep KaKeTTi Ky3bIpeTTepAi KaJbINTaCcThIPaThIH OiiM  Oepy
OarmapiaMaiapblH 93iplieyre JKoHe Kaita Kapayra Katbicaabl. COHIBIKTaH KeOiHece KYMBIC Oepymriiep
Ooramak KbI3METKEpIIEpiHIH alaThlH OUTiMiHE jXKaHa OKy MOHAEPIH YCBIHYMEH Kartap, CONl TOHIEPIiH
MPaKTUKANIBIK cadaFblH OHAIpiC MEKeMeIlepiHIe OKBITY bl YCHIHABI.

Anamu pecypcTap MEH OJIapIblH JaMybIH MaHBI3/IbI KalTUTAFa aifHAABIPYAa aKIapaTThIK TeXHOJIOTHSHBI
nmaiganaHy apkKpUlbl OimiM OepymiH anmaTelH OpHBI 30p. EmiMizme »Xyprisimin »xaTkaH Oimim Oepy
pedopManapeHbIH JKaNIbl MakcaTbl OLTiM Oepyneri OapiblK cajanmapabl TyOereini >KaHFBIPTY apKbLIbl
JKacTap/bl JKapKbIH OOJIalllaKKa JxkeTesiey 0oibin TaOblIaabl. OChiFaH Opai, *oraphbl OiLTIM Oepyneri kaHa
CTaHIAPTTap MPAKTHKara OarpITTaNIFaH oMlicTep HeTi3iHme OiiM Oepy KyieciHiH KOMITOHEHTTEPiH KalTa KYpy
YIIiH TYJIeKTep/iH Ooamak Kocion KpI3MeTiHe KaHa MYMKIHIIKTep amais [2].

Kymbic Gepymrinepaid eHOeK HapbIFBIHAAFEI CYpPaHbICH OolibIHINA Oonamax |T MaMaHIapbIHBIH KOCIMTIK
’KOQHE KBl )KYMBICIICH KaMTy JCHIeHiHe KOSATHIH TajJanTapbl YHeMi e3repim Typaabl. Ochl Tamantap/pl
OpBIHJAY OapBICHIHIA OHAIPICTIH OacKapy >KyHelepiH/Ieri MKeM/Ii TEXHOJIOTHIIAp bl KEHiHeH KOJAaHy YIIiH
FaJBIM/Iap MEH OHEePTAIKBIIITapAaH OacTar KapanaibiM OpbIHAAYIIbUIAPFA JISHiH KAThICYbIHA SKETIeIi.

Ochl e3repicTep KOCIMOPBIHAAP/ABIH KbI3METKEpIICpiHE KaHa TallalTap/AblH KOHBUTYbIHA OKEJi, OHBIH
iIiHe Keneci alThuTFaHAap/abl aTar eTyre 00JIaIbl: MHTEIUIEKTYaIAbl JaMY/IbIH XKoHE KOCiOM KY3bIPETTUTIKTIH
YKOFapbl JICHIeHi; iCKe HIBIFApMaIIbUIBIK KO3KapacleH Kaparl, )KYMBIC KOCIapbIH jKacayFa TiKeJlel KaThICyhl,
eHOEK IPOIIECIH KaKcapTyFa JIeTeH YMTBUIBIC, OHIPICTET] e3repicTep/ii KaObuiaay; 3 OeTiMEeH THIMII )KYMBIC
Kacay KaOieTi, ChIHA aKbII-OH, KBI3BIFYIIBUIBIKTHIH JKOFAPHI IOPEKEC]; MiHE3/IiH TYTACTHIFBI, KOIIILIIKIIEH
KOCBLIa )KYMBIC jKacay; MiKip aaMacy jkoHe KOMaHJaHbIH 0acka Mylienepine komekrecy kabineri [3-5].

oJjeduerTepre MOy

[IpakTukara OarpITTaNFaH OKBITY - OYJ1 HaKTHl MPaKTHUKAIBIK MIiHAETTEPi OpBIHAAY apKbUIBI KociOu
KY3BIPETTUIIIH KallbINTACTHIPY MaKCcaThIHAA CTYACHTTEpIiH OuriM Oepy OarnapiaMachlH Hrepy mporieci
0osbIin Kenemi. OKpITYIbIH OyJ1 TYpPl *Kaulbl OUTiM Oepy MEH KACINTiK-KOJIIaHOabl JalbIHIBIKTHIH OHTAMIbI
yitnecimine Heriznenyi tuic [6].

[IpakTukara OarbITTaJFaH 9AICTEP/I Talaay, KOJIaHy KOHE TYpJi cajajiapFa eHrizy OOMHBIHIIA FhLIBIMU
JKYMBICTAp OTaHBIK JKOHE MICTEJIIIK FabIMIAPIbIH €HOCKTEPIHJAC KEHIHCH KapacCThIPbLIAIbl JKOHE Oy
TaKbIPBIN OYTiHT1 KYHI'€ A€HiH ©3eKTi OOJBIN TaObLIAIbI.

3epTTey 9IiCTEpiH CaNbICTHIPMAaJIbl TYPHE KapacThIpFaH YKPauH FajIbIMIAPbIHBIH KYMBICHIHA TOKTATAThIH
6osicak, KueB yHuBepcuTeTiHIH nipodeccopiiapbl MEH XKYMBIC OepyIIiyiep apachlHa XXYPri3lireH cayaiHama
HoTHXeci OiiM Oepy mpolecciHAe MpakTuKara OarbITTbUIFaH OidiM Oepyni KoJZalThIHIApBIH KOPCETTI.
Cayannamara KaTbICyIIbUIap O11iM Oepy mpoueccinae KaHAai OKpITY TYPJIEPiH ajiFa KOO KepeK JIereH CypakKa
JKayar OepreH JKoHE Kejeci KOpCEeTUIreHOUTM Oepy TEeXHOJOTHWsUIaphl apachlHaH TaHJAy jKacaraH. Kell
JNCHTeHI JKOHE IIOHAPANIBIK OKBITY, Y3HIKCI3 OKBITY, KY3BIPETTIIIKKE HETI3ACAIeH OKBITY, INpaKTHKara
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OaFbITTaJIFaH OKBITY, JKEKEIICHIPUITeH OKBITY JKOHE T.0 OKbITY Typiepi [7]. Hotmkenepre kenerin Ooscaxk,
YKYMEBIC OepyIIiiep OKBITY KYHECIHIE €H aIbIMeH IMpaKkTuKara OarbITTaIFaH JICTI KOMAANTHIHBIH KOPCETTI,
aJI OKBITYIIBUIAPABIH MiKipiHIIe MPaKTUKara OaFbITalFaH 9/ic OipiHIII YIITIKTE OOMYBI KaXKeT.

KernTeren FeutbIME €HOCKTEPC MTPAKTHKAFa OaFbITTAIFAH 9JIiC CTYACHTTEP/IIH OKY JKOHE KOCiOM KhI3METiH
WHTETpalrsuiay sl KeIleH[i KaMTy HeTi3iHxe KapacTeipanaisl. lIpakTtukara OarbITTanraH ofic Oenrimi Oip
KY3BIPETTUTIKTepAl KaJbIITACTHIPY YIIiH JKaF[ail KacaWThIH KOCINTIK OKBITY IMPOIECiHIH HETi3ri Kypamaac
Oemiri peringe ycwiHbUIFaH. CryneHtTepAl Oonamax KociOM KbI3MeTiHE OapblHINA JKaKbIHAATYMEH
epeKIIeIeHeTiH OyJ1 9/1ic, Ka3ipri TaHaa >KOFaphl OKYy OpBIHAaphIHAA O1TiM Oepy il KociOMIeHIIpYAiH €H THIMII
KYpaJmapeIHBIH Oipi OomblT caHamansl. KemnrereH raabIMAapAbIH ¢HOCKTEpiHIE MpaKTHKara OarbITTaFaH
OKBITY KeJeciied TyXKbIpbIMaamaiapMeH KepceTinreH. J[.BopHeke o3 KyMbICTapblHAA, TpaKTHKara
OarbITTaIFaH 9JIiC — OYJI TEOPHUSIIBIK JKOHE MPAKTHKAJIBIK KOMIIOHEHTTEPE KOJIJaHyFa apHaAJIFaH, OKY POIeCciH
KociOM  KBI3MET DJEMEHTTEPIMEH KAaHBIKTBIPY apKbBUIBl KY3€Te AachIPBUIATBIH KOCIOM  OKBITY[IBI
yibIMIacThIpYabIH Oecenai Typi aen aran kepcerexi (Warneke D., 2007). An E.M.Iloct aiiTybIHIia,
NpakTUKara OarbITTaFaH Tocl — OoJjamaK MaMaHAApAblH TPaKTHKAJIBIK KYMBIC JaFIblIapbiH
KaJIBIITaCTHIPATHIH [T€AarOrMKAaJIBIK IPOLECTIH Ma3MyHBI MeH omicTepi Gomsin Tabsuiamer (Post E., 2010).
C.ITuT4 mpakTiKara OarpITTaIFaH TOCUIII MaMaHAAPAbl KSCIOH maspliayra apHajaFaH OKYyIaFbl TPOOIIEMaITbIK
XKarjalnapliad, SAiCTEMENIK JKOHE CUTYAIMSJIBIK TarchipMaliapAaH TYpaThlH JKyie peTiHae KapacThIpaibl
(Pietsch S., 2010).

N.B. Barkuna 3 »KYMBICHIH/IA IPAKTHUKaFa OaFbITTaIFaH KOCiOM TaspIBIKTHIH OipHEIIe epeKIIelNirid arar
oTTi: 1) JKOFapbl OKy OpBIHAApbIHAA JKYMBIC OpHBIHA YKCAac OpTa KYpy CTYASHTTEpHAiH KICiOu
KY3BIPETTUTIKTEP/l CaHalbl UTepy KaXKETTUITIH bIHTANAHIBIPAAbl; 2) KOCINTIK aspiayAblH HpaKTHKara
OaFpITTAFaH TEXHOJOTHSUIAPBIH €HTI3y CTYACHTTepiH Oonamak KociOM KbI3METI YIIiH MaHBI3IBI KEKe
KaCHeTTEPiH, COHIai-aK KaciOM MiHICTTep/Ii OPbIHIAY TOHKIPUOECIH KaIbINTaCTHIPY/Ibl KAMTAaMAaChI3 eTei; 3)
naiipiHaay Ocifini OOMbIHIIA KOCiOM KY3BIPETTUTIKTI KAJTBINITACTBIPY HETI3iHIE CTYJEHTTEpPAl MPaKTUKAIBIK
nasipiay; 4) oky OeiiHiHe COWKeC HAaKThl KOCIOM, FBUIBIMU-TIPAKTHKAJIBIK KOHE MPAKTUKAIBIK-OHIIPICTIK
Mmocenenepai mremry MaxcatbiHma JKOO-mapma CTyAeHTTepAl JKYMBICIICH KaMTyIbIH WHHOBAIHSIBIK
(bopmanapsiH d3ipiey xoHe eHrizy [8].

MakanambI3ia KapacThIPBII OTBIPFaH aBTOPJIAPBIMBI3 IMPAaKTHKaFa OarbITTAFaH TOCULMIH MOHIH TEK
Ooramak MaMaHAApABl KociOM maspiayFa KaThICTHI KapacTeIpraH. Jlecekre, OYJ1 ofic TepeHIHEH 3epTTeyai
KaXeT eTe/Ii.

ogficTeMeIiK 3epTTey

Byn xa3purFaH MakalbIHBIH HETi3T1 MakcaThl 3epTTEYIIUIepaiH OYPBIHFBI €HOEKTEepiHe CYHEHE OTHIPHII,
MpaKTUKaFa OarbITTalFaH OKBITYBIH 3€PTTEYJEPIHJCTI Ka3ipri TeHIACHIMUIAPbl aHBIKTAy. OICTEMEIIK
3epTTeyiMi3 KOWBIJIFAH MAaKCAaThIMbI3Fa COHWKEC TOMEHJE KOPCETUINeH CYpaKTapiAblH >KayaOblH TaOyabl
KO3IIenmi:

(1) 2017 »xone 2022 xpuinap apalibiFbIHIA 3epTTEYIIePACTI KOIIAHBUIFAH d/IicTep KaHaai?

(2) Kapusnanran Makananap/a KaHaai €3eKTi OarbITTap KapacThIPbUIFaH?

By 3eprreyne mpakTHkara OarbITTAFAH OKBITYJAFbl 3€PTTEY YpPAICTEpi MEH YITiIEepiH aHBIKTAy YIINiH
Kyiteni mouy (Systematic review) (Gough, Oliver & Thomas, 2012) oxici naiaanansuiast. XKyieni momy
YJIKeH KeJleMJIeTi o/ieOMeTTepi 3epTTey apKbUIbl Oollamiak 3eprreynepre OarbiT Oepyae THIMII OOJBII
TaObLIA bl XKOHE 3epTTEyJIepre Ma3sMyYHbI Tajmay »acay yuriH maigananbuiel [9]. ConbiMeH Katap, Oyt
3epTTey/ie CaHIBIK YKOHE CaMajblK TICUIACP KOJIAHBUIIBI, SFHU IPIKTEIreH JKYMBICTAp/a 3epTTey 9icTepi
Typajibl CaHBIK ecen Oepiimi. AJl canajiblK 3epTTeYAe MATIHII OHCYC TallaHFaH IPaKTHKara OarbITTaFaH
OKBITYIaFbl MaKayiajgapblH TaKbIPBIITAPhl, aHAATIIATAPEI )KOHE TYHIHII ce3aepi OMOIrorpadusIIbIK Taagay
YILIiH KonaaHbuIasl. JKanmel 3epTTey Ke3eHaepi 1-cyperre kepceTinreH.

Makananap kenecizeri tananrap Herizinae ipikrenai (i3ney kone ipikrey 2022 KbULIBIH KbIPKYHEriHe
icKe ackaH 00JIaThIH):

1) MakaaHbIH TAKBIPHIOBIHA, KUITTIK CO37EP/IC HEMECE aHIATIAChIHAA TaHJAJIFaH CO3ACPIiH OOIyHI;

2) pelieH3usUIaHFaH )KypHajia HeMece KOH(GEpeHIUs MaTepHallIapbIHIA KaPHUSIIAaHYbI;

3) Scopus IepeKKOPBIH/IA HHICKCTEIYI.

Scopus nepekkopbiHaH i31ey 6apreichiHAa "practice-based learning"” kinTTik ce3iHae xa3puran 1946-2022
KbIIIap apanbiFbiHaa 4595 makana TaOeuripl. COHBIMEH KOCa, aJFaIllKbl IPIKTEYre COMKec MaKaialap/IbIH
CaHbl ThIM KOIl 0OJIFaHIBIKTAH, OJIAPJbIH CAHBIH a3alThIN, IPIKTEY/Il HAKTHUIAY YIINIH alThUIFAHIal Tarbl Ja
Oipkarap Tajanrtap KOWbLIIbI, OJIapAbIH ILIHIE:
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4) maxananap 2017-2022 xpuigap apajblFbIHAA )KapUsIIaHybl,
5) “computer science” 0is1iM calackIHaH OOYHI;
6) arpUIIIBIH TUTIHIE FaHA )KapHUsAJIaHFaH MakKaia Hemece KoH(epeHI s MaTeprasiapbiHaH OOJyHbI.

Hetuxenepai
KOpPbITbIHAbINAY

= G = G) =

IpikTey Tanpay

o A ol KoHTeHT Tanaay
HNaiiH ipiktey
Scopus Bubnuorpausnbik KopbITbiHAbI

Tanpay

Cypem 1. XKannor 3epmmey kesenoepi

Bapisik ipikTeyaeH eTkeH Makananap canbl 94 6onabl. OnappiH KbUIIBIK CaHbIHA KeJeTiH Ooncak, 2017
*buIad (n = 12) onapaeiy canbl 2019 xbutra Aeiiin asaiisin (n = 7), onan coq 2022 xputFa IekiiH apTKaH (n =
28) (cyper 2). SrHm, OYJT KapacTHIPBINT OTBIPFAaH >KBUIAAp/Aa Makaiamap caHbl 2,3 ece OCKEHIH >KoHE
TaKbIPBINTHIH KOKEHTECTI OOJIFaHBIH Kepyre O0aibl.

BaceineiMaap TeHaeHUMACH!

BaceinbIMaap CaHs!
)

1 ! ! 1 ! ! ! 1
0 T T T T T T T T

2016 2017 2018 2019 2020 2021 2022 2023

Hbinaap

Cypem 2. Ilpaxmukaga 6azeimmangan oKbimy 60UbIHUA OACLLIBIMOAPLIHbIY OCY MEHOEHYUACDL

3epTTeEy HOTH:KEJIEPi HKIHe TAIIAy

Masmynovix manoay nomudicenepi

Makasanapra skacajarad Ma3MYHJIBIK TalifayFa cyiieHep 0osicak (cypet 3), OapIbIK ipiKTeIreH MaKaiaiap
apacsiaa, 11,97% makananapblHaa 3epTTEyLIUIep HETi3iHEeH aHAIMTHKAJIBIK 9IiCTepAl KeHIHEH KOJIaHFaH,
oNlapAblH  iMIiHAE MOIIMETTepAl Tangay ofictepi  (IepeKTep CHHTE3l, TaKbIPBINTHIK CHHTES,
OMOJIMOMETPUKAJIBIK TaNJIay) epeKIlie Ha3apra ue OOJFaH.

MahrpganaxeinfFaxd agicrep

NPOLEHTTIK KATBIHACH

BKCNEePUMEHT MHTEPBLIO cayanHama KeWc cTaam aHanWa Gackanap

apictep

Cypem 3. Maxananapoa naiioaranviiean 20icmepoiy Jicikmenyi
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Bacembivaapasiy 9,12%-1a Typai cayanHamanap apKbUIbI XKYprisisireH Oonca, an 3eptreynepain 3,42%-b1
AKCIIEpUMEHTTIK OJICTep i MaimananFrad. EH a3 KOJmaHbUTFaH OJIiCTEp - KeWC CTaan jKOHE MHTEPBBIO CKEHIH
aHBIK Kepyre Oonanbl, ce6ebi Oy omicTep KapusulaHbUIFaH Makananapasy 1,71% sxone 2,28% -plHAa FaHa
Ke3Jlecei.

bubnuoepagusanvix manoay nomuoicenepi

Makxkananapra 6udmuorpadusuIbIK Tanaay 0aphICHIHAA MPaKTUKaFa OaFbITTaIFaH /IiC HET131HAeTi KOITereH
CO3/IIK TOMIIAIAP MEH KIATTIK ce3/ep ToObl aHbIKTaNAb! (cypeT 4). Tanaay sKyMbICTapbIH xKacay YIIiH Scopus
nepekkopbiHaH RIS ¢popMaTeiHma TakeIpbIITap MEH aHAATIANAP SKIOPTTANbI, VOSviewer OarmapiaMachiHa
AMITOPTTAJIIBI XKOHE JIe OCBI OaFmapiiaMaia MoIMETTEp OHICTII.
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‘Q‘-«, VOSviewer
Cypem 4. Tanoanzan b6acvlivimoapea Hezizoeneen 6ubIUOSPAPUATLIK MALOAYObIH HCENINIK GU3YATUSAYUACH]

VOSviewer - FbIIBIMHBIH OHOTHOMETPHSIIBIK KapTadapblH Kacayra, BU3yalu3allisiiayFa )KoHe 3epTTeyre
apHasIFaH KoMIeloTepiik 0armapnama (Van Eck & Waltman, 2010).

Barmapimama http://www.vosviewer.com cintemeci OOMBIHIIA KOKETIM/II KOHE TETiH OONBINT KeJesi.
VOSviewer 610IHOMETPHUSUIIBIK XKETITIK epeKTepAiH OapIIbIK TYpJIepiH Tajiay YIIiH Nai1alaHbuTybl MYMKIiH,
MBICaJTbl, 0aChUTBIMIIAP HEMECE KyPHAIIAp apachIHIAFb TOHEKCo3 KaTbIHACTAPHI, 3ePTTEYIIIIIEp apachIHIaFbl
BIHTBIMAKTACTBIK KaThIHACTAPHI, FHUIBIMH TEPMUHICP KOJJaHy KaTbiHacTapsl sxaHe T.0 [10]. VOSviewer
MOTIH/I KeH (QYHKIIMOHAJIBI OHJIEY/ Il KAMTH/IbI, MBICAJIbI, MOTIHII OHJICY MYMKIHJIIT Ky)KaTTapra Heri3aeareH
TePMUH/IIK KapTajlapAbl KypyFa MyMKiHJiK Oepeni. TepMuHaep kapTachl - OyJ1 €Ki ememM/i KapTa, OHJla eKi
TEPMUH apachlHIarbl KAIIBIKTHIKTEI TEPMUHIEPIiH 63apa OalTaHbICHIHBIH KOPCETKIII peTiHAe TYCIHIipyre
Oouazpl. XKanrmel, eki TEpMUH apachIHJIaFbl KAIIBIKTHIK HEFYPIIBIM a3 0oJica, COFYpIIbIM TepMHH/ED Oip-OipiMeH
THIFBI3 Oaitnanpicta Oonanbl. TepMuHAepHiH e3apa OaillaHBICKI KY’KaTTapAaFbl COWKECTIKTEp HeTi3iHzae
aHBIKTATaabl. byJl KyKaTTap, MbICajfa, FBUIBIMH OachUIbIMAAp (TaKbIPHINTap MEH aHaTnagap HeMece
Makajiajiap), IaTeHTTep HeMece ra3eT Makajauapbl 00aybl MyMKiH. Tarbl 1a Oip aiitapibeik Hopce, VOSviewer
KY>KaTTap/ibl TEK aFrbUILILIH TUTIH/E OHICH aajbl.

VOSviewer OarnmapiamacbiHia OWHAPIIBI CaHAy 9/IiCi eMec, TOJIBIK caHay 9JiciH TaHmanbiHALL (Cebeli
TOJIBIK CaHay SJICiH/Ie MaKaja aThbIH/IA OHE aHIATIaChIHIa TEPMUHHIH HEllle PEeT KalTalaHFaHbl €CKipiIei.
DNeMeHTTIH KapTaja naijia 00J1ybl YIiH ce3 keM Jerenze 10 peT ke3aecy Kepek JIereH mapT OpHaTa OThIPBIIL,
3178 snemenT apaceiHaH 70-ci FaHa OCBl LIAPTTHl KaHAFaTTHIHABIpA ajabl. Kepim TypraHbIMBI3IAll OCHI
3JIEMEHTTEP, YIII )KETEKII KIacTep YII TYpJli TyclieH OepiireH:

1. Kex kmactep (10 snement, 218 ke3mecy): OKbITY, TOxIpuOe, AaFabuiap, YakKbIT, KaThICYy >KOHE T.0
TaKbIPBINTAPABI KAMTH/IBL,

2. Kebut kiacrep (20 snmemeHT, 571 Ke3necy ): OKBITYLIBI, TEXHOJIOTHS, AEPEKTEp, Tajjaay, OWBIH,
3epPTTEYILI XKoHE T.0 CO37epre HEeri3Ae/reH;
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3. Kacen kmactep (12 snement, 314 ke3nmecy): KOplIaraH OpTa, KYKaT, TYKBIPbIMAAaMa, KYpPBUIbIM,
KOJIIaHy, KHBIHIIBIK, YHUBEPCUTET, Kelc-cTaau, covid koHe 0acKa TaKbIPBITITAphIHA TipeJIereH.

Kp13p11 KIMacTep ©3apa KakbIH OaiaHbICHl Oap XoHE 1MIiHAETI TEPMHUHACP CaHBl €H KOIl KJIAcTep OOJbIN
keneni. OHBIH iIIIHIE THIFRI3 OaiilaHbICKaH TepMUHAEpre Makana (article), nepexrep (data), ananus (analysis)
TEPMUH/IEP] JKaTaIbl, MAFBIHACKHIH aIllBIIT KEJICEK, MaKaJaiap/ia KeIlTeN AepeKTep aHaIu31 KOJIIaHbIIaIbl IeTeH
ce3. OHBIH JonelniH 3-CypeTTeH Jie alKbIH Kopyre 0omabl.

Erep Bu3yanuzauusiHeIH MHTEPAKTUBTI TYpPiHE HA3ap ayAapaTbiH 00JICaK, Ke3-KeJTeH AIEMEHTKE KypPCOPIbl
amapaThIH 00J1cak; 0acka dJIeMeHTTepMEH e3apa OaliIaHbICKIH HAKTHIPAK Kepyre 0omasl (cyper 5).

Comait “yHusepcumem” ce3i: ‘“myraniM”, “oibIH’, “Keiic craam’, “cama”, “TexHONOTHS , “TOXKipHbde”,
“kyxkar”, “momimer”, “marabl’ , “Konmany”, “macene”, “covid”’, “KypbulbiM”, “KOHIENT’ JKOHE T.O
TEPMUHAEPMEH OalIaHBICHINT TYpPFAaHBIH Kepyre Oonanbl >KOHE OJIapAblH apachlHAa “KykaT’, “KoijgaHy”,
Mocene”, “KopImaraH opTa’ IereH TepMHHICPMEH OaiaaHBICHl KYIITIpEK €KeHI TCPMHHICP apaChIHIaFbl
KAIIBIKTHIK apKBUTBI TYCiHYTE O0NaabI.
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Cypem 5. Knacmepnepoiy iwinoezi anemenmmepdiy 03apa 6au1aHulcwl

BaiinaHpicTap/Ipl allibiln KEAreH e, IpakTUKara OarbITTaIFaH 9IICTEPIHIH THIMJII Kypayiapbl peTiHae Kekic-
cTajau xkoHe reiimudukaims Koananbuiateinbl kepinin Typ (Pellas N., Peroutseas E.: Leveraging Scratch4SL
and Second Life to motivate high school students’ participation in introductory programming courses: findings
from a case study, Siala H., Kutsch H., Jagger S.: Cultural influences moderating learners’ adoption of serious
3D games for managerial learning). Coubimen katap, COVID-19 nanaemusicel OitiM Oepy canackiHa TYpIIi
KHUBIHJIBIKTApMEH KaTap, OuTiM Oepy canachlHJa jKaHa MYMKIHIIKTEp MEH OKBITY TEXHOJOTHSJIAPBIH aia
KeJreHiH aHblk kepyre 6osaasr (Li Zihao: Creativity and opportunity: how COVID-19 fosters digital dance
education).

KopbIThIHABI

Ocbl 3epTTey KYMBICBIH KOPBITBIHABUIAM KeIreHne, 3epTrey >KYMbIChIHAAa KapacTburran 2017-2022
KBUTIAP apachlHIarbl TPaKTHKara OaFbITTAIFaH OKBITY TAKbIPHIOBIHIAFbI JKapUSUIAHBIMIAD CAHBIHBIH OCKEH1
aiikeiH kepirmai. 2019 xbUibl MakamanapblH a3atobiHa ToKTancak, oraH COVID-19 nannmemusiHbIH epiryi
ceben Oonapl aereH Oospkam aifrcak Oosanpl, Oipak OHBI JoJieNiiey HEMece >KOKKAa IIbIFapy — aJiiarbl
3eprreysiepre Kalublpablk. MaTepuaniapslH Ma3MYHJIBIK TaJlay HOTIDKECIHE KENreH Ke3je, MpaKkTHKara
OarpITTallaH TaKBIPHIN ASCHIHJIA €H KOIl )KOHE a3 KOJIJAHBUIATHIH 3epPTTeY 9JiCTepi aHbIKTAIFaH OOJaThIH.
AnpiHFaH Oec KbUIFBl TEpUOATA >KapUsUIlaHFAaH Makajajapia aHalu3[OiH KenTereH Typiepi XKoHe
cayaJlHamamap KeNTel KOJJIaHbUIFaHbl aHbIK Oalikanapl. OFaH Koca SKCIIEpUMEHTTEP MEH HHTEPBBIOJICP/IiH e
JKaJITIbIFa [aKKaHa yiieci a3 emec. Ipikrenred 94 s yMbICThIH OMOIHMOrpadusIIbIK TaaaaybiHa KeJIETiH 00JICaK,
VOSviewer OarmapiaMachlHa JKYKTEIT€H Makajiajgap TakplpblOBl MEH aHJarnagap Heri3iHge Keieci
3epTTeysepre Heri3 0oyia ajgaThlH KYHIbl HOTHXKE alblHABI. MarepuangapAplH iMIiHeTi ©3eKTi TaKbIphIITap
AHBIKTAJIBII, OJIAP/IBIH apachIHAFbl OalTaHbIC AHKBIH QB
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Abstract

The authors, taking mobile learning as a promising vector of digital pedagogy, describe the advantages of using mobile
learning technologies in the process of organizing the educational process and revealing the content of their mobile
applications in the educational process. The article discusses the directions of using mobile learning in modern education,
as well as the organization of mobile learning as an innovative technology in pedagogy. Today, mobile learning is a
rapidly developing and promising area in education. Mobile technologies have made learning more flexible. It is noted
that despite the wide distribution and availability of mobile phones among students, mobile learning is poorly distributed
in domestic universities. It is concluded that the capabilities of mobile devices are constantly growing and they can be
widely used as educational tools and take center stage in education.

Keywords: mobile learning, interactive learning environment, mobile applications, pedagogical research, higher
education, teaching method.

Axoamna
C.II. Tineybaii’, B.A. Hocoucanos®, P.Y. Anomenaesa’, 5.K. Kapmenosa', I' 1Ll Mycazynoea*
Kopxwim Amaamuinoazer Kvisvinopoa ynusepcumemi, Koizvinopoa k., Kazaxcman
MOBWJIBAI OKBITYIbl BIJIIM BEPYAEI'T UHHOBAIUSIJIBIK TEXHOJIOI'US PETIH/E
YUBIMJIACTBIPY

ABTOpIIap MOOMIIBAI OKBITYIBI CAHIBIK TENAarOTUKAaHBIH IEPCIIEKTUBANBIK BEKTOPHI PETIHAE aJBI, OKY IMPOICCiH
YUBIMAACTHIPY OapBICHIHAAa MOOMIIBI OKBITY TEXHOIOTHSUIAPHIH TalJaaHyAbIH apTHIKIIBUIBIKTAPBIH CHITATTal bl )KOHE
Oimim Oepy yaepiciHaeri MOOWIBII KOCHIMIIATapBIHBIH Ma3MYHBIH amaabl. Makamaga kasipri O0iniM Oepyae MOOMIBI
OKBITY/II KOJIIaHy OarbITTaphl, COHBIMEH KaTap IeJarorukajgarbl >KaHa TEXHOJIOTHS PETIHAEC MOOWIBII OKBITYIBI
YHBIMIACTBIPY KapacThIpbliaasl. ByriHri TaHna MoOWIbAl OKBITY - Oyi1 OiniM Oepy/ie KapKbIHIIbI AaMbIIl Kejle KaTKaH
MEepCIeKTHBAIbl  OarbiT. MOOWIBAI TEXHOJNOTHsIAP OKBITYyAbl uKemal ereai. CTyAeHTTEp apachlHIa YsUIbI
TenehoHIapAbIH KSH Tapalybl MEH KOJ JKETIMJIUTIrIHEe KapamacTaH, OTaH[BIK KOFaphl OKY OpPBIHIAPBIHIA MOOHIIBII
OKBITY JKail Tapasiblll XKATKAHIBIFBI aTall KepceTiireH. MoOMIbIl KYPBUIFbLIAPABIH MYMKIHIIKTEPl YHEMI OCIIl, oJiapbl
OKY KYpallbl peTiHe KeHiHEeH KOJIJaHyFa 00Ja bl skoHe 01 O11iM Oepyae 0acThl OpBIH aaibl JETEH KOPBHITHIHABI )KacaIbl.

Tyiiin ce3mep: MOOWIBII OKBITY, HHTEPAKTUBTI OKBITY OPTACHl, MOOWIIB/II KOCHIMIIIAIAD, TIEIar OTHKAJIBIK 3epTTEYIIep,
JKOFapBI OLTIM, OKBITY 9JiCi.

AnHomayus
C.I. Tuneybaii*, B.A. lococanoet, P.Y. Anomenaesa®, 5.K. XKapmenoea®, I' ILI. Mycazynoea®
Kvizvinopounckuii yuueepcumem umenu Kopxoim Ama, 2. Kuizetiopoa, Kazaxcman
OPTAHMU3BAIIA MOBUJIBHOT'O OBYYEHHUSI KAK HHHOBAIIMOHHAS TEXHOJIOT'US
B OBPA3OBAHUU

ABTOpHI, B31B MOOMIbHOE OOydYeHHE B KayecTBE IMEPCIEKTUBHOTO BEKTOpa HHU(POBOH IMEAATOTHKH, OMHCHIBAIOT
MIPENMyYIIEeCTBAa HCIIOJIB30BAHNS MOOMIBHBIX TEXHOJIOTHH OOy4YeHHs B MpOIECCe OpTaHM3aIllMHM y4eOHOro mporecca U
PacKpbIBaIOT COJIEpP)KaHNe CBOMX MOOMJIBHBIX NPHUIIOKEHUH B 00pa3oBaTeNIbHOM Ipolecce. B cTatbe paccMarpuBaroTcst
HarpaBsJIeHUsI UCTIOJIb30BAHHUS MOOMILHOTO 00yUYEeHUs B COBpEMEHHOM 00pa30BaHKH, a TAKXKE OpraHu3alys MOOMILHOTO
o0y4yeHUs] KaKk HOBOW TEXHOJIOTMH B Iejaroruke. Ha ceromusimHui JeHb MOOMIBbHOE OOydeHHE SIBISETCS OBICTPO
Ppa3BHBAIOIINMCS ¥ IIEPCIIEKTHBHBIM HalpaBlieHHEM B 00pa3oBaHU. MOOHIIBHBIE TEXHOJIOTMH CAIeNan 00yueHne ooee
ruOkuM. OTMedaeTcs, YTO HECMOTps Ha IIUPOKOE PACIPOCTPAHEHHE M JTOCTYNMHOCTh MOOWIIBHBIX TEJIC()OHOB CpeIu
CTY/IEHTOB, MOOMIIbHOE 00y4YeHHne ci1ad0 pacrpoCTPaHEHO B OTEUECTBEHHBIX By3ax. JlenaeTcst BBIBOA, YTO BOZMOXKHOCTH
MOOWIIBHBIX YCTPOMCTB MOCTOSHHO PAaCTyT M OHH MOTYT IIMPOKO HCIIONB30BaThCS B KadecTBe 00pa30BaTENbHBIX
HHCTPYMEHTOB M 3aHATH IIEHTPAIbHOE MECTO OOpa30BaHMH.

KioueBble cioBa: MoOmnpHOEe oOOydeHHME, WHTEpaKTHBHAs cpega OOydeHHs, MOOWIBHBIE IIPHIIOKEHHS,
HeJarOrMYEeCKHe UCCIIEI0BAHMS, BBICIIEE 00pa30BaHNE, METO O0yUEHHS.
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Introduction

The state program for the development of education and science in the Republic of Kazakhstan for 2020-
2025 states that "work on the development of digital infrastructure (wireless communications, cloud
technologies, microservices, computers, and peripheral equipment, local area network, broadband internet
access, etc.) of educational organizations will continue" [1].

The use of digital technologies in activities at any level of education is the only guarantee of access to
quality education. This is also shown by world experience in developed countries. In this regard, the purpose
of education today has also changed. This goal is not only for any young generation to learn and achieve the
necessary competencies, but also for the formation of an individual who can perform the necessary activities,
have a professional and social reputation, find and effectively use the necessary information, have a well-
developed personality, correctly assess their own and others ' activities, make a significant contribution to the
social and economic development of the country [2].

The importance of the development of education at any level in the country, the relevance of its social
responsibility —is justified by the ability to acquire the necessary knowledge and use it in practice. High success
in the development of education can be achieved only through the effective use of innovative technologies and
new teaching methods.

Time itself has proven that the continuous desire to create innovative technologies and equipment, no matter
what industry it is, makes great strides in comparison with the existing ones so far. As practice shows, when a
new technology appears, its potential is not fully manifested, that is, it is not immediately clear to all members
of society. Similarly, the possibilities of mobile technologies have not yet been fully disclosed. It has been
proven over time that we can consider it as one of the innovations that have the ability to change and update
the existing values. In a short time, mobile technologies have contributed to the rapid and high-quality
implementation of human needs, as well as an increase in the quality of human life.

Today, mobile technology is of particular importance in all areas of human activity. The growth of demand
for mobile technologies in the conditions of the global market proves the relevance, necessity, and efficiency
of its activities.

In the field of education, innovative technologies such as distance education, mass open online courses,
video conferences and webinars, electronic and digital educational resources, and mobile learning contribute
to improving the quality of education to a new level. One of them is mobile technologies — the only technology
that allows you to use new methods of teaching, on the basis of which it provides an effective way to learn.

In modern times, it is impossible to imagine the life of humanity without these mobile devices. The intensive
dissemination of information through mobile devices has led to a multiple increase in the number of users of
mobile devices.

Mobile learning has grown exponentially in recent years, coinciding not just with the rise of smartphones
and handheld devices, but also the level of dependency individuals place on the technology. According to
Marketing Land, 65% of all digital media is viewed on smartphones. According to DScout, the average
person spends nearly three hours on their smartphone each day, touching the screen more than 2,600 times
and glancing at it roughly 221 times. With these numbers in mind, it’s no surprise that learning has found
a niche market in the mobile world. According to Report Linker, the global mobile learning market will hit
over US 78.5 billion by 2025.

The possibilities and prospects of mobile learning are studied in detail in the works of foreign scientists. In
particular, Turkish scientists Abdulvahap Sonmez, Liitfiye Gocmez, Derya Uygu and Murat Ataizi reviewed
the literature on mobile technologies and analyzed the state of its research and development directions in the
article [3]. It highlighted the various definitions of mobile technologies, their differences from e-learning, and
highlighted its advantages and difficulties.

Mobile learning is a technology in education that facilitates the work of teachers, expands capabilities,
strengthens the depth of knowledge, and is considered as an auxiliary tool in addition to the main form of
learning [4].

Thus, mobile learning is a technological tool that organizes communication between the proposed
knowledge and its user. Mobile Learning makes sense only if the technology used is fully mobile and the users
of the technology are mobile during the training period. These findings give the meaning of learning mobility
and the term "mobile learning” [5].

The authors Matthew L. Bernackia, Jeffrey A. Greenea, Helen Crompton [6] of the article consider the role
of mobile technology and its achievements in mobile technologies and education. Articles by Camilleri M.A.,
Camilleri A.C. [7] examined preparation for learning with mobile applications.
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Moabile learning opens the way to a new quality in educational activities and allows you to quickly access
information at any time. First of all, you need a mobile device to participate in mobile learning and you need
to change your mobile device frequently to take advantage of the achievements of innovation technologies.
Currently, various mobile devices are widely used in education: smartphones, mp3 players, tablets, laptop
computers and audio devices. Modern students are used to using smartphones and spend most of their time
doing this every day.

Research methodology

Currently, Mobile Learning is very relevant, on the one hand, it is a new form of learning, and on the other
hand, it is convenient for practical use. The programs Platonus, Zoom, Google Classroom, Obs Studio, Screen
Cast, etc. are widely used in teaching at the distance learning stage in higher education institutions. Each of
these programs has its own characteristics for distance learning teachers. Teachers record video lessons using
these programs and use them in online lessons. These programs are accessible to students, convenient for self-
education purposes, and convenient for feedback.

Therefore, the use of mobile technologies in education is not a problem for students and it is convenient for
them to provide educational material in a mobile version.

According to UNESCO research, the advantages of using mobile devices in education over other
technologies are as follows:

- Mobility. Mobile devices allow to organize the learning process from anywhere, regardless of time.
There are two aspects of mobility: first, it can provide education in a place where teachers are physically unable
to move in real time, and second, modern technologies, especially cloud data storage systems can carry out
education without being dependent on any device. Even if the user changes their mobile phone, it is possible
to access training materials through cloud storage. Students can also learn through an online forum and chat.

- Continuity of education. Projects in the field of mobile education in comparison with information
technologies are continuous and have unlimited access to technology for students. Mobile devices are always
close to the person and make the educational process continuous: students can complete a given task at any
time they want.

- Personalization of knowledge. Mobile devices help students choose their own level of difficulty of tasks
and accept it in a convenient way. That is, the creators of educational programs for mobile purposes use various
information: text, graphics, and video materials. Mobile devices are used for self-assessment of results to
consolidate the topic.

- Improving the quality of communication. Mobile devices can quickly and efficiently establish good
relationship and feedback between students and teachers. In addition, innovative technologies can be
effectively used in education, providing high-quality support for training in any format. Mobile tools create a
convenient and accessible, interesting learning method for students [8].

The teacher's activities aimed at ensuring the quality of education can be divided into three main
components:

1. Content (What should be taught?) - mastering new educational programs, participation in projects of
different levels, content selection;

2. Action-Based (how to train?)- introduction of modern educational technologies, including ICT;

3. Procedural (how to organize pedagogical interaction?) - determining the conditions and ways to achieve
pedagogical goals.

In providing the teacher's activities described above, you can use a large number of available sets of mobile
learning technologies. In the implementation of projects for the introduction of mobile learning technologies
in education, the didactic capabilities of various mobile devices: smartphones, mp3 players, tablets and audio
tools began to be studied and optimized for education [9].

Smartphones and tablets are mobile devices equipped with a touch screen, a Wi-Fi module that provides
internet access, a camera, a sound sensor (microphone), a GPS sensor and operating systems for installing
various applications. The use of smartphones, tablets and other mobile digital devices as didactic resources in
education at universities gives very effective results.

In general, in order to be able to effectively use mobile technologies in education, teachers must possess
the following knowledge:

- know how to use smart technologies in conducting subject, interdisciplinary and special courses;

- ability to critically select smart technologies in education;
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- knowledge of what knowledge and skills students should master to carry out educational personal
development activities, the level of need for smart technologies to achieve this goal;

- students should know new methods of assessing their knowledge, skills and abilities.

Along with many advantages, the use of mobile learning in education has its own difficulties and
disadvantages. These include the following issues:

1. Technical issues:

- small screen and keyboard size on mobile devices;

- the problem of internet addiction;

- availability of a monthly payment to the mobile provider;

- mobile devices only work with power supply;

- limited memory capacity;

- information security issues;

- lack of a single standard for mobile platforms and devices;

- risk of losing mobile device.

2. Social and educational issues:

- not all students have the opportunity to purchase the appropriate mobile devices;

- occurrence of problems related to the assessment of educational results;

- issues related to the security of educational content;

- very fast development of mobile technology;

- unpreparedness of pedagogical theory due to mobile learning;

- conceptual difference between e-learning and mobile learning;

- issues related to the security of personal information;

In general, as the scale of mobile application use increases in practice, the relationship between teacher and
student decreases. That is, this form of education slows down relationships, trust, leadership, the ability to
work in a team, etc.

The use of mobile technologies allows for the following positive changes in the learning process:

- does not create the need to create computer classes using special funds;

- gives the teacher freedom of choice to provide students with online applications, depending on the need
and specifics of the application;

- provides dynamic learning as it does not depend on a specific location;

- during the discussion and exchange of electronic educational material by students, the role of the teacher
is transferred from the narrator of knowledge to the guide, organizer of Education and Manager;

- coordinates and connects formal and informal learning;

- the student's appeal to mobile devices to receive the necessary information contributes to the fact that he
is constantly on the lookout and continues his education;

- creates conditions for lifelong education and career growth of a person.

In addition to the fact that mobile learning is used as an additional form of e-learning in our country, the
reasons why it is still not fully used at the required level [10]:

1. Insufficient quality educational content and a small number of necessary prerequisites for its
implementation.

2. Lack of a unified system used for mass education.

3. High cost of network communication services.

However, all these problems can be solved by an in-depth study of the possibilities of mobile learning in
education.

According to John Traxler, the following categories of mobile learning are distinguished [11]:

- Technology-driven mobile learning - some specific technological innovations are placed in an academic
setting to demonstrate technical feasibility and pedagogical capabilities.

- Miniature but portable eLearning - mobile, wireless, and portable technologies are used to replicate
approaches and solutions that are already used in conventional electronic learning tools. For example, the
migration of some e-learning technologies, such as virtual learning environment (\VVLE), to these technologies,
or, for example, the flexible replacement of static desktop technologies with mobile technologies.

- Connected classroom learning - the same technologies are used in the classroom to support collaborative
learning, possibly in connection with other technologies in the classroom, such as interactive whiteboards.
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Informal, personalized, situational mobile learning - the same technologies are enhanced with additional
functionality, such as local awareness or video transmission, and are aimed at educational activities that would
otherwise be difficult or impossible.

Mobile training/performance support - technologies are used to improve the productivity and efficiency of
mobile employees, providing information and support, just in time and in the context of their immediate
priorities.

Remote /rural/ developing mobile technologies are used to address the environmental and infrastructural
challenges provided to education and support it where conventional e-learning technologies would not work,
which has often been accepted in developing or evolutionary paradigms.

Considering specific forms and methods of implementing mobile technologies in the educational process,
it should be mentioned following points:

1. A mobile phone provides Internet access to sites with training information and is used as a form of
distance learning. The first and most common method is to use a mobile phone as a means of accessing the
global network. It is possible to organize access to specialized websites containing electronic training courses,
tests, practical tasks and additional training materials (drawings, photos, audio and video files). It is also
possible to exchange e-mail for educational purposes and exchange instant messages in ICQ and QIP programs,
versions of which also exist for mobile phones. Thus, at all stages of training, there are many opportunities for
transmitting information materials to the student, as well as monitoring the entire learning process and helping
to solve emerging problems.

2. A mobile phone is a means of playing audio, text, video, and image files containing training information.

The second possible way to use mobile phones for training is to use special programs for mobile phone
platforms that can open and view files of office programs, such as Word, Power Point. Thus, having such files
containing training information in the mobile phone memory, you can view their versions adapted specifically
for the phone screen, with convenient scroll bars, a suitable font, and a user-friendly interface.

Also, the source of information can be video and audio files, programs-players for which are available in
every phone of the last years of release. This opportunity is especially valuable for those who want to learn
foreign languages — there are a huge number of audio courses and audiobooks available, including files of
different formats and lengths.

An example of the successful application of this method of teaching is several educational programs at
universities in Japan and China. Considering mobile technologies, teachers at these universities consider them
very promising in the conditions of informatization of modern society.

The National Cyber Institute in Japan, which specializes in distance learning via the Internet, has proposed
an innovative system of training. Using a mobile phone, which allows you to study any discipline, both at
home and in a cafe or in the subway. If the text of the lecture and all the necessary drawings are shown in the
center of the screen on the computer during the lesson, and a video recording of the lecture itself is broadcast
in the corner, then the mobile phone version is based on video streaming technology, and all texts and drawings
are downloaded additionally.

3. The mobile phone and its functionality allow you to organize training using adapted electronic textbooks,
training courses, and specialized types of files with training information — training manuals are developed
directly for mobile phone platforms. Another way to use mobile phones for teaching is to use specialized
electronic textbooks and courses adapted for viewing and performing on students ' mobile phones. Students
are invited to download Java applications to their phones, which contain, for example, tests in certain subjects,
as well as information (electronic textbooks, lecture texts) necessary for their successful implementation.
Modern technologies make it quite easy to design and implement such electronic manuals programmatically.
The ability to place diagrams, drawings, and formulas makes writing e-learning courses for mobile phones
universal and applicable to absolutely any subject being studied. It is also possible to implement training
programs in the game shell, using the graphics capabilities of phones, but the implementation of such
applications is a rather complex and time-consuming process. As a result, writing electronic textbooks and
subject testing programs for mobile phones seems to be a more prospective direction. There are a huge number
of special applications for mobile phones, such as calculators of varying degrees of complexity (simple,
scientific), office programs for mobile phones, applications containing different tests with answers (for
example, for psychologists), etc.

The current generation of students has grown up using mobile phones. It is based on the results of the
conducted research. Based on the Comscore study, the majority of mobile phone supporters, namely 77%, are
users between the ages of 18 and 34. It also found that users between the ages of 13 and 24 are the most active
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audience of mobile apps. In this way, we can conclude that mobile learning will be fully implemented among
students.

In one of the studies conducted by foreign scientists aimed at determining the effectiveness of using mobile
phones in teaching, the majority of the 106 students (87,74 %) primarily use their mobile phones to make calls,
80,19% to listen to music, and 74,53% to study. Despite the high rating of students ' use of mobile devices in
teaching, it has been found that teachers rarely offer effective learning applications [12].

Currently, there are about 2.5 million apps in the iOS App Store and Google Play, of which about 200
thousand are dedicated to education. According to research conducted by Statista (www.statista.com), as of
June 2021, among the available applications in the Apple App Store, educational applications are in third place,
the share of which is 8.67%. It was found that 52.1% of the total audience downloads educational apps.

In their works, S. Bimasheva, Sh.G. Iskakova and A.A. Shibintaeva try to identify the current state and
prospects of using mobile technologies in teaching a foreign language by reviewing research. Based on the
results of the study, empirical studies conducted in modern Australia, China, Iran, Turkey, Saudi Arabia,
Cyprus, Japan, Malaysia, Spain, Taiwan, and other countries have concluded that in most cases the use of
mobile technologies in teaching foreign languages gives a positive result due to a number of advantages of
mobile devices compared to classical pedagogical tools [13].

Results and discussion

In the process of organizing mobile learning as an innovative technology in education, the research work
covered the stages of identification, development, and formation.

At the identification stage, the state of mobile learning tools used in education was determined. In this
regard, the purpose and scientific forecast of the study were determined.

At the development stage, the principles of operation of technical equipment used in mobile training were
considered. Further, the didactic opportunities of mobile technologies in the development of education were
studied.

At the stage of formation, the relevance of mobile learning technologies to pedagogical activity was studied.

In the course of the work, we conducted a survey to determine students 'understanding of mobile learning.
The survey also aims to study and analyze the crucial factors to overcome possible gaps in the use of mobile
learning in higher education.

The questionnaire is a methodological form of research, which is the collection of data using structured
guestionnaires filled out by respondents. In the context of the experiment, the questionnaire can be used as one
of the tools for data collection. Here are a few key aspects of the survey as a methodological form of
experiment:

Purposefulness: The questions in the questionnaire are formulated in such a way as to get specific and
targeted answers from respondents.

Obijective data: The survey allows you to collect quantitative data, which provides the possibility of
statistical analysis and obtaining objective conclusions.

Scalability: This method allows you to collect information from a large number of participants, which
makes it scalable.

Anonymity and confidentiality: Questionnaires are often anonymous, which contributes to more open
responses, especially on sensitive topics.

Saving time and resources: Conducting a survey can be an effective way to collect data from a large number
of participants in a short period.

The questionnaire as a methodological form of experiment provides researchers with a powerful tool for
collecting qualitative data, providing important practical research opportunities.

Our survey involved students of 1-4 courses of Korkyt Ata Kyzylorda University, studying in the specialty
6B01517 - Biology. 8 questionnaires were developed to measure students' assessment of the effectiveness of
mobile learning. The questionnaire consisted of the following questions:

Mobile learning can be an effective way to learn, as it can provide instant support.

Mobile learning opens new learning opportunities.

Mobile learning becomes a flexible way to learn, as it can be learned anytime and anywhere.
Mobile learning improves student-teacher communication.

Mobile learning is a quick way to get feedback in the learning process.

Mobile learning cannot be used for learning:

Lack of mobile phones in most students.

NookrwdE
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8. Costs associated with mobile training.

9. Poor communication quality.

The answers were measured on the Lincert scale of up to five points with categorical consent: in the range
from "completely agree" to "completely disagree”, a score above 3.0 indicates relative importance. The total
number of respondents was 176 people. Age and gender were not taken into account during the survey. Google
Forms was used as a survey tool. The questionnaires were collected at the end of the semester in May 2021.
During this training period, a mixed training format was conducted in accordance with the quarantine situation
in the country. Descriptive statistics on the effectiveness of mobile learning based on the results of the study
are shown in Table 1 and diagrams (Fig. 1-5).

Table 1. Descriptive statistics on the effectiveness of mobile learning

Mo Survey indicators Totally Agree Neutral | Disagree Co_mpletely Total
9 agree disagree
1 | Mobile learning can be an
effective way to learn, as it can
provide  instant  support 50 » 28 21 2 176
diagram 1.
2 | Mobile learning opens new
learning opportunities 64 86 21 5 - 176
diagram 2.
3 | Mobile learning becomes a
flexible way to learn, as it can 97 75 4 i ) 176

be learned anytime and
anywhere diagram 3.

4 | Mobile learning improves
student-teacher 10 28 51 54 33 176
communication diagram4.

5 | Mobile learning is a quick way
to get feedback in the learning 68 57 24 26 1 176
process diagram 5.

Mobile learning cannot be used for learning
1 | Lack of mobile phones in most

students. 91 71 10 4 - 176

2 Co_sts_ associated with mobile 81 71 19 4 1 176
training.

3 | Poor communication quality. 73 61 23 13 5 176

Mobile learning can be an effective way to learn, as it Mobile learning opens new learning opportunities

can provide instant support

B8 a ol i [ ] i
m Totally agree  m Agree  m Neutral Disagree m Completely disagree Totally agree Agree Neutral Disagree Completely disagree

1%

Fig. 1. Mobile learning can be an effective way to learn, Fig. 2. Mobile learning opens new learning
as it can provide instant support opportunities
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Mobile learning hecomes a flexible way to learn, as it Mobile learning improves student-teacher
can be learned anytime and anywhere communilcation - TOlallsv %asret’
B Totally agree  mAgree M Neutral (ompletely_\ //_// o
disagree S~ - g
% 19% . ’
' isagree i
31% i
Fig. 3. Mobile learning becomes a flexible way to Fig. 4. Mobile learning improves student-teacher
learn, as it can be learned anytime and anywhere communication

Mobile learning is a quick way to get feedback
in the learning process

___Completely
Disagree .. _____/--—“"’ disagree
15% D, T 0%

o
Neutral 8 =

14% ﬁ_

Fig. 5. Mobile learning is a quick way to get feedback in the learning process

From the diagrams, we can see the relative importance of the indicators, and according to the table, we can
see that more than 70% of these respondents support mobile learning as an effective method of learning. The
study shows that students are attracted by the ease of use of mobile learning. The survey also found that poor
communication and learning costs were important barriers for students. Although mobile learning is chosen as
a quick way to get feedback in the learning process, they have expressed that they do not see it as a tool to
improve communication between students and teacher. As a result, we can conclude that mobile learning can
be an effective method of learning.

Conclusion

Summing up, the use of mobile technologies accelerates the learning process, increases students' interest in
the subject, teaches self-education, and strengthens the relationship between the teacher and the student in the
learning process. Currently, mobile learning is a new direction in education.

The evolution of technology and the development of mobile applications in the last few years, especially
for higher education, have been nothing short of spectacular. The flexibility, cost benefits, and effectiveness
of mobile learning further hold great potential for the future.

Mobile learning is an innovative and promising technology. It allows the student to create, receive, or
provide educational information in any format, significantly expanding the educational resources and
educational environment of educational institutions [14].

It is known that the idea of mobile learning arose from the goal of making the most of the educational
opportunities offered by mobile technologies. The mobile learning method allows students to learn at any time
and place using the resources available to them. It also allows students to realize their needs for study and
search in several educational institutions. Such opportunities influenced the emergence of a whole system of
innovative teaching methods [15].
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Moabile learning in education comes up with a distinct approach that helps address several of the common
educational issues seen in other traditional modes of learning. The evolving technological landscape and tools
have set the stage for learning that can harness the speed and ubiquity of digital capability.
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CUCTEMATHYECKHUH OB30P UCC/IEAOBAHHWI MIPUMEHEHUA TEXHOJIOTUHU AONOJIHEHHOM
PEAJIbBHOCTH B OBPA30BAHUHN

Annomayus
CraTpsi TOCBSIIIICHA CHCTEMaTHYECKOMY 0030py HCCIIEAOBaHMI B 00JIaCTM NPUMEHEHHS CKBO3HBIX IHM(POBBIX
TEXHOJNOTHH B oOpazoBaHmM Ha mnpuMepe AR-texHonormii. lcmonp3oBaHHWE CKBO3HBIX IHM(POBBIX TEXHOIOTHH
MIPEATIoaraeT MOATOTOBKY CIIEIHAINCTOB B COOTBETCTBHU C TPeOOBAHUSAMHU PBIHKA, TCHEPAIMIO MACH M pa3paboTKy
IU(POBBIX MPOPBHIBHBIX TEXHOJOTHH 3a CUET BHEIPEHHS MEXAYHApOIHOTO OIBITa HCIOJIB30BaHHS NH(PPOBBIX
00pa30BaTEeNbHBIX TEXHOJOTMA M MOBBINICHUS 3(QQPEKTUBHOCTH NPOQPECCHOHATIBHONW ITOATOTOBKH MEIarormdecKux
KaapoB. B cTaThe 3aTparnBaeTcsi OOHO M3 HAIPaBICHNIH CKBO3HBIX HU(POBBIX TEXHOJOTHI CBSI3aHHBIX ¢ IPUMEHEHHUEM
AR-TexHONOrHi B 00pazoBaHu. DPPEKTUBHOCTh M HEOOXOJUMOCTh NpUMeHeHus1 AR-TexHosoruii B 00pa3oBaHuu, ¢
OJTHOI CTOPOHBI, M HEJOCTATOYHAs KOMIIETEHTHOCTh IIEIarOroB B BOMpPOCax MoJenupoBaHus 3D-00beKTOB st
peanu3anuu AR-TEeXHOJOTHH, OTCYTCTBHE TOTOBBIX pemleHHH mo 3D MonenupoBaHMIO M MCHOJB30BaHHIO AR-
TEXHOJIOTUII B Ka3axCTAaHCKOM OOpa30BaHWH, C JAPYIOd CTOPOHBI, BBI3BIBAET OOBEKTHBHYIO INPEINOCBUIKY IS
MPOBEJICHUSI MCCIENOBaHMN B 3ToW oOxacTu. llenblo crarbu siBisieTCS NPOBEACHHE aHAIM3a OTEYECTBEHHOTO U
3apy0ex)HOTro OmbITa MpUMeHeHus TexHosaoruid AR B oOpa3zoBaHuu.
KaioueBble cjoBa: ckBo3HbIe HU(POBEIE TexHONOTHH, 3D MozennpoBaHWe, NONONHEHHas peanbHOCTH (AR),
Oyaymue yaurens HHPOPMATHKH.
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BLJIIM BEPYJIE TOJIBIKTBIPBLIFAH IIBIHAWBLIBIK TEXHOJIOTUSICBIH KOJIJIAHY BOMBIHIIIA
3EPTTEYJIEPTE )KYUEJI IIOJTY

Maxkama AR TeXHOJOTHSACH MBICANBIHAA OUTIM Oepyreri HAGPIBIK TEXHOJOTHIAPAB KOJNJAHY CalachIHAAFBI
3epTTeyliepre KyHeli oy *acayFa apHaiaFaH. OTneli nu(PIBIK TEXHOIOTHIAPIEI TaijaiaHy HapblK TalanTapblHa
colikec MaMaHIApABl Jaspiayabl, THQPIBIK OUTIM Oepy TEXHOJIOTHSUIAPHIH MaiIalaHyIbIH XaJIbIKapallbIK TOKIpHOeCiH
€HTi3y KoHE TeJaror Kaapiap Il KociOn maspiaayAblH THIMIUTITIH apTTEIPY eceOiHeH HIesIap Ibl TeHepaIsUIay bl )KOHE
TUQPIBIK CEePIiHI TEXHOJIOTHATIAPABI o3ipieyi ke3xeiai. Makarana MUQPIBIK TEXHOJOTHIIAP OaFBITTapBIHBIH Oipi
OiriMm Oepyne AR TeXHOJNIOTHSICHIH KOJJIaHY KapacThlpbuiraH. bip »karbiHaH OiniM Oepyne AR-TexHONOTHsACHIH
KOJIIaHYABIH THIMJIUIITT MEH KaXeTTUIiri skoHe AR-TeXHOMOTHSCHIH icke achlpy yiniH 3D-o0BeKTinepai mMonenbaey
MaceseNepinie meJarorTepAaid Ky3pIpeTTUTITIHIH KEeTKUTIKCI3/Iir, eKiHIIi )KaFblHAaH Ka3aKcTaHAbIK OimiM Oepyne AR-
TexXHOJOTUACKIH 3D Moaenbpiey koHe nainanaHy OOHBIHINA JaiblH MIENIMIEPAiH O0NIMaybl OCHI canaja 3epTTeyiep
KYPTi3y YUIIH OOBEKTHBTI aJIFbIIAPT TYFBI3aAbl. MaKaJaHbIH MakcaThl 0itiM 6epyne AR TeXHONIOTHSICHIH KOJIIaHyIBIH
OTaHJIBIK JKOHE MIETEIIIK TOKIpuOenepine Tajiay Kyprizy OOJIbIT TaObIIa b,

Tyiiin ce3mep: umopasK TexHonorusuap, 3D Mozpenbaey, TONBIKTHIPBUIFAH IIBIHAWBIIBIK (AR), Oomamak
nHpopmaTnka MyFramimepi.
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Abstract
A SYSTEMATIC REVIEW OF RESEARCH ON THE USE OF AUGMENTED REALITY TECHNOLOGY IN
EDUCATION
Tazabekova P.K.%, Nurbekova Zh.K.2, Aimicheva G.1.%, Naimanova D.S.*
'Kazakh National Women's Teacher Training University, Almaty, Kazakhstan
2 Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3L.N. Gumilyov Eurasian national University, Astana, Kazakhstan
4Toraigyrov University, Pavlodar, Kazakhstan

The article is devoted to a systematic review of research in the field of application of end-to-end digital technologies
in education on the example of AR technologies. The use of end-to-end digital technologies involves training specialists
in accordance with market requirements, generating ideas and developing digital breakthrough technologies through the
introduction of international experience in the use of digital educational technologies and improving the effectiveness of
professional training of teaching staff. The article touches upon one of the directions of end-to-end digital technologies
related to the use of AR technologies in education. The effectiveness and necessity of the use of AR technologies in
education, on the one hand, and the insufficient competence of teachers in the modeling of 3D objects for the
implementation of AR technologies, the lack of ready-made solutions for 3D modeling and the use of AR technologies
in Kazakh education, on the other hand, causes an objective prerequisite for research in this area. The purpose of the
article is to analysis of domestic and foreign experience of using AR technologies in education.

Keywords: end-to-end digital technologies, 3D modeling, augmented reality (AR), future computer science teachers.

Beenenue

Beicokne Temribl Tio0anm3anuy U nupOBU3AIMN SKOHOMHKH, pa3BUTHE MHIYCTpHU 4.0 CrIOCOOCTBYIOT
Pa3BHTHIO M IIMPOKOMAcHITAaOHOMY HCIIOJB30BAaHHMIO CKBO3HBIX IH(POBBIX TEXHOJOTHH BO BceX cdepax
’KU3HEIESATENbHOCTH YeJIOBEKa, B TOM UHCiIe U B cucTeMe oOpa3oBaHus. 3D mMonenupoBaHue, HalpaBIeHHOE
KaK Ha TPOEKTUPOBaHUE 00Pa30BaTEIbHOTO MPOCTPAHCTBA, TAK U TEXHOJOTHYECKUX MPOIECCOB OOYUEHHUS C
NPUMEHEHHEM LU(POBBIX TEXHOJOTWH, B CBOIO OYepedb IPEICTaBISeT COO0O0H OCHOBY IH(POBH3ALUH
oOpazoBanusl. zyueHne pa3iniHbIX acliekToB 3D MoaennpoBaHusi CylIECTBEHHO PACIIUPSET MPEACTaBICHHS
00yYarmuxcsi O CKBO3HBIX HHU(POBBIX TEXHOJOTHSX, COBPEMEHHOW HayKe M TEXHHKE, 00ecTeunBacT
MO3UTHBHBIH ONIBIT TPUMEHEHHUS IU(DPOBBIX TEXHOIOTHH B M3y9aeMbIX AUCIHUIUTNHAX. [I0CKOIBKY peanr3arust
MHTETPUPYEMOCTH LU(PPOBBIX TEXHOIOTHH TpeOyeT TIIIyOOKHX MEXKIpPEIMETHBIX CBS3€H, TO pa3BHTHE
MEXIIPEIMETHBIX CBSI3el MO3BOJISIET CO3/aTh MH(OPMAIMOHHYI0 0a3dy B BHJE COJAEpKaTEeNbHBIX 3ajad,
pelIeHre KOTOPBIX CTHUMYJIHPYET OCBOCHHE CKBO3HBIX NU(POBBIX TEXHOJOTHH, CO3IaeT YCIOBHUS IS
NpUOOpETEHHsI HABBIKOB TBOPYECKOW JIESTEIEHOCTH.

OnHako CTaTUCTHYECKWH aHajiW3 HCCIEAOBAaHM B O0JACTH TPUMEHEHHUs] CKBO3HBIX HHU(PPOBBIX
TEXHOJIOTHI B 00pa30BaHMU TOBOPUT O HEOOJBIIOM KOJMYECTBE Pa3pabOTOK B 3TOM HAIpPaBJICHUU B HalIeH
CTpaHe, UMEHHO aJalTHPOBAHHBIX MOJ] Ka3aXCTAHCKYIO CHCTEMY 00pa30BaHMs U 00pa30BaTEIbHBI KOHTEHT.
MoXHO mpeanonarath, 4YTO JaHHbIE TEXHOJIOTUH HEIOCTATOYHO HWCCIIEIOBAHBI M MaJl0 MPUMEHSIOTCS B
y4eOHBIX 3aBEJICHUAX CTPaHbl B CHITY psja NpUYHH: caMO0 AR MpOW3BOJICTBO MPEACTABISIOT KOMIUIEKCHYIO
3a7a4y W 3aTPYAHEHO ISl CO3MaHUS YYUTEIIMH M HWCCIEIOBATEIISIMH, YYHUTENS HEIOCTATOYHO BIIAJICIOT
TOTOBBIM MHCTpyMEHTapueM 1o paszpaborke 3D Mopeneil, OTCYTCTBYIOT TOTOBBIE pEIICHUS IO
MpeaBapuTeIbHOMY MOJICTHPOBAaHIIO AR-00BEKTOB U T. JI.

MextyHapoJHbIe MCCIIEA0BAHUS MMOATBEPKIAIOT, YTO CIIOCOOHOCTH MOJEINPOBATH SBISIETCS Bee Ooiee
HE0OXOJMMBIM HaBBIKOM JUIA Oyaymux yautenerd uHpopmaruku [1-3]. MupoBble ucciiejoBanus B 001acTu
MPUMEHEHHUS] CKBO3HBIX TEXHOJIOTHH B y4eOHOM TpoIiecce TOBOPSIT O MX BBHICOKOH () (EeKTHBHOCTH Ha pa3HbIX
YpOBHAX 00Opa3zoBaHus. [IpuMEepoM MOTYT CIY)KUTh HCCIICJAOBAaHHWS B 00NacTH (U3UKH, aCTPOHOMUH,
aHaTOMHUH, XMMHUH U T. 1. Bbl10 3amMeueno, 4to 6aronaps NCIOIb30BaHUIO CKBO3HBIX HU(PPOBBIX TEXHOIOT U
o0ydJarorecs OTINYal0TCs BHICOKOH MOTUBHPOBAHHOCTBIO K 00YUYEHHIO, MOTYT C JIETKOCTBIO OTKPBIBATH IS
ce0st HOBbIE 3HAHMS O CIIOKHBIX M HEJIOCTYITHBIX B pealibHOM JKU3HU MpoIieccax, 0TpadaThiBast MPaKTHIECKUE
HaBblku [4-5]. Hampumep, uccienoBaHusi MOKaszand, 4To oOydaromuecss NpH TPaIWIUOHHOM METOJe
HETNPaBUWJIFHO YCBaWBAJIN HEKOTOPBIE KOHIIETIIMHA aCTPOHOMHH U 3TO HENPaBHIbHOE TOHUMAaHUE OCTaBajIOCh
Yy HUX Ha TPOTSHKEHUW HECKOJBbKHX JieT. biaromapst ucronb3oBanuio TexHosuorun AR ynanoch noOHThCS
TOYHOTO MOHWUMAaHUsI KOHIICTIIIMKA acTPOHOMHUH. M3BecTHO 00 d((PEKTUBHOCTH HCIIOJIL30BAHUS TEXHOJIOTHU
AR Ha ypokax XxuMuH, rae o0yyaromuecst BO BpeMsi SKCIIEPUMEHTOB MOTYT CMEIIMBATH BELIECTBA, HE 00sCH
OMMOUTBCS M TIONyYUTh HEXKeNaTelbHBIE MOCIe/CTBUSI B ciiydae ommOku. Takxke, ucrnons3oBanue AR B
cucTeMe CpelHero oOpa3oBaHHMs B KJAccax XHWMHUH, YIydllaeT TOHHUMAaHHE YYallUMHCS Makpo W
MHKPOCKOITMYECKOTO MUpa XUMHH, OHOJIOTHH YITydIas pe3yabTaTbl 00y4yeHus [6].
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Bonee Toro, ncciepoBarenn ykasbIBaoOT Ha 11e7IeCO00Pa3HOCTh NCTIONB30BaHHSA IOTIOJIHEHHOH PealbHOCTH
C COOJIOIeHNEM KIIACCHYECKUX NUAAKTHYECKAX TPUHIUIOB: HATJISIAHOCTH, CBS3H, TEOPHUH C MPAKTHKOM,
OCO3HAHHOCTH W aKTUBHOCTH,  JOCTYIHOCTH,  MPOYHOCTH,  HAYYHOCTH, CHCTEMHOCTH H
nocnenoBatenbHOCTH [7]. C moMombto AR-TEXHONOTHH MOYKHO TMOBBICUTH XapaKTCPHCTHKU OICHOYHBIX
MaTepuaioB, T00aBIsis B3aUMOJICHCTBIE HA OCHOBE ITPUKOCHOBEHHIA, TOJIOCA, TIOJIST BBOJIA, B3TJISAA U J)KECTOB,
COXpaHsIs MPUHITUI BATHIHOCTH M HAaIEKHOCTH [8].

[lo crarucTuke MomyIsApHON MIATHOPMBI, IPEIOCTABISIONICH Pe3yIbTaThl UCCIIEAOBAHUN TPOTPAMMHOTO
obecnieuenust SaaS/B2B u ¢punancoBbix npoaykros, Finances Online (https://financesonline.com/augmented-
reality-statistics/) sy4miie Ha CETrOAHAIIHHMN JI€Hb MPOTPAMMHbBIC pEIICHHs Ui TpadUuecKoro au3aiiHa
WCTIONB3YIOT 3JIEMEHTHI IOTIOJIHEHHOH peaibHOoCcTH (AR) ams peanuctuynoil Busyanuzanun. Bmecte ¢ Tem, B
OTYeTe MO pe3yibTaTaM HCCICAOBaHHS cepbl JAOMONTHEHHOH peanbHOCTH MpeacTaBicHa WHpOpMAanus o
MHPOBBIX MacmmTabax peraka AR, meMorpaduueckne mqaHHBIE O TOJB30BATEAX M 00beMaX HCITOJIb30BAHUS
JOTIOJTHEHHON peabHOCTH B MHUpE, MPOTHO3bI oTpaciu AR u MHoroe apyroe. CorjacHO MccleTOBaHUSIM
Finances Online 70% TeXHOJOTHMYECKUX JHMICPOB OKUAAIOT, YTO PHIHOK JOMOJHEHHOH peanbHOCTH
MIPEB30MUIET PHIHOK BHUPTYAJIbHOW PEabHOCTH 1O A0XoAaM, Kpome Toro, 49% W3 HHX CUHTAIOT, YTO ITO
MPOM30I/IeT B TeUeHne Ommkaimmx 3-5 meT. DTo TOBOPHUT O TOM, UTO mosb3oBareneid AR Oyner Oomnblie, dyem
VR. Ilpuuem AR monyuut mmpokoe NpUMEHEHHE HE TOJIBKO B WUIpax, I ero MpUMEHEHHE B HACTOsIIEe
BpeMs JOMUHHUPYET, HO M B Pa3TIHMYHBIX OTPEOUTENHCKUX U KOMMEPUYECKUX MPUIIOKEHUIX [9].

Takum oOpa3om, 0030p MeXIyHapomHBIX NyOmmkanuii [1]-[8] u pe3ymbraTel MeXTyHapOJHBIX
rccaeAoBanmii mo naHHeM Finances Online [9] mokasamu:

1) poct nomynsipHOCTH U PYHKIMOHAIBHOCTH AR B yCIIOBHsX 1IM(POBHU3AIIMH SKOHOMUKH, B TOM YHCJIC U
cdepsl 00pazoBaHus;

2) abdekTuBHOCT, mpuMeHeHHs AR B 00pa3oBaTeqbHOM TIpoOllecCe B paMmKax TpaHc(hOpMaIMu
o0Opa3oBaHus K U(GPOBOMY ITOKOJICHHIO U TIOBBIIICHUIO Ka4yeCTBa IU(POBOT0 00pa30BaTEILHOTO KOHTCHTA;

3) HEMOCTAaTOYHYIO M3YyYCHHOCTh W MPOPAbOTAHHOCTh HAYYHO-METOMUYCCKHX YCIOBHU TMPUMEHEHHS U
METOJIMKH O0y4deHHs pa3paboTke AR B paMkax MOATOTOBKH OyAyIIMX W TEPEMOATOTOBKH COCTOSBIIMXCS
yuurtesneld nHpOpMaTHKH.

MerTono.siorusi uccjiea0BaHUs

C nenbio cOopa peanbHBIX JaHHBIX ObUT MPOBEACH COIMOIOTHYECKUN OMPOC Ha MPEMET ONpeelICHHS
OOBEKTUBHOW  BOCTPEOOBAaHHOCTH  pa3pabOTKW  00pa3oBaTeNbHOTO mopTama jius  odydeHuss 3D
MOJIETTUPOBAHUIO Yepe3 CKBO3HBIE ITU(POBLIE TEXHOIOTHH, UCIIOIB30BAHUS ITeJJaroraMu B yaeOHOM Tporiecce
WHHOBAIIMOHHON METOJNKHU ¢ mpuMeHeHneM 3D mopeneil, AR 0OBEKTOB M JK€IaHWW TMEAaroroB MOBBICHTH
npodeccuoHanbHbIe HaBBIKH 10 3D MoenupoBaHuIo.

B oHnaiiH-aHKeTUpOBaHUM TPUHSUIM ydacThe 97 mpenojaBareneil By30B M yuuTesnedl IIKoJ. AHKeTa
COCTOsJIa M3 TaKMX BOIPOCOB, KaK «YMeeTe JIM Bhl MOJEIHPOBATh?», «Kakue mporpamMmel 3HaeTe s
co3nanus AR-00beKTOB?», «YMeeTe Jiu Bbl co3aBaTh AR 00beKThI?», «Xo0Teau Obl HAYYUTHCS OCCILIaTHO
TEXHOJIOTHSIM CO3/jaHus 1 mpuMeHeHnst AR-00bexToB?Y, «Kakue mopTassl uin miaTopMbl HCTIONb3yeTe IS
pa3paboTtku AR 00BbexTOB?». PaHee momydeHHbIe pe3ybTaThl OMPOCca ITOKA3alH, YTO HE BCE YUUTEINS YMEIOT
paspabateiBath AR-cpeictBa oOyuenms. Paspaborkoit AR cpeactB oOydeHust BiajgeroT TOIBKO 2%
ornpoIieHHbIX (97 peCIOHAEHTOB).

[lomyuenHsle HaMu pe3ynbTaThl OMpOCa IOKa3ajdd IOHWMaHWE Ka3axXxCTaHCKUMH IIeJjaroraMu
HEOOXOJMMOCTH BIIAJICHUS COBPEMEHHBIM ITU(PPOBBIM HABBIKOM MOJIEIHPOBAaHUs oOpa3oBaTeibHBIX AR-
OOBEKTOB M JKEJaHUE Ka3aXCTAHCKUX IIeJIaroroB OCBOWMTH JAaHHBIH TpodeccHoHaNbHBIN HaBbK (90%
PECIIOHJICHTOB TIOJIOXKHUTEIHFHO OTBETHIIM Ha BOoNpoc «CurTaeTe JIM Bbl HY)KHBIM HaBBIK 3D MojenupoBaHus
1t co3aannst AR-00bEeKTOB B y4eOHOM MPOIECCe U XOTUTE JIM BBl OECIIaATHO 00y4YaThCsl B yI0OHOE JIst ce0st
BpeMsi Ha OHJIaHH-TIIIaThOpMeE»).

B o6pazoBatenbHOi cpeie JaHHBIN HaBBIK aKTyaJleH MPH pa3padoTKe MHTEPAKTUBHBIX CPEICTB 00yUeHUs
yepe3 npumeHeHne AR Texnomormit. UzBecTHo, 4uto mpumeHeHne AR cpencTB akTuBupyeT y4eOHO-
MO3HABATEIBHYIO JIEATEILHOCTh O0YUAIOIINXCS, SIBIISIETCS OJHUM U3 CAMBIX MTEPCIIEKTUBHBIX U 3(h()EKTHBHBIX
HHCTpYMeHTOB. OJTHAKO MCIOJIb30BaHHE TAKUX CPEJICTB 3aTPYIHEHO I10 PSTy MPHUKH:

- pa3paboTka AR MHCTPYMEHTOB SIBIAETCS TPYAOEMKHM HPOLIECCOM, BKIIOYAIOLUINM MOAEIHPOBAHUE;

- OTCYTCTBYIOT CBOOOJTHO JIOCTYITHBIE peCcypchl 1o o0yueHuo 3D moaenupoBanuto u npuMmeHeHno AR/VR;

- HE BCE YUHTEJs YMEIOT pa3padareiBath AR cpencTBa 00ydeHusl.

264



https://financesonline.com/augmented-reality-statistics/
https://financesonline.com/augmented-reality-statistics/

Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Duzuxa-mamemamura sviiimoapsly cepusicol, Ne3(83), 2023

Pe3yabTaThl HCcIe10BaHUS

CrarucTuuecKuii aHaIu3 HCCIENOBaHUM B 00JacCTH NPUMEHEHHsI CKBO3HBIX LH(POBBIX TEXHOJIOTHH B
00pa30BaHUK TOBOPHUT O HEOOJIBIIOM KOJIMYECTBE Pa3paboTOK B 3TOM HAIIPaBJICHUH B HAILIEH CTpaHe, IMEHHO
aJIanTHPOBAaHHBIX MO/ Ka3aXCTaHCKYIO CHCTEMY 00pa30BaHUs U 00pa30BaTEIbHbIA KOHTEHT.

Tax anamm3 myOnmKanuid B MEXTyHapoOIHOHW 0a3e Scopus B paspese CTpaH MOKa3blBaeT OoIbIioe
KOJIMIECTBO MUCCIICIOBAHUI B TOM HampasieHuu B Kurae (755 crareit), CILIA (441 crareit), Uamone3uu (424
cratbn), Muanu (339 craten), ['epmanun (272 craTbn), TOrJa Kak Ha CETOAHAIIHNAN AeHb Ka3axcTtan 3aHuMaeT
44-0e MecTo B pedTHHre MyOIMKAIMOHHON aKTHUBHOCTH (24 crareif). DTOT pe3ynbTaT OBLI MONYyYEH C
MOMOIIBI0 HAayKOMETPHUYECKOro HHCTpyMeHTa Oubinorpaduueckoii 6as3pl maHHbIX Scopus — SciVal,
MpeJHa3HaYeHHOT0 Il aHATU3a MyOIMKallMOHHON aKTUBHOCTH.

MO>HO 3aMETHUTb, YTO C TOAaMU ITyOIMKaMOHHAst aKTHBHOCTh YueHbIX Kazaxcrana mo Hampasnenuto AR
yBenmnumiack. B crarnctudeckom ordere mo maHHbM 3a 2020-2022 roabl cocTaBlIeHHBIA B ceHTsI0pe 2022
roga Kazaxcran crost Ha 52-mecte mpoTuB 44 MecTa B TEKYLIEM TOly. DTO CBUACTENBCTBYET 00 YCTOMYMBOM
uHTepece K TexHonorusiM AR. I'paduk Ha pucyHke 1 HarmsaHO WIUTIOCTPUPYET TEHICHIHH B KOJIUYECTBE
WCCIIEIOBAaHNN, OIMyOJMKOBAaHHBIX 3a TOCIEAHME TOABl MO MaHHBIM Ha ceHTsO0pp 2022 u 2023 roma
COOTBETCTBEHHO.

PefiTuHr myOGMKannoOHHON aKTUBHOCTH B pa3pes3e CTpaH
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Pucynox 1. Cpasnumenvhas xapakmepucmuxa nyonukayuoHno akmusiocmu no meme «AR in educationy
6 pazeumvix cmpanax u PK 6 2022 u 2023 200ax

Hist Toro 4to0Bl YMENIO MPUMEHSTH JIOTIOJIHEHHYIO U BHPTYalbHYIO pEalbHOCTh B Y4eOHOM Ipoliecce
Ba)XHOE 3HAUEHHE NPUOOpETaeT MOBBIMICHUE KauecTBa NMPO(eCCHOHAIbHON NOArOTOBKH OYAyLIETO yUUTENS
WHPOPMATHUKH COIJIACHO COBPEMEHHBIM BbI30BaM LH(PPOBOH SKOHOMHMKH. BakHoe 3HadeHHE HMMEIOT
MPerno/IaBaTeNt, y KOTOPBIX €CTh JKeNaHue UCIob30BaTh AR M KOoTOphIe yiKe pHOoOpeNny HaBBIKA CO3AaHUs
u npuMeHeHnss AR-TeXHOIOTH, KOTOpbIe MOTHBHUPYIOT UX K UX HCIIOJIb30BAHUIO.

Mpl npoaHanu3upoBalii 00pa3oBaTesIbHBIE IPOrPaMMbl Ka3aXCTAaHCKUX BY30B IO MOATOTOBKE yuHTeIeH
WHPOPMATUKH B LEJISIX ONPEIeNICHHs IEPCIIEKTHB Pa3BUTHUS IaHHOTO HAIIPABIICHUS U ISl U3YUEHUS CTETIeHU
Y YPOBHS IIPETNOIaBaHUs JAHHOTO HAIIPaBJIEHUS B KA3aXCTaHCKOM 00pa3oBaTeIbHOM CErMEHTE.

Hns mpoBeneHHs aHain3a O0Opa30BaTEIbHOTO KOHTEHTAa IO OOy4YeHHIO pa3paboTKe M METOIUKE
npumerennst AR/VR MbI paccMoTpenu o6pa3oBaTtelibHBIE POrpaMMBI Tpex By30B Kazaxcrana (cm Tab.1):

1) EBpaswuiickuii HanmoHa bHbIN yHUBepcuTeT umenu JI.H. T'ymunesa [10].

2) Ka3zaxckuii HallMOHAIIBHBIN )KEHCKUH rearornyeckuii yausepeuter [11];

3) [aBogapckuii megarornyeckuii yHUBEpCUTET UMEHH ©. Mapryiian [12].
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Tabnuya 1. Ananuz 06pazoeamenbHbIX NPOSPAMM

Qbpasosa- Ynusepcum | Haumenosanue Obven Onucanue Hpogeccuonars Pesynomam
menbHas. Kpeoum Hble
npoepawa em ouCyUnIUHbl 06 Kypca Koxmemenyu obyuenus
6B01511- EHY um. IJ[ KB 5 Hannwiii kype Cnocobrocmb Ymemo
Hngpopmam | JI.H. «Bupmyanvnas HanpaeneH Ha cozoasamv 3D MoOenuposamas
uxa Tymunesa U OONOIHEeHNas @opmuposanue | obvexmol; u
peanbHocnby HABLIKOG enaoenue npeobpazoewis
paspabomku HaguIKamu amo
AR/VR NPOSPAMMHOU uHgopmayuon
NPUNOIICEHUT peanuzayuu 015 | Hule 00beKmuyl;
na niamgpopme | ARIVR 081a0embv
Unity; HagvlKamu
peanuzayus paszpabomiu 6
NPUNOIICeHUs obracmu
AR/VR na c#t AR/VR
3aepy3Ka;
omobpasicenue
3D mooener,
UX aHuMayuu u
Mamepuanos
6B01506- KasHay’Ke | B KB 5 B xypce HUcnonvzyem B xo00e kypca
Hupopmam | wlly Texnonozuu paccmampusda npeomemHule u cmyoeHmol
uxa MOOUNLHO2O romces MENCOUCYUNTIUHA | 061A0e6arom
npocpammupos MexHoN02Ul PHble 3HAHUA OISl | HAGLIKAMU
aHua u npocpamMmupos | pewienus npoeKmupo6an
dononnennas anus u NPUKIAOHBIX us,
peanvHocmy paspabomxu sadau; paspabomxu u
npunodcenuii 6 | 3naem npospammupos
PAZTUYHBIX NPUHYUNDL U anus
MOOUTBHBIX MexHoI02UU MOOUTLHBIX U
ONEPayUoOHHbIX | CO30aHUSA OONOJIHEHHBIX
cucmemax, a MOOUNbHBIX PeanbHbix
maxoice NPULOACEHU U NPUNOACEHUU U
meopemu4ecku | NPULOICEHUL uep
e KOHyenyuu O0ONOIHEHHOU
paspabomxu peanvHocmu;
O0ONOIHEHHOU Paspabamvieaem
peanvHocmu MoOunbHbIE
NPUNOACEHUS U
NPUNOdICEHUA
OONOIHEHHOU
peanvHocmu
6B01530— | Hasnooapck | B/ KB 8 Kypc Ipumensem Cozoanus
Hngpopmam | uu 3 HanpaeneH Ha 3HaHUs U3 00veKmos
uxa nedazoeuyec | MOOeIUpoBaAHu ogradenue obracmu OONONHEHHOU
Kuil eu ocHogamu BbIYUCTUMENLHOU | PeanlbHOCU 6
YHUBepcume | OONOJIHEHHAS SHAHULl NO TMeXHUKU u ROAR;
m umenu ©. | peanvbHocmy O00NOIHEHHOU npocpammuposa | ocHogbl
Mapeynan peanvrHocmu, Hus, pabomwt ¢ SDK
uzyueHue xomnwvromeprnoeo | Unity 3D u
Memooos mooenuposanus;, | Vuforia;
C030aHUsL npakmuxyem cozoanue
NPUNOJICEHUTE OCHOBHbIE NPUNOANCEHUT 8
O00NONIHEHHOU Memoobl SDK Vuforia
peanbHoCcmu KOMNbIOMEPHO2O0
MOOeNUPOBaAHUS
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Crenyer OTMETHTB, YTO B HACTOSIIEE BPEMS CYLIECTBYIOT ajlbTepHATUBHBIE 00pa3oBaTeIbHBIE PECYPCHI,
npencTaBieHHble 3apyOexkHeiMu oHaiiH MOOC-mmarpopmamu. B Tabmume 2 oroOpansl OecruiaTHBIE H
TUIaTHBIC OHJIAH-Kypchl o AR/VR, HO He Bce Kypchl OXBaThIBaeT Bee ATanbl mpoekrupoBanus AR/VR.

Taxoke, MOXXHO OTMETUTh, YTO Kypchl Coursera mjaTHbe, aHaJOTMYHBIE Kypchl 1O pa3paboTke AR/VR
npeIaraloT Takue yHusepeutethl kak: University of London; University of Glasgow; Columbia University;
University of Michigan; Yonsei University. Hekotopsie 6ecruratabie Kypebl Coursera mpeacTaBICHBI HIKE.

Tabnuya 2 Ananus 3apybedichvix oHIAUH-KYypcos no paspabomre AR/VR

Ha%afl ue Haseanue Cmoumocmpo URL-aopec
OMNIATIH- Lenv u pezyromam ob6yuenus .
. — Kypca Kypca nrameopmvi/caima

Coursera Getting started | - Bce 06 ocnoenvix npooykmax u | bBecnnamno | https://www.coursera.org
with mexnonozusax AR;
Augmented - Cozdamp pasnuuHvle
Reality NPULOINCEHUS O00NOHEHHOU
PEAIbHOCMU ¢ UCHONb308AHUEM
bpayszepa OONONHEHHOU
PeaibHOCmU U UHCMPYMEHMO8
paspabomxu
Coursera Introductionto | Ha  asmom  3amamuu  ew | Becnaammno | https://www.coursera.org
Augmented NO3HAKOMUMECH ¢ OCHOBAMU
Reality and Ooononnennou peanvnocmu (AR) u
ARCore c mem, Kak cozdamb AR-
unmepgeiic, ucnonvsys Hardcore
Digital- Paspabomra - Paspabamvisams AR- ITnamno https://digital-
academy AR/VR NPULOINCEHUSL C UCTIONb30BAHUEM 149 700 academy.ru/schools
OHNLATIH- Maprepro2o u 6e3MaApPKEPHO2o Pluec,
wKona mpexunza (ARKI/ARCore); 12 mec
- Ilpoexmuposams u o0yuenus
paspabamvieams VR-
NPUNOdCeHUsL OJisL MOOUTILHOO U
PC
Iham@popma | Paspabomuux | Osnadems nasvikamu Unity, Inamno https://skillbox.ru
Skillbox AR/VR ¢ nyns | mouxocmu pabomet ¢ 3D u 76889T/mec,
0o PRO npoepammuposanue na C# ona 12 mec
AR/VR 00yueHus
Udemy Learn to create | Cozdasams npunosicenust Iamno https://www.udemy.com
WebXR, VR BUPMYAILHOU U OONOJIHEHHOU 64,99 $
and AR, peanvHoCmu, Komopbie
experiences pabomarom 6 bpaysepe;
using ThreeJS | Hcnoavsosams 6ubiuomexy
Three JS ons coz0anus smux
NPUTLOHCEHUL,
Paspabomra AR-npunosxcenuii,
1n000ePIAHCUBATOUUX
MeCMUuposanue 8 pedaibHOM Mupe

AHanu3 cojniep:kaHus 00pa30BaTENbHBIX MPOrpaMM yuuTelleld WHGOPMATHKH Ka3aXCTAHCKHX BY30B IO
pa3paboTke u npuMeHeHHI0 AR B 00pa3oBaTesibHOM TIpoliecce ToKa3al HeJIOCTATOYHYIO MPOPa0OTAaHHOCTh
00pa3oBaTeIbHON TPAaEKTOPHU 1O OOYYEHHWIO M yCIEIHOMY NpuMeHeHHI0 AR B yueOHOM mporecce B
KauecTBe Mpo(dheccCHoHaTHhHOr0 MHHOBAITMOHHOTO HHCTPYMEHTA YUUTene HH)OpMaTHKY.

B o0pa3oBaTenbHbBIX IporpaMMax BCTPEUalOTCsl HEKOTOpPbIe HelopaOOTKH:

1) He y4reHs! IpepEeKBU3NUTHI AUCIUILINHEI,

2) [lBe pa3Hble 00pa3oBaTeIbHBIC TEXHOJIOTHH 00BEACHBI B OJTHY AUCIMILUIMHY: TEXHOJIOTHUS MOOHIBHOTO
MPOrPaMMHUPOBAHUS ¥ JIOTIOJIHEHHAS PEAIbHOCTb.
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0630p n anammu3 coxepxkanusi MOOC-kypcoB o o0ydeHnio AR Takke MoKa3plBaeT UX OrPaHUYCHUE B
JOCTYITHOCTH ITUPOKOMY KJIACCy Ka3aXCTaHCKUX yduTelleid WH(POPMATHKH BBUAY BBICOKOW CTOMMOCTH WIIH
OrpaHWuYEHHS 3HAaHUH aHTIHMICKOTO si3bIka. Kpome Toro, o0pa3zoBaTenbHbI KOHTEHT 3apyOeKHBIX MIaThOopM
HE YYHUTHIBACT COLMOKYJBTYPHBIC, HAIlMOHAJbHbIE M METOAOJOTHYECKHE OCOOCHHOCTH Ka3aXCTaHCKOH
00pa3oBaTeIbHON CHCTEMEL.

OmHMM W3 BaKHBIX BOIPOCOB MPH MPOEKTUPOBAHWUHU Kypca oOydeHHs pa3paboTke u mpuMeHeHUs AR B
KayecTBE TMEAarorHyeckoro WHCTPYMEHTapusi C ILeNbl0 JOCTIKEHHS 3alUIaHUPOBAaHHOTO pe3yJbTaTa
oOydeHus, SBISETCS OTOOp CoAepKaHWsl 00pa30BaTEIHHOTO KOHTEHTa B COOTBETCTBUM C alTOPUTMOM
npumenenus AR-texnomornii. Ha pucyHke 2 mokasaHbl 3Tambl IPUMEHEHUsT pa3padoTtku AR-texHoormii,
KOTOpBIE CIEAyeT MPUHATh BO BHUMAaHHUE TPU MPOEKTUPOBAHUHU COACPKATEIbHOW JTMHUM 00pa30BaTeIbHON
Tpaekropun oOydyenuss AR-TexHomoruu B pamkax (HOpMHUpOBaHUS MPO(ECCHOHATBHBIX KOMIETEHIMH M
COBEpIICHCTBOBAHMS [TOATOTOBKH YUHUTEIeH HH(HOPMATHKH.

$ 3osmax .\4 MAYA h m
AR VR
oYK OYKW
S
*BHegpeHune
Qumty N

UNREAL
e

Pucynox 2. Dmanwt paspabomru AR

3akio4yeHue

Pazpabotka AR MHCTpYMEHTOB SIBIIsI€TCS TPYJOEMKUM MPOLIECCOM, BKIIIOYAIOLIMM MozenupoBanue. s
YCIIEIIHOTO pealu3aliy, BHEAPeHUs U npuMmeHeHHss AR B o0Opa3oBaHHM HEOOXOIMMO HMETh CBOOOJHO
JOCTYIHBIE pecypchl o 00ydeHuo 3D MonenupoBanuio 1 dhdeKTHBHOMY npruMeHeHno AR.

AHanu3 00pa30BaTeNIbHBIX MPOTPaMM M HAY4YHBIX IMyOJUKaIMi 1oKkasal, uto B Ka3zaxcraHe He0CTaTOYHO
popabOTaHbl BOIIPOCH 0TOOPA COAEPKaHMS, METOAOJIOTHYECKUE U METOANYECKUE BONPOCH 3(pPeKTuBHOrO
npuMmeHeHuss AR-texHonorumii B oOpasoBanumu. Hapsimy ¢ 3THM, Ka3axCTaHCKHE YYHTENIS HE YMEIOT
MoJienupoBath 3D OOBEKTHI, 4TO SBISETCS HEOOXOAWMBIM HABBIKOM JIJISl CO3JaHWsl W npuMeHeHus AR-
TexHosorui. K d4mciay HepeleHHBIX BOIPOCOB MOXKHO OTHECTH M BOIPOC MPOEKTHPOBAHUS CHUCTEMBI
(dopmupoBaHus NPOoQecCHOHATFHON KOMIETECHUMH y4uTeds] MHPOPMATHKH MO pa3paboTKe W NMPUMEHEHHS
AR-TexHOonoruii B o0OpazoBaTenbHOM Tiporecce. DPGHEKTUBHOCTh UM HEOOXOIWMOCTh mpuMeHeHuss AR
TEXHOJIOTHI B 00pa30BaHUU, C OJHOM CTOPOHBI, U HEJOCTATOYHAS KOMIIETEHTHOCTh IIEIarOr0B B BOMIPOCAaX
MonenupoBaHust 3D-00bekToB mns peanmzanmud  AR-TeXHONOTWH, OTCYTCTBHE TOTOBBIX pEIICHUH TI0
MOJICIIMPOBAHHIO M HCIIONB30BaHUIO AR-TEXHONOTHI B Ka3aXCTaHCKOM OOpa3OBaHWU, C JPYrod CTOPOHHBI,
BBI3BIBAET OOBEKTHBHYIO MPEANOCHUIKY IS IPOBEICHHS UCCIIEI0OBaHUH B 3TOH 001acTH.

sl TEOpEeTHUECKOro HCCIIEeIOBaHMS METOAOJIOTMH NpuMeHeHus AR B oOpasoBarenbHOM mporecce U
W3y4YeHHS METOAMKH OOydeHHs TMedarorMyeckux KajapoB paspaborke AR Hambonee uenecoobpasHbIM
SBIISIETCSl pa3paboTka 00pa3zoBaTeNLHOrO opTana. B paMkax penienns 0003Hau€HHOH MpoOIeMbl, barogaps
coJiep>KaHUI0 00pa30BaTENbHOIO KOHTEHTA, IUIaTGOopMa BEICTYIAeT B KaUueCTBeE:

1. ABTOHOMHOrO M JIETKOJOCTYIHOTO CaMOCTOSTEIHHOTO MHCTPYMEHTa OOY4eHHs, IOJIb30BaTeISIMU
KOTOPOTO BBICTYIAIOT pa3Hble KaTETOPHH OOYYaeMBIX: CTYACHTBHI MENarorn4ecKuX CHEelUAILHOCTEH W
yauTens 001eo0pa3oBaTeNbHBIX KO,

2. HactpymeHTa cOopa y4eOHOM aHANUTHKKA IO pe3yibTaTaM OOYYEHHS M OLEHHBAHUS y4eOHBIX
MIPOEKTOB, BBHITIOTHEHHBIX 00y4aeMBbIMU;

3. HHcrpymenTa cOopa u 00pabOTKM OOpaTHOM CBS3HM IMOJNYYCHHOW OT 00ydaeMbIX B pe3yibTaTe
AHKETHUPOBAHMS U ONPOCOB.

Hudopmayua o Qunancuposanuu. IOmo uccie0oeanue bINOIHEHO 6 PAMKAX —2PAHMOBO20
Gunancuposanus npoexma (epawm HUPH AP19175729) om Komumema umayxu Munucmepcmea Hayku u
svicute2o oopasosanus Pecnybnuxu Kazaxcman.
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AKTYAJIbHBIE BOITPOCBI NIPENNIOJABAHUA POBOTOTEXHUKH B IIKOJIE

AnHomayus

B coBpemeHHOM 00pa30BaTeNTbHOM MHpE POOOTOTEXHMKA CTaja OJHOW M3 KIIOYEBBIX O0IAacTed I Pa3sBHTHA
ydamuxcs. OTa HOBasi TEXHOJIOTH 00y4EHHS MPEIOCTABISET JETAM BO3MOXHOCTh BOBJIEUHCS B IIPOLIECC MHKEHEPHOTO
TBOpUYECTBA HAYHMHAs C MJIAJIIETO IIKOJIBHOTO Bo3pacTa. TakKe IMOMOTaeT yJalliMCsl Pa3BUBAaTh HABBIKM KOMAaHIHON
paboTel, TPOOJIEMHOTO0 MBINUICHHUA, KPEATHBHOCTH ¥ WHHOBammid. OOpa3oBarenbHass poOOTOTEXHHWKA, HOBOE
MCEXKIUCHUITTIMHAPDHOEC HaIlpPaBJICHUEC O6y‘leHI/IH IIKOJIbHUKOB, HWHTCTPUPYIOMICC 3HAHUA O (1)I/I3I/IKG, MEXAaTPOHUKE,
TexHonoruu, Maremaruke, kuoepuerrke u KT. O6pa3oBaTenbHas poOOTOTEXHHKA MO3BOJISIET BOBIEYb O0YYAIOIIUXCS
pasHOro BO3pacTa B MPOLECC WHHOBALMOHHOTO HAy4YHO-TEXHMYECKOTO TBOpYecTBa. PoOOTOTEXHMKAa B MIKOJIE
MpEeAOCTABIIACT ydYalllUMCS BO3MOKHOCTH PAa3BHUBATHL HABBIKHU, KOTOPBIC 6y[[yT HeO6XOI[I/IMI>I UM B 6y}1ymeM. Ona He
TOJIBKO yBIIEKATelIbHa, HO U CIOCOOCTBYEeT (DOPMHPOBAHUIO KPUTHYECKOTO MBIIUICHUS, TBOPYECKUX CIIOCOOHOCTEH U
HaBBIKOB, KOTOPbIE MOTYT OBITh IPUMEHEHBI B Pa3IMYHbIX 007acTiX xu3HU. [loaTOMy npenosaBanne poOOTOTEXHUKH
CJIEyeT paccMaTpHUBaTh KaK Ba)KHYIO 4acTh ITOJTOTOBKH HOBOTO TIOKOJICHHUS K BBI30BaM M BO3MOXKHOCTSIM Oy TyIIero.

KnaroueBble cioBa: oOpa3oBaresnbHas pOOOTOTEXHMKA, TEXHOJOTHWS, IIPENOJaBaHNe, IIKONbHUKH, 3HAHHE,
MOJIETIMPOBaHMS, HABBIKH, IIPOTPaMMHUPOBAaHHE POOOTOB.

Anoamna
HLI.T. Hlexepbexoea®, M.H. Pecwenoea®, E.X. Kabaes*
Y46aii amvinoazel Kazax ynmmulk nedazozuxanviy ynusepcumemi, Anmamor 5., Kazaxcman
MEKTEIITE POBOTEXHUKAHBI OKBITYAbIH O3EKTI MOCEJIEJIEPI

Kaszipri Ginim Oepy asemiHze poOOTOTEXHHKA OKYIIBUIAPbIH JaMYybIHBIH HEri3ri OarbITTapbIHbIH OipiHe alHaJbI.
ByJ1 )kaHa OKBITY TEXHOJIOTHSICHI Oaliasiapra 0acTaybllll MEKTEI )KaChIHaH 0acTal HHKESHEPITIK IIbIFapMaIbUIbIK YepiciHe
KaThICYFa MYMKIHIK Oepeti. Bys COHbIMEH KaTap cTyJIeHTTepre TONTHIK KYMBIC, IIPOOJIEMAIIBIK OifIay, IIbIFapMaIIbIIbIK
YKOHE KAHAIIBUIIBIK TAFJbUTAPBIH JaMBITyFa KeMekTecemi. bimim 6epy poOoToTeXHUKACH — OYIT (pH3HKa, MEXaTpOHHKA,
TEXHOJIOTHUs, MaTeMaTrKa, knoepHeruka xoHe AKT Typainsr OimimMuep/ai OipiKTipeTiH MEKTeT OKYIIbLUIApbIHA apHAJFaH
OimimM OepyiH jkaHa IMoHAPAIBIK canackl. biim 6epy poOOTOTEXHUKACH! 9PTYPIIi )KAaCTaFbl OKYIIBUIAP. (I HHHOBAIIHSITBIK
FBUTBIMH-TEX HUKAITBIK, [IBIFAPMAIIBLIBIK YIEpiciHe TapTyFa MYMKIHIIK Oepeni. MekrenTeri poOOTOTEXHUKA OKYIIIBLIAPFa
OoamakTa KakeT OOJIATBIH JaFIblIap bl JaMBITYFa MYMKIHIK Oepeai. ByiT KbI3BbIKTHI FaHa eMec, COHBIMEH KaTap ChIHH
OiiTayipl, HIBIFAPMAIIBUIBIKTEI JKOHE OMIpJiH OpTYpJ cajanapblHia KoJiJaHyra OONaThlH JaFAblLIapibl JaMbITaIIbl.
COHJIBIKTaH MEKTENTe POOOTOTEXHUKAHBI OKBITY KaHa YPHAKThl OOJAlIaKThIH KHBIHIBIKTAPHl MEH MYMKIH/IKTEpiHE
JAfBIHIaY IBIH MaHbI3IbI 06T PEeTiHAe KapacThIPbUIYBI KEPEK.

Tyiiin ce3nep: OutiM Oepy poOOTOTEXHHKACHI, TEXHOJIOTHsS, OKBITY, MEKTEN OKYIIbLIAphl, OLTiM, MOJENbALY,
JaFasIIap, poOOTTHI OaraapiIaManay.

Abstract
CURRENT ISSUES IN TEACHING ROBOTICS AT SCHOOL
Shekerbekova Sh.T., Revshenova M.I. 1, Zhabayev Ye.H. !
IAbai Kazakh National Pedagogical University, Almaty, Kazakhstan

In today's educational world, robotics has become one of the key areas for student development. This new learning
technology provides children with the opportunity to become involved in the process of engineering creativity from
primary school age. It also helps students develop skills in teamwork, problem-solving thinking, creativity and innovation.
Educational robotics is a new interdisciplinary area of education for schoolchildren, integrating knowledge about physics,
mechatronics, technology, mathematics, cybernetics and ICT. Educational robotics allows you to involve students of
different ages in the process of innovative scientific and technical creativity. Robotics in school provides students with
the opportunity to develop skills they will need in the future. Not only is it fun, but it also develops critical thinking,
creativity, and skills that can be applied to a variety of areas in life. Therefore, teaching robotics in school should be seen
as an important part of preparing the new generation for the challenges and opportunities of the future.

Keywords: educational robotics, technology, teaching, schoolchildren, knowledge, modeling, skills, robot programming.
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Beenenne

Oo6pazoBatenbHas poOOTOTEXHUKA, KaK MEXKINCIUAIUIMHAPHOE HAIMpaBICHWE OOYYEHUs, MPEACTaBISET
co00H YHUKAIbHYIO BO3MOXHOCTb JUISl IKOJBHUKOB Pa3HOI'O BO3PAcTa pa3BUBATh LEINbIA CIEKTP HABBHIKOB H
3HaHnid. OHa OObeOMHSET 3HAaHUS W3 Pa3HBIX OOjacTed, Takux Kak (u3uKa, MexaTpoHuka (00aacTh
MaIIMHOCTPOCHHUS ¥ DIIEKTPOHWKH), TEXHOJOTHS, MaTeMaThka, KHOepHeTHKa M WH(GOPMAIMOHHO-
koMMyHHKanoHHbIe TexHomoruH (MKT). D10 mo3Bomser yyanmmcs HOHUMAaTh, KaK Pa3IndHbIe TUCIIATLTHHEI
MOTYT OBITh IPUMEHEHBI HA IPAKTUKE. Yyaluecs MOTyT C03/1aBaTh U IPOrPaMMHUPOBATh POOOTOB, UTO IETaeT
oOydeHne Oojiee WHTEPECHBIM W MPAKTHYECKH OPHEHTHPOBAHHBIM. JTO IOMOTaeT WM IOHWMATh, Kak
paboTaroT pa3InyHbIC TEXHUICCKUE KOHICTIMHA 1 IPUMEHSITh HX Ha mpakTuke [1-2].

OO0paszoBatenpHass POOOTOTEXHHKA CIOCOOCTBYET PA3BUTHIO Pa3sHOOOPA3HBIX HABBIKOB, TaKWX Kak
npoOJeMHOe MBIIUIEHUE, TBOPUYECKOE pellleHHe 3a/1ay, IPorpaMMUpOBaHNe, KOMaHAHAas padoTa U yMeHHE
aJIaNTHPOBATHCS K HOBBIM TeXHOJOTHSAM. [IIKOTFHIUKN MMEIOT BO3MOKHOCTh Y4aCTBOBATh B HHHOBAIIHOHHBIX
MPOEKTaX M HKCIIEPHUMEHTaX, YTO CIOCOOCTBYET WX WHTEpPECYy K HayKe W TEXHHKE. DTO TaKKe MOXKET
MOJTONKHYTh UX K BRIOOPY mpodeccuu B chepe HayKu, TEXHOJIOTHH U WHKEHEPHHL.

B HacTosmee Bpemst poOOTHI BOIIUTM BO MHOTHE c(pephl HalIel )KU3HH, B YaCTHOCTH, B OCBOSHHE KOCMOCA,
3IpaBOOXpaHeHHe, MTPOU3BOJICTBO, OOIIECTBEHHYIO 0€30MacHOCTh, 00OPOHY U JApYTrHe cdepbl. Y CKOpeHHas
WHIyCTpUAIHM3alusl MPOMBIIUICHHOCTH PecnyOnmukn Kaszaxcran, a Taxke OypHOe pa3BUTHE TEXHOJOTHI
Tpe6y}0T IOATOTOBKH MOJIOAOI'O ITOKOJICHH S KaK BI)ICOKOKBaJ’II/I(bI/I]_[I/IpOBaHHLIX TEXHUYCCKUX CIICLHAJIUCTOB.

MeTonosorust uccae10BaHus

B xome wuccnemoBaHusi ObLTM H3y4eHBI pPabOTBHl OTEUECTBEHHBIX YU€HBIX MO 00pa3oBaTENbHOI
pobororexnuke, mpenacraBieHusie B Tpymax T.OK. Baimminuaoa, M.Y. MykameBoii (o0yueHue
pOOOTOTEXHUKE W HCIONb30BaHHE €€ BO3MOXHOCTeH B HavanbHOW 1mkone); E.bl. Bunaitbexkoa,
B.I'. BoctanoBa, M. Cepik (00y4yeHHe poOOTOTEXHUKE B By3€, KaK pa3jiell CleUabHON MPo(ecCHOHATLHON
moaroroBkn); K.K. Hyp6ekoroii, A. K. AcanHOBO# U apyrux (oOydeHue poOOTOTEXHUKE IS MOBBIIICHHUS
MOTHBAIM{ ILIKOJBHUKOB M CTyAEHTOB). [IpoaHanmmsupoBaHbl IIKONbHBIE Y4eOHMKM HO HH(OpMaTHKE,
UCTIONB3yeMble B y4eOHOM TIpolecce, KpoMe TOTO, MCHONB30BANCS PSA METOAOB: METOJl TEOPETHYECKOTO
aHaju3a, MPOBOJUMOrO C IENbI0 KOMIUIEKCHOTO HCCIEJOBaHUs, ONpPEACICHUSI CTEIIEHH HCCIeNOBaHMs U
OIlpeneNieHUsT KOMIUIEKCA NeNarorniyeckKux YCJIOBHM UIs €ro peleHus. larke Obll IpOaHaIM3UPOBaH
MEXTyHApOIHBIH MMeJarormdeckKuii OIBIT B 001aCTH 00pa30BaTeIbHON POOOTOTEXHUKH.

Pe3yabTarbl

BoBneueHne yJammxcsi ¥ IperoaBarteneil B IesITeIbHOCTh 10 POOOTOTEXHUKE CIIOCOOCTBYET Pa3BUTHIO
MOJIE3HBIX HABBIKOB, HEOOXOAMMBIX B 21 BeKe MOBBIIIEHHOTO CITPOCa Ha BEICOKOTEXHOJIOTHYHBIE PUIIOKEHNS,
TaKMX KaK TaKWe MOHATUS M LEHHOCTH, KaKk KOMaHaHas paboTa, TBOPYECTBO, YECTHAs KOHKYPEHIIHS,
KOMITBIOTEPHOE MBIIIICHUE, peIlIeHne Tpo0JieM, HHHOBAIIUH, TIPOTrpecc.

HccnenoBanusi B 061acTH pOOOTOTEXHUKH MTOKA3aIM, YTO POOOTHI TIOTCHIIMAIBLHO BIUSIOT HA 00OydeHHe
yyalmxcs MO pa3iuvHbiM mpeameraM ((usuka, mMaremaTHKa, WHXEHEepHs, MHPOpPMATHKAa M T.I.) M Ha
JMYHOCTHOE Pa3BHUTHE, BKIIOYAs KOTHUTHUBHBIC, METAKOTHUTHBHBIC M COLMAIbHBIC HABBIKH, TaKHE Kak:
HCCIIE/IOBAaHNE. HABBIKH, TBOPUECKOE MBIIIJICHUE, IPUHATHE PEIICHUH, pellieHne Mpo0IeM, HaBBIKH OOIICHUS
1 paboThl B koMaHze. Kpome Toro, ucronb3oBanue podoToB B chepe 00pa3oBaHuUs BKIKOYAET B CeOsI U IpyTUe
COIYTCTBYIOIIUE aCHEKThI O0YyUYESHHUS YUaIIUXCsl, K KOTOPBIM OTHOCSATCS COJCUCTBUE PA3BUTHUIO JIOTUUECKOTO
MBIIUIEHHS, ICHXOMOTOPHKH, IPOCTPAHCTBEHHOTO BOCIIPUSTHS YUAIIUXCSl, COICHCTBHE CAaMOCTOSATEIbHOCTH
y4amuxcs Mocpe/ICTBOM Pa3BUTHS CBOMX MPOoekToB. Ha BHepeHre poOOTOTEXHUKH CYIIECTBEHHOE BITUSHHE
OKa3bIBaeT ypOBEHb 3HAHWI, HABHIKOB U OTHOIICHUS yUUTeel K 00pa3oBaTeIbHOMY MPOIeccy.

Takum oOpa3oMm, BHeApeHHE POOOTOTEXHMKHM B IIKOJNbI TpeOyeT HE TOJBKO NPEAOCTAaBICHUS O
POOOTOTEXHUKE, HO U MEPEX0/1a OT OOBIYHBIX MM TPAJAUIIUOHHBIX METOIOB O0YUEHHUSI K ITUPPOBBIM.

st 00y4eHus: poOOTOTEXHHUKE B MIKOJIE MOXKET ObITh UCIIOIb30BAHbI BUPTYaIbHBIE CPEIbl U CUMYIISTOPEI
no poOoroTexHuke. BupTyanbHble cpeabl U CUMYJISATOPHl B POOOTOTEXHHMKE MPEICTABISIOT COOOH
NPOrpaMMHBIE WHCTPYMEHTBI, KOTOpPBIE MOJCIHPYIOT H HMHUTHPYIOT paboTy poOOTOB B BUPTYaJIbHOM
okpykeHnd. OHHM TPEIOCTABISAIOT YYAIIUMCS BO3MOXKHOCTh H3y4aTh W IPAKTHKOBATh HABBIKH
pOOOTOTEXHUKH 0e3 HeoOXOTUMOCTH (HU3MUECKOr0 HANWYMA PEbHOrO podoTa WM 00OpyHOBaHUS.
VYuampecss MOTYT TpOrpaMMHpOBaTh M TECTHPOBATH CBOWM HAaBBIKM BUPTyalbHO. lcmosab3oBaHue
BUPTYaJIbHBIX CpPEJl K CUMYJISITOPOB B 00pa30BaTeIbHON POOOTOTEXHHUKE TIO3BOJISIIOT CTUMYJIMPOBATh HHTEPEC
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y y4amuxcs K TeXHUKE, (OPMUPYsI CIIOCOOHOCTH K IIPOTPaMMHUPOBAHHIO, KOTOPBIE CITIOCOOCTBYIOT PA3BUTHIO
JIOTUYECKOTO ¥ aJTOPUTMHUYECKOTO MBIIIICHHS YIaIIIXCSI.

O0pa3oBaTelibHas 00JIaCTh POOOTOTEXHUKH SABJISICTCS Pa3BUBAIOIICHCS M THOKON 00JIACTHIO, YTO AaéT HAM
BO3MOXKHOCTbH HCIOJIb30BaTh HOBbIC 00Pa30BaTEIBHBIC TOAXOIBI.

Juckyccus

B Hacrosmiee BpeMs 04eHb BXKHO U aKTyaJlbHO BHEAPEHHE OCHOB POOOTOTEXHHUKH B chepy 00pazoBaHusl.
HampaBnenmne pa3BuTus poOOTOTEXHUKHM wmMeeT Oombinoe Oymymee. PoOOTH —ogHa W3 TepemoBbIX
TEXHOJIOTHI CTPEMHUTENILHO pa3BHUBarolerocs Oymayiiero [3-4].

OOyuenne poOOTOTEXHUKE ISl yYalluXcsl MpeACTaBiIsieT co0oil oTiM4HyIo II1aTdhopMy, KOTOpas
CIOCOOCTBYET Pa3BUTHUIO IOTHIECKOTO MBIIUICHUS, MATEMaTHIECKUX U allTOPUTMUYECKUX HABBIKOB, paOOTy B
KOMaHJe, HaBBIKM ITyOJIMYHBIX BBICTYIUIEHHH. B mporecce nporpammupoBaHust poOOTOB OT YYalIUXCs
TpeOyeTcst pa3paboTka YETKUX JIOTMYECKUMX aJIrOPUTMOB. OTOT TPOLECC CIIOCOOCTBYET PAa3BHTHUIO
JIOTHYECKOTO MBIIIJICHUSI M YMEHHUSl CTPYKTypHUpOBaTh 3ajadd sl TOCIEIOBATEIBHOTO WX PEIICHHUS.
PobGoToTexnnka 1mMo3BoNISIET yAydIINTh MaTeMaTHYECKHe CTIOCOOHOCTH ydamuxcs. [Ipu paborte ¢ podoramu
YUEHHKH IPUMEHSIOT 3HaHUS U3 T€OMETPUH, TPUTOHOMETPUHN U aireOpsl Ul pacuéToB M NPOESKTUPOBAHUS.
Jiist penieHust CIOKHBIX 331a4 B POOOTOTEXHHUKE BKHO 00JIa/1aTh alTOPUTMUYECKUMHU HaBBIKAMH, KOTOPHIC
pa3BUBAIOTCS TIPU CO3AaHUHM NPOTPaMM M QITOPUTMOB JAJs POOOTOB, TAE ydwaluecs ydarcsi pa30ouBaTh
CJIOJKHBIE 3a/1a4i Ha 00Jiee MEJKHE IIaru U MOCcjel0BaTeNIbHO BBIMOIHSIS AITOPUTM HAXOAUTh UX peuleHus. B
00y4eHUHU POOOTOTEXHHUKH MPEIOCTABIISIOTCS TPYIIIOBBIC MMPOEKTHI, Te yJalrecs pa30uBaloTCsl Ha MEIIKUE
TPYIIIBL U paclpeessiioT Mexay co00i 3aaaun, 00CYKIAIOT My TH PEIICHHS TOH MM MHOW 33]]a4H, TEM CaMbIM
pa3BUBas HABBIKM KOMMYHHKALMU, COTPYAHUYECTBA U OOMEHa naesMu. Takke MPOEKTHl B pOOOTOTEXHUKE
[PEANOoNaraloT JAEMOHCTPAllMI0 CBOMX PE3YJIbTAaTOB IEpPel OCTAIBHBIMH  YUYAIUMHCS, TIPYIIaMu,
MpeaycMaTpUBaeTCsl 3alliTa CBOMX IMPOEKTOB, MpE3CHTAlHs, YETKOE W SICHOE H3JIOKCHUE CBOMX WJICH,
pemieHnid. 3TO B CBOIO OYepe[b IO3BOJIECT Pa3BUBATh HABBIKM ITyOJIMYHBIX BBICTYIJICHUH M W3JI0KCHHE
MBICIIEN.

OOyueHrne poOOTOTEXHHKE HE TOJBKO HHTEPECHO, HO M CIOCOOCTBYET Pa3HOCTOPOHHEMY Pa3BUTHIO
ydaluxcsi, MoMorass UM TPUOOpPECTH IIeHHbIE HaBBIKM Juisa Oynaymield Kapbepbl M OOIIEH JKHU3HH.
PobGoToTexHnka UrpaeT BaXKHYIO pOJIb B COBPEMEHHOM MHpE, paboTa ¢ poboTamu CIIOCOOCTBYET Pa3BUTHIO
HAYYHOTO MBIIUICHUS ¥ CIIOCOOHOCTH K aHaJM3y W DKCIIEPHMEHTaM, 00y4eHUEe pOOOTOTEXHUKE TO3BOJISIET
WHTETPUPOBATh 3HAHHS U3 Pa3HBIX 00JacTel, TAKMX KaK MaTeMaTuka, pusnka, nHGOpMaTHKa U TEXHUIECKUE
HayKH{, 4TO criocoOcTByeT OoJiee riyOOKOMY MOHMMAHHIO 3THUX JUCLMIUIMH. Mup Bce OOJIbLIE 3aBHCUT OT
TEXHOJIOTHi, U 00y4eHHe pOOOTOTEXHUKE 00ECIICUNBAET yYaIIUMCsI HABBIKM U KOMIIETCHLIMH, HEOOX0IUMBIE
JUIsl YCTICIIHOW ajianTaiyy K KU3HU B 1HQpoBoii smoxe. PaboTa B KoMaHje MpU CO3/IaHUH POOOTOB YUUT
yyaluxcs COTPYJHHYECTBY, KOMMYHHUKAIMM M PELICHUIO MpobieM B rpymme. PoOoToTexHMKa MOXKeET
npoOyINTh UHTEPEC YUAIUXCS K HAYYHbIM M TEXHUYECKUM AMCLUILIMHAM, YTO MOKET CTaTh CTUMYJIOM JJIs
JanpHenIero o0y4eHus U UCCIe0BAaTENIbCKON JesITeNbHOCTH. B 11e1oM, 00ydeHre poOOTOTEXHUKE UMEET
MHOXECTBO TOJOXKHUTEIBHBIX ACTIEKTOB W MOXKET MOJATOTOBUTH YYaIIMXCSl K YCHEITHOW M MEPCIEeKTUBHON
Kapbepe B MUPE TEXHOJOTHI 1 HHHOBALUH.

Hawubonee momynsipHIM KOHCTPYKTOPOM JJIsI OPTaHU3AINH 3aHITHH 110 pOOOTOTEXHUKE B KA3aXCTAHCKUX
HIKOJIaX SIBIISICTCS Pa3liMuHble BepcHH KOHCTpykTopa Lego Mindstorms. BaxxHeiM mpenmyiectBom Lego
Mindstorms siBisietcst ero mpocToTa u ruOkocTh. KoMIuiekT mo3BossieT nogooparh He0OOXOAUMBIE IETaTH JUIs
06011 3a1a4u UM 00BEIUHUTH HECKOJIBKO KOMITJIEKTOB JUISI PELICHUS CIIOKHBIX 3a/1a4.

Hwxe npencrasien koHcTpykTopsl Lego Mindstorms, kotopsie Bbimyckatorcesi ¢ 1998 rona u mmpoko
pacmpocTpaHeHbl BO MHOTUX ctpaHax mupa (puc.l). Lego Mindstorms — 3To cepusi KOHCTPYKTOPOB OT
KoMItanuu Lego, mpesHa3HaYeHHbIE IS CO3AaHus U POrPaMMHUPOBaHHs COOCTBEHHBIX poO0TOB [5-7]. OHU
MO3BOJISIFOT y4YaIIMMCsl pa3pabaTbiBaTh W YNPaBISTh ABTOHOMHBIMH MEXaHHYECKUMH YCTPOWCTBAMU,
ucrionb3ys neranu LEGO u crieninanbHbIE 3J€KTPOHHBIE KOMIIOHEHTEI.

Konctpykropsl Lego Mindstorms BkitouaroT B ce0sl IUPOKU HAOOp pa3HOOOPa3HBIX JeTajel, pa3Hble
TUIBI OJIOKOB, KOJEca, MOTOPHl M AAaTYMKUA. Bce KOHCTPYKTOpPBI MMEEIOT LEHTPaJIbHBIHN OJIOK, KOTOPBIA
HazbpIBaeTcs "0mokoM yrnpasieHus"'. OH cOAepKUT MUKPOKOHTPOJIUIED, PazbEMBI IS TTOJIKIIOYEHUS MOTOPOB
W JaTYMKOB, a TaKkKe BO3MOXHOCTH Juia mporpammupoBanusa. B Lego Mindstorms mnpemycmoTrpeHa
BO3MOXHOCTb IIPOTPaMMHUPOBAaTh CBOETO pPo0O0Ta, HCMONbB3ys rpaduiyeckudl uHTEpdEhc Uit Cco3gaHus
MpOTrpaMM C HCIIOJIB30BAHUEM OJIOKOB, MPEACTABISIONINE Pa3IMUHbIEe JEHCTBUS U YCIOBHS. B KOMILIIEKT
KoHcTpyKkTOopa Lego Mindstorms BXOJST pa3inuyHble JaTYuKH. JlaTYMKy [[BETa, CEHCOPBI KaCaHUs U IATYUKU
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paccTosiHUSI TO3BOJISIIOT poOOTY B3aMMOJEHCTBOBATH C OKPYXKAIOIEH cpeloil W NMpUHUMATh pEIIeHUs Ha
ocHOBe coOpaHHBIX NaHHBIX. Habopsr Lego Mindstorms odeHp yIO0OHBI TSI yHaIIuXcsS HA9aIbHBIX KIIACCOB,
JUIsl HAYMHAIOIIKX, Oe3 0a30BOro 3HaHMS MPOrPaMMHUPOBAHNS, TaK KaK B HA00paX BKIIOUCHBI HHCTPYKIUH JIJIsI
CO3JIaHHS HECKOJIBKUX 0a30BBIX MOjIeNel poOOTOB, UTO CYHIECTBEHHO IOMOTAET HOBUYKAM HauaTh U OCBOUTH
OCHOBBI, IIOCJIC YEro IO3BOJISIET CO3/1aBaTh CBOM COOCTBEHHBbIC KOHCTPYKUMH W mporpammsl [8-10].
Konctpykropsr Lego Mindstorms WCHONB3yIOT HE TONBKO B OOyYeHHMH POOOTOTEXHUKE, HO W IS
npenogaBanuss STEM - aucuunnuH (HayKW, TEXHOJOTHMH, WHXKEHEPHMH M MaTeMaTHKH). OHH pa3BUBAIOT
HaBBIKH IPOIPaMMHUPOBAHMS, CTUMYJIHPYS HHTEPEC yJaIIUXCsl K HayKe ¥ TeXHHKE.

Pucynox 1. Koncmpyxmopwt Lego Mindstorms

Lego Mindstorms mpenocTaBisiiOT YHUKAJIbHYHO BO3MOXKHOCTb JUJISl YYAIIUXCSl TOTPY3UTBCS B MHUP
POOOTOTEXHUKH, HH)KEHEPUH ¥ MPOrPaMMHPOBAHHS, UCTIONB3YsI 3HAKOMBIE U YAOOHBIE KOHCTPYKTOPHI Lego.
OTO0 yBIEKaTEIbHbIM U 00pa30BaTeNbHbIN CIIOCO0 pa3BUBATh HABBIKU M TBOPUECKH MOJXOAUTH K CO3AAHUIO
poboToB. Beicokoe kauecTBO Aeranell KOHCTpyKTopa Lego coueraercss ¢ OOCTaTOYHONH NPOYHOCTHIO,
0€30MacHOCThIO, TIPOCTOTONH COOpKHM, HE TpeOyIeld CHelUalbHbIX HHCTPYMEHTOB. CHUCTEMBI
MPOrpaMMUPOBAHHMSI KOHCTPYKTOPOB Al TUPOBAHBI JJIsl COOTBETCTBYIOLIETO BO3pacTa JACTEH.

Ob6pasoBarenpHass pOOOTOTEXHUKA NMPEJOCTABISET YHHUKAJIbHbIE BO3MOXKHOCTU ISl Pa3BUTHS HABBIKOB
ydalmuxcs B COBPEMEHHOM MHUpE, B YaCTHOCTH, 00y4eHHEe pOOOTOTEXHUKE CTUMYJIMPYET YUYEHHKOB JTyMaTh
KpeaTUBHO M HAaXOAWUTh HOBBIE CIOCOOBI pEIIeHUs 3ajlad, pEeUIeHHe pealbHBIX 3a7lad W MPEOI0JIEHUE
TEXHUYECKUX MPETATCTBUN, KPUTHUECKOE MBIIIJICHHUE U aHAIN3 PE3yJIbTaTOB, HABBIKU YIIPABJICHUS IPOEKTaMU
W BpeMeHeM, paboTa B KOMaH/AaxX HaJ MPOCKTaMH MO0 POOOTOTEXHUKE CIIOCOOCTBYET Pa3BUTHIO HABBHIKOB
KoJaboparnuy, KOMMYHHKAIIMH U COBMECTHOM PabOThI, TEXHOJIOTHYECKYIO TPAMOTHOCTb.

PoboToTexHnka mo3BoseT ydaluMcs: IPUMEHATh CBOM 3HAHMS B NMPAKTUYECKUX CLEHAPHAX, TAKUX KaK
aBTOMAaTH3alMsl 3a7ad, CO3JaHue POOOTOB [UI pEIICHHS KOHKPETHBIX NpoOJIeM M Jake ydyacTue B
COpPEeBHOBaHUAX. HaBbIKM, TpuOOpeTaeMble uepe3 o00pa3oBaTeNbHYI0 pPOOOTOTEXHHUKY, MOTYT OBITh
MOJIE3HBIMHE JIJIs OyIylel Kapbephbl B 00JIaCTH HAYKH, TEXHOJIOTHH, HHKeHepur U Matematuku (STEM) [11].

Ob6pasoBarenbHast pOOOTOTEXHHUKA SBJISAETCSI MOILHBIM HHCTPYMEHTOM ISl CTUMYJIMPOBAHUSI YICHUKOB U
TIOMOTaeT UM Pa3BUBATh HABBIKH, KOTOPHIE HE TOJIBKO MOJIE3HBI B aKaIEMHUYECKOM CMBICIIE, HO U MIPUTOJIATCS
B UX OYIyIINX KU3HAX U MPO(HECCHOHATBHBIX Kaphepax.

HecmoTpss Ha BO3MOXXHOCTH, KOTOpas IpeNoCTaBisieT oOpa3oBaTelbHas POOOTOTEXHHKA, OHA YacTo
CTaJIKUBAETCSl C PAAOM MpoOJEeM W BHI30BOB MPH HMX BHEAPEHHUH M peaIH3aldd, KOTOpHIE SBIISIOTCS
aKTyaJIbHBIMU BOIIPOCAaMU JUTSI MIPEToAaBaHua POOOTOTEXHUKH (prc.2), a UMEHHO HEJOCTYITHOCTHIO MITH YKE
MOJIHBIM OTCYTCTBHEM y4eOHBIX HPOrpaMM M METOIMYECKUX PEKOMEHIAINH I MeJaroroB, OTCyTCTBHEM Y
OOJIBLIIMHCTBA YYAIIMXCSI MOTUBALIMH M JKEJIAHHSI M3Y4aTh OCHOBBI &JITOPUTMH3ALIMH ¥ IPOTPAMMHUPOBAHUS H3-
3a TOTO, YTO OHH CYHUTAIOT 3TO CJOXXHBIM W HEWHTEPECHBIM 3aHSITHEM, HEXBAaTKOW BPEMEHH WU
OTpaHMYEHHBIM BPEMEHEM YUWTENeW [T pabOoThI HAJl TPOEKTaMH, KOTOPBIE TPEOYIOT HECKOJIBKHUX 3aHATHH
U CTOUMOCTH KOMIUIEKTOB POOOTOTEXHHMKH YacTO MeELIaeT LIKOJaM MPOABHraTh poOOTOTEXHUKY B Kiacce,
MIPOBONTH 3aHATHUS HA HY>)KHOM YpOBHE.
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CpaBHeHHe MogroToeka
pesynbTaToB npenogaeatenei

CopepiaHne
mﬂm“::.‘: obpasoBaTenbHBIX
nporpamm

Pucynox 2. Axmyansbuvie 60npocel npenooasanus pooomomexHuKu

AKTyaJbHBIE BOMPOCHl TPENOJaBaHUsl POOOTOTEXHUKH, 3aHUMAIOT IICHTPalIbHOE TOJIOKEHUE B
COBpEMEHHOW 00pa30BaTENbHON MapaaurMe M BKIIOYAIOT B ce0s 0OydeHue mpemnojaBaTeneli, pa3padoTKy
Ka4C€CTBCHHBIX O6p330BaTeJ'H)HI)IX MaTcpuaioB (He[lOCTaTO‘IHOG COACPIKAHUE MOXCET 3aTPYJHUTH YCBOCHUC
MaTepHaia yJaliuMHUCs U YCIIOKHHUTB MPOolecc 00y4eH s ), TEXHUIECKYIO TOAJICPKKY, MOTUBAIHIO YIaIHXCsl
U COACHCTBHE B MHTETPAllMM HOBBIX METOOMK B y4eOHBIC IUIaHBl. MHOTMM IpenogaBaTelsiM TpeOyeTcs
JONIOJIHUTENNbHAs TIOJrOTOBKA, KOTOpas BKIIOYAaeT B ce0s oOydeHHe OCHOBAM NPOrpaMMHPOBAHMS,
3HAKOMCTBO C 00OPY/ZIOBaHWEM U METOJAaMH NpenoaaBaHusi poO0TOTeXHUKU. [109TOMY OHUM U3 KITFOUEBBIX
MOMEHTOB SIBIISIeTCSl oOecrieueHrne KBaTM(UKAIUK TperoaBaTeNiedl sl yCHENIHOTO IPerioJaBaHus
pobotoTexHuku. B mporecce 00yueHust poOOTOTEXHUKHA MOTYT BOZHUKHYTh TEXHUYECKUE COOH, TPOOIIEMBI B
pabote ¢ 000pynOBaHHEM, C KOTOPBIMH MOTYT CTOJKHYTBHCS NpenojaBaTeny U ydammuecs. st ycremHoi
peann3aiuy MOJTHOUEHHBIX MPOTPaMM M0 POOOTOTEXHHKE TpeOyeTcsl AOCTYMHOCTh 000pYyI0BaHuS, OJJHAKO HE
BCE y4eOHbIC 3aBEJICHUSI MOT'YT 00ECIICUUTh TOCTYI K COBPEMEHHBIM POOOTOTEXHHIECKUM yCTPOHCTBAM.

OnHUM ©3 TyTeH pemieHusl BBINICTICPEUNCICHHBIX Tpo0IeM SBISIOTCS BUPTyajbHBIE Cpelbl H
cumynatopsl. Mcmonb3oBaHue BUPTYaldbHBIX CpeJl M CHMYISTOPOB TPEAOCTABISIOT O0YyYaroNIMMCS
BO3MO’KHOCTB BBIITOJTHEHUS MPAKTUYECKOH PabdOThI O POOOTOTEXHUKE, HE TpeOys (H3MYECKOro HAIMUHS
peanbHOro 000pYIOBaHUSL.

BuptyanbsHble cpesbl ¥ CUMYISTOPHI TO3BOJISIIOT 00yYaroIuM pa3padaTbiBaTh U OTIAKUBATh CUCTEMBI
ynpasiieHus asi poo6oToB. OHM MOTYT cO31aBaTh MOZAEIH pPOOOTOB, HACTPAUBAaTh U MPOrPaMMHUPOBATh HX
KOMIIOHEHTHI, a 3aTeM TeCTUPOBATh M MPOBEPSTH PadOTy CUCTEMBI yIpaBlieHHs B BUPTYaJIbHOU cpene. DTo
IIOMOra€T MM pa3BUTh HABBLIKU IPOCKTHUPOBAHHA U OTJIAJAKU pO6OTOTeXHI/I‘IeCKI/IX CHCTEM. BI/IpTyaJ'ILHI)Ie
cpelpl U CHMYJSITOPHI MPEAOCTABISIOT TUIATQOPMY IS MCCIEAOBAaHUS M Pa3pabOTKH HOBBIX PEIICHUH.
OOyuaromuecs: MOTYT 3KCIIEPUMEHTUPOBATh C Pa3lIUYHBIMU JaTYUKaMM, AITOPUTMAMHU U CTPaTETUSIMH
yIpaBieHus, 4ToObl co3maBath Oosee 3(hHeKTHBHBIE M MHHOBAIIMOHHBIE POOOTOTEXHUYECKHE CUCTEMBI. B
HacTOoAIIEC BPEMS CYIIECTBYET MHOKECTBO BUPTYAJIbHBIX CPE] U CUMYJIATOPOB 110 pOGOTOTeXHI/IKe. OcHOBHbBIE
U3 HHX, IPUMEHsIeMble B 00pa30BaTeNbHON Cpeje MpeICTaBiIeHbl Hibke Ha pucyHke (puc.3). [Ipu BeiOOpe
BUPTYaJIbHBIX CpPell ¥ CUMYJSTOPOB B OOYYEHHH POOOTOTEXHHKE HEOOXOAWMO YYHTHIBATH HAIPABIICHHMS,
BO3pacCT U YPOBECHb ITOATOTOBKHU YYCHUKOB.

BupTyanbHbIE Cpefbl H CHMYISITOPEI

Tinkercad

1 1 1 1 1 1
Lego Digital Studio 2.0 Virtual Robotics | |Robot Virtual| |Open Roberta VEX
Designer ' Toolkit Worlds Lab Code VR

Pucynok 3. Bupmyanvhuie cpedbl u cumyasimopsl no pobomomexHuxe

[IpeniogaBanrie pOOOTOTEXHUKHM B IIKOJE MPEAOCTABISIECT YUYalIMMCS MHOXECTBO YHHKAJIbHBIX
BO3MOXKHOCTEH 151 00ydeHus 1 pa3Butus (puc.4).
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Pa3Butne STEM-HaBbIkoB
YuebHble uenm
Pa3BuTME KpEaTUBHOCTH
MpaKTUYyecKkne HaBbIKK
PaboTa B KomaHae
CopeBHOBaHMA U MPOEKTbI
MoaroToBKa K byaylen Kapbepe

Pucynox 4. Bozmooicnocmu obpazosamenvhoil pobomomexHuKu

K Bo3MOxHOCTSIM 00pa3oBaTelbHON pPOOOTOTEXHMKH OTHOcATCs pa3sutie STEM - HaBbIKOB
(poboToTexHNKa 00ydYaeT yJamuxcs HayKaM, TEXHOJIOTHSIM, HHKeHepun U martematuke (STEM), pa3suBas
KJTFOUCBbIC HABBIKHM, TaKWE KaK JIOTMYECKOE MBIIUICHHE, MaTeMAaTHYECKUH aHalN3 M peIIeHHEe MpodieM),
yueOHbIe T1IenM (MHTerpanusi poOOTOTEXHWKH B YUeOHBIC MPOTrpaMMBbl), ydamrdecs MOTYT MPHOOpECTH
NpaKTHYECKUE HABBIKH B 00JIaCTH HH)KEHEPHH, YIICKTPOHUKH M TIPOTPAMMHUPOBAHHMS, PA3BUTHE KPEATUBHOCTH
(IpM CO3IAaHUM U TIPOSKTHPOBAHUHM POOOTOB yYalIHecss MOTYT SKCHEPHUMEHTUPOBATh C PAa3HBIMH HACSIMH
BBIpa)kasi CBOIO KpEaTWBHOCTH), paboTa B KoMaHjae (B Xoxe oOydeHHsI POOOTOTEXHHMKE YUYaIlUMCSI 4acTo
MPEOCTaBISAETCS BO3MOKHOCTh PabOTaTh B TPyMNax NPH BBHIIOJHEHHWH COBMECTHBIX MPOEKTOB, KOTOpas
CII0cOOCTBYET Pa3BUTHIO HABBIKOB KOMMYHHUKAIIMKM M COTPYIHHYECTBA), IIOArOTOBKA K Oyaymieil mpodeccun
(oOydeHre poOOTOTEXHUKE MOKET CTHMYJIHPOBATH HHTEPEC yUaIUXCcsl K MpodeccusiM B cepe TEXHOIOTHH,
WH)KEHEPUH 1 HHPOPMATHKH ), pPOOOTOTEXHUUECKUE COPEBHOBAHMSI M MPOEKTHI (YUalIrecss MOI'yT y4acTBOBATh
B COPEBHOBAHUSX IO POOOTOTEXHUKE M TPOEKTAaX, I7Ie OHW MOTYT MPUMEHUTH CBOHM 3HAHUS Ha MPAKTHKE
MPOJEMOHCTPHPOBATh CBOM HAaBBIKM), POOOTOTEXHHKA MOMOTAET YYAIIMMCSl aJalTHPOBATHCS K OBICTPO
MEHSIFOILIEMYCSl MHUPY C BBICOKHMH TEXHOJOTHSIMA M pa3BUBAaTh HaBBIKH, HEOOXOAMMBIC aJsi paboTHI B
IUPPOBON dMOXe, TaKKe MPAaKTHKa PEIICHHWs pealbHBIX pelleHui (co3llaHue POOOTOB MpH O0Y4YEeHUH
POOOTOTEXHUKH MO3BOJISIIOT YUAIIMCSl HaXOAWTh PEIICHHs PeaIbHBIX MPOOJIEM, KOTOPhIE MOTYT BBIITOJHSTH
pa3nuvHbIe )KU3HEHHbIE 3a/aun). [IpenogaBanne poOOTOTEXHUKH B IIKOJIE UMEET MHOXKECTBO MTO3UTHBHBIX
MEPCHEKTHB W 3TO BAKHBIN IIAT B TIOATOTOBKE yUYAIIUXCS K COBPEMEHHOMY MUPY H OYIyIIUM BBI30BaM.

3akioueHne

PoGoToTexHrka B IKOJIE — O3TO OTJIUYHBIA CHOCOO MOJrOTOBKH JIETEH K COBPEMEHHOH JKW3HH,
HaIlOJIHEHHOW BBICOKMMH TeXHoJoTusiMU. [lonmydyeHHble 3HAHMSI MO 3TOM OUCUUIUIMHE OTKPOIOT HEpen
MTOIPACTAIOIIUM TIOKOJIEHHEM OOJIBIIIOE KOJMYECTBO BO3MOXKHOCTEH. A HCITOIL30BaHUE BUPTYAIBHBIX CPEM U
CUMYJISITOPOB TOJIBKO YCKOPUT 00yUEHHE U OTKPOET JOCTYH K MOJACIUPOBAHUIO POOOTOB BCEM JKEJIAFOIIIHM.
3aHATHS 110 POOOTOTEXHHUKE BOBJICKAIOT YUAIUXCS B KPUTUIECKOE M BRIUUCITUTEIBHOE MBIIICHUE, PEIICHHE
Mpo0JIeM U COTPYIHUYECTBO, a TAK)KE B MHHKEHEPHOE JIeJI0 U HH(POpPMAaTHKY.

PoGoToTexHMKa CTAaHOBUTCS Ba)XHBIM HWHCTPYMEHTOM B TIPOIECCEe IpernojaBaHus W OOydeHUS,
MPEAOCTaBISA BO3MOXKHOCTh TMPUMEHSATH IMOHUMAHUE METOJIOB OOYYEeHHS W aKTHBHOE OCMBICICHUE
yuammmucs. VccienoBanus B 00J1aCTH pOOOTOTEXHHUKH MTOKA3alli, YTO pOOOTH MOTEHIIMAIBLHO BIIUSIOT Ha
o0ydeHHue yJamuxcs 1Mo Pa3InIHbIM peaMeraM ((u3nka, MaTeMaTHKa, HHXeHepHus, HHpopMaTuKa u T.1.) U
Ha JUYHOCTHOE Pa3BUTHE, BKIIOYAs] KOTHUTUBHBIE, METAKOTHUTUBHBIE U COLIMAJIbHBIE HABBIKH, TAKUE KaK:
WCCJIeIOBAHNE. HABBIKH, TBOPYECKOE MBIIUICHUE, IPUHATHE PEIICHUH, peleHue mpo0aeM, HaBbIKU O0IIEeHUS
1 paboTsl B koMaHze. KpoMme Toro, ucnonp3oanue poO0ToB B chepe 00pa3oBaHUs BKIIOYAET B Ce0sI U IpyTHe
COITYTCTBYIOITUE ACTIEKTHI O0YUEHUS YUIAIUXCS, K KOTOPBIM OTHOCSITCSI COJICHCTBHE PA3BUTHIO JIOTHIECKOTO
MBIIIJIEHUS, TICUXOMOTOPUKH, TPOCTPAHCTBEHHOT'O BOCIIPUATHS yHAIIMXCS, COACHCTBUE CAMOCTOSATENbHOCTH
y4aluxcs NOCPEeICTBOM PA3BUTHS CBOMX IIPOEKTOB.

bnazooaprocms. Cmamuvs noozomoenena npu Guuancosoi nooodepiicke Munucmepcmea Hayku u
svicuie2o obpazosanusi Pecnyonuxu Kasaxcman, 6 pamxax epanmogozo uccireooganus: NeAP19579496
«Pazpabomka MoOUILHO2O NPUNOICEHUSI NO 0OYYEHUIO pOOOMOmMeXHUKe OISl Y4auuxcsi CpeoHel Ka3axcKoll
UWIKOTIBLY.
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FAJIBIM/JIbI ECKE AJIY

YOJIMEB FAXUII YOJINYJIbI - FAJIBIM, YCTA3JAPADBIH ¥YCTA3bI

TexHuka FHUIBIMBIHBIH TOKTOpHI, Tmipodeccop, KP ¥NTTHIK FBUIBIM
akagemusacbinbiH, KP Hmxenep xoHe KP JKorappl MekTen  FhUIBIMIAP
aKaJeMUSNIApbIHBIH ~ aKaZeMuTi, FBUIBIM JKOHE TEXHHKa CajachIHAAFbl
MewmnekeTTik ceiinbIFbIHBIH aypeatsl, KCPO XKorapsl mMekTeOiHiH xone KP
Bimim Oepy iciniH y3airi YoaueB Faxunm Yoauyibl )Kaiiibl ce3 KO3Fall, YIKSH
MaKTaHBIIITICH €CKE aJaMbI3.

Kazakcranna mexaHu3maep MEH MalllMHalap MEXaHWKAChl FBUIBIMBIHBIH
JaMyblHa YJKEH yiec KOCKaH, FyjlaMa FajblM - akajeMuK YommeB Faxwum
Yonuyel, MexaHU3MIEp MEH MalliHalap MEXaHUKAChl CAllACBIHBIH MalTaIMaH
MaMaH yCTa3[apAblH YCcTa3bl OoJFaH Hap Tyira. Faxun YonuneB MexaHUKabIK
KYWenepAl — MaTeMaTHUKaNbIK  MOJETBJACY,  capanTaMajiblK  MEXaHHKa,
MEXaHM3MJIep MEH MallliHallap TeOPHICHI CATaChIHIA

Toyenci3z MmemIieKeTTep JOCTACTHIFBI OOMBIHINA KOPHEKTI FalbIMIAPbIH Oipi.
On MexaHUKaJIBIK >Kyienep jXoHE KYpbUIBIMBI aHHBIMAJbl MEXaHU3MIEP ITUHAMUKACHI MEH OJapblH
MaTeMaTHKaIBIK MOZENbAepiH jkacay omictepiHiH Kazakcran PecrmyOnmkaceiHma HeETi3iH caiymmbl, Oy
OarbITTaFbl FRUTBIMHA MOceJIeTIepAl 9pi Kapaid JaMbITYIIIbI.

Faxun Yonuynbl apTeiHaa eamected ic KaaabIpAbl. TEOPHUSUIBIK JKOHE KOJIaHOAIBUIBIFGI JKaFbIHAH aca
TAIMII HOTWXKENepre KON JKeTKi3Ai. AWHBIMANBl KYPBUIBIMABI cepmimai OaiaHbic OybIHOApHl Oap
MEXaHM3MIEPIiIH MaTeMAaTHKAIbIK MOJCIBICPIHIH aHATUTHKAIBIK OHICTepiH jKacalbl, >XETEKTEMEHIH
CHUIaTTaMalapbliH €CKepe OTHIPHII, AlfHBIMAIIBI CHI3BIKCHI3 TapaMeTpIiepi 6ap TEXHONOTHSUIBIK MalllnHATIapAbIH
JUHAMHUKAIBIK MOJIENbJCPIH KYpyAbl aBTOMATTaHABIPY OSAICTEpiH jkacaabl. MeXaHUKANBIK Iamajiapabl
OIIIICUTIH KOHIBIPFHI JKYHeNep JKoHE eNIIeyill Kypajaapbl Kacaliasl. OMIipiHIH COHFBI JKBUIAAPBIHIAA ©3
MIOKIPTTEPIMEH (DYHKIUSIIAPHI CHI3BIKTBI EMEC JKOFAPFhI KJIACTHI MEXaHU3MICPIHIH aHaJIU31 MEH CHHTE31HIH
AHAJIMTUKAIBIK 9ICTEPiH kacay OOMBIHINA FEUIBIMH 13[€HICTEPIiH KYPTi3i.

Axkanemuk Faxwum YonneB XKOFapFbl FRUIBIMA JKOHE FBUIBIMU-TICAArOTUKAIBIK MaMaHAap naspiaynaa na
6encenni 6011b1, 230-TaH actTaM FRUTBIMU €HOSKTEPI KapysIIaH b, OHBIH imIiHAe 5 MoHOTpadus, 3 OKYIBIK, 5
OKY KYpaJibl ’KoHe 4 OKy-9/licCTeMeIliK KYPaJIbIH ’Ka3blIll IIbIFapbL, AIIBIC HIET eJIepAiH 18 aBTOPIBIK KyalikTep
MeH mateHtrepniH aBTopel (Urtammsma, ['epmanusga, IlBeitmapusima, Kazakcran). Faxun YomuyiabsHbIH
xeTekuriirimer 10 1okTopibIk, 20 KaHIUAATTHIK TACCEPTAIUS KOPFAIIbL.

Faxun Yomuyser Yonuer 1999 sxbuinan Oacran, emipiHiH coHbIHa jaeiin AOaii ateiHgarsl KasYITY,
Marematnka, Qu3nka xoHe MH(pOpMaTHKa (QaKyIbTETiHIH JEeKaHbl, MEXaHWKa JKOHE KOJJaHOanbl (U3nKa
kadenpaceHbpIH MeHrepyIrici, KypMeTTi kadenpa MEHrepyIrici KbI3METTEPiH aTKaphIIl KeIi.

Abaii amvindasvt Kaz¥I1Y-niy Xabapwwicel, « Qusuka-mamemamuxa bliblMOapuly CEPUsIChI KypHAIBIH
aIIFall peT IIbIFapyFa aTCabICKaH FaIbIM, KOTI KbI1Iap OOWbI )KYPHAJIBIH bac pedakmopul KbI3METIH aTKapbITl
KEJIi.

Faxun YonueBTiH eHOeKTepi oIi Jie MeXaHU3Mep MEH MalTiHaJIap MEXaHUKACHI cajachlH IaMBITYFa, )KaHa
TEXHOJIOTHSUIAp JKacayjJa, jKac MaMaHjuap Jaspiiayja Kell TaimachlH TurizeTiHiHe ceHemis. Ce0eoi,
YomueB t.V. FUTBIMHBIH KbIP-CHIPBIH 031 FaHA OKBITT TAHBIIT KaHA KOMMaii, OHBI KEHIHT1 jKac ypriakKa yHpeTir,
Kanapipa 6imai. OraH Faxum Y onuyIIbIHBIH KOJIBIHAH MIBIKKAH KONTETeH FRUTBIMU-9ICTEMETIK OKY KypaJaapsl
MeEH OKYJIBIKTaphI, TOpOHENereH MoKipTTepi Kya. Faxun YonuyibiHbIH eMipi, FBUIBIM JKOJIBI KEHIHT1 YpIaKKa
yiri exere!

Faxun Yonuyse! Yonues 613 yurin OiniM aiiibIHbIHA Tajlail MEXaHUK- FalIbIMIApbl TOpOUeen WbFapran
— FastbIM, YiIbl ¥ cTa3. Faxun YonuyibIHbIH XKapKelH OeiHeC] opKalllaH Ke3 ajIbIMbI31a 001aabl, XKyperiMizae
MOHTI1 CaKTalabl.

Aobaii ateraaarel Kaz¥I1Y

«Bectauk. Ou3nKa-MaTeMaTHKa FRUTBIMIAPHI CEPHSICHD)
YKYPHAJIBIHBIH PEIaKIFSUIBIK aTKACHI,

JKamenkeen E.K.
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